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Executive Summary 

 
The Global Sectoral Approaches study, initiated in May 2008 with support from the 
European Commission, was designed to provide a "proof-of-concept" of the feasibility of 
sectoral approaches in a post-2012 international framework for climate policy.  The study 
initially investigated a transnational approach in which all countries face similar benchmarks, 
a sectoral CDM approach emphasizing carbon credits, and a bottom-up approach envisaging 
financial and technology assistance from advanced economies to support ambitious no-lose 
crediting baselines in developing countries. 
 
International negotiations regarding a post-2012 framework have developed the idea of 
Nationally Appropriate Mitigation Actions (NAMAs), using concepts borrowed from 
previous work on sectoral approaches.  NAMAs are now seen as including unilateral actions 
by developing countries, actions that are supported by finance and technology assistance 
from advanced economies, and NAMAs that can earn international credits.  The concept of 
supported NAMAs has considerable flexibility and may include activities ranging from 
capacity building to multi-sector efficiency programs to goals for specific types of 
technologies within a single sector.  They may also include a variety of metrics to measure 
and verify success. 
 
Supported NAMAs have thus borrowed from, broadened, and largely superseded, the idea of 
supported activities that originated in the bottom-up sectoral approach.  However, sectoral 
approaches to crediting continue to have key advantages over the idea of credit-generation 
for all types of NAMAs.  Crediting on the basis of sector-average performance would help to 
create a common carbon price for all types of emission mitigation within a sector and would 
eliminate conflicts that could otherwise occur among supported NAMAs, credits for 
individual projects, and credits for different types of NAMAs in a sector. 
 
Work on the proof-of-concept of sectoral approaches in developing countries has identified 
significant limitations in data availability, a wide range in the energy efficiencies of firms in 
the same sector in some countries, substantial administrative and policy barriers to the 
implementation of some mitigation activities, weaknesses in financial infrastructure, and 
considerable needs for capacity building.  Because of significant differences among 
countries, sectoral programs need to be tailored to the circumstances of individual countries.  
Indeed, because of location, resource availability, and other idiosyncratic circumstances of 
individual facilities, plant-level investigations are essential to specify the emission mitigation 
targets needed for actual implementation of sector programs in developing countries.  The 
study identified an alternative approach to sector programs, based on technology penetration 
goals rather than emission caps or intensity benchmarks, that could play an important role in 
a NAMAs framework. 
 
Aside from supported NAMAs, broader sectoral programs may be needed to scale up 
emission mitigation and, in that context, sector crediting will become important.  If 
developing countries establish cap-and-trade programs and link them to such programs in 
advanced economies, they could sell their domestic allowances overseas rather than selling 
sector credits.  Sector trading is similar to linked cap-and-trade in some respects, but it 
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requires a developing country to take an international commitment for the emissions from a 
sector.  In a no-lose approach, a developing country takes no international commitment but 
does earn credits if the eligible sector beats a baseline for emission intensity.  A simple pass-
through of a no-lose approach to domestic firms fails to transmit the full incentive for 
emission reductions from the international carbon price.  A no-lose approach with a tradable 
intensity standard, linked to international crediting, would allow the full price signal to be 
passed through to domestic firms. 
 
Sector programs would generally have less effect on international competitiveness than a 
continuation and expansion of project crediting.  The unilateral and supported actions that a 
developing country undertakes in a sector would imply some costs for its domestic firms.  
Moreover, a sector crediting baseline that takes those prior actions into account would mean 
ambitious sector crediting baselines far below the business-as-usual levels typically used for 
project crediting.  Thus, sector credits would be based on more expensive mitigation 
activities with costs closer to the international carbon price, implying less potential profits for 
firms in developing countries and less effect on competitiveness than a project crediting 
regime.  Moreover, the monitoring, reporting, and verification procedures that a developing 
country establishes for sector programs will provide a framework for its future climate 
policies that could eventually equalize the burdens of such policies on competitive industries 
across countries.                   
 
Developing countries need considerable help in the building the capacities needed to 
implement sectoral programs.  These include assistance in establishing low-carbon 
development strategies, systems for data collection and verification, institutions and 
procedures for developing and implementing NAMAs, and market systems and associated 
regulatory institutions. 
 
In the near future, the way forward for sectoral approaches seems likely to be through the 
development of sectoral NAMAs for international funding.  Initial work on such NAMAs is 
likely to occur during the Fast-Start period of the Copenhagen Accord (from 2010 to 2012).  
Capacity-building work is likely to play a large role initially.  During that period, MRV 
systems should also begin to be developed that can be used over the longer-run.  Sector 
crediting is likely to become more important in the immediate post-2012 period, and it may 
involve a successor treaty to the Kyoto Protocol or a more informal approach to crediting 
agreed upon among major buyer countries.  Some developing countries are already beginning 
to explore market-based systems for trading renewable energy and energy efficient 
certificates.  Over time, these initial steps with trading systems could be expanded into 
sectoral and multi-sector emission trading programs and the linkage of those emission trading 
systems across countries could be pursued.  Eventually, international offset crediting could 
be replaced by linked cap-and-trade systems in which developing countries are allowed some 
amount of over-issuance of allowances that can be sold in markets in Annex I countries. 
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I.  THE ORIGINAL CONCEPT OF SECTORAL APPROACHES  
 
The Key Idea of Sectoral Approaches 
 
In “Sectoral Approaches,” developing countries (DCs) undertake efforts to reduce GHG 
emissions intensity or growth in key economic sectors with assistance from advanced 
economy countries (AECs).1  Sector programs offer a promising avenue for scaling up 
emission reductions in DCs and the transfer of financial and technology assistance from 
AECs.  If designed appropriately, they can also help address concerns that climate policies 
could impair economic growth in DCs or generate competitive disadvantages for AEC 
industries.  Sector programs can also be a foundation for strengthening the capacity of DCs to 
conduct environmental policies including the establishment and improvement of systems for 
measurement, reporting, and verification (MRV) of greenhouse gas (GHG) emissions.    
 
Project credits usually require a lengthy case-by-case analysis to assess whether emission 
reductions are additional, verified, and permanent.  The baseline for measuring the 
additionality of project credits is typically the level of emissions under business-as-usual 
(BAU) behavior.  Under sector programs, DCs themselves make a contribution to emission 
mitigation with some support from AECs and the crediting baselines are below the BAU 
emission levels.  Thus, there is a gain for the environment before any offset credits are 
generated.  Furthermore, to the extent that emissions from an entire economic sector are 
assessed in determining results, the risks of leakage of emissions to other sources in the 
sector are controlled.  Finally, by encompassing a wide range of emission reduction activities 
across all firms in a sector, the environmental benefits and the transfers of finance and 
technology from AECs under sector programs should be scaled up considerably relative to 
project-based approaches. 
 
The Initial Versions of Sectoral Approaches 
 
The Global Sectoral Approaches study was intended to provide a "proof of concept" of how 
sectoral approaches could work in a post-2012 international framework for the mitigation of 
climate change.  The study was designed to investigate three broad types of sectoral 
approaches:  

·  a transnational approach in which all countries face similar benchmarks,  
·  a sectoral CDM approach that emphasizes carbon market credits, and  
·  a bottom-up approach that envisages financial and technology assistance from AECs to 
help DCs meet "no-lose" targets.  
 

In the Transnational Sectoral Approach, an efficiency, emission intensity, or technology 
benchmark is applied to all participants in the industry throughout the world.2  Sectors best-
suited for this approach may include industries that are energy- and GHG-intensive and that 
                                                 
1  The main text of this report was written largely by William Whitesell, drawing in part from material 
included in the earlier paper, "Status of Policy Findings on the Global Sectoral Study.”  All papers 
written for the Global Sectoral Study may be found at:  
http://www.ccap.org/index.php?component=programs&id=26 
2  See Egenhofer and Fujiwara (2008) 



 7 

produce globally-traded commodities.  The transnational approach does not necessarily 
imply identical treatment across countries, as financial and technology assistance and the 
deadline for reaching the benchmark could differ.   
 
The Sectoral CDM Approach adapts and broadens the project-by-project methodology of the 
Clean Development Mechanism (CDM), measuring multiple actions at multiple sites up to 
the inclusion of the entire economic sector.3  A crediting baseline is set at or below BAU 
levels, using emission intensity or other metrics, and may involve a uniform global 
benchmark or vary across DCs and over time.  The sector boundaries can be defined at 
national or sub-national levels.   
 
The Sectoral Bottom-up Approach emphasizes individualized contributions by DCs, in part 
with financing and technology assistance from AECs, before any credits are earned.4  A "no-
lose" emission baseline, tailored to the individual DC, is set below BAU levels.  AEC 
financial and technology assistance is provided to help create ambitious baselines.  Credits 
are earned only for emission reductions below the baseline levels.   
 

II. EVOLUTION OF THE CONCEPT  
 
The concept of sectoral approaches has evolved in part through international negotiation 
process and in part because of testing in particular countries.  The Global Sectoral 
Approaches study contributed to the evolution in both areas.     
 
Nationally Appropriate Mitigation Actions 
 
With the Bali Action Plan of December 2007, "Nationally Appropriate Mitigation Actions" 
(NAMAs) have been discussed in the framework that was originally developed for sectoral 
approaches.  NAMAs are policies or programs that could include sectoral approaches along 
with capacity building, sub-sectoral and economy-wide measures.5  The concept of the 
Sectoral Bottom-up Approach has been reflected in the idea of unilateral and supported 
NAMAs.  With unilateral NAMAs, DCs move emissions below BAU levels through their 
own voluntary efforts.  With supported NAMAs, they move emissions lower still with 
financial and technology assistance from AECs.  NAMAs going beyond what is achieved 
with the help of international public finance could be eligible to earn credits.  Credit-
generating NAMAs would use baselines well below BAU levels, where emission abatement 
costs are higher than for the typical CDM project. 
 
The concept of supported NAMAs has proved to be a flexible and attractive concept to 
participants in international negotiations.  DCs appreciate the idea that NAMAs are to be 
developed by DCs themselves, taking into account their national circumstances.  They are 
also attracted by the idea of up-front public financing that does not involve credits for AECs.  
On the other hand, AECs appreciate the idea of paying only for a portion of the costs of 
emission mitigation efforts in DCs.  In contrast, paying the full carbon market price has 
                                                 
3  See Hampton, Gray, and Barata (2008). 
4  See Schmidt, Helme, et al. (2006) and CCAP (2008). 
5  See Levina and Helme (2009). 
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meant windfall profits for those CDM projects with much lower actual abatement costs.  
Finally, as long as financial support cover only incremental costs of NAMAs (or a portion of 
those costs), they would not convey extra competitive advantages for industries in DCs.    
 
The flexibility of the supported NAMAs concept also makes it attractive to DCs and potential 
funders.  NAMAs need not be focused on a particular economic sector and their success may 
not always be assessed through the achieved emission reductions.  For instance, a capacity-
building NAMA might measure success by the systems that are established or the flow of 
new data that is collected; a feed-in tariff might be assessed by the extent it is used; a 
technology deployment goal by the output produced with that technology; and a technology 
demonstration project by its becoming operational.   
 
Although supported NAMAs may frequently diverge from a sector-wide implementation 
framework, credit-generating NAMAs are more likely to be based on a sectoral approach.  
An administrative system involving credits for individual NAMAs could become quite 
unwieldy and have adverse unintended consequences.  For instance, if there are several 
NAMAs for credits in the same sector, they could compete with each other.  As an example, 
investment in coal plants with CCS could reduce the proportion of power generation through 
renewables.  Similarly, project credits or a credit-generating NAMA could interfere with the 
performance of a different, supported NAMA in the same sector (credits for co-generation 
might reduce the relative attractiveness of a supported NAMA to switch to bio-mass fuels).  
Moreover, if new project credits were available in the same sector as a NAMA program, 
investors would likely prefer the project credits, where additionality would be measured 
close to BAU levels, rather than supported NAMAs, which would pay for only a portion of 
costs and no windfall profits, or credit-generating NAMAs, which would have more 
ambitious baselines. 
 
To avoid the complexities and potential conflicts involved in credit-generating NAMAs, it is 
advisable to switch to sector crediting when there are multiple emission reduction programs 
in a sector.  When sector crediting is implemented, no credits should be allowed for new 
projects or NAMAs in the sector.     
 
Emission Data Limitations 
 
The salient findings from the investigation of sectoral approaches in DCs included significant 
limitations in data availability and, in some cases, host country administrative capacities, a 
wide range of efficiency performance across firms in the same sector in some countries,  
substantial administrative and policy barriers to implementation of even low-cost mitigation 
opportunities in some cases, weaknesses in needed financial infrastructure, and lack of 
appreciation in some countries of the opportunities to be gained by linking sector programs to 
international markets.      
 
The measurement of emission intensity requires data on production and emissions.  
Production data themselves are proprietary in nature and firms are sometimes reluctant to 
release this information because of concerns about competition.   
 



 9 

Measures of emissions often pose a deeper problem.  Direct emission measures are largely 
unavailable in DCs.  Even in AECs, direct measures of emissions are typically available only 
for power generators equipped with systems for continuous monitoring of flue gases.  More 
widely, combustion emissions have to be calculated based on fuel use and estimated 
efficiency factors; process emissions must be assessed depending on the production methods 
and the estimated effectiveness of management control systems.  In some cases, proxy 
measures are quite reasonable.6  However, using global average parameters for efficiency 
factors and process emissions neglects possible wide differences among countries and among 
individual plants within a DC.   
 
Emissions data tend to be particularly difficult to collect if there are a large number of plants 
in a sector, numerous vintages of operating facilities with widely differing energy 
efficiencies, a wide range of products, and a limited involvement of the sector in international 
trade.   
 
The uncertainties regarding estimates of emissions in a sector are often substantial, especially 
in the absence of government reporting mandates along with verification and enforcement 
measures.  Nevertheless, for most types of sector programs, and for UNFCCC reporting more 
generally, reliable emissions data are required.  In many DCs, capacity-building assistance is 
needed to help develop systems for data collection.  Reporting, verification, and enforcement 
procedures have to be devised and measurement protocols adopted, which may require some 
adaptations of factors for combustion efficiencies and process emissions to local conditions.7     
 
Abatement Cost Data 
 
Production and emissions data are not sufficient to design a sector program.  Identifying the 
extent and cost of emission abatement opportunities are often a more intractable problem.  As 
in the case of emissions data, abatement options and costs can be estimated with widely 
varying levels of precision.  A rough assessment of abatement options can begin with a 
survey of the type of production facilities present in that sector in the country.  The emission 
reductions from various types of upgrades of those facilities can then be estimated.  In 
addition, a forecast is needed of the future growth of the sector and the type of new facilities 
that would be implemented under BAU policies and under emission reduction programs.  
Global-average estimates can be used for the costs of the upgrades and of the differences 
between new BAU and low emission facilities.  
 
However, the estimates of abatement opportunities and costs from such methods are subject 
to considerable uncertainty.  Surveys of production facilities in DCs are often insufficiently 
representative and out of date.  Moreover, using general parameters to assess abatement 
opportunities and costs neglects important features at the level of individual facilities that 
may constrain implementation or importantly alter cost estimates.  In some cases, the 
installation of alternative technologies may depend on the existence of appropriate 

                                                 
6  For instance, an energy-intensity metric was found to be a satisfactory proxy for emission intensity 
in the oil refining industry in Mexico.  A fossil-energy-intensity metric may also be useful when 
emission leakage can occur because of fuel switching between covered and uncovered firms.  
7  For further discussion of capacity-building needs, see Egenhofer et al. (2009). 
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infrastructure and assumptions about the layout of existing plants.  Issues may arise regarding 
the location of particular facilities (those near airports may not be able to install tall exhaust 
towers; those near residences may not be allowed to burn some alternative fuels).  The 
availability of alternative resources may also constrain options or add to costs, such as 
materials for cement blending or supplies of biomass fuels and natural gas.  Finally, 
assumptions about the operating efficiencies of alternative technologies may depend on 
technical and management expertise that are unavailable in some cases.   
 
