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Executive Summary

The Global Sectoral Approaches study, initiateay 2008 with support from the
European Commission, was designed to provide afmbconcept” of the feasibility of
sectoral approaches in a post-2012 internatioaatdwork for climate policy. The study
initially investigated a transnational approachvimich all countries face similar benchmarks,
a sectoral CDM approach emphasizing carbon creaitsa bottom-up approach envisaging
financial and technology assistance from advancedamies to support ambitious no-lose
crediting baselines in developing countries.

International negotiations regarding a post-20atwork have developed the idea of
Nationally Appropriate Mitigation Actions (NAMAs)sing concepts borrowed from
previous work on sectoral approaches. NAMAs am& seen as including unilateral actions
by developing countries, actions that are suppditefinance and technology assistance
from advanced economies, and NAMASs that can edemnational credits. The concept of
supported NAMAS has considerable flexibility andynmaclude activities ranging from
capacity building to multi-sector efficiency progra to goals for specific types of
technologies within a single sector. They may atstude a variety of metrics to measure
and verify success.

Supported NAMAs have thus borrowed from, broadeaed,largely superseded, the idea of
supported activities that originated in the bottomsectoral approach. However, sectoral
approaches to crediting continue to have key adwgst over the idea of credit-generation
for all types of NAMASs. Crediting on the basissgfctor-average performance would help to
create a common carbon price for all types of eimmssvitigation within a sector and would
eliminate conflicts that could otherwise occur agpsnpported NAMAS, credits for

individual projects, and credits for different tgpef NAMAS in a sector.

Work on the proof-of-concept of sectoral approacheteveloping countries has identified
significant limitations in data availability, a wvadange in the energy efficiencies of firms in
the same sector in some countries, substantialrastnaitive and policy barriers to the
implementation of some mitigation activities, weakses in financial infrastructure, and
considerable needs for capacity building. Becadisggnificant differences among
countries, sectoral programs need to be tailoreédeg@ircumstances of individual countries.
Indeed, because of location, resource availabdityl other idiosyncratic circumstances of
individual facilities, plant-level investigationseaessential to specify the emission mitigation
targets needed for actual implementation of sgmomgrams in developing countries. The
study identified an alternative approach to septograms, based on technology penetration
goals rather than emission caps or intensity beacksnthat could play an important role in
a NAMAs framework.

Aside from supported NAMASs, broader sectoral pragganay be needed to scale up
emission mitigation and, in that context, secteddring will become important. If
developing countries establish cap-and-trade progt@nd link them to such programs in
advanced economies, they could sell their doma#itevances overseas rather than selling
sector credits. Sector trading is similar to lidleap-and-trade in some respects, but it



requires a developing country to take an intermaficommitment for the emissions from a
sector. In a no-lose approach, a developing cguakes no international commitment but
does earn credits if the eligible sector beatssalibee for emission intensity. A simple pass-
through of a no-lose approach to domestic firmis tai transmit the full incentive for
emission reductions from the international carbonoep A no-lose approach with a tradable
intensity standard, linked to international credijtiwould allow the full price signal to be
passed through to domestic firms.

Sector programs would generally have less effecht@mnational competitiveness than a
continuation and expansion of project creditindie Tinilateral and supported actions that a
developing country undertakes in a sector wouldyrspme costs for its domestic firms.
Moreover, a sector crediting baseline that takesdtprior actions into account would mean
ambitious sector crediting baselines far belowithginess-as-usual levels typically used for
project crediting. Thus, sector credits would beddl on more expensive mitigation
activities with costs closer to the internationatlon price, implying less potential profits for
firms in developing countries and less effect ompetitiveness than a project crediting
regime. Moreover, the monitoring, reporting, amdification procedures that a developing
country establishes for sector programs will prevediramework for its future climate
policies that could eventually equalize the burdeinsuch policies on competitive industries
across countries.

Developing countries need considerable help irbthigling the capacities needed to
implement sectoral programs. These include assistm establishing low-carbon
development strategies, systems for data colleetnmhverification, institutions and
procedures for developing and implementing NAMAg] anarket systems and associated
regulatory institutions.

In the near future, the way forward for sectorgirapches seems likely to be through the
development of sectoral NAMAs for international dumg. Initial work on such NAMASs is
likely to occur during the Fast-Start period of epenhagen Accord (from 2010 to 2012).
Capacity-building work is likely to play a largeleanitially. During that period, MRV
systems should also begin to be developed thabearsed over the longer-run. Sector
crediting is likely to become more important in thenediate post-2012 period, and it may
involve a successor treaty to the Kyoto Protoca arore informal approach to crediting
agreed upon among major buyer countries. Somdajemag countries are already beginning
to explore market-based systems for trading renenexiergy and energy efficient
certificates. Over time, these initial steps wvirdding systems could be expanded into
sectoral and multi-sector emission trading progranmthe linkage of those emission trading
systems across countries could be pursued. Eubntingéernational offset crediting could

be replaced by linked cap-and-trade systems intwiiéweloping countries are allowed some
amount of over-issuance of allowances that carolekis markets in Annex | countries.



. THE ORIGINAL CONCEPT OF SECTORAL APPROACHES

The Key Idea of Sectoral Approaches

In “Sectoral Approaches,” developing countries (PD@sdertake efforts to reduce GHG
emissions intensity or growth in key economic sectuith assistance from advanced
economy countries (AECS).Sector programs offer a promising avenue forisgalp

emission reductions in DCs and the transfer offaie and technology assistance from
AECs. If designed appropriately, they can als@ laeldress concerns that climate policies
could impair economic growth in DCs or generate petitive disadvantages for AEC
industries. Sector programs can also be a foumdédr strengthening the capacity of DCs to
conduct environmental policies including the essdishent and improvement of systems for
measurement, reporting, and verification (MRV) od@nhouse gas (GHG) emissions.

Project credits usually require a lengthy case-#geanalysis to assess whether emission
reductions are additional, verified, and permanditite baseline for measuring the
additionality of project credits is typically thevel of emissions under business-as-usual
(BAU) behavior. Under sector programs, DCs thexnesemake a contribution to emission
mitigation with some support from AECs and the @reg baselines are below the BAU
emission levels. Thus, there is a gain for tharenment before any offset credits are
generated. Furthermore, to the extent that enmsgiom an entire economic sector are
assessed in determining results, the risks of k& emissions to other sources in the
sector are controlled. Finally, by encompassimgde range of emission reduction activities
across all firms in a sector, the environmentaeiehand the transfers of finance and
technology from AECs under sector programs shoalddaled up considerably relative to
project-based approaches.

The Initial Versions of Sectoral Approaches

The Global Sectoral Approaches study was intendguidvide a "proof of concept” of how
sectoral approaches could work in a post-2012natenal framework for the mitigation of
climate change. The study was designed to inwegstithpree broad types of sectoral
approaches:

- a transnational approach in which all countrieg feimilar benchmarks,

- a sectoral CDM approach that emphasizes carbonatemidits, and

- a bottom-up approach that envisages financial edhiblogy assistance from AECs to

help DCs meet "no-lose" targets.

In the Transnational Sectoral Approach, an efficjg®mission intensity, or technology
benchmark is applied to all participants in theuistdy throughout the worltl. Sectors best-
suited for this approach may include industries #éna energy- and GHG-intensive and that

! The main text of this report was written largbjyWilliam Whitesell, drawing in part from material
included in the earlier paper, "Status of Policgdiings on the Global Sectoral Study.” All papers
written for the Global Sectoral Study may be foatd
http://www.ccap.org/index.php?component=programs&tl

2 See Egenhofer and Fujiwara (2008)



produce globally-traded commodities. The transmatli approach does not necessarily
imply identical treatment across countries, asroia and technology assistance and the
deadline for reaching the benchmark could differ.

The Sectoral CDM Approach adapts and broadensrtjeqgb-by-project methodology of the
Clean Development Mechanism (CDM), measuring migltgztions at multiple sites up to
the inclusion of the entire economic sectoh crediting baseline is set at or below BAU
levels, using emission intensity or other metraas] may involve a uniform global
benchmark or vary across DCs and over time. Th@isboundaries can be defined at
national or sub-national levels.

The Sectoral Bottom-up Approach emphasizes indalidad contributions by DCs, in part
with financing and technology assistance from ABgs$ore any credits are earrfed "no-
lose" emission baseline, tailored to the individD@l, is set below BAU levels. AEC
financial and technology assistance is provideldelp create ambitious baselines. Credits
are earned only for emission reductions below tselne levels.

II. EVOLUTION OF THE CONCEPT

The concept of sectoral approaches has evolvedrirthrough international negotiation
process and in part because of testing in particaantries. The Global Sectoral
Approaches study contributed to the evolution ithtareas.

Nationally Appropriate Mitigation Actions

With the Bali Action Plan of December 2007, "Natilg Appropriate Mitigation Actions”
(NAMASs) have been discussed in the framework thed wriginally developed for sectoral
approaches. NAMAs are policies or programs thatccmclude sectoral approaches along
with capacity building, sub-sectoral and economgenineasures.The concept of the
Sectoral Bottom-up Approach has been reflectetiéridea of unilateral and supported
NAMAs. With unilateral NAMAs, DCs move emissionslow BAU levels through their
own voluntary efforts. With supported NAMAS, theyve emissions lower still with
financial and technology assistance from AECs. N¥s\Mjoing beyond what is achieved
with the help of international public finance cole eligible to earn credits. Credit-
generating NAMAs would use baselines well below Blg\els, where emission abatement
costs are higher than for the typical CDM project.

The concept of supported NAMAs has proved to dexaldle and attractive concept to
participants in international negotiations. DCpragiate the idea that NAMAS are to be
developed by DCs themselves, taking into accouit tfational circumstances. They are
also attracted by the idea of up-front public ficiaug that does not involve credits for AECs.
On the other hand, AECs appreciate the idea ohgagmly for a portion of the costs of
emission mitigation efforts in DCs. In contrastymg the full carbon market price has

% See Hampton, Gray, and Barata (2008).
* See Schmidt, Helmet al (2006) and CCAP (2008).
®> See Levina and Helme (2009).



meant windfall profits for those CDM projects witiuch lower actual abatement costs.
Finally, as long as financial support cover onlgremental costs of NAMASs (or a portion of
those costs), they would not convey extra competiidvantages for industries in DCs.

The flexibility of the supported NAMASs concept alstakes it attractive to DCs and potential
funders. NAMAs need not be focused on a particed@nomic sector and their success may
not always be assessed through the achieved emigslactions. For instance, a capacity-
building NAMA might measure success by the systdrasare established or the flow of
new data that is collected; a feed-in tariff migbtassessed by the extent it is used; a
technology deployment goal by the output producéd that technology; and a technology
demonstration project by its becoming operational.

Although supported NAMAs may frequently divergenfra sector-wide implementation
framework, credit-generating NAMAs are more likeédybe based on a sectoral approach.
An administrative system involving credits for imdiual NAMAs could become quite
unwieldy and have adverse unintended consequef@dnstance, if there are several
NAMAs for credits in the same sector, they couldhpete with each other. As an example,
investment in coal plants with CCS could reducepttoportion of power generation through
renewables. Similarly, project credits or a cregiherating NAMA could interfere with the
performance of a different, supported NAMA in tlaen® sector (credits for co-generation
might reduce the relative attractiveness of a stpddNAMA to switch to bio-mass fuels).
Moreover, if new project credits were availabléhe same sector as a NAMA program,
investors would likely prefer the project credits)ere additionality would be measured
close to BAU levels, rather than supported NAMA&jah would pay for only a portion of
costs and no windfall profits, or credit-generaththMAs, which would have more
ambitious baselines.

To avoid the complexities and potential conflictgalved in credit-generating NAMAS, it is
advisable to switch to sector crediting when theeemultiple emission reduction programs
in a sector. When sector crediting is implementedgredits should be allowed for new
projects or NAMAs in the sector.

Emission Data Limitations

The salient findings from the investigation of seat approaches in DCs included significant
limitations in data availability and, in some cadesst country administrative capacities, a
wide range of efficiency performance across firmghe same sector in some countries,
substantial administrative and policy barriersnipliementation of even low-cost mitigation
opportunities in some cases, weaknesses in negdeattial infrastructure, and lack of
appreciation in some countries of the opportuniielse gained by linking sector programs to
international markets.

The measurement of emission intensity requires @ataroduction and emissions.
Production data themselves are proprietary in paand firms are sometimes reluctant to
release this information because of concerns atmupetition.



Measures of emissions often pose a deeper proldBract emission measures are largely
unavailable in DCs. Even in AECs, direct measofemmissions are typically available only
for power generators equipped with systems forinantis monitoring of flue gases. More
widely, combustion emissions have to be calculagsed on fuel use and estimated
efficiency factors; process emissions must be assedepending on the production methods
and the estimated effectiveness of managementat@ystems. In some cases, proxy
measures are quite reasondbldowever, using global average parameters focieffty
factors and process emissions neglects possibke diifitrences among countries and among
individual plants within a DC.

Emissions data tend to be particularly difficulicallect if there are a large number of plants
in a sector, numerous vintages of operating faslitvith widely differing energy

efficiencies, a wide range of products, and a Bohihvolvement of the sector in international
trade.

The uncertainties regarding estimates of emissioassector are often substantial, especially
in the absence of government reporting mandatesgalath verification and enforcement
measures. Nevertheless, for most types of seobgrams, and for UNFCCC reporting more
generally, reliable emissions data are requirednany DCs, capacity-building assistance is
needed to help develop systems for data collectiReporting, verification, and enforcement
procedures have to be devised and measurementgpiotaiopted, which may require some
adaptations of factors for combustion efficiences process emissions to local conditibns.

Abatement Cost Data

Production and emissions data are not sufficiedieign a sector program. ldentifying the
extent and cost of emission abatement opporturatie®ften a more intractable problem. As
in the case of emissions data, abatement optiahs@sts can be estimated with widely
varying levels of precision. A rough assessmerabaitement options can begin with a
survey of the type of production facilities presenthat sector in the country. The emission
reductions from various types of upgrades of tHas#ities can then be estimated. In
addition, a forecast is needed of the future gravfitine sector and the type of new facilities
that would be implemented under BAU policies andarremission reduction programs.
Global-average estimates can be used for the ab#te upgrades and of the differences
between new BAU and low emission facilities.

