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1. Background and M otivation

1 Ti me and again the idea of fsector alofaapegpr oac h
Kyoto agreement on climate chandée motivation isunderstandablewe need action nowwe know

where most bthe emissions areso why not foas on the sourceé the key emissionsntensivesectors?

However, hetermisect or al approacho coul d be used t o d
differentiated by economic activitiesuggedhg there are as many déffent kinds of sectoral approaches

as there are economic activities or dimensions to climate policy.

2. It is widely accepted that measures to combat climate change are likely to be least cost and most
effective if they areappliedon an everhandedbasisthroughout the world But countries are naqual

and in support of the principle of common but differentiated responsibilities, parties to the UNFCCC have
agreed that it is for developed countries to take theitepdrsuing emissions reductions

3. The historical legacy of developed country emissions and the widely divergent resources available to
reducethemhasmeant that while creating emissions on the same basis whéneyenccur in the world
woul d be the mos thisié eof dompatible with &n aeceptablecbargblring formula
Developing countries have to date insisted that their development priorities are not consistent with
economywide emissions q@. Even if there was a desire in those countries to take on ecavidmy
emissions reduction targets, it is unlikely that they would have the capacity to meet them in the near term.

4, The absence of global caps anigsions undermines the objectioksecuring a global reduction in
greenhouse gas#wough:

Concerns about competitiveness

9 Binding caps ondeveloped countryindustries confer competitive advantagen their
counterparts imleveloping countries not subjdo such caps

1 Competitiveness concerns give rise to intensive lobbying in Annex | countries and resistance
to policies that seek to reduce emissions of GH@ducing domestic action and the degree
of ambition in international negotiatioisthis area

Leakage

1 The environmental counterpart of competitiveness concéffithout truly global constraints
on emissionsthe environmental pagff to action in developed countries is likely to be
reduced as production and demand which creates emissions mignate®untries with caps
to countries withouthem

1 The dilution of environmental impacatditimisesresistance to effective action and ambitious
emissiors reduction djectives in Annex | countries.

Insufficient ambition and the costs of delayed action

1 On their own emissios c a p s in devel oped countries cann
ant hropogenic interference with the <climate
estimated that 97% of growth in enenggfated emissions between now and 2030 will come
from nonrOECD countries (IEA, 2008c)
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1 Mitigation options outside Annex | countries are reportedly some of the lowest cost and most
effective mitigation options available. Effective action on climate change requires a global
leastcost approach. As costse, so too doessistance to ambitious actions.

1 The Clean DevelopmentMechanism (CDM) may have helpgd mobilise funding and
encourage emissismeductions in developing countrigsut the scale of the financial flows is
insufficient to meet the challeagof addressing climate afge (Doornbosch et al, 2008).
Moreover,the CDM is a currently a substitute for emisssoeduction in developed countries
and thus cannot seen as additional to developed country caps.

1 The slower the action the greater the clmgee and cost to control the stock of GHG
emissionse s peci al | y-i Mla e o ft siatdndive seithoatogies that are hard to
retire orpolicy path dependence (Ellis and Bar@009.

5. To help resolve deficiecies in current arrangements and to mobilise emissieductions in
developing countries it is necessary to:

9 Scale up finance and investments to reduce emissions.
9 Set emissiogreduction objectives that are demonstrably achievable.

9 Build institutional @pacity to implement emissismeduction policies and measuyesg.in
measuring, reporting and verifying emissions and emissions reductions.

6. Sectoral approaches appear be a favoured approachio controlling GHG emissions. While
international instruments have been based on ecomadey approaches, domestic actions have typically
had a sectoral or selective flavour. Even the most comprehensive emissions tradingisdhemwerld,

the EU ETS has been selectiva iits application on a crossctoral basis. This raises the questiera
sectoral approach necessary if we are serious about reducing emissions in practice?

7. Sectoral agreements are one application of the mareege a | concept of HAsect ol
use of the term Aagr e e nspatificbjectives hnd mgrumemstwithinragdsti n g
Kyoto agreement on climate change. These should not be confusecpratasso r i ent ed Tfisec
appr oasach es using sectepecific analyses to inform negotiations and construct quantitative
emissiors targets, or using sectspecific policies and measures for reaching national or international
climate change objectivésThe idea of a sectoral agreemdstthe creation of sect@pecific objectives

rather tharprocesses.

8. But sectoralagreements are likely to be complicated (Sawa, 2008). Focussing on a sector in some
detail may provide confidence about how and whemission reductions will take placé thus making
targeted reductions seem more achievablbut considerable amounts of information and detailed
decisions need to be negotiated and implemented.

9. A number of dimasions common to any sectbesgreement can be identifieshdare described in
Appendix A.The objective of this papés to elaborate two prototype sectoral approachescandider the
costs and benefisach represents.

1) Sectoral Crediting AgreementSCAS*, to:
9 Scale up financial flows
1 Incentivise reductions that are additional to those made under Annex | caps

9 Link reductions in developing countries to (more) specific abatement opportunities.
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2) Sectoral Emissions Agreements (SEAS), to:
9 Scale upambtion to reduce global emissions.

1 Address competitiveness issues.

10. Each prototype has be@esignedo provide what might be an environmentally and economically
effective agreement anslassessed in terms of itapady to address the issues discussed above.

11 The focus when considering these approaches is on international arrangements within the context of
the post2012 UNFCCC architectureWhile domestic implementatioissuesare importantthis paper
considers only policies that are complementary to or integrated with other existing or potential UNFCCC
instruments.

12. Implementation issues and economic and environmental irtiphsaof each prototype are then
discussed using examplesaf SCA in the electricity generation sector amdSEA in the cement sector.

To provide each qwoot ddbypme menshon, 6t bal raphiadng s i s
economic situgons. The SCA is discussed with reference to Chamaaccount of the scale and carbon
intensity of that c ount ry Buscodldiequally gpphf to any deeelognmi s s i
country The impact of a SEA in the cement sector is illuskdt using results from a model of
international cement productiaieveloped by a significant group of transnational companies

13. The choice of electricitygeneration and cemengflects the strength of research itk sectors
around GHG abatement potentials and the applicability of sectoral agreetneatt here are other good
reasons to considéhem Sectoral agreements are potentially useful in sectors with some or all of the
following attributes (Bradley et,@2007):

1 SubstantialGHG emissions and likely growth.
Exposed to international competition

Majority of production controlled by a few actors
Uniformity of products or processes

Existing regulatory presence or government involvement

= =4 =4 =4 =4

Ease of monitoringnd measuring attributable GHG emissions

14. The prototypes analysed are but two approaches to sectoral agreements amongst médiiepossib
The paper concludes with a discussion about whether a slightly difeeyeggment or application of the
agreements to a different sector webiricrease their effectiveness.

2. A Sectoral Crediting Agreementin the Electricity Sector
2.1 The need to mobilise emissisneductions in the electricity sector

15. The electricity sector is a significant and growing contributor to global GHG emissions. Electricity
and heat make up around 25% (Bradley et al, 2007). The IPCC has sdidhitivagg global average
temperature increasés between 2.30 2.8 degrees Celsius means cutting GHG emissions by 30 to 60
percent in 2050 compared to 2000 levekhe arithmetic of this is cleato be effective, international
action on climate change must address emissions in the electricity sector.
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16. Just as important as the scale of the challenge is the fact that the power sector is also home to a large
proportion of the availabletechnical potential for emissisrreductions and some of the lowest cost
emissiors abatenent opportunities (IEA, 2008b, McKinsey 2009)

17. Containment of emissions in the power sector in developing countries willbial, asdeveloping
countriesrepresentalmost half of the expected growth in global £é&nissions on &usinessasusual
basis(IEA, 2008c). Scenario modelling suggests potential for 1700 Mt @@missioms reductions in
2020 in thew o r |twloOonsjor emerging regions (Asia and Latin America). The Chinese power sector
makes up 53% dhis totaland the Indian power sector would contribute 22%.

18 At the same timghesefigures are linkedo the need for large scale capital investrmamthe order
of 1000 GW in 2020 for China and India alone to meetrdased energy demand ancomomic
development objectives.

19. Effective emissioareductions in developing countries require the pursuit of increased efficiency in
existing plants and, more importantly, containingré@ased power demand through -@isé efficiency
(particularly in the built environment). Significant changes from busiagssual are required both from
public and private entitie€Comprehensive measures are required that can investment inelectricity
sector transformation and institutional and behavioural changes amonggbk&ymental and private
sectoractors An SCA could offer one means of creating incentives for such change.

2.2 A Prototype Sectoral Crediting Agreement

20. A Sectoral Crediting Agreement $milar in concept to the ClaaDevelopment Mechanism (CDM)
but focuses on an entire industrial secttheathan individual project§.he advantage thatraSCA could
offer is its scale,a possibleredudion in transaction costsand potential forimproved environmental
integrity ®

21. Features of the prototype SCA for the electricity sector are:

9  Sectoral definition: Aligrid-connected electricity generationclades cogeneration/CHP plants
if grid-connected.

Legal instrument: Amendment to Kyoto Protocol or inclusion in any successor arrangement.

Contracting parties: NeAnnex 1 countries or countries without emissions cAfiarties to
the overarching podfyoto agreement will need to agree to the use of SCA credits, but they
will not need to be signatories to the SCA itself.

Participation: Voluntary.
Timelines
- In principle agreement: 2009.
- Negotiatedarges: 202.
- Entry into force: 203.
- Reporting: Every2] years.
- Creditissuance: Every [2] years.
- Credit expiry: All SCA credits expire in [2030].

9 Tradable units: Sectoral emissgmeduction (SER) credits equivalent to CER and AAU.
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9 Verification and administrative body: CDM boavdsimilar body yet to be estlished.
1 Target intensitybased, determined by negotiation.