Different levels of precision are of course appropriate for different types of analyses.  For 
example, a very rough assessment of abatement potential and cost in a particular sector and 
country are useful for global modeling of mitigation possibilities.  Somewhat more refined 
estimates would be needed to prepare a low-carbon development strategy for a country.  
Greater precision, including some facility-level data, has been necessary to carry-out the 
current proof-of-concept study.  To propose explicit NAMAs for international public finance 
in a particular sector, more complete inventories of plant-level abatement possibilities and 
costs are needed than it was possible to collect during the proof-of-concept study.  For the 
generation of international credits, a robust system of emission measurement and verification 
will be required.           
 
Even when data are limited, it may nevertheless be possible and useful to develop indicative 
goals for key industrial sectors.  During the course of the Sectoral Study, goals were 
sometimes constructed using information from public sources, filling in data gaps with 
informed estimates, and adopting general rules of thumb for mitigation potentials and costs, 
based upon existing research into technology benchmarks and performance levels.  Setting 
suggestive goals with incomplete and aggregate data can stimulate greater interaction, 
cooperation and feedback from the affected industries, as firms want to assure that the 
sectoral goals are equitable and feasible to achieve.  This is especially true if their 
government has shown a strong inclination toward development and implementation of 
sectoral programs. 
 
Program Boundary Issues 
 
A sector program could be applied to all production sources in a sector or only those sources 
above a given size.  AECs generally employ size cutoffs for their cap-and-trade programs.  In 
DCs, a sector often includes large modern plants with efficiencies close to the global best 
practice along with numerous, inefficient, smaller-scale production facilities.  If the smaller 
sources are excluded from a sector program, in part because of measurement issues, the 
program would likely not address the most emission intensive sources where the abatement 
opportunities may be the largest.  Specialized programs for small and medium enterprises 
(SMEs) may need to be devised that are distinct from the type of sector programs used for 
larger firms.   
 
Heterogeneity of processes within a sector also create important boundary issues.  For 
instance, in some countries (such as the U.S.), the cement industry may employ blending of 
supplementary cementitious materials only at the stage of preparing concrete rather than 
during the production of cement itself.  If sector emissions are measured only at cement 
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production stage, they will seem larger than in other countries even though the emissions 
associated with the final concrete product may be comparable.  However, including concrete 
production in a sector boundary would greatly increase the number of emission sources and 
thus complicate MRV.   
 
Sector boundary issues can potentially give rise to product mix responses that represent 
emission leakages.  In the chemical and steel industries, for example, the products have 
widely differing emission intensities.  Imposition of a sector program on some facilities in a 
sector, but not others, could lead to low emission outputs at covered facilities only because 
production of higher-emission items is shifted to non-covered facilities in or outside the 
country.   
 
A broad definition of a sector can in some cases induce beneficial production method shifts.  
If an emission intensity target is applied to all facilities in a sector, the higher-emitting units 
may bear heavy costs, but that will provide an incentive for shifts to alternative processes.  
Alternatively, if separate targets are established, for example, for production of steel through 
traditional integrated mills and through lower-emitting direct reduction of iron (DRI), the 
incentive to switch to the DRI approach would be lost.  If targets are only applied to new 
facilities, that may provide an adverse incentive to maintain inefficient older units in 
production.  An alternative would be to gradually phase in targets on existing units (similar to 
the approach of providing free allowances for several years to some sectors in AEC cap-and-
trade programs).    
 
Co-benefits or costs may also raise boundary issues.  For instance, new projects in China 
generally include the development of associated support infrastructure (such as housing for 
workers).  The project's associated energy use then incorporates this broader boundary.  (See 
Annex I for more detail on sector program issues in China.)  In Brazil, large hydroelectric 
plants make indirect emissions from electricity-using industries very low, but ancillary 
environmental issues limit the advantages of expanding large hydro projects.  (See Annex III 
for a discussion of sectoral study work on Brazil.)       
 
Finally, activities in one sector may have spill-over effects on other sectors.  For example, in 
Mexico, the electricity and cement industries use high-emission fuels produced the publicly-
owned oil refineries.  Fuel switching by the power or cement sectors would have 
consequences for the marketing of domestic oil products.  (See Annex II for more detail on 
sector program issues in Mexico.)      
 
In summary, given the wide range of issues that may arise, sector boundaries likely need to 
be tailored to the individual circumstances of a country. 
 
Types of Sector Goals 
 
Sector goals have typically been formulated in terms of an absolute emissions cap or an 
emission intensity measure.  An absolute emissions cap poses a special burden on a DC.  The 
growth rates of DC economies tend to be higher than those of advanced economies because 
higher rates of return on investment are possible while DCs are catching up to advanced 
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economy living standards.  In addition, many DC economies rely heavily on manufacturing 
and commodities which are more sensitive to the business cycle than service sectors.  For 
these reasons, economic and sector growth rates are more variable in DCs than in AECs, and 
more difficult to predict.  Because of the fluctuations in economic growth, an absolute 
emission cap for a sector as a whole can cause special problems for a DC.  If the economy is 
stronger than expected, the emission cap may place a restraint on output growth in the sector.  
On the other hand, if the economy weakens unexpectedly, emissions may fall well below the 
cap level even without any special abatement activities.  If the sector earns credits in that 
situation, they would represent "hot air."   
 
For these reasons, it is often preferable to use emission intensities, rather than absolute 
emission levels, for DC sector programs, at least in current circumstances where their 
economic growth rates are quite variable and uncertain.  Indeed, in some DCs (e.g., China 
and India), policy mandates have so far been crafted only for the reduction of industrial 
energy intensities, which overlap only partly with GHG emission intensities.  The next step 
for such countries may be to adjust policy mandates to focus more precisely on reducing 
GHG emission intensities in those industries.  Of course, stabilization of atmospheric 
concentrations of GHG will require a longer-term framework that moves beyond intensity-
based policies to ensure lower absolute levels of emissions throughout the world.  However, 
in the immediate period ahead, DCs may be less willing to accept ambitious targets for a 
sector's absolute emissions than for its emission intensity. 
 
An alternative type of sector goal, based on technology targets, was identified during the 
investigations undertaken for the sector study.  Technology goals seemed particularly apt for 
sector programs in China.  They are straightforward to implement without requiring 
collection of comprehensive emissions data in the sector, and can be easily included in a 
NAMA framework.8  Technology goals could therefore serve as a transitional approach 
while data collection capacities are being improved.  However, from an economic 
perspective, technology mandates are not a first-best solution, as they generally involve 
larger costs than trading programs, fail to provide a general carbon price signal and the 
associated incentive for a full of a range of abatement activities, and can lock in technologies 
that become obsolete.  Also, determining emissions credits earned from beating a 
technology-deployment goal requires intensity factors for the technologies and an assessment 
of the volume of production from using the technology.  To coordinate international support, 
a mechanism would need to be established to select eligible technologies and penetration 
targets for individual DCs.   
  
Advantages of a Tailored Approach 
 
As suggested above, the study's in-country analyses identified key advantages of tailoring 
sectoral approaches to individual countries.  Differences in the structure of industries across 
countries can complicate approaches based upon international comparisons.  In Mexico, for 
example, steelmaking often involves DRI with natural gas, which is not widely used in other 
countries.  In China, cement is often produced with low-efficiency vertical shaft kilns, which 
are no longer operational elsewhere.  In Brazil, indirect emissions from electricity use are 
                                                 
8  See Klein, Helme, et al. (2009). 
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very low because of the country’s large hydroelectric resources.  The specification of realistic 
sectoral emission goals depends on taking account of these national differences.    
 
As also discussed earlier, the simple depiction of a cost curve is far from sufficient for the 
purpose of estimating realistic abatement opportunities and costs for an industry and for 
individual plants.  Aside from the locational issues mentioned above, a variety of 
idiosyncratic policy and administrative circumstances may constrain the opportunities.  For 
example, while municipal solid waste (MSW) may represent an inexpensive alternative fuel 
for some industries, the term limits of local political officials responsible for MSW programs 
in Mexico makes it difficult to arrange for long-term supply contracts. 
 
Finance may also represent a barrier to implementation of abatement opportunities in ways 
that differ across countries.  For instance, in China, larger companies generally have good 
access to financial resources, in part through state-owned commercial banks.  However, 
smaller enterprises, including the fledgling Energy Service Company sector, find it far more 
difficult to obtain the necessary financial support.9  Also, grants may be needed to support 
initial mitigation programs involving SMEs in some countries while only loan finance is 
needed for emission mitigation in others.  For instance, in Mexico, while the government-
owned oil company, PEMEX, generates considerable resources for the government, its 
investment options are constrained by government budgets.  PEMEX could implement a 
much more substantial program of energy saving opportunities with additional loan 
financing.    
 

III.  OPTIONS FOR SECTOR PROGRAM IMPLEMENTATION  
 
A DC could choose from a wide range of options for domestic implementation of a sector 
program.  These choices could affect the manner in which it engages with the international 
community to access international public assistance and finance from carbon markets.  One 
alternative would involve technology deployment mandates, as mentioned above, which 
could be an apt choice for a supported NAMA framework.  Other alternatives could involve a 
domestic cap-and-trade program, a simple pass-through of international credits, or a tradable 
intensity standard, which could be combined with supported NAMAs and would also 
facilitate access to carbon markets. 
 
Domestic Cap and Trade 
 
A DC could conceivably design an emission trading system (ETS) that was limited to a 
particular sector.  Alternatively, the DC could implement multi-sector cap and trade, which 
would have the advantage of providing incentives across a wider range of emission 
mitigation possibilities within the country.  A DC’s domestic ETS could in principle earn 
international offset credits to the extent that verified emissions from the program, across all 
sectors, were below an agreed level.  If emission intensity baselines were used for crediting 
purposes, however, each sector in the cap-and-trade program would likely need to be 
assessed separately relative to its own crediting baseline to determine how many international 
credits the sector earned.   
                                                 
9 See CCC (2009). 
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As an alternative to sector crediting, a DC government could link its domestic ETS to an 
international system and sell its domestic allowances overseas rather than selling offset 
credits.  An agreement would specify the amount of allowances the DC and the AEC could 
create and the DC would be allowed to over-issue allowances to ensure it was a net seller.   
The AEC purchases of the DC’s allowances would represent a financial transfer to the DC 
government and to any DC firms that had been issued domestic allowances in excess of their 
compliance needs. 
 
Linked ETS could provide a substantial scaling up of both emission reductions in DCs and 
financial transfers from AECs.  Linking of allowance trading could also be a means of 
achieving a uniform global carbon price, which would facilitate economic efficiency through 
equalization of marginal abatement costs, thereby minimizing the cost of achieving a given 
level of global emission reductions.  Establishing multi-sector cap-and-trade programs 
requires considerable administrative capacity and political will.  It may take some years 
before cap-and-trade systems are established in many countries and their design features are 
harmonized enough to allow full linking of allowance trading.  However, partial linking, 
either through shared offset programs or through limited amounts of allowance purchases, 
could perhaps be achieved much earlier.   
 
Sector Trading 
 
A prototype form of linked cap and trade has been called "sector trading."10  In this approach, 
a DC accepts an internationally binding compliance obligation for the absolute level of 
emissions in a particular economic sector.  An international body issues allowances to the 
DC and collects allowances from the DC at the end of a measurement period for compliance 
purposes.  The DC government thus accepts an emission cap equal to the international 
allowances it receives in advance.   
 
The DC then implements a domestic trading program using the international allowances.  To 
comply, firms buy any needed allowances from either the domestic or international markets 
and surrender them to the DC government.  The DC government itself must then surrender 
allowances to the international enforcement body for each ton of emissions in the sector.  If 
the sector reduces emissions below the initial allotment of international allowances, the DC 
could sell the excess allowances on the international market.   
 
No-Lose Approach with Domestic Pass-through 
 
In a no-lose sector crediting approach, a DC government accepts no international compliance 
obligation, but it earns credits if the sector beats the crediting baseline.  An emission intensity 
baseline is used for sector crediting.  A DC government could implement sectoral programs 
that could potentially earn international credits with a variety of domestic measures, 
including mandates, standards, or trading systems.   
 

                                                 
10  See, e.g., Baron et al., and Schneider and Cames. 
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The DC could extend the no-lose approach to firms in the sector so that firms with intensity 
below the baseline are eligible to earn credits, while laggards incur no penalty.  However, 
firms beating the baseline would have no assurance of getting credits and may only receive a 
pro rata share because international credits would be based on overall performance of the 
sector.  They would receive a credit for each ton by which they beat the baseline only if 
every firm in the sector beats the baseline.  Because of the partial crediting, the expected 
price per ton that motivates emission reductions in the sector is lower than the world carbon 
price.   
 
Tradable Intensity Standards 
 
Alternatively, a DC government could implement a no-lose international program with a 
tradable intensity standard that is linked to the international carbon market.  With a linked 
intensity standard, a firm that exceeds the standard must purchase credits from other 
domestic firms or from the international market and submit them to the government to cover 
its excess emissions.  The government also receives credits from the international crediting 
body to the extent that the sector as a whole beats the intensity baseline.  Firms that beat the 
intensity standard then earn credits from the government.  The government gets just enough 
credits from the international crediting body and from firms with excess emissions to 
distribute a credit for each ton by which winning firms beat the baseline.  Thus, a linked 
tradable intensity standard gives domestic firms the incentive of the full international carbon 
price signal to motivate emission reductions.   
 
A tradable intensity standard is less onerous on a DC's domestic firms and consumers than 
cap-and-trade (unless the cap-and-trade program over-issues free allowances).  With the 
intensity standard, firms with intensities above the baseline have to pay for the tons of 
emissions by which they miss the baseline, but not for their entire emissions.  For each extra 
unit of output, these firms would need to purchase credits, not for the entire emissions from 
that unit of output, but only for the portion by which those emissions exceed the baseline 
intensity level.  By contrast, with cap-and-trade, an allowance must be surrendered for all 
emissions, not just the emissions in excess of baseline intensity.  A tradable intensity 
standard is also less onerous on consumers, as it raises the domestic price of output less than 
with a traditional cap-and-trade program.11   
 

IV.  SECTOR PROGRAMS AND INTERNATIONAL COMPETITION  
 
Assumptions Underlying Analyses of Competitiveness 
 
Many factors can shift the relative competitiveness of firms across countries, including 
temporary fluctuations in exchange rates and longer-term changes in productivity, unit costs, 
and technologies.  For most industries, differential carbon pricing has a much smaller effect 
on competitiveness than these other factors.  In some cases, international competition is not a 

                                                 
11   See Whitesell and Helme (2009). 
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concern because the product is not traded internationally or because transportation costs give 
a big advantage to a local production facility.12 
 
The effects of a cap-and-trade program on competitiveness depend substantially on 
assumptions regarding free allowances.  In some cases, firms may have to buy allowances or 
offsets for each ton of emissions.  In that case, shareholders and consumers jointly bear the 
cost of carbon.  Alternatively, firms may be granted free allowances based on historical 
emissions, which would reduce the effects on shareholder values but preserve the price 
effects for consumers.  Indeed, if enough of these “grandfathered” allowances are distributed, 
emitting firms may earn windfall profits.  A third option is for firms to be granted free 
allowances based on current output multiplied by a historical sectoral emission intensity.  
These free “output-based” allowances help to maintain production incentives.  Output-based 
allowances also protect consumers from the pass-through of carbon prices, but that has a 
disadvantage in that it eliminates the demand-side response that can help achieve emission 
goals cost-effectively.   
 