However, the estimates of abatement opportunihescasts from such methods are subject
to considerable uncertainty. Surveys of productamilities in DCs are often insufficiently
representative and out of date. Moreover, usimgige parameters to assess abatement
opportunities and costs neglects important featatéise level of individual facilities that
may constrain implementation or importantly altestcestimates. In some cases, the
installation of alternative technologies may dependhe existence of appropriate

® For instance, an energy-intensity metric was bianbe a satisfactory proxy for emission intensity
in the oil refining industry in Mexico. A fossilkergy-intensity metric may also be useful when
emission leakage can occur because of fuel swigdhtween covered and uncovered firms.

" For further discussion of capacity-building neesise Egenhofest al (2009).
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infrastructure and assumptions about the layoekddting plants. Issues may arise regarding
the location of particular facilities (those neaparts may not be able to install tall exhaust
towers; those near residences may not be allowbdrtosome alternative fuels). The
availability of alternative resources may also ¢a@is options or add to costs, such as
materials for cement blending or supplies of biosrfagls and natural gas. Finally,
assumptions about the operating efficiencies efadtive technologies may depend on
technical and management expertise that are uasl@iin some cases.

Different levels of precision are of course appragerfor different types of analyses. For
example, a very rough assessment of abatementtiabmd cost in a particular sector and
country are useful for global modeling of mitigatipossibilities. Somewhat more refined
estimates would be needed to prepare a low-careeelapment strategy for a country.
Greater precision, including some facility-levetalehas been necessary to carry-out the
current proof-of-concept study. To propose expNAMAs for international public finance
in a particular sector, more complete inventorieglant-level abatement possibilities and
costs are needed than it was possible to colletgithe proof-of-concept study. For the
generation of international credits, a robust systé emission measurement and verification
will be required.

Even when data are limited, it may neverthelessdssible and useful to develop indicative
goals for key industrial sectors. During the ceur§the Sectoral Study, goals were
sometimes constructed using information from pusdiarces, filling in data gaps with
informed estimates, and adopting general ruleBurhb for mitigation potentials and costs,
based upon existing research into technology beadtsrand performance levels. Setting
suggestive goals with incomplete and aggregateaatatimulate greater interaction,
cooperation and feedback from the affected indestas firms want to assure that the
sectoral goals are equitable and feasible to aehi@whis is especially true if their
government has shown a strong inclination towargbgment and implementation of
sectoral programs.

Program Boundary Issues

A sector program could be applied to all producsonrces in a sector or only those sources
above a given size. AECs generally employ sizeftsufor their cap-and-trade programs. In
DCs, a sector often includes large modern plantts @fficiencies close to the global best
practice along with numerous, inefficient, smaerle production facilities. If the smaller
sources are excluded from a sector program, inbemduse of measurement issues, the
program would likely not address the most emisgitensive sources where the abatement
opportunities may be the largest. Specialized yarog for small and medium enterprises
(SMEs) may need to be devised that are distinon fitee type of sector programs used for
larger firms.

Heterogeneity of processes within a sector alsatenenportant boundary issues. For
instance, in some countries (such as the U.S.eheent industry may employ blending of
supplementary cementitious materials only at tagesbf preparing concrete rather than
during the production of cement itself. If seatonissions are measured only at cement
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production stage, they will seem larger than ireotountries even though the emissions
associated with the final concrete product maydmepgarable. However, including concrete
production in a sector boundary would greatly iaseethe number of emission sources and
thus complicate MRV.

Sector boundary issues can potentially give riggdaluct mix responses that represent
emission leakages. In the chemical and steel tndasfor example, the products have
widely differing emission intensities. Impositiofha sector program on some facilities in a
sector, but not others, could lead to low emissiotputs at covered facilities only because
production of higher-emission items is shifted tm+tovered facilities in or outside the
country.

A broad definition of a sector can in some casdage beneficial production method shifts.

If an emission intensity target is applied to altifities in a sector, the higher-emitting units
may bear heavy costs, but that will provide anmiee for shifts to alternative processes.
Alternatively, if separate targets are establisfi@dexample, for production of steel through
traditional integrated mills and through lower-eimi direct reduction of iron (DRI), the
incentive to switch to the DRI approach would b&t.ldlf targets are only applied to new
facilities, that may provide an adverse incentveiaintain inefficient older units in
production. An alternative would be to gradualhape in targets on existing units (similar to
the approach of providing free allowances for salvgears to some sectors in AEC cap-and-
trade programs).

Co-benefits or costs may also raise boundary issbesinstance, new projects in China
generally include the development of associategatpnfrastructure (such as housing for
workers). The project's associated energy useittoemporates this broader boundary. (See
Annex | for more detail on sector program issueShma.) In Brazil, large hydroelectric
plants make indirect emissions from electricityngsindustries very low, but ancillary
environmental issues limit the advantages of exipgnidrge hydro projects. (See Annex llI
for a discussion of sectoral study work on Brazil.)

Finally, activities in one sector may have spileoeffects on other sectors. For example, in
Mexico, the electricity and cement industries uigg{emission fuels produced the publicly-
owned oil refineries. Fuel switching by the powercement sectors would have
consequences for the marketing of domestic oil peted (See Annex Il for more detail on
sector program issues in Mexico.)

In summary, given the wide range of issues that aneg, sector boundaries likely need to
be tailored to the individual circumstances of ardoy.

Types of Sector Goals

Sector goals have typically been formulated in geahan absolute emissions cap or an
emission intensity measure. An absolute emisstapsoses a special burden on a DC. The
growth rates of DC economies tend to be higher thase of advanced economies because
higher rates of return on investment are possililligewDCs are catching up to advanced
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economy living standards. In addition, many DCrexuies rely heavily on manufacturing
and commodities which are more sensitive to thénless cycle than service sectors. For
these reasons, economic and sector growth rates@eevariable in DCs than in AECs, and
more difficult to predict. Because of the flucioat in economic growth, an absolute
emission cap for a sector as a whole can causeéaspeablems for a DC. If the economy is
stronger than expected, the emission cap may plaestraint on output growth in the sector.
On the other hand, if the economy weakens unexggctemissions may fall well below the
cap level even without any special abatement digtsvi If the sector earns credits in that
situation, they would represent "hot air."

For these reasons, it is often preferable to ussseon intensities, rather than absolute
emission levels, for DC sector programs, at leasurrent circumstances where their
economic growth rates are quite variable and uanertindeed, in some DCs (e.g., China
and India), policy mandates have so far been craftdy for the reduction of industrial
energy intensities, which overlap only partly wiiiG emission intensities. The next step
for such countries may be to adjust policy mandetdscus more precisely on reducing
GHG emission intensities in those industries. @ifrse, stabilization of atmospheric
concentrations of GHG will require a longer-termnfrework that moves beyond intensity-
based policies to ensure lower absolute levelsro$gons throughout the world. However,
in the immediate period ahead, DCs may be lesggitb accept ambitious targets for a
sector's absolute emissions than for its emissitansity.

An alternative type of sector goal, based on teldgyotargets, was identified during the
investigations undertaken for the sector studychfelogy goals seemed particularly apt for
sector programs in China. They are straightforwandnplement without requiring

collection of comprehensive emissions data in duéas, and can be easily included in a
NAMA framework® Technology goals could therefore serve as aitranal approach

while data collection capacities are being improveldwever, from an economic
perspective, technology mandates are not a first-dmdution, as they generally involve
larger costs than trading programs, fail to pro\adgeneral carbon price signal and the
associated incentive for a full of a range of alveet activities, and can lock in technologies
that become obsolete. Also, determining emissioedits earned from beating a
technology-deployment goal requires intensity fector the technologies and an assessment
of the volume of production from using the techigylo To coordinate international support,
a mechanism would need to be established to saigdile technologies and penetration
targets for individual DCs.

Advantages of a Tailored Approach

As suggested above, the study's in-country analgsesified key advantages of tailoring
sectoral approaches to individual countries. Défees in the structure of industries across
countries can complicate approaches based upanatienal comparisons. In Mexico, for
example, steelmaking often involves DRI with nakgas, which is not widely used in other
countries. In China, cement is often produced vaw-efficiency vertical shaft kilns, which
are no longer operational elsewhere. In Brazdirgtt emissions from electricity use are

® See Klein, Helmegt al. (2009).
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very low because of the country’s large hydroelectsources. The specification of realistic
sectoral emission goals depends on taking accduhese national differences.

As also discussed earlier, the simple depictioa obst curve is far from sufficient for the
purpose of estimating realistic abatement oppaiieghand costs for an industry and for
individual plants. Aside from the locational issuaentioned above, a variety of
idiosyncratic policy and administrative circumstasenay constrain the opportunities. For
example, while municipal solid waste (MSW) may es@nt an inexpensive alternative fuel
for some industries, the term limits of local pickd officials responsible for MSW programs
in Mexico makes it difficult to arrange for longrte supply contracts.

Finance may also represent a barrier to implementaf abatement opportunities in ways
that differ across countries. For instance, inn@hlarger companies generally have good
access to financial resources, in part througkesiained commercial banks. However,
smaller enterprises, including the fledgling Enefgyvice Company sector, find it far more
difficult to obtain the necessary financial supporlso, grants may be needed to support
initial mitigation programs involving SMEs in soraeuntries while only loan finance is
needed for emission mitigation in others. Foranse, in Mexico, while the government-
owned oil company, PEMEX, generates consideralsieurees for the government, its
investment options are constrained by governmedgéts. PEMEX could implement a
much more substantial program of energy saving dppiies with additional loan
financing.

[lIl. OPTIONS FOR SECTOR PROGRAM IMPLEMENTATION

A DC could choose from a wide range of optionsdomestic implementation of a sector
program. These choices could affect the mannehioh it engages with the international
community to access international public assist@mzefinance from carbon markets. One
alternative would involve technology deployment whaes, as mentioned above, which
could be an apt choice for a supported NAMA framwdOther alternatives could involve a
domestic cap-and-trade program, a simple passghrofiinternational credits, or a tradable
intensity standard, which could be combined withpsarted NAMASs and would also
facilitate access to carbon markets.

Domestic Cap and Trade

A DC could conceivably design an emission tradiygfem (ETS) that was limited to a
particular sector. Alternatively, the DC could iieyment multi-sector cap and trade, which
would have the advantage of providing incentivessga wider range of emission

mitigation possibilities within the country. A D€domestic ETS could in principle earn
international offset credits to the extent thaifieat emissions from the program, across all
sectors, were below an agreed level. If emissitansity baselines were used for crediting
purposes, however, each sector in the cap-and-radgam would likely need to be
assessed separately relative to its own credit@sgline to determine how many international
credits the sector earned.

% See CCC (2009).
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As an alternative to sector crediting, a DC goveentitould link its domestic ETS to an
international system and sell its domestic allovesnaverseas rather than selling offset
credits. An agreement would specify the amouraliofivances the DC and the AEC could
create and the DC would be allowed to over-isslosvahces to ensure it was a net seller.
The AEC purchases of the DC’s allowances wouldesgmt a financial transfer to the DC
government and to any DC firms that had been isdoetestic allowances in excess of their
compliance needs.

Linked ETS could provide a substantial scaling tipaih emission reductions in DCs and
financial transfers from AECs. Linking of allowantrading could also be a means of
achieving a uniform global carbon price, which wbfdcilitate economic efficiency through
equalization of marginal abatement costs, thereloynmizing the cost of achieving a given
level of global emission reductions. Establishimglti-sector cap-and-trade programs
requires considerable administrative capacity asidigal will. It may take some years
before cap-and-trade systems are established iy cmamtries and their design features are
harmonized enough to allow full linking of allowantrading. However, partial linking,
either through shared offset programs or througiitéid amounts of allowance purchases,
could perhaps be achieved much earlier.

Sector Trading

A prototype form of linked cap and trade has bested "sector trading*® In this approach,
a DC accepts an internationally binding compliaokgation for the absolute level of
emissions in a particular economic sector. Anrirggonal body issues allowances to the
DC and collects allowances from the DC at the dralmeasurement period for compliance
purposes. The DC government thus accepts an emisap equal to the international
allowances it receives in advance.

The DC then implements a domestic trading prograimguthe international allowances. To
comply, firms buy any needed allowances from eitherdomestic or international markets
and surrender them to the DC government. The D@rmgment itself must then surrender
allowances to the international enforcement body#xh ton of emissions in the sector. If
the sector reduces emissions below the initiatrakémt of international allowances, the DC
could sell the excess allowances on the internakiorarket.

No-Lose Approach with Domestic Pass-through

In a no-lose sector crediting approach, a DC gawenit accepts no international compliance
obligation, but it earns credits if the sector beht crediting baseline. An emission intensity
baseline is used for sector crediting. A DC gowant could implement sectoral programs
that could potentially earn international crediihwva variety of domestic measures,

including mandates, standards, or trading systems.

10 See, e.g., Baroet al.,and Schneider and Cames.
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The DC could extend the no-lose approach to fimtheé sector so that firms with intensity
below the baseline are eligible to earn creditslesthggards incur no penalty. However,
firms beating the baseline would have no assurahgetting credits and may only receive a
pro rata share because international credits wioelldased on overall performance of the
sector. They would receive a credit for each tpmvhich they beat the baseline only if
every firm in the sector beats the baseline. Beeat the partial crediting, the expected
price per ton that motivates emission reductiorthénsector is lower than the world carbon
price.

Tradable Intensity Standards

Alternatively, a DC government could implement aloge international program with a
tradable intensity standard that is linked to titerinational carbon market. With a linked
intensity standard, a firm that exceeds the stahohrst purchase credits from other
domestic firms or from the international market @ndmit them to the government to cover
its excess emissions. The government also recereeds from the international crediting
body to the extent that the sector as a whole hiatstensity baseline. Firms that beat the
intensity standard then earn credits from the guwent. The government gets just enough
credits from the international crediting body anahf firms with excess emissions to
distribute a credit for each ton by which winnimgris beat the baseline. Thus, a linked
tradable intensity standard gives domestic firnesiticentive of the full international carbon
price signal to motivate emission reductions.

A tradable intensity standard is less onerous D&€& domestic firms and consumers than
cap-and-trade (unless the cap-and-trade programissuges free allowances). With the
intensity standard, firms with intensities above bfaseline have to pay for the tons of
emissions by which they miss the baseline, bufaraheir entire emissions. For each extra
unit of output, these firms would need to purchaselits, not for the entire emissions from
that unit of output, but only for the portion by ah those emissions exceed the baseline
intensity level. By contrast, with cap-and-trade,allowance must be surrendered for all
emissions, not just the emissions in excess oflinasatensity. A tradable intensity
standard is also less onerous on consumers,asasrthe domestic price of output less than
with a traditional cap-and-trade program.