1 Gasses: AllGHGscovered by the Kyotprotocol.

Figure 1. Stylised illustration of sectoral crediting under an SCA

PAMSs = policies and measures

| Current PAMs

Emissions
%
)
1}
\

~ Credits

T T S e e e s e e .- -
R el T

Potential
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22.  An agreement would involve setting counteyel emissionsargetsfor sectors and rewarding those
participatingcountries whose sectors outperform thengetswith tradabé emissions reduction credits.
Targets would be built up frona referencease incorporatingurrentpoliciesand measures (PAMs); new

pl edged or pl anned PAMs; and an extra margin to
emissios reductions(see Figure 1)The agr eement- oo @ d.a failore to mee fanges

would not result in penalties or requirements to purcheedits from other countries.

23.  The prototype SCA elaborated here is a negotiated instrinféwttarges could be different for
each participatig country, or could be the same for a group of countries or all participating countries.
Targetsmight also differ for new or established plarstablishing differentarges would be a core part

of any negotiations on an SCA.

24. Schmidt et al (2008) proposdlaeestage process for establishitaggets

1) Experts assess and define endrggnsity best practicdenchmarks in each sector to use as a
starting point for discussions.

2) NonrAnnex | countries pledge a carbimtensity level that they can meet without assistance.
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3) Annex | countries negotiate with developing countries on specific financial and other gupport
through a Technology Finance and Assistance Padkemencourage heAnnex | countries to
commitultimat el y t ol ¢ a8 cdamets Hinmn s

25.  The last step would need to be focussefundingtowards reaching rather than exceedimp-lose
targetto avoid duplication of funding for reductisrbeyond th@o-lose target which receive credits

26. During negotiations only the Aose target would have to be agreefbwever at least four other
pieces of information are likelyecessaryo reachanfii nf o r me d Overahg nese taget:t o

1 A reference projection of emissions (and emissions intensity as appropriate) which estimates
likely future emissions taking into account current policies and measures to tieeionce

1 A projection of emissions (and emissions intgnais appropriate) incorporating estimates of
the effects of new or planned policies and measures pledged unilaterally by*parties

1 Estimates of funding requirements and pledges (by Annex | countries) for new policies and
measures pledged by developing doigs

1 Estimates of the potential for emissions reductions which, in conjunctionbwilét 2 above
could be used to assess (roughly) the financing implications of the farget the potential
reducti on f wieldlcgedité untlehtletSCleee Figure 1)

27. Each country's government or designated authority would be free to use credits agitpeidieps
distributing them to individual companies in the sector or selling them for general revenue.

28. The salability of credits and their valueould depend on:
1 Volumes of emissimcredits created
1 Stringency of commitments taken on by developed countries

1 Whethercredits are recognised in international carbon market

29. The volume of credits createtuld bevery large depending on the precise design of the agreement
and other international arrangements (Bosi and Ellis, 2005). In order to preserve the environmental
integrity d postKyoto arrangementsthe level of stringency and detail of S@&ated principles,
modalities and procedures would depend on whethaptcreditscould be used for compliance purposes

by industialised countries

30. A sectoral agreement would not necessarily, in and of itself, ensure that credits are fully fungible on
the international carbon market dd®r compliance by industriabsl countriesSuchschemes are a matter
of domestic policy and may not fulhgcognise international (Kyoto) inaments for domestic compliance.

31. There are good reasons fensuring that credits are fully fungible with domestiatity-based
emissions trading schemes such as the EU ETS.wWilld provide an incentive for the private sector to
actively engage in the mechanigmor to the credits being generated. Activating investrfients in this
way would help provide ufront financing for technology

32. On the other hand, a link between a sectoratliting agreemerdnd domestic emissions trading
schemes could undermine carbon prices and the environmental effectiveness of those schemes if credit
volumeswerevery large. One way to prevetitis would be for developed countries to take on stringent
emissiors caps However developed countries woulikely be cautious given uncertainty about whether

such credits wuld actually be delivered tthe market.
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33.  Furthermore, to be fungible with domestic carbon instruments under emissions trading schemes,
sectoral credits ight well be subject to additional measurement, verificatind regulatory requirements.

34. If credits ould be used to offgedeveloped country obligatiorthiere night well need to be a
negotiation between developed and developing countries to ensure that @elditsanmanda market
with a reasonablegrice and developed countriesutd achieve some reassac that creditsvould be

forthcoming.

2.3.  An evaluation of an SCA in the electricity sector in China

35. To determine ifa sectoralcrediting agreementcould deliver in a practical senseone needgo
consider:

1 Whether there e sufficient incentives tpersuade country to join an SCA
1 What would need to be done to implement an agreement

1 The likely economic and environmental consequences

36. Chinaprovides a usefutase stug for considering such questioasit will be a key player in any
effective posKyoto arrangementand becauseelectricity is an important component @§ economic
developmenand emissiogireductions strategies.

37. Injust a few decade§hina has moved frormoeinga minor and selgufficient energy consumer to

thewor | dds s eiAroonudnd alr7g% saf Chinads final energy de
to the global share of electricity in final energgnsumption but higher than the comparable-8&TCD

figure of 14% (IEA, 2008b)Unprecedented economic growth has led to rapid growth in electricity
demand, with consumption increasing fioéd between 1990 and 2006 (IEA, 2008bhis has created a

near five-fold increase inCO, emissions in the sector, compangith an approximate 80% increase in

GHG emissions across the entire economy.

38 Chinabds demand for electricity i sfulee pVdhout ed t o
significant further action to address the emissions intensity of electricity sup@yemissions from
Chinabs power sector ar e Oeaxopne one guartert obtherekpsceed dhopal ar o
increase irenergyrelated CQ emissions between 2006 and 2030.

39. Much of the increase in GHG emissions in the power sector can be attributed to the structure of
electricity production rather than a simple increase in generation. WHilé nsha@ ef electricity from

renewable sources is above the global average (Hone et al (2008)) most of the growth in supply has come
from increased codlred generation dominated by relatively inefficient emissimtensive (subcritical)
plants. This means the despite substanti al renewabl e genera
electricity, at 0.8 kg of CQ per kilowatthour of electricity is above thexonAnnex 1average of 0.5

kg/kwh andsignificantly above the world average of 0.7 kg/kwh

40. Clearly there is technical potential for China to reduce emissions by redetamge orfossil fuel
and increasing the efficiency of fossil fuelled plaparticularlycoal fired power plants.

41.  As discussedhe target is the most critical part of &&A. Following the approach of Schmidt et al

(2008), a technical exerciseould be conducted to determine benchmarks on a global scale. These
benchmarksould be used to suggestthee c hni c al mitigation potenti al t
power sector by adopting more fuel efficient technologies and exploiting opportunities for increasing the
share of generatiomdm low emission or zeremission technologiesindertaking ach an exercisevould

benefit fromwork already undertaken byrganisations such as the IEBAt wouldstill take quite some

1C
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time to completgas there would be some disagreement amongst experts and constantly changing opinions
asnew informationcameto light.

42. Reaching an understanding on the technical reduction potentials also means, at least implicitly,
agreeingonafir ef er ence c assierms anfl emissidns intensitgne ef tihe more delicate
aspects othis process wuld be taking account of the effects of current and planned pglicidsding
decidingwhich to include and evaluating thémpact ofon future emissions.

43. China has many different policies anéups affecting emissions from the electricity se¢see first
column ofTable 1) In the context o&an SCA it is unclear which policies and measures might be included
in a reference cas@ key question irthis regardwould behow to treat policies thara aspirationaversus
those that are concrete.

44.  Many of the initiatives mentioned are clearly concrstes c h  a si na tfafreedd 06 or sub
generation schemes. For othdris less clear whether the jes or their effects could reasonably be
counted in a reference caseenarioor even as pledged additional measufesr example, renewable

energy targets may be aspirational, setting the objective for policy with highly uncertain prospects for
successSuch targets may be instituted adirst step to articulating a policy goal for which external
funding and implementation assistance is necedsangcisely the kind of assistance that anAS@uld

provide. Thus to include such targets in the refer@nogction for an SCA could be to preclude the very

means with which to meé&tem

45,  Furthermore, how does one account for efforts that have uncertain but potentially large impacts on
emissions? Should a #iose taget take into account, for example, current research and pilot projects in the
field of carbon capture and storage@rrent policy has clearly put China on track towards mobilising CCS.
Should CCS therefore hiacluded in the calculation of the #hase tagetto avoid crediting action that is

not additional? No amount of expert judgement is likely to resolve these matters. The answers to questions
about policies and measureswid almost certainly come down to compromise and political agreement

46. In addition to a discussion about the reference,@skalogue would also be needed to determine
the feasible mitigation potential in China taking account of economic, social, and political constraints.
Again, technical a@ysiscanonly take the discussion so far.

47. The need for political discussion is unavoidable and introduces substantial uncertainty into any
evaluation of the potential impacts of an SGRill, one can sketch tBe potential impacts by analysing

what a likely reference projection might look like and evaluafisgmitigation potential.With this
information it is pos s bFloer tamlosmtgmeeterducnto a Al andi n

11
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Figure 2. China electricity sector emissions
(Mt COy)
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48. Figure2 shows emissions froi@ h i nekcrisity sector under a reference scenario and low carbon
growth pathway reflecting the deploymentoe ¢ o n mitigatmroopportunities when carbds priced at

$100 per tonneThe projections are based on IEA (2008c) estimates of recent activity @hihese
electricity sector and mitigation potential from
et le Développement (CIREDBJ.In the reference case emissions almost double between 2010 and 2030.
The low carbon pathway sees emissionsidedby 30% in absolute terms. Around halftbfs is due to

improved emissions intensity and theeasthalf to reduced consumption.

