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I. Introduction 
Responding to the findings of the scientific community on the unequivocal nature of the expected impacts of climate 
change and the risks associated with inaction, governments around the world have recognized that addressing the 
challenges of climate change will require global efforts sustained over a long period of time. The international 
community is currently considering approaches for an effective response to these challenges working under the 
auspices of the United Nations Framework Convention on Climate Change (UNFCCC). In December 2007, at the 
United Nations Climate Change Conference in Bali, governments agreed on the Bali Road Map that defined the 
scope for future global action on climate change. The road map includes the Bali Action Plan that signaled the 
beginning of a new process aiming to tackle climate change through long-term cooperative action. Negotiations on a 
new agreement are to be finalized by the December 2009 when governments will meet in Copenhagen to forge a 
new global deal for the period beyond 2012. This new agreement will cover all aspects of climate change 
(mitigation, adaptation, technology and finance) in the context of a long-term global goal for emissions reductions. 

One of the key elements of the on-going international negotiations is the role of developing countries in national and 
international efforts to mitigate climate change. According to the Bali Action Plan, consideration should be given to 
“[n]ationally appropriate mitigation actions by developing country Parties in the context of sustainable development, 
supported and enabled by technology, financing and capacity-building, in a measurable, reportable and verifiable 
manner”.1 This provision brings together, in an integral manner, key elements such as national mitigation efforts, 
sustainable development, technology, finance and MRV.  

Having initiated negotiations on future action, however, does not mean that current mitigation efforts should be 
discounted or discontinued. In the contrary, according to the Bali Action Plan, the negotiations process will be 
informed by “… experience in implementation of the Convention and its Kyoto Protocol, and processes thereunder, 
outputs from other relevant intergovernmental processes and insights from the business and research communities 
and civil society”.2 Therefore, it is imperative that lessons learnt from current efforts would guide the work of 
governments as they are searching for new ways forward.  

In many developing countries, concrete steps to reduce greenhouse gas (GHG) emissions are already being taken 
and are often linked to concerns over critical issues such as energy security, air quality, and economic development. 
This paper summarizes the results of the work of the Center for Clean Air Policy (CCAP) in Brazil, China and India 
and is provided as a contribution to the international negotiations on climate change, and to other relevant regional 
and international efforts, including CCAP’s Future Actions Dialogue. 

A. Description of the project  

In February 2005, the CCAP and leading partner organizations in Brazil, China, and India launched the Assisting 
Developing Country Climate Negotiators through Analysis and Dialogue project.  Financial support has been 
provided by the United Kingdom’s Department for International Development (DFID), the Tinker Foundation, and 
the Hewlett Foundation. The purpose of this project is to develop a comprehensive analysis of GHG projections and 
potential mitigation options, costs, co-benefits, and implementation policies in these three 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 three countries and the 
international community. The project has two phases: Phase I - GHG Mitigation Option and Cost Analysis; and 
Phase II - Policy and Implementation Strategy.  

Phase I - GHG Mitigation Option and Cost Analysis: During Phase I, teams of experts in each country 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. Each 
country analysis included: development of a current overview of each economic sector; development of long-term 
(through the year 2025 or 2030) individual GHG emission projections; development of detailed marginal abatement 
cost curves; evaluation of the impact of implementation of select packages of GHG mitigation options; assessment 
of economy-wide cost and economic impacts of mitigation packages; preliminary analysis of potential domestic 

                                                           
1 Decision 1/CP.13, paragraph 1 (b) (ii). 
2 Decision 1/CP.13, paragraph 11. 
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policies for implementation of each mitigation option; and evaluation of potential international policy options and 
the implications of the results. 

The results of Phase I have already been presented in a series of reports, including a synthesis report, that were 
released in 2006.  

Phase II - Policy and Implementation Strategy: During the second phase, conducted from mid-2006 through 
2008, CCAP and its in-country partners built upon the work and policy connections developed during Phase I.  In 
consultation with policymakers in each country, the most promising options for GHG mitigation were selected and a 
detailed and in-depth analysis was conducted on issues associated with the implementation of these options. The 
implications of climate change policy options for GHG mitigation in these three countries were evaluated and a suite 
of potential policies and approaches for implementation of each option were developed. A comprehensive and in-
depth analysis was carried out focusing on the key actors, barriers and co-benefits associated with each option.  In 
addition, a series of workshops were organized to obtain the views of, and share results with, domestic policymakers 
and stakeholders in each country. The results of Phase II for each country will be published in 2009.    

B. Objective and aims of the paper 

The objective of this paper is to provide information on mitigation efforts that are either being implemented or being 
considered for future implementation by Brazil, China and India. The paper aims to highlight key areas that may 
merit particular attention during the work of the international community on a future global agreement on climate 
change.  

Unless otherwise stated, information in this paper is drawn from the Phase I and Phase II country reports of Brazil, 
China and India that have been published by CCAP. When other sources of data/information are used, references are 
provided in footnotes.  The paper summarizes the results for all three countries distinguishing between policies that 
can be or are being implemented nationally without international assistance, and those that would require 
international cooperation for their implementation.  It also provides key recommendations for areas where the 
international community and the UNFCCC could help developing countries achieve GHG mitigation by providing 
financial assistance, capacity building and other support, and suggests how some of the policies explored in this 
study could potentially be developed and proposed as nationally appropriate mitigation actions (NAMAs) under a 
post-2012 climate change agreement.  

C. Structure of the paper 

Chapter II provides an overview of the current situation in Brazil, China and India. This includes population and 
economic statistics, profiles of their GHG emissions and brief descriptions of current efforts that relate to mitigation 
of climate change (the latter is based on information in the Phase I reports of the three countries). Chapter III 
summarizes the mitigation and policy options selected for the three countries, including brief descriptions of the 
criteria for their selection. Chapters IV-IX focus on lessons learnt regarding the implementation of domestic 
measures/policies and highlights efforts for which international cooperation (including, if applicable, type and level 
of technology and financing needs) would be required for some key sectors. The sectors considered are: electricity 
supply; electricity demand; transportation; cement; iron and steel; and deforestation. Chapter X provides some final 
remarks. 

D. Summary of International Cooperation 

 
The international community is currently debating a possible architecture for the post-2012 climate change 
agreement that may incorporate three types of NAMAs by developing countries: Unilateral; Supported; and Credit 
Generating. Unilateral NAMAs are actions countries take on their own to achieve emissions reductions without 
Annex I assistance or financing.  For example, the CCAP project has identified and documented many initiatives 
that China and India are taking to address their energy security, development and environmental concerns that also 
reduce GHG emissions growth.  Initiatives such as these could be proposed as unilateral NAMAs under a future 
climate change agreement.  Supported NAMAs are actions countries can achieve with international financing; which 
result in more aggressive emission reductions.  In this study, we have identified additional measures that China and 
India could undertake if international support were provided.  The required support varies by measure and situation.  
In some cases, access to additional financing would allow construction of advanced, more efficient and lower 
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carbon-emitting power plants; in other situations assistance with deployment of new technologies is needed for 
advancement of renewable energy, while some measures could be implemented if appropriate policies were 
designed and institutions put in place to monitor and enforce their implementation.  Credit generating NAMAs must 
exceed an agreed-upon crediting baseline, and generally could serve as offsets of Annex I emissions. 

Once NAMAs are identified, the questions of how to structure and finance NAMAs still need to be answered. The 
UNFCCC will need to determine guidelines for how to prioritize NAMAs and develop sustainable financing 
strategies to support their implementation.. While NAMAs will be voluntary, nationally-driven actions, international 
criteria may be created to guide their financing through a multilateral financing mechanism.  These criteria could 
include cost effectiveness, mitigation potential, leveraged domestic resources, role of sector in overall economy, and 
sustainable development benefits.  Many developing countries want support for NAMAs to be through direct access, 
where priorities are decided domestically by developing countries and money is allocated to countries according to 
COP-decided distribution principles. Other countries (principally potential donors) argue for cost-effectiveness and 
the size of potential GHG emission reductions as the key criteria for choosing among NAMA proposals for 
developed country support.  CCAP proposes to create a hybrid approach that incorporates both the direct access and 
the competitive approaches within the new NAMA architecture, by creating several different financing windows 
with different eligibility and evaluation criteria suited to the nature of the types of activities or policy actions 
covered in the window.3  This study offers insights on how certain mitigation options could potentially be supported 
and implemented in Brazil, China and India under a UNFCCC NAMA framework. 

The following tables present an overview of the major international implications of this study.  For each sector and 
mitigation option analyzed, the potential role of international financial assistance, technology transfer, and capacity 
building support are summarized. 
 

                                                           
3 See Nationally Appropriate Mitigation Actions by Developing Countries: Architecture and Key Issues, Center for 
Clean Air Policy, December 1, 2009. 
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1. Electricity Supply 
 

Mitigation options Financial Assistance Technology Transfer Capacity-building support 
·  IGCC-CCS (China and 

India) 
 
·  Renewable energy 

generation (Shandong 
Province, China) 

 
·  Sectoral restructuring 

(Shandong Province, 
China) 

·  Fiscal policies for increasing penetration of 
IGCC-CCS, such as tax incentives and excise 
duty exemption for machinery and components, 
can be supported by utilizing financing to 
replenish reductions in government tax revenues.  
Such actions could be classified as supported 
NAMAs 

 
·  Modernization of existing coal plants can be 

funded by providing soft loans. E.g. $180 Mn 
soft loan from World Bank and the $45.4 Mn 
grant from GEF  to India under the “Coal-fired 
Generation Rehabilitation Project”  

 
·  NAMAs that can be undertaken by China and 

India include renewable energy penetration 
targets.  For example, up to 10 % could be 
unilateral, 10% - 30% could be based on 
supported financing and anything above 30% 
could be eligible for crediting through a sectoral 
crediting mechanism.   

·  R&D has been identified as an effective 
way to reduce cost of and uncertainties with 
E.g. UK Cleaner Coal Technologies 
program, which encourages development of 
clean coal technologies and expertise 
through a program of R&D, technology 
transfer and exports promotion. 

·  IGCC-CCS: Need for improved understanding 
and forecasting of CO2 dispersion in 
geological media to determine permanence 
and security of storage; and lack of 
technologies for the long-term measurement, 
monitoring and verification of CO2 storage 
sites.  

  
·   Penetration of wind energy will require 

development of institutional capacity to 
integrate sources like wind into the existing 
energy market system, and supervision and 
management capacity to carry out the 
associated policies.   

 
 

2. Electricity Demand 
 

Mitigation options Financial Assistance Technology Transfer Capacity-building support 
·  Energy demand savings 

from products and 
equipment (India) 

 
·  Demand Side 

Management (China) 
 
·  Energy efficient buildings 

(India) 
 

·  Tax breaks to local manufacturers and industries 
can be provided to encourage adoption of 
efficient appliances and efficient industrial 
processes. China and India could be 
compensated for the reduction of tax revenue 
resulting from such tax breaks, and these could 
be recognized and funded as supported NAMAs.  

 
·  Contractors could be given property tax breaks 

and other tax incentives to construct energy 
efficient houses.  India could adopt a NAMA 

·  Transfer of technologies such as efficient 
appliances, smart grid applications and 
efficient metering could be facilitated by 
providing technical and financial assistance 
E.g. China Barrier Removal for the 
Widespread Commercialization of Energy-
Efficient CFC-Free Refrigerators in China 
(1998) project funded by the GEF. 

 

·  Penetration of energy efficient appliances 
on a large-scale could be considered as a 

·  As part of the capacity-building assistance, 
Annex 1 countries could sponsor workshops 
on financing of efficiency and DSM by 
inviting international experts and local 
bankers and other financial sector 
representatives. E.g. FC/GEF facility in 
China, which allowed Energy Services 
Companies (ESCOs) to raise finance by 
providing collateral in form of credit lines and 
guarantees from the facility. 
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which includes increasingly aggressive building 
codes over certain time periods. Those that 
require significant investment could qualify as 
supported NAMAs. 

 

supported NAMA and the associated 
efforts could receive some funding for the 
effort. 

 

·  Other areas of capacity building that have 
been identified are electricity load 
management through technological and 
economic measures, energy auditing, and 
public awareness and education on electricity 
saving techniques.   

 
 

3. Transport 
 

Mitigation options Financial Assistance Technology Transfer Capacity-building support 
·  Fuel economy 

standards (Shandong 
Province, China) 

 
·  Expansion of biofuel 

use (India & Brazil ) 
 
·  Integration of electric 

vehicles (EV) in urban 
transport (India) 

 
 

·  Adoption of higher fuel economy standards can be 
encouraged using feebates i.e. a combination of 
incentives/rebates for vehicles with higher 
standards and fees for lower standards. The 
implementation of such a program could be a 
unilateral NAMA, while tax deficits arising out of 
such a program (i.e. when incentives/ rebates given 
are higher than fees collected) could financed 
through supported NAMAs.  National governments 
could also design programs to support 
municipalities or public transport entities that 
replace conventionally fired vehicles with cleaner 
electric vehicles; governments could reward such 
actors that achieve reductions beyond the 
penetration rate set by a supported NAMA with 
transfers of credits earned through a sectoral credit 
mechanism. 

 
·  Soft loans through international financial 

institutions could be arranged to fund infrastructure 
for EVs such as charging stations, back-up 
facilities etc. as part of the supported NAMAs. 

·  In China, there is a lack of domestically-developed 
technology to convert existing production into higher 
fuel-standard vehicles.  As part of technology transfer 
initiatives, Annex 1 countries could subsidize the 
purchase of intellectual property rights costs 
associated with such technology by domestic 
companies, in return for nation-wide implementation 
of fuel economy standards as a supported NAMA. 

 
·  The transfer of advanced technological processes 

such as cellulosic processes to India and Brazil, once 
they have been fully developed, could achieve 
emissions reductions and could also help address 
concerns about food security. 

 
·  India’s EV potential also faces significant 

technological barriers which can be solved through 
international cooperation E.g USAID assistance 
helped Amerigon Inc., CA and Maini Group of 
Companies, Bangalore establish a joint venture 
company REVA Electric Car Company to 
manufacture passenger electric cars in India.   

·  China needs to invest in expanding 
the R&D capacity to identify the 
most economically and 
environmentally efficient 
technology for its domestic car 
manufacturers.  

 
·  India for instance has great potential 

in the use of jatropha, a non-food 
crop that grows in arid land that is 
unfit for agricultural-purposes.  
However, its potential has been 
stymied by the lack of investment in 
R&D to identify the most resilient 
and high-yielding variety and the 
most economical methods of 
production. 
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4. Iron & Steel 
 

Mitigation options Financial Assistance Technology Transfer Capacity-building support 
·  Energy efficient 

production technologies 
and appropriate control 
processes (India) 

 
·  Top-pressure recovery 

turbine (Shandong 
Province, China) 

 
 

·  International financial support could be utilized 
to capitalize local financial institutions with 
funds for subsidized and reduced-interest loans 
to implement mitigation projects in the iron and 
steel sector.   

 
 

·  Top- Pressure Recovery Turbine (TRT): 
Blast-furnace TRTs have been identified as 
the most effective and appropriate 
mitigation option in Shandong Province. 
However, the lack of affordable 
technologies is a major barrier to its 
adoption.   

 
·  Dry-Quenching: In its EC-funded Sectoral 

Study, CCAP has shown that the iron and 
steel sector in China can adopt a unilateral 
NAMA of ensuring that 60% of coke 
produced in the sector will be dry-quenched 
which could lead to emissions reductions of 
1.47 – 1.9 Mt CO2e below BAU in 2020.  A 
higher no-lose or supported NAMA target 
of 65% would lead to a total emission 
reduction in 2020 of 1.96 – 2.56 Mt CO2e 
below BAU 

 
·  Combined Cycle Power (CCP): By using 

CCP as a energy source for iron and steel 
plants, China could achieve a unilateral 
goal of 17.1 TWh in 2020, about 69% 
higher than today (10.1 TWh in 2008).  
Achieving this unilateral technology-based 
target would reduce CO2 emissions in 2020 
by 5.31 Mt CO2e from BAU.  A higher 
supported NAMA target of 18.11 TWh 
would lead to a total emission reduction of 
6.07 Mt CO2e below BAU in 2020. 

·  One regulatory barrier to the adoption of 
renewable energy and energy efficient 
processes in China is the monopoly of the 
electricity market and the lack of flexibility to 
sell the output back into the grid during times 
of less internal usage.  Electricity market 
reform is thus one area of capacity 
development identified in Shandong Province, 
China that could benefit from international 
training and knowledge-sharing. 
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5. Cement 
 

Mitigation options Financial Assistance Technology Transfer Capacity-building support 
·  Production of blended 

cement with higher ratio 
of additives/cement 
(India) 

 
·  Switch to less carbon 

intensive fuel in kiln 
(India) 

 
·  Waste heat recovery and 

utilization (India) 
 
·  Energy efficiency 

improvement (India) 
 
·  Energy management 

practices (India) 
 
·  Waste heat cogeneration 

(Shandong, China) 
 

·  In both China and India, possible ways of 
dealing with financial barriers, high upfront 
investment cost and low returns include reducing 
the cost or assuring returns on investments in 
cleaner energy sources and energy efficiency. 
Other implementation policies include tax 
incentives and subsidies for investment in 
energy-efficient processes and clean energy 
sources.   

 
·  Sectoral NAMAs could be constructed in such a 

way that the state would aim for a minimum 
level of penetration of energy-efficient processes 
(unilateral NAMA), and further penetration 
beyond that level could be supported by 
compensating the government for tax losses 
(supported NAMA).   

 
·  One example of international cooperation is a 

co-generation project utilizing waste heat in an 
Indian cement plant that is being implemented 
with Japanese assistance under the Green Aid 
Plan.  This program could be a model for a 
sector-wide NAMA, in which India would 
commit to install a minimum number of units 
and/or capacity as a supported NAMA and may 
be eligible for credits beyond the agreed level 
i.e. credits would be given if actions overachieve 
a crediting baseline that is set and approved 
beforehand.  

·  Lack of domestic availability of technology 
and trained operators is a major barrier that 
can be addressed through technology 
transfer. 

 
·  E.g. In the cement sector in China funding 

provided by the French Global 
Environment Fund (FGEF) reinforced the 
introduction of introduction of efficient 
grinder technology in China and facilitated 
its local integration.  FGEF support focused 
on training, assistance to local 
manufacturing and entrepreneurs -- training 
could also be a supported NAMA. 

·  R&D: Investment in R&D capacity of both 
countries will help foster the development of 
cheaper alternatives and a domestic market for 
better quality products.  

 
·  Training: There is a lack of knowledge of the 

latest technologies and processes among 
operational staff in cement plants. An example 
of international cooperation to increase 
domestic capacity in energy-efficiency is the 
Energy Training Project (ETP) implemented 
by USAID between 1987 – 1999.  The ETP 
provided a unique opportunity for qualified 
energy and environmental professionals and 
policymakers from developing countries to 
receive hands-on training in the United States 
or in the host country.   
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6. Forestry 

 
For this study, the forestry sector was analyzed for Brazil only, as this sector represents a significant source of 
emissions unique to this country.  In 1994, Brazil’s land-use change and forestry (LUCF) sector accounted for more 
than 75% of its total GHG emissions, primarily due to forest and grassland conversion.  Through 2004, about 17.5% 
of Brazil’s original primary rainforest had been altered. Business-as-usual scenarios of future deforestation indicate 
that 40-65% of the remaining Brazilian rainforest will not exist in 2050. 
 
Two types of policy options have been identified with strong potential for effectively addressing deforestation in 
specific regions of Brazil. The options include an array of payments for environmental services (PES) strategies and 
agricultural intensification.  Cost is a principle barrier for implementing these policies, particularly PES.  In 
addition, other barriers include institutional challenges concerning the unsettled status of land title; the lack of 
technology needed to deploy measurement, reporting and verification (MRV) and agricultural intensification 
systems at the regional and local levels; and the need for training for landowners and forest users to implement 
reduced impact and alternative land uses and forest stewardship activities.    

The nature of both the policies and their challenges provides Brazil with an opportunity for implementation with 
international assistance, potentially through nationally appropriate mitigation actions (NAMAs).4  Components of 
both PES mechanisms and agricultural intensification strategies are appropriate as unilateral NAMAs that could be 
complemented with supported NAMAs including financing and other assistance.  For example, institutional reforms 
to address land title and enforcement could be paired with international assistance to cover costs of training and 
technology necessary for municipal governments to execute PES and agricultural intensification strategies.    

Furthermore, successful implementation of the policies through NAMAs could be compatible with proposed REDD 
frameworks that describe three phases for achieving implementation, ultimately leading to the development of a 
fully operational REDD strategy for Brazil.   
 
Key challenges remain to be addressed before this occurs.  NAMAs require actions to be tracked in a registry; thus 
MRV methodology for quantifying both the unilateral and supported actions described will need to be developed.  
Furthermore, PES strategies are particularly vulnerable to questions of additionality because compensation could 
potentially be awarded in areas where forests would have been protected anyway.  Finally, an overarching challenge 
is that of how to reconcile international REDD payments with payments made at the local level.  This challenge has 
important implications for how international funds will ultimately be dispensed to finance such projects in host 
countries, but also for how local forest users and landowners are compensated.  