V. SECTOR PROGRAMS AND INTERNATIONAL COMPETITION

Assumptions Underlying Analyses of Competitiveness

Many factors can shift the relative competitivenesirms across countries, including
temporary fluctuations in exchange rates and lotgen changes in productivity, unit costs,
and technologies. For most industries, differém@abon pricing has a much smaller effect
on competitiveness than these other factors. nmestases, international competition is not a

1 See Whitesell and Helme (2009).
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concern because the product is not traded intemelty or because transportation costs give
a big advantage to a local production facifity.

The effects of a cap-and-trade program on competigss depend substantially on
assumptions regarding free allowances. In somescéisns may have to buy allowances or
offsets for each ton of emissions. In that casareholders and consumers jointly bear the
cost of carbon. Alternatively, firms may be grahteee allowances based on historical
emissions, which would reduce the effects on sludden values but preserve the price
effects for consumers. Indeed, if enough of tlgsandfathered” allowances are distributed,
emitting firms may earn windfall profits. A thiaption is for firms to be granted free
allowances based on current output multiplied bystorical sectoral emission intensity.
These free “output-based” allowances help to maimqgeoduction incentives. Output-based
allowances also protect consumers from the passighrof carbon prices, but that has a
disadvantage in that it eliminates the demand+sdponse that can help achieve emission
goals cost-effectively.

The effects on competitiveness depend—not onlyherptice of carbon faced by firms—but
also on the abatement opportunities and costsorre sectors, firms may be able to reduce
emissions at average costs that are well belowngrginal cost of abatement represented by
the carbon price. This means lower overall cast$ifms that need to buy allowances for
compliance or greater profits for firms oversupgheith allowances.

Given the complexity of possible effects of a cap-#rade program on AEC firms, it is best
to compare the incremental effects on competitigsrag DC sector programs without
specifying the assumed situation of AEC firms. leeer, the initial position of DC firms
matters, as the effects of a sector program woitfler dlepending on whether it replaces a
system of project credits.

Effects of CDM Project Crediting

DC firms generally improve their competitive posits when they sell CDM project credits.
Leaving aside payments to intermediaries, discagrnif expected future credits, and
uncertainties about banking and buying limits, Cpidject credits (Certified Emission
Reductions or CERS) sell at an international pciose to the price of allowances in the EU
ETS. With additionality baselines at or close #@Blevels, the costs of implementing many
of these projects are well below the world priceafoon, implying profit opportunities for
developers. While DC firms can sell offset credEC firms in most cases cannot (with
possible exception of some “Joint Implementatiorgjgcts). Thus, the incremental effect of
project credits is generally to give a competiayantage to DC firms over AEC firms.

Competitive Effects of Supported NAMASs

The effects of supported NAMASs in competitive sestdepend on the shares of investment
and operating costs that are paid through intesnatipublic support. DCs are expected to

2 For instance, while cement is internationallgld, cement plants in the interior of a country may
not be subject to international competition becaidbe heavy cost of transporting over land.
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bear a share of the costs, either through DC govenhfunding or costs that the DC
government imposes on its domestic firms. In ganés the extent that costs are borne by
DC firms, they would incur an incremental compeétdisadvantage relative to a situation
where no abatement activity occurred in the sector.

More precisely, consider a case where internatipublic support given to DC firms exactly
equals their incremental net costs of the emissadaction activity. The "incremental net
cost" here means the net present value of co&iagtanto account any benefits to firms
(e.g., through energy efficiency). In this cassupported NAMA have no effect on
competitive positions, assuming no prior abatenaetivity in the sector. If international
public support covered less than the incrementatost of the NAMA, and the remainder
was borne entirely by the DC firms, the competities of those firms would be reduced (as
in the case of a unilateral NAMA). If public suppexceeded incremental net cost, DC
firms would gain an advantage.

If the NAMA replaced a system of credits for CDMjarcts in the sector, the incremental
effects would include elimination of the compettiadvantages of that system for DC firms.

Model Simulation of the Effects of NAMAS on Tradethe Cement Sector

Model simulations were conducted of the incremeett@cts on international trade of the
implementation of cement sector NAMAs in China, tex and Brazi* China was
especially important because it accounts for ahalitof the world's total production of
cement. In one of the scenarios, the EU cemenising reduced emissions by 16% in 2020,
relative to the 2005 level, while China's cemenustry reduced emissions by about 13.4%
in 2020, relative to the BAU level. China's emissreductions came through implementing
all negative cost actions and sufficient positiestactions such that cumulative costs were
zero (which occurred where the marginal cost abatermost was $7.70 per ton in 20003).
The result was reductions in cement output in 282@five to BAU, of 1% in the EU and
2% in China (the latter occurring in part becaustne closing of less efficient production
units).

In another scenario, China's program was assumieel itdegrated with the EU ETS
resulting in a marginal abatement cost for each8o50/ton, representing an increase for
China and a decrease for the EU. The result vigistls more reduction in cement emissions
in China (13.6%, relative to BAU) and somewhat leshuction in the EU (13%, relative to
2005). The uniform marginal abatement cost scerasio implied that reductions in 2020
output, relative to BAU levels, were slightly greain China (2.2%) and slightly lower in the
EU (0.8%). The welfare losses were moderate oyénal higher for the EU (0.6%). In
China, the welfare loss was smaller for the integnacase (0.02% vs. 0.15%) owing to the
wealth transfer from the sale of allowances toEhkke

13- A preliminary investigation for the cement indyssuggests that the implementation of unilateral
NAMAs would have fairly small effects on competéivess and international trade (Loschel, 2009).

14 Léschel et al. (2010).
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Competitive Effects of Sector Crediting

If DC firms are able to earn credits for emissieduction activities and AEC firms cannot,
DC firms gain an advantage. However, the advastageferred by sector crediting are
likely to be considerably lower than the potenidiantages under project credits. As noted
above, with baselines close to BAU levels, CDM pot§ generate credits at fairly low cost,
implying sizable profits for DC firms. By contrastith a sector crediting program, it is
assumed that the DC would itself make some corttabuo the environment before credits
could be earned. The emission baseline for cregitiould be lower than BAU in part
because of unilateral and supported NAMAs in tl@aewhich would presumably include
many lower-cost emission reduction projects. Tlastor credits would be earned only for
higher-cost activities further up the abatemenpsupurve. Thus, the costs of such projects
would be much closer to the international carbaocepthan is the case with project credits.
The resulting profits for DC firms would thus bever, implying less impact on
competitiveness under sector crediting than undegiane of project credits.

In a longer-term view, if sector programs are aitda way of encouraging DCs to establish
emission monitoring, mandates, enforcement programsven carbon markets, they may
lay the groundwork for the eventual implementatéicarbon policies that have effects on
competitive industries that are comparable to thiogeECs. Thus, sector crediting may
provide a small short-run competitive advantagelX@rfirms, but AEC firms might consider
that a good investment if it leads to linked cap-&made systems in which all firms face a
similar, level carbon playing field.

Implementation Options and Competitiveness

Finally, consider the competitive effects of thiealative methods of domestic
implementation discussed above. In the caseskddi cap and trade or sector trading,
competitive effects depend on the relative stringesf the targets and the distribution of any
free allowances. An AEC would presumably haveiatet cap to ensure a transfer of
capital to the DC rather than vice-versa. Howetrerse transfers could be entirely from
AEC firms to the DC government. DC firms would pbkenefit from the sale of the DC's
allowances to AEC firms if the DC firms receiveddrallowances in excess of their
compliance obligations. Moreover, if linked capdanade replaced a CDM-like system of
project credits, DC firms would lose the compeétadvantage of those project credits.

A tradable intensity standard would have a mixdelatfon the competitiveness of DC firms.
Firms that beat the standard would earn creditggandan advantage. Firms that failed to
beat the standard would have to buy credits an@five would incur a disadvantage. Like
other forms of sector crediting, the net compegitadvantage for the sector would be less
than under project crediting because of the moreitaaas crediting baseline. It is difficult
to compare the effects of a tradable intensityddeshto cap and trade in a DC because the
results would differ depending on how many freevainces firms would receive in the cap-
and-trade program. A tradable intensity standasdldvhave less effect on DC
competitiveness than cap and trade with no fremvalhces because it would have less
impact on the marginal cost of output, as discusselier.
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V. CAPACITY-BUILDING NEEDS OF DEVELOPING COUNTRIES

Capacity-building is a key component of economieali@oment generally, and it is also
important for the development of low carbon devatept strategies, emission mitigation
activities, and MRV systems. In particular, capabuilding would involve helping to
develop and improve institutions and proceduresged in:

(1) developing long-term low carbon development stiategncluding related stakeholder
processes,

(2) specifying methodologies for the measurement of @rssions,

(3) specifying reporting requirements for differentégpof 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 incluaeAMAs for possible international
financial support (including sectoral NAMAS),

(8) development of sectoral programs and policiesdbald earn international credits,

(9) development and improvement of institutions invdlvue overseeing domestic
environmental markets, and

(10) ex post evaluation and recommendations for imprerés in low carbon development
strategies; the collection, processing, and evianaif data; and the implementation of
NAMAs and sector crediting programs.

Capacity-building includes assisting in the devatept of procedures, the training of host-
country managers and technical staff, and providipgortunities for the sharing of
experiences and knowledge from other countriesitee successfully performed these
activities.

Establishing Low-Carbon Development Plans and &fias

Low-carbon development strategies (LCDSs) for depiely countries are an important
means of identifying directions for environmentadlystainable economic development.
They also provide a general framework within whi@@is can development specific emission
mitigation policies and programs. In addition, tremework provided by LCDSs is
important to attract international funding for esi@ mitigation activities. Preparation of
LCDSs requires planning at the local, regional mational levels and consultation with
industry representatives. Long-term planning, sagimetropolitan land-use planning for
transportation needs, is essential to developfamstional programs that can greatly
reduce the future carbon footprint of a sectorvad@ment of such plans requires
sophisticated modeling of the future impacts ofgyoscenarios using detailed relevant input
data. Many DCs need assistance to develop therdatiels, and expertise required to
construct national LCDSs and long-term planning.(emetropolitan transportation plans).
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Data Collection and MRV

Capacity building often involves training on intational systems that are widely used to
identify and report greenhouse gas emissions. elimetude methodologies developed by
the Intergovernmental Panel on Climate ChangeWhbdd Business Council for Sustainable
Development, and a variety of industry associatisnsh as the World Steel Associatidn).

In DCs, relevant data are often missing or not il even in modern industrial
establishments. For instance, the study team walsle to obtain data on PFC emissions
from aluminum production in China. Other examplese mentioned earlier.

DC governments that do require some reporting agions data may not verify them (e.g.,
Mexico’s Pollutant Release and Transfer Regist8pecialized technical expertise may be
needed to set minimum threshold levels for repgréind verification requirements for such
systems. In other cases, the data are reportgdard voluntary basis (e.g., Programa GEl
in Mexico). Many DC governments need assistancetermine what data should be
collected, how to best obtain it, and how to vetifyDecisions need to be made regarding
the definitions of sector boundaries, the extenholusion of indirect emissions, and size
thresholds for emissions sources. The appropeltateces will differ across countries. Data
collection also needs to be well integrated witstsgns for verification and enforcement of
any mandated mitigation programs.

To obtain good quality data, cooperation betwearegament and industry is needed.
Industry can help government officials identify semable and cost-effective specifications
of methodologies for data collection. Also, inidgesng data collection systems, DC
governments need to take into account the neecbfdidentiality of proprietary information
that is supplied by private busines$&sSystems must be established to allow businesses t
report cost data and other confidential informatiothout any risk that they will suffer
competitive disadvantages in the marketplace.

Analysis of Mitigation Opportunities and Costs

To develop and implement sectoral NAMAs, DCs meséble to perform the analyses
needed to determine:

suitable sector boundaries,

promising mitigation opportunities and their potahtleployment levels,
costs and co-benefits of accessing these oppadsinit

non-cost barriers to implementing the mitigationiags,

policy measures needed to enable mitigation oppiies, and
international assistance required to achieve tlieypgoals.

> See Egenhofaat al (2009).
'8 A variety of methods can be used to protect cemfiiality, such as aggregation of data from
individual firms and benchmarking approaches, sagthe Solomon approach used for oil refineries.
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The quality of the analyses that can be undertdiepends in part upon the availability of
accurate and timely data. The identification opiementation barriers, including needed
policy reforms, is especially important to help D@alize low-cost mitigation measures.
Capacity building in this area would therefore uulg:

identifying and designing policy reforms;

determining whether mitigation goals are best ceddh terms of emissions intensity
(e.g., tCO2/kWh) or degree of deployment (e.g.ead®vable Portfolio Standard);
developing methodologies for converting technoldgployment targets into
emission reductions;

designing domestic trading systems (and fosteresjguhs that facilitate eventual
linkage to such systems in other countries); and

developing cross-sector mitigation plans for sraatl medium enterprises (this was
found to be particularly lacking but of high intstén both China and Mexico).

Management of Market-based Activities

Several DCs (including South Korea, Mexico, andneivelia and China) are now
considering the establishment of trading programnghergy efficiency or greenhouse gases.
Trading could involve emission allowances undeag-and-trade framework or credits for
exceeding mandatory standards for renewable enengygy efficiency, or emission
intensity. DCs need help to design the policies iastitutions that will carry out such

trading programs. Specialized expertise is ne¢al@@velop systems to conduct auctions,
record ownership of tradable instruments, trackdaations, monitor market performance,
and prevent market manipulation. The institutitha could successfully carry out these
functions need to be identified or established @eontheir functional capabilities need to be
developed or enhanced to play the necessary roiidgyht of the experiences of other
countries, DCs need assistance to establish thweimoarket-related policies, auction
frameworks and procedures, systems for regist@mwgership of and tracking transactions in
carbon-related financial instruments, procedurespaiicies for carbon market exchanges
and other trading platforms, reporting requireméatsnarket participants, surveillance of
markets by government bodies, and enforcementadfilpitions against market

manipulation. It will be especially important tewelop these institutions in a way that
facilitates their eventual integration within a innlational carbon trading system.

VI. THE WAY FORWARD

This proof-of-concept study has helped to assesgltha of sectoral approaches and develop
it in several innovative directions. For the f@tusectoral approaches seem likely to be
elaborated in the context of NAMAs and in assooiaivith market mechanisms in DCs.
While many varieties of NAMASs are possible, sedtpragrams are likely to be an

important vehicle for scaling up of emission mitiga activities and developing MRV
procedures. During the Fast-Start period of thpebbagen Accord (from 2010 to 2012),
supported NAMAs are likely to play a large role,igthmay be largely focused on capacity-
building except for the most advanced DCs. Dutimng period, important work will be



22

needed to develop and implement MRV systems thrabeaused to scale up financing and
emission mitigation in later years.