12
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Figure 4. Potential credit volume from an SCA
(left axis CO, per MWh, right axis Mt COy)
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49. Figure3 charts the area for improvement in emissions intensity in the power;dexttiei | andi ng
zoneo within which an emissi on boundirybretmedargetyandinar g et
zone represents projected emissions intensity under the reference scenario. Note that the reference scenario
includes substantial improvement in emissions intensity between now and 2030 as older coal plants are
replaced with more efficiermnesand govenment policies drive increased investment in renewable and

other low(er) emission technologies.

50. Figure4 considers the volumes of credits, measured in A@yaes ofCO, avoided, that could be
generated dependiran how far a target is set below the reference case scenariotdfgletis set at 1%
below reference intensitthere is potential fo600 million creditsto be createdn 2020 and a potential
cumulative Jillion credits between 2012 and 2020.

51. By 2030 the potential for credit creation grows to 700 million per annum and the cumulative flow of
credits is 7 billion. Howevethe credit potential declines rapidly as the intensity target increases. A target
5% belowreference halves the amount of credits created in-301&nhd reduces credits created during the
period 201220 by nearly twethirds. At 10% below reference roedits are created in 20-BD.

52.  These resultare meely indicative but the orders of magnitude are instructive. The figures suggest
thatan SCA could make a substantial contribution to the investment costs of a low carbon growth pathway
in China. The UNFCCC (200 Has estimated that investment in powemnegation in China in 2030 would

have to increase by around US$25 billion (compared to a reference case) to facilitate necessarg emission
reductions.Based on the CIRED results a target around [&%6w reference intensity cda raise the
necessary capital.

13
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53.  The low emissios growth pathway includes substantial demand reductidbhe dashed lingn

Figure 4 shows how much larger credit volumes might be if demaas not reduced by higher energy
prices® An emissionsintensity target on its own may not incentivise such reductions depending, for
example, on whether price signals are passed on to consunedestatity. Furthermore, newpoliciesto

improve energy efficiency and reduce demand may be discouraged bgcthdt they would reduce

credit revenue. This suggests a need for additional arrangements to complement an emissions intensity
target

54.  The magnitude of credits suggested by the CIRED results is similhiogefrom other studies for

the period to 201-20. THs reflects a reasonable degree of agreement amongst researchers about short to
medium term reduction potentials and therefore potential credit volumes. However, estimates of mitigation
potential out to 2030ary considerably due to assumptions about the costs, availability, and uptake rates of
technologiesparticularlyCCS.

55. The CIRED results includealmost noCCS used in the Chinese power sectoy 2030. By
compari®n, the Foundation for Sustainable Development and International Relations (FONDDRI) has
producedprojectionsthat assume significant use of CG8 China beyond 2020, drasticallyeducing
emissions intensity in the power sector andreasing the potentidor credit creation.Under their
scenario, thepotential for credit creatiofy 2030is projected to be up t@.5 billion per annumA
substantial volume of credits is created even with much more stringent targets. In the FONDDRI scenarios,
atarget of25% underreference intensitgenerate®00 million credits in 2030This illustrates the extent

to which uncertainty around potential credit volumes increases over longer time horizons.

56. Over a shorter horizon to 20, an SCA is likely to produce substantially fewer creditsder most
scenariosThis mainly reflects the impact that demand growth has on credit volumes and the slow speed
with which new plants are built anekistingonesare replaced. Inay seem tosuggest that an SCA should

have a short life spamerhaps ending in 202 avoid excessive creation of offsets. However, if the
objectives ofanagreement are to scale up finance and mobilise emssgidaoctions it may be counter to
those objectives to ctail such an agreemejust as it starts to make a real impdatrthermore many of

the credits created in the period 262D are likely to bethe result of actions taken in 204D in
anticipation of resulting credit revenue streams in the futireinability to createcredits in 202€80

would undermine the incentive to take action in 2002*

57. It is important totake a longierm perspective when consideritige role of credits in incentivising
structural changein electricity generation. Costs of electricity investment, or indeed any infrastructure
investment, are typically recovered over long periotisime (20-50 years).This is desirable irthat it
spreadshe costs of such investmsmverthe succedinggenerations whaevill benefit from the assets. In

the absence of such long periods for recoverirgstmentosts the price of electricity would have to rise
significantly to coverthem Similarly, for credit revenue to incentivise low carbon investmetiteeithe
revenue stream needs to be long lived (large predictable volumes into the future) or the price of credits
high in the shorterm

58. The potential creation of 2.5 billion offset credits in 2030 FONDDRI scenario including
substantial CCSalso raises the question of who would be in the markéujothem Such aguantity
amounts to around one quartdrthe abatement potential in developed countries (McKin2@§9, close

to 15% of projected developeduwtry emissions in 203@&ndcould have a massive impact on the global
price of carbon and substantially undermine climate stabilisation objectiveseifaimea pure offset for
GHG abatement in developed countries. Thiesseloped countries would have t@ke such potential
offsets into account when committing to emissieaps and reducéhemaccordingly. The fundamental
difficulty in this regard is thalan SCA is nelose while emissios caps are bindingThis would leave
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developed countries with substel uncertainty about whether they could meet their commitnieiats
political problem that has plagued ségories to the Kyoto Protocol.

59. There is uncertainty about the potential doeditbased financing to the low carbon investment in
China. The effectiveness of financing and price signals from an SCA will depend on how the electricity
sector is regulated in the future and whether adequate incentives are passed throughots ameest
operational decisiomakersin the industry Theseincentives may or may not need to be based on prices or
financial signals depending on the regulatory framework in place. If the Chinese power sector was entirely
governmentontrolled thegovernmentcould use credit revenue t@coup the cost of infrastructure
investment. Political fiat could do the job if central government pomere sufficient. If the Chinese

power sectoweredominated by private investors and had a wholesale market with economically efficient
pricing signés it would be necessary to pass on the financial incentives from ensissidurctions to

ensure investmer low emission technologies.

60. In reality, the Chinese power market sitsWween thee two extremes. Whilgignificant steps have

been taken towards liberalising the power sysitemcluding breaking up state monopolies and allowing
private and limited foreign investmentthere are no effectivenarketbased price signals that could be
used to incentivise ingtmentin low emission technologie#t the same time, policy directives from
Beijing remain an important tool for driving change in the sector but any such directives must compete
with other national, local, and community priorities including economi@ldgwment and job creation.

That is not to say that the Chineg@vernmentwould not pursue and exceedha-lose target, buit does

raise questions abouhe usefulness of a notionally marketsed mechanism for driving emissson
reductions in an industtjat is not based on market fundamentals.

61. A marketbased instrumeratloneis unlikely to provide th@ecessarympetus for China to reach and
exceed a ndose target under an SCA. Ratharseries of policies antieasures would need to be put in
place, all of which will have uncertain impact. Tallesummarises one possible package of measures
across a range of specific objectives.

62. Note that within the package of measwsammarised in Tablg, energy efficiency measures are an
important component. The IEA (2007) estimates that dersmlel efficiency measures could reduce
electricity demand in 2030 by 12% from what it might otherwise be. Under an intbasiy target inma
SCA such meages would not be incentivisedhis illustrates the extent to which an SCA would only
addresa part of the emissi@reduction possibilities in the power sector

63. Amatayakul et al (2008) suggestathincentives to control demand might be introduced by
introducing a cap on growth in emissions from electricity generation on a per capita basis. If emissions lift
beyond a target aBt CO, per capita for examplethe number of emissisreduction credg would be
reduced accordingly. This could prove useful, although it introduces a further degree of uncertainty about
the volume of credits created by an SCA when negotiating or discuissingrits.

64. Whether step toward a ndose target are driven by incentives to private sector investors or

government policy does natuch affectthe uncertainty developed countries would face wieegto take
on stringent caps in the anticipatiof offsets from China or anothesuntry participating in an SCA.
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Table 1. Examples of current and possible policies and measures
to reduce power sector emissions in China

Approaches Additional measures and tools

Energy - Energy conservation Law - Increase energy conservation and end-uses
efficiency - Target in 2010 efficiency through more cost-reflective
- Closure of inefficient manufacturing plants pricing

- Further regulation and incentives for
enforcing standards and meeting targets

- Efficient metering of consumption
- Crediting mechanism for some actions

- Improved investment environment (e.g. for
Efficient coal - Supercritical is the new standard joint ventures) for enabling improved

- closure of inefficient plants systems and technology for e.g. through
technology transfer

- North-south cooperation

- Adoption of standards based on best
available technology

- Review and update targets and standards
(current wind and nuclear targets, for e.g.
) could be exceeded).
Wind - Renewable energy law

- Target in 2020 (30 GW) - Improving distribution and transmission

systems to reduce losses, support use of

- Feed in tariff renewable generation and improve access to
- All the wind turbines originate from energy from renewable or low emission
developed countries sources.
Hydro - Renewable energy law - Continue to pursue and strengthen R&D
- Ambitious target in 2030 especially on collaborative basis to promote
i diffusion of knowledge and technology
-Large potential of small hydro transfer
Nuclear - Target : 40 GW in 2020
Transmission - Plan to strengthen the inter and intra

regional transmissions systems

CCSs - Research and development partnerships
and pilot schemes (for e.g. EU-China Near
Zero Emissions initiative)

65. In addition to the policies and measures outlined in Tabl¢heae would also need tde an
improvement in data collection and monitoring of power plant emissions. Existing information is not
totally reliable (Steinfeld teal, 200§. National statistics are typically based on surveys which are biased
towards large entities. In the power sedtus is likely to mean a bias towards lessissionsintensive
production given the tendency for large plants to operate withegrefficiency. In China this bias may be

large as in the past the power sector has had a large number of small plants (in 2003, 4000 units under 50
MW accounted for 20% of the total capacity). Information gathered in China is also not usually subject to
third party verification and there is evidence of inappropriate data aggregation (values withtdiffésen

being summed together).