                                                           
4 The development of potential support structures for REDD through a NAMA framework is discussed in Chapter 9.  
The decision of whether to include REDD within the NAMAs framework of the post-2012 UNFCCC agreement or 
to create a separate REDD mechanism has yet to be taken.  However, the general framework of unilateral REDD 
actions coupled with other internationally supported measures presented here is expected to be utilized regardless of 
the final REDD framework adopted. 
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II.  Overview 

A. Context 

In 2005, China’s population was about 1.31 billion, accounting for slightly more than a fifth of the world population.  
India’s population was less, at about 1.13 billion, and Brazil’s population was around 187 million.  Together, the 
population of these three countries was about 2.63 billion, accounting for about 40% of the world’s population.  In 
comparison, the economies of China, India, and Brazil combined accounted for about 9% of global GDP.  The 
Chinese economy was by far the largest among the three, followed by Brazil and India (see Table 1).  

 
Table 1. Population and gross domestic product of Brazil, China and India in 2005. 
 

Population GDP GDP/capita 
Country 

Millions % of world Trillion US$ % of world US$/person 
Relative % to 
world 

Brazil 186.83 2.87% 0.88 1.96% 4,721.09 68.18% 
China  1,312.98 20.15% 2.34 5.19% 1,784.76 25.78% 
India 1,134.40 17.41% 0.81 1.79% 713.05 10.30% 
World 6,514.75  45.11  6,924.00  

Source: United Nations Statistics Division 
 

B. Greenhouse gas emissions  

Between 1990 and 2005, total GHG emissions5 in Brazil, India and China have been increasing continuously; 
exception being the emissions of Brazil (2005 levels being lower than 1990) when taking into account emissions and 
removals from LUCF (figure 1). This is a direct consequence of the rapid economic growth since the early 1990s, 
higher industrialization, improvements in the living standards of the populations of all there countries, more access 
to electricity and clean water, higher comfort standards for dwellings, and increases in private vehicle ownership.  

 
Figure 1. Growth index (1990=100) of greenhouse gas emissions, gross domestic product and population in 
Brazil, China and India between 1990 and 2005 

                                                           
5 For this chapter, emissions data are taken from the World Resources Institute’s Climate Analysis Indicators Tool 
(CAIT) Version 6.0.  Because of lack of data for global LUCF emissions and removals for 2005, LUCF emissions 
and removals in 2005 have been assumed to remain at the 2000 levels. 
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In 2005, total GHG emissions (including LUCF) from all three countries accounted for about 25% of the global 
GHG emissions as compared to about 20% for 1990. Without LUCF emissions and removals, the contribution of the 
three countries to global totals is higher at 27% compared to 18% for 1990. In terms of the relevant importance of 
various sectors in the GHG emissions, there are some distinct differences between the three countries (Figure 2).  

 

(a) China 

 

(b) India 

 

(c) Brazil  

 

(d) Brazil (incl. LUCF) 

 

 Electricity & Heat 

 Manufacturing & Construction 

 Transportation 

 Other Fuel Combustion  

 Fugitive Emissions 

 Industrial Processes 

 Agriculture 

 Land Use Change & Forestry 

 Waste 

 
Figure 2. Relative contributions of sectors in total national greenhouse emissions for 2005 for:  
a) China, b) India, (c) Brazil and (d) Brazil (including LUCF). 
Note: for Brazil, the Land Use Change and Forestry data used are for 2000. 

 

Excluding LUCF, the Energy sector – comprising Electricity and Heat, Manufacturing and Construction, 
Transportation, Other Fuel Combustion and Fugitive Emissions - is the most important one for China an India 
(contributing to about 73% and 67%, respectively), followed by Agriculture, Industrial Processes and Waste. For 
Brazil, the Agriculture sector is the largest contributor to GHG emissions (58%), followed by Energy and the other 
two sectors.   
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If LUCF emissions and removals are taken into consideration, there are no discernible differences for China and 
India. This is because the LUCF sector is a rather small sink of CO2 emissions (corresponding to about 1% and 2% 
of the national totals for China and India, respectively, in 2005).  For Brazil, however, the situation is completely 
different as the LUCF sector is the largest contributor to GHG emissions accounting for about 60% of the national 
total emissions.  

C. Current national efforts relating to mitigation of climate change 

One of the common themes in Brazil, China and India is the growing awareness of the need to incorporate 
sustainable development considerations in their national policies and programs, particularly as regards the 
availability of opportunities for economic and social development associated with the sustainable use of their natural 
resources. Some of these efforts initiated by the national governments (often as part of a national climate change 
action plan) are financed using domestic resources (through the national government, regional authorities and/or 
national financing institutions) and could potentially qualify as nationally appropriate mitigation actions (NAMAs) 
as called for in the Bali Action Plan for the post-2012 period.  The launch of the Agenda 21 programs in all three 
counties has provided additional impetus for such unilateral NAMAs that can link development issues with an 
increasing determination to contribute to global efforts to address climate change. 

Based on the countries’ national circumstances and emissions profiles, it is not surprising that there are differences 
in terms of the focus, priorities and sectors addressed by national programs relating to mitigation action. This section 
provides a brief overview of the current domestic efforts, including on-going programs, which are expected to 
influence (directly or indirectly) the GHG emissions levels in all three countries. 

1. Brazil 

Existing national programs in Brazil focus on efforts to curb deforestation (especially in the Amazon Region, the 
importance of which is paramount for the future of the country), and on expanding the use of renewable energy. The 
Project for Gross Deforestation Assessment in the Brazilian Legal Amazon Region (PRODES) - the largest forest 
monitoring project in the world that provides estimates of deforestation – and the establishment of the inter-
ministerial Working Group to combat deforestation in the Amazon region are part of the broader national efforts, 
which also include other legal, administrative and economic measures.  

These efforts have resulted in significant reductions of the deforestation rate in the Amazon.  Recent statistics 
indicate that the total deforested area has been reduced by as much as 60% since 2005.  In December 2008, Brazil 
announced its plans to cut deforestation even further.  In the context of its National Plan on Climate Change6, Brazil 
is proposing to reduce its deforestation rate to 5,860 km2 per year by 2018.  This would represent a reduction of 
about 70% compared to the 1996-2005 baseline of 19,533 km2 of forest lost per year.  It is estimated that achieving 
this target would result in an overall reduction of 4.8 billion metric tons of CO2 over the period 2006-2017. 

In the energy sector, examples of national programs include: the National Ethanol Program (PROALCOOL); the 
National Program for Production and Use of Biodiesel; and the Program of Incentive to Alternative Sources of 
Electric Energy. The PROALCOOL is one of the oldest national initiatives aimed to promote ethanol use in 
transportation. Despite its discontinuation in the late 1980s, the program laid the foundation for the recent 
introduction of vehicles that can use either gasoline or ethanol.  Sales of these vehicles in Brazil accounted for more 
than three quarters of the sales of new light duty vehicles in February 2006. In addition to ethanol, the government 
has introduced the National Program for Production and Use of Biodiesel from raw material such as palm, castor 
bean and soybean. The goal of this program is to introduce a new fuel in the national energy mix from self sustained 
projects that combine fair price, high fuel quality, security of supply and social development policies.  

Access to electricity is considered essential to social and economic development in Brazil. Despite the fact that more 
than 90% of all energy generated in the Brazilian electric sector comes from hydroelectric power plants, in 2002, the 
Program for Incentive of Alternative Electric Energy Sources (PROINFA) was launched. This program sets an 
overall goal for the production of 10% of the total electricity from non hydroelectric renewable sources by 2022, in 
two phases.  The first phase is to achieve 3,300 MW of renewable energy—divided equally among biomass, small 
hydro and wind. This will be achieved through long-term power purchasing agreements between Eletrobrás and 
independent power producers, as well as fiscal incentives for each type of renewable energy. 

                                                           
6 See http://www.mma.gov.br/estruturas/imprensa/_arquivos/96_11122008040728.pdf 
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Brazil’s energy sector has been characterized by a strong reliance on hydroelectric power and development of low-
emission fuels through domestic national efforts such as the PROINFA renewables program and PROALCOOL.  As 
a result, compared to many other countries Brazil has a very low fossil fuel emissions profile relative to the level of 
activity in key sectors.  In addition, the many CDM projects ongoing and planned in Brazil are expected to result in 
emission reductions of approximately 400.482 Mt CO2e by 2020.[1]  Of the more than 300 proposed and active CDM 
projects, over half relate to biomass energy or methane avoidance, with hydroelectric projects also making up a 
significant share.  With relatively low emissions in sectors such as electricity and transportation, additional emission 
reductions on a broad scale in Brazil would likely need to come largely from other sources such as forestry and land 
use.  

2. China  

In 2006, the Chinese government approved its 11th Five-Year Plan covering the period 2006-2010. The main targets 
of this plan include:  a 20% reduction in the energy intensity of the national economy; a 10% drop in emissions from 
all main pollutants; and a 20% increase in forest coverage.  This is the first time that China has combined energy-
efficiency with the indexes of economic growth, price, employment and balance of payments for macro-control of 
its economy. As part of this plan, China is promoting key energy conservation projects and is making efforts in other 
areas, including: 

·  The development of hydropower, giving particular consideration to any associated environmental 
consequences; 

·  The promotion of nuclear power;  

·  The optimization of thermal power generation and the promotion of coal-bed methane utilization; 

·  The promotion of bio-energy, development of wind, solar, geothermal and tidal energy; 

·  The control of GHG emissions from the agriculture sector; and the enhancement of carbon sinks.  

To achieve the goals of the 11th Five-Year Plan, consideration has been given to a number of additional measures 
that can be implemented. One such measure is the establishment of a management system that aims to monitor and 
reduce energy consumption of the top 1000 energy-intensive enterprises in China. Other measures involve the 
possible introduction of an energy tax, and the broadening of the energy efficiency voluntary agreement activity in 
the top 1000 energy-intensive enterprises, based on the pilot project led in the steel industry. 

A recent report on the mid-term evaluation of the implementation of China's 11th Five Year Plan7 indicates 
significant progress on the country’s climate and environmental goals.  Specifically, the country succeeded in 
reducing energy intensity by 4.9% over the 2006-2007 period.  Improvements in air and water quality, enhanced 
treatment of industrial solid waste, increases in the efficiency of water usage and expansion of forest coverage were 
also achieved.  

China has also introduced the Renewable Energy Law, which encourages the construction of renewable energy 
facilities and requires power grid operators to purchase resources from registered renewable energy producers. It 
also offers financial incentives for renewable energy projects and stipulates penalties for non-compliance. The most 
recent goal announced by China is 16% of primary energy from renewable energy sources in 2020, including large 
hydroelectric facilities, wind power, biomass, solar photovoltaic, as well as targets for solar thermal and geothermal 
energy.  

Other policies that have been set up since 2000 in China include both market mechanisms and national regulations 
in order to improve energy efficiency, such as:  

·  The Clean Production Promotion Law, which aims to promote cleaner production and increase the 
efficiency with which resources are utilized. It also promotes sustainable development, provides for the 
reduction of pollution, environmental protection, and improvements in human health; 

                                                           
 
7 Report by the World Bank conducted at the request of the National Development and Reform Commission 
(NDRC) of China (http://siteresources.worldbank.org/CHINAEXTN/Resources/318949-
1121421890573/China_11th_Five_Year_Plan_main_report_en.pdf) 
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·  The Environmental Impact Assessment Law, which prohibits low energy efficiency or the use of older 
(inefficient) technologies in new construction projects; 

·  Updated equipment (design) energy efficiency standards, the scope of which covers industrial equipment 
such as boilers, motors, fans, pumps and transformers; 

·  Supporting R&D activities on key energy efficient technologies. 

3. India  

National programs that have been introduced in India since 2000 are expected to yield relative emissions reductions 
by the middle of the next decade. These include the National Steel Policy, the Integrated Transport Policy and the 
Vision 2020 Transport program.  The National Steel Policy seeks to increase the capacity and efficiency of steel 
production in India and is expected to result in the retrofitting of inefficient plants and the building of more efficient 
facilities.  Under the Indian Integrated Transport Policy and the Vision 2020 Transport program, efforts are being 
made to meet the higher transport demand that is generated by higher GDP growth rates, while promoting a 
sustainable transport system with increased emphasis on energy efficiency and environmental protection.  The 
policy also aims to optimize both the inter-modal mix and the freight-passenger mix in the Indian railways by 
introducing appropriate ticket prices and user charges. As a result of these and other efforts, it is estimated that fuel 
economy will improve and the railways share for both passengers and freight will increase. 

These programs are expected to slow emissions growth in these sectors.  With full implementation, the National 
Steel Policy is expected to limit the growth of emissions from the iron and steel sector to 300 Mt CO2e in 2020, 
representing a 5% reduction below the BAU level (317 Mt CO2e in that year).  According to the two transportation 
programs, CO2 emissions are estimated to be more than five times higher in 2020 (547 Mt CO2e) and seven times 
higher in 2025 (754 Mt CO2e) than in 2000 (97 Mt CO2e).  Despite these figures, the projected growth is 
significantly slower compared to the BAU scenario (15% below the BAU level for 2020).  

However, not all policies that have been introduced will lead to reductions in GHG emissions in India. The 
improvements in the social and economic development (GDP growth rate of 8% per annum) as envisaged by the 10th 
Five Year Plan of the Government of India are expected to lead to increases in energy (particularly in electricity) 
demand and associated emissions.  The National Electricity Policy aims to ensure access to electricity for all 
households by 2012.  The expected additional demand for electricity (in many cases to replace traditional fuels -such 
as wood- used for cooking and heating) is to be fully met by 2012 through the supply of reliable and quality power 
in an efficient manner and at reasonable rates. As a result, the per capita consumption of electricity in India is 
expected to rise to over 1,000 kWh per person by 2012.  Natural gas, coal and hydropower will account for most of 
the new capacity added through 2020, although coal will still account for the largest share of generation overall.  

At the same time, driven by its national priorities and goals, India is considering the introduction of additional 
measures, particularly in the energy and environment sector.  Such measures that are anticipated to lead to the 
limitation of the growth of GHG emissions include:  

·  Improvements in the energy efficiency; 

·  Power sector reforms; 

·  Promotion of clean coal technologies; 

·  Promotion of hydro and renewable energy; 

·  Cleaner and lesser carbon intensive fuel for transport; 

·  Environmental quality management. 
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III.  Mitigation and policy options 
The mitigation and policy options identified and analyzed during Phase II of CCAP’s Assisting Developing Country 
Climate Negotiators through Analysis and Dialogue project are summarized in Table 2. The options cover some of 
the key sectors for each country, including electricity supply; electricity demand; transport; iron and steel; cement; 
and deforestation. More details for each mitigation and policy option can be found in the individual reports for 
Brazil, China and India.  

A. Criteria for selection 
 
In general, mitigation and policy options were selected based on the analysis undertaken during Phase I of the 
project. CCAP and its partners consulted with government policymakers to identify the most promising options for 
GHG mitigation and conducted an in-depth and comprehensive analysis of the key issues associated with their 
implementation.  These options were examined and developed further in consultation with national experts and 
policymakers in each country.  

In this paper, information is provided for three mitigation options in Brazil: ethanol and biodiesel for transportation, 
and reducing deforestation.  These three options address two of the key sectors in Brazil; the Government of Brazil 
has significant experience in both and has recently initiated pioneering work, which is expected to provide GHG 
emissions reductions.  The Phase II mitigation options for China and India were selected from among the original 
list of options/technologies, and include measures related to electricity supply and demand, transportation, cement 
production, and iron and steel production. 

The Phase II mitigation options for China were selected among the Phase I list of options/technologies.  A 
comparison was carried out taking into consideration technical, institutional, social and political factors. Other 
parameters considered were: potential co-benefits, costs, impacts on CO2 emissions and implementation potential 
within a given sector.  The selection of policy options was finalized after consultations with the national 
policymakers, sectoral experts and regional authorities.   

In China, the 2010 national energy intensity target established in the country’s 11th Five Year Plan is being 
implemented by aggregating individual targets assigned to each province.  CCAP therefore conducted an analysis to 
analyze barriers at the provincial and local levels, and develop strategies to assist policymakers with sub-national 
implementation of GHG mitigation measures.  As noted in Table 2, some of the options refer specifically to the 
Chinese province of Shandong, which was selected among ten other provinces based on its high consumption of 
energy and the structure of its industry. Especially for the latter, there is a large presence of heavy industry in the 
province that contributes significantly to the total national production of iron, steel and cement. Other parameters 
considered included socio-economic factors (population, GDP) and the presence of natural resources.   

For India, the criteria used to evaluate the best-suited mitigation options included: technical and economic 
feasibility, cost effectiveness, infrastructural support and environmental parameters such as environmental co-
benefits. In order to formulate relevant policy options for each mitigation measure, it had to be ensured that any 
policy option corresponded to the policy framework of India and, preferably, relied on existing regulatory and 
financial structures for its timely implementation.  Furthermore, each policy option was evaluated against its 
potential to achieve realistic emission reductions, its political feasibility, and its alignment with existing 
international environmental agreements or protocols.  
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Table 2. Summary of the mitigation and policy options for Brazil, China and India  

 
Sector Country Geographical 

scope 
Mitigation 
options 

Policy options Abatement Potential Mitigation Cost & 
cobenefits 

China  National IGCC-CCS8 19.1 Mt CO2e reduction in 
2020 (mitigation effect only) 
 
20.3 Mt CO2e reduction in 
2020 (combined impact with 
policy option) 

39 US$/t CO2e in 
2020 (mitigation 
option) 
 
Less than 29 US$/t 
CO2 in 2020 (policy 
option) 
 
1,100-1,400 US$/kW 
of capital cost 
requirements 
 

India  National IGCC-CCS 

·  Domestic pilot programs 
 
·  International assistance programs 
 
·  Capacity building 
 
·  Fund and technology transfer 
 
·  Subsidies or tax breaks  

·  Research and development 

Conversion of 10% of coal-
based power in 2007 could lead 
to 4  Mt CO2e reduction 
(without CCS) 

1,900-2,000 US$/kW 
of capital cost 
requirements 

 

China  National Wind power Industry development and investment incentives 7.61 Mt CO2e reduction in 
2020 (mitigation effect only) 
 
10.21 Mt CO2e reduction in 
2020 (combined impact with 
policy option) 
 

38 US$/t CO2e in 
2020 (mitigation 
option) 
 
Less than 36. US$/t 
CO2e in 2020  (policy 
option) 

Electricity 
supply 

China  Provincial 
(Shandong) 

Sectoral 
restructuring 

Strengthening of  supervision and management of 
existing policies 

15.6 Mt CO2e reduction in 
2020 (baseline scenario) 
 
20.8 Mt CO2e reduction in 
2020 (technical scenario) 

91.7 US$/t CO2e 
(baseline scenario) 
 
78.8 US$/t CO2e 
(technical scenario) 

                                                           
 
8 In China, some of the options refer specifically to the province of Shandong.  The 2010 national energy intensity target established in the country’s 11th Five 
Year Plan is implemented by aggregating individual targets assigned to each province.  CCAP therefore conducted an analysis to analyze barriers at the 
provincial and local levels and develop strategies to assist policymakers with sub-national implementation of GHG mitigation measures.  Shandong was selected 
among ten other provinces based on its high consumption of energy and the structure of its industry. 
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China  National Demand side 
management  

Electricity pricing reform  428.8 Mt CO2e reduction in 
2020 

Less than zero (-2.96 
$/t CO2e 
 
 

India  National Energy 
demand 
savings from 
products and 
equipment 

·  Products and equipment standards and labeling 
·  Tax and duty exemptions for energy efficient 

products and equipment 

·  Building energy codes 

Tax benefits to energy service 
companies could avoid capacity 
addition of 9,240 MW 

 

 

Electricity 
demand 

India  National Energy 
efficiency in 
the Indian 
buildings 
sector 

·  Time zones 

·  Tax incentives Above code building labeling 

Long term (8 yrs) mitigation 
potential of 457 Mt CO2e /yr 

 

 

Transport Brazil  National Production 
and use of 
biofuels 

·  National policy for the energy use in 
transportation 

·  Support the enhancement of RD&D for 
advanced processes and technologies for 
biomass conversion to energy 

·  Policy for the development of sugar cane 
genetically modified varieties 

·  Fiscal policies (such as tax reductions) for 
equipment 

·  Logistical and infrastructure improvements 

The use of ethanol domestically 
could lead to reductions in CO2 
emissions between 73.7 and 
79.0 Mt CO2e in 2020 
compared to a baseline scenario 
of 100% gasoline consumption 
 
Increased use of biodiesel 
could lead to reductions in 
emissions between 4.8 and 9.6 
Mt CO2e in 2020, compared to 
a baseline scenario of 100% 
conventional diesel supply. 