The effects on competitiveness depend—not only on the price of carbon faced by firms—but 
also on the abatement opportunities and costs.  In some sectors, firms may be able to reduce 
emissions at average costs that are well below the marginal cost of abatement represented by 
the carbon price.  This means lower overall costs for firms that need to buy allowances for 
compliance or greater profits for firms oversupplied with allowances.     
 
Given the complexity of possible effects of a cap-and-trade program on AEC firms, it is best 
to compare the incremental effects on competitiveness of DC sector programs without 
specifying the assumed situation of AEC firms.  However, the initial position of DC firms 
matters, as the effects of a sector program would differ depending on whether it replaces a 
system of project credits.      
 
Effects of CDM Project Crediting 
 
DC firms generally improve their competitive positions when they sell CDM project credits.  
Leaving aside payments to intermediaries, discounting of expected future credits, and 
uncertainties about banking and buying limits, CDM project credits (Certified Emission 
Reductions or CERs) sell at an international price close to the price of allowances in the EU 
ETS.  With additionality baselines at or close to BAU levels, the costs of implementing many 
of these projects are well below the world price of carbon, implying profit opportunities for 
developers.  While DC firms can sell offset credits, AEC firms in most cases cannot (with 
possible exception of some “Joint Implementation” projects).  Thus, the incremental effect of 
project credits is generally to give a competitive advantage to DC firms over AEC firms. 
 
Competitive Effects of Supported NAMAs 
 
The effects of supported NAMAs in competitive sectors depend on the shares of investment 
and operating costs that are paid through international public support.  DCs are expected to 
                                                 
12  For instance, while cement is internationally traded, cement plants in the interior of a country may 
not be subject to international competition because of the heavy cost of transporting over land. 
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bear a share of the costs, either through DC government funding or costs that the DC 
government imposes on its domestic firms.  In general, to the extent that costs are borne by 
DC firms, they would incur an incremental competitive disadvantage relative to a situation 
where no abatement activity occurred in the sector.13   
 
More precisely, consider a case where international public support given to DC firms exactly 
equals their incremental net costs of the emission reduction activity.  The "incremental net 
cost" here means the net present value of costs, taking into account any benefits to firms 
(e.g., through energy efficiency).  In this case, a supported NAMA have no effect on 
competitive positions, assuming no prior abatement activity in the sector.  If international 
public support covered less than the incremental net cost of the NAMA, and the remainder 
was borne entirely by the DC firms, the competitiveness of those firms would be reduced (as 
in the case of a unilateral NAMA).  If public support exceeded incremental net cost, DC 
firms would gain an advantage. 
 
If the NAMA replaced a system of credits for CDM projects in the sector, the incremental 
effects would include elimination of the competitive advantages of that system for DC firms.    
 
Model Simulation of the Effects of NAMAs on Trade in the Cement Sector 
 
Model simulations were conducted of the incremental effects on international trade of the 
implementation of cement sector NAMAs in China, Mexico, and Brazil.14  China was 
especially important because it accounts for about half of the world's total production of 
cement.  In one of the scenarios, the EU cement industry reduced emissions by 16% in 2020, 
relative to the 2005 level, while China's cement industry reduced emissions by about 13.4% 
in 2020, relative to the BAU level.  China's emission reductions came through implementing 
all negative cost actions and sufficient positive cost actions such that cumulative costs were 
zero (which occurred where the marginal cost abatement cost was $7.70 per ton in 2000$).  
The result was reductions in cement output in 2020, relative to BAU, of 1% in the EU and 
2% in China (the latter occurring in part because of the closing of less efficient production 
units).   
 
In another scenario, China's program was assumed to be integrated with the EU ETS 
resulting in a marginal abatement cost for each of $8.50/ton, representing an increase for 
China and a decrease for the EU.  The result was slightly more reduction in cement emissions 
in China (13.6%, relative to BAU) and somewhat less reduction in the EU (13%, relative to 
2005).  The uniform marginal abatement cost scenario also implied that reductions in 2020 
output, relative to BAU levels, were slightly greater in China (2.2%) and slightly lower in the 
EU (0.8%).  The welfare losses were moderate overall, but higher for the EU (0.6%).  In 
China, the welfare loss was smaller for the integration case (0.02% vs. 0.15%) owing to the 
wealth transfer from the sale of allowances to the EU.           
 

                                                 
13  A preliminary investigation for the cement industry suggests that the implementation of unilateral 
NAMAs would have fairly small effects on competitiveness and international trade (Löschel, 2009). 
 
14  Löschel et al. (2010).  
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Competitive Effects of Sector Crediting 
 
If DC firms are able to earn credits for emission reduction activities and AEC firms cannot, 
DC firms gain an advantage.  However, the advantages conferred by sector crediting are 
likely to be considerably lower than the potential advantages under project credits.  As noted 
above, with baselines close to BAU levels, CDM projects generate credits at fairly low cost, 
implying sizable profits for DC firms.  By contrast, with a sector crediting program, it is 
assumed that the DC would itself make some contribution to the environment before credits 
could be earned.  The emission baseline for crediting would be lower than BAU in part 
because of unilateral and supported NAMAs in the sector, which would presumably include 
many lower-cost emission reduction projects.  Thus, sector credits would be earned only for 
higher-cost activities further up the abatement supply curve.  Thus, the costs of such projects 
would be much closer to the international carbon price than is the case with project credits.  
The resulting profits for DC firms would thus be lower, implying less impact on 
competitiveness under sector crediting than under a regime of project credits. 
 
In a longer-term view, if sector programs are a feasible way of encouraging DCs to establish 
emission monitoring, mandates, enforcement programs, or even carbon markets, they may 
lay the groundwork for the eventual implementation of carbon policies that have effects on 
competitive industries that are comparable to those in AECs.  Thus, sector crediting may 
provide a small short-run competitive advantage for DC firms, but AEC firms might consider 
that a good investment if it leads to linked cap-and-trade systems in which all firms face a 
similar, level carbon playing field.   
 
Implementation Options and Competitiveness 
 
Finally, consider the competitive effects of the alternative methods of domestic 
implementation discussed above.  In the cases of linked cap and trade or sector trading, 
competitive effects depend on the relative stringency of the targets and the distribution of any 
free allowances.  An AEC would presumably have a stricter cap to ensure a transfer of 
capital to the DC rather than vice-versa.  However, these transfers could be entirely from 
AEC firms to the DC government.  DC firms would only benefit from the sale of the DC's 
allowances to AEC firms if the DC firms received free allowances in excess of their 
compliance obligations.  Moreover, if linked cap-and-trade replaced a CDM-like system of 
project credits, DC firms would lose the competitive advantage of those project credits.    
 
A tradable intensity standard would have a mixed effect on the competitiveness of DC firms.  
Firms that beat the standard would earn credits and gain an advantage.  Firms that failed to 
beat the standard would have to buy credits and therefore would incur a disadvantage.  Like 
other forms of sector crediting, the net competitive advantage for the sector would be less 
than under project crediting because of the more ambitious crediting baseline.  It is difficult 
to compare the effects of a tradable intensity standard to cap and trade in a DC because the 
results would differ depending on how many free allowances firms would receive in the cap-
and-trade program.  A tradable intensity standard would have less effect on DC 
competitiveness than cap and trade with no free allowances because it would have less 
impact on the marginal cost of output, as discussed earlier.  
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V.  CAPACITY-BUILDING NEEDS OF DEVELOPING COUNTRIES  

 
Capacity-building is a key component of economic development generally, and it is also 
important for the development of low carbon development strategies, emission mitigation 
activities, and MRV systems.  In particular, capacity building would involve helping to 
develop and improve institutions and procedures engaged in: 
 
(1) developing long-term low carbon development strategies, including related stakeholder 

processes, 
(2) specifying methodologies for the measurement of GHG emissions, 
(3) specifying reporting requirements for different types of emitters, 
(4) compilation and publication of emission data, 
(5) verification of emission data, 
(6) analysis of mitigation opportunities and costs, 
(7) preparation of programs and policies to be included as NAMAs for possible international 

financial support (including sectoral NAMAs), 
(8) development of sectoral programs and policies that could earn international credits, 
(9) development and improvement of institutions involved in overseeing domestic 

environmental markets, and 
(10)  ex post evaluation and recommendations for improvements in low carbon development 

strategies; the collection, processing, and evaluation of data; and the implementation of 
NAMAs and sector crediting programs. 

 
Capacity-building includes assisting in the development of procedures, the training of host-
country managers and technical staff, and providing opportunities for the sharing of 
experiences and knowledge from other countries that have successfully performed these 
activities.  
 
Establishing Low-Carbon Development Plans and Strategies 
 
Low-carbon development strategies (LCDSs) for developing countries are an important 
means of identifying directions for environmentally-sustainable economic development.  
They also provide a general framework within which DCs can development specific emission 
mitigation policies and programs.  In addition, the framework provided by LCDSs is 
important to attract international funding for emission mitigation activities.  Preparation of 
LCDSs requires planning at the local, regional and national levels and consultation with 
industry representatives.  Long-term planning, such as metropolitan land-use planning for 
transportation needs, is essential to develop transformational programs that can greatly 
reduce the future carbon footprint of a sector.  Development of such plans requires 
sophisticated modeling of the future impacts of policy scenarios using detailed relevant input 
data.  Many DCs need assistance to develop the data, models, and expertise required to 
construct national LCDSs and long-term planning (e.g., metropolitan transportation plans). 
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Data Collection and MRV 

Capacity building often involves training on international systems that are widely used to 
identify and report greenhouse gas emissions.  These include methodologies developed by 
the Intergovernmental Panel on Climate Change, the World Business Council for Sustainable 
Development, and a variety of industry associations (such as the World Steel Association).15   
 
In DCs, relevant data are often missing or not reported, even in modern industrial 
establishments.  For instance, the study team was unable to obtain data on PFC emissions 
from aluminum production in China.  Other examples were mentioned earlier.   
 
DC governments that do require some reporting of emissions data may not verify them (e.g., 
Mexico’s Pollutant Release and Transfer Register).  Specialized technical expertise may be 
needed to set minimum threshold levels for reporting and verification requirements for such 
systems.  In other cases, the data are reported only on a voluntary basis (e.g., Programa GEI 
in Mexico).  Many DC governments need assistance to determine what data should be 
collected, how to best obtain it, and how to verify it.  Decisions need to be made regarding 
the definitions of sector boundaries, the extent of inclusion of indirect emissions, and size 
thresholds for emissions sources.  The appropriate choices will differ across countries.  Data 
collection also needs to be well integrated with systems for verification and enforcement of 
any mandated mitigation programs. 
 
To obtain good quality data, cooperation between government and industry is needed.  
Industry can help government officials identify reasonable and cost-effective specifications 
of methodologies for data collection.  Also, in designing data collection systems, DC 
governments need to take into account the need for confidentiality of proprietary information 
that is supplied by private businesses.16  Systems must be established to allow businesses to 
report cost data and other confidential information without any risk that they will suffer 
competitive disadvantages in the marketplace. 
 
Analysis of Mitigation Opportunities and Costs 
 
To develop and implement sectoral NAMAs, DCs must be able to perform the analyses 
needed to determine: 
 

·  suitable sector boundaries, 
·  promising mitigation opportunities and their potential deployment levels, 
·  costs and co-benefits of accessing these opportunities, 
·  non-cost barriers to implementing the mitigation options, 
·  policy measures needed to enable mitigation opportunities, and 
·  international assistance required to achieve the policy goals. 

 

                                                 
15  See Egenhofer et al. (2009). 
16  A variety of methods can be used to protect confidentiality, such as aggregation of data from 
individual firms and benchmarking approaches, such as the Solomon approach used for oil refineries. 
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The quality of the analyses that can be undertaken depends in part upon the availability of 
accurate and timely data.  The identification of implementation barriers, including needed 
policy reforms, is especially important to help DCs realize low-cost mitigation measures.  
Capacity building in this area would therefore include: 
 

·  identifying and designing policy reforms; 
·  determining whether mitigation goals are best couched in terms of emissions intensity 

(e.g., tCO2/kWh) or degree of deployment (e.g., a Renewable Portfolio Standard); 
·  developing methodologies for converting technology deployment targets into 

emission reductions; 
·  designing domestic trading systems (and fostering designs that facilitate eventual 

linkage to such systems in other countries); and 
·  developing cross-sector mitigation plans for small and medium enterprises (this was 

found to be particularly lacking but of high interest in both China and Mexico). 
 
Management of Market-based Activities 
 
Several DCs (including South Korea, Mexico, and even India and China) are now 
considering the establishment of trading programs for energy efficiency or greenhouse gases.  
Trading could involve emission allowances under a cap-and-trade framework or credits for 
exceeding mandatory standards for renewable energy, energy efficiency, or emission 
intensity.  DCs need help to design the policies and institutions that will carry out such 
trading programs.  Specialized expertise is needed to develop systems to conduct auctions, 
record ownership of tradable instruments, track transactions, monitor market performance, 
and prevent market manipulation.  The institutions that could successfully carry out these 
functions need to be identified or established de novo; their functional capabilities need to be 
developed or enhanced to play the necessary roles.  In light of the experiences of other 
countries, DCs need assistance to establish their own market-related policies, auction 
frameworks and procedures, systems for registering ownership of and tracking transactions in 
carbon-related financial instruments, procedures and policies for carbon market exchanges 
and other trading platforms, reporting requirements for market participants, surveillance of 
markets by government bodies, and enforcement of prohibitions against market 
manipulation.  It will be especially important to develop these institutions in a way that 
facilitates their eventual integration within a multi-national carbon trading system.   
 

VI.  THE WAY FORWARD  
 
This proof-of-concept study has helped to assess the idea of sectoral approaches and develop 
it in several innovative directions.  For the future, sectoral approaches seem likely to be 
elaborated in the context of NAMAs and in association with market mechanisms in DCs.  
While many varieties of NAMAs are possible, sectoral programs are likely to be an 
important vehicle for scaling up of emission mitigation activities and developing MRV 
procedures.  During the Fast-Start period of the Copenhagen Accord (from 2010 to 2012), 
supported NAMAs are likely to play a large role, which may be largely focused on capacity-
building except for the most advanced DCs.  During this period, important work will be 
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needed to develop and implement MRV systems that can be used to scale up financing and 
emission mitigation in later years.  
 
A sectoral NAMA is also particularly apt as a basis for crediting, which is likely to become 
increasingly important in the post 2012-period.  Multiple crediting programs for 
interdependent NAMAs in the same sector could give rise to conflicts.  Moreover, continued 
project crediting in a sector where supported NAMAs are being promoted could undermine 
the implementation of the NAMAs.  International systems and criteria for sectoral crediting 
still to be developed.  One option would be to expand on the use of the Program of Activities 
procedures of the Kyoto Protocol’s Clean Development Mechanism.  Alternatively, a new 
international body could be constituted to approve sector crediting baselines and issue credits 
to individual DCs.  Finally, international coordination might default to agreements among 
major buying countries.  In any case, it would be important to coordinate the administration 
of sector crediting with decisions on supported NAMAs, so that crediting baselines could 
take account of the supported NAMAs being implemented in a particular country and sector.   
 