66. All this points to a further source of uncertainty when assessing the profpreats SCA. Data
gathering efforts would need to improve considerably to provide confidence in verified emission
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reductions before parties to an SCA would sanction the issuance of credits. This kind of uncertainty is of
course systemic in global climateligy and is not specific to SCAs. For any pdsyoto arrangement to

be effective financial assistance and capacity building will be needed to facilitate rapid improvement in
emissions information systems in China and other developing countries.

67. Data problems, forecast accuracy, and policy effectiveness all add to the uncertainty that developed
countries would face werthey to take on stringent caps in the anticipation of offsets fdaweloping
countriessuch @ China. At the same timealeveloping countriesvould face the risk that if developed
country commitmentsvere not stringent enough, funding froam SCA might not be commensurate with

the cost of the actionseededto reduce emissiond.hey would not know whether fundingwould be
adequate until after actiohad been taken to meet the SCA target. Of coudsvebped countries
providing up-front financingwould shift the risk frondevelopingto developed countrigdut would not
eliminateit).

68. The chances of achieving a perfdilance between adjustment to Annex | commitments and
stringency of ndose target$ giving just the right amount of funding and offsétsre miniscule. Under
certain circumstancehis may not matter, such as in the case of an SCA for a small sector or country. In
the case ofarge countriesuch asChina, wherdhe reductionssoughtare likely to be in gigatonneany

errois couldbe of consequence.

24. Preliminary conclusions

69. It would seem thaan SCA in the power sectapuld certainly scale up financial flows and link
emissiors reductions in developing countries to specific abatement opportunities by focussing attention on
sectorspecific oppawnities and information. However, the impact is highly unceriaith the potential

for offset credits to be generatadsuch quantities thaiffective global actiortould be undermined’he
guestion is whether decision makars willing to take thatisk.

70. Any decision to pursue an SCA as a complement tokgsto arrangements will have to be based
on political judgement about whether such an approach is necessary. The risks inhane®€ i will
reduce inentives to participation for both developed and developing counMiegerthelessgiven the
risks and costs of climate change, the most appropriate question ta asktiwereless risky or more
effective alternatives?

3. A Sectoral Emissions Agreemenin the Cement Sector

3.1. Emissiorsreduction potential in the cement sector

71. The cement sector is a substantial contributor to global GHG emissions, producing around 4% of
global GHG emissions and 5% of global £#issions (Bradley et al, 2007).

72.  The IEA has identified cement as one of the industrial sectors requiring substantial new investment
to upgrade old and emiss®imtensive technologies (along with stesid pulp and paper production)

(IEA, 2008b). This reflects the fact that a substantial proportion of total global cement production uses
older, more energy and emiss®mtensive production technologies.

73. Table 4 summarigs the emissions intensity of cement production amongst the major cement

producing countries in the world. fevealssubstantial differences in emissions intensity with emissions
per tonne of product ranging from 0.6 to @Anesof CO.,.
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Table 2. Cement production, blending practices and CO; emissions
(H6ne and Ellerman, 2008 p.5)

Carbon Share
Process emissions | Total car- of
Clinker/ cement | Primary | Primary | carbon energy bon emis- | Emission | world
Production | ratio intensity | energy emissions | use sions intensity | total
GIit
Mt cement BJ MtC MtC MtC tCO2t %
China 1200 75% 5.7 6,840 128.9 1778 306.7 0.937 | 54.05%
India 155 88% 4.6 713 19.5 18.5 38.1 0.901 6.7%
Brazil 40 81% 3.6 144 4.6 2. 7.5 0.689 1.3%
Mexico 41 86% 4.5 185 3.0 35 8.6 0.765 1.5%
South Af-
rica 13 00% 4.6 50 1.7 16 33 0.928 0.6%
Korea 55 89% 3.6 198 7.0 4.2 11.2 0.744 2.0%
USA 08 00% 5.6 549 12 11.5 242 0.904 4.3%
Japan 70 90% 3.6 252 2.0 5.0 14.1 0.737 2.5%
Russia 35 80% 6.0 330 6.3 5.9 13.2 0.882 2.3%
Europe (27) 245 76% 3.8 931 26.7 17.8 445 0.666 7.8%
WORLD
TOTAL 2550 80% 4.5 11,475 2021 2754 567.5 0.816 | 100.0%

74. Emissions intensity and mitigation potential in cement production is primarily a fundtitre o
production and use of clink&rthe principal igredient in cement (see Figuse The production of clinker
is emissiondgntensive with emissions resulting from chemical reactiassvell asenergy ad fuel use
during production.

Figure 5. Schematic representation of cement production
(Adapted from Hone and Ellerman, 2008)

Mining and quarrying Raw material Clinker making Finishing
reparation -
preparall Crushing and
Preparing drying
kiln fuels additives
Euels Prepared
additives
Quarr_yl_ng Raw Homog_em_zmg A Clinker Finish
andmining MEUENS and grinding production grinding
materials materials
Bagging and
transportation

75. The main emissiareduction potentials in cement production are in the clinker making and
finishing processeg.:

1 Installation ofmore energy efficient kilns.
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1  Substitution of waste or biomass for fossil fuels during clinker production.

1 Reduction otlinker use in cement by blending with alternative cementitious substances.

76. Interms of technology there are substantial global emissions reduction gains to be achieved through
a shift away from wet kilns and \&ral shaft kilns (see Figure.eThesetechnologies are widespreadtive

three countriesrepresenng more than 50% of global cement producti@hina, India, and the United
States (see Table ¥).

Figure 6. Energy intensity of clinker production technologies
(IEA 2008b, p.492)

Energy intensity of clinker (GJ/1)
=
|

Vertical shaft Wt Long dry Drry kiln Dry kiln
kilns kilns process (four stage (six stage
pre-heater) pre-heater
and pre-calciner)

Mote: For wet kilns, the arrow represents the range of energy consumption for different wet kiln types.
Source: FLSmidth, 2006.

77. Use of alternative fuels can also lead to substantial emsssaatuctions, although tireuse is
somewhat constrained by local availability. Alternative fuelsuideltyres, plastics, arfmiomassThe IEA
(2008b) estimates that around 2% of fuskd for clinker production in 2005 was from such alternative
sources and that increased use of those fuels could rédjoemissions by around 100Mt to 200Mt per
yeari arounda third of global cement sector @@missiors reduction potential excludingarbon capture

and storageReducing emissionsiareas with a ready supply of alternative fuels is much less costly than
in other areas.

78.  The reduction in energy costs that flows from using alternative fuel socanegeld a competitive

edge to firms with access to such materials. Further incentivising such practices through a sectoral
agreement may well pome firms in resoureeonstrained countriest a competitive disadvantagtus
discouragng participationand emissions reductions.

79.  Similarly, blending clinker with other materials to reduce the use of emssisitamsive clinker
relies on a low cdadocal supply of such material such laast furnace slag from steetoduction and fly

ash from coal plants.As a biproduct such materials are limited in their availability by the output of other
industries.This being so, mitigation potential varies. It is precisely this kind of variation which commends
high-level econmy-wide caps and tradable permits.
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80. Technological innovation could offer new emissoaduction opportunitieby providing abundant

and cost competitive alternatives to conventional blending materials or a ngstittve and technically
acceptable nofimestone based binding agent. Despite many years of resesticlr haveemerged|EA,

2008b; Humphreys and Mahasenan, 2002). A properly structured sectoral agreement could increase the
returns to R&D and improvihe prospectsf a breakthrough.

81. The capacity to use such emissions reduction strategies also depends on the regulatory environment
andknowledge of howo use such fuels or blending. Regulatory authorities diftehthe use of blending

and limitations vary from authority to authoritReducing emissionsan confer a competitive advantage

by reducing costsoit may not be in the interests of firms to share such knowledge

Figure 7. COgzreduction potentials in cement in 2006 based on best available technology
(IEA, 2008b p.491)
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82. The potential for emissi@reduction also depends hugely on the initial emissions intensity of
produdion before abatement takes place. Whiles idea may besimplistic, it is instructive to observe

what it means in practice. According to the IEA (2008a), potential improvements in the emissions intensity
of cement production based on current availalbt@rtelogies are more than six times greater in Russia
thanin Japan (see Figurg.7

83. Mitigation potential does not necessarily decrease according to level of development. Mitigation
potentials in terms of emissioitgensity are 16% higher in the United States than in Braflgctingthe
f o r mmmparatively higher emissions technologies and practices in cement production.

84. As noted earlier, blending clinker with otheraterials reduces the use of emissioniensive
clinker. Depending on the local availability of blending materials and local cement and building codes,
reductions can be significant in some regidfir example, the variation in clinker to cement ratios in
Table4 sugged that if blending ratios in Europe or China could be replicated in other parts of the world
the reduction iremissions could be substantial.