For biodiesel: 
Implementation costs 
are between US$2.4 
billion and US$5.7 
billion in 2030 for 
Conservative and 
Progressive scenario9 
respectively. One 
study estimates all-in 
investment costs of 
$15 billion for latter 
scenario. 
Marginal Abatement 
Cost: 380 US$/ t 
CO2e under BAU;   
270 US$/ t CO2e 
under Improved 
scenario 

                                                           
9  (a) The Conservative Scenario (Biodiesel), assumes 3% of biodiesel until 2012 and 5% in the following years, in line with the current Brazilian 
legislation. This scenario estimates biodiesel production of 3.08 Mn (5% of total production) by 2020 
(b) The Progressive Scenario (Biodiesel) assumes an increase of biodiesel use as suggested by EPE, the government agency for energy planning. This 
scenario estimates biodiesel production of .31 Mn (7% of total production) by 2020 
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China  National Economy fuel 
standard 

·  Fuel taxes and fees 
·  Vehicle taxes and fees 

·  New vehicle incentive programs 

232-274 Mt CO2e reduction in 
2020 

Saved oil imports of 
US$ 147-178 billion 
in 2030 

 
Up to 94,600 saved 
lives in 2030 

India  National Expansion of 
biodiesel use  

·  Collaborated decision making framework 
among major players 

·  Collaboration with the Integrated Wasteland 
Development Programme 

·  Collaboration with other public and private 
companies 

·  Quality control of fuel blending 
·  Labeling for the feedstock plantation sites 
·  Phasing out of subsidy on gasoline and diesel 

·  Establishing financing mechanisms for 
plantation and extraction 

 

  

India  National Integration of 
electric 
vehicles in 
urban 
transport 

·  Soft loans 
·  Mandatory type approval and conformity of 

production 
·  Consortium of major players 
·  End-to-end service 
·  Research and development 
·  Exclusive route for electric vehicles 

·  Fuel-switching 

Depends upon vehicle 
efficiency and electricity 
generation source 

 

India  National Energy 
efficient 
production 
technologies 
and 
appropriate 
control 
processes 

·  Strategy to achieve the objectives of the 
National Steel Policy 

·  Relation to current policies, processes and 
trends underway in the country 

·  Research and development focusing on 
improving the quality of steel 

·  Training to facilitate resolution of pending 
technical issues 

·  Developing adequate financing mechanisms 

  Iron and 
Steel 

China  Provincial 
(Shandong) 

Top-pressure 
recovery 

Discount loans  0.19 Mt CO2e reduction in 
2020 (mitigation effect only) 

-70.37 US$/t CO2e 
(mitigation cost) 
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turbine  
0.38 Mt CO2e reduction in 
2020 (combined impact with 
policy option) 

 
-56.53 US$/t CO2e 
(policy 
implementation cost) 

India  National Production of 
blended 
cement with 
higher ratio of 
additives/cem
ent 

·  Concessions on excise duties, sales tax 
exemptions and capital subsidies 

·  R&D 
·  Training programmes for technical staff 
·  Education and public awareness programmes 
·  Promotion of PPC and PSC usage in large 

construction projects, 

·  Modification of existing construction codes  

  

India  National Switch to less 
carbon 
intensive fuel 
in kiln 

·  Extension programs to facilitate the general use 
of new (Biomass/less carbon intensive) energy 
technologies 

·  R&D in new energy technologies  
·  Incentives to local entrepreneurs for the 

production of biomass energy conversion 
systems  

·  Training of skilled personnel  

·  Engineering infrastructure for the local 
production of components and spare parts for 
biomass and other less carbon intensive fuels. 

  

Cement 

India  National Waste heat 
recovery and 
utilization 

·  Setting up pilot projects on the use of algae as 
fuel  

·  Capital subsidies and tax exemptions 
·  Guidelines for the treatment, storage & disposal 

of waste 

·  Development of quality standards  
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India  National Energy 
efficiency 
improvement 

·  Good house keeping practices 
·  Regulation and/or standards 
·  Industrial cogeneration 
·  Fuel switching 
·  Fiscal policies (e.g. taxes, tax rebates, subsidies) 
·  Benchmarking 
·  Energy audits 
·  Information dissemination and demonstration 

and 
·  Research and development 
·  Educational and training programmes 
·  Awareness programmes 

·  Harnessing carbon market opportunities 

 

  

India  National Energy 
management 
practices 

·  Top management commitment 
·  Energy management cell 

·  Targets and budgets 

  

China  Regional 
(Shandong) 

Waste heat 
cogeneration 

Subsidies and loans 49 Mt CO2e reduction in 2020 US$ 1.4  billion of 
total net cost in 2020 
 
 

Payment for environmental services Projected emission reductions 
for 2.9 million km2 decline to 
zero within 10 years, saving 4.1 
billion tons of carbon. 

Payments to rural 
forest users start at 
$140 million in the 
first year and rise to 
$293 million by year 
10.  

Forestry Brazil  National Reduction of 
deforestation 

Agricultural intensification Increasing cattle productivity 
per hectare by as much as five 
times  in areas outside the 
Amazon reduces deforestation 
pressures, but difficult to 
quantify 

Compensation to 
private landowners 
over the first five 
years is 
approximately $351 
million, and $117 
million per year 
thereafter. 
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B. Principles for International Cooperation 
 

The study identified several areas where international cooperation could potentially benefit domestic efforts, provide 
additional impetus to enhanced actions, and assist the governments with initiatives to introduce clean and efficient 
technologies in energy intensive sectors such as iron & steel, cement etc., improve energy efficiency, and increase 
the share of renewable energy in the national energy balance.  These areas include: access to financing; technology 
transfer and partnerships with R&D; and capacity building.  The results of this study provide some answers to key 
questions such as what might be funded with international financing, what technologies need to be developed and/or 
transferred and deployed, and what types of capacity building and international cooperation would advance policy 
implementation.  These findings are not only useful for the development of particular mitigation strategies in China 
and India, they also provide insights into the international debate on developing country participation in the future 
climate change regime.  One of the key issues of the current UNFCCC negotiations is how to design a system that 
would best assist developing countries with finance, technology and capacity building in their efforts to reduce GHG 
emissions.  The findings of this study can illuminate this debate with concrete examples and assist with developing a 
system that encourages meaningful GHG emission reductions in developing countries.  
 
The Bali Action Plan calls for enhanced nationally appropriate mitigation actions (NAMAs) by developing countries 
to be supported and enabled by technology, financing and capacity building in a measurable, reportable, and 
verifiable manner. There is now a need to identify and describe the key features of a mechanism that would support 
mitigation actions in developing countries by channeling capacity building, technology and financial assistance. 
 
The international community is currently debating a possible architecture for the post-2012 climate change 
agreement that may incorporate three types of NAMAs by developing countries: Unilateral; Supported/Cooperative; 
and Credit-Generating.  
 
·  Unilateral NAMAs are actions countries take on their own to achieve emissions reductions without Annex I 

assistance or financing.  This study has identified and documented many initiatives that China and India are 
taking to address their energy security, development and environmental concerns that also reduce GHG 
emissions growth.   

 
·  Supported/Cooperative NAMAs are actions that country can achieve with international financing; resulting in 

more aggressive emission reductions.  In this study, we have identified additional measures that Brazil, China 
and India could undertake if support were provided. The required support varies by measure and situation. In 
some cases, access to additional financing would allow construction of advanced, more efficient and lower 
carbon-emitting power plants; in other situations assistance with deployment of new technologies is needed for 
advancement of renewable energy, while some measures could be implemented if appropriate policies were 
designed and institutions put in place to monitor and enforce their implementation. Financing of supported 
NAMAs (with the exception of capacity building) will mostly cover incremental costs of NAMA 
implementation.    

 
·  Credit generating NAMAs must exceed an agreed-upon crediting baseline, and generally could serve as offsets 

of Annex I emissions. 
 
Once NAMAs are identified, the questions of how to structure and finance NAMAs still need to be answered. The 
UNFCCC will need to determine guidelines for how to prioritize NAMAs and develop sustainable financing 
strategies to support their implementation.. While NAMAs will be voluntary, nationally-driven actions, international 
criteria may be created to guide their financing through a multilateral financing mechanism.  These criteria  could 
include cost effectiveness, mitigation potential, leveraged domestic resources, role of sector in overall economy, and 
sustainable development benefits.  Many developing countries want support for NAMAs to be through direct access, 
where priorities are decided domestically by developing countries and money is allocated to countries according to 
COP-decided distribution principles. Other countries (principally potential donors) argue for cost-effectiveness and 
the size of potential GHG emission reductions as the key criteria for choosing among NAMA proposals for 
developed country support.  CCAP proposes to create a hybrid approach that incorporates both the direct access and 
the competitive approaches within the new NAMA architecture, by creating several different financing windows 
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with different eligibility and evaluation criteria suited to the nature of the types of activities or policy actions 
covered in the window.10  This study offers insights on how certain mitigation options could potentially be 
supported and implemented in Brazil, China and India under a UNFCCC NAMA framework. 
 
Below we attempt to crate a framework for Annex-I countries which should help them to (a) prioritize between 
NAMAs and (b) help them design their assistance in a way that enhances the objectives of the NAMA. 

1. Prioritizing international cooperation 
 
The international community would need to objectively decide between the various ways in which it can provide 
assistance. Annex-I countries could take into consideration the following information about the country and the 
sector that the mitigation efforts are targeting. 
 

·  Emission levels in key sectors (current and projected) 
·  Total mitigation potential (current and projected) 
·  Costs of various mitigation options in each sector with corresponding mitigation benefits 

 
Recognizing the need for such information the DFID Phase I study focused on analyzing the baseline emissions, 
mitigation potential and costs of mitigation options based on market information of available technologies in key 
energy intensive sectors in Brazil, China and India. Information derived from such studies could be crucial in 
prioritizing international assistance from the perspective of Annex-I countries. 
 
Below is a summary of the results of the DFID Phase I study for all three countries 
 

Country wise 
Projections in 

2020 

Pre-2000 Policy 
Scenario / BAU 

(MMTCO2)

Recent 
Policy 

Scenario 
(Unilateral)

Advanced 
Options 
Scenario

Brazil 512                     14% 29%

China 5,340                  7% 19%

India 2,353                  0% 17%

Total 8,205                  6% 19%
 

 
 
Summary of results for China 

Sector wise 
emissions in 2020 

Pre-2000 Policy Scenario / 
BAU (MMTCO2)

Recent Policy 
Scenario (Unilateral)

Advanced 
Options Scenario

Electricity 3,102                                  5% 14%
Cement 1,098                                  15% 21%
Iron & Steel 323                                     9% 20%
Pulp & Paper 141                                     21% 26%
Transport 676                                     5% 32%

5,340                                  7% 19%  
 
 
 
 
 

                                                           
10 See Nationally Appropriate Mitigation Actions by Developing Countries: Architecture and Key Issues, Center for 
Clean Air Policy, December 1, 2009. 
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Summary of results for India 
 

Sector wise 
emissions in 2020 

Pre-2000 Policy Scenario / 
BAU (MMTCO2)

Recent Policy 
Scenario (Unilateral)

Advanced 
Options Scenario

Electricity 952                                     -12% 19%
Cement 334                                     -1% 3%
Iron & Steel 317                                     5% 10%
Pulp & Paper 12                                       -8% 25%
Transport 644                                     15% 28%
Residential 76                                       -5% -5%
Commercial 18                                       0% 0%

2,353                                  0% 17%  
 
 
Summary of results for Brazil 

Sector wise 
emissions in 2020 

Pre-2000 Policy Scenario / 
BAU (MMTCO2)

Recent Policy 
Scenario (Unilateral)

Advanced 
Options Scenario

Electricity 4,092                                  1% 16%
Cement 1,472                                  11% 17%
Iron & Steel 722                                     7% 15%
Pulp & Paper 212                                     15% 20%
Transport 1,565                                  11% 31%
Residential 112                                     8% 8%
Commercial 30                                       13% 13%

8,205                                  6% 19%  
 
Notes:  (a) Positive % figures denote emission reductions below BAU 

(b) “Pre-2000 Policy” scenario 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. 
(c) “Recent Policy” scenario (also called “unilateral actions”) which considered the impact with 
implementation of all policies announced before 2006. 
(d) “Advanced Options” scenarios Where appropriate, an analysis was 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 described scenario was the most aggressive and 
considered all feasible (in the team’s judgment) mitigation options. 

 

2. Structuring NAMAs and international assistance 
 
According to the Bali Action Plan formulated in Dec 2007, consideration should be given to “[n]ationally 
appropriate mitigation actions by developing country Parties in the context of sustainable development, supported 
and enabled by technology, financing and capacity-building, in a measurable, reportable and verifiable manner”.11 
This provision brings together, in an integral manner, key elements such as national mitigation efforts, sustainable 
development, technology, finance and MRV. The concept of “Nationally Appropriate Mitigation Actions” now 
commonly known as NAMAs are efforts that are being and will be undertaken by developing countries as they 
balance their objectives of climate change mitigation and sustainable growth.  
 

                                                           
11 Decision 1/CP.13, paragraph 1 (b) (ii). 
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The DFID Phase II project built upon the results of the Phase I study and in consultation with in-country experts and 
advice from various stakeholders selected mitigation options in key sectors all three countries for further analysis on 
implementation of those options. The DFID Phase II study has thus delivered a set of policy recommendations for 
structuring NAMAs and has explored ways in which international assistance could help executing NAMAs by 
targeting their assistance to eliminate or alleviate barriers associated with their implementation. 
 
While international negotiations have not yet delivered a set of guiding principles for designing assistance to 
enhance the objectives of NAMAs, we have attempted to provide a framework that lays down factors that could be 
taken into consideration before structuring it as supported or credit-based assistance. Developing countries need to 
decide which NAMAs are best undertaken unilaterally, those that need upfront assistance through international 
support and those that can be integrated with international carbon markets through crediting mechanisms. Similarly 
Annex-I countries need to be able to design their delivery mechanisms in order to enhance the objectives of 
supported and credit-generating NAMAs proposed by developing countries. 
 
Conceptually, the goal of unilateral and supported NAMAs is to target emission reductions that produce net 
economic benefits or are low in cost, the so-called “low hanging fruit.”  Unilateral and supported NAMAs are 
designed to produce emission reductions by developing countries that are their contribution to the protection of the 
atmosphere.  Depending on the growth pattern of the developing country, these actions (e.g., policies, programs) 
may either produce net reductions in emissions or reduce the growth in emissions that would otherwise occur in 
these countries, but they contribute toward the global effort to reduce GHG emissions to levels that can restrain the 
increase in global temperatures.  These policies do not produce offsets for developed countries to assist them in 
meeting their overall reduction commitments.  However, this also means that the global carbon market would be left 
with more expensive mitigation options in developing countries, options that are further up on the MAC line, unlike 
the CDM. 
 
We believe the following are some of the characteristics of proposed NAMAs. 
 

·  Timing of assistance required in relation to resulting emissions reduction 
            

 
 
 
·  Degree of public sector involvement in implementation of NAMA 
 

 
 
 
 
 

Public 

Unilateral or Supported NAMA Credit-generating NAMA 
 

Private 

Ex-Ante 

Unilateral or Supported NAMA Credit-generating NAMA 

Ex-Post 



Center for Clean Air Policy  page 27 

·  Nature of objectives i.e. degree of tangibility with specific relation to MRV of emission reductions12 
 
 

 
 
 
 
·  Cost of implementation of NAMA i.e. in terms of $/CO2e 
 
 

 
 
 
 

·  Nature of technology assistance 
 
 

 
 
 
Based on the above mentioned principles, we have suggested ways in which international assistance (supported or 
crediting mechanisms) can be used to support NAMAs identified in the Phase II study. Table 3 indicates how the 
above-described principles have been used to suggest international assistance for a few identified NAMAs. 
 

                                                           
12 While unilateral and supported NAMAs will generally be less tangible than credit generating NAMAs in a relative 
sense, it should be noted that some unilateral and supported NAMAs would be very tangible. 

Nascent 

Credit-generating NAMA 
 

Mature 

Supported NAMA 

Low 

Unilateral NAMA Credit-generating NAMA 
 

High 

Supported NAMA 

Less tangible 

Unilateral NAMA Credit-generating NAMA 
 

More tangible 

Supported NAMA 
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Table 3 
 Examples of NAMAs identified in key sectors 

Type of NAMA 
 

Financial Technological Capacity-related 

Unilateral  ·  Closure of highly 
polluting industries 
and infrastructure 

·  Deployment of basic and widely 
available efficient technologies in energy 
intensive sectors 

 
·  Enforcement of minimal technology 
standards 

 
·  R&D domestically nascent technologies 
 
·  Expansion of basic infrastructure like 
grid capacity 

 

·  Consumer awareness 
 
·  Operator training 
 
·  Formation of centralized authorities for 
enforcement of standards i.e. consolidating 
jurisdictions for better enforcement 

 
·  Electricity pricing reforms 

Supported 
  

·  Fiscal Incentives for 
consumers & 
manufacturers of 
energy efficient 
appliances 

 
·  Subsidized loans for 
SMEs for EE projects 

 

·  R&D for globally nascent technologies 
 
·  Installation of modern infrastructure like 
smart grids 

 
 

·  Increase in domestic manufacturing 
capacity for cheaper alternatives 

 
·  Better urban design and planning for 
implementation of clean transport options 

 
·  Domestic financial institution capacity and 
reform 

Characteristics of supported 
NAMAs 

Examples of supported NAMA assistance  

·  Timing of assistance: Ex-ante  
 
·  Cost of mitigation option: Low 
– Medium 

 
·  Objectives: Often less tangible 
and difficult to quantify directly 
in terms of emission reduction 
in relation to a baseline. 

·  Capitalize local financial institutions with funds for subsidized and reduced-interest loans to implement mitigation 
projects in the iron and steel sector.  

 
·  Adoption of higher fuel economy standards can be encouraged using feebates i.e. a combination of 
incentives/rebates for vehicles with higher standards and fees for lower standards. The implementation of such a 
program could be a unilateral NAMA, while tax deficits arising out of such a program (i.e. when incentives/ rebates 
given are higher than fees collected) could be supported by financing through supported NAMAs.��   

 
·  Subsidies for IGCC, CCS and other new and expensive technology that is funded by Annex-I countries in return 
for an agreed level of penetration of these technologies E.g. UK Cleaner Coal Technologies program, which 
encourages development of clean coal technologies and expertise through a program of R&D, technology transfer 
and exports promotion. 
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Credit-generating  ·  Incentives for 
increasing penetration 
of renewable energy 

 
·  Energy efficiency 
crediting 

·  Crediting in Cement and Iron & Steel for 
implementation of energy efficient 
technologies like WHR, TRT, DQC etc. 
beyond a stipulated level. 

 

 

Characteristics of crediting 
NAMAs 

Examples of crediting NAMA assistance 

 
·  Timing of assistance: Ex-post 
 
·  Cost of mitigation option: 
Medium – High 

 
·  Objectives: Sector-specific, 
highly tangible and possible to 
measure emission reductions 
against a baseline with 
appropriate MRV systems 

 

 
·  RPS: Renewable (energy) Portfolio Standards can be supported through Annex-I funding by linking it to higher 
rates of penetration. For example, up to 10 % could be unilateral, 10% - 30% could be based on supported NAMA 
financing and anything above 30% could be eligible for credits which can be sold as offsets in international carbon 
markets.� 

 
·  Technology-penetration goals: Sectoral crediting NAMAs in Cement and Iron & Steel could be constructed in such 
a way that the government could mandate a minimum level of penetration of energy-efficient processes (unilateral 
NAMA), and further penetration beyond that level could be supported by assistance to the government for 
providing the private sector incentives (supported NAMA).  Beyond the supported NAMA, the sector may be 
eligible for credits through a sectoral crediting mechanism which maybe traded in international offset markets. 

 
·  Energy-intensity goals: Sectoral crediting can also be possible by comparing an entity’s performance in terms of 
energy usage/unit of output with benchmarks set by a domestic regulatory entity. 
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IV.   Electricity supply (China and India) 
The electricity supply sector is one of the most important sectors for both China and India. For both countries 
(similar to the vast majority of developing countries), the achievement of their development goals (including their 
Millennium Development Goals) relies heavily on the future expansion of their national electricity generation and 
their electricity distribution grids to ensure that the populations in all parts of both countries have access to 
electricity. This is a major and challenging task given both the physical size and the population of China and India.  

Despite the challenges, however, the Chinese and Indian governments have started considering and implementing 
measures that aim to enhance the electricity generation networks and maximize the use of the indigenous natural 
resources (primarily coal) while minimizing the environmental impacts. Such measures include integrated 
gasification combined cycle (IGCC) with and without carbon capture and storage (CCS), wind power development 
and sectoral restructuring through the maintenance of existing, and the promotion of new and more efficient, large 
generation units.  

A. Integrated gasification combined cycle and carbon capture and storage  

IGCC is considered as one of the most promising new technologies that can increase the efficiency of coal-based 
electricity generation,13 while contributing to a relative reduction in GHG and other pollutants emissions. As 
compared to other clean coal technologies, IGCC has higher efficiency14 and lower water usage. Although, the 
technology is primarily considered for coal-fired plants, other fuels (e.g. refinery residues, biomass) can also be used 
depending on the gasifiers used.  

When IGCC is combined with CCS, the environmental benefits are multiplied. Capturing and safely storing carbon 
(in the form of CO2) is a technology that lends itself for use with IGCC given that it works best with a coal 
gasification process. The capture technologies that are available today can remove 90% of CO2 but they also lead to 
significant increases in the cost of electricity and decreases in efficiency.  