Several advanced DCs are now considering and implementing market-based approaches to 
energy efficiency and emission mitigation.  In some cases, domestic trading of CERs has 
occurred.  More recently, in India, trading of renewable energy certificates has begun and a 
market for energy efficiency certificates is under development.  Several cities in China are 
planning GHG or energy efficiency trading in China (Beijing, Shanghai, and Tianjin).  A 
market-based approach to sectoral programs would be an expansion of such trading 
activities.  A sectoral approach to trading might be easier to implement than a multi-sector 
cap-and-trade program because of similarities in the procedures needed for MRV within a 
sector. 
 
AECs (including the EU and the US) are now gaining experience in MRV procedures for 
industries that have been included, or have been proposed to be included, in emission trading 
systems.  In particular, the process of benchmarking involves the development of sector-
specific performance measures that are of general relevance for emission mitigation 
activities.  Indeed, the experience gained in setting benchmarks used in AEC trading systems 
could potentially be of use in establishing baselines for sectoral NAMAs in DCs or sector 
crediting programs.  This need not take the form of imposition of a common standard for all 
countries, as in one version of the transnational approach.  However, a reference level, 
guided by AEC benchmarks for a sector, could be the starting point of discussion for 
propositions of supported NAMAs or sector crediting programs in particular DCs.  Even if 
adjustments need to be made in the benchmark before setting baselines for unilateral 
NAMAs or crediting in particular DCs, the AEC reference levels would provide an initial 
guide for further discussion.     
 
Clearly, considerable additional work is needed before DCs, and even some AECs, develop 
robust systems for the measurement of activity levels and emissions in many industrial 
sectors.  Arranging for capability-building assistance to DCs in this area could involve a 
variety of public sources and public-private partnership arrangements.  Bilateral assistance is 
one key channel, but coordination among the programs of different donor countries, 
particularly when each of them addresses a similar economic sector, remains a challenge.  
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UN agencies and multi-lateral development banks can also be sources of support for 
capacity-building activities, but there have been only limited efforts to date through such 
channels for the purpose of scaling-up of emission mitigation activities.  Industry 
associations are another possible channel for the spread of good practices in energy 
conservation and emission mitigation.  However, despite the cooperation among firms in 
industry associations, the level of information exchange often remains limited owing to 
concerns about intellectual property rights and competitive positions.  It may be useful to try 
to address these issues and advance the cause of scaling-up emission mitigation by convening 
multiple stakeholders interested in working toward those goals.     
 
The establishment of robust MRV systems will be useful to scale up emission mitigation 
activities in DCs and the flow of funding from AECs and from private markets for such 
activities.  In the post-2012 period, DCs will gain increasing experience with energy and 
carbon trading systems and gradually improve MRV procedures.  With robust MRV in place, 
sector crediting will grow in importance.  AECs will gain experience with the ability of 
individual DCs to implement sector programs, MRV systems, and trading activities.  Some 
DCs (including Mexico and South Korea) are already exploring the possibility of multi-
sector cap-and-trade programs.  In the years leading up to 2020, these programs should 
become more mature in the original countries and gradually spread to others.  Eventually, 
links among these programs can be explored.   
 
Given the importance of domestic lobbies in determining the design of such systems, it will 
be challenging to achieve sufficient harmonization of designs to enable widespread linking.  
Indeed, this sectoral study has emphasized the finding that individual sectoral targets and 
programs need to be tailored to individual countries.  However, a variegated approach at this 
time need not rule out eventually establishment of cap-and-trade systems that can be 
harmonized enough to allow linked allowance trading.  If so, allowance trading among 
countries could potentially come to replace the system of international offset credits.  
Agreement among the linked parties could then ensure that DCs are allowed some over-
issuance of allowances so that the excess can be sold in markets in Annex I countries and 
thereby allow continued financial transfers to support mitigation activities in DCs.  
Nevertheless, the full linkage of allowance trading would help to create a uniform market 
price of carbon, which would foster a least-cost achievement of global emission reduction 
goals.     
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Annex I: Summary of Study Work in China17 
 
Introduction  
 
In partnership with Tsinghua University, CCAP conducted case studies for three key 
industrial sectors in China for the Global Sectoral Study: (1) Electricity, (2) Iron and Steel 
and (3) Cement.  In addition to being energy-intensive industries within China, these sectors 
are of particular importance due to their rapid growth and share of global production.  From 
the historical and projected trends within these key industrial sectors, the studies found that 
China’s energy-intensive sectors lend themselves well to the sectoral NAMA framework.  
This annex will summarize the findings of the case studies across the sectors, drawing on 
analyses conducted by Tsinghua University, and discuss the potential for technology-based 
sectoral NAMAs in developing countries using China’s energy-intensive industries as 
examples. 
 
The annex will begin by presenting a discussion of each of the three sectors, including an 
overview the history and development characteristics of the sector, followed by a BAU 
forecast and an identification of emission abatement options and costs.  That is followed by a 
discussion of packages of abatement options illustrative of potential NAMA packages.  A 
subsequent section discusses the key innovation from the sectoral study work in China: the 
identification of a sectoral approach through technology goals.  A final section concludes. 
 
The CCAP/Tsingua research team constructed BAU forecasts using historical data, expert 
opinions, LEAP modeling, state-produced five-year plans and other data to project changes 
in production, industrial structure, fuel consumption, and ultimately CO2 emissions.  For 
many industries, production is linked to growth in GDP, so that projections of future GDP 
growth, and an estimated elasticity of production in the sector could be used to forecast 
sector output.   
 
To explore the potential mitigation options in each sector, the research team started with an 
examination of various advanced technologies and their availability. The costs of deploying 
each technology were then calculated. The potential energy savings and CO2 reductions were 
derived from anticipated changes in technology structure within the industry as a result of 
implementing various combinations of mitigation measures. Though the full sectoral case 
studies estimated results for the years 2015, 2020, and 2025, this summary will only use the 
2020 results for illustrative purposes.  
 
Electricity Sector  
 
Overview 
China’s electricity sector has experienced rapid growth in recent years as a result of the 
country’s fast-paced urbanization and industrialization. Between 2000 and 2008, total power 
generation in China almost tripled from 1,368 TWh to 3,433 TWh.18  Installed capacity more 
                                                 
17  This annex was written largely by Ashley Lowe and Haibing Ma. 
18 China Electricity Yearbook 2002, 2004; China Electrical Equipment Industry Yearbook 2007; 
China’s Electricity Industry Statistical Report 2006-2008. 
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than doubled during this 8-year timeframe, growing from 319 GW to 793 GW in 2008. The 
majority of China’s electricity is generated by thermal power plants, which account for over 
80 percent of total power generation, followed by hydropower with 16 percent.  The 
remaining generation is achieved mainly through nuclear and wind generation.   
 
Of the three sectors studied in this 
analysis, the electricity sector is by far 
the largest contributor of CO2 
emissions.  In 2007, the electricity 
sector emitted over 3 billion tons of 
CO2e, accounting for almost half of 
China’s nation-wide emissions that 
year.19,20 The vast majority of China’s 
electricity sector emissions are from 
the use of coal, which is the primary 
fuel consumed in Chinese power 
generation and accounted for 92 
percent of total sector emissions in 2007. 
 
The industrial structure of the electricity sector is very diffuse, where the majority of power 
is generated by myriad small companies rather than a small number of large companies.  In 
fact, in China, the largest companies hold very low shares in total electricity production.  At 
the end of 2007, the five largest electricity generation groups in China only accounted for 42 
percent of total power generation while the rest was dominated by local power generation 
enterprises, other state-owned power generation enterprises and private or foreign investment 
companies.21  In terms of technology, China’s average efficiency level still lags behind the 
international level in the electricity sector and there is a large efficiency gap between the 
advanced domestic industry and the country’s laggard industry.  In 2005, about 80 percent of 
electricity in China was produced by coal-fired power plants, among which almost 90 percent 
were small, less efficient plants with a capacity of less than 300 MW.  However, this 
landscape is shifting as evidenced by the rapid development of the Chinese thermal power 
sector from 2004-2007.  During this time, the electricity sector exhibited an average capacity 
growth rate of 15 percent. 
 
BAU Projections 
 
Under BAU policies, production in China’s electricity sector is expected to continue to grow 
rapidly, as it is a main enabler of the country’s fast-paced development.  Power generation in 
China is estimated to have a GDP elasticity of 0.7.  Combining this elasticity with official 
government projections of GDP growth, power generation is predicted to reach 8,453 TWh 
in 2025—2.3 times the level of production in 2009.   

                                                 
19 Based on the average heat value of Chinese coal, oil and natural gas, as well as the IPCC GHG 
inventory guidelines. 
20 It is important to note that there is no confirmed estimate of China’s 2007 CO2 emissions; the 2007 
rough estimate was based on the 2006 value in the EIA IEO 2009 data. 
21 http://news.bjx.com.cn/html/20080910/144967.shtml 

Figure 1: Electricity Generation in China 
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Using the relevant 5-year plans, the current development status of assorted generation 
technologies and expert judgments from various interviews, the CCAP/Tsinghua research 
team estimated the development path of the technology structure in the electricity sector for 
the BAU scenario.22,23 According to the analysis, the number of small-capacity thermal 
power plants is estimated to drop significantly between 2005 and 2025.  Plants with a 
capacity of less than 50MW are expected to be phased out completely by the year 2010 and 
those with less than 300MW capacity will be reduced by more than half by 2025.  Oil fired 
power generation is also projected to decrease from 2.5MW to 0.3MW by 2025.  Meanwhile, 
more efficient thermal generation technologies, such as circulating fluidized bed combustion 
(CFBC) and integrated gasification combined cycle (IGCC) coal-fired plants, will increase in 
percentage share of energy production.  CFBC plants, for instance, are estimated to increase 
their share of energy production from 2.8 percent in 2005 to 12.5 percent in 2025.   
 
The research team also estimates an across-the-board increase in all forms of renewable 
energy production in the BAU scenario.  Nuclear power production is projected to increase 
its share of generation from 2.1 percent to 5.5 percent over the 20-year period.  Wind power 
is expected to expand dramatically from 0.1 percent of total generation in 2005 to 1.2 percent 
in 2025.  
 
This shift in technology structure will likely have a positive impact on the electricity sector’s 
energy intensity, which is projected to decrease through 2025 (see Figure 2).  Emissions 
intensity is also expected to decrease.  But despite this decreasing trend, total fossil fuel 
consumption and CO2 emissions are projected to continue to rise through 2025 in the BAU  
 

 
 

                                                 
22 The 11th five-year plans for: (1) closing down small coal-fired plants, (2)the electricity sector, (3) 
the energy sector, (4) renewable energy 
23 The impact of unilateral targets, such as the 20% energy intensity reduction target for 2010 was 
also taken into consideration 

Figure 2: Fuel Consumption and Emission Intensity F orecast:    
Electricity Sector 2015-2025  
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scenario. By 2025, total fuel consumption is expected to reach 68,263 PJ and total CO2 
emissions are projected to increase to 6,015 MMt, four and a half times the sectoral 
emissions in 2005.  This is likely due to the fact that although China’s energy producing 
technologies will continue to improve in efficiency, growing energy demand will likely 
outpace the gains made by these improvements. 
 
Abatement Cost Curve  
 
The marginal mitigation cost and total emission reductions that could be achieved by the year 
2020 for various measures identified for the electricity sector are shown in Table 1 below.  It 
is not a comprehensive list of all the mitigation options available, but a selection of the 
potentially key measures that could contribute to lowering China’s emissions in the sector.  
 
Table 1: Cost and 2020 Emission Reductions for Measures in the Electricity Sector 

No. Measures Marginal mitigation cost 
(US$/tCO2) 

Total emission reduction 
(MMt CO2) 

1 CFBC -4.21  6.3  

2 
Demand Side 
Management -2.54  41.9  

3 
Supercritical and ultra-
supercritical Plant 5.14  32.8  

4 
Reconstruction of 
conventional thermal 
power 

6.63  28.0  

5 Nuclear power 16.49  151.0  
6 Natural gas 28.08  4.6  

7 Hydropower 31.78  188.9  

8 Wind power 34.35  8.4  
9 IGCC &PFBC 35.07  15.6  
10 CCS 48.18  5.0  
11 Solar thermal 120.85  12.6  
 
Some of the potential mitigation measures yield a negative marginal mitigation cost, meaning 
that the energy savings or other benefits of implementing these strategies actually outweigh 
the costs, resulting in a net gain.  Among these options, utilizing the more efficient CFBC 
technology in power plant generation is the lowest cost option in the electricity sector with a 
marginal cost of -$4.21/tCO2.  Implementing this strategy has the potential to reduce 6 
MMtCO2 by 2020.  In addition to being cost-negative (-$2.54/tCO2), Demand Side 
Management, which is already being employed in China, has the potential to reduce 
emissions by 42 MMt by 2020. 
 
The mitigation options that hold the most emissions reduction potential lie in the moderate 
range of cost.  Among them, additional nuclear power generation has the potential for 151 
MMt CO2 of reductions while an increase in hydropower has the greatest potential of any 
identified mitigation option in the electricity sector—a total of 188.9 MMt CO2 by 2020. 
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Nuclear power is the less costly of these two options, with a marginal mitigation cost of only 
$16.49/tCO2 compared to $31.35/tCO2 for hydropower.   
 
Carbon capture and storage (CCS) and solar power are the most expensive mitigation option 
identified here.  The estimated marginal abatement cost of CCS in China is $48.18/tCO2, 
while that for solar thermal power is $120.85/tCO2.  CCS technology still faces many 
technological and financial barriers that make implementation of this strategy unlikely in the 
short term in China.  The identified abatement potential is thus only 5 MMt for CCS, while 
solar thermal is just 12.6 MMt.  The combined total of these options is less than four percent 
of the identified emission reduction options in the sector. 
 
In total, the identified abatement measures represent a cumulative emission reduction 
potential of 495 MMt CO2 by 2020.  The marginal abatement costs (MAC) are summarized 
in Figure 3: 

 
Figure 3: MAC Curve of China’s Electricity Sector for 2020 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As can be seen from the MAC curve, 10 percent (50 MMt) of the electricity sector’s 
emission reduction potential can be achieved through cost-negative options.  An additional 
87 percent (430 MMt) can be abated from this sector at a cost of less than $50/tCO2 through 
penetration of technologies such as supercritical and ultra-supercritical plants which operate 
at higher (and more efficient) temperatures and pressures than regular units.  After reaching a 
cumulative abatement of 480 MMt, the costs rise abruptly to more than $100/tCO2 in order 
to reach the remaining three percent of emission reduction potential.   
 
Iron and Steel Sector  
 
Overview 
China has been the world’s largest producer of iron and steel in each of the last 12 years.  By 
2007, the production of crude steel in China reached 489 million tons—a seven-fold increase 
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from the production level in 1990.24  Production rose further to an estimated 502 million tons 
in 2008.25  The sector’s CO2 emissions have grown along with its production and in 2007, 
emissions in China’s iron and steel sector totaled 858.7 MtCO2e.26  Coal also dominates this 
sector’s energy use, comprising 65.5 percent of total energy consumption, followed by 
electricity at 14 percent.  
 
Like the electricity sector, production in China’s iron and steel sector is not highly 
concentrated within the largest companies.  Instead, it is scattered across an estimated 1,200 
companies, among which only about 70 have production levels greater than 5 Mt/year.  
China’s largest iron and steel plant, Bao Steel, accounted for only 6 percent of domestic 
crude steel production in 2007.27  By comparison, large companies in other countries (such as 
Germany’s Thyssen and Japan’s Nippon) account for 20 percent or more of production in 
their respective countries. China’s new Iron and Steel Industry Development Policy set the 
goal of concentrating the industry so that the top 10 companies will produce 50 percent of the 
total crude steel by 2010.  (In 2009, the estimated production share of these companies was 
about 37 percent.  
 