A sectoral NAMA is also particularly apt as a bdsiscrediting, which is likely to become
increasingly important in the post 2012-period. Itiydle crediting programs for
interdependent NAMASs in the same sector could gseto conflicts. Moreover, continued
project crediting in a sector where supported NAM#e being promoted could undermine
the implementation of the NAMAs. International t&yas and criteria for sectoral crediting
still to be developed. One option would be to expan the use of the Program of Activities
procedures of the Kyoto Protocol’'s Clean DevelopnMe&chanism. Alternatively, a new
international body could be constituted to appresetor crediting baselines and issue credits
to individual DCs. Finally, international coordtian might default to agreements among
major buying countries. In any case, it would to@artant to coordinate the administration
of sector crediting with decisions on supported N&dviso that crediting baselines could
take account of the supported NAMAs being impleradnih a particular country and sector.

Several advanced DCs are now considering and ingsleng market-based approaches to
energy efficiency and emission mitigation. In sorases, domestic trading of CERs has
occurred. More recently, in India, trading of resable energy certificates has begun and a
market for energy efficiency certificates is undevelopment. Several cities in China are
planning GHG or energy efficiency trading in Ch{iBijing, Shanghai, and Tianjin). A
market-based approach to sectoral programs wousth lexpansion of such trading
activities. A sectoral approach to trading migatdasier to implement than a multi-sector
cap-and-trade program because of similaritieserptiocedures needed for MRV within a
sector.

AECs (including the EU and the US) are now gairergerience in MRV procedures for
industries that have been included, or have besposed to be included, in emission trading
systems. In particular, the process of benchmgrkivolves the development of sector-
specific performance measures that are of genel@atance for emission mitigation
activities. Indeed, the experience gained inrsgthienchmarks used in AEC trading systems
could potentially be of use in establishing bassifor sectoral NAMASs in DCs or sector
crediting programs. This need not take the fornmydosition of a common standard for all
countries, as in one version of the transnatioppf@ach. However, a reference level,
guided by AEC benchmarks for a sector, could bestaging point of discussion for
propositions of supported NAMAS or sector creditprggrams in particular DCs. Even if
adjustments need to be made in the benchmark bedttiag baselines for unilateral

NAMAs or crediting in particular DCs, the AEC redaice levels would provide an initial
guide for further discussion.

Clearly, considerable additional work is neededt®eDCs, and even some AECs, develop
robust systems for the measurement of activityleeaed emissions in many industrial
sectors. Arranging for capability-building assimsta to DCs in this area could involve a
variety of public sources and public-private parshé arrangements. Bilateral assistance is
one key channel, but coordination among the prograidifferent donor countries,
particularly when each of them addresses a siradanomic sector, remains a challenge.
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UN agencies and multi-lateral development banksatsm be sources of support for
capacity-building activities, but there have beatydimited efforts to date through such
channels for the purpose of scaling-up of emissidigation activities. Industry
associations are another possible channel forgtead of good practices in energy
conservation and emission mitigation. Howeverpdeghe cooperation among firms in
industry associations, the level of informationeeaege often remains limited owing to
concerns about intellectual property rights and petitive positions. It may be useful to try
to address these issues and advance the causdiongag emission mitigation by convening
multiple stakeholders interested in working towtrose goals.

The establishment of robust MRV systems will befuld® scale up emission mitigation
activities in DCs and the flow of funding from AE@ged from private markets for such
activities. In the post-2012 period, DCs will gamereasing experience with energy and
carbon trading systems and gradually improve MR&edures. With robust MRV in place,
sector crediting will grow in importance. AECs hghin experience with the ability of
individual DCs to implement sector programs, MR\éteyns, and trading activities. Some
DCs (including Mexico and South Korea) are alreaxgloring the possibility of multi-
sector cap-and-trade programs. In the years lgagirto 2020, these programs should
become more mature in the original countries aaduglly spread to others. Eventually,
links among these programs can be explored.

Given the importance of domestic lobbies in detamg the design of such systems, it will
be challenging to achieve sufficient harmonizatéxesigns to enable widespread linking.
Indeed, this sectoral study has emphasized then@rttiat individual sectoral targets and
programs need to be tailored to individual coustrielowever, a variegated approach at this
time need not rule out eventually establishmerap-and-trade systems that can be
harmonized enough to allow linked allowance traditfgso, allowance trading among
countries could potentially come to replace thdesyisof international offset credits.
Agreement among the linked parties could then enthat DCs are allowed some over-
issuance of allowances so that the excess candesoarkets in Annex | countries and
thereby allow continued financial transfers to supmitigation activities in DCs.
Nevertheless, the full linkage of allowance tradivauld help to create a uniform market
price of carbon, which would foster a least-costi@ement of global emission reduction
goals.
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Annex |I: Summary of Study Work in China’

Introduction

In partnership with Tsinghua University, CCAP coatdhd case studies for three key
industrial sectors in China for the Global Sect@®ldy: (1) Electricity, (2) Iron and Steel
and (3) Cement. In addition to being energy-intensdustries within China, these sectors
are of particular importance due to their rapidwgtoand share of global production. From
the historical and projected trends within thesgikedustrial sectors, the studies found that
China’s energy-intensive sectors lend themselvdktavethe sectoral NAMA framework.
This annex will summarize the findings of the cagalies across the sectors, drawing on
analyses conducted by Tsinghua University, andudsthe potential for technology-based
sectoral NAMAs in developing countries using Cheahergy-intensive industries as
examples.

The annex will begin by presenting a discussioaawh of the three sectors, including an
overview the history and development charactegsiiche sector, followed by a BAU
forecast and an identification of emission abatdmetions and costs. That is followed by a
discussion of packages of abatement options ifitiser of potential NAMA packages. A
subsequent section discusses the key innovatiomtine sectoral study work in China: the
identification of a sectoral approach through texdbgy goals. A final section concludes.

The CCAP/Tsingua research team constructed BAW&sts using historical data, expert
opinions, LEAP modeling, state-produced five-yeanp and other data to project changes
in production, industrial structure, fuel consuroptiand ultimately CO2 emissions. For
many industries, production is linked to growtiGDP, so that projections of future GDP
growth, and an estimated elasticity of productiothie sector could be used to forecast
sector output.

To explore the potential mitigation options in eaelgtor, the research team started with an
examination of various advanced technologies aen #vailability. The costs of deploying
each technology were then calculated. The potesiatgy savings and CO2 reductions were
derived from anticipated changes in technologycstme within the industry as a result of
implementing various combinations of mitigation m@a@s. Though the full sectoral case
studies estimated results for the years 2015, 20202025, this summary will only use the
2020 results for illustrative purposes.

Electricity Sector

Overview

China’s electricity sector has experienced rapagin in recent years as a result of the
country’s fast-paced urbanization and industrigiira Between 2000 and 2008, total power
generation in China almost tripled from 1,368 TWI8{433 TWh® Installed capacity more

" This annex was written largely by Ashley Lowe &talbing Ma.
'8 China Electricity Yearbook 2002, 2004; China Hieetl Equipment Industry Yearbook 2007;
China’s Electricity Industry Statistical Report Z02008.
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than doubled during this 8-year timeframe, growmogn 319 GW to 793 GW in 2008. The
majority of China’s electricity is generated bytimal power plants, which account for over
80 percent of total power generation, followed pgropower with 16 percent. The
remaining generation is achieved mainly throughearcand wind generation.

Of the three sectors studied in this - Figure 1: Electricity Generation in China
analysis, the electricity sector is by far Others wes 3B
the largest contributor of CO2 BT arvemedans

emissions. In 2007, the electricity 8000 1
sector emitted over 3 billion tons of
CO2e, accounting for almost half of
China’s nation-wide emissions that
year'®?* The vast majority of China’s
electricity sector emissions are from
the use of coal, which is the primary 500 1
fuel consumed in Chinese power 0
generatlon and accounted fOI’ 92 2001 2002 2003 2004 2005 2006 2007 2008
percent of total sector emissions in 2007.
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The industrial structure of the electricity seasvery diffuse, where the majority of power

is generated by myriad small companies rather ghamall number of large companies. In
fact, in China, the largest companies hold very ét.ares in total electricity production. At
the end of 2007, the five largest electricity gatien groups in China only accounted for 42
percent of total power generation while the rest @aminated by local power generation
enterprises, other state-owned power generatie@rmrges and private or foreign investment
companieg? In terms of technology, China’s average efficietevel still lags behind the
international level in the electricity sector ahére is a large efficiency gap between the
advanced domestic industry and the country’s lagygatustry. In 2005, about 80 percent of
electricity in China was produced by coal-fired mowwlants, among which almost 90 percent
were small, less efficient plants with a capacitjess than 300 MW. However, this
landscape is shifting as evidenced by the rapieldgment of the Chinese thermal power
sector from 2004-2007. During this time, the aletty sector exhibited an average capacity
growth rate of 15 percent.

BAU Projections

Under BAU policies, production in China’s electtjcsector is expected to continue to grow
rapidly, as it is a main enabler of the countrgstfpaced development. Power generation in
China is estimated to have a GDP elasticity of @émbining this elasticity with official
government projections of GDP growth, power gemenat predicted to reach 8,453 TWh

in 2025—2.3 times the level of production in 2009.

9 Based on the average heat value of Chinese dbahdnatural gas, as well as the IPCC GHG
inventory guidelines.

? It is important to note that there is no confirnestimate of China’s 2007 CO2 emissions; the 2007
rough estimate was based on the 2006 value inl#héED 2009 data.

% http://news.bjx.com.cn/html/20080910/144967.shtml
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Using the relevant 5-year plans, the current dgreknt status of assorted generation
technologies and expert judgments from variougwee's, the CCAP/Tsinghua research
team estimated the development path of the tecggatyucture in the electricity sector for
the BAU scenarié®?® According to the analysis, the number of smallacify thermal

power plants is estimated to drop significantlywestn 2005 and 2025. Plants with a
capacity of less than 50MW are expected to be ghasecompletely by the year 2010 and
those with less than 300MW capacity will be redubganore than half by 2025. Oil fired
power generation is also projected to decrease &KW to 0.3MW by 2025. Meanwhile,
more efficient thermal generation technologieshsag circulating fluidized bed combustion
(CFBC) and integrated gasification combined cyt®C) coal-fired plants, will increase in
percentage share of energy production. CFBC plémtinstance, are estimated to increase
their share of energy production from 2.8 percer2405 to 12.5 percent in 2025.

The research team also estimates an across-thé-ingagase in all forms of renewable
energy production in the BAU scenario. Nuclear poproduction is projected to increase
its share of generation from 2.1 percent to 5.5¢mrover the 20-year period. Wind power
is expected to expand dramatically from 0.1 peroétdtal generation in 2005 to 1.2 percent
in 2025.

This shift in technology structure will likely hawepositive impact on the electricity sector’s
energy intensity, which is projected to decreaseutyh 2025 (see Figure 2). Emissions
intensity is also expected to decrease. But desipis decreasing trend, total fossil fuel
consumption and CO2 emissions are projected taragnto rise through 2025 in the BAU

Figure 2: Fuel Consumption and Emission Intensity F orecast:
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22 The 11" five-year plans for: (1) closing down small coméél plants, (2)the electricity sector, (3)
the energy sector, (4) renewable energy

% The impact of unilateral targets, such as the &gy intensity reduction target for 2010 was
also taken into consideration
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scenario. By 2025, total fuel consumption is expeédb reach 68,263 PJ and total CO2
emissions are projected to increase to 6,015 Mddi, &nd a half times the sectoral
emissions in 2005. This is likely due to the féett although China’s energy producing
technologies will continue to improve in efficiengrowing energy demand will likely
outpace the gains made by these improvements.

Abatement Cost Curve

The marginal mitigation cost and total emissiorustmns that could be achieved by the year
2020 for various measures identified for the eleityrsector are shown in Table 1 below. It
is not a comprehensive list of all the mitigatigtions available, but a selection of the
potentially key measures that could contributeotedring China’s emissions in the sector.

Table 1: Cost and 2020 Emission Reductions for Messsin the Electricity Sector

NoO Measures Marginal mitigation cost Total emission reduction
' (US$/tCO2) (MMt CO2)

1 CFBC -4.21 6.3

2 Demand Side 254 41.9
Management
Supercritical and ultra-

3 supercritical Plant 514 328
Reconstruction of

4 conventional thermal 6.63 28.0
power

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 yiefetgativemarginal mitigation cost, meaning
that the energy savings or other benefits of imgleting these strategies actually outweigh
the costs, resulting in a net gain. Among thes®ng, utilizing the more efficient CFBC
technology in power plant generation is the loveestt option in the electricity sector with a
marginal cost of -$4.21/tCO2. Implementing thist&gy has the potential to reduce 6
MMtCO2 by 2020. In addition to being cost-negatiy&2.54/tC0O2), Demand Side
Management, which is already being employed in €hmas the potential to reduce
emissions by 42 MMt by 2020.

The mitigation options that hold the most emissi@thiction potential lie in the moderate
range of cost. Among them, additional nuclear poyemeration has the potential for 151
MMt CO2 of reductions while an increase in hydropoWwas the greatest potential of any
identified mitigation option in the electricity $ec—a total of 188.9 MMt CO2 by 2020.
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Nuclear power is the less costly of these two astiavith a marginal mitigation cost of only
$16.49/tCO2 compared to $31.35/tCO2 for hydropower.

Carbon capture and storage (CCS) and solar powdhamost expensive mitigation option
identified here. The estimated marginal abateroesit of CCS in China is $48.18/tCO2,
while that for solar thermal power is $120.85/tCQ2CS technology still faces many
technological and financial barriers that make enpéntation of this strategy unlikely in the
short term in China. The identified abatement piadis thus only 5 MMt for CCS, while
solar thermal is just 12.6 MMt. The combined tatbihese options is less than four percent
of the identified emission reduction options in feetor.

In total, the identified abatement measures repteseumulative emission reduction
potential of 495 MMt CO2 by 2020. The marginal t@paent costs (MAC) are summarized
in Figure 3:

Figure 3: MAC Curve of China’s Electricity Sectar 2020
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As can be seen from the MAC curve, 10 percent (B\f the electricity sector’s

emission reduction potential can be achieved tHi@agt-negative options. An additional

87 percent (430 MMt) can be abated from this seattarcost of less than $50/tCO2 through
penetration of technologies such as supercritiedldtra-supercritical plants which operate
at higher (and more efficient) temperatures andgunees than regular units. After reaching a
cumulative abatement of 480 MMt, the costs riseiptly to more than $100/tCO2 in order

to reach the remaining three percent of emissidaatton potential.