In addition, there are several challenges that need to be addressed before implementation of CCS can be achieved on 
a broad scale.  These include: inadequate data on the geological potential for CCS; need for improved understanding 
and forecasting of CO2 dispersion in geological media to determine permanence and security of storage; and 
development of technologies for the long-term measurement, monitoring and verification of CO2 storage sites.  
Other considerations related to CCS deployment include: risks and uncertainty associated with the transporting of 
CO2 to storage sites; possible hazards to human/animal health, and plants, animals and ecosystems; potential for 
contamination of groundwater; and possible triggering of small seismic events in some areas. 

1. Present situation 

Although both China and India have started taking steps towards the implementation of IGCC and CCS as a 
mitigation option, the current state of play as regards the development of these technologies in both countries is 
markedly different. 

China’s experience with IGCC goes back to the early 1990s, when it started investigating the feasibility of building 
IGCC demonstration plants. The first IGCC demonstration project in China (two 400 MW power plants) 
materialized in 1999 boasting a power generation efficiency of more than 43%. In the context of its GreenGen 
demonstration program, it is expected that a further 250 MW will be installed by 2010 as part of its first phase, while 
by 2015 (second phase), an additional 300 to 400 MW will become operational. In June 2009, China’s first 
commercial scale IGCC plant was approved by the NDRC and went into construction, with an expected operation 
date in 2011.  Moreover, Chinese companies own the full intellectual property of all the processes and equipments. 
In addition to this program, within the scope of the 11th Five-Year Plan and the 863 program, two IGCC units will 
be built in 2010 with a total installed capacity of 320MW. This will be the first IGCC national demonstration plant 

                                                           
13 IGCC can also be used for the production of by-products such as chemicals, synthetic fuels, fertilizers and 
hydrogen. 
14 The efficiency of IGCC can reach 45%-55% as compared to sub-critical (30%-36%), supercritical (41%) and 
ultra-supercritical (43%) power plants. 
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that will be operated by a local power enterprise.  Other state-owned companies are also planning their own IGCC 
programs.  China has made significant progress in developing its own gasification technologies and processes; 
however, the full application and deployment of such technologies still face significant barriers in terms of both 
technological capacities and funding.  

In India, the IGCC technology (entrained flow gasifiers using fuel oil as a feedstock) has so far been used solely for 
the manufacture of fertilizers. Early efforts to use coal and lignite based gasifiers were not successful because of the 
high ash content in Indian coal. In the late 1980s and during the 1990s, three demonstration projects were 
commissioned testing different technologies (moving bed gasifier combined cycle plant, TPD Fluidized bed 
gasification, combined cycle plant with a PFB gasifier). Following an extensive consultation with national and 
international experts and stakeholders, the Indian government has decided to commission a 125 MW IGCC that will 
become operational in 2011. Based on the experience gained by the Indian authorities and developers (confirmed by 
an international study) the consensus seems to be that IGCC technology with Pressurized Fluidized Bed Gasification 
(PFBG) is more compatible with the high ash coals that exist in India.  

The CCAP study concluded that implementation of IGCC-CCS in China and India could achieve significant GHG 
emission reductions.  In China, it is estimated that reductions totaling 4.8 Mt CO2e in 2010 and 19.1 Mt CO2e in 2020 
could be achieved.  This estimation is based on the assumption that the proportion of power generated from plants 
equipped with IGCC (without CCS) would increase from 0.3% in 2010 to 1.5%, while the share of electricity 
generated from plants using CCS would jump from zero to 5% during the same period.  In India, the reduction 
potential depends on the national policies to be employed to encourage the penetration of the technology in the 
electricity sector.  For example, if 10% of the existing coal-based generation capacity in 2007 were to be replaced by 
IGCC, then the estimated total annual reduction in GHG emissions is about 4 Mt CO2e.  

2. Barriers 

Despite their obvious advantages, IGCC and CCS are still new and evolving technologies and, as such there are a 
number of barriers in their implementation. Such barriers include a rather high degree of technological complexity 
(e.g. IGCC is often referred to as a chemical rather than a power plant), high capital costs and low technology 
maturity.  

Particularly the lack of relevant technological capacity in China and India and the high up-front costs for IGCC and 
CCS pose the biggest challenges in terms of the future penetration of both technologies into the energy systems of 
both countries. The average cost for an IGCC power plant in China is estimated in the range of 1,100-1,400 
US$/kW. In India the cost for the demonstration projects is about 1,900 – 2,000 US$/kW. However, there are 
indications that this cost should not be considered as indicative for commercial plants as increased efficiency can 
result when large gas turbines are used. If such technologies are used for commercial plants, the cost can drop to 
1,300 – 1,400 US$/KW. Even the lower cost estimates represent particularly high up-front investment requirements 
especially when compared with existing technologies in both countries.15   

If CCS is implemented together with IGCC, the cost is even higher: 1.6 to 2 times the average cost of conventional 
plants. According to the IEA and the IPCC, the marginal abatement cost of CCS is presently in the range of 40-90 
US$/tCO2 captured and stored. With more cost effective technologies, the costs are expected to decrease to 20 – 40 
US$/tCO2. For China, the marginal cost is estimated to be about 66.4 US$/tCO2 in 2010.  

Other barriers identified are associated with the IGCC technology itself and specifically with a range of technical 
issues, including: 

·  Integrated plants have been found to have longer start up times as compared to conventional sub critical plants, 
hence their use may be restricted to base load operations. Integrated plants also do not offer the same degree of 
flexibility in operation as conventional plants, 

·  There may be limitations due to the use of gasifiers for IGCC.  Gasifiers are pressure vessels and are difficult to 
transport because of the magnitude of their weight and size.  According to the IEA Clean Coal Centre, this 
limitation may restrict the use of these gasifiers above 300 MW, 

                                                           
15 In China, the cost for sub-critical conventional plants is 500-600 US$/kW and for super- and ultra-critical plants 
600-900 US$/kW. In India, the average cost for sub-critical and super-critical plants are 1,550 and 1,570 US$/kW, 
respectively. 
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·  Most IGCC plants are able to reach 70-80% availability after a number of years. It is anticipated that newer 
plants will do so in a shorter period of time as more technological solutions become available.  

3. Implementation policies 

In order to overcome some of the above-mentioned barriers, several actions could be undertaken, including: 

·  Taking into consideration, during planning stages, the life cycle costs and other environmental parameters 
(e.g. a recent study by the World Bank indicates that a 60 MW sub-critical unit with desulphurization costs 
are only 15% lower than IGCC), 

·  Further R&D and demonstration projects aiming to improve understanding of all aspects of CCS and to 
lower costs, 

·  Financial incentives to support IGCC-CCS projects, 

·  Consideration of the impacts of other policies and measures, such as fiscal measures, including the possible 
introduction of a carbon tax.  

Taking into consideration all relevant parameters in China and India, including barriers to implementation, R&D 
with promotion of international cooperation on the further development of the IGCC-CCS technology is considered 
a promising implementation policy.  Efforts can be made to speed up the development and local production of key 
IGCC equipment, thus reducing significantly the equipment cost. Government support would contribute towards the 
establishment, and efficiency enhancement, of policy incentive mechanisms in order to ensure a higher return of the 
technologies under development.  The marginal abatement cost of this policy option in China is estimated to be less 
than 28.8 US$/tCO2 in 2010, decreasing even further in 2020. 

Other policies considered for the case of India include: modification to national legislation in order to introduce 
preferential tariffs for IGCC power plants and encourage the use of IGCC; fiscal policies such soft loans, tax 
incentives, concessional custom and excise duty exemption for machinery and components for the construction of a 
new plants and for revenues from carbon credits. 

B. Wind energy development 

1. Present situation 

In China, the wind energy potential on land is estimated to about 253 GW distributed throughout the country, with 
the offshore potential being three times bigger (about 750 GW). The main driver for the fast development of wind 
energy projects in China has been the enactment of the Renewable Energy Law. As a result of this law, while in 
2006, China’s installed capacity was about 2.6 GW; by the end of 2008 it reached more than 12 GW.16 This is more 
than double the target set by China for an installed capacity of 5 GW by 2010.  

From China’s point of view, incentives that would promote wind turbine production and would lead to new 
investments are key strategies to promote wind energy development. The Renewable Energy Law is an example of 
how such incentives could work. The law introduces a variety of supportive policies that target improvements in 
domestic electricity demand and enhancements in energy security, while introducing subsidies, price concessions, 
tax cuts, and discount or low-interest loans. 

In implementing the law, incentives have been provided for the localized production of equipment for wind turbines 
(target of 70% of all equipment used), while imported equipment are subject to taxation according to the national 
regulations. Such incentives help to improve the role of the local wind turbine companies in the manufacturing 
sector. In addition, taking into account the high investment cost for renewable energy, the Renewable Energy Law 
established a special fund that is used to speed up technological and market developments, by providing financial 
discounts, preferential loans and tax incentives to support wind energy projects. 

                                                           
16 World Wind Energy Association, World Wind Energy Report 2008, February 2009 
(http://www.wwindea.org/home/images/stories/worldwindenergyreport2008_s.pdf). 
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2. Barriers 

The following barriers for the further implementation of wind energy in China have been identified:  

·  Lack of policy and control measures such as emissions standards, insufficient law enforcement efforts, and 
economic incentives that include investment, tax and pricing policies; 

·  Inappropriate institutional arrangements, referring specifically to the role and structure of existing 
associations, as well as investment and financing systems; 

·  Insufficient structures for the dissemination of technical, market and financial information and for the 
enhancement of public awareness on reducing GHG emissions through energy saving measures; 

·  Inadequate technological development, including lack of technological standardization and of technology 
support and service systems.  

Another key factor is the relatively high cost of wind energy projects. The marginal abatement cost for wind energy 
in 2010 is expected to be about 80.8 US$/tCO2, but is expected to decline to 38.8 US$/tCO2 in 2020. High 
investment costs also lead to high grid electricity prices: at present US$0.08/kWh from wind energy as compared to 
US$0.04/ kWh from a coal-fired power plant. If the current momentum in the installation of new wind capacity 
continues, then it is very likely that both costs and prices will decrease fast over the next decade.  

Another consideration is the relatively low availability of wind energy. At present, the availability ranges between 
2,000 and 3,000 hours per year; a very low figure compared to thermal power (at least twice the wind availability). 
Further technological developments would help increase the wind availability and improve the efficiency of wind 
energy storage facilities (e.g. batteries, flywheel etc.). 

3. Implementation policies 

In order to overcome these barriers, several actions that could be undertaken have been identified in this study, 
including: 

·  Development of an integrated wind energy market system that would include design and construction, 
transportation and installation, function and maintenance, monitoring and certification of complete wind 
turbines or parts of them; 

·  On-grid price and connection of wind farms to the electricity power grid; 

·  Wind power technological innovations through the establishment of a public technology service platform 
and a combination of market-oriented production, research and development. 

Realizing the full potential of wind energy in China would require incentives for further industrial development and 
investments.  In the context of the implementation of the Renewable Energy Law, the Chinese government would 
need to enhance its efforts to introduce supportive policies relating to domestic demand, price support and energy 
security and include various forms of subsidies, price concessions, and discount or low-interest loans. It is estimated 
that implementation of such policies could lead to GHG emissions reductions of about 2.6 Mt CO2e in 2020.   
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C. Structural restructuring in Shandong 

1. Present situation 

The province of Shandong in China has had the biggest contribution to the national efforts (under the 11th Five-
Year Plan) relating to the closing down of small thermal power units, with the suspension of operation of a total 
installed capacity of about 1.7 GW.  In the next three years, the efforts in Shandong are expected to intensify with 
the closing of an additional 4 GW of small thermal power units. 

The rules and regulations that have been put in place by the local authorities include the prohibition of construction 
of conventional coal-fired units lower than 300 MW and of CHP and coal-fired units that do not meet the standards 
of the national industrial policy.  The province has also decided to eliminate small thermal power units, has 
encouraged the development of large and advanced highly efficient coal-fired power plants, and has focused on the 
development of clean forms of energy such as wind, solar, biomass.  

2. Barriers 

The high economic growth in China (especially since 2002) has resulted in an imbalance between electricity supply 
and demand.  In regions with sufficient coal resources, attempts have been made to remedy the situation through the 
installation of short-term, low-investment small thermal power plants without necessarily conforming to the national 
regulations. This has resulted in a large number of small and polluting units that are spread around the country. 

Because of their large number, these units have come to play an important role in the local economies/communities 
as they provide employment, a reliable and steady stream of finances for local governments, and an increase in the 
local GDP.  Furthermore, small power units can be built faster and have relatively low operational costs (although 
the coal consumption is high, the cost of labor and operation is low). 

3. Policy option 

Actions that can be implemented to overcome these barriers include: 

·  Building more efficient and cleaner units, and maintaining a power supply and demand environment that is 
conducive to the installation of small thermal power units, 

·  Improve the efficiency of dispatching, with a balance between environmentally friendly large units and 
small thermal units, 

·  Strengthen supervision and inspection of power plant emissions, 

·  Introduce capacity quota and compensation schemes for units that will cease to operate.  

Following a consultation process with in-country partners, the most promising policy option identified was the 
strengthening of the supervision and management to ensure the implementation of current policies.  It is expected 
that the combined effect of the mitigation and policy options in 2020 would be a reduction in GHG emissions of 
about 20.8 Mt CO2e, at a total abatement cost of about US $1.6 billion. 
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D. International cooperation 

·  Policy and Finance: For both China and India, the financial barriers to adoption and implementation of the 
above-stated mitigation options can be overcome by using methods such as 

o Coal-based power: As described in earlier sections, China and India have begun undertaking 
policies to reduce the GHG emissions from the coal-based power sector. Closure programs (such 
as the steps taken by the Shandong province to close 4 GW of small thermal power units) could be 
recognized as unilateral NAMAs in order to encourage them.  Modernization of existing plants is 
an example of a possible supported NAMA that would require on financial assistance.  Examples 
of such multi-lateral financial assistance include a $180 Mn soft loan from World Bank and the 
$45.4 Mn grant from GEF  to India under the “Coal-fired Generation Rehabilitation Project” that 
moves beyond simple life-extension of power plants to making the rehabilitated plants more 
energy efficient and environmentally sustainable. Modernization of power plants beyond the scope 
of supported NAMAs could be funded through crediting NAMAs. 

o Subsidies for IGCC, CCS and other new and expensive technology: Penetration of emerging 
technologies such as IGCC and CCS could be increased by subsidizing them in the initial stages of 
their commercialization in order to demonstrate their operational viability and environmental 
benefit.  Fiscal policies such as soft loans, tax incentives, and concessional custom and excise duty 
exemption for machinery and components for the construction of a new plants could supported by 
utilizing financing to replenish reductions in government tax revenues.  Such actions could be 
classified as supported NAMAs and funds for actions can be obtained through the upfront 
financing route under the Bali Road Map.  

o Incentivizing green power generation: It has been identified in the Shandong Province case study 
that wind energy development can be encouraged through policies such as higher tariffs, soft 
loans, credit agency support etc.  Another example of NAMAs that can be undertaken by China 
and India are renewable energy penetration targets.  There can be differing levels of assistance 
provided at various levels of penetration.  For example, up to 10 % could be unilateral, 10% - 30% 
could be based on supported NAMA financing and anything above 30% could be eligible for 
crediting through a sectoral crediting mechanism.  Under such a framework the support structures 
of the UNFCCC could be used to achieve some of the policies and emission reductions identified 
in this study. 

·  Technology transfer and R&D: Technology transfer has been identified under the Bali Action Plan as one 
of the key areas of assistance that Annex 1 countries should provide to developing countries.  The other 
area of focus should be research & development as a strategy to assist in further development. R&D has 
been identified as an effective way to reduce cost of and uncertainties with implementation of IGCC and 
CCS.  An example of international cooperation to facilitate technology transfer is the UK Cleaner Coal 
Technologies program, which encourages development of clean coal technologies and expertise through a 
program of R&D, technology transfer and exports promotion.  A similar and expanded effort could be 
developed under the UNFCCC to support IGCC and CCS development in China and India. 

·  Capacity-building and governance: As identified in earlier sections, both China and India face information 
barriers when it comes to implementation of technologies such as IGCC and CCS and wind energy on a 
large scale.  These include: lack of information on the geological potential for CCS; need for improved 
understanding and forecasting of CO2 dispersion in geological media to determine permanence and security 
of storage; and lack of technologies for the long-term measurement, monitoring and verification of CO2 
storage sites.  Also, as identified in Shandong province, to realize the full potential of renewable energy 
generation, will require development of institutional capacity to integrate sources like wind into the existing 
energy market system, and supervision and management capacity to carry out the associated policies.  Both 
countries could request assistance with capacity building through a new financing mechanism that would 
be created under the post-2012 international climate change architecture.  Some capacity building 
assistance would be delivered to facilitate development of low-carbon development strategies and 
associated plans and programs.  Other capacity building activities could qualify and be approved for 
assistance as part of implementation of supported NAMAs.  In the case of both CCS and renewables this 
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might include in-country training and education on a broad scale using experience and lessons from other 
countries, as well as direct support to domestic efforts to expand institutional capacity.  
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V. Electricity demand (China and India) 
China and India are among the top five largest producers of electricity in the world, while their per capita 
consumption of electricity is below the world average and specifically for India is one of the lowest around the 
world (see Figure 3 (a) and (b)). The reason for this is the fact that a large part of the populations in China and India 
still live in poverty with limited access to electricity. At the same time, it is the growing middle classes in both 
countries that form a large base for the use of electric products and equipment.  

 

    (a)            (b) 

    

Source: International Energy Agency, Key Energy Statistics 2008 
Figure 3. (a) Top ten electricity producers in the world in 2006; (b) Average electricity consumption per capita in 
2006.  

Measures to limit GHG emissions from the production of electricity alone will not be sufficient or effective if they 
are not accompanied by measures that would ensure that the demand for electricity in China and India does not 
continue to grow uncontrollably. To achieve this, both countries are considering or have already put in place 
programs that aim to modify the consumers’ attitude towards electricity utilization, and to improve the energy 
efficiency of equipment used in the domestic and commercial sectors. The successful implementation of such 
programs will help reduce the costs associated with both the production and distribution of electricity and will 
contribute towards the more optimal allocation and use of resources, while enhancing the effectiveness of efforts on 
environmental protection. 

Reducing electricity consumption, therefore, through the implementation of demand side management measures 
poses a number of challenges in both countries. Despite the challenges, both countries have already stared putting in 
place demand-side management measures that aim to reduce the use of electricity. 

Given the nature of the sector, both China and India have identified measures that rely almost exclusively on 
domestic efforts. Based on its national circumstances, each country identified different key strategies for the sector: 
demand side management in China and use of more energy efficient products and equipments, and improvements in 
the energy use in residential and commercial buildings in India. 
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A. Demand side management in China  

1. Present situation 

Because of China's inefficient use of electricity and low efficiency of electric equipment, power consumption per 
GDP in China is 3-5 times larger than that of developed countries.  The successful implementation of demand side 
management (DSM) measures has the potential to bring about energy savings of the order of billions of kWh per 
year by changing consumers’ habits and improving the efficiency of electric appliances.  Lower electricity demand 
and generation is associated not only with reduced GHG emissions, but also with reductions in SO2, NOX and other 
pollutants produced by fossil fuel-fired energy generation and potential improvements in human health and quality 
of life.  Elements of DSM include electricity load management through technological and economic measures, 
energy substitution, energy auditing, and public awareness and education on electricity saving techniques.  

Since 1997, China has introduced national regulations that aim to improve energy efficiency through measures that 
include labeling and product energy certification. Other policies include fiscal measures (tax cuts, price policies), 
public awareness of DSM measures, and voluntary energy saving agreements. Other initiatives in place relate to 
energy conservation technologies and policies, as well as national plans to respond to climate change. 

2. Barriers 

The market penetration of energy-efficient technologies is often hampered by barriers that are influenced by prices, 
financing, international trade, market structure, complex institutional mechanisms and the provision of information 
and social, cultural and behavioral factors.  

In China, the adoption of demand side management measures faces a number of difficulties that are associated with 
their high cost of implementation (primarily associated with the replacement of old appliances) as well as the need 
for financial support from the government and for a more effective national administrative system. These barriers 
coupled with the large differences between different provinces and regions in China comprise a multi-faceted 
situation that makes the implementation of mitigation measures both a complex and time-demanding process. 

3. Implementation policies 

The aim of the electricity pricing reform in China is the gradual development of a market economy and appropriate 
pricing mechanisms. Of particular interest is the development of regional electricity markets and establishment price 
mechanisms that are associated with a competitive power generation market. These mechanisms can help set 
consumer prices that reflect the supply-demand relationship and the use of different natural resources (e.g. coal vs. 
renewable sources). Supplementary actions include improving the electricity market regulatory framework and 
promoting the implementation of effective overseeing structures in accordance with the relevant national legislation. 