85. The technical mitigation potential in the cement seaonot trivial, amounting to &0-25%
reduction in emissionisitensity globallybased on established technologies (IEA, 2008b). Use of CCS, for
which the cement sector is a candidate, would lift the stakethigher.
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3.2. Suitability of cement for a seoral agreement

86. It is clear that achieving meaningful reductions in cement sector emissionsotville possible

without securingthe participation of developing countries. Over 80% of global cement production is
alreadyoutside Annex | country caps. That share is expected to rise so that less than 10% of production
will be accounted for byAnnex | countriesn 2 0 3 0 . I ndeed AOver 90% of all
emerging and developing countries inthe coding years. 0 (Ecofys, 2008 p. 6)

Table 3. Global cement production, 2006
(IEA, 2008a, p.33)

. . Cumulative Process Type
Pr{ﬁ&;?“ I;,rﬁgrl::{téﬁr Production Dry  Semidry Wet  Vertical
Share (%) (%) (%) (%) (%)

China 1 200 471 471 50 0 3 47
India 155 6.1 531 50 9 25 16
United States 100 39 57.0 82 0 18 0
Japan 70 27 5.8 100 0 0 0
Republic of Korea 55 2.2 61.9 93 0 7 0
Russia 55 2.1 64.1 12 3 78 7
Spain 54 2.1 66.2 92 45 35 0
Turkey 48 1.9 B8.1 - - -
Italy 43 1.7 69.8 - - - -
Mexico 4] 1.6 714 67 9 23 1
Other 730 286 100.0
Total 2 550 100.0 100.0

Sources: United States Geological Suvey, 2008a; Batelle, 2002; PCA, 2005; Price, 2008, JCA, 2006; CEMBUREAL, 2006; Siam Cement
Industry Company Ltd, 2005,

87. Expansion of constraints on emissions is also iuit@reventingemissions leagge from production
migrating from regions with carbon constraints to regions without carbon constraints. Mfigde
guantities ofcementarenot currently traded internationally (compared to industrial commodities such as
steel or aluminium), the sectas still very exposed to changes in the relative competitiveness of
internationaffirms. This is because the embodied emissions in cement are very high relative to the value of
the product. A carbon price of US$30/t of O@ould add 1530% to the price oh tonne of cement if that

cost could be passed through to consurffeBsich a large cost increase would substantially increase the
competitiveness ahternationallytraded cement (currently constrained by the weight of the material and
costs of freight reitive to product prices) and would most likely lead to relocation of production outside of
Annex | countries and a consequent leakage of emisSidnsthermore, there are localised examples of
significant trade under existing economic conditions, for etanbetween the EU and neighbouring
Mediterranean countries. Competitiveness impacts are likely to be felt more strongly in such markets than
for international trade as a whole.

88. Given theforecastsubstantialincrease in globacement sector emissions and the potential for
competitiveness and leakage issues, the cement spaivides a useful basis for examining the
workability of a sectoral emissions agreement aimed at expanding emissions control mgladiaigs
while addressingompetitiveness issués control the risk of leakage.

21



SG/SD/RT(2009)1

89. While global cement production includes a very large number of different operators, international
production and trade is dominated by anparatively small number of multinational firffsMany of

these firms already measure and report their emissions and cooperate to reduce emissions within the Word
Business Counci l for Sustainable Devel opiEhet 6s (
existence of such an initiative provides a further reason to examine the workability of a sectoral approach.

3.3. A Prototype Sectoral Emissions Agreement
3.3 1 Choosing between possible versions of an SEA

90. The prototypecement sector emissions agreement (SEA) is just one possiiiervthat could be
imagined. It seeks to advancewvo objectives: widening the geographical scope of action to reduce
emissions and minimising competitiveness issues and leaWaitgerespectinghe principle of common

but differentiated responsibilities on the part of developed and developing cauhisésiportant to spell

out clearlythe motivation behindhis or any other proposedksign In the real worldany agreement wil
reflect the motivations of those who desigml &inen seek to negotiaite Clearlythe desgn chosermaybe
contentiousA 6 s t r a scenara&is ausefulwayto highlight some of the issues timagyarise

91. The simplest approach to a sectoral cement agreement would be to cap global cement emissions.
This would entail the same process as the negotiation of Annex | quantitative esisgigionly would

do so at the level ad sector rather than an economy. Caaestwould have to negotiate a global limit on

t he s ect or regotiate mheirsrespestives sharestbis global limit, and would be allocated
emissions permits accordingBuchpermitsare referred to in this paper sector emissios units or SEB.

92. SEUs would ideally be fungible with economyde emission permits such as those created under
the Kyoto protocalassigned amount units (AAUSs), certified emissioeductions (CERsand emissios
reduction urtis (ERUSs). If not, the emissions agreement could be unnecessarily costly by forcing
participant countries to address emissions in the cement sector even if it turteth@uibre effective to
focus onothers.

93. Swch a scheme would make little difference to the nature of the obligations already faced by Annex |
countries under the Kyoto Protocol but would amount to an extension of emissions caps to developing
countries with respect to the cement sector (and any stutor subject to a similar agreement). Clearly

this would be highly contentious. Developed countries would benefit from reduced concerns amongst
domestic industry about lost competitiveness and emissions leakage. The benefits to developing or non
Annex| countries could include:

1 Revenue from sales of emissions permits, depending on the stringEreynent sector
emissiors caps.

1 Building institutional capacity to implement nationally appropriate emissreduction
policies and measures, including expgEtin measuring, reporting and verifying emissions
and emissions reductien

94. From a process and confiderweilding perspectivethe idea of a sect@pecific emissions cap
could be more attractive than an ecogemide cap to the extent that negotiations over the size of the cap
and the allocation of permits would be informed by o n ceaxamplestand demonstrably achievable
emissions reduction opportunities.

95. The main dificulty with a sector specific emissions cap is that there is no flexibility for countries
that outgrow their emissions caps due to rapid or unpredictable ecodevelopmenteven if a country
has improved its performance in terms of reduced emissibassity. This could be a distinct problem in
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the case of cement givéis fundamental role in infrastructure development. If set too low, an absolute cap
on emissionsn the cement sector could inhibit economic develepirin developing countrie©n the

other hand, if the cap proposed were set too high, competitiveness concerns wouldnghtiagre might

be very littleincentive to reducthe rate of emissions growth.

96. Given that cement demand in developing ddas is expected to grow by around 150% in the next

20 years, it seems reasonable that the objective of any cement sector agreement should be less about
constraining absolute emissions and more about incentivising improved performance in terms of the
amouwnt of emissions ass@ted with a tonne of cemerior that reasora more reasonabland politically
acceptablemissions intensity performance targetsadopted

97. It shouldbe recognised from the outset that tbleoice of an intensity target may undermine the
objective of minimising competitiveness issues and leakage if those targets are employed in parallel with
nationalabsolute emissiancapsin Annex 1 countriesUnder absolute capfirms face the full cosof

carbon. Under an intensity approachrbon costs vary and can be much higher or even become négative
i.e. provide a production subsidy all depends on the targets that are set. In theory, the target could be set
so that it mirrors the effect of ambsolute target, but if thaterethe goal then it would be simpler to
introduce an absolute cap. The point being that firms facing intensity targets will face different production
costs to firms under an absolute emissions cap. Cost differences aselpretiat drives competitiveness
concerns and risks of leakage (see Appendix B for a brief discussion of how intensity targets affect
production decisions).

3.3.2 A prototypeintensitybased SEA

98. Fordiscussiomurposes an intensity target measured in terms of g@@tonne of cement produced

is proposedThe agreement would include explicit penalties for not meeting the target as well as benefits if
the targetwere surpassed. Countries that bettbthe targetwould beallocated emissions permits on the
basis of their production (tonnes of cement) multiplied by the distance between their emissions intensity
and the targetFor example, if the target is 1 tonne of O@®er tonne of cement and a country which
producesl000 tonnes of cement achiehae performance of 0.9 tonnes of g@&r tonnethe countrywould

receive 100 SE&l TheSEUs could be soldto other governments to assist them in meeting their emgssion
reduction obligationsnd possibly on other internatiorahd national markets depending on how those
markets develop in the futur€ountries that faddto meet their intensity target would have to purehas
permits to the extent of thehortfall.

99.  For countries that Iteered the performance target the creation of credits would differ depending on
whetheror nota country hd an economywide emissions cap. Ftlhosewith an economywide emissions

cap under a pogfyoto arrangement, the SEAJ@ement would effectively g nwi no at t he | ev
country. Permits generated under the SEA-wdeul d n
emissions permits or esold unless another emissgpermit such as an AAWereretired in its place.

Unless this happel, permit creation in the cement sectorcouldend i ncr easing a count

100 But it is important to str es shelevelaftnatianal pccointset i r e
It does not mean that governmie could not reward firms for reaching or surpassing a domestic
performance target by passing on the benefit of the permits they had created. Governmergsnpbuld

have to retire one of their economyde emissioa permits to account for any SEU passulvn to

industry. International performance targets could be taken into account when considering the allocation of
domestic enssions permits to the sect@ountries with emissions caps but lacking a domestic economy

wide emissions trading scheme mighishvto replicate on a domestic basis the international sectoral SEA

SO as to create incentives for firms to reduce emissions. Countries with ecaenirading schemes

could also replicate the SEA domestically for the cement sector. This would helfséb suime of the
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competitiveness issues that arise when intensity targets arenysaallel with absolute capk.could be
difficult to manage, however, if the existing domestic schexgiebased on an absolute cap (cap and trade
schemes like the EU ). Schemes with intensity targets are usually preferred by industry so other sectors
are likely to seek to be included in such a schemmadermiring supportfor the cap and trade scheme.

101 In order to avoid doubl counting of emissions reductionspuatries without economwide
emissions caps would not be able eligible to register projects under the Clean Development Mechanism
(CDM).

102 The SEA as proposedwould be subordiate to the Kyotd’rotocol or any such successor
arrangemenin all respects except where CDM is concerridte SEA would balevisedas a protocol to
the UNFCCC?

103 Theintensitytargetproposé herewould be calculated usinga percentage improvement in emissions
intensity relative to a base perijdaut there are other possibilitieSor instance, a target could include a
performance benchmark based on current beatticeinstead of an improvement rate. Choosimg
percentage improvement in emissions intensity does make heavy demands on data because of the need to
establish historical performancbkutit has the benefit of making the magnitude of required change very
clear.

104 Improvement targets would be the subject of negotiation. The process might be:

1) Expertsto assess and defir@nissios-intensityglobal benchmarkgbest practice intensity)
as a starting point for discussions

2) Countriesto provide information on baseegr emissions intensity and propose rates of
improvement based on their assessment of the feasibility and cost of meeting best practice

3) Final targets to vary by country or region.