In recent years, the iron and steel sector has moved away from small, energy-intensive 
equipment and towards larger, higher capacity technologies.  From 2003 to 2006, the use of 
blast furnaces with a capacity greater than 3,000 m3 grew 1.5 times while blast furnaces with 
less than 100 m3 capacity shrank by one third in the same time period.28  As the industry 
switched to higher capacity plants, the sector became more efficient.  As a result, energy 
consumption per ton of output decreased by 20 percent between 2000 and 2006.29  This level 
of energy efficiency is still well below that of advanced economies.  For example, Japan 
achieved an energy efficiency of 646 kgce per ton of steel in the year 2000, an efficiency 
reached by China’s larger-sized plants only in 2006.30  The numerous small iron and steel 
plants in China have a minimal capacity for generating the data needed to estimate energy 
efficiency.  Thus, estimates of the average energy efficiency of the entire sector are highly 
uncertain.  The data limitations are a hindrance to the rapid development of MRV systems for 
NAMAs in the sector. 
 
BAU Projections  
 
Unlike electricity generation, production in the iron and steel sector is not strongly correlated 
with GDP.  Steel production is more closely linked to factors such as per capita living 
standards, the development of downstream sectors, domestic and international demand, and 
the price of iron ore.  Using expert opinions and historical data analysis, CCAP’s study team 
at Tsinghua University projected that production of iron and steel in China would reach 663 
Mt by 2020.   

                                                 
24 China Iron and Steel Statistics 2007; China Statistic Yearbook 2008 
25 According to statistics by the World Steel Association 
26 Indirect emissions from heat and electricity were not included 
27 http://news.xinhuanet.com/newscenter/2009-01/16/content_10670037.htm  
28 China Iron and Steel Statistics 2007 
29 China Energy Statistics Yearbook 2002-2002 
30 1,000 kg of coal-equivalent =29.3GJ 
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Production processes are expected to change substantially.  Coke-making plants should 
decrease in number, being replaced by larger, more advanced facilities.  Small sintering 
plants are projected to be cut by more than half.  Iron-making is expected to shift away from 
the use of blast furnaces and towards short process smelt reduction plants, which are 
projected to increase their share of production from 5 percent in 2005 to 20 percent by 2020.   
 
In steel production, the use of basic oxide furnaces (BOFs) is expected to decline from 82 
percent in 2005 to 75 percent in 2020.  The increased use of electric arc furnace (EAF) 
technology, which produces steel from scrap metal, will take up the slack, rising to 25 
percent of steel production in 2020.  For both types of steel-making technology, large 
capacity plants will continue to replace normal-sized plants. 

 
Energy consumption in the sector was projected using the LEAP model along with the above 
outlook for production and changes in technology.   Fuel consumption in iron and steel 
(including indirect fuel use from electricity) is projected to rise to about 13,200 PJ in 2020.  
Improved efficiency should result in a gradual decrease in energy intensity in the sector to a 
level just under 20 GJ/ton of steel by 2020.  CO2 emissions from iron and steel production 
are projected to continue rising to a level of 1,191 Mt by 2020.   
 
Abatement Cost Curve  
 
As shown in Table 2, one of the identified abatement cost options for iron and steel sector 
involves some estimated cost savings.  Establishing energy management centers that gather 
information and optimize the allocation and utilization of different types of fuel in the 
production process would save an estimated $3 per ton of CO2 reductions.  The potential 
reductions are only about 3.75 MMt CO2e for the sector, however.   
 
The greatest emission reductions, a total of 44.8 MMtCO2 by 2020, could be achieved by 
reducing the proportion of production using iron ore and increasing the share of scrap steel.  
Advanced blast furnace technology is also a low cost abatement option ($6/t) with a potential 
for reducing CO2e emission by over 25 MMt by 2020.  Smelt reduction technology has a 
similar high abatement potential but at a higher cost of $45/tCO2.  The most expensive 
identified abatement option (at $113/t) is the implementation of advanced technology for 
electric arc furnaces. 
 
Marginal abatement costs for China’s iron and steel industry are summarized in Figure 4.  
The MAC curve indicates that only three percent of the sector’s emission reduction potential 
can be realized by negative-cost technologies.  An additional 56 percent of potential 
reductions are achievable for under $10/tCO2 and over 90 percent through measures costing 
less than $50/tCO2.   
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Table 2: Costs and 2020 Emission Reductions for Measures in the Iron & Steel Sector 

No. Mitigation Options 

Marginal 
Abatement Cost  
($/ton CO2) 

Total Emission 
Reduction 
(MMTCO2) 

1 Establish energy management center -3.07 3.75 

2 Advanced coke oven 3.51 9.34 

3 Advanced blast furnace technology 6.21 25.36 
4 Adjust ratio of iron/steel 9.49 44.84 

5 Advanced sinter machine 27.16 11.1 

6 
Advanced direct steel rolling 
machine 29.95 4.56 

7 Dry coke quenching 31.91 3.62 
8 Smelt reduction technology 45.23 26.39 
9 Advanced converter 52.35 7.81 

10 Advanced EAF 112.83 5.85 
 
 
 

 Figure 4: MAC Curve for China’s Iron and Steel Sector in 2020 
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Cement Sector  
 
Overview 
 
China accounts for about half of the world’s production of cement.  Between 2000 and 2007, 
production grew from 600Mt to over 1300Mt.  As with the other sectors, the primary energy 
source of the Chinese cement industry is coal.  Total emissions for the cement sector are 
estimated at 1.1 billion tons in 2007, representing a 44 percent increase from 2000.31  
 
Like China’s other key sectors, the industrial concentration in the cement sector is low.  In 
2007, the top 16 large enterprise groups accounted for only 20 percent of clinker output and 
26 percent of cement output.  The industrial concentration has been increasing due to 
mergers and acquisitions which are encouraged by the state.  Large-scale facilities have also 
accounted for much of the recent growth.  Production lines of 5,000 tons or more represented 
46 percent of China's cement capacity in 2007 while units of less than 2,000 tons accounted 
for only 5 percent of production.   
 
Several advanced technologies are beginning to penetrate the cement industry in China.  The 
out-of-the-kiln decomposition process used in the New Suspension Pre-Heater Dry Process 
(NSP) is a key energy efficient technology for the future of the industry. While over 90 
percent of the cement industries of South Korea, Thailand, Japan and Germany employ this 
technology, only 45 percent of China's industry uses it.  Waste-heat cogeneration is another 
option to reduce energy consumption in China's cement industry.  However, the amount of 
cogeneration in China's NSP cement plants is very low compared to the developed country 
standard.  It is reported that out of the 798 NSP production lines in existence nationwide in 
2007, less than 10 had been equipped with the waste-heat cogeneration technology and only 
3 were equipped with a pure low-temperature waste heat cogeneration system.32 
 
BAU Projections  
 
With an estimated GDP elasticity of unity, production in the cement sector is projected to 
grow rapidly with the country's economic development.  Cement production is projected to 
increase from 1.4 billion tons in 2007 to 5.5 billion tons in 2025.  Energy efficiency is also 
expected to improve substantially with the construction of additional NSP capacity.  In 2005, 
about half of cement production came from inefficient shaft kilns while the more energy 
efficient NSP kilns accounted for only 40 percent.  The share of NSP kilns is expected to rise 
to 80 percent by 2015.  By 2025, the least efficient wet and hollow dry kilns should be 
phased out completely. 
 
As with the electricity sector, fuel consumption is expected to increase despite a decrease in 
energy intensity (see Figure 5).  Total fuel consumption, and emissions, are expected to 
                                                 
31 These estimates are based on production data and an estimated emission factor of 0.815tCO2/ton 
cement. 
32 Tsinghua University Report for CCAP, Assisting Developing Country Climate Negotiators through 
Analysis and Dialogue: Report of Energy Saving and CO2 Emission reduction Analysis in China 
Cement Industry, 2009. 
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increase over 500% from 2005 to 2025.  In 2025, fuel use is projected to be nearly 25,000 PJ 
and emissions would be over 4.4 billion tCO2e.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abatement Cost Curve 
 
The results of the marginal cost estimates for China’s cement sector differ from those of the 
electricity and iron and steel sectors in important ways (see Table 3).  For the cement sector, 
the mitigation options that can reduce emissions the most also tend to be the most cost-
effective options, as shown in the table.  For instance, using waste products as an alternative 
fuel in cement kilns can reduce emissions by 88 MtCO2 by 2020 with an estimated savings 
of $3.80/tCO2, as shown in the table below.  This represents 18 percent of the identified 
emission reductions in the sector.33  The second-most cost effective mitigation option, 
increased blending, can reduce emissions by an estimated 73 MtCO2 with a cost savings of 
$3.1/tCO2.  GHG emissions are reduced when blending is increased using supplementary 
cementitious materials such as fly ash or blast furnace slag because they can substitute for 
clinker, the production of which involves high energy use and process emissions.  
 

                                                 
33 This would include combustible industrial waste such as slag, dry sludge, resins and paints, and 
used tires and wood waste.  Commercial, municipal, agricultural, forestry and household waste 
products can also be a heat source in the cement kiln system. 

Figure 5 : Fuel Emissions and Energy Intensity Forecast: 
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Table 3: Costs and 2020 Emission Reductions for Measures in the Cement Sector 

No. Mitigation Option 

Marginal 
mitigation 
cost     
($/tCO2) 

Total 
Emission 
Reduction    
(Mt CO 2) 

1 Use of waste fuels -3.8 88.2 
2 Blended cement -3.1 73.1 

3 Process control systems -2.4 47.5 

4 Kiln shell heat loss reduction -1.9 22 

5 Conversion to grate cooler -0.3 47 

6 High-efficiency motors 0.2 4.5 

7 Optimize heat recovery(grate cooler) 1.5 14.7 

8 Conversion to multi-stage preheating 3.8 26.5 

9 Kiln combustion systems 4.3 25.3 

10 Variable speed drives 4.7 8 

11 Heat recovery for power generation 5.2 10.6 

12 Conversion to PH/PC-kiln 5.7 38.2 

13 High-pressure roller press 6.1 6.1 

14 High efficiency roller mills 6.6 10.5 

15 Roller press/Horomill 7.8 20.7 

16 Conversion to pre-calciner kiln 8.4 11.8 

17 Improved grinding media 9.1 1.5 

18 High efficiency classifiers 10.4 4 

19 Low pressure-drop cyclones 11.2 2.1 

20 Mechanical transport system 12.7 1.5 

21 Raw meal blending system 13.8 0.7 
 
There are a wide range of identified abatement cost options in the sector.  Conversions to 
more advanced kilns and installation of pre-heater technology have substantial abatement 
potential.  The highest cost option that was reported (at $13.8/tCO2) involves making 
changes to the processes used in mixing, grinding and preheating the raw meal inputs; its 
mitigation potential is quite low at 0.7Mt.  
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The wide range of mitigation options in cement is also evident in the summary MAC curve 
(Figure 6).   The graph shows that the cement sector can achieve 60 percent of the identified 
emission reduction potential (278 MMtCO2 reductions by 2020) through negative-cost 
mitigation options.  Nearly all of the emission reductions possible in the cement sector (98 
percent) can be achieved at an estimated marginal cost of under $10/tCO2. 
 

Figure 6. MAC curve of China’s Cement Sector Mitigation Options in 2020 
 
 
 
 
 
 
 
 
 
 
 
 
Mitigation Scenario Analyses 
 
The research team analyzed the overall cost and emission impacts of different combinations 
of mitigation options in the three sectors along the lines of particular scenarios: 
   
Scenario 1 – Negative-Cost Options 
Implementation of all mitigation measures with a net negative marginal cost.  

Scenario 2—Cost Neutral 
Implementation of all mitigation measures up the cost curve until the total cost, or net 
present value, just exceeds zero.  In this case, the final abatement option which raises 
abatement costs above zero is implemented to the full extent estimated in the study, which  
results in a slightly positive cumulative cost in each case. 

Scenario 3—Maximum Reductions Possible 
Implementation of all identified mitigation options.  
 
The summary of these scenarios is indicated in the table below.  As shown, the electricity and 
cement sectors have similarly high potentials for emission reductions if all mitigation options 
are implemented as in Scenario 3.  By comparison, the iron and steel sector is capable of 
reducing less than half of the maximum reductions possible in either the cement or electricity 
sector.  The cement sector is capable of achieving these reductions at a significantly lower 
cumulative net cost than electricity sector.   
 
The cement sector could reduce 465 MtCO2e at a total cost of $288 million by 2020 while it 
would cost over $11 billion to accomplish 495 MtCO2e from the iron and steel sector in the 
same timeframe—a staggering difference in costs.  This reflects the wide range of negative-
cost abatement options in the cement sector.  Indeed, the cement sector could reduce more 
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emissions using only its negative-cost options than the iron and steel sector could reduce in 
total. 
 
If Scenario 1 (“negative-cost” options) were implemented across all three sectors, a total 
reduction of 330 MMtCO2 is possible by 2020 at a cumulative savings of $874 million.  
Implementing Scenario 2 would result in more emission reductions, 553 MMtCO2, at the 
limited cumulative net cost of $262 million.  While achieving a very high level of reductions, 
implementing Scenario 3 across all sectors is quite costly outside the cement sector. 
Achieving over 1.1 billion MtCO2 in reductions through this scenario would result in over 
$15 billion in costs by 2020.  However, some combinations of these three scenarios in each 
sector may enable China to achieve greater emission reductions at a lower cost than 
implementing a single scenario across the board. 
 

Table 4. Scenario Analysis of Costs and Emission Reductions Across Sectors 

Electricity 
Cumulative Emission 
Reduction (MTCO2e) 

Cumulative Net Cost 
(million $) 

Scenario 1 48.2 -133.1 
Scenario 2 81 35.5 
Scenario 3 495 11438.7 

Iron and 
Steel 

Cumulative Emission 
Reduction (MTCO2e) 

Cumulative Net Cost 
(million $) 

Scenario 1 3.7 -11.5 
Scenario 2 29.1 146.1 
Scenario 3 142.6 3420.56 

Cement 
Cumulative Emission 
Reduction (MTCO2e) 

Cumulative Net Cost 
(million $) 

Scenario 1 277.8 -729.4 

Scenario 2 442.9 80.2 
Scenario 3 464.6 287.8 

 
By conducting a matrix analysis of all possible scenario combinations, it became obvious that 
many combinations resulted in similar emission reduction levels, but at disparate costs.  In 
comparing these scenario combinations, a few stand out for their relatively high emission 
reductions compared to cost.34  Of the five scenario combinations that result in negative net 
costs, the maximum amount of emissions that could be reduced while maintaining a negative 
net cost is 495 MMt.  This would occur at a net saving of $64.4 million if the electricity and 
iron and steel sectors were to implement Scenario 1 and the cement sector to implement 
Scenario 2.  For a net cost of $469 million, the three sectors could reduce 575 MMTCO2 by 
2020 if the electricity and iron and steel sectors implemented Scenario 2 and the cement 
sector implemented the more aggressive Scenario 3.  A similar level of reductions (553 

                                                 
34 This analysis excluded scenario combinations with a cumulative net cost over $1 billion 



 38 

MMtCO2) could be achieved at nearly half the cumulative net cost if every sector 
implemented Scenario 2.35  
 
Technology-based Sectoral Targets 
 
Serious data gaps in each of the above sectors limit the accuracy of estimates of emissions 
and energy use and the consequent ability to assess progress towards any emissions or energy 
intensity targets.  Moreover, forecasts of BAU and mitigation scenarios are subject to 
considerable uncertainties related to the overall economy, as reflected for example in the 
rapid growth in the electricity sector from 2004 to 2007 and the unexpectedly low power 
demand in 2008.  The Chinese Iron and Steel Association is able to collect data only from the 
larger plants that represent about 7 percent of the total number of establishments (but about 
three-fourths of total production).  In the cement sector, it is not feasible to collect data from 
the large number of small traditional facilities.  The difficulties are compounded by the fact 
that measurements are needed at many different points of the cement production process to 
calculate the full energy-saving and emission reduction potential. 
 