Overcoming the previously mentioned barriers would require a variety of national and regional initiatives that 
include the development of legislation (including laws and regulations) that would clarify the institutional and 
organizational structure required, the source of funding, and the overseeing mechanism for the enforcement of the 
measures. Other initiatives could include the development of an incentive mechanism based on a competitive 
electricity market, elastic electricity pricing, concrete financial subsidies, and preferential taxation policies.  
International assistance (including through the UNFCCC mechanisms and new financing structures for the post-
2012 regime) with designing effective domestic incentive mechanisms, financing fiscal policies and covering some 
of the resulting losses in government revenues could facilitate faster and more effective implementation of measures 
that limit energy and electricity consumption and result in avoided GHG emissions.  Research and development 
(domestic and through international cooperation agreements) could result in new technologies that would help 
reduce the electricity consumption in China.  However, it is worth noting that despite the high level of investments 
required, the mitigation policy has a net marginal abatement benefit rather than cost (estimated at -9.86 US$/t CO2 
in 2010 and -2.96 US$/t CO2 in 2020). 
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B. Energy efficient products and equipment and energy efficiency improvements in 
buildings in India 

1. Present situation 

In 2005, the residential and commercial sectors accounted for approximately one third of India’s electricity demand. 
On the emissions side, the residential and commercial sectors were responsible for both their on-site emissions and 
their portion of the emissions from electricity production. Although the majority of the emissions are from the use of 
traditional fuel (wood, wood chips, dung) in the residential sector, the second largest contributor was the use of 
electricity. Under a BAU scenario, the use of electricity will increase in the future and so will the associated 
emissions.  

Energy security in India is a primary concern of the government as it endeavors to ensure that the energy needs of 
vulnerable households are met and that energy is used and supplied in an environmentally sustainable way. An 
integrated energy policy developed in India gives emphasis on energy conservation and efficiency, particularly 
through demand side measures, aiming to achieve 15% saving in energy consumption.  

The building sector in India is going through a lot of changes and will continue to grow in the coming years owing 
to the high economic growth. The share of the construction industry in the national economy has grown significantly 
both because of the increased demand for residential, commercial and institutional space and because the sector is 
being considered as a safe long-term investment with guaranteed returns.  In addition to the new construction, a lot 
of existing buildings are in dire need of significant energy improvements.  

National regulations introduced in the early 2000s, have already led to changes in the construction and 
manufacturing sectors towards more energy efficient buildings and appliances. Other measures include energy 
conservation building codes for new large commercial buildings, energy labeling of appliances, and energy 
conservation norms for large consumers.  For the electricity sector, in particular, national regulation has 
consolidated laws related to generation, transmission, distribution, trade and use of electricity. Among other things, 
it called for rationalization of electricity tariffs, creation of a competitive environment, and open access in 
transmission and distribution of electricity.  

2. Barriers 

The main barriers are related to insufficient consumer awareness of the energy efficiency of various domestic 
appliances; and higher costs of more energy-efficient products and equipment and higher investments costs for the 
conversion of industrial production to more efficient and environmentally friendly mode. In addition, there is a lack 
of incentives for the manufacturing sector to undertake energy efficiency improvement projects.  

In relation to energy efficiency improvements in buildings, it is important to note that a significant portion of the 
population in India dwells in rural areas, most of which do not offer even the basic amenities. Expectations that all 
or part of this population will employ energy efficiency measures in the short- or medium-term are probably 
unrealistic, especially given the higher costs associated with them. Also, the political situation in India is such that 
the whole issue of energy efficiency could be overshadowed by clashes over the political agenda of different 
political parties. 

Another issue that needs to be taken into consideration is the fact that more than 60% of the total buildings in India 
have been built with minimal standards by the homeowners themselves. This approach to construction is often not 
conducive to voluntary and non-financial incentives. By imposing building standards, such as codes, on the entire 
building sector adds a significant financial burden on those buildings. In particular, the introduction of building 
energy codes is expected to double the overall cost for building homes. 

3. Implementation policies 

Regarding energy efficiency improvements for products and equipment, two broad policy options are considered: 
standards and labeling; and tax/duty exemptions. The implementation of any standards and labeling programs 
(whether mandatory or voluntary) is a time-consuming process that requires the active involvement of a multitude of 
stakeholders in the country. One of the key elements for the successful implementation of such programs and for 
overcoming some of the previously identified barriers is effective communication between all entities involved, 
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including product manufacturers and their associations, consumer organizations, technical national bureaus and 
chambers, testing laboratories and consulting organizations.  

Highly energy efficient products and equipment are usually associated with higher selling prices when they are first 
introduced into the market. The objectives of tax/duty exemptions is to provide incentives to the consumers (in the 
form of rebates, grants, tax credits and loan financing) and to establish a sustained market share of such products 
over time, even after the incentives are discontinued. These objectives can only be achieved through the active 
participation of all stakeholders including government institutions, manufacturers associations and manufacturers, 
retailers. 

Some of the key financial benefits of standards and labeling would be the reduction of energy consumption in 
equipment and appliances in India that could translate to energy savings of about 12 TWh/year (equivalent to about 
2 GW of avoided capacity). Also the reduction of VAT (e.g., from 12% to 4%) could make a huge impact in the sale 
of energy-efficient products such as compact fluorescent lights that would result in energy savings equivalent to 10 
GW additional capacity, or in investment savings of approximately US $9-10 billion. 

In the building sector, different policies can be implemented at different time horizons. In the short-term (1-3 years), 
it would be important to define a baseline efficiency requirement for all buildings based on nationwide audits. Also 
low cost or no cost measures could also be considered. In the medium-term (4-7 years), low cost measures could be 
implemented including improved building construction and renovation techniques, improved building maintenance 
and operations training. In the longer term (8 or more years), baseline minimum efficiency requirements would need 
to be adjusted (followed by the building codes) to reflect more stringent energy efficiency requirements.  

The goal of the short-term activities identified would be to achieve 15% energy savings across all fuel types, 
representing emissions reductions of about 137 Mt CO2e.  For the medium term, the goal would be twice that for 
short-term policies (30% energy savings; 274 Mt CO2e avoided), while for the long-term 50% energy savings from 
buildings with proper design and operation would be realistically expected, resulting in the avoidance of 457 Mt 
CO2e. 

In addition to the introduction of new building codes, building labeling, tax incentives and time zone changes are 
other policy options that could bring about changes in the buildings sector in India. The Indian Green Building 
Council has recently been established to promote leadership in energy and environmental design and to establish a 
national green building rating system. A rating mechanism, which has been developed by the Energy and Resources 
Institute and the Ministry of New and Renewable Energy Sources based on inputs from the Power Ministry’s Energy 
Conservation Building Code, is in the process of being implemented for new commercial, institutional and large-
scale residential buildings. 

Tax incentives are under consideration as a means to alleviate the high construction costs by providing property tax 
breaks to the owners/developers/buyers of energy-efficient buildings. Tax incentive could be introduced at different 
points in time, including at the construction phase of a building, at its purchase transaction or over its lifetime. 
Introducing multiple time zones (similar to other large countries around the world) could help reduce energy 
consumption. Depending on how this is implemented, it could result in energy savings with minimal or no capital 
investment. 
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C. International cooperation 

·  Policy and Finance: For both China and India, the financial barriers to adoption and implementation of the 
above-described energy efficiency options could potentially be overcome through financial assistance 
under the UNFCCC as mentioned under the Bali Action Plan.  Some ways of providing assistance could 
include: 

o Tax Subsidies: Some of the important barriers that have been identified are the lack of incentives 
and high investment cost for the manufacturing sector to invest in more efficient industrial 
processes, and costs involved in replacement of older appliances with more efficient ones.  One 
way of encouraging adoption of efficient appliances and efficient industrial processes is by 
providing tax breaks to local manufacturers and industries. China and India could be compensated 
for the reduction of tax revenue resulting from such tax breaks, and these could be recognized and 
funded as supported NAMAs.  

o Demand Side Management: Supported NAMAs based on national policies to promote investment 
in better transmission and distribution, smart grid systems and metering systems, and increased 
competition in electricity generators could be adopted by China and India.  

o Building Codes: In India, it has been identified that 60% of total buildings have been constructed 
by the informal sector which cannot be regulated by building codes and standards.  Hence, it has 
been recommended that green building codes be established in urban and semi-urban areas where 
the construction activities are more formal in nature.  Contractors could be given property tax 
breaks and other tax incentives to construct energy efficient houses.  One possibility is that India 
could adopt a NAMA which includes increasingly aggressive building codes over certain time 
periods.  Less stringent codes could qualify as unilateral actions, and those that require significant 
investment could qualify as supported NAMAs. 

·  Technology transfers: China’s per capita use of electricity is 3-5 times more than that of developed 
countries due to the inefficient use of electricity and inefficient appliances, which points towards a large 
scope for investment in energy efficiency.  Transfer of technologies such as efficient appliances, smart grid 
applications and efficient metering available not yet available in developing countries could be facilitated 
by providing technical and financial assistance.  One example of such assistance is the China Barrier 
Removal for the Widespread Commercialization of Energy-Efficient CFC-Free Refrigerators in China 
(1998) project funded by the GEF.  This project focused on removing technical barriers to the widespread 
commercialization of these refrigerators by providing technical assistance to manufacturers, creating 
incentives for efficient design, enacting national standards and a product labeling program, conducting 
consumer awareness and customer feedback programs and recycling old appliances.  Penetration of energy 
efficient appliances on a large-scale could be considered as a supported NAMA and the associated efforts 
could receive some funding for the effort.  

·  Capacity building and governance: As identified in earlier sections, a major hurdle in financing efficiency 
measures is the lack of capacity in the financial sector to analyze such efforts. As part of the capacity-
building assistance, Annex 1 countries could sponsor workshops on financing of efficiency and DSM by 
inviting international experts and local bankers and other financial sector representatives.  An example of 
such international cooperation is the IFC/GEF facility in China, which allowed Energy Services Companies 
(ESCOs) to raise finance by providing collateral in form of credit lines and guarantees from the facility. 
Other areas of capacity building that have been identified are electricity load management through 
technological and economic measures, energy auditing, and public awareness and education on electricity 
saving techniques.   
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VI.  Transport (Brazil, China and India) 
The developments in the transport sector in Brazil, China and India reflect, to a large extent, the socio economic 
developments in all three countries. Since the early 1990s, there has been a significant increase in the demand for all 
transport modes (road, air, rail, waterways). In 2005, GHG emissions in Brazil, China and India accounted for about 
13.5%, 4.6% and 5.3%, respectively, of the total national emissions. Since 1990, these emissions grew by about 
170% in Brazil, 290% in China and by 20% in India. 

The growth in the car ownership (and the associated increase of emissions) in China and India during the last 15 
years reflects behavioral changes that have resulted, among other things, in higher mobility of the populations and a 
shift from public transport to private cars. Other parameters that have contributed to the growth of the emissions 
include higher demand for the transport of goods, low fuel quality, high age of vehicles, traffic congestion, and 
relatively low level of maintenance of roads and vehicles.  

According to Goldman Sachs, by 2030 India and China will have 400 million cars – three times the number of the 
cars in the USA, in 2000. By 2050, these two countries are on track to have 1.1 billion cars, nearly double the total 
global number of cars in 2000. Recognizing this potential for further increases of emissions in the transport sector, 
all three countries are considering mitigation measures, including technological solutions that aim to limit the 
growth of the emissions. An example of transport technologies, barriers to their implementation and possible ways 
on how to overcome these barriers are presented in Table 4.1. The measures that are discussed in more detail here 
include: introducing a fuel economy standard in China; production and use of biofuels (biodiesel and ethanol) in 
Brazil and India; and integrating electric vehicles in urban transportation in India. 
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Table 4. Transport technologies, barriers to their implementation and possible ways to overcome these barriers in 
India 

 
Transport 
technology 

Barriers Possible solutions 

Fuel 
Economy of 
Vehicles 

·  Long payback period 
·  Little potential for fuel savings 
·  Dependent on many structural 

modifications in the vehicle 
·  Implementation differences for vehicles at 

manufacturing and in-use stage 
·  Monitoring the auto fuel quality 
·  Tracing the value chain of fuel quality 

·  Tax incentives for the customers 
·  Labelling of the vehicles 
·  Regulatory mechanisms for 

performance standards 
·  Voluntary measures  

Hybrid 
Vehicles 

·  High upfront costs 
·  Limited supply (number, model and usage) 
·  Leakage (the source of electricity being 

coal) 
·  Ensuring that financial incentives are not 

abused (should be strictly  for hybrid 
vehicles)  

·  Economies of scale (cost reduction) 
·  R&D to improve efficiency 
·  Tax incentives and subsidies 
·  Classify the hybrids as per the fuel 

efficiency (Differentiating the real 
hybrids from the “so-called” 
hybrids) 

Biofuels ·  Lack of commercialization 
·  Inadequate information regarding the 

efficiency of different sources of biofuels 
·  Insufficient supporting infrastructure  
·  Illegal landholding and aggressive biofuel 

plantation 
·  Ensuring that non-edible plants constitute 

majority  
·  Lack of efficient biodiesel extraction 

technology 
·  Unintended consequences caused due to the 

organic waste 
·  Monitoring the fuel-blending process 
·  Engine retrofitting costs and techniques for 

biofuel  
·  Phasing out of older vehicles 
 

·  Synchronize the R&D to avoid 
duplication of research and prevent 
costs 

·  Mandating the biofuel blend strictly 
under law 

·  Exercise policies to protect fertile 
land 

·  Financial incentives to conduct 
R&D for engine compatibility, fuel 
efficiency of the biofuel crop seeds, 
and maintaining soil fertility. 

·  Standardize fuel efficiency 
·  Follow-up on the international 

finding, e.g. Lignocellulosic ethanol 
having 70% more potential to 
reduce CO2 emissions than gasoline 
and costs half as much. 

Hydrogen 
Fuel Cell 
Vehicles 

·  Capital Intensive 
·  High Technology Needs 
·  Safety issues 
·  Problems in commercialization 

·  Commission funded researches 
·  Safety and quality norms for the 

hydrogen gas and containers 
·  Financing incentives for the private 

manufacturing units 
Electric 
Vehicles 

·  Shifting CO2 emissions from the cities to 
the electricity generation sites 

·  Enhancing battery life and efficiency 
·  Disposal of used battery 
·  Speed and carrying capacity constraints 

·  Promote hydroelectric and 
clean/renewable power 

·  In vehicle clean/renewable electric 
generation 
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A. Fuel economy standard in China 

1. Present situation 

In China, there are five laws that govern environmental matters that also relate to road transport: Environmental 
Protection Law, Environmental Impact Assessment Law, Radioactive Pollution Prevention Law, Air Pollution 
Prevention Law, and Environmental Noise Pollution Prevention Law. In addition, in recent years, with a series of 
legislative acts, regulations, and standards, the Chinese government has made efforts to respond to the growing air 
pollution and public health risks associated with the increases in emissions from road transport. These include 
national ambient air quality standards for different air pollutants, emission standards, and fuel quality standards. In 
terms of the actors involved, the established legislation specifies that the national government is responsible for 
establishing the measures to control air pollutants, while local governments have the responsibility for their 
implementation and enforcement.  

Higher fuel economy could be achieved with ‘conventional’ technologies that can increase the overall vehicle 
efficiency.  For example, changes in the vehicle weight, transmission, aerodynamic drag, and fuel injection systems 
accounted for roughly 70% of the fuel economy increases in western countries between 1976 and 1989.  Similar 
changes today (including variable valve timing, cylinder deactivation, direct injection, engine supercharging, higher 
transmission speed, continuously variable transmission, and aerodynamic drag reduction) could improve vehicle fuel 
economy by as much as 20 % (see Table 4 for potential fuel improvements and associated implementation costs). 

For most of the technologies presented here, future costs are expected to decrease as production volume increases 
and manufacturers apply innovations to simplify machining and assembly, use lower cost materials, and reduce the 
number or complexity of component parts.  However, some technologies are not yet ready for mass production.  

More advanced technologies such as hybrid-electric vehicles, fuels cells and clean diesels are expected to contribute 
to increasing efficiency over the next 5 to 10 years.  Hybrid-electric and clean diesel technologies offer the potential 
for large increases in efficiency without reductions in performance. 



Center for Clean Air Policy  page 45 

Table 5 Potential fuel efficiency improvements and implementation costs of different technologies in China17  
 

Engine technologies Potential fuel 
efficiency 
improvements 

Cost 
(US$) 

GDI 10-15% 513  
·  Stoichiometric - 122-525* 
·  Lean Burn - 750* 
HCCI 10-20% 3000 
Variable Valve Timing 3% 59 

59-209* 
Multi Point Injection 10% 293 
Engine Cylinder Deactivation/Active Fuel Management 5%* 203* 
Increase Motor Pressure & Inter Cooling 3% 440 
·  Gasoline Turbocharging and Downsizing 15-27%* 120-690* 
Reduce Accessory Power Loss 4% - 
·  Electromotor Water Pump - 73 
·  Electromotor Oil Pump - 117 
Engine Friction Reduction 3% 0-126* 
·  Double Over Head Camshaft - 205 
·  Optimized friction accessory, including piston, piston 

ring, cylinder sleeve, bearing shell 
- 15 

Diesel Engines   
·  High Pressure Common Rail 3% 586 
·  Lean NOx trap - 2790* 
·  UREA SCR - 3045* 
Hybrid Technology 20-40% 1/3 of total cost of a car 
·  Integrated Starter Generator w/idle-off 7.5%* 563-600* 
·  Integrated Motor Assist /Integrated Starter-Alternator-

Dampenser hybrid 
- 2477-3153* 

·  Two-Mode Hybrid 40%* 4655* 
·  Power-Split Hybrids 35%* 3754* 
·  Plug-in Hybrids - 4500-6750* 
Fuel Cell Depends on the fuel 2000†  
Transmission Technologies   
·  Automatic 6 Speed Transmission 3-5%* 76-167* 
·  Aggressive Shift Logic 1-2%* 38* 
·  Automated Manual Transmission 3-5%* 141* 
·  Manual 6 Speed Transmission - 107* 
·  Continuously Variable Transmission 6%* 231-270* 

* Figures from EPA. All other figures are based on data collected from engineers of some Chinese automobile 
manufacturers. 

† in US$/kW. 

2. Barriers 

Depending on the category of the vehicles concerned, the introduction of new technologies can be hindered by the 
unavailability of the technology to domestic automakers. Specifically: 

·  For the very popular domestically produced mini-cars (of length less than or equal to 3.5 meters) outdated 
technologies are used and their replacement with modern technologies would pose a significant financial 
burden. 

                                                           
17 The costs in the table represent the incremental compliance costs for each technology, accounting for both the 
direct manufacturing costs and the indirect costs such as production-related costs (R&D, and other engineering), 
business-related costs, or retail-sales-related costs, and profits.  
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·  Medium-size vehicles (1.6-2.0L) are more likely to be fitted with newer technology engines.  However, 
despite recent efforts, domestic automakers still lack the R&D capacity required for the development of the 
necessary technologies to further improve the fuel economy of the vehicles. 

·  Chinese manufacturers of larger vehicles (over 2.0L) usually introduce technologies from abroad or form 
partnerships with foreign automakers to develop new technologies, which are almost immediately 
introduced into these cars.  

In the past few years, sales of passenger vehicles, especially small cars, (total length �  3.5 meters) have kept rising. 
Most of these small cars are developed by China’s domestic automakers. Although domestic automakers have 
continued to improve their technologies in last few years, they still do not possess the technological know-how in 
order to improve or replace the outdated technologies that are currently using.  

Technological upgrades in vehicles are expected to increase costs of production (and retail). These costs, however, 
will not be uniform, but will vary between automakers able to adopt different technologies at different timeframes. 
Especially for Chinese makers of small cars, the cost of technological upgrades will be prohibitive compared with 
the low prices of the vehicles. A rough estimate for the cost to lower the fuel consumption of vehicles by about 10-
15 % is around US $440 to $1,000. 

Another parameter that needs to be taken into consideration is the fact that some technologies that aim to reduce 
emissions have a negative effect in terms of fuel consumption as they increase the use of fuel. 

3. Implementation policies 

The successful introduction of a fuel economy standard for vehicles in China relies on the development of a 
comprehensive package of regulatory standards and fiscal policies for the transport sector. Regulations would be 
most suited for safeguarding public welfare, conserving and protecting the natural resources. Fiscal policies can 
create mechanisms to capture the negative externalities of transportation use, thereby sending the proper signals to 
users.  

Fiscal policy categories that are considered by China include: fuel taxes and fees; vehicle taxes and fees; and new 
vehicle incentive programs. Each of these policies operates differently and, if implemented strategically, can result 
in the mutual enhancement of their effectiveness.  

Fuel taxes and fees: Imposing fuel taxes is likely to increase the demand for energy-efficient cars and promote the 
development and application of new technological solutions that would lower fuel consumption.  In implementing 
such a policy, the appropriate level of taxes/fees should be set to ensure their effectiveness.  In addition, it may be 
necessary to rethink the lower diesel price policy without due consideration to external costs.  Carbon taxes could 
also be established based on the carbon intensity of different fuels.  If a “neutral” tax approach is taken, carbon taxes 
could be coupled with tax reductions in other areas, such as on labor or income.  Limited information is available, 
however, to fully assess the impact of carbon taxes in China. 