105 Allowing targets to vary by coury would be a concession to the variation of abatement
opportunities and costs that exist across countries. The rationale for such a move would be essentially
political. It would not be easy to justify from an environmental point of view because dme ldnefits of

placing a cost on emissions is to encourdggr reduction which may in some cases mean relocating
production to locations wheieis inherently lesemissionsntensive. Balancing the need for development

and ambitious environmental obfeves is likely to be difficultaspolitical imperatives will typically pull

in the opposite directiofiom strong environmental discipgnand environmental outcomes.

106. Thresholds for critical mass and entryairibrcewould apply.The agreement would enter into force
with the ratificationof countries responsible f@5% of emissions in the sector according to emissions data
held by the UNFCC for a base year date of 200504nd75% of existing cement sector esions could

be covered within the agreement if oniye countries were included in any cement sector agreemant
Ching India, Brazil, Mexico, South Africa Korea USA, JapanandRussig™> **

107. Under the SE countries vould be obligated to report on their cement sector emissions on an annual
basis. Howevera formal determination of whether a country woelther receivepermits or have to
purchasgehemwould be based othreeyear assessmeperiods. This would permitsomeuncontrollable
shortterm fluctuations in performance be taken into account while not constraining liquidity and
unnecessarily delayirgccess to financial returns forwtriesthat betteredheir targets®

108 Other specific aspects of the prototype for the cement sector include:

24



SG/SD/RT(2009)1

1 Sectoral definitionCement productiors defined by the following activities:
- Clinker production
- Raw material quarrying

- Grinding of clinker, additives and cement sufogéis such as slag, both in integrated
cement plants anstandalone grinding stations

1 Gassesovered All GHGs produced directly by the activities within the sectoral definitipn if
and only if they do not fall within thdoundary of another agreeme.

1 Contracting parties: Any party to the UNFCCCompliance of oligations rest with
governments.

Accession/joining the agreement is voluntary.
Compliance after joining the agreement is mandatory.
Timelines
- In principle agreement: 2009
- Negotiated benchmark2012
- Entry into force: 2013
9 Verification and administrative body: Industry organisation.
- WBCSD GHG protocol to be used for emissions measurement and verification

- Policies and practices of the Indusgipup to be approved by the CoP

3.4 Impacts of a cemernsector agreement: modtlang results

109, The CSI has constructed a model to evaluate likely impaat#ffefent policy options including

sectoral agreemeirt the cement sector. The modelling remaiesy mucha work in progressbut some
preliminary simulations enable us toprovide an interpretationof the potential impacts and issues
associated witlan SEA of the type descriltkabove®’ A description ofthemodelnd t he CSI 6s mc
work iscontainedn Apperdix C.

110, In 2005 the CSI covered 28% of global cement production, with high data coverage for Europe
(73%), North America (75%), Latin America (65%) and India (57%), butfmwAsia (11%) especially
China (5%).

111 Reference case projections from the maoae challenging in terms amissions growth in the
cement sector if no action is taken to reduce emissions. Emissions from cement production are expected to
grow by overl00% by 2030, from around 1600 Mt in Z0@1% of global emissions) to 3500 Mt (6% of

global emissions¥ This result is due largely to expectations of continued robust growth in demand for
cement. Global average emissions intensity of cement productexpésted to improven the future as

old plant are replaced with newer less emisssantensive technologies and as producers increase
blending and alternative fuel use. Improvements in emissions intensity are expected to be largest in non
Annex | counties where most new cement demand will be located and mostement capacityput in

place.

112 Threeglobal policy scenarioare referred to belowi) Annex | country emissions are capped while
other countries facao carboncost(Annex 1 capy 2) all countries engage in an SEA as outlined above
(Sectoral agreementand 3) all countries take on emissi®raps in the cement sect@kbsolute cap3y.
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AIthougc?gthe focusis an SEA it is useful to consider how modellirgsults vary according to each
scenario:

113 Whenonly Annex | emissions are capped, global emissions from mepreductionarereducel by
around 56 in 2030%° The cost of carbon faced by Annex | producefises sutstantial improvement in
emissions intensity (approximées0%). The largest improvement is in North Ameriadiere emissions
intensity is currently high by world standaréwever, as Annex | producers are a relatively small part of
global production, irpacts on global emissions are small.

114, The Annex | caps scenario assumes that capped countries do not allocate erpesits to
domestic producerfree of charge. Undetheseconditions he increase in product costs in Annex |
countries leads to an approximatee-quarterreduction in cement production in 2030 ancbaresponding
increase in cement imports to ete@lomestic demandhis result illustrates the sort of effect that industry

and policy makers amoncerned about when they refer to competitiveness issues and potential for leakage.
If permits were allocated free of chargefirms in Annex 1 countriethis resultcouldbe less pronounced

but this is uncertain While free allocation may compensatars for lost competitiveness it would not
change the economics of decisions to reduce investment or relocate production over the longer term.

115 A sectoral agreement based on intensity targets extended to alliesuméarly quadruples
emissions reductions in the cemesectoyfrom an approximate% reduction in 2030 with Annex | caps to
over 20% rduction with intensity targetdn this respect the sectoral agreement is a certain improvement
in terms of an emissits reductiorobjective.

116, The modelling also shows reduced distortion to production compared with the Annex 1 caps
scenario but this result cannot be takest face valueln the modelledSEA scenario Annex | couries
implement absolute emissimoaps while nosAnnex | countries introduce domestic intensity improvement
targetsreplicatingthe design ofhe prototype® It is assumed that improvement targets are the same for all
nonAnnex | countriessot he A pli @yidwgi n terms of iinternational
is still unevenIn the modelling resultgroductiondistortions are a fraction of what they are in the case of

the Annex | capsscenario For example, Annexgroduction contracts byraund5% in 2020relativeto the

base cases opposed taround onehird in 2020 inthe Annex 1 caps scenaffo
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Figure 8. Projected cement sector emissions under different international policy scenarios
(Source: Cement Sustainability Initiative)
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117. As noted earlier, the impact of intensity targets on competitiveness and leakage depends crucially on
the chosen targetsTherefore the magnitude of production distortions faiin the modelling cannot be
generalised to the real wotidicause they presuppose agreed improvement tamtever, it is useful to
consider why the production distortions were reduced uhéesdctoral agreement scenario.

118 The short answer is that the targets were stringent enougteventlarge scale (net) financial
transfers to some countries which, under an intensity tacgedd operate likeproduction subsidies.
Indeed, in the modelling results ndmnex | countries are net purchasers of permits. The net purchase
position is not largehowever and the effective price of G@aid by norAnnex 1 countries equates to less
than $1 per tonne of cemeittis aggregate result obscurée fact thasome devieping country regions
receive permit revenue (in net) biit does explain why there is a reduction in distortions.also
demonstrates that a sectoral agreement can reduce competitiveness pioldeens if it cannot be
guaranteed to do so.

119 In any eventa sectoral agreement based on intensity targets will not, on its foMyn,address
competitiveness issues. This raises the prospect that alternative measures for addressing competitiveness
might be employed toounter any potential distortionsych as carbon taxes at the border.

120. Absolute caps would of course be more effectiveaddressing competitiveness issi@esl come
with the benefit of much deeper emissioadudions incentivised by higher carbon costs in-#omex 1
countries. InC S | absolute caps scenartbe higher cost of carbon lifts emissmeductions to over 3@
compared with the base cas®mwever, thecarboncost that norAnnex 1countrieswould fae would rise
to reflect the cost in Annex 1 countries (assummesbme casew® be $100/t CQin 201320 and rising to
$150/t in 202eB80) andwould be in direct conflict withthe core UNFCCC principle of common but
differentiated responsibilitiesThe sceario is included simply to illustratehe foregoneabatement
opportuniy.

121 One of the most important results is the extent to whiclmitdel chooses tose carbon capture and
storage as a mitigation todhat ends up dominating the mitigation scenari¢see Figure9). While
established mitigation approaches offer material opportunities for reducing emissions, CCS not only
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dominates abatement opportunities but would need to be deployed very widely (more thanalalf o
plants) for the absolute level of cement sector emissions totirolled at current levels.

122 The viability of CCS as a widespread abatement technology is uncertain in the cementtsector.
technicalfeasbility is yet to be proven in the cement industry and economic barriers are high. The IEA
estimates that CCS would raise cement production costs by 40% to 90%. ,Rbeleronomics of CCS,

with high fixed capital costs, would favour deployment in larigas. This is problematic given the large
number of small plants that operate in the industspecially in emging and developing economies.

123 Raising the prospects for widespread use of CCS requires increasstinent in research and
development of new technologies and-ftgmt finance capital. An SEA on its own is unlikely to
incentivise CCS given the immaturity of the technology and the potential for spillovers from commercial
research and developmeiitis being so, a counterpart arrangement to an SEA may be in order which
could provideup-front funding from Annex | SEA partide theirnonAnnex | counterparts

Figure 9. Potential contributions of different abatement options®

(Source: Cement Sustainability Initiative)
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124 Financing the development and deployment of CCS may have additional benefits in the context of
an SEA beyond mobilising a crucial abatement technologyoifiens to trade competitiveness could be
minimised if climate policies were focussed on the uptake of CCS or by directing funding towards CCS
technology. This is because most technologies for reducing emissions confer a competitive benefit by
reducing eergy intensity or otherwise lowering input costs. Thus a credit creation process may not only tip
the balance of decision making in favour of lower emission technologies and practices (such as blending
and alternative fuel use) but those subsidised desiswmill also reduce operating costs and boost
competitivenesd-dowever, CCS is quite different this regard. CCS is an abatement technology that has

no complementary costaving purpose beyond avoiding costs of carbbodeed CCS would add to the
energyrequirements of a plant and thereby increase not only capital costs but also operatjwghadsts
impact on competitiveness. ThGES is not only the most crucial technology for reducing @@issions

but it is also the one for which there is the lehstortion.
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3.5 Ensuring the agreement works on the ground

3.5.1 Data issues

125 One of the most important and immediate challenges to a sectoral agreement in the cement sector is
increasing the coverage of progransnfer monitoring and reporting on GHG emissions and verifying
emissios reductions. Acarate and timely informatiois a prerequisite to greffective sectoral agreement

but current measurement and reporting initiatives have incomplete coverage acrdssehdping
countries This is especially the case@hing the largest source &0, emissions in the cement sector

126. Increasing coverage in China is particularyportant CSI modelling suggests thaearly h# of

the abatemenpotential in the cement sector resides in China, making Chinese participation in a sectoral
agreement indispensable (see Figl®g This result is not surprising given the large role China plays in
cement production arttie numerousoutdatedmanufacturing technologieslstised there today.