Recognizing that the comprehensive sector data needed to measure nationally appropriate 
mitigation options (NAMAs) are often incomplete, technology-based NAMAs may offer the 
basis for a more workable system of measurement, reporting and verifying (MRV) a 
country’s progress towards meeting mitigation targets. Whereas sectoral approaches have 
historically focused on energy or GHG emission intensity as the overarching metric for 
measuring progress, a technology-based sectoral NAMA measures progress in terms of 
future market penetration goals for select technologies.  These could involve either specific 
technologies or improvements in production processes or performance measures involving 
multiple technologies.  Relative to a business-as-usual (BAU) rate of market penetration, an 
accelerated rate of technology adoption provides a goal that can meet quantifiable MRV 
criteria.  In a technology-based NAMA, metrics such as market shares, technology 
performance, and units of production are used as proxies in estimating progress towards 
reducing GHG emissions.36   
 
In addition to easier MRV, international financing may also be easier for a technology-based 
sectoral approach than for an emissions-intensity-based approach.  In an intensity-based 
approach, the connections between financing and specific activities are not always clear 
because the ultimate measure is overall results.  By contrast, a technology-based approach 
offers a relatively clear and unambiguous link between the funds and the specific activities to 
be undertaken. In a system utilizing technology-based NAMAs, up-front financing could be 
directed to specific technologies and processes with conditional sectoral credits flowing 
where market penetration levels exceed BAU levels.  While this approach may not 
incentivize as wide of a range of GHG reduction activities as some intensity-based 

                                                 
35 This would cost $262 by 2020 instead of $469 
36 Using technology market shares as proxies for GHG reductions is more applicable when 
individual technologies are specified.  When more complex production processes and 
operations are the focus, the measurement of performance will tend to require a more direct 
measurement of energy consumption and/or GHG emissions.  
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approaches, it appears to be suitable as a NAMA in many developing countries and is 
compatible with international frameworks and support mechanisms.  Nevertheless, in 
arranging for international support for sectoral programs using this approach, it may prove 
challenging to agree upon the eligible technologies and their penetration targets for 
individual DCs.   
 
It was observed by CCAP and the Tsinghua research team that technology-based goals can 
be more appropriate for China’s overall economic planning process than intensity-based 
targets, and they can be readily monitored, verified, and converted into equivalent GHG 
reductions.  Because the economy is centrally commanded, technology-based NAMAs can 
easily be inserted into the government-prescribed Industrial Development Plans, which guide 
sectoral growth.37  Furthermore, sector-wide technology improvements are already at the 
heart of these plans.  Technology-based NAMAs could be measured easier than emissions or 
intensities, a key advantage given the data limitations in the country.  Technology goals fit 
well with China’s policymaking framework because they are measured by a macro index, the 
technology penetration ratio.   
 
Based on the research by Tsinghua University on the cement and iron and steel sectors, 
CCAP selected three types of NAMAs in each sector as possible examples of technology or 
related sector performance goals.38  In cement, they were:  (1) installation of waste heat 
recovery systems; (2) blending with supplemental materials to reduce the need for clinker; 
and (3) accelerating the replacement of older and less efficient production capacity 
(particularly vertical shaft kilns).  Tsinghua’s analysis suggests China’s cement sector could 
potentially reduce a total of 217 MtCO2 by 2020 through implementing lower-cost aspects of 
these NAMAs as part of a unilateral commitment.  If external support were provided for 
some higher-cost activities in these three areas, total CO2 emission reductions of about 280 
Mt could be achieved by 2020. 
 
In China’s iron and steel sector, a wide range of energy efficiency and emission mitigation 
measures could potentially be implemented, only some of which have been evaluated in 
depth to date. Collectively, these mitigation options could reduce emissions by well over 100 
Mt per year.  Three of the iron and steel sector’s CO2 mitigation technologies are: (1) 
increasing the share of facilities using coke dry quenching technology, (2) recovering blast 
furnace gas to generate power through a combined cycle process, and (3) accelerating the 
retirement of older and less efficient production facilities. The cost-effectiveness of the 
technology measures varied from plant to plant.  Again, lower-cost actions could potentially 
be completed without outside support, while greater levels of activities and emission 
mitigation would likely require external financial and technology assistance.  
 
In general, technology-based goals could be implemented in a sectoral NAMA framework, 
which could potentially include some unilateral efforts by the country, some public financial 
assistance for more expensive emission mitigation, and access to carbon markets for the most 

                                                 
37 Sector-wide technology improvements are often at the heart of such plans already  
38 The examples are a subset of the broader set of technologies and processes described above and are 
presented as an illustration of the methodologies.  See Klein, Helme, Ma, and Wang (2009) for a full 
discussion of these examples.   
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expensive options.  Technology-based goals require less information than other types of 
sector targets and are therefore easier to measure and verify.  Moreover, China and some 
other development countries may find that technology goals are easier to develop and 
implement within the context of their economic planning processes.   
 
Conclusions 
 
The marginal abatement curves for the power, iron & steel, and cement sectors indicate some 
potential for low-cost emission mitigation activities.  In each case, some of the mitigation 
options with the most significant effect on emission reduction are expensive and therefore 
likely require packaging as supported NAMAs or sector crediting options.  Supported 
NAMAs would imply up-front funding and/or technological assistance.  Credit-generating 
sectoral NAMAs would imply ex post carbon market financing based on an assessment of the 
number of tons of emission mitigation that is achieved.  Further work would be needed, with 
the input of the Chinese government, on the particular activities in each sector that could be 
put forward as packages of unilateral NAMAs, supported NAMAs, and possible credit-
generating sectoral NAMAs.   
 
The study also found that, in the sectors that were researched, the industrial concentration 
level is fairly low and the deployed technologies are very diverse.  In particular, SMEs 
generally have less advanced technologies that use more energy and generate more 
emissions.  Technology transfers could thus play an important role in emission mitigation. 
SMEs also have less access to the finance that is needed to implement such technologies.  
Because SMEs mainly serve local and/or domestic markets, improving their efficiency is less  
likely to create competitiveness issues for industries in Annex I countries. 

Larger enterprises in China have the access to finance and advanced technologies, but they 
generally lack the economic incentive to implement costly emission abatement projects.  In 
China, larger enterprises often seek to expand by acquiring SMEs rather than through 
investment in technology upgrades.  In this context, governmental policies need to provide 
the incentives needed for industry to invest in efficiency improvements.  For SMEs, special 
facilities are needed, such as guarantee funds seeded by grant funding, in order to improve 
the flow of financing for mitigation activities.39    
 
China’s economy is expected to continue growing rapidly over the next decade or two, led by 
its industrial sectors.  To avoid rapid growth in emissions (even if emission intensity declines 
somewhat, step-change technologies like CCS may be needed.  International technological 
and financial support may be provide a key role in ensuring that such technologies are  
eventually implemented widely in China.  

Finally, comments from governmental officials, industry experts, and academic scholars 
during the course of the study have indicated the need to take co-benefit issues into 
consideration when discussing sectoral programs.  For instance, the closing of plants and the 
upgrading of technology could have important implications for employment in particular 
local areas.   

                                                 
39  See CCC (2009). 
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Annex II:  Summary of Study Work in Mexico40 
 
This annex begins with a summary of the quantitative analyses of carbon emission data and 
mitigation options in the iron & steel, petroleum, cement, and power sectors.  That is 
followed by an assessment of lessons learned, drawing in part on additional information 
gathered from the study workshop and subsequent conversations with industry in Mexico.  
 
Overview 
 
The study team used public data from official sources to build BAU baseline projections 
from 2008 to 2020.  BAU emissions in the Iron and Steel sector are expected to grow the 
fastest at an annual rate of 4.1%, leading to projected emissions in 2020 of about 40 Mt CO2.  
The emission intensity is projected to be 1.3 tCO2 per ton of steel.  BAU emissions in the Oil 
Refining sector are projected to grow at a 3.4% annual rate, reaching 24 Mt CO2 by 2020.  
BAU emissions in the power sector are forecast to grow at a 3.1% annual rate, reaching 152 
MMt CO2 in 2020.  The emission intensity of the power sector is 0.42 tCO2/MWh.  Finally, 
BAU emissions in the Cement sector grow at a 2.8% rate, reaching 42 Mt CO2 in 2020 with 
an intensity of 0.737 t CO2 per ton of cement.   
 
Once the BAU baseline was determined, abatement technologies and costs were discussed 
with industry representatives and mitigation options were identified, as shown in Table 5.  
The electricity sector had the largest potential emission reductions amounting to over 31 Mt 
CO2 by 2020, relative to the BAU level.  Other potential emission reductions by 2020 were 
about 14 Mt in oil refining, 5 Mt in iron and steel, about 3.5 Mt in cement.   
 

Table 5: Mitigation Options 
Iron and 
Steel* 

Pulverized Coal Injection in Blast Furnace; Natural Gas Injection in 
Blast Furnace;  Hot feeding of DRI; Hot feeding of DRI + High %C; 
DC Furnace for EAF; Scrap Preheating – Consteel; Scrap Preheating - 
FUCHS Shaft Furnace; Scrap Substitution for DRI in EAF 

Oil Refining Energy Efficiency measured through the Salomon Index and Co-
Generation. 

Cement Process Change: Motors/Drivers; Grinding Technologies; Classifiers; 
Speed Drives 
Blended Cements: Coal Fly Ash; Blast Furnace Slag; 
Alternative Fuel Use: Dried Sewage Sludge; Wood Waste; 
Agricultural Residues; Plastics; Scrap Tires 
Kiln Conversions: Conversions from Dry to Preheater/Precalciner; 
Conversions from Long Dry to 3/4 Stage Dry 

Electricity Repowering Conventional Fuel Oil Thermal to NGCC;   Wind (Class 
7, 5 units);  Wind (Class 6, 5 units);  Geothermal (MX);  Biomass 
Cofiring - Pulverized Coal Plants;  Biomass Conventional;  Landfill 
Gas;  Repowering Coal to NGCC;  Solar-Thermal (US);  
Hydroelectric – Zimapán; Solar-PV (US) 

                                                 
40  This annex was written largely by Juan Pablo Osornio. 
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Options specifically excluded from this analysis include alternative raw materials, renewable 
energy projects, and waste heat capture systems.  A recent follow-up investigation indicated 
a limited applicability of some of the mitigation options in the iron and steel sector.  The 
mitigation opportunities that were quantified are likely to be an underestimate of the full 
mitigation potential, especially in the complex iron and steel sector.     
 
If all identified mitigation options were implemented, the annual growth rates of emissions 
would drop from the BAU pace of 3.4% to -4% in Oil Refining, from 4.1% to 3.4% in Iron 
and Steel, from 3.1% to 1.2% in electricity, and from 2.8% to 2.0% in cement, as shown 
below.  
 

Table 6: Annual Growth Rates of CO2 Emissions, BAU and Mitigation Policies 
 

 

CO2 Emissions’ Average 
Annual Growth Rate  

2008-2020 (%) 
 

 
BAU  Policy % of reductions 

from BAU in 2020 
Electricity 3.1 1.2 21 
Cement 2.8 2.0 8 
Iron and 

Steel 
4.1 3.4 12.5 

Oil Refining 3.4 -4.0 59 
 
 
Mitigation Options  
 
Based on the identified mitigation options, Marginal Abatement Cost Curves were 
constructed for each sector.  Abatement was most expensive in the Oil Refining sector where 
no negative cost options were identified.  Negative cost options were 0.85 Mt CO2 in the 
Cement sector, about 3 Mt in Iron and Steel (over half of the overall emission reductions in 
the sector), and over 21 Mt in electricity (69% of the sector’s identified abatement potential).  
A summary is provided in the following chart: BAU emissions are the top of each bar while 
identified abatement potentials are the red and blue portions, with the blue portion indicating 
negative cost opportunities.  
 
As indicated, electricity is the sector with the largest absolute emissions, the largest emission 
reduction potential, and the most negative cost abatement opportunities.  Cement has the 
second largest level of emissions but it has the lowest amount of potential abatement and 
negative cost opportunities.  Iron and Steel ranks third on emission levels and potential 
emission reductions but, as noted above, its emissions are growing most rapidly.  Oil 
Refining has the smallest BAU emission level but has the second largest identified abatement 
potential.  
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Figure 7: BAU Emissions and Abatement Potential in 2020 
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Further analysis of abatement opportunities is presented in the table below, which shows two 
technologies in each sector that render the largest reductions at the lowest cost. 
 

Table 7: Key 2020 Abatement Options and Estimated Costs (€ per t CO2) 

  
MMt CO2 

Cost 
(2008€ / 
tCO2) 

NGCC 3.7 -119 
Electricity 

Wind (Class 7) 8.9 -44 
Reduce clinker fraction 0.68 -57 

Cement 
Alternative fuels 0.36 6.3 
Scrap preheating 1.6 -50 Iron and 

Steel Hot feeding of DRI  2.0 6 
Co-generation 9.7 - 

Oil Refining Energy efficiency (Salomon Index 
100) 4.5 - 

 
The first row in the table shows the option of shifting about 10 TWh of electricity generation 
from conventional thermal fuel oil power plants to Natural Gas Combined Cycle (NGCC), 
thereby achieving about 3.7 Mt of CO2 reductions at a significant saving in costs.  The 
second row involves replacing about 11.5 TWh of power generated by thermoelectric plants 
with wind power, thereby reducing emissions by nearly 9 Mt CO2, also with some cost 
savings.  
 
The Mexican cement industry is already very efficient and further technology improvements 
to improve energy efficiency would require significant up-front investments that may not be 



 44 

warranted.  Nevertheless, some reasonable emission mitigation is possible in the sector with 
increased use of blending materials such as slag, fly ash, and pozzolan.  The table shows the 
fairly small emission reductions from slag and fly ash that were estimated by ICF consulting.  
A subsequent visit to Mexico by the CCAP team found that the addition of the more 
abundant pozzolan could boost emission abatement from blending to around 3.8 Mt of CO2.  
The table also indicates some fairly limited emission reductions that ICF estimated involving 
the use of dried sewage sludge as an alternative fuel.  Again, on a subsequent visit, the CCAP 
team identified other fuel substitutes, importantly including Municipal Solid Waste (MSW).    
Technically, fuel substitution rates in excess of 50% are feasible and have been demonstrated 
in European cement plants.  If MSW replaced 30% of fuel use, emissions could be reduced 
by an estimated 2.5 MMt CO2.   
 
In the Iron and Steel sector, it was estimated that natural gas could replace other fuels to 
some extent in blast furnaces at the Las Truchas plant (with a capacity of 2.35 Mt/yr) and the 
Monclova plant (with a capacity of 3.7 Mt/yr), resulting in about 5.8 Mt CO2 of emission 
reductions.  An additional 3 Mt CO2 of abatement could be achieved with hot feeding of 
direct reduced iron (DRI) in plants at Lazaro Cardenas (4.2 Mt/yr), Moterrey-HYLSA (1.7 
Mt/yr) and Puebla (.75 Mt/yr).  
 