Vehicle taxes and fees: One-time taxes and fees (e.g., sales tax, value added tax, registration tax etc.) that are based 
on the characteristics of the vehicles are assessed on almost all new vehicle purchases.  Taking into account the 
circumstances of China and the need to ensure that individuals are not discouraged from purchasing new vehicles, it 
might be desirable to consider replacing ownership taxes and fees with annual vehicle taxes that could be linked to 
energy consumption and carbon dioxide emissions.  An alternative would be to introduce tax/fee reductions or 
exemptions for new energy efficient cars. 

New vehicle incentive programs: Given the high growth in car ownership in China since 2004 (more than 2.5 
million new registered cars per year), incentive programs appear to be the most effective means for China in terms 
of establishing a fuel economy standard. A combination of fees and rebates (feebates) would aim to encourage both 
the manufacture and purchase of cleaner and more fuel-efficient vehicles. They comprise both a fee structure (to 
discourage the use of less efficient vehicles) and rebates (to subsidize the purchase of more fuel efficient vehicles). 
According to recent studies, a feebate rate of US $500 per 0.01 gallon per mile (GPM) produces a 1 % increase in 
fuel economy, while a US $1,000 per 0.01 GPM results in a 29% increase in fuel economy (relative to a no-
incentive baseline).  
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B. Production and use of biofuels in Brazil and India 

1. Present situation 

Brazil 

The production of biofuel is a well-developed technology in Brazil that goes back to the early 1970s with the 
production of ethanol for use in light vehicles. In recent years, under the rising awareness of environmental impacts 
and supply limitations of conventional fuels, renewed attention has been given to ethanol and biodiesel.  

In Brazil, the ethanol production process relies on the extraction of ethanol from sugar cane in industrial units that 
also produce sugar for national consumption and export.  The development of ethanol as a fuel in Brazil was 
primarily defined through the incentives of the PRO-ALCOOL program.  This program was terminated in the late 
1980s and since then the Brazilian government has not introduced any additional incentives.  The only remnant of 
the program is the compulsory addition of 20-25% of ethanol in all gasoline available in the country.  At present, the 
role of the government is confined to the establishment of specifications for anhydrous and hydrous ethanol. 

The lack of incentives has not deterred the growth of ethanol in the transport sector in Brazil.  Ethanol production 
has increased from about 12 million m3 in the early 1990s to about 17.4 million m3 in 2006.  The main reason for 
this growth was the large increase in international oil prices that resulted in a competitive market for ethanol given 
that its price became comparable to that of gasoline.  Other reasons were the increasing reliability of flex-fuel cars 
and the relatively low/stable sugar prices at the international level. 

In 2002, the federal government established the Network of Research and Technological Development of Biodiesel, 
in order to promote biodiesel studies and to discuss a national specification for biodiesel.  In 2004 the ANP, the 
National Agency of Oil, Natural Gas and Biofuels defined a national specification of biodiesel for use in blends with 
conventional diesel (ANP Resolution 42/2004) and regulated its production, distribution and marketing in the 
conventional downstream market, which meant the establishment of about 35,600 gas stations in Brazil. 

In 2005, the Brazilian Government launched the National Program of Production and Use of Biodiesel, which aimed 
to encourage small producers and farmers from least developed regions in Brazil to get involved with biodiesel 
production. Through this program the use of biodiesel blending up to 2% was authorized according to product 
availability, as well as the establishment of the mandatory blending of 2% of biodiesel with the diesel sold 
throughout the country from January 2008, aiming to reach 5% in 2013. 

Additional legislation that has been put in place includes: a special tax model applicable to biodiesel; a social fuel 
charge to help small farmers alleviate part of their costs; a duty free regime that was established for the 
Industrialized Products Tax in biodiesel; and reductions in the value added tax for biodiesel. 

Despite early successes and a rather booming production level of biodiesel, there are still some doubts and open 
questions that hinder the consolidation of a sustainable biodiesel production in Brazil. Besides specific issues as 
biodiesel logistics and biodiesel specification, the main concerns are associated with:  

·  How to ensure a regular feedstock supply;  

·  How to assure economic feasibility of biodiesel in the face of high costs of raw material; and  

·  How to obtain good agricultural yields from oil crops that have low demand for natural resources (this is 
essential in order to obtain low costs and reduce the environmental impacts). 

India 

Since the mid-1980s the government of India has introduced several policies that have been dedicated to addressing 
all issues relating to the growth of the transport sector (including pollution control from vehicles, refinery 
development, expansion of infrastructure, use of alternative fuels). Such policies include the Integrated Transport 
Policy, National Autofuel Policy, and National Urban Transport Policy that aimed at attaining energy efficiency and 
reducing the emissions of GHGs and other pollutants.  

In relation to the use of biofuel, in 2006 the Bio-diesel Purchase Policy came into effect. The policy identified 20 
purchase centers from where public sector oil marketing companies (OMCs) would purchase bio-diesel that meets 
pre-defined fuel quality standards. The fuel price was to be fixed for a period of six months at a time by the OMCs. 
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Initial purchase price was slated at Rs.25/litre. This policy, however, has failed to deliver the expected results. So far 
no companies have registered. Companies that originally expressed interest to participate either were not ready to 
provide the fuel amounts required or were not willing to supply the fuel at the pre-defined price level. 

The Indian National Action Plan on Climate Change places particular emphasis on the development of biodiesel and 
bioethanol, on the provision of financial incentives for clean forms of transportation and on the improvement of the 
existing railway system.  

2. Barriers 

Brazil 

For ethanol, the major barriers are related to policy, technology, and infrastructure.  There are sectors such as public 
transport and agricultural equipment that can use ethanol (but generally use diesel), but this potential will require 
supportive policies.  Although the present lack of national policies has not affected negatively the growth of ethanol 
production, the lack of national guidelines has led to inefficiencies and planning difficulties.  In addition, the 
existing infrastructure is not sufficient to support fully the projected development of the sector.  The development 
and deployment of technologies (both technical solutions and new genetically modified varieties of sugar cane) are 
not proceeding as rapidly as possible due to lack of support from the national government.  The development of 
advanced processes for biomass conversion to energy, including the technical solutions for co-products recovery, 
hydrolysis and gasification, is ongoing.  

The most pertinent barriers in the further development of biodiesel in Brazil are related to economic feasibility and 
financial aspects that are mainly determined by capital, feedstock and opportunity costs.  Given the demand for 
biodiesel (ca. 1,200 million liters of biodiesel per year) and the higher retail price, the overall additional expense that 
consumers are expected to pay is about US$ 0.9 billion.  Another important aspect to tackle in order to foster 
biodiesel sustainability is the need for technological innovations and improvements.  To overcome the poor 
economic performance of current biodiesel production in Brazil, it would be necessary to introduce innovative 
feedstock and productions processes. 

India 

The prerequisite for the use of biofuel at the national level for a country like India is the cultivation of the biofuel 
feedstock on a large-scale. Expanding the existing small-scale plantations in India confronts a number of constraints 
including lack of expertise, insufficient processing facilities and lack of required knowledge of agronomic practices. 
Therefore, the transition to a plantation economy requires effective planning strategies that would address the 
following issues: 

·  Avoiding the conversion of forest land to biofuel plantations;  

·  Dependence on the availability of feedstock, particularly for ethanol, the production of which depends on 
sugarcane yield;   

·  Supporting the domestic R&D efforts in order to develop technologies that suit better the local feedstock 
and climatic conditions; 

·  Reducing the costs of biofuel feedstock plantations;  

·  Ensuring that the quality of mixing/blend stays at a high level; 

·  Depending on the level of the mixing/blend, ensuring the availability of an adequate number of fuelling 
stations. 

The effectiveness of this mitigation option also depends on fuel efficiency standards, well-maintained roads, regular 
and reliable emissions level checks, traffic management and properly designed traffic control systems. If such 
complementary mechanisms are not addressed as part of an integral policy for the transport sector, the optimal 
emissions reductions from the use of biofuel will be difficult (if not impossible) to achieve.  
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3. Implementation policies 

Brazil 

It is estimated that Brazilian ethanol production could reach up to 58 Mn m3 by 2020 (assuming domestic demand of 
40 Mn m3 and external demand of 18 Mn m3).  The aggregate net avoided emissions from use of ethanol in Brazil in 
2020 range between 73.7 – 79.0 Mt CO2e depending on various technology choices that producers and consumers of 
ethanol adopt.  

Certain policies, including national ones, would need to be devised to ensure future expansion of ethanol in Brazil as 
projected.  Specifically: 

·  It would be necessary to establish a comprehensive and long-term national policy for the energy use in the 
transportation system in order to avoid inefficiencies and planning difficulties, 

·  There is need for further development of advanced processes for biomass conversion to energy.  Many of 
these technologies are under development outside Brazil and are expected to be transferred through 
commercial agreements.  However, some processes will need support (e.g., for demonstration and pre-
commercial plants) to reach maturity in the market and compete successfully with gasoline and 
conventional electricity, 

·  Policies related to generation and sale of surplus electricity in terms of price, access to grid, environmental 
licensing, etc. should be implemented as soon as possible in order to utilize existing generation capacity in 
mills. 

·  A clear policy must be defined for the development of sugar cane genetically modified varieties, 

·  Fiscal policies (such as tax reductions) for equipment needed could be introduced to reduce high 
investment costs for producers,  

·  Improvements will be needed in the logistic infrastructure to support large increases of ethanol production, 
for internal use and for export.  

 

The consumption of bio-diesel in Brazil is projected at two levels: The first one (Conservative Scenario – in line 
with Brazilian legislation) assumes 3.08 Mn m3; the second (Progressive Scenario – based on a study by the EPE, 
the national agency in charge of energy planning studies) assumes 4.31 Mn m3 by 2020.  In order to explore the 
impact of feedstock used to produce biodiesel on GHG emission, two production scenarios were considered.  The 
first one (BAU Scenario) reflects the current trend, mainly based on soybean oil (85%), while the second scenario 
(Improved Scenario) assumed the use of palm oil as the primary fuel source (90%). 

The use of biodiesel could lead to reductions in CO2 emissions between 3.1% and 6.3% (4.8 and 9.6 MT CO2e 
respectively) under the [Conservative + BAU] and [Progressive + Improved] scenarios in 2020, compared to a 
baseline scenario of 100% conventional diesel supply.  The implementation costs would range between US$ 2.4 
billion (40 plants) and US$ 5.7 billion (95 plants) for the Conservative and Progressive scenarios, respectively.  
Including agricultural investments and other expenses, another estimate indicates that approximately US$ 15 billion 
will be necessary to reach the Progressive scenario demand in 2030.  The marginal abatement cost for the 6.3% 
reduction in CO2 emissions is estimated to be about 380 and 270 US$/t CO2 for BAU and Improved scenarios, 
respectively 

In order to overcome the high economic costs mentioned above, Brazil has put in place a framework of actions that 
aim to alleviate the additional costs through Federal and State tax reductions, and small increases in the cost of 
public transport, general freight and other diesel uses.  

Considering the high share of soybean as raw material for biodiesel (presenting low productivity and limited 
environmental benefits) and the small contribution of small farmers as feedstock producers, it has been recognized 
that it would be necessary to undertake a review of the current legal framework in Brazil. Such a revision could re-
evaluate the fuel charge provisions in order to improve the mechanisms of support for small farmers and adjust the 
Federal tax regime. For instance, tallow utilization could be included in the tax alleviation scheme and the 
monitoring of social benefits associated to biodiesel production would need to be improved.  
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As far as research and development efforts are concerned, examples of themes with potential to be developed in 
order to improve the overall attractiveness of biodiesel production and use in Brazil include: 

·  Research in native varieties of palms; 

·  Research on non conventional production processes, considering ethyl route, the use of more advanced 
catalysts and improved separation process, looking for low energy demand and allowing better biodiesel 
specification; 

·  Development of techno-economic studies of by-products valorization and use, especially for glycerin and 
the several solid wastes, with present good potential as feed; 

·  Tests and field studies of biodiesel impacts on tailpipe emissions and motor durability and maintenance, 
considering different blending levels and types of biodiesel. 

For both ethanol and biodiesel, it would be necessary to ensure that any future developments do not lead to 
deforestation or additional pressures on forest areas in Brazil.  In this regard, the national government would need to 
develop an appropriate framework that would enable the growth of sugar cane, soy and other feedstock in a 
sustainable manner. 

India 

Currently, in nine states in India the ethanol content in transport fuel is a maximum of 5%. According to the national 
action plan of India, the target for biofuel is the increase of the ethanol blend to 20%. In implementation of this 
action plan, the National Mission on Biodiesel (enacted in 2005), set targets for the increase of the blend of ethanol 
to 10% by October 2008, to 20% by 2011/12.  The National Biofuel Policy (enacted in September 2008 and 
superseded the National Mission on Biodiesel) set a target of increasing the blend to 20% for both bioethanol and 
biodiesel by 2017. In order to meet these targets, incentives are provided for the expansion of plantations in 26 states 
(sugarcane for bioethanol, and Jatropha curcas and Pongamia for biodiesel).  

The National Biofuel Policy also envisages: i) limiting the biofuel extraction and production from non-edible oil 
seeds; ii) using degraded, marginal and waste land for biofuel plantations and discourage the plantations in irrigated 
fertile lands; iii) prohibiting import of Free Fatty Acid; iv) promoting indigenous production of biodiesel feedstock. 

The financial incentives (that are also part of the policy) are earmarked to promote the biodiesel oil seeds. One such 
incentive provides fair price to the farmers through periodic revisions of the purchase price. Another incentive 
allows for the purchase of bio-ethanol by oil marketing companies based on the actual cost of production and import 
price of bio-ethanol. Additionally, no tax and duty are to be levied on the bio-diesel. However, it is not clear if this 
tax break will be valid throughout the value chain of biodiesel production and distribution or will be restricted to 
certain activities.  These incentives will help to overcome the financial barrier faced by the small and medium scale 
biofuel feedstock producers. The financial incentives might cushion the embedded cost of technology, cost of 
acquiring the seeds and the impacts due to fluctuating oil prices.   

The successful implementation of the biofuel policy depends on the adoption of additional measures that could 
include: 

·  Improving the collaboration between different ministries and departments in order to ensure that all 
stakeholders involved have a clear understanding of their role and responsibilities, including the use and 
dispersing of funds and resources; 

·  Effective coordination of the efforts in order to ensure that the objectives of the policy are consistent with 
those of other national programmes, particularly the Integrated Wasteland Development Programme. This 
will ensure that biofuel plantations are indeed developed on wastelands and not on prime forest land; 

·  Collaboration with public and private companies at various stages of biofuel development such as land 
procurement, treatment of wasteland, Jatropha plantations, biofuel extraction, research and development 
and awareness campaigns; 

·  Introduction of quality controls for the biofuel. This would require improved laboratory conditions and 
additional training for the personnel assigned to the task; 
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·  Labeling of feedstock plantation sites in order to ensure that biofuel feedstock used as transportation fuel 
will be limited to non-edible oil seeds. This would eliminate the impacts on sugar production and on the 
agricultural land where sugarcane is cultivated; 

·  Gradual phasing out of the subsidies on gasoline and diesel would generate funds to support biofuel 
production. Also, it could help shift the car market towards biofuel operated vehicles;   

·  Developing financing mechanisms for plantation and extraction in order to ensure that the savings from less 
oil imports are used for biofuel plantation, extraction, production and other associated costs. 

Given the expected growth of biofuels, several financing institutions have started getting involved in renewable 
energy and cleaner fuel generation projects. For example, the Export Import Bank of India has announced 150 
millions € (ca. 180 million US$) to support projects contributing to climate change mitigation.  

C. Integrating electric vehicles in urban transportation in India 

1. Present situation 

Alternative fuel operated vehicles have been introduced in the Indian transportation system at an experimental level, 
in certain cities, states and modes of transportation. Among all forms of alternative fuels considered, electricity has 
the smallest share. In India, there are domestic manufacturers of electric vehicles that have designed a number of 
different models of electric vehicles; each with different capacities and capabilities. Examples include prototype 
passenger cars as well as three-wheeler vehicles. None of these models, however, has any discernible presence in the 
Indian auto market (in 2008, about 130,000 electric vehicles were sold in Indian against 98 million petrol and diesel 
vehicles).  

2. Barriers 

In general terms, the barriers associated with the introduction of electric vehicles into the market can be 
characterized as technological, economical, institutional, and infrastructural. Electric vehicles have limited range 
(presently a fully charged vehicle can run for about 80 km) and low carrying load, which make them suitable for use 
only within the city limits. The wider spread in the use of these vehicles would require significant technological 
improvements especially as regards high capacity batteries.  

Given that their development is still at an early stage, electric vehicles are significantly more expensive than 
conventional vehicles. Although there are some financial incentives for the manufacturers of electric vehicles, they 
are not enough and they do not extend to a large part of the potential vehicle buyers. Furthermore, batteries are not 
readily available and usually highly priced. The result of this is higher overall operational costs for battery-operated 
vehicles. 

Although various efforts have been made on publicly funded R&D on battery-operated vehicles for almost two 
decades, there is very limited institutional support, from the central government. Similarly there are only a few 
worth-mentioning efforts at the state or city level. For example, the local authorities in Delhi have agreed to 
compensate for 30% of the total cost of an electric vehicle.  

In relation to infrastructure, there is a need for charging stations at strategic locations and at appropriate distances 
between them that would encourage the wider use of electric vehicles. In addition, each such station should be 
equipped with heavy-duty transformers and charging mechanism to support an optimal number of electric vehicles.  

Another issue that needs to be factored in the considerations of introducing electric vehicles in India is the fact that 
70% of the electricity in the country is provided by power stations running on coal. It has been estimated, that in the 
present situation, electric cars would reduce emissions by 19% compared to conventional gasoline powered vehicle 
over their lifetime. This does not compare favorably against other technologies such as full hybrid vehicles that 
could provide a reduction of about 56% when running on gasoline with a high-tech engine and a battery to power 
acceleration.   
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3. Implementation policies 

The Indian 11th Five Year Plan (2007-2012) has a number of provisions regarding the development and promotion 
of battery-operated vehicles and hybrid electric vehicles in India. These provisions aim to address some of the 
barriers identified. In particular, the plan envisions the:   

·  Development of high energy density low weight batteries for BOVs and HEVs; 

·  Design and development of chassis, ultra capacitors, electronic control systems and drive systems; 

·  Development of BOVs with operating range of 400 km; 

·  Development of HEVs based on IC engine and high density low weight storage batteries or fuel cells with 
performance characteristics matching those of IC engine vehicles. 

Other policies that could be developed include: 

·  Soft loans by the government and by international development agencies to manufacturers, developers, 
charging stations and buyers to assist with the promotion of EVs in India; 

·  Mandatory type approval and conformity of production for all electric vehicles in order to improve their 
reliability; 

·  Establishing a consortium of major players involved with electric vehicles to help address all issues related 
to their further development in India. Such a consortium would comprise of government representatives 
and the private sector; 

·  End-to-end service and support including support in procurement; flexible financing options; infrastructure 
support; and proper disposal of the used batteries; 

·  Research and development to improve the efficiency and life of the batteries used; 

·  Designating exclusive routes for electric vehicles in major arteries and streets in urban centers; 

·  Fuel-switch at all levels (upstream, midstream and downstream).  
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D. International cooperation 
The transportation sector is a good fit for NAMAs.  There are numerous low and negative-cost mitigation options in 
the sector, including vehicle efficiency improvements; land-use planning to reduce the need to travel; and reductions 
in fuel subsidies or changes in tax regimes to favor lower carbon fuels.  In addition, transportation actions can 
provide significant air quality and health improvement co-benefits that can further reduce costs overall.  Supported 
NAMAs should seek to leverage limited funding to promote wider changes in transport policies.  In particular, 
NAMA funding should be available for the development of Low Carbon Transport Plans; for economic feasibility 
studies for the development of fuel economy standards and low-carbon fuel requirements; and other capacity-
building and enabling measures. In addition, CCAP proposes considering "bundled NAMAs," where funding for 
infrastructure projects is dependent on a host country implementing supportive measures unilaterally. For example, 
funding for a rail system might depend on the implementation of smart growth land-use planning measures in the 
rail corridor. 

International cooperation could potentially assist Brazil, India and China with undertaking actions in the following 
areas. 

·  Finance: As described in the above sections, a combination of tax rebates and fees can be used to 
successfully channel investments and consumer expenditure towards cleaner modes of public and private 
transport.  

o Tax-based support: In China, adoption of vehicles with higher fuel economy standards can be 
encouraged using feebates i.e. a combination of incentives/rebates for vehicles with higher 
standards and fees for lower standards. The implementation of such a program could be a 
unilateral NAMA, while tax deficits arising out of such a program (i.e. when incentives/ rebates 
given are higher than fees collected) could be financed through supported NAMAs.  Similarly, 
adoption of electric vehicles in urban transport can be encouraged by using methods wherein such 
vehicles are given rebates which are balanced by taxing conventional transport.  Higher 
penetration of electric vehicles could potentially be supported as NAMAs, wherein a specified 
volume of electric vehicles are achieved by the country while financing through supported 
NAMAs can be availed for penetration beyond the unilateral level.  Companies that manage to 
market and develop vehicles or technologies that go beyond standards at the supported level could 
potentially be compensated through crediting NAMAs  with national policies established to 
transfer credits received by national governments to such entities. 

o Electric vehicles: One of the major barriers of the adoption of electric vehicles is lack of public 
and private infrastructure for ancillary equipment for electric vehicles such as charging stations, 
batteries, back-up facilities, grid compatibility etc.  Soft loans through international financial 
institutions could be arranged to fund such initiatives as part of the supported NAMAs, potentially 
in the form of financial assistance and/or training and knowledge sharing with Annex I countries.  
Municipalities or public transport entities that replace conventionally fired vehicles with cleaner 
electric vehicles beyond a certain penetration rate could also benefit from crediting NAMAs (see 
previous bullet). 

o Biofuels: The expansion of biofuel use in a country’s domestic fuel mix could be encouraged 
through a 3-stage NAMA.  For example, mandates of mixing conventional fuel with biodiesel of 
up to 5% could be unilateral, 10% supported, and 15% credit-generating NAMAs.  NAMAs could 
also be structured to incentivize improvement in net energy / mitigation benefits of biofuels 
production. 