Figure 10. Location of reduction potential under a sectoral agreement
(Source: Cement Sustainability Initiative)
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127. Current initiatives to measure GHG emissions from the cement sector include national GHG
inventories (under the UNFCCC and Kyoto Protocol) @l | ’oGe t t iNomberdRighed i ni t i at i
Countrywide emissions inventories are perhaps not well suitedhéo kind of sectoral agreement
envisaged heraise ofmore detailed protocols such as the CSl initiasiveuld be increased

128 Increasing coverage of monitoring and reporting in China is a difficult, @skprodiction is
dispersed and a large number of small cement plants exis oorer regions. Howevgthis situation is
changing Largescale consolidation has taken place in recent years and is expected to continue; the
number of cement plants in Chidaceagd from around 8,000 in 1994 to 5,200 in 2007. Consolidation
has also coincided with the closure of many of the nmmessiongntensive plantsThis kind of
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restructuring couldslow the implementation of monitoring schemdxsit with fewer plants to caar
ongoing monitoring and reporting would sienplified.

3.5.2 Incentives for industry

129 Governments will need to come up with schemes that pass incentives down to irGihs&rwise
agreemergtwill be unable tocreate a level playing fielabatement actions may not be takerere they
are most needed and technologies may not be diffused as widely as they need to be.

130, For countries with existing or planned emissions itgdschemes some changes may be
implemented to ensure that domestic regulation is consistent with the international desiGiEAf

131 For countries without a domestic trading scheme new regulations would hlbgepta in place to

ensure that domestic incentives reflect those in the international arrangement. Candidate solutions are
many, but the most obvious approach would be to replicaténtiemsitybased baseline and credit design

of the SEA in domestic regation.

132 Instituting a baseline and credit scheme (or similar) introduces an added complication in terms of the
domestic policy and regulatory matters that SEA participants would have to address. Setting ugi@ domes
baseline and credit scheme could be a useful learning curve for systelinadie regulations. Hurdles
would need to be overcome, however, such as resistance from domestic constituencies on the grounds that
they are being fsi retygdsard nobsuljedt towdgudationso lh the aement industry
concerngmight be raisedhat product substitution at the expensecefmentcould take placé equivalent
regulationswere not extended tother industries. Taken to its logical conclusion,hsaoncerns suggest

that domestic schemes covering muéipsectors would be necessarmcreasing the complexity of
implementingan SEA in practice” It also suggests that SEAs in sectors other than cement would be
important to help offset potential intardustry distortionsThis would raise the complexity of a cement

SEA still further.

133 Governments wuld need to give serious consideration to linking domestic schémthe wider
international carbon marketinking would ensure a reasonable degree of correlation betwreen
domestic carbon costs firms will face and international priaesd bygovernments in terms of credit
revenue or purchasinghis is needed to ensure a general match between the aggregetefvaidustry
liabilities or credit revenue and government liabilities or credit revenue.

134. Policies and regulatory changes will be needed to achieve the mitigation potential demonstrated in
the CSI modellingespecially in terms of blending and alternative fuelsr Emample, the IEA (2008b

notes that Abl ended cements offer a majeductions,pport
but their use would in many cases require revisions to constructiomstar ds, codes and pr a

135 If governments were to pass the incentives from an SEA to industry then a constructive co
dependenc&vould be created between industry and government which should help to mehiiisgions
reductions. Undean SEA governments auld faceliability to other governments if firmdid not act and
firms would face a lidility to governments if they didoti incentive for both to ac” In this wayan SEA
might help to focus the mindsf andustry and government on barriers to abatemtemtexample from
established policies and practices

3.6 Prospects for SEA membership

136 Itis not cleathattheincentives in thgrototypecementSEA would beenoughto attracta sufficient
number ofcountries (representing0% of production) for it to enténto force. Adequate incentives for
developing countries euld be thedetermining factar
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137. It is reasonable to ewgt that major cement producing Annex | countries would join such an
agreement. Annex | countries face resistance to their domestic emissions regulations and policies from
industries who fear a loss of international competitiveness. While anv®E beunlikely to completely

resolve these issugswould at least go soe way towards addressing them.

138 That said, an SEAvould add an additional layer afomplexity to climate policiesAnnex |
governments would hawe weigh whether the benefits of any such agreement caafahfor the added
complexity.

139 For nonrAnnex | countries concernsabout the impastof ary SEA on economic development
would need to be addressddtensity targes and differential benchmarksowld go some way teard
addressing such conceritsoughtheyare unlikely to be sufficient.

140 Intensity targets are a doul#elged sword. Countries that bedgtheir tagets would receive credit
revenue in relation to output. Thus countries experiencing rapid development and growth in cement output
would receive increasing amounts of credit revenue. On the other hand, countrigisl thait meet or

exceed their targetsauld face liabilities to pay that are proportional to cement outpig possible to
remove any chance of liabilities by adopting dose target (as discussed for the electricity sectorhimit

would also dilute incentives to reduce emissions anddvmat help to reduce the risk of leakage.

141 Concerns around the size of potential liabilities could be addressed by setting targets based on clear

i mpl ementation plans them® inrthe aedent mextprswhere nmany abatementh i n g
opportunities reduce production costs, technical implementation plans should be able to be created which
are quite attractive and achievabléis being the cas®ne important incentive to participat®uld be the

reasonaly assured prospect oévenue from credit sales.

142 Implementation plans would need to be linked to a financing mechanism to provideupapital

for some aspects of implementation including building instinaicapacity for any necessary policy or
regulatory changes. As discussed eagrbezement sector agreemesuuld notbe separated from a more
general need to improve emissierdated information systems and institutional and policy capability.
Thus thefinancing necessary fan SEA would most likelyneed tobe delivered by anore broadlybased
fund or funding mechanism.

143 In summary, it is possible for membership of a cement SEA to reach a critical boagbe
incentives to make it happen are just as likely tolitsidean SEA as inside it.

4. Prospects for sectoral agreements

144. Sectoral agreementsuld be a useful part of any pos€yoto arrangement on climate charigé are
unlikely to deliver on their promise without significant practical effort, political will and supplementary
measures outside such agreatse

145 A sectoral crediting agreemertdudd certainly scale up carbbdinance as promised. If applied to the
electricity sectarsignificant financial flows could be generafiedo significant in fact, that there is a risk
that the supply of offsets generateduld drastically depress international carbon pridéss woud mean

a substantial devaluation of emissareductionsi precisely the oppositeffect that anypostKyoto
agreement needs to create.

146. While there are many design choices available for sectoral crediting aserhere is no
reasonable way to avottis risk. The best risk management technique would be to strike what is believed
to be an ambitious agreement with stringent emissieduction targets for both an SCA and Annex |
emissiors caps.
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147. Similarly, a sectoral emissions agreement could help reduce competitiveness issues and address
leakage but only as far as ambitiand political feasibility allow The kinds of design choices deemed
feasible only go some way tands addressing competitiveness issues. As such, they may be supplemented
by unilateral actions todtp level the playing field

148 Any sectoral agreement needs to be considered within the context of a packagesofemelt
cannot be a staralone solution. Complementary measures include:

9  Other sectoral agreements to et intraindustry distortions.
Demandside measuregspecially energy efficiency measures
Reviewing and adjustingr@ange of policies and stasdis

Financing arrangements to kick start necessary changes

= =4 =4 =4

Improved information systems and institutional capacity

1 Continued emphasis on research and development for crucial mitigation technologies.

149 Researctand development appedtsbea crucial aspegcespecially in the contexff @arbon capture
and storage.

150, All of theseissues will need to be addressed in the context of a sectoral agreement. Irrespective of
the areement design, considerable amounts of detailld need to be worked through tirike a
functional agreement.

151 The complexity of sectoral agreements is by no means a mark against their usefulness. There are no
likely to be any simple solutions for a pé&goto agreement and any that are proffevall haveto be
scrutinised for their practical effectivene®eyond the political acceptability of any implied burden
sharing, the workability of any sectoral agremt will depend upon the detallhis may prove to be the

single biggest adantage of sectoral approaches: tportunity they provide tofocus the minds of
governments and industries on the practicality of emissions reduction in some of shemissios
intensive sectors.

See Barker et al (2007) for examples of research supporting this claim

2 The UNFCCCOH6 sport on tnvestrneatand Financibws to Address Climate Chan(2007) reviews
and analyses investment and financial flows relevant to the development of an effective and appropriate
international response to climate change, with particular focus oogéwg countries' needs, including their
mediumto longterm requirements for investment and finanée updated version was released 26
November26. The investment needs for climate change mitigation have been significantly revised, especially
regardilg the energy sector. The secretariat relied on IEA scenario and estimates. And between the 2006 and
2008 editions of the WEO, estimations for the investment needs to resizbiltse atmospheric concentration
at 450 ppm case have increased by no less 17®%.As estimates regarding the baseline emissions have not
been significantly revised (0.2%), this increase is mainly due to an increase of the capital cost of energy
facilities. The secretariat did not calculate the updated figure of the overalnmrgseeds for climate change
mitigation on this basis. Busit was estimated around 20210 USD billions in 2030 in the previous paper,
andasenergy related investment needs for climate change mitigation represent around 70% of the overall figure
it would sum up to around 4450 USD billion. Half of the additional global investment and financial flows
needed would occur in developing countries due to rapid economic and population growth.