Iron and Steel Sector

Overview
China has been the world’s largest producer of &od steel in each of the last 12 years. By
2007, the production of crude steel in China redet& million tons—a seven-fold increase
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from the production level in 1990. Production rose further to an estimated 502 amiltons
in 2008%° The sector's CO2 emissions have grown along itsthroduction and in 2007,
emissions in China’s iron and steel sector tot8&8l7 MtCO2€&° Coal also dominates this
sector’s energy use, comprising 65.5 percent af @tergy consumption, followed by
electricity at 14 percent.

Like the electricity sector, production in Chin&'sn and steel sector is not highly
concentrated within the largest companies. Insté#lscattered across an estimated 1,200
companies, among which only about 70 have produdtieels greater than 5 Mt/year.
China’s largest iron and steel plant, Bao Steapanted for only 6 percent of domestic
crude steel production in 2087.By comparison, large companies in other countsash as
Germany’s Thyssen and Japan’s Nippon) accountdgre2cent or more of production in
their respective countries. China’s new Iron areebindustry Development Policy set the
goal of concentrating the industry so that thet®mompanies will produce 50 percent of the
total crude steel by 2010. (In 2009, the estimatediuction share of these companies was
about 37 percent.

In recent years, the iron and steel sector has chaway from small, energy-intensive
equipment and towards larger, higher capacity teldgnes. From 2003 to 2006, the use of
blast furnaces with a capacity greater than 3,00gnew 1.5 times while blast furnaces with
less than 100 frcapacity shrank by one third in the same timegoefi As the industry
switched to higher capacity plants, the sector imecanore efficient. As a result, energy
consumption per ton of output decreased by 20 pettween 2000 and 2066 . This level
of energy efficiency is still well below that ofemhced economies. For example, Japan
achieved an energy efficiency of 646 kgce per tosteel in the year 2000, an efficiency
reached by China’s larger-sized plants only in 2806he numerous small iron and steel
plants in China have a minimal capacity for genegathe data needed to estimate energy
efficiency. Thus, estimates of the average eneffigiency of the entire sector are highly
uncertain. The data limitations are a hindrandhéorapid development of MRV systems for
NAMAs in the sector.

BAU Projections

Unlike electricity generation, production in thenrand steel sector is not strongly correlated
with GDP. Steel production is more closely linkedactors such as per capita living
standards, the development of downstream sectonsestic and international demand, and
the price of iron ore. Using expert opinions argtdrical data analysis, CCAP’s study team
at Tsinghua University projected that productiorirof and steel in China would reach 663
Mt by 2020.

24 China Iron and Steel Statistics 2007; China Stati€arbook 2008

% According to statistics by the World Steel Asstioia

%% Indirect emissions from heat and electricity weoe included

%7 http://news.xinhuanet.com/newscenter/2009-01/1@&un10670037.htm
%8 China Iron and Steel Statistics 2007

¥ China Energy Statistics Yearbook 2002-2002

%9'1,000 kg of coal-equivalent =29.3GJ
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Production processes are expected to change stiayanCoke-making plants should
decrease in number, being replaced by larger, mabvanced facilities. Small sintering
plants are projected to be cut by more than Hatin-making is expected to shift away from
the use of blast furnaces and towards short pragastt reduction plants, which are
projected to increase their share of productiomffopercent in 2005 to 20 percent by 2020.

In steel production, the use of basic oxide fursg8OFs) is expected to decline from 82
percent in 2005 to 75 percent in 2020. The in@easse of electric arc furnace (EAF)
technology, which produces steel from scrap met#lifake up the slack, rising to 25
percent of steel production in 2020. For both $ypesteel-making technology, large
capacity plants will continue to replace normaksiplants.

Energy consumption in the sector was projectedgugia LEAP model along with the above
outlook for production and changes in technolodyuel consumption in iron and steel
(including indirect fuel use from electricity) isgyected to rise to about 13,200 PJ in 2020.
Improved efficiency should result in a gradual @ase in energy intensity in the sector to a
level just under 20 GJ/ton of steel by 2020. C@issions from iron and steel production
are projected to continue rising to a level of 1, Mx by 2020.

Abatement Cost Curve

As shown in Table 2, one of the identified abatenoest options for iron and steel sector
involves some estimated cost savings. Establishimeggy management centers that gather
information and optimize the allocation and utitina of different types of fuel in the
production process would save an estimated $3openftCO2 reductions. The potential
reductions are only about 3.75 MMt CO2e for thd@etiowever.

The greatest emission reductions, a total of 44M@®D2 by 2020, could be achieved by
reducing the proportion of production using iroe and increasing the share of scrap steel.
Advanced blast furnace technology is also a low abatement option ($6/t) with a potential
for reducing CO2e emission by over 25 MMt by 208imelt reduction technology has a
similar high abatement potential but at a highest of $45/tC0O2. The most expensive
identified abatement option (at $113/t) is the iempéntation of advanced technology for
electric arc furnaces.

Marginal abatement costs for China’s iron and stesistry are summarized in Figure 4.
The MAC curve indicates that only three percenthefsector’'s emission reduction potential
can be realized by negative-cost technologies.additional 56 percent of potential
reductions are achievable for under $10/tCO2 aml 89 percent through measures costing
less than $50/tCO2.



Table 2: Costs and 2020 Emission Reductions forduiess in the Iron & Steel Sector
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Marginal Total Emission
Abatement Cost| Reduction
No. Mitigation Options ($/ton CQ) (MMTCOy,)
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
Advanced direct steel rolling
6 | 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 8edn 2020
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Cement Sector

Overview

China accounts for about half of the world’s praitut of cement. Between 2000 and 2007,
production grew from 600Mt to over 1300Mt. As witle other sectors, the primary energy
source of the Chinese cement industry is coalalTenissions for the cement sector are
estimated at 1.1 billion tons in 2007, represenéiri! percent increase from 2000.

Like China’s other key sectors, the industrial camtcation in the cement sector is low. In
2007, the top 16 large enterprise groups accounteshly 20 percent of clinker output and
26 percent of cement output. The industrial cotregion has been increasing due to
mergers and acquisitions which are encourageddygttte. Large-scale facilities have also
accounted for much of the recent growth. Produadiiees of 5,000 tons or more represented
46 percent of China's cement capacity in 2007 wimiés of less than 2,000 tons accounted
for only 5 percent of production.

Several advanced technologies are beginning totiz@eehe cement industry in China. The
out-of-the-kiln decomposition process used in tlesvNsuspension Pre-Heater Dry Process
(NSP) is a key energy efficient technology for thieire of the industry. While over 90
percent of the cement industries of South Koreaijl&hd, Japan and Germany employ this
technology, only 45 percent of China's industrysuse Waste-heat cogeneration is another
option to reduce energy consumption in China's cémnelustry. However, the amount of
cogeneration in China's NSP cement plants is wemclompared to the developed country
standard. It is reported that out of the 798 N&lpction lines in existence nationwide in
2007, less than 10 had been equipped with the wastecogeneration technology and only
3 were equipped with a pure low-temperature wasé bogeneration systeth.

BAU Projections

With an estimated GDP elasticity of unity, prodaatin the cement sector is projected to
grow rapidly with the country's economic developme@iement production is projected to
increase from 1.4 billion tons in 2007 to 5.5 bitlitons in 2025. Energy efficiency is also
expected to improve substantially with the congtouncof additional NSP capacity. In 2005,
about half of cement production came from ineffitishaft kilns while the more energy
efficient NSP kilns accounted for only 40 perceiihe share of NSP kilns is expected to rise
to 80 percent by 2015. By 2025, the least efficieet and hollow dry kilns should be
phased out completely.

As with the electricity sector, fuel consumptioreigected to increase despite a decrease in
energy intensity (see Figure 5). Total fuel congtiom, and emissions, are expected to

¥ These estimates are based on production datanagstisnated emission factor of 0.815tCO2/ton
cement.

% Tsinghua University Report for CCARSssisting Developing Country Climate Negotiatorstigh
Analysis and Dialogue: Report of Energy Saving @@ Emission reduction Analysis in China
Cement Industry2009.
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increase over 500% from 2005 to 2025. In 2029, dse is projected to be nearly 25,000 PJ
and emissions would be over 4.4 billion tCO2e.

Figure 5 : Fuel Emissions and Energy Intensity Forecast:
Cement Sector 2015-2025
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Abatement Cost Curve

The results of the marginal cost estimates for €sinement sector differ from those of the
electricity and iron and steel sectors in importaays (see Table 3). For the cement sector,
the mitigation options that can reduce emissioaatbst also tend to be the most cost-
effective options, as shown in the table. Foransg, using waste products as an alternative
fuel in cement kilns can reduce emissions by 88 @2®y 2020 with an estimated savings
of $3.80/tCO2, as shown in the table below. ThEesents 18 percent of the identified
emission reductions in the sectdrThe second-most cost effective mitigation option,
increased blending, can reduce emissions by amasti 73 MtCO2 with a cost savings of
$3.1/tCO2. GHG emissions are reduced when bleridimgreased using supplementary
cementitious materials such as fly ash or blastdce slag because they can substitute for
clinker, the production of which involves high egguse and process emissions.

% This would include combustible industrial wastetsas slag, dry sludge, resins and paints, and
used tires and wood waste. Commercial, municgggicultural, forestry and household waste
products can also be a heat source in the cenlargydgtem.



Table 3: Costs and 2020 Emission Reductions fordMies in the Cement Sector
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Marginal Total
mitigation Emission
cost Reduction
No. | Mitigation Option ($/tCOy) (Mt CO,)
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 15
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@ptsbns in the sector. Conversions to
more advanced kilns and installation of pre-heteinnology have substantial abatement
potential. The highest cost option that was regab(at $13.8/tC0O2) involves making
changes to the processes used in mixing, grindidgoeeheating the raw meal inputs; its
mitigation potential is quite low at 0.7Mt.
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The wide range of mitigation options in cementisdavident in the summary MAC curve
(Figure 6). The graph shows that the cement seatoachieve 60 percent of the identified
emission reduction potential (278 MMtCO2 reductibgs2020) through negative-cost
mitigation options. Nearly all of the emission wetions possible in the cement sector (98
percent) can be achieved at an estimated margisab€ under $10/tCO2.

Figure 6. MAC curve of China’'s Cement Sector Mitiga Options in 2020

Margnal mitigation cost($/tC02)

Accumulative CO2 emission reduction in 2020(MVt)

Mitigation Scenario Analyses

The research team analyzed the overall cost anssemniimpacts of different combinations
of mitigation options in the three sectors alonglihes of particular scenarios:

Scenario 1 — Negative-Cost Options
Implementation of all mitigation measures withet negativemarginal cost.

Scenario 2—Cost Neutral

Implementation of all mitigation measures up thst@urve until theotal cost, or net
present value, just exceerro. In this case, the final abatement option whichesis
abatement costs above zero is implemented to thextient estimated in the study, which
results in a slightly positive cumulative cost ach case.

Scenario 3—Maximum Reductions Possible
Implementation of all identified mitigation optians

The summary of these scenarios is indicated inable below. As shown, the electricity and
cement sectors have similarly high potentials farssion reductions if all mitigation options
are implemented as in Scenario 3. By comparig@niron and steel sector is capable of
reducing less than half of the maximum reductiopssble in either the cement or electricity
sector. The cement sector is capable of achidhiese reductions at a significantly lower
cumulative net cost than electricity sector.

The cement sector could reduce 465 MtCO2e at hdosh of $288 million by 2020 while it
would cost over $11 billion to accomplish 495 MtGffom the iron and steel sector in the
same timeframe—a staggering difference in costss feflects the wide range of negative-
cost abatement options in the cement sector. thdke cement sector could reduce more
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emissions using only its negative-cost options tha&nron and steel sector could reduce in
total.

If Scenario 1 (“negative-cost” options) were impkarted across all three sectors, a total
reduction of 330 MMtCO2 is possible by 2020 at malative savings of $874 million.
Implementing Scenario 2 would result in more ensisseductions, 553 MMtCO2, at the
limited cumulative net cost of $262 million. Wh#éehieving a very high level of reductions,
implementing Scenario 3 across all sectors is quagtly outside the cement sector.
Achieving over 1.1 billion MtCO2 in reductions tlugh this scenario would result in over
$15 billion in costs by 2020. However, some corabions of these three scenarios in each
sector may enable China to achieve greater emissdctions at a lower cost than
implementing a single scenario across the board.

Table 4. Scenario Analysis of Costs and EmissiatuRions Across Sectors

Cumulative Emission | Cumulative Net Cost
Electricity Reduction (MTCQe) (million $)
Scenario 1 48.2 -133.1
Scenario 2 81 35.5
Scenario 3 495 11438.7
Iron and Cumulative Emission | Cumulative Net Cost
Steel Reduction (MTCGe) (million $)
Scenario 1 3.7 -11.5
Scenario 2 29.1 146.1
Scenario 3 142.6 3420.56
Cumulative Emission | Cumulative Net Cost
Cement Reduction (MTCQe) (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 possiblerss@ combinations, it became obvious that
many combinations resulted in similar emission otidn levels, but at disparate costs. In
comparing these scenario combinations, a few stahébr their relatively high emission
reductions compared to cd4t.Of the five scenario combinations that resuliégative net
costs, the maximum amount of emissions that coelceduced while maintaining a negative
net cost is 495 MMt. This would occur at a netisgwf $64.4 million if the electricity and
iron and steel sectors were to implement Scenaaiodlthe cement sector to implement
Scenario 2. For a net cost of $469 million, thre¢hsectors could reduce 575 MMTCO2 by
2020 if the electricity and iron and steel sectorglemented Scenario 2 and the cement
sector implemented the more aggressive Scenarfos3milar level of reductions (553

% This analysis excluded scenario combinations witimulative net cost over $1 billion
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MMtCO2) could be achieved at nearly half the curtivéanet cost if every sector
implemented Scenario.

Technology-based Sectoral Targets

Serious data gaps in each of the above sectorsthimaccuracy of estimates of emissions
and energy use and the consequent ability to apsegrsess towards any emissions or energy
intensity targets. Moreover, forecasts of BAU amitigation scenarios are subject to
considerable uncertainties related to the ovecalhemy, as reflected for example in the
rapid growth in the electricity sector from 20042@07 and the unexpectedly low power
demand in 2008. The Chinese Iron and Steel Assogies able to collect data only from the
larger plants that represent about 7 percent ofatia® number of establishments (but about
three-fourths of total production). In the cemsettor, it is not feasible to collect data from
the large number of small traditional facilitieBhe difficulties are compounded by the fact
that measurements are needed at many differentspafithe cement production process to
calculate the full energy-saving and emission rédagotential.