·  Technology: Technological barriers to adoption of higher fuel economy standards, biofuels and electric 
vehicles have been identified as described above. 

o In China, a major barrier to adoption of higher fuel economy is the lack of domestically-developed 
technology that can be used to convert existing production into higher fuel-standard vehicles.  As 
part of technology transfer initiatives, Annex 1 countries could subsidize the purchase of 
intellectual property rights costs associates with such technology by domestic companies, in return 
for nation-wide implementation of fuel economy standards as a supported NAMA. 
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o In the case of biofuels, an important variable in determining its success is the technology used to 
convert bio-mass into energy/fuel.  Developed countries such as the United States are making 
significant investments in new technologies such as cellulosic ethanol, which will improve yields 
dramatically and also take the pressure off of food crops.  The transfer of such technological 
processes to India and Brazil, once they have been fully developed, could achieve emissions 
reductions and could also help address concerns about food security. 

o India’s electric vehicle potential also faces significant technological barriers, such as lack of 
infrastructure for charging.  There has also been some reluctance on the part of the Indian private 
sector to explore investment opportunities in this area.  One example of international cooperation 
is the USAID-sponsored initiative to leverage public and private investments in electric vehicles in 
India.  The "Electric Vehicle-Investment Opportunities in India" and "Electric Vehicle Alternative 
and a Directory of U.S. Electric Vehicle Industry" have helped U.S. and Indian industry explore 
business and partnership opportunities.  USAID assistance helped Amerigon Inc., CA and Maini 
Group of Companies, Bangalore establish a joint venture company REVA Electric Car Company 
to manufacture passenger electric cars in India.  The Global Environment Center and USAID/India 
also launched an India Zero Emissions Transportation (IZET) demonstration program for electric 
two and three wheelers in collaboration with Bajaj Auto Ltd., Pune and New Generation motors, 
VA.  Similar initiatives could potentially build on these examples; applied on a much broader 
scale with assistance under the UNFCCC, they could help achieve additional reductions in vehicle 
emissions. 

·  Capacity Building: Some of the major barriers for the three mitigation options identified in the Transport 
sector are related to a lack of capacity in R&D.  Governments at various levels would need to establish bi- 
or multi-lateral agreements with funding agencies to support R&D activities in the following areas: 

o Fuel efficient vehicles – China will need to invest in expanding the R&D capacity to identify the 
most economically and environmentally efficient technology for its domestic car manufacturers.  

o Biofuels: Both Brazil and India have significant potential in increasing the use and the efficiency 
of biofuels in their transport sectors.  India for instance has great potential in the use of jatropha, a 
non-food crop that grows in arid land that is unfit for agricultural-purposes.  However, its potential 
has been stymied by the lack of investment in R&D to identify the most resilient and high-yielding 
variety and the most economical methods of production. 
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VII.  Cement (India and China/Shandong) 
Cement has been one of the key products in the construction sector since the invention of hydraulic cement at the 
start of the Industrial Revolution. The growth in the production of cement on a global scale is associated with the 
demand concrete in order to construct buildings and dwellings to house a growing population and meet the ever-
increasing needs for offices, businesses as well as a plethora of other human activities.  

In 2008, the global production of cement reached 2.9 billion metric tons. About 56% of this total was manufactured 
in China (1.45 billion tons) and India (175 million tons). Despite the global downturn in 2008, the global production 
of cement continued to grow albeit slower compared to previous years. This increase was driven by high growth in a 
number of developing countries including China and India.  

Cement production is a relatively large source of GHG emissions on a global scale. These emissions arise from the 
use of fossil fuels for energy production and from the actual manufacturing process of cement that involves the 
heating of limestone and its breakdown to lime and CO2 as a by-product. This section addresses efforts to reduce 
emissions through the adoption of energy efficiency measures and the adoption of technologies to reduce process 
emissions from the production of cement. 

A. Energy efficiency measures and low-emissions production technologies in India 

1. Present situation 

Before the liberalization process during the 1990s, the production of cement in India was not sufficient to meet the 
entire domestic demand and accordingly, large quantities of cement had to be imported to meet the supply deficit. 
Since the liberalization, however, and the introduction of several policy reforms, the cement industry has been 
growing continuously. The industry has also made rapid strides in technology, resulting in its becoming one of the 
most advanced and pioneering sectors in the country.  

The sector has tremendous growth potential as limestone of excellent quality is found almost throughout the country. 
The cement industry comprises 130 large cement plants and more than 300 mini cement plants. Its capacity at the 
end of 2008 reached 188.97 million tons compared to 166.73 million tons at the end of 2007. At the same time, India 
has a relatively low per capita consumption of 125 kg/person compared to China, South Korea and Thailand, with a 
per capita consumption of 800 kg, 960 kg and 450 kg, respectively. Based on these statistics, is seems that there is 
scope for the further increase in the cement consumption over the coming years. 

The Indian cement industry is extremely energy intensive and is the third largest user of coal in the country. The vast 
majority of the industry (93%) uses modern technology, which is among the best in the world. The remaining 7% 
still uses outdated technology based on wet and semi-dry process. Despite all the technological developments, the 
cement industry continues released large amounts of CO2 emissions per ton of cement produced. One of its biggest 
challenges in the coming decades would be how to continue to grow in a sustainable manner.  

At present, there are no national programs that would result in improvements in the cement sector. Most of the 
activities that are undertaken originate from the sector itself and the entrepreneurs who are involved.  Nevertheless, 
the following mitigation options have been identified as particularly promising, through which the cement industry 
may reduce its direct CO2 emissions in the short- to medium-term:  

·  Producing blended cement with higher ratio of additives (e.g. fly ash); 

·  Switch to less carbon-intensive fuel in kiln; 

·  Waste heat recovery and utilization; 

·  Improving energy efficiency and enhancing energy management. 

2. Barriers 

Although the majority of the sector employs state-of-the-art dry processes plants there is still a large number of 
plants installed before the 1990s that are operating at relatively high energy consumption levels. These plants are in 
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need of modernization in order to bring their energy consumption levels on par with global standards. While the 
cement industry has made some efforts to reduce its environmental impact (e.g. the installation of 80 MW of wind 
energy facility in the coastal region), more efforts should be made in order to integrate alternative and renewable 
energy into their production system.  

The major barrier to the implementation of the mitigation options mentioned above is high investment costs.  These 
include costs for possible modifications to plant facilities (in the case of natural gas and biomass), the costs of 
alternative fuels; transportation, loading, unloading and storage of alternative fuels as well as fly ash; operational 
and maintenance costs; and the use of large amounts of fuel (for certain alternative fuels).  Other additional costs 
would result from special design requirements of waste heat recovery boilers that are suitable for high dust loads. 

Other barriers are of a technical nature associated with specific technologies.  In particular, an excessively high 
content of fly ash, the high moisture content of certain alternative fuels or non-uniformity of the fuel used may have 
negative impacts on clinker quality.  In some cases it may be difficult to obtain fine fly ash or sufficient quantities of 
alterative fuels (depending on the type).  The successful implementation of new and advanced technologies requires 
operational experience and skilled workforce in the use of certain alternative fuels such as biomass. 

The non-availability of proven indigenous technologies, and the limited knowledge or negative perceptions of 
consumers regarding new types of cement combined with reluctance of governmental agencies to use certain cement 
types or products result in market uncertainties and in the continuation of current/existing practices. 

3. Implementation policies 

There are a number of policy options that could help overcome the barriers mentioned above (see Table 2 for a 
complete list for all policies that correspond to each mitigation option).  Given that the major barrier is insufficient 
or lack of financial resources, the policies that could be adopted in India include the increase of concessions on 
excise duties, sales tax exemptions and capital subsidies for setting up facilities for the manufacture of blended 
cement and fly ash or the recovery and use of waste heat, and incentives for the production of biomass energy 
conversion systems.  Specifically for energy efficiency technologies, policies could include development of 
regulation and/or standards, promotion of industrial cogeneration, benchmarking, and energy audits. 

There is a need for the development of programs to train personnel on all aspects of new production techniques and 
technologies (including energy efficiency ones) introduced into the sector.  Further R&D efforts would be required 
with the aim of developing technologies that would reduce the costs of production and enhance the quality of new 
products.  This may also involve setting up pilot projects for new and innovative technologies.  In addition, it would 
be desirable to ensure that the appropriate infrastructure is available for the local production of components and 
spare parts required for the (existing and new) technologies for the sector.  

Other activities could include a public awareness program on the use of new cement types through seminars, 
technical workshops at the national/regional level and small meetings at the local level, and increasing awareness 
among the general public. 

Efforts of the Indian government on areas such as faster implementation of infrastructure and irrigation projects, 
promotion of housing development programmes, promotion of concrete highways and other roads, have resulted in 
higher consumption of cement and have contributed to the development of the cement sector. It is hoped that for the 
future, the government can continue to promote such activities while at the same time take into consideration 
measures to minimize the environmental impacts of such public works. 

B. Waste heat cogeneration in Shandong 

Low temperature cogeneration could be used to recover waste heat that could in turn be utilized in the cement 
production process.  There is significant experience in China with both the use of the technology and the production 
of the necessary equipment.  After more than 10 years of research, development and a number of demonstration 
projects in China, the technology can be classified as mature and reliable with a substantial decline in investment 
costs.  Nonetheless, significant barriers to further development still exist. 

Taking into consideration all related costs (equipment depreciation, maintenance and labor costs, management fees) 
and the income generated from the electricity produced, it is estimated that the total benefit of expanding the use of 
waste heat cogeneration would be US $0.2 billion for 2010 and US $1.27 billion in 2020. The reductions in GHG 
emissions would be about 47 Mt CO2e in 2020.  



Center for Clean Air Policy  page 57 

The barriers identified for further implementation of the mitigation option in Shandong are: 

·  Reluctant of commercial banks and other institutions in China to provide financing for energy efficiency 
projects in the cement sector; 

·  Possible shortages in the availability of domestically produced cement in the case of suspending production 
(even temporarily) for the purpose of updating old equipment; 

·  Investment requirements are significantly (and sometimes prohibitively) high especially for small or 
medium-sized enterprises; 

·  No consideration of environmental costs in the economic analysis of many enterprises; 

·  Lack of trained technical personnel for the operation of installed equipment; 

·  Significant delays due to difficulties in meeting the demand for cogeneration equipment due to the 
relatively small production capacity. 

Potential ways to overcome some of these barriers include: 

·  Intensification of efforts to promote cogeneration in the cement industry, through the introduction of 
indicators and government policies addressing the issue of network fees, the lowering of the financing 
thresholds established by commercial banks, and the provision of subsidies by the government; 

·  Strengthening the local supervision processes to prevent local interests hindering the implementation of the 
mitigation option;  

·  Educational efforts on advanced technical aspects of cogeneration to enhance the knowledge technical 
support staff;  

·  Strengthen R&D efforts to reduce technology costs and enhance the competitiveness of the technology in 
the marketplace; 

·  Make full use of carbon market instruments, such as the CDM or sectoral mechanisms.  

The most suitable policy option identified in this study is the provision of subsidies and loans to cement factory 
owners to install cogeneration equipment.  Taking into consideration all related costs (equipment depreciation, 
maintenance and labor costs, management fees) and the income generated from the electricity produced, it is 
estimated that this policy option could enhance the overall benefits of the mitigation option, resulting in net financial 
gains of about US $0.35 billion in 2010 and US $1.32 billion in 2020. The reductions in GHG emissions would be 
about 49 Mt CO2e in 2020. 

The biggest barrier to the adoption of this policy option is the lack of resources needed to establish subsidies and 
loans for the cement sector.  The successful implementation will depend on the willingness of the national 
government to provide such resources, and the readiness of the local authorities in Shandong to work closely with 
the private sector to ensure their effective utilization. 
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C. International cooperation 

International cooperation in GHG mitigation in the cement sector could be used in the following areas: 

·  Policy and Finance: As noted in the sections above, one of the major barriers to improving energy 
efficiency in India and China is the high investment cost, paucity of local investors and lack of 
measurable returns. Possible ways of dealing with financial barriers include reducing the cost or 
assuring returns on investments in cleaner energy sources and energy efficiency. 

o Reducing costs: In India, implementation policies that have been identified to reduce financial 
burden include tax incentives and subsidies for investment in energy-efficient processes and clean 
energy sources.  Sectoral NAMAs could be constructed in such a way that the state would aim for 
a minimum level of penetration of energy-efficient processes (unilateral NAMA), and further 
penetration beyond that level could be supported by compensating the government for tax losses 
(supported NAMA).  Adoption of efficiency beyond supported NAMA levels could also be 
eligible for sectoral crediting or other credit generating mechanisms.  One example of international 
cooperation is a co-generation project utilizing waste heat in an Indian cement plant that is being 
implemented with Japanese assistance under the Green Aid Plan.  This program could be a model 
for a sector-wide NAMA, in which India would commit to install a minimum number of units 
and/or capacity. 

o Return on investments: A major barrier identified in China’s Shandong province is the reluctance 
of commercial banks to lend for energy-efficiency projects.  Multilateral financial institutions, as 
part of supported NAMAs, could provide local banks with subsidized funds to allocate to the 
energy efficiency sector in order to ensure penetration of energy efficient technology such as 
waste heat recovery.   

·  Technology:  

o As described above, a major barrier in India to WHR and use of more efficient fuels in the kiln is 
the lack of indigenous technology options.  Similarly, introduction of waste heat recovery in 
Shandong Province, China has been hindered by the lack of domestic manufacturing capacity in 
cogeneration equipment.  This lack of domestic availability can cause delays and increase 
installation time (which could potentially lead to loss of production), lower support from domestic 
financial institutions and higher installation and operational costs.  It has been estimated that 
China could undertake a unilateral NAMA by adopting WHR in 80% of its plants by 2020 leading 
to a reduction in emissions of up to 22.8~24.8 Mt CO2e below 2008 levels. Potential additional 
actions that might qualify as no-lose or supported NAMAs would include installation in up to 95% 
of plants by 2025, which would lead to an estimated CO2 emissions reduction of 28.2~30.6 Mt 
CO2e below 2008 levels18. 

o Examples of international cooperation include the introduction of efficient grinders in the cement 
sector in China through funding provided by the French Global Environment Fund (FGEF), which 
reinforced the introduction of this technology in China and facilitated its local integration.  FGEF 
support focused on training, assistance to local manufacturing and entrepreneurs.  

·  Capacity Building: 

o R&D: A major barrier in both India and China is the lack of domestic technology options for 
mitigation in the cement sector.  Investment in R&D capacity of both countries will help foster the 
development of cheaper alternatives and a domestic market for better quality products.  

o Training: Another barrier identified in this study is the lack of knowledge of the latest 
technologies and processes among operational staff in cement plants.  The capability of the plant 
workers is a prerequisite to any investment in clean and efficient technologies.  An example of 
international cooperation to increase domestic capacity in energy-efficiency is the Energy Training 
Project (ETP) implemented by USAID between 1987 – 1999.  The ETP provided a unique 

                                                           
18 The emission reduction potential numbers are taken from CCAP’s European Commission-funded Sectoral Study. 
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opportunity for qualified energy and environmental professionals and policymakers from 
developing countries to receive hands-on training in the United States or in the host country.  The 
resulting increase in local institutional capacity to resolve energy-sector problems led to 
improvements in energy efficiency, increased deployment of renewable energy technologies and 
more effective management of utilities and energy resources.  
 
 
 
 

 



Center for Clean Air Policy  page 60 

VIII.  Iron and steel (India and China/Shandong) 
Although steel was known and used in the antiquity, its production on a large scale for industrial purposes has been 
associated with the societal, economic and technological developments during the mid 19th century. Since that time, 
the growth of the steel sector has been linked to the economic growth on a global scale. Nowadays, in developing 
countries such as China and India, the growth in the steel sector is stimulated by infrastructure developments and by 
the increasing demand for durable products.  

Ten countries account for about 72% of the global crude steel production (see Table 5.2). China is by far the largest 
producer of steel and India the fifth largest.  China and India together account for about 40% of the global 
production of steel. The economic downturn of the last couple of years has also affected the sector as a whole, which 
in 2008 experienced reductions in the production compared to sustained growth rates in previous years. For China 
and India, preliminary figures for 2008, indicate a slower growth (and not a reduction) in the production of steel.  

 
Table 6.  Crude steel production (in million metric tons) for 2006-2008 
Countries  2006 2007 2008 
China  423 489 500 
Japan  116 120 119 
United States  99 98 91 
Russia  71 72 69 
India  44 53 55 
South Korea  49 51 53 
Germany 47 49 46 
Ukraine 41 43 37 
Brazil 31 34 34 
Italy 32 32 30 
World total 1,250 1,344 1,330 

Source: World Steel Association (http://www.worldsteel.org/) 

The total GHG emissions from steel production arise both from the use of fossil fuels for energy purposes and 
during the actual process, which involves the use of metallurgical coke as a reducing agent. 19 Reductions in energy 
and power consumption have been a priority issue for the sector as a means to reduce operational costs. This section 
addresses efforts to reduce emissions through the adoption of energy efficiency measures and the adoption of 
technologies to reduce process emissions from the steel sector. 

A. Energy efficiency measures and control processes in India 

1. Present situation 

Despite the recent slowdown in the growth of steel production in India, the upward growth is expected to continue, 
driven primarily by high demand for construction projects over the next 5-10 years. The per capita consumption of 
steel in India is around 46 kg/person; a relatively low figure in comparison with the world average of 200 kg/person 
and the average consumption in developed countries (350 kg/person). The low consumption in India is attributed to 
the limited use of steel in rural areas, where per capita consumption is estimated at 2 kg/person.  

The National Steel Policy in India envisions large increases in steel production reaching 110 million tons by 2019-
20 (or even 175 million tons by 2020 according to some recent government predictions). However, based on the 
assessment of the current ongoing projects, both in Greenfield and Brownfield plants, it has been projected that the 
steel capacity in the country is likely to be 124 million tons by 2011-12. Recent approvals of Greenfield steel plants 
amount to an additional production capacity of more than 40 MMT. If this trend continues, India is expected to 
become the second largest producer of steel in the world by the year 2015.  

                                                           
19 According to the Revised 1996 IPCC Guidelines for National GHG Inventories, about 1.7 tons of carbon dioxide 
are emitted for every ton of steel produced. 



Center for Clean Air Policy  page 61 

2. Barriers 

The mitigation of GHG emissions in the steel sector can be achieved in existing plants by introducing available 
energy efficient/low carbon technologies. The implementation of such technologies, however, requires the 
availability of significant financial resources and investments. In addition, particular emphasis must be placed on 
overcoming implementation barriers associated with the IPR of certain technological solutions and innovations. One 
way to deal with IPRs is to enhance the national R&D efforts in order to develop some or most of the needed energy 
efficient technologies. 

The availability of indigenous raw materials for the production of steel in India has recently risen as an issue of 
particular concern. In order for India to materialize its expansion plans for the steel sector in the future, it would be 
necessary for the government to review its mineral policy, especially as it relates to the export of iron ore and import 
of coking coal (large of which will be needed to ensure the increase in steel production). As part of this 
consideration, India would also need to consider the necessity for infrastructure improvements, starting with the 
identification of such improvements for the scheduled implementation of projects in the near future.  

3. Implementation policies 

The government of India formulated its national steel policy in 2005, based on the demand projection for steel until 
2020, and the associated requirement for raw materials. The long-term goal of this policy is that India should have a 
modern and efficient steel industry of world standards that caters to a diversified steel demand. The focus of the 
policy would be to achieve global competitiveness not only in terms of cost, quality and product-mix but also in 
terms of global benchmarks of efficiency and productivity.  

For this strategy to materialize a multi-pronged strategy would need to be adopted to move towards the long-term 
policy goal. On the demand side, the strategy would need to create incremental demand through promotional efforts, 
creation of awareness and strengthening the delivery chain, particularly in rural areas. On the supply side, the 
strategy would facilitate creation of additional capacity, remove procedural and policy bottlenecks in the availability 
of inputs such as iron ore and coal, make higher investments in R&D and encourage the creation of infrastructure 
such as roads, railways, and ports.  

In the short-term, the application of information technology would have a multitude of benefits as it would: 

·  Improve the maintenance planning and execution, in order to harness the best possible performance of the 
installed equipment; 

·  Introduce optimized operational practices, including enhanced instrumentation and automation in the 
production process; 

·  Assist in tracking and tracing of materials; 

·  Improve input quality control in order to optimize use of energy and power and ensure the efficient 
distribution of secondary fuel.  