It was estimated that the Oil Refining sector could build 3.1 GW of cogeneration capacity 
and achieve estimated emission reductions of 9.7 Mt CO2.  Energy efficiency, as measured 
by the Solomon Energy Intensity Index, could also be improved from an estimated 133 in 
2007 to 100 for an additional 4.5 Mt CO2 of abatement by 2020.  
 
Barriers to Implementation 
 
Achieving the emission reductions identified above is hindered to some extent by their costs, 
technical difficulties, regulatory constrains, and related political sensitivities.  These 
implementation barriers are summarized in the following table and discussed further below.   
 
Electricity 
 
The publicly-owned electricity sector in Mexico is subject to bureaucratic inefficiencies, but 
it is also a symbol of national sovereignty.  Electricity is a public good guaranteed by the 
state.  The constitution requires the state-owned distribution monopoly, the Federal 
Electricity Commission (CFE), to provide power at the lowest cost per kWh.41  This mandate 
precludes investment in more expensive low-emitting generation.  However, the CFE is also 
mandated to implement the Energy Ministry’s policies, including the Large Scale Renewable 
Energy Program which is building over 500 MW of renewable energy capacity between 2006  
and 2010.  To achieve this, the Ministry provided a financial incentive of up to 1.25 
USD/kWh for renewable generation.42   

                                                 
41  CFE also controls about two-thirds of the generation capacity and about 90% of the transmission 
grid. 
42 Elías Ayub, Alfredo et al., Programa de Obras e Inversiones del Sector Eléxtrico 2007-2016, 
Comisión Federal de Electricidad,  Subdirección de Programación, gerencia de Programación de 
Sistemas Eléctricos, 
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Table 8: Barriers to Implementation of Mitigation Options 
Sector / 
Barrier 

Technical Financial Regulatory Political 

Electricity  
Transmission line 
access 

- Low Electricity 
prices 
- No payment for 
capacity or O&M 
- Carbon 
intensive excess 
capacity  
- Subsidized fuel 
prices 

Constitution 
mandates 
lowest cost 
KWh  

- Electricity as a 
public good 
fosters subsidies 
- Energy 
security: net 
importer of 
natural gas 

Oil 
Industry 

 

- High up-front 
capital cost 
- Projects 
approved and 
prioritized by 
Treasury 
- PEMEX deficit 

- Constitutional 
mandate-
hydrocarbon 
industry owned 
by the state 

- PEMEX is the 
highest 
contributor to 
government 
budget 

Cement 
Input supply 
 
 

 High up-front 
capital costs 

 - Regulations 
require a 
percentage  of 
clinker content 
in Cement 

Municipal 3-
year term limit 
constrains 
length of MSW 
contracts 

Iron and 
Steel 

- Sector boundary 
varies with 
production route 
- Input supply 

- High up-front 
capital cost 
- High electricity 
prices compared 
to residential and 
abroad 

Lack of long-
term natural gas 
contracts 

 

 
Other examples of recent regulations were designed by the Energy Regulatory Commission 
(CRE).  The CRE recently improved the infrastructure and financial incentives for renewable 
energy sources by giving independent power producers (IPPs), cogenerators, and self-
suppliers better access to the grid and better prices.  These sources, combined, represented 
about one-third of the installed generation capacity in 2007.  However, CFE does not 
guarantee power purchases from IPPs and the current economic downturn has left the 
electricity sector with excess capacity of over 12 GW (24% of the total), the highest in the 
last decade.43 
 
Another key barrier for the sector is its reliance on domestically-produced fuel oil at 
subsidized prices.  This hampers the use of cleaner fuels like natural gas.  Based on Mexico’s 
current pricing policies, the study team estimated that the average price of residual fuel oil 
would be about US$4.5/ MMBtu over 2008-2020, only about half of the forecast 

                                                 
43 Prospectiva 2008-2017, pp. 99 and 128.  
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international market price of about US$11/MMBtu.  By contrast, natural gas prices in 
Mexico are expected to be slightly higher than the world market price US$ 6.32 versus 
US$6.16/MMBtu.  Thus, fuel oil prices are expected to be well above natural gas prices in 
the international market, but the opposite will be the case in Mexico.   
 
These relative fuel prices play a crucial role on the decision to repower fuel oil plants with 
natural gas combined cycle.  The study team estimated that an NGCC plant would result in a 
cost saving of nearly €120 per ton of CO2 compared with a new fuel oil power plant using 
international market prices, but a cost outlay of close to €3/ tCO2 at Mexican prices.   
 
Even if fuel oil subsidies are eliminated, increased imports of natural gas would raise 
concerns about energy security.  Natural gas already accounts for about 47% of electricity 
generation and its share is expected to rise to 67% in the BAU forecast.44  At present, more 
than a third of Mexico’s natural gas used in power generation is imported.   
 
The Oil Industry 
 
The state-owned oil company, PEMEX, engages in exploration and production of crude oil 
and natural gas, oil refining, and production of petrochemical products.  There are currently 
six refineries in the country, all of which had been built before 1980.  Because of 
inefficiencies and high operating costs on these older plants, product margins are relatively 
low.  The product mix also needs to be shifted toward lighter fuels, which are in higher 
demand.  The sector has been lacking investment to upgrade existing facilities.  A seventh 
refinery is now under construction and expected to begin operations in 2013.  Processing is 
about 1.4 million barrels per day at present and expected to grow to 1.8 million barrels when 
the new refinery is operational and some expansions are completed at existing plants.   
 
PEMEX provides significant fuel inputs to other industrial sectors.  An estimated 52% of the 
fuel used in the cement industry in 2007 was petroleum coke and 16% was fuel oil.  Fuel oil 
also represented about one-fifth of the energy used for generating electricity.45   
 
Additional investment in the petroleum sector is needed to improve its efficiency.  However, 
PEMEX is unable to make independent investment decisions.  It must turn over most of its 
operating surpluses to the government and that funding source represents about 40% of the 
government’s overall revenue.  Any significant investment by PEMEX must be approved by 
the Treasury Department, and efficiency improvements for PEMEX have not been a high 
national priority.  In particular, PEMEX’s refining operations have a low priority when it 
comes to state investments.  The Treasury has instead favoured investment in production and 
exploration, where the returns are higher and the national interest may be higher, given the 
declining reserves in existing fields.  PEMEX also lacks some incentive to invest in 
efficiency measures or cogeneration, as any savings that it achieves will be turned over to the 
Treasury rather than made available for other investments by PEMEX itself.   
 

                                                 
44 Prospectiva 2008-2017, pp. 108  
45 Electricity Prospectiva 2008-2017 p. 144 Cement Balance 2008 p.38. 
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To achieve the emission reductions indicated in the previous section, two key 
implementation barriers will need to be overcome: 1) up-front capital costs of up to US$3 
billion to implement energy efficiency measures; and 2) improvements in regulations to 
ensure that cost-savings do not lead to future budget cuts for PEMEX.  Furthermore, 
assurances of power purchases at sufficiently high prices from CFE are needed to provide 
incentives for co-generation projects. 
 
Cement 
 
Mexico’s cement industry is among the most efficient and modern in the world.  There are 
six manufacturers and over 30 cement plants with a combined capacity of around 60 Mt/year.  
There are no energy intensive wet kilns in operation.  Due to the sector’s high efficiency, the 
mitigation options lie largely in the area of increased blending and use of alternative fuels 
rather than more expensive process and efficiency improvements.   
 
A traditional substitute for clinker in Mexico is pozzolan (a volcanic rock).  In many cases, 
however, cement plants do not have a ready source of pozzolan in their vicinity.  Access to 
other substitutes like fly ash and blast furnace slag is also very limited and location-
specific.46  In some cases, investments in infrastructure are needed before the materials can 
be easily accessed.  The location problem also constrains the use of alternative fuels like 
Municipal Solid Waste (MSW), as cement plants are not usually close to landfills.  If 
transportation costs and emissions are factored in, the option might no longer be cost-
effective.   
 
Even if clinker substitutes and alternative fuels are locally available, other barriers may limit 
their usefulness.  For instance, MSW requires processing and treatment before it can be used 
as alternative fuel in the cement industry, both because of health hazards and because of 
resulting effects on the quality of the cement.  Alternative fuels may require unique material 
handling systems industry (e.g. to reduce sludge moisture) before they can be useful for 
cement production.  Government regulations, either for health purposes or to ensure the 
structural quality of cement, may also limit the industry’s ability to use clinker substitutes 
and alternative fuels.  Different applications of cement and concrete require different 
qualities determined by specific blending recipes, and state regulations detail some of these. 
 
Another impediment is the lack of long-term supply contracts.  MSW is owned and managed 
by municipalities, and local administrations are generally subject to term limits of three 
years.  Evidently, a given administration has not been able to bind its successors in longer-
term supply contracts.   
 
Iron and Steel 
 
Mexico’s iron and steel industry was among the first in Latin America and continued its 
pioneering role with the first commercial plant using direct of reduction iron (DRI) in 1957. 
                                                 
46 Fly ash from coal-fired power stations can be excellent clinker substitutes only if the power plants 
reach and maintain the necessary combustion efficiency. In addition, the quality of local slag could be 
improved if highly capital-intensive modern quenchers were installed, 
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Today, the sector is comprised of three multinational firms (ArcelorMittal, Ternium, and 
Tenaris), which are responsible for 52% of Mexico’s crude steel production.  The remaining 
production is from domestic firms (the major ones being AHMSA, DEACERO and SIMEC). 
The sector is characterized by heavy reliance on DRI and electric arc furnaces.  The DRI 
process uses natural gas as a fuel stock; it accounts for about 38% of total steel production, 
the largest share using that process of any country in the world.  The result is a low emission 
intensity compared with the steel industry in other countries.  Mexican steel production has 
not kept up with domestic demand, and the country has therefore been a net importer of steel 
since 1998.  In 2008, the industry announced a goal of reducing imports by investing US$10 
billion in new capacity between 2010 and 2013.  However, the economic downturn 
beginning in late 2008 caused steel demand to plunge.  Production dropped in half and 
investment plans were suspended.  
 
As for cement, the technologically advanced state of the Mexican iron and steel sector 
implies that the available mitigation options have high up-front capital costs.  A recent visit 
to Mexican iron and steel plants by the study team reinforced this notion (see the box below).  
In particular, natural gas injection in blast furnaces cost up to an estimated €12/ton of steel 
while hot feeding of DRI cost €55/ton.  Other regulatory barriers also thwart implementation 
of these emission abatement options:  For example, a lack of long term natural gas contracts 
discourages investment because future gas supply will be subject to the uncertainties of spot 
market prices. Also, the iron and steel sector faces high electricity prices, impairing the 
competitiveness of electric arc furnace operations relative to those in other countries.  
 

On Site Study: The Iron and Steel Plants in Mexico 
 
On February 7-12, 2010, CCAP visited five Iron and Steel plants from four 
companies in Mexico. The plants compromised 64% of Mexico’s capacity. 
The companies as a whole account for 81% of Mexico’s capacity. The site 
visit provided first-hand evidence of the good technology base of the 
sector. There have been recent retrofits to all major processes and more 
investments are planned. Some of the plants have already implemented the 
technology changes suggested as mitigation options in their lines of 
production as well as other energy saving technologies. However, other 
opportunities to save energy and reduce emissions still exist. Fortunately, 
there appears to be a high awareness of the importance of identifying and 
implementing these opportunities in operations and planning, and some 
process audits have been carried out recently.  Also, four Clean 
Development Mechanism (CDM) projects have been developed.  The 
process audits and CDM projects are an excellent starting point for the 
follow-on work of assessing plant-level emission reduction potentials and 
the costs of mitigation technologies, which could lay the foundation for the 
development of a sectoral NAMA.  
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Combining all the identified negative-cost options of the sectors investigated in Mexico 
would amount to nearly 30 Mt CO2 of emission reductions by 2020.  Packages of programs 
and projects along these lines could be good candidates for unilateral NAMAs.  However, as 
discussed above, each sector faces barriers to implementation of these emission abatement 
programs.  The table below summarizes the barriers and indicates that they may include 
financial, technical, regulatory, and political components.  Financial constraints are typically 
associated with steep capital costs for particular technologies.  Technical barriers refer to the 
lack of a particular technology or fuel.  Regulatory barriers encompass laws and regulations 
such as industry standards that do not consider carbon emission reductions.  Finally, political 
constraints may also impair the chances of implementing some mitigation actions.  
 

Table 9: Mitigation Options and Barriers 

 Mitigation Option Barriers 

NGCC 

Energy security NG 
dependence  
Mandate: Lowest cost KWh 
Fuel oil subsidies Electricity 

Wind (Class 7) 
Transmission lines 
Mandate: Lowest cost KWh 
Fuel oil subsidies 

Reduce clinker fraction 
Clinker substitutes proximity 
Regulation: Cement quality 
Substitute treatment facilities 

Cement 

Alternative fuels 

Alternative fuel’s proximity 
Regulation: Impurities fuel 
content 
Alternative fuel treatment 
facilities 

Natural gas injection in blast 
furnace 

High up-front capital costs 
Lack of long term NG 
contracts Iron and 

Steel 
Hot feeding of DRI + High % C High up-front capital costs 

High Electricity costs 

Co-generation 

Low priority of investment 
Lack of reinvestment 
Capacity & O&M lack of 
payment Oil Refining 

Energy efficiency (Salomon Index 
100) 

High up-front costs 
Low priority of investment 
Lack of reinvestment 
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Key Lessons Learned 
 
During the two years of work on this project, CCAP had the opportunity to meet with 
numerous industry experts and public officials as well as members of academia and civil 
society.  Among the many data gathering trips, workshops, and other discussions, key lessons 
were learned about data availability, government capacities, and possible next steps.  They 
are reviewed below.  
 
Data 
 
Mexico is the only developing country to submit its Fourth National Communication, which 
includes a GHG emissions inventory, to the United Nations Framework Convention on 
Climate Change.  In addition, the Environment Ministry requires stationary sources to report 
emissions of pollutants, including GHGs.  The Ministry compiles this information in an 
Emission and Pollutant Transfers Registry (RETC).  However, these reports are not subject 
to third-party verification.  Moreover, industry makes voluntary reports of emissions and 
abatement projects in the “Mexico GEI Program,” which is promoted by government and 
civil society.  In addition, Mexican companies participate in the programs of the World Steel 
Association and the Cement Sustainability Initiative of the World Business Council for 
Sustainable Development, which include a compilation of on CO2 emissions and energy 
performance.  The publicly owned electricity and oil companies, for their part, report their 
energy use and production in public documents required by federal law, most notably the 
Energy Outlook published by the Energy Secretariat.  However, these reports do not include 
GHG emission data or emission factors.  
 