Recognizing that the comprehensive sector dataagetedmeasure nationally appropriate
mitigation options (NAMAS) are often incompletech@ology-based NAMAs may offer the
basis for a more workable system of measuremembytiag and verifying (MRV) a
country’s progress towards meeting mitigation teggé/hereas sectoral approaches have
historically focused on energy or GHG emissionnstgy as the overarching metric for
measuring progress, a technology-based sectoral AAMasures progress in terms of
future market penetration goals for select techgieka These could involve either specific
technologies or improvements in production processgerformance measures involving
multiple technologies. Relative to a businessagal(BAU) rate of market penetration, an
accelerated rate of technology adoption providgsad that can meet quantifiable MRV
criteria. In a technology-based NAMA, metrics sashmarket shares, technology
performance, and units of production are used @sigs in estimating progress towards
reducing GHG emission.

In addition to easier MRV, international financim@gy also be easier for a technology-based
sectoral approach than for an emissions-intengiget approach. In an intensity-based
approach, the connections between financing anclfgpactivities are not always clear
because the ultimate measure is overall resulyscoBtrast, a technology-based approach
offers a relatively clear and unambiguous link kegwthe funds and the specific activities to
be undertaken. In a system utilizing technologyedasAMAs, up-front financing could be
directed to specific technologies and processéds eunditional sectoral credits flowing
where market penetration levels exceed BAU leveéhile this approach may not
incentivize as wide of a range of GHG reductionvitas as some intensity-based

% This would cost $262 by 2020 instead of $469

% Using technology market shares as proxies for Getibictions is more applicable when
individual technologies are specified. When marmplex production processes and
operations are the focus, the measurement of peafaze will tend to require a more direct
measurement of energy consumption and/or GHG eonissi
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approaches, it appears to be suitable as a NAMAany developing countries and is
compatible with international frameworks and suppeechanisms. Nevertheless, in
arranging for international support for sectoralgrams using this approach, it may prove
challenging to agree upon the eligible technologias their penetration targets for
individual DCs.

It was observed by CCAP and the Tsinghua reseagsh that technology-based goals can
be more appropriate for China’s overall economanping process than intensity-based
targets, and they can be readily monitored, vetjfeand converted into equivalent GHG
reductions. Because the economy is centrally camded, technology-based NAMAs can
easily be inserted into the government-prescrilpedsdtrial Development Plans, which guide
sectoral growti’ Furthermore, sector-wide technology improvemengsalready at the

heart of these plans. Technology-based NAMAs cbeldheasured easier than emissions or
intensities, a key advantage given the data limiatin the country. Technology goals fit
well with China’s policymaking framework becauseytare measured by a macro index, the
technology penetration ratio.

Based on the research by Tsinghua University oréhgent and iron and steel sectors,
CCAP selected three types of NAMAs in each sedgassible examples of technology or
related sector performance godlsln cement, they were: (1) installation of waséat
recovery systems; (2) blending with supplementaiennas to reduce the need for clinker;
and (3) accelerating the replacement of older assl ¢fficient production capacity
(particularly vertical shaft kilns). Tsinghua’saysis suggests China’s cement sector could
potentially reduce a total of 217 MtCO2 by 202M®mtigh implementing lower-cost aspects of
these NAMAs as part of a unilateral commitmentexternal support were provided for
some higher-cost activities in these three aregal, CQ emission reductions of about 280
Mt could be achieved by 2020.

In China’s iron and steel sector, a wide rangenefrgy efficiency and emission mitigation
measures could potentially be implemented, onlyesofrwhich have been evaluated in
depth to date. Collectively, these mitigation ops@ould reduce emissions by well over 100
Mt per year. Three of the iron and steel sectG(s mitigation technologies are: (1)
increasing the share of facilities using coke drgriching technology, (2) recovering blast
furnace gas to generate power through a combingd pyocess, and (3) accelerating the
retirement of older and less efficient productianilities. The cost-effectiveness of the
technology measures varied from plant to plantaiAglower-cost actions could potentially
be completed without outside support, while grekeels of activities and emission
mitigation would likely require external financiahd technology assistance.

In general, technology-based goals could be imphteakin a sectoral NAMA framework,
which could potentially include some unilateralogté by the country, some public financial
assistance for more expensive emission mitigatiod,access to carbon markets for the most

37 Sector-wide technology improvements are oftehatieart of such plans already

% The examples are a subset of the broader settufidéogies and processes described above and are
presented as an illustration of the methodologise Klein, Helme, Ma, and Wang (2009) for a full
discussion of these examples.
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expensive options. Technology-based goals retgsseinformation than other types of
sector targets and are therefore easier to measdreerify. Moreover, China and some
other development countries may find that technplgaopls are easier to develop and
implement within the context of their economic plang processes.

Conclusions

The marginal abatement curves for the power, irasie®l, and cement sectors indicate some
potential for low-cost emission mitigation actiesi In each case, some of the mitigation
options with the most significant effect on emissieduction are expensive and therefore
likely require packaging as supported NAMAs or eectediting options. Supported

NAMAs would imply up-front funding and/or technoicgl assistance. Credit-generating
sectoral NAMAs would imply ex post carbon marketicing based on an assessment of the
number of tons of emission mitigation that is aehae Further work would be needed, with
the input of the Chinese government, on the pdaticctivities in each sector that could be
put forward as packages of unilateral NAMAs, supgabNAMAS, and possible credit-
generating sectoral NAMAs.

The study also found that, in the sectors that wesearched, the industrial concentration
level is fairly low and the deployed technologies @ery diverse. In particular, SMEs
generally have less advanced technologies thanose energy and generate more
emissions. Technology transfers could thus playrgortant role in emission mitigation.
SMEs also have less access to the finance thaeded to implement such technologies.
Because SMEs mainly serve local and/or domesti&ketsrimproving their efficiency is less
likely to create competitiveness issues for indastin Annex | countries.

Larger enterprises in China have the access tadmand advanced technologies, but they
generally lack the economic incentive to implenmgtly emission abatement projects. In
China, larger enterprises often seek to expandayiang SMEs rather than through
investment in technology upgrades. In this contgavernmental policies need to provide
the incentives needed for industry to invest incefhcy improvements. For SMESs, special
facilities are needed, such as guarantee fundeddmsdgrant funding, in order to improve
the flow of financing for mitigation activitie¥.

China’s economy is expected to continue growingdigmver the next decade or two, led by
its industrial sectors. To avoid rapid growth missions (even if emission intensity declines
somewhat, step-change technologies like CCS manebded. International technological
and financial support may be provide a key rolensuring that such technologies are
eventually implemented widely in China.

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

% See CCC (2009).
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Annex Il: Summary of Study Work in Mexico*°

This annex begins with a summary of the quantigaéinalyses of carbon emission data and
mitigation options in the iron & steel, petroleucement, and power sectors. That is
followed by an assessment of lessons learned, dgaiwipart on additional information
gathered from the study workshop and subsequentcsations with industry in Mexico.

Overview

The study team used public data from official searto build BAU baseline projections
from 2008 to 2020. BAU emissions in the Iron aneebsector are expected to grow the
fastest at an annual rate of 4.1%, leading to ptegeemissions in 2020 of about 40 Mt CO2.
The emission intensity is projected to be 1.3 t(d@2ton of steel. BAU emissions in the Ol
Refining sector are projected to grow at a 3.4%uahrate, reaching 24 Mt CO2 by 2020.
BAU emissions in the power sector are forecastoavaat a 3.1% annual rate, reaching 152
MMt CO2 in 2020. The emission intensity of the gowector is 0.42 tCO2/MWh. Finally,
BAU emissions in the Cement sector grow at a 2.88% reaching 42 Mt CO2 in 2020 with
an intensity of 0.737 t CO2 per ton of cement.

Once the BAU baseline was determined, abatememhddagies and costs were discussed
with industry representatives and mitigation opsievere identified, as shown in Table 5.
The electricity sector had the largest potentialssian reductions amounting to over 31 Mt
CO2 by 2020, relative to the BAU level. Other pui@l emission reductions by 2020 were
about 14 Mt in oil refining, 5 Mt in iron and steabout 3.5 Mt in cement.

Table 5: Mitigation Options

Iron and Pulverized Coal Injection in Blast Furnace; Natukals Injection in
Steel* Blast Furnace; Hot feeding of DRI; Hot feedingdR| + High %C;
DC Furnace for EAF; Scrap Preheating — ConsteegSereheating
FUCHS Shaft Furnace; Scrap Substitution for DREAF

Oil Refining Energy Efficiency measured through the Salomonxratel Co-
Generation.

Cement Process Chang#iotors/Drivers; Grinding Technologies; Classifiefs
Speed Drives

Blended Cementoal Fly Ash; Blast Furnace Slag;

Alternative Fuel UseDried Sewage Sludge; Wood Waste;
Agricultural Residues; Plastics; Scrap Tires

Kiln ConversionsConversions from Dry to Preheater/Precalciner;
Conversions from Long Dry to 3/4 Stage Dry

Electricity Repowering Conventional Fuel Oil Thermal to NGC@®Yind (Class
7, 5 units); Wind (Class 6, 5 units); Geotherr(ddX); Biomass
Cofiring - Pulverized Coal Plants; Biomass Coniamdl; Landfill
Gas; Repowering Coal to NGCC,; Soldrermal (US)
Hydroelectric — Zimapén; Solar-PV (US)

0 This annex was written largely by Juan Pablo Bisor
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Options specifically excluded from this analysislude alternative raw materials, renewable
energy projects, and waste heat capture systemeceht follow-up investigation indicated
a limited applicability of some of the mitigatioptions in the iron and steel sector. The
mitigation opportunities that were quantified akely to be an underestimate of the full
mitigation potential, especially in the complexnirand steel sector.

If all identified mitigation options were implemext, the annual growth rates of emissions
would drop from the BAU pace of 3.4% to -4% in @ifining, from 4.1% to 3.4% in lron
and Steel, from 3.1% to 1.2% in electricity, anohir2.8% to 2.0% in cement, as shown
below.

Table 6: Annual Growth Rates of GBmissions, BAU and Mitigation Policies
CO; Emissions’ Average

Annual Growth Rate
2008-2020 (%)

% of reductions

BAU Policy from BAU in 2020
Electricity [N 1.2 21
Cement 2.8 2.0 8
4.1 3.4 12.5
Oil Refining 34 -4.0 59

Mitigation Options

Based on the identified mitigation options, MargiAbatement Cost Curves were
constructed for each sector. Abatement was mgerestve in the Oil Refining sector where
no negative cost options were identified. Negatiost options were 0.85 Mt G@nh the
Cement sector, about 3 Mt in Iron and Steel (oadfr ¢f the overall emission reductions in
the sector), and over 21 Mt in electricity (69%lnd sector’s identified abatement potential).
A summary is provided in the following chart: BAlhessions are the top of each bar while
identified abatement potentials are the red and phrtions, with the blue portion indicating
negative cost opportunities.

As indicated, electricity is the sector with thegkest absolute emissions, the largest emission
reduction potential, and the most negative costes@nt opportunities. Cement has the
second largest level of emissions but it has thwe$h amount of potential abatement and
negative cost opportunities. Iron and Steel rahkd on emission levels and potential
emission reductions but, as noted above, its eamssre growing most rapidly. Oil

Refining has the smallest BAU emission level bug thee second largest identified abatement
potential.
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Figure 7: BAU Emissions and Abatement Potenti&020
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Further analysis of abatement opportunities isgaesl in the table below, which shows two
technologies in each sector that render the largdsictions at the lowest cost.

Table 7: Key 2020 Abatement Options and Estimatest<(€ per t CO2)
Cost
MMt CO2 (2008€ /
tCO2)

NGCC 3.7 -119

Wind (Class 7) 8.9 -44

Reduce clinker fraction 0.68 -57

Alternative fuels 0.36 6.3

Scrap preheating 1.6 -50
Steel Hot feeding of DRI 2.0 6
Co-generation 9.7 -

OJINCIG'E Energy efficiency (Salomon Index
100) 4.5 -

The first row in the table shows the option of 8hg about 10 TWh of electricity generation
from conventional thermal fuel oil power plantdNatural Gas Combined Cycle (NGCC),
thereby achieving about 3.7 Mt of CO2 reductiona significant saving in costs. The
second row involves replacing about 11.5 TWh of @ogenerated by thermoelectric plants
with wind power, thereby reducing emissions by @Mt CO2, also with some cost
savings.

The Mexican cement industry is already very effitiand further technology improvements
to improve energy efficiency would require sigréiind up-front investments that may not be
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warranted. Nevertheless, some reasonable emigsimation is possible in the sector with
increased use of blending materials such as diagsii, and pozzolan. The table shows the
fairly small emission reductions from slag anddbh that were estimated by ICF consulting.
A subsequent visit to Mexico by the CCAP team fothratt the addition of the more
abundant pozzolan could boost emission abatemamt htending to around 3.8 Mt of CO2.
The table also indicates some fairly limited engesieductions that ICF estimated involving
the use of dried sewage sludge as an alternatele Again, on a subsequent visit, the CCAP
team identified other fuel substitutes, importamtigiuding Municipal Solid Waste (MSW).
Technically, fuel substitution rates in excess @¥bare feasible and have been demonstrated
in European cement plants. If MSW replaced 30%uelfuse, emissions could be reduced
by an estimated 2.5 MMt CO2.

In the Iron and Steel sector, it was estimatedriatral gas could replace other fuels to
some extent in blast furnaces at the Las Truchad flvith a capacity of 2.35 Mt/yr) and the
Monclova plant (with a capacity of 3.7 Mt/yr), résng in about 5.8 Mt CO2 of emission
reductions. An additional 3 Mt CO2 of abatemenildde achieved with hot feeding of
direct reduced iron (DRI) in plants at Lazaro Cawate(4.2 Mt/yr), Moterrey-HYLSA (1.7
Mt/yr) and Puebla (.75 Mt/yr).

It was estimated that the Oil Refining sector cduldd 3.1 GW of cogeneration capacity
and achieve estimated emission reductions of 9.COR. Energy efficiency, as measured
by the Solomon Energy Intensity Index, could alsarbproved from an estimated 133 in
2007 to 100 for an additional 4.5 Mt CO2 of abatetiry 2020.