Maintenance improvements and harnessing waste heat and energy could also be incorporated in the Energy 
conservation act that has been introduced by the Indian government. The implementation of innovative technologies 
to harness waste energy can be a strategically important measure that would supplement other modernization 
schemes incorporating re-engineering of the production process.  

Recently the Government of India published its National Action Plan on Climate Change (NAPCC) according to 
which the iron and steel industry is one of the nine designated energy intensive activities. The NAPCC outlines eight 
national missions. Out of them the following are relevant to the steel sector:  

·  National Mission for enhanced energy efficiency: The energy conservation act of 2001 provides a legal 
mandate for the implementation of energy efficiency measures; 

·  National Mission on Sustainable Habitat: The integrated steel Industry has significant number of office 
buildings apart from production units. All new plants have to develop a new (albeit small) township for 
their employees. The sustainable habitat guidelines are expected to bring about changes that would be 
beneficial for the development of projects, such as energy efficiency in building, management of solid 
waste and public transport; 
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·  National Water Mission: The steel industry is a major consumer of water for cooling and cleaning systems 
that use industrial water. The industrial water is a source of pollution for streams, lakes and underground 
water streams. The objective of the mission is to optimize the use of the cooling system and the steam cycle 
(may also form part of energy efficiency measures). Special innovative efforts are needed to recover steam 
and heat energy up to its maximum feasible level; 

·  National Mission for a Green India: The national target of area under forest and tree cover is 33% while 
current area under forest is 23%. Under this mission, development of forest area may be included as a 
“corporate social responsibility”. The steel industry could initiate the peripheral development of the area 
surrounding its facilities under corporate social responsibility with best horticulture practices; 

·  National Mission of Strategic Knowledge for Climate Change: The steel industry offers opportunities for 
R&D associated with the development of strategic knowledge on climate change. R&D centers can also be 
use for disseminating knowledge development on climate change.  

For these developments in the iron and steel industry to materialize it would necessary to have available larger pools 
of funds and a number of financial incentives such as lower interest rates, subsidies, grants, access to private 
financing.  Establishing national fund(s) for such incentives could provide support to the private sector for more 
investments in the upgrade of conventional units. 

B. Blast furnace top-pressure recovery turbine in Shandong 

Taking into consideration the status of the technological and equipment development, costs, mitigation and 
penetration potential of possible mitigation options, this study identified installation of blast furnace top-pressure 
recovery turbines (TRT) as the most promising mitigation option for the province of Shandong in China.  

If the objectives of the policy option were to be achieved there would be a need for the installation of an extra 8 
TRTs in blast furnaces less than 1,000 m3, 1 TRT in furnace less than 1,250 m3, and 2 TRTs in furnaces less than 
2,300 m3.  The impact of these TRTs on GHG emissions would be a reduction of about 0.19 Mt CO2e in 2020, at a 
net marginal benefit of 70.4 US$/t CO2.  

The following barriers have been identified for the adoption of TRT in Shandong’s iron and steel sector:  

·  Difficulties in securing the financing needed for TRTs (US $5-7 million) by small- to medium-sized iron 
and steel factories,  

·  Complexities associated with having a monopoly in the electricity market in China and complex and time-
consuming approval procedures and processes to get permission to sell electricity to the grid.  

Possible ways to overcome these barriers include provision of financial support by the government, especially 
during the planning/design phase of new installations or modifications to existing plants, and modifying the existing 
system by abolishing the monopoly framework and restructuring the approval processes.  

The most appropriate policy option identified for Shandong province is the provision of discount loans for iron and 
steel plants that plan to install TRTs.  These discount loans would take the form of loans on which the interest is 
partially paid by the government to lessen the financial burden on the perspective investors.  It is worth mentioning 
that as a result of this policy option, it is expected that even plants that did not plan to install TRT will do so, while 
some plants may install TRT earlier than when they originally planned for. 

The single and biggest barrier for the adoption of this policy option is the lack of financial resources needed to 
establish discount loans for the iron and steel industry.  Given the existing situation in the majority of the provinces 
in China (less fiscal income and higher expenses), it is highly likely that the local governments will use the available 
resources to support other priority activities (e.g., education, social security, agriculture) rather than establishing 
discount loans for the private sector.  

One possible way to overcome this barrier could be to increase the budget for promoting energy saving 
technologies.  Another way is to improve the financial system for private investment by developing a multi-level 
financial system to fit the need of private investors; allowing private investors to apply for loans or grants from 
foreign government and international financial institutes; and providing the necessary support services for plants. 
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C. International cooperation 

By 2015, India and China are projected to be the world’s two top producers of iron and steel.  Hence GHG 
mitigation in this sector will go a long way in contributing to reduction of emissions in these countries.  

 

·  Policy and Finance: One possible way for the international community to alleviate financial barriers as 
identified above is to capitalize local financial institutions with funds for subsidized and reduced-interest 
loans to implement mitigation projects in the iron and steel sector.  The problem is even more acute in 
small- to medium-size steel plants as identified in Shandong Province, China.  Unilateral NAMAs could 
ensure that national and provincial governments provide enough funds to attain agreed-upon minimum 
levels of mitigation investment.  These could then be matched by international financial assistance, under 
supported NAMAs, to attain even higher level of mitigation in the iron and steel sector.  

Examples of projects that can be funded through financial assistance or through market-based approaches 
such as the proposed sectoral mechanism are 

o Renewable energy (solar, wind, biomass & hydro); 

o Replacement or switching of CO2 intensive fuel (e.g. oil or coal to gas); 

o Energy efficiency improvements in the process technology (lighting, insulation, process 
optimization); 

o Waste processing (e.g. land fill gas extraction, waste incineration); 

o Waste heat recovery, including power generation; 

o Energy savings by elimination of reheating processes. 

o Use of renewable energy at remote mines; 

o Switching over from open hearth furnace to BOF; 

o Increased use of continuous casting facilities; 

o Installation of direct reduction processes; 

o Installation of Top Recovery Turbine (TRT) in blast furnaces; 

o Effective sensible heat recovery from flue gas network (sinter cooler and stove, SMS ID fans etc.); 

o Replacing energy-intensive motors by efficient motors; 

o Waste heat recovery projects including power generation; 

o Efficient re-heating furnace in rolling mills; 

o Switch over from coal-fired to gas fired boilers, use of IGCC in captive power generation and 
potential to use oxy-fuel technology can be pursued; 

o Reduction in flaring of BF & CO gas with computerized management of Energy and Power 
distribution; 

o BOF gas recovery; 

o Use surplus gases for steam / power generation; 

o Green belt development and afforestation to act as a sink for CO2. 

 

·  Technology:   

o Top- Pressure Recovery Turbine (TRT): As described above, blast-furnace TRTs have been 
identified as the most effective and appropriate mitigation option in Shandong Province.  Financial 
barriers associated with adoption of this technology can be addressed as suggested above. 



Center for Clean Air Policy  page 64 

Supported NAMAs could provide financing based on penetration of TRTs in the Shandong 
Province. 

o Dry-Quenching: In its EC-funded Sectoral Study, CCAP has shown that the iron and steel sector 
in China can adopt a unilateral NAMA of ensuring that 60% of coke produced in the sector will be 
dry-quenched which could lead to emissions reductions of 1.47 – 1.9 Mt CO2e below BAU in 2020.  
A higher no-lose or supported NAMA target of 65% would lead to a total emission reduction in 
2020 of 1.96 – 2.56 Mt CO2e below BAU. 

o Combined Cycle Power (CCP): In the same study CCAP estimates that in terms of using CCP as a 
energy source for iron and steel plants, China could achieve a unilateral goal of 17.1 TWh in 2020, 
about 69% higher than today (10.1 TWh in 2008).  Achieving this unilateral technology-based 
target would reduce CO2 emissions in 2020 by 5.31 Mt CO2e from BAU.  A higher no-lose or 
supported NAMA target of 18.11 TWh would lead to a total emission reduction of 6.07 Mt CO2e 
below BAU in 2020. 

·  Capacity: One regulatory barrier to the adoption of renewable energy and energy efficient processes in 
China is the monopoly of the electricity market and the lack of flexibility to sell the output back into the 
grid during times of less internal usage.  Electricity market reform is thus one area of capacity development 
identified in Shandong Province, China in which international cooperation in the form of sharing 
knowledge and experiences with electricity market reform in other countries would be helpful. 
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IX.  Forestry 
For this study, the forestry sector was analyzed for Brazil only, as this sector represents a significant source of 
emissions unique to this country. 

The protection of the rainforest in Brazil and the reduction of deforestation and its associated CO2 emissions are top 
priorities for the Brazilian government. Over the last few years, the government has implemented a number of 
measures that have reduced the rate of deforestation in the country overall, and results indicate that over the last four 
years, the area of deforested land has declined by as much as 60%. Such initiatives would need to be sustained over 
a long period of time, require stable and ongoing sources of funding, and continued reforms in land tenure and 
government institutions if they are to address the issue of deforestation in an effective manner.   

A. Reducing Deforestation 

1. Background 

Through 2004, about 17.5% of Brazil’s original primary rainforest had been altered and the recent rate of annual 
deforestation is about 0.6%, mainly a result of cattle ranching and agriculture.  Business-as-usual scenarios of future 
deforestation indicate that 40% of the remaining Brazilian rainforest will not exist in 2050.20 Although deforestation 
is extensive, this percentage must be interpreted in the context of Brazil’s low emissions from two other important 
sectors: electricity and transportation. Nevertheless, deforestation is clearly a significant contributor for emissions in 
the Brazilian context; therefore measures to address emissions from this sector has been relevant and will have a 
profound effect mainly on Brazil’s total emissions but also on emissions worldwide. 

2. Present situation 

Much of the deforestation that occurs in Brazil stems from disputes over land title and tenure, making 
implementation of existing policies and achievement of broader land use goals a complex task.  In addition, while 
the Brazilian Amazon is divided into private and public lands like any other region, there is uncertainty with respect 
to the actual size of privately owned land.  

B. Summary of Policy Options 
Two types of policy options have been identified with strong potential for effectively addressing deforestation in 
specific regions of Brazil given the current circumstances and uncertainties over land status.   The policy options 
include an array of payment for environmental services (PES) strategies and agricultural intensification.   

C. Payment for environmental services 

One measure that could promote the reduction of deforestation is the payment for environmental services (PES). 
Examples of environmental services where payments could be applied include carbon sequestration and storage, 
biodiversity protection, watershed protection and others.  

In Brazil, several PES approaches have been studied:  

1. Ecological value-added tax (VAT);  

2. Rewarding private landowners for creating and maintaining forest preserves on their land; 

3. Instituting a “polluter pays” program; 

4. Afforestation projects exploring the use and expansion of native timber species; 

5. Establishing a payment system for forest based populations; and 

6. Establishing a payment system for private land owners based on opportunity costs. 

                                                           
20 Soares-Filho, Britaldo Silveira, Daniel Curtis Nepstad, Lisa M. Curran, Gustavo Coutinho Cerqueira, Ricardo Alexandrino 
Garcia, Claudia Azevedo Ramos, Eliane Voll, Alice McDonald, Paul Lefebvre and Peter Schlesinger.. 2006. Modelling 
conservation in the Amazon basin.  Nature. Vol. 440, pp. 520-523. 
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The approaches are not mutually exclusive. In reality it is likely that a portfolio of such strategies would need to be 
developed and applied in different regions depending upon the local conditions. Based on the specific rates of 
deforestation in each region, the system, including the incentives, could be more or less rigorous, while at the same 
time ensuring that implementing measures in one region does not lead to additional pressure for deforestation 
(referred to as leakage) in other regions of the Amazon.  

When designing PES schemes in Brazil several considerations need to be taken into account. These include:   

·  Defining the eligible activities;      

·  The economics and specific situations of various regions; 

·  Cultural parameters; 

·  Weak institutions and poor governance; 

·  Results of PES must be measureable and verifiable and additional; and 

·  Transaction costs. 

D. Agricultural Intensification 
Agricultural intensification is a second policy option identified with strong potential for success in existing pasture 
lands to prevent further expansion into adjacent forested areas.   Of the 220 million hectares of pasture in Brazil, a 
significant portion has low productivity with respect to livestock. In particular, Integrated Crop Livestock Systems 
(ICLS), whereby pasture lands are cultivated for crops such as soy, corn, and cotton while accommodating grazing 
space for cattle, can raise beef production per hectare through co-located availability of improved feedstuffs.  If 
Brazil’s Cerrado region implemented ICLS on degraded pasture lands, the current average yield of 30 kg/ha/year 
could be increased to 225 kg/ha/year.  Putting this in perspective, ICLS could enable production of 4.5 million tons 
of beef on just 20 million hectares.  If ICLS were implemented on all 220 million hectares of Brazil’s pasture lands, 
average yields could be increased to 500 kg/ha/year.   
 
Primary barriers to implementing ICLS include necessary training for ranchers to learn new techniques, and 
technology and specialized equipment to manage crops and livestock.  Additionally, research may be required to 
adapt ICLS to unique soil and climate conditions of the Cerrado region. 

E. International efforts  

Based on the results of the project, several areas present key challenges for Brazil in implementing policies to 
address deforestation, with broader implications for international participation.  Some of these barriers will likely 
need to be address unilaterally by Brazil, while others will necessitate international financing.  It is likely that in 
order to overcome these barriers it will take a partnership between Brazil and the international community.  
Importantly, some of the barriers will need to be addressed first through unilateral efforts on the part of Brazil before 
international financing commitments will be forthcoming.  In other cases, policies may be best partially 
implemented by Brazil with in-tandem international support.  
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Financing 

For PES strategies that involve compensation to private landowners for opportunity costs, or rural forest users for 
forest stewardship, financial expenditures are significant and must be sustained over time to prevent reversals.   

Implementing a PES program to compensate private landholders and rural forest families would require significant 
and sustained amounts of funding, especially over the long term. In 2007, the Woods Hole Research Center 
(WHRC) conducted an analysis of the estimated emission reductions and costs associated with a package of 
measures and programs to reduce deforestation in the Brazilian Amazon that included compensation to private 
landowners for forgone opportunity costs, compensation to rural forest families, and accompanying government 
programs.  The report provided important insights on the estimated costs of the proposed framework.  CCAP and its 
Brazilian research partners then conducted a follow-up critique of the study, which adjusted some assumptions and 
values used in the original study and accounted for changes in commodity prices and program expenses. 

Based on the combined results of the two analyses, the program compensation costs were estimated as follows 

·  Costs for the compensation of forest communities are estimated to start at US$140 million in the first year 
of implementation, increasing by US $21 million per year, and finally reaching its highest level after about 
10 years, when about US$ 293 million would be required. 

·  Costs for the compensation of private land owners to undertake conservation of their land in lieu of 
alternative land uses such as livestock, timber and crops such as soy, could be about US$ 117 million per 
year. However, it is expected that it will take the system about five years to become fully operational. 
Therefore, for the first four years only a percentage of this amount would be needed (20% for the first year, 
40% for the second and so on). After the fifth year, US$ 117 million would be required each year. 

Given the high level of financial resources needed, it may not be possible for the government of Brazil to bear all 
associated costs. Therefore, it would be necessary for the government of Brazil to initiate partnerships with other 
countries and funding international institutions in order to ensure that any approach for PES or agricultural 
intensification is sufficiently funded.   

Institutional challenges 

Institutional challenges pose a problem for getting programs off the ground within Brazil, but also present a 
significant gap to international participation.  Currently there is a poor understanding of what percentage of land in 
Brazil is in private hands, and within that category, which landowners hold legal title to what areas.  Furthermore, 
large areas of public land are illegally occupied and managed by private entities.  Although still pending signature 
by President Lula da Silva, recent land reform legislation passed in June 2009 would grant public land to current 
settlers for approximately 300,000 parcels. By formalizing ownership, the government will be better able to institute 
requirements for managing the land and ultimately enable enforcement of policies that reduce deforestation.  Despite 
this potential action, land ownership status is still in question for vast forested areas throughout Brazil, many of 
which are inaccessible, posing challenges to enforcement, verification, and for implementation of any kind of PES 
strategy.  Furthermore, corruption among government employees and enforcement to prevent such behaviors is 
limited, weakening existing policies and institutions.   

Technology 

Technology presents barriers for both PES and agricultural intensification strategies. For PES strategies, adequate 
measurement, reporting and verification (MRV) system do not yet exist at the regional and local level in Brazil to 
ensure that conservation is occurring, that track losses and reversals, and can track leakage and demonstrate that 
criteria for additionality are met.  Increased financing is necessary to facilitate improvements.  

For implementing agricultural intensification strategies, ranchers require new types of agricultural equipment to 
transition from livestock-only activities to ones that integrate cultivation of crops such as soy, corn or rice.  Because 
this is still a relatively new technique to the Brazilian Amazon, more research needs to be conducted on climate-
specific technologies and practices that offer the greatest viability.  Research on such technologies is currently 
underway in Brazil; additional funding and possibly technology transfer at the international level could yield 
efficient and cost-effective results for deploying agricultural intensification technology.    
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Training 

Municipalities which invest VAT rebates in establishing conservation units on public land require training to 
develop and implement such programs in order to ensure these units are catalogued and maintained.  Likewise, 
where PES payments are granted to local forest users to protect public land, training will be necessary in order for 
these users to carry out forest stewardship activities.  Agricultural intensification strategies represent a significant 
shift from existing ranching practices and therefore require new skills and knowledge in cultivation and harvest 
techniques for both ranchers and local extension agents.  If Brazil desires to implement a package of PES strategies, 
the nation will likely need to invest in training in each of these areas before international financing will be 
forthcoming.   

 

NAMAs and a Three-Phase REDD Framework 

The dialogue on Nationally Appropriate Mitigation Actions (NAMAs) at the international level has evolved to 
include consideration of REDD as qualifying actions.  However, if REDD activities are ultimately brought under the 
NAMA framework, they would likely be carried out in a separate “window” tailored to the unique characteristics 
that set REDD apart from sectors.  Based on the discussion in this analysis of the key barriers to implementing the 
recommended policies, a successful path to addressing these barriers and operationalizing these policies can be 
envisioned through the three types of NAMAs – unilateral, supported/cooperative, and credit-generating – which 
work conveniently with proposed REDD frameworks that describe three phases for achieving implementation.   

Both the range of PES mechanisms and agricultural intensification strategies offer valuable opportunities for Brazil 
to implement unilateral NAMAs that would leverage financing and other forms of assistance through supported 
NAMAs.  For example, ecological VAT has been successfully demonstrated in some regions of Brazil, providing a 
model that could be expanded to other areas.  Through a NAMA window for REDD, this unilateral effort could be 
successfully complemented by supported/cooperative NAMAs that provide training, technology transfer, or 
financing necessary for municipal governments to implement ecological VAT more widely throughout the country.  
For agricultural intensification, the policies themselves can largely be implemented by Brazil through agricultural 
loans and credit programs and thus serving as unilateral NAMAs.  Through supported NAMAs, incremental 
financing and technology transfer could provide ranchers with access to equipment and techniques necessary to fully 
transition to integrated crop livestock systems. 

Addressing institutional barriers offer another example.  Expanding land reforms, enforcing existing forest 
conservation laws, and taking measures to combat corruption could all serve as potential unilateral NAMAs on the 
part of Brazil.  These measures would lay the groundwork for implementing the PES strategies described, and 
generate legitimacy for supported NAMA financing for the more expensive PES compensation programs for private 
landholders and rural forest users.   

Once PES and agricultural intensification policies are in place, and a baseline and sound MRV have been 
established, reductions in deforestation could begin to generate credits through the third type of NAMA, mirroring 
the vision of a third structural phase of currently proposed REDD frameworks.  This three-type/three-phase 
compatibility works strongly in Brazil’s favor, enabling it to meet its NAMA commitment under the Bali Action 
Plan through reduction in emissions in deforestation and methodically develop a fully-operational REDD strategy in 
the process.   
 
Key challenges remain to be addressed before this occurs. NAMAs require actions to be tracked in a registry; thus 
an MRV methodology for quantifying both the unilateral and supported actions described will need to be developed.  
Furthermore, PES strategies are particularly vulnerable to questions of additionality because compensation could 
potentially be awarded in areas where forests would have been protected anyway.  Finally, an overarching challenge 
is that of how to reconcile international REDD payments with payments made at the local level.  This challenge has 
important implications for how international funds will ultimately be dispensed to finance such projects in host 
countries, but also for how local forest users and landowners are compensated.  However, by implementing REDD 
actions through a dedicated window under a NAMA framework, these challenges can be addressed by adopting and 
adhering to REDD-specific criteria for MRV, transparency for payment distribution, the roles and rights of 
indigenous and forest-dependent communities and other unique characteristics of REDD.    
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Since 1985, CCAP has been a recognized world leader in climate and air quality policy and is the only independent, 
non-profit think-tank working exclusively on those issues at the local, national and international levels. 
Headquartered in Washington, D.C. CCAP helps policymakers around the world to develop, promote and 
implement innovative, market-based solutions to major climate, air quality and energy problems that balance both 
environmental and economic interests. For information about CCAP please visit www.ccap.org. 
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