Different accounting methods are used in these data gathering efforts.  For example, whereas 
the National Inventory uses energy consumption to come up with the national GHG 
emissions, the RETC program collects actual emission from individual plants and units.  
Because of confidentiality issues, the data used for this study was almost entirely from 
publicly-available sources.  In the case of private industry, data was confidential because of 
competitive issues.  In the case of the publicly-owned PEMEX and CFE, strict governmental 
authorization procedures limited data availability.  In some cases, the data simply did not 
exist.  The table below classifies the main organizations contacted for the study and their 
capacity to gather and share data: 
 

Table 10: Mexican industry capacity to gather and share data 
 
 Gather Share 
PEMEX High Low 
CFE High Low 
CANACERO Medium High* 
CANACEM Medium Medium 
CANACERO is the National Chamber of Iron and Steel 
CANACEM is the National Chamber of Cement 
* This value is due to a Confidentiality Agreement between CCAP and CANACERO. 
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As indicated on the table, all the organizations had a reasonable capacity for gathering data. 
The National Chambers of the iron & steel and cement industries face greater data-gathering 
challenges because of the need for consensus among their members on the methodology and 
level of detail to be provided.  Moreover, GHG data is provided only on a voluntary basis by 
private firms.  By contrast, the publicly-owned PEMEX and CFE do not face such challenges 
as they are monopolies in their sectors.  They are also key sectors for the state and have high 
data gathering capacity.  However, their sectors are important both for national security and 
national pride, which limits their data sharing capacity.  The iron & steel and cement sectors 
are not a matter of national security and are owned mostly by multinational corporations.  
The constraints on data sharing because of competitiveness concerns in the iron & steel 
industry were lifted in part toward the end of the study; CCAP reached an agreement with the 
industry association, CANACERO, in which private firms agreed to provide CCAP with key 
data needed to refine assessments of abatement costs on a confidential basis.  However, a 
confidentiality agreement with an industry association is no guarantee of access to data, as 
some companies may not collect the relevant data and others many remain reluctant to share 
it.  
 
Government Capacity 
 
Mexico’s Special Program of Climate Change (PECC), published in August 2009, 
establishes the elements of the government’s low-carbon development strategy.  It specifies 
short-term mitigation actions, by sector, to be implemented by 2012, notably including the 
development of a cap-and-trade system at least for the electricity and oil industries.  The 
PECC also describes longer-term goals, including a reduction of total emissions to 80% of 
the BAU level by 2020 and of annual per capita emissions to 2.8 tons of CO2e by 2050 
(about half of the 2000 level).   
 
Implementation of the PECC will require coordination among numerous government 
ministries.  In 2005, President Vicente Fox Quesada created the Intersecretary Commission 
for Climate Change (CICC) to ensure effective coordination.47  Despite these efforts, 
additional capacity building is needed in data gathering, addressing regulatory and political 
barriers, and implementation (including MRV), as discussed below.  
 
Data gathering will require a clearly defined boundary for each sector and agreement on 
methodologies to be used.  For instance, should activities by cement firms to create self-
supply of electricity be included in the electricity sector or in the cement industry?  The 
choice will affect the baseline emission forecast for the sector as well as its mitigation 
options and targets.  These issues are relevant not merely for the sectors studied under the 
current project but also for the economy as a whole and the general implementation of the 
PECC.      
 
Regulatory and political constraints on emission mitigation include the need to phase out 
fossil fuel subsidies and open the energy sector to private investment.  Public-private 
partnerships could be fostered to improve competitiveness as well as reduce GHG emissions. 
                                                 
47 There are eight Ministries in the CICC: Environment, Agriculture, Communication & Transport, 
Social Development, Economy, Energy, Foreign Affairs, and Finance.  
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Allowing long-term contracts for natural gas in the iron and steel industry and for MSW in 
the cement sector would improve efficiency and emission abatement there.  The government 
could also arrange for the processing of clinker substitutes and alternative fuels to make them 
more useful for the cement sector. 
 
The government requires assistance to establish effective implementation programs.  This 
includes the design of cap-and-trade or other types of market-based sectoral approaches, the 
creation of technology benchmarks and mandates, and the establishment of MRV systems.  
These capacities are needed both to ensure reaching the goals in the PECC and also to allow 
Mexico to take advantage of the new international funding mechanisms that will follow from 
the Copenhagen Accord and subsequent international negotiations.   
 
Next Steps 
 
This study emphasized analysis of each sector independently.  Future research, however, 
should assess integrated strategies for the electricity, oil, cement, and iron and steel 
industries.  The sectors are intertwined in numerous ways.  While each has some independent 
emission mitigation options, the overall emission reductions could be optimally pursued only 
by taking account of the interactive effects among the sectors.  At the very least, some 
bottlenecks to implementation could be overcome with an integrated strategy.  Two examples 
discussed below illustrate the point.   
 
Figure 8 describes relationships among the sectors based on the resources they share.  
 

Figure 8: Interdependence of the Sectors 
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The oil refining sector provides the first example.  In part because of outmoded technologies 
used in Mexican oil refineries, a large part of their output is heavy fuels, like fuel oil, which 
is subsidized and used for electricity generation.  Other carbon intensive co-products from 
refining, like petroleum coke, are used to produce clinker in the cement sector.  If refineries 
could upgrade technologies and produce a greater share of lighter fuels, emissions from 
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electricity generation would be reduced and cement companies would be forced to use less 
carbon intensive fuels.   
 
The lack of investment in refinery upgrades also constrains the removal of fuel subsidies.  If 
the subsidy on fuel-oil were removed, the power sector would turn to greater use of imported 
natural gas and emissions would fall.  However, PEMEX would then be left with a large 
surplus of heavy fuels, which are expensive to transport and, if released into the market, are 
thought likely to cause a significant drop in fuel oil prices.   
 
The second example involves the electricity sector.  In the BAU scenario, natural gas is 
expected to increase its share of fuel consumption in the power sector to 63% by 2020.  
However, additional market share for NGCC plants, in place of fuel-oil fired power plants, 
would considerably emissions in the sector.  Natural gas is also used for the low-emitting 
DRI process in the iron and steel sector and can also be injected into blast furnaces.  If both 
of these sectors increase their use of natural gas, there could be a strain on domestic natural 
gas distribution capacities and concerns over the extent of the country’s dependence on 
imports of the fuel.  
 
Other possible interactions among these economic sectors could also become important.  
Eliminating fossil fuel subsidies and switching to NGCC in the power sector would have 
effects on prices faced by electricity users, including the cement and iron and steel industries.  
Use of alternative fuels in the cement industry would reduce demand for PEMEX’s 
petroleum coke.  Reduced use of heavy fuels for a variety of reasons could create additional 
incentives for the government to allow increased investment in refinery upgrades.   
 
Conclusion 
 
The four Mexican economic sectors analyzed above have important potential opportunities 
for CO2 mitigation, including some that involved low costs or even economic savings.  
However, achieving these emission reductions will require addressing key barriers to 
implementation.  The quality and availability of data is a key area for improvement needed to 
help overcome these barriers, and coordination among all relevant stakeholders is likely 
required to make advances in this area.  The existing study has helped to understand 
mitigation opportunities within each of the four carbon-intensive sectors by themselves.  
Future research should include greater evaluation of the interrelationships of the sectors and 
the impacts different mitigation policies and actions will have among them in achieving 
overall emission reductions.  These types of analyses will be crucial for the construction of 
Mexico’s future Low Carbon Development Strategy.  
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Annex III: Summary of Study Work in Brazil 48 
 
In Brazil, the study team conducted analyses of the cement and power sectors.  The case 
studies focused on each industry’s potential for emission reductions using a sector-based 
approach.  BAU forecasts and MAC curves were developed in light of current and potentially 
feasible technologies in each sector.  Barriers to implementation and potential government 
policies to overcome those barriers were of particular importance.  
 

Electricity 49 
Abatement Potential 
 
Brazil has enormous hydroelectric resources, and roughly three-fourths of the country’s 
power generation capacity is provided by large hydroelectric plants.  As a result, the 
country’s power sector has a low emission intensity.  However, large hydroelectric plants 
give rise to risks of loss of some forest lands and other natural ecosystems, generating some 
ancillary greenhouse gas emissions. The Brazilian government has approved environmental 
impact studies for planned hydroelectric projects, but these have yet to be submitted for 
public consultation or to be granted environmental licenses. 
 
A key mitigation option is a switch of power generation from coal to natural gas.  However, 
natural gas infrastructure is rather limited in Brazil at present.  Generation of power from 
wind is another important emission abatement opportunity.  Currently, however, Brazil has 
only one domestic equipment manufacturer and the cost of wind farm equipment is too high 
to make it a competitive source of energy in most locations. 
 
Solar-electric power faces many of the same impediments as in the rest of the world. 
Expensive solar PV systems only become competitive in applications where grid access is 
not available or practical.  In Brazil, this limits the installation of PV systems to sites in the 
Amazon and Northeast that are isolated, sparsely populated and difficult to access.  
Moreover, subsidized rural electrification initiatives have led to an extension of the 
distribution grid to remote regions despite the fact that stand-alone PV systems apparently 
would have been more cost-effective in some cases.  
 
With rapid growth of the economy, the power sector’s GHG emissions are forecast to rise 
under BAU policies from approximately 20 Mt CO2e in 2005 to almost 75 Mt in 2025.  
Aside from further expansion of hydro power, emission abatement opportunities have an 
estimated potential to reduce emissions about 10 Mt in 2015 and nearly 30 Mt by 2020. 
 
Barriers to Implementation 
 
Various technological, financial and institutional barriers may hamper the full exploitation of 
emission mitigation opportunities in Brazil’s power sector.  The country’s electricity sector 
has evolved from a situation of domination by state-controlled utilities to one with an 
increasingly role for private power generators.  However, government planning has not 
                                                 
48 This annex was written largely by Thomas Polzin. 
49 See the “Case Study: Brazil’s Electric Power Sector,” ICF and CCAP (2010). 



 55 

allowed much role for cogeneration or self-generation by industry.  Public utilities still look 
to hydropower as the foremost option for the expansion of generating capacity.  In addition, 
private financial markets are not well-developed in Brazil, limiting access to capital for 
independent power producers and smaller-scale renewable energy projects.  In addition, 
long-term power supply contracts have been difficult to establish and, until recently, there 
were no government-mandated feed-in tariffs for renewable power supply.  Thus, private 
power production has been inhibited by the absence of assured power purchases and 
guaranteed prices. 
 
In order to encourage private participation in generation from renewable sources, the 
Brazilian government also implemented the Program of Incentives for Alternative Electricity 
Sources (PROINFA50) in 2002.  This program provides incentives to private companies that 
generate electricity from small hydro, modern biomass and wind resources by obliging 
Eletrobras to purchase the energy they produce at a competitive price for a period of twenty 
years.  The price of the contracted energy is not very high, as it is based on the weighted 
average of the costs of generation from natural gas thermoelectric plants and from 
hydroelectric plants with a capacity greater than 30MW.  Also, PROINFA does not provide 
funding for the up-front costs associated with project preparation, nor does it grant any 
incentives to solar energy.  Furthermore, in 2006, the government decreed51 that Eletrobras 
would receive all CDM credits earned by PROINFA projects.  For these reasons, private 
sector participation in PROINFA has been limited. 
 

Cement52 
 
Data limitations constrained the analysis of Brazil’s cement sector.  Because of potential 
implications for their competitiveness, private firms were generally unwilling to provide data 
that they considered confidential.  This included data on the prices paid for electricity and for 
different types of fuels.  In future work, researchers and analysts will need to reach 
confidentiality agreements with industry, especially if plant-by-plant data will be used.  Even 
if the government obtains some data by mandate, it is unlikely to provide plant-level data to 
the public.   
 
Abatement Potential 
 
Cement production in Brazil grew rapidly for most of the last decade.  However, the cement 
industry is less emission intensive in Brazil than in many other countries.  In particular, 
indirect carbon emissions of the cement industry (from electricity use) are lower than in other 
countries because of the large share of Brazilian power production from hydroelectric plants, 
as discussed above.  In addition, the Brazilian cement industry generally has modern, energy 
efficient plants and a substantial amount of blending with waste materials from other 
production activities limits the use of clinker.  
 

                                                 
50 Programa de Incentivo a Fontes Alternativas de Energia Elétrica 
51 Decree N. 5.882, dated August 31, 2006. 
52 Sector Based Approaches Case Study: Brazil, ICF, 2009 
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In 2007, total GHG emissions from cement production in Brazil were estimated to be 
approximately 30 Mt of CO2e.  BAU forecasts suggest a growth rate of about 2.7% per year 
to around 50 Mt by 2025.  
 
Four key abatement options analyzed:  process changes, alternative fuels, additional 
blending, and kiln conversions.  If all the identified technologies are adapted, an estimated 
2.6 Mt of emissions could be eliminated by 2015 and 3 Mt by 2020.  These estimates 
reflected the maximum achievable results from a technical perspective before taking account 
of the potential barriers to implementation which are discussed below.    
 
Barriers to Implementation  
 
Many of the mitigation options analyzed in this study have associated supply issues.  
Specifically, there are a number of possible supply chain barriers related to the availability of 
the different types of alternative fuels and the materials that are suitable for use in blended 
cement.   
 
Several of the materials that can be used as alternative fuels, such as plastics, sewage sludge, 
and wood waste, require unique material handling systems to make them accessible to the 
cement industry.  Another form of supply constraint relates to the location-specific nature of 
some types of alternative fuels.  That is, not all types of alternative fuels are economically 
available to all cement manufacturers in all locations. In addition to alternative fuel supply 
chain barriers, there are also issues associated with the quality of cement produced using 
alternative fuels.  
 
Many of the materials that are recommended as alternative fuels for cement kilns have 
properties that are well known and material handling procedures that are well developed.  
Less is known about other types of materials, such as many forms of agricultural wastes.  A 
joint government-industry research program might help promote more widespread use of 
these materials by providing a better understanding of their properties, handling 
requirements, and availability. 
 
Research into the effects of using alternative fuels in the clinker production process is also 
needed.  Determining how various substances found in alternative fuels will ultimately affect 
the quality of the final product and/or continuing operations at facilities that adopt alternative 
fuels, is a complex process that requires expert knowledge about the properties of the 
materials that comprise alternative fuels. This type of expertise and the associated research 
efforts are not readily available to the cement industry.  Limited access to sound information 
on the impact of alternative fuels on product quality acts as a barrier to more widespread use 
of these substances.   
 
Most cement plants in Brazil are currently allowed to use scrap tires and other waste 
materials for fuel.  However, there are some potential environmental issues associated with 
the burning of these materials in cement kilns.  For example, cement kiln dust, which is a fine 
matter produced during combustion and transported by the flow of hot gases within a kiln, 
can contain a variety of substances that are hazardous to human health. The concentrations of 
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these substances can be increased by the use of some types of alternative fuels.  Regulations 
restrict the quantity of some alternative fuels that can be burned in processing clinker. The 
closer manufacturing facilities are to large population centers, the more likely it is that 
regulations are already in place and/or that restrictions could be tightened or implemented in 
the future.   
 
Blast furnace slag and fly ash are currently mixed with clinker to create blended cements.  
However, these materials are not available in many locations. Additional research is needed 
to identify other potential blending materials and to assess the implications of using these 
materials on the quality of the final product.  If suitable waste or raw materials can be 
identified, these might allow cement producers to increase their production of cement with 
lower inputs of clinker and thus lower emissions of CO2. 
 
Public and Private Policy Options 
 
The research conducted for this case study and the results of the analyses suggest that several 
opportunities for public and private sector initiatives could stimulate additional or more rapid 
adoption of emission abatement options in Brazil’s cement industry. Public-private 
partnerships focused on research relating specifically to materials available in Brazil could 
provide valuable information for the cement industry.   
 
An area where government support could be especially productive is in providing support to 
the further development of a system that ensures a reliable supply of alternative fuels for use 
by cement manufacturers.  Even if alternative fuels cost less than the fuels they are currently 
using, cement manufacturers will not find them more attractive unless they are assured about 
the reliability of the supply and the qualify of the fuel (as well as its effect on the quality of 
the cement).  The alternative fuels are often supplied by SMEs, which may have particular 
difficulty establishing credibility as reliable suppliers of new products.  A government-
sponsored support program could help encourage new firms to enter the alternative fuels 
market and encourage cement manufacturers to contract with start-up firms that supply 
alternative fuels.  
 