Barriers to Implementation

Achieving the emission reductions identified ab@/kindered to some extent by their costs,
technical difficulties, regulatory constrains, aethted political sensitivities. These
implementation barriers are summarized in the Yalhg table and discussed further below.

Electricity

The publicly-owned electricity sector in Mexicossbject to bureaucratic inefficiencies, but
it is also a symbol of national sovereignty. Hiedly is a public good guaranteed by the
state. The constitution requires the state-ownsttiloution monopoly, the Federal

Electricity Commission (CFE), to provide power fa¢ fowest cost per kWH. This mandate
precludes investment in more expensive low-emittjageration. However, the CFE is also
mandated to implement the Energy Ministry’s pokcigcluding the Large Scale Renewable
Energy Program which is building over 500 MW ofeaiable energy capacity between 2006
and 2010. To achieve this, the Ministry providdthancial incentive of up to 1.25

USD/kWh for renewable generati6h.

*1 CFE also controls about two-thirds of the gerienatapacity and about 90% of the transmission
grid.

*2 Elfas Ayub, Alfredo et al., Programa de Obrasvetsiones del Sector Eléxtrico 2007-20186,
Comisioén Federal de Electricidad, SubdirecciéfPdigramacion, gerencia de Programacion de
Sistemas Eléctricos,
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Table 8: Barriers to Implementation of Mitigatiop@idns

Sector / Technical Financial Regulatory Political
Barrier
- Low Electricity
prices - Electricity as &
- No p_ayment for Constitution public good .
T ission i capacity or O&M d fosters subsidies
Electricity ransmission linel "~~~ mandates - Energy
access . : lowest cost e
intensive excess security: net
. KWh .
capacity importer of
- Subsidized fuel natural gas
prices
- High up-front
capital cost - Constitutional | - PEMEX is the
. - Projects mandate- highest
Oil .
Industry ap_pr_o_ved and _hydrocarbon contributor to
prioritized by industry owned | government
Treasury by the state budget
- PEMEX deficit
- Regulations | Municipal 3-
Input supply High up-front require a year ter.m limit
Cement canital costs percentage of | constrains
P clinker content | length of MSW
in Cement contracts
- High up-front
- Sector boundary capital cost
; . . - Lack of long-
Iron and | varies with - High electricity
) . term natural gag
Steel production route | prices compared
, ) contracts
- Input supply to residential and
abroad

Other examples of recent regulations were desiggatie Energy Regulatory Commission
(CRE). The CRE recently improved the infrastruetand financial incentives for renewable
energy sources by giving independent power produdBPs), cogenerators, and self-
suppliers better access to the grid and betteeqridhese sources, combined, represented
about one-third of the installed generation cagani?007. However, CFE does not
guarantee power purchases from IPPs and the citenbmic downturn has left the
electricity sector with excess capacity of ovelGQ\W® (24% of the total), the highest in the
last decadé’

Another key barrier for the sector is its reliameedomestically-produced fuel oil at
subsidized prices. This hampers the use of cldaeés like natural gas. Based on Mexico’s
current pricing policies, the study team estimaked the average price of residual fuel oil
would be about US$4.5/ MMBtu over 2008-2020, oriipat half of the forecast

* Prospectiva 2008-2017, pp. 99 and 128.
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international market price of about US$11/MMBtuy &ntrast, natural gas prices in
Mexico are expected to be slightly higher thanwioeld market price US$ 6.32 versus
US$6.16/MMBtu. Thus, fuel oil prices are expedtedbe well above natural gas prices in
the international market, but the opposite willthe case in Mexico.

These relative fuel prices play a crucial role loe decision to repower fuel oil plants with
natural gas combined cycle. The study team estunidat an NGCC plant would result in a
cost saving of nearly €120 per ton of CO2 compavigd a new fuel oil power plant using
international market prices, but a cost outlaylose to €3/ tCO2 at Mexican prices.

Even if fuel oil subsidies are eliminated, incrahsaports of natural gas would raise
concerns about energy security. Natural gas afraadounts for about 47% of electricity
generation and its share is expected to rise to i67%e BAU forecast? At present, more
than a third of Mexico’s natural gas used in pogemeration is imported.

The QOil Industry

The state-owned oil company, PEMEX, engages incgapbn and production of crude oll
and natural gas, oil refining, and production afrpehemical products. There are currently
six refineries in the country, all of which had bdwmuilt before 1980. Because of
inefficiencies and high operating costs on thedergblants, product margins are relatively
low. The product mix also needs to be shifted toMighter fuels, which are in higher
demand. The sector has been lacking investmargdgmde existing facilities. A seventh
refinery is now under construction and expecteblegin operations in 2013. Processing is
about 1.4 million barrels per day at present anuketed to grow to 1.8 million barrels when
the new refinery is operational and some expansoasompleted at existing plants.

PEMEX provides significant fuel inputs to other irstiial sectors. An estimated 52% of the
fuel used in the cement industry in 2007 was petnol coke and 16% was fuel oil. Fuel oll
also represented about one-fifth of the energy émegenerating electricit§?

Additional investment in the petroleum sector isaed to improve its efficiency. However,
PEMEX is unable to make independent investmentsa@ts. It must turn over most of its
operating surpluses to the government and thatifigngburce represents about 40% of the
government’s overall revenue. Any significant istreent by PEMEX must be approved by
the Treasury Department, and efficiency improvemémt PEMEX have not been a high
national priority. In particular, PEMEX’s refiningperations have a low priority when it
comes to state investments. The Treasury hasamh$&&oured investment in production and
exploration, where the returns are higher and #t®nal interest may be higher, given the
declining reserves in existing fields. PEMEX dlacks some incentive to invest in
efficiency measures or cogeneration, as any sawirajst achieves will be turned over to the
Treasury rather than made available for other iteests by PEMEX itself.

* Prospectiva 2008-2017, pp. 108
*® Electricity Prospectiva 2008-2017 p. 144 CemenaBze 2008 p.38.
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To achieve the emission reductions indicated imptieeious section, two key
implementation barriers will need to be overcomaagd-front capital costs of up to US$3
billion to implement energy efficiency measuresy &) improvements in regulations to
ensure that cost-savings do not lead to future éucgs for PEMEX. Furthermore,
assurances of power purchases at sufficiently prgies from CFE are needed to provide
incentives for co-generation projects.

Cement

Mexico’s cement industry is among the most effitimd modern in the world. There are
six manufacturers and over 30 cement plants wabnabined capacity of around 60 Mt/year.
There are no energy intensive wet kilns in operatiDue to the sector’s high efficiency, the
mitigation options lie largely in the area of ingsed blending and use of alternative fuels
rather than more expensive process and efficiempyavements.

A traditional substitute for clinker in Mexico i®pzolan (a volcanic rock). In many cases,
however, cement plants do not have a ready sotifgezaolan in their vicinity. Access to
other substitutes like fly ash and blast furnaeg $ also very limited and location-
specific*® In some cases, investments in infrastructureaeeled before the materials can
be easily accessed. The location problem alsai@ns the use of alternative fuels like
Municipal Solid Waste (MSW), as cement plants aeusually close to landfills. If
transportation costs and emissions are factoretiéengption might no longer be cost-
effective.

Even if clinker substitutes and alternative fuels lacally available, other barriers may limit
their usefulness. For instance, MSW requires @siog and treatment before it can be used
as alternative fuel in the cement industry, bottalise of health hazards and because of
resulting effects on the quality of the cementteAlative fuels may require unique material
handling systems industry (e.g. to reduce sludgstme) before they can be useful for
cement production. Government regulations, eiftiehealth purposes or to ensure the
structural quality of cement, may also limit theuistry’s ability to use clinker substitutes
and alternative fuels. Different applications efieent and concrete require different
gualities determined by specific blending reci@es] state regulations detail some of these.

Another impediment is the lack of long-term suppiytracts. MSW is owned and managed
by municipalities, and local administrations areepally subject to term limits of three
years. Evidently, a given administration has regrbable to bind its successors in longer-
term supply contracts.

Iron and Steel

Mexico’s iron and steel industry was among the fird.atin America and continued its
pioneering role with the first commercial plantngdirect of reduction iron (DRI) in 1957.

* Fly ash from coal-fired power stations can be Beneclinker substitutes only if the power plants
reach and maintain the necessary combustion efigidn addition, the quality of local slag coule b
improved if highly capital-intensive modern quencheere installed,
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Today, the sector is comprised of three multinaidinms (ArcelorMittal, Ternium, and
Tenaris), which are responsible for 52% of Mexiaw'sde steel production. The remaining
production is from domestic firms (the major ones\g AHMSA, DEACERO and SIMEC).
The sector is characterized by heavy reliance ohddR electric arc furnaces. The DRI
process uses natural gas as a fuel stock; it atxéamabout 38% of total steel production,
the largest share using that process of any coimthe world. The result is a low emission
intensity compared with the steel industry in otbeuntries. Mexican steel production has
not kept up with domestic demand, and the courdsytherefore been a net importer of steel
since 1998. In 2008, the industry announced agjo@ducing imports by investing US$10
billion in new capacity between 2010 and 2013. sy, the economic downturn
beginning in late 2008 caused steel demand to pluigoduction dropped in half and
investment plans were suspended.

As for cement, the technologically advanced statbeMexican iron and steel sector
implies that the available mitigation options héwgh up-front capital costs. A recent visit
to Mexican iron and steel plants by the study teaimforced this notion (see the box below).
In particular, natural gas injection in blast furaa cost up to an estimated €12/ton of steel
while hot feeding of DRI cost €55/ton. Other regaly barriers also thwart implementation
of these emission abatement options: For examapégk of long term natural gas contracts
discourages investment because future gas suppligersubject to the uncertainties of spot
market prices. Also, the iron and steel sectorddigh electricity prices, impairing the
competitiveness of electric arc furnace operatrefetive to those in other countries.

On Site Study: The Iron and Steel Plants in Mexico

On February 7-12, 2010, CCAP visited five Iron &tdel plants from fou
companies in Mexico. The plants compromised 64%exXico’s capacity.
The companies as a whole account for 81% of Megicapacity. The site
visit provided first-hand evidence of the good tealbgy base of the
sector. There have been recent retrofits to albmajocesses and more
investments are planned. Some of the plants hasadyl implemented thg
technology changes suggested as mitigation opirotieir lines of
production as well as other energy saving technesod{owever, other
opportunities to save energy and reduce emissidhexsst. Fortunately,
there appears to be a high awareness of the inmpertaf identifying and
implementing these opportunities in operations gladning, and some
process audits have been carried out recentlyo, Adsir Clean
Development Mechanism (CDM) projects have beenldped. The
process audits and CDM projects are an excellantirsg point for the
follow-on work of assessing plant-level emissiodugtion potentials and
the costs of mitigation technologies, which coalg the foundation for the
development of a sectoral NAMA.

g

14
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Combining all the identified negative-cost optiaishe sectors investigated in Mexico
would amount to nearly 30 Mt CO2 of emission redung by 2020. Packages of programs
and projects along these lines could be good cateidor unilateral NAMAs. However, as
discussed above, each sector faces barriers temapitation of these emission abatement
programs. The table below summarizes the bamedsndicates that they may include
financial, technical, regulatory, and political gpoments. Financial constraints are typically
associated with steep capital costs for partidgl@innologies. Technical barriers refer to the
lack of a particular technology or fuel. Regulgtbarriers encompass laws and regulations
such as industry standards that do not consideonamission reductions. Finally, political
constraints may also impair the chances of implémgrsome mitigation actions.

Table 9: Mitigation Options and Barriers

Mitigation Option Barriers

Energy security NG
dependence

NGCC Mandate: Lowest cost KWh
Electricity Fuel oil subsidies
Transmission lines

Wwind (Class 7) Mandate: Lowest cost KWh
Fuel oil subsidies

Clinker substitutes proximity
Reduce clinker fraction Regulation: Cement quality
Substitute treatment facilities
Alternative fuel’s proximity
Regulation: Impurities fuel
Alternative fuels content

Alternative fuel treatment
facilities

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

High up-front capital costs
High Electricity costs

Low priority of investment
Lack of reinvestment
Capacity & O&M lack of

Oil Refining payment

High up-front costs

Low priority of investment
Lack of reinvestment

Cement

Natural gas injection in blast
[Tl furnace
Steel

Hot feeding of DRI + High % C

Co-generation

Energy efficiency (Salomon Index
100)
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Key Lessons Learned

During the two years of work on this project, CCA&d the opportunity to meet with
numerous industry experts and public officials &l ws members of academia and civil
society. Among the many data gathering trips, whdps, and other discussions, key lessons
were learned about data availability, governmeptcdies, and possible next steps. They
are reviewed below.

Data

Mexico is the only developing country to submitksurth National Communication, which
includes a GHG emissions inventory, to the Unitadidhs Framework Convention on
Climate Change. In addition, the Environment Miryisequires stationary sources to report
emissions of pollutants, including GHGs. The Minisompiles this information in an
Emission and Pollutant Transfers Registry (RETBdwever, these reports are not subject
to third-party verification. Moreover, industry Res voluntary reports of emissions and
abatement projects in the “Mexico GEI Program,” ethis promoted by government and
civil society. In addition, Mexican companies papate in the programs of the World Steel
Association and the Cement Sustainability Initiatof the World Business Council for
Sustainable Development, which include a compitatibon CO2 emissions and energy
performance. The publicly owned electricity anbdcoimpanies, for their part, report their
energy use and production in public documents reduy federal law, most notably the
Energy Outlook published by the Energy Secretatidwever, these reports do not include
GHG emission data or emission factors.

Different accounting methods are used in theseghtaering efforts. For example, whereas
the National Inventory uses energy consumptiorotaeup with the national GHG
emissions, the RETC program collects actual emmssam individual plants and units.
Because of confidentiality issues, the data usethfe study was almost entirely from
publicly-available sources. In the case of privatustry, data was confidential because of
competitive issues. In the case of the publichyned/ PEMEX and CFE, strict governmental
authorization procedures limited data availabilitg.some cases, the data simply did not
exist. The table below classifies the main orgatnins contacted for the study and their
capacity to gather and share data:

Table 10: Mexican industry capacity to gather dmats 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 Agreeméetween CCAP and CANACERO.
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As indicated on the table, all the organizationd Aaeasonable capacity for gathering data.
The National Chambers of the iron & steel and canmetustries face greater data-gathering
challenges because of the need for consensus amginghembers on the methodology and
level of detail to be provided. Moreover, GHG datarovided only on a voluntary basis by
private firms. By contrast, the publicly-owned PEXland CFE do not face such challenges
as they are monopolies in their sectors. Thewyk® key sectors for the state and have high
data gathering capacity. However, their sectaesraportant both for national security and
national pride, which limits their data sharing aeipy. The iron & steel and cement sectors
are not a matter of national security and are ownesltly by multinational corporations.

The constraints on data sharing because of conveeiitss concerns in the iron & steel
industry were lifted in part toward the end of gtedy; CCAP reached an agreement with the
industry association, CANACERO, in which privatenfs agreed to provide CCAP with key
data needed to refine assessments of abatemesocoatconfidential basis. However, a
confidentiality agreement with an industry assaecrats no guarantee of access to data, as
some companies may not collect the relevant datatrers many remain reluctant to share
it.

Government Capacity

Mexico’s Special Program of Climate Change (PE@@hlished in August 2009,
establishes the elements of the government’s laweradevelopment strategy. It specifies
short-term mitigation actions, by sector, to belenpented by 2012, notably including the
development of a cap-and-trade system at leasthéoelectricity and oil industries. The
PECC also describes longer-term goals, includirggdaction of total emissions to 80% of
the BAU level by 2020 and of annual per capita smiss to 2.8 tons of CO2g 2050
(about half of the 2000 level).

Implementation of the PECC will require coordinat@mong numerous government
ministries. In 2005, President Vicente Fox Quesadated the Intersecretary Commission
for Climate Change (CICC) to ensure effective camtion?’ Despite these efforts,
additional capacity building is needed in data gatiy, addressing regulatory and political
barriers, and implementation (including MRV), asatissed below.

Data gathering will require a clearly defined boandfor each sector and agreement on
methodologies to be used. For instance, shouiditses by cement firms to create self-
supply of electricity be included in the electryci#tector or in the cement industry? The
choice will affect the baseline emission forecastthe sector as well as its mitigation
options and targets. These issues are relevame@y for the sectors studied under the
current project but also for the economy as a whalkthe general implementation of the
PECC.

Regulatory and political constraints on emissiotigation include the need to phase out
fossil fuel subsidies and open the energy sectprit@ate investment. Public-private
partnerships could be fostered to improve competiiss as well as reduce GHG emissions.

4" There are eight Ministries in the CICC: Environmeékgriculture, Communication & Transport,
Social Development, Economy, Energy, Foreign Afiaamd Finance.
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Allowing long-term contracts for natural gas in then and steel industry and for MSW in
the cement sector would improve efficiency and smisabatement there. The government
could also arrange for the processing of clinkdastitutes and alternative fuels to make them
more useful for the cement sector.

The government requires assistance to establishtef® implementation programs. This
includes the design of cap-and-trade or other tgp@sarket-based sectoral approaches, the
creation of technology benchmarks and mandatesthenestablishment of MRV systems.
These capacities are needed both to ensure reatieiggals in the PECC and also to allow
Mexico to take advantage of the new internationabling mechanisms that will follow from
the Copenhagen Accord and subsequent internat@gaitiations.

Next Steps

This study emphasized analysis of each sector erdgntly. Future research, however,
should assess integrated strategies for the @iegtil, cement, and iron and steel

industries. The sectors are intertwined in numergays. While each has some independent
emission mitigation options, the overall emissieductions could be optimally pursued only
by taking account of the interactive effects amtrgysectors. At the very least, some
bottlenecks to implementation could be overcomé it integrated strategy. Two examples
discussed below illustrate the point.

Figure 8 describes relationships among the sebtmsd on the resources they share.

Figure 8: Interdependence of the Sectors

kKWh
Oil Refining R
Fuel Oil

The oil refining sector provides the first example.part because of outmoded technologies
used in Mexican oil refineries, a large part ofitleeitput is heavy fuels, like fuel oil, which

is subsidized and used for electricity generati®ther carbon intensive co-products from
refining, like petroleum coke, are used to prodciagker in the cement sector. If refineries
could upgrade technologies and produce a greadee sl lighter fuels, emissions from

Pet Coke
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electricity generation would be reduced and cementpanies would be forced to use less
carbon intensive fuels.

The lack of investment in refinery upgrades alsast@ins the removal of fuel subsidies. If
the subsidy on fuel-oil were removed, the powetmeasould turn to greater use of imported
natural gas and emissions would fall. However, EEMvould then be left with a large
surplus of heavy fuels, which are expensive tospant and, if released into the market, are
thought likely to cause a significant drop in fodlprices.

The second example involves the electricity sectoithe BAU scenario, natural gas is
expected to increase its share of fuel consumtidine power sector to 63% by 2020.
However, additional market share for NGCC plamtglace of fuel-oil fired power plants,
would considerably emissions in the sector. Naaa is also used for the low-emitting
DRI process in the iron and steel sector and camla injected into blast furnaces. If both
of these sectors increase their use of naturaltigeie could be a strain on domestic natural
gas distribution capacities and concerns over xtene of the country’s dependence on
imports of the fuel.

Other possible interactions among these econorotorsecould also become important.
Eliminating fossil fuel subsidies and switchingNGCC in the power sector would have
effects on prices faced by electricity users, idoilg the cement and iron and steel industries.
Use of alternative fuels in the cement industry ldaeduce demand for PEMEX’s

petroleum coke. Reduced use of heavy fuels farety of reasons could create additional
incentives for the government to allow increasegtiment in refinery upgrades.

Conclusion

The four Mexican economic sectors analyzed above lmportant potential opportunities
for CO, mitigation, including some that involved low costseven economic savings.
However, achieving these emission reductions wduire addressing key barriers to
implementation. The quality and availability otaas a key area for improvement needed to
help overcome these barriers, and coordination gratimelevant stakeholders is likely
required to make advances in this area. The egistudy has helped to understand
mitigation opportunities within each of the fourlgan-intensive sectors by themselves.
Future research should include greater evaluafitinedinterrelationships of the sectors and
the impacts different mitigation policies and ansawill have among them in achieving
overall emission reductions. These types of aesalydll be crucial for the construction of
Mexico’s future Low Carbon Development Strategy.
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Annex Ill: Summary of Study Work in Brazil *

In Brazil, the study team conducted analyses ot#dment and power sectors. The case
studies focused on each industry’s potential foissimn reductions using a sector-based
approach. BAU forecasts and MAC curves were deeglan light of current and potentially
feasible technologies in each sector. Barrieisyflementation and potential government
policies to overcome those barriers were of padicimportance.

Electricity *°
Abatement Potential

Brazil has enormous hydroelectric resources, anghly three-fourths of the country’s
power generation capacity is provided by large bgbictric plants. As a result, the
country’s power sector has a low emission intensipwever, large hydroelectric plants
give rise to risks of loss of some forest lands ati@r natural ecosystems, generating some
ancillary greenhouse gas emissions. The Brazilevegiment has approved environmental
impact studies for planned hydroelectric projebtg,these have yet to be submitted for
public consultation or to be granted environmelitahses.

A key mitigation option is a switch of power gerteya from coal to natural gas. However,
natural gas infrastructure is rather limited in Brat present. Generation of power from
wind is another important emission abatement oppdtst. Currently, however, Brazil has
only one domestic equipment manufacturer and teeafovind farm equipment is too high
to make it a competitive source of energy in mosations.

Solar-electric power faces many of the same impedimas in the rest of the world.
Expensive solar PV systems only become compeiitiapplications where grid access is
not available or practical. In Brazil, this limitse installation of PV systems to sites in the
Amazon and Northeast that are isolated, sparsglylpted and difficult to access.
Moreover, subsidized rural electrification initisgs have led to an extension of the
distribution grid to remote regions despite the fhat stand-alone PV systems apparently
would have been more cost-effective in some cases.

With rapid growth of the economy, the power sest@HG emissions are forecast to rise
under BAU policies from approximately 20 Mt CO2e2005 to almost 75 Mt in 2025.
Aside from further expansion of hydro power, endashbatement opportunities have an
estimated potential to reduce emissions about 1 K015 and nearly 30 Mt by 2020.

Barriers to Implementation

Various technological, financial and institutiomarriers may hamper the full exploitation of
emission mitigation opportunities in Brazil's powsactor. The country’s electricity sector
has evolved from a situation of domination by staietrolled utilities to one with an
increasingly role for private power generators.wideer, government planning has not

*® This annex was written largely by Thomas Polzin.
* See the “Case Study: Brazil's Electric Power Sgtt@F and CCAP (2010).
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allowed much role for cogeneration or self-generaby industry. Public utilities still look
to hydropower as the foremost option for the exfmanef generating capacity. In addition,
private financial markets are not well-develope®razil, limiting access to capital for
independent power producers and smaller-scale @revenergy projects. In addition,
long-term power supply contracts have been diffitmestablish and, until recently, there
were no government-mandated feed-in tariffs foevestble power supply. Thus, private
power production has been inhibited by the absehessured power purchases and
guaranteed prices.

In order to encourage private participation in gatien from renewable sources, the
Brazilian government also implemented the Progr&imaentives for Alternative Electricity
Sources (PROINFZ) in 2002. This program provides incentives togie companies that
generate electricity from small hydro, modern bismand wind resources by obliging
Eletrobras to purchase the energy they produceatgetitive price for a period of twenty
years. The price of the contracted energy is rof figh, as it is based on the weighted
average of the costs of generation from naturatlgasnoelectric plants and from
hydroelectric plants with a capacity greater tham®/. Also, PROINFA does not provide
funding for the up-front costs associated with @copreparation, nor does it grant any
incentives to solar energy. Furthermore, in 2006 ,government decre¥dhat Eletrobras
would receive all CDM credits earned by PROINFAjpcts. For these reasons, private
sector participation in PROINFA has been limited.

Cement?

Data limitations constrained the analysis of Bfazitement sector. Because of potential
implications for their competitiveness, privaterfs were generally unwilling to provide data
that they considered confidential. This includethdon the prices paid for electricity and for
different types of fuels. In future work, reseahand analysts will need to reach
confidentiality agreements with industry, espegiélplant-by-plant data will be used. Even
if the government obtains some data by mandaie pilikely to provide plant-level data to
the public.

Abatement Potential

Cement production in Brazil grew rapidly for mostlee last decade. However, the cement
industry is less emission intensive in Brazil ti@many other countries. In particular,
indirect carbon emissions of the cement industignffelectricity use) are lower than in other
countries because of the large share of Brazilamep production from hydroelectric plants,
as discussed above. In addition, the Brazilianesenmdustry generally has modern, energy
efficient plants and a substantial amount of blegdvith waste materials from other
production activities limits the use of clinker.

¥ Programa de Incentivo a Fontes Alternativas derBiaeElétrica
*l Decree N. 5.882, dated August 31, 2006.
%2 Sector Based Approaches Case Study: Brazil, 10692
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In 2007, total GHG emissions from cement productioBrazil were estimated to be
approximately 30 Mt of CO2e. BAU forecasts suggegtowth rate of about 2.7% per year
to around 50 Mt by 2025.

Four key abatement options analyzed: process elsaagiernative fuels, additional
blending, and kiln conversions. If all the ideitif technologies are adapted, an estimated
2.6 Mt of emissions could be eliminated by 2015 amdt by 2020. These estimates
reflected the maximum achievable results from arieal perspective before taking account
of the potential barriers to implementation which discussed below.

Barriers to Implementation

Many of the mitigation options analyzed in thisdstunave associated supply issues.
Specifically, there are a number of possible suppbin barriers related to the availability of
the different types of alternative fuels and thderals that are suitable for use in blended
cement.

Several of the materials that can be used as atteenfuels, such as plastics, sewage sludge,
and wood waste, require unique material handlirsgesys to make them accessible to the
cement industry. Another form of supply constraelates to the location-specific nature of
some types of alternative fuels. That is, notygles of alternative fuels are economically
available to all cement manufacturers in all lomagi. In addition to alternative fuel supply
chain barriers, there are also issues associatediva quality of cement produced using
alternative fuels.

Many of the materials that are recommended asaltige fuels for cement kilns have
properties that are well known and material hamgdbrocedures that are well developed.
Less is known about other types of materials, siscmany forms of agricultural wastes. A
joint government-industry research program mighp lpepomote more widespread use of
these materials by providing a better understandirigeir properties, handling
requirements, and availability.

Research into the effects of using alternativesfirekhe clinker production process is also
needed. Determining how various substances foumadternative fuels will ultimately affect
the quality of the final product and/or continuimgerations at facilities that adopt alternative
fuels, is a complex process that requires exparviedge about the properties of the
materials that comprise alternative fuels. Thistgpexpertise and the associated research
efforts are not readily available to the cementstdy. Limited access to sound information
on the impact of alternative fuels on product gyalicts as a barrier to more widespread use
of these substances.

Most cement plants in Brazil are currently allowedise scrap tires and other waste
materials for fuel. However, there are some paéeahvironmental issues associated with
the burning of these materials in cement kilnsr é@mple, cement kiln dust, which is a fine
matter produced during combustion and transporyettid flow of hot gases within a kiln,

can contain a variety of substances that are haaari human health. The concentrations of
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these substances can be increased by the use eftgpes of alternative fuels. Regulations
restrict the quantity of some alternative fueld tten be burned in processing clinker. The
closer manufacturing facilities are to large popalacenters, the more likely it is that
regulations are already in place and/or that i&gins could be tightened or implemented in
the future.

Blast furnace slag and fly ash are currently miwgti clinker to create blended cements.
However, these materials are not available in macgtions. Additional research is needed
to identify other potential blending materials dadssess the implications of using these
materials on the quality of the final product.sliitable waste or raw materials can be
identified, these might allow cement producersitease their production of cement with
lower inputs of clinker and thus lower emission<a,.

Public and Private Policy Options

The research conducted for this case study ancetudts of the analyses suggest that several
opportunities for public and private sector iniitas could stimulate additional or more rapid
adoption of emission abatement options in Braz#ment industry. Public-private
partnerships focused on research relating speltyfimamaterials available in Brazil could
provide valuable information for the cement industr

An area where government support could be espggailductive is in providing support to
the further development of a system that ensureBable supply of alternative fuels for use
by cement manufacturers. Even if alternative feels less than the fuels they are currently
using, cement manufacturers will not find them matteactive unless they are assured about
the reliability of the supply and the qualify oktfuel (as well as its effect on the quality of
the cement). The alternative fuels are often sagddly SMEs, which may have particular
difficulty establishing credibility as reliable spipers of new products. A government-
sponsored support program could help encouragdima to enter the alternative fuels
market and encourage cement manufacturers to comiith start-up firms that supply
alternative fuels.