See Egenhofer and Fujiwara (2008) for a typology of sactor appr oaches -uprcauhtydi ng
commitments. o0
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The Sectoral Crediting Agreement (SCi&d)essentially the same as approaches referred to in the liteasture
inter alia, Sectoral Nelose Targets (Ward et al., 2008) and Sectoral Crediting Méstna (SCM) (Baron and

Ellis, 2008).

Domestic implementation could follow a range of options tailored by parties to a sectoral agreement to suit their
specific circumstances or institutional capabilities. For example, some countries may wish toncseffora a
sectoral agreement to fund pubjicontrolled infrastructure rather than pass such finance/revenue through to

plantlevel operators. This would have implications for the effectiveness of an agreement and is discussed
further? but a prototype fodomestidmplementatioris not developeth this paper

Following the Anguage of Bradley et al (2007)ltétnative options include: canaut, addition, or sector only

options.

Barker et al (2007), based on stabilising GHG concentrations at me®8&35 ppm CQeq.

Improvements over the CDM are not assured and depend on the design of the SCA and how it is implemented.
In fact transaction costs could increase given the increased scale of monitoring reporting and verifying emissions
under anSCA compared with CDM. However, the replicability of measurement and monitoring processes

suggests that economies of scale should reduce (cekt8ve to the amount of emission reductions achigved
Environmental integrity should be improved thorough SCéompared to CDM, but that will depend on the

outcome of negtiations on reduction targets.

Following Ward et al (2008) and Hohne and Ellerman (2008), the prototype is a negotiated instrument rather
than the more technical exercise typified in CDMaasr proposed by Schmidt et al (2008). The need for a

negotiated outcome is due to the complexity of the process of setting targets and wide differences in the specific
situations of developing countries (Baron, et al 2007). It also reflects the unavgidéibbal nature of striking
a balance between the acceptability of SCA targets and the stringency of developed country emission reductions.

Incorporating additional unilateral pledges will enhance the effectiveness of the SNLCAs by retiring the
associted reductions from the atmosphere rather than creating offset mechanisms that can substitute for Annex |

reduction efforts.

Reference scenario in theAd orld Energy Outlook 2008EA, 2008c).

A description of the model used by CIREBRalled IMACL I M&d&h be found athttp://www.centre
cired.fr/spip.php?article544The numbers used here incorporate the most recent IEA estimates of historical
emission and power generation in China withe | MACL I

platforms used to create the FONDDRI scenarios discussed below.

These estimates are only fillustrative purposesk-orecastof energy demand and emissions in China move

M6R demand
improvement rates used to assess mitigation potehtisl A C L | hd$diso been used as one of two modelling

growt h ra

around substantiallfrom year to year. This is unavoidable when projecting growth in developing economies

because ofinter alig the potential for rapid substantial increasesconomic growth and changes to industrial

structures.

If the credits created under an SCA were project related it would be possible to peg reduction credit volumes to

projects initiated prior to 2030. In an econcmige crediting environmerthisis not possible.

It may be that making SERs fungible with AAUs is not a good idea given the potentially serious consequences
of getting the target wrondpiscounting credits is one option that has been put forward. For one avoided tonne
of CO2 equivalentless than one credit would be issued. This would shift the problem from striking a balance
between ndose targets and Annex | commitments to striking a balance between discount rates and Annex |
commitments. The potential margin for error would not baded.

Anotheralternative might be to create an SCA fund for which developed countries pledge contributions that can

be

used

t o

Aipayo0

for

reducti on
33

credits.

Such

a

me c h


http://www.centre-cired.fr/spip.php?article544
http://www.centre-cired.fr/spip.php?article544

SG/SD/RT(2009)1

that exist in an SCA. In facuncertainty would be compounded. Not only would likely volumes of reductions be
part of the discussion in setting up such a fund projections of the cost of reductions would also need to be
decided upon. But at least such an approach would redacesthof large volumes of offsets undermining
efforts to reduce emissions in developed countries. Some have suggestiechdlyadlso be possible to sitep

some of the uncertainty that exists in projections by adopting a target for the uptake ofgpaggoeration
technologies rather than a target for emissides setting a target for new coal plant installed in China to be
supercitical or ultrasupercritical. This kind of approach is not fundamentally different to an emissions or
emissions intesity target. A technology target would have to include either an implicit or explicit agreement
about the potential for improved emissions intensity. Such an agreement would of course have to include an
assumption about whether or not such technology avbel installed without a target or associated incentives.
Further, agreement woultE necessargn the value of any funding to assist with or incentivise reaching such a
target. As such the implications thiis are not fundamentally different from the idefaan SCA whether funded
through trade in credits or via an SCA fund. A technology standard would be even more prescriptive than a
sector targetfurther reduing the flexibility to reduce emissions at low cost compared with an SCA.

% The IEA (2008b) ntes that the situation in China is changing as a result of government policies

" The availability of such material comes at an environmental cost, bath steel production and cefited

electricity generation producing GHG emissions, but these miataratypically waste products.

8 BasedonaCcontento6 of 0.9 tonnes per tonne@ithoutcarbomment (

of US$50$100.

Under current circumstances (costs and prices) the low value to weight ratio of cementtrarespigting
cement long distances over land is very costly. Saght is, however, more viable.

19

20 Around 25% of global cement production capacity is controlled by 16 companies (Vieillefosse, A. (2007).

2. One major gap i n t he xpardihgbceverage o incluaay @hina veouldtbk annirmportari

prerequisite to an effective sectoral agreement for the cement sector. This could be facilitated by external
funding to Chinese government or industry to expedite the roll out of the WBCSD GHGagbfotomeasuring

cement sector GHG emissiotorking with the Asia Pacific Partnership the CSlhas already conductedio
workshops with Chilkks cement sector.

2 Baron et al (2008, p. 26) find that fadetothe UINFGOCSNnat i c
regime in the near future, they would likely be negotiated under the auspices of the Convention, not the
Protocol, given the more limited focus of AWKP negotiations. This could change, however, were future
versions of the Protocol iaclude a more nuanced form of division among Parties (beyond simply Annex | and
nonAnnex I). For now, BAP paragraphs 1(b)(i) and (ii) provide a potential negotiation mandate for
transnational sectoral approaches and paragraph 1(b)(iv) may also betrelewan

# tis likely to be impractical and very costly if all parties were to ratify the agreement. While partial coverage

would come with cost$ introducing the possibility of substantial increases in cement sector emissions in the
future in areas outsidthe agreement it would most likely be less costly than ensuring all parties to the
UNFCCC ha sufficient capacity to implement such an agreement.

2 Alternatively, a specific number of countries could be considered. Schmidt et al (2008) suggesetieatise

sector al agreement mi eimitting davedopingdauntrigsin dheetricity and otlher ngajore s t
i ndustri al sectorséo. An agreement whi c hound 80%ef ed t h
global production.

% In this regard there is a trade off to be made between the benefit of long periods between reconciliation, which

helps to smooth short term fluctuations, and the financial cost of delaying the creation of credits. Choosing a
relatively shot reconciliation periodgvery threeyears) puts more weight on liquidity. The actual payment or
receipt of credits (i.e. settlement) would take place initifdlyr years after entry into force (2017) with
reconciliation relatingo the first threeyears (2013. 2014 and 2015). erbafter selement would take place

every threeyears (for e.g2020) covering the subsequent thyear reconciliation period ¢f e.g. 2016, 2017,

and 2018).
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The sectoral definitiomvould cover all direct emissions including from stationary powersgaisuch as esite
electricity generation not connected to a grid (i.e. there is no possibiligpofteor import of electricity) GHGs

associated with any other electricity consumpfiosourced from the grid or from an -@ite grid connected
installaion for which import and export of electricity is possibléall outside the terms of the agreement unless

no other agreement exists which covers such electricity generation. The reason for this is that including all
electricity consumption in the cemesgctor agreement would almost certainly lead to double counting.

Modelling studies, while useful, areot predictions of the futureThey can, however, help improve
Ounderstanding of trends and relative changes in trends under different scenarios.

Assuming growth in C@equivalent emissions of GHGs from approximately 44 Gt in 2005 to 60 Gt in 2030

(IEA, 2008c) if no action is taken to address growth in emissions. Whidassumption is purely hypothetical

it clearly demonstrates the extent toigthcement emissions are expected to become a proportionately larger

share of global GHG emissions in the future.

The relative impacts are more instructive than absolute impacts under each scenario because those impacts are

quite sensitive to a largeumber of assumptions about technology and the final shape of any negotiated SEA
(including the number of countries participating).

The capsr absolute emissions targeised in this scenario vary by region and are relative to a 1990 base year.
The tar@ts are: Europe20% by 2020-30% by 2030; Japan, Australia, New Zealand and North Amefi6&s
by 2020,-15% by 2030; CIS 0% in 20130. The price of carbon is assumed to be $10¢/i6Q01320 rising
to $150/tCQin 2020-30.

In this scenario Anex | countrieemploy domestic emissions caps as for the Annex | cap sceNarigAnnex
1 countries face improvement targets1¥% by 2020 aneR0% by 2030 relative to a 2005 baseline.

It is difficult to be precise about where pration will increase or decreasm country by country basis. The

modelling results are sensitive to assumptions about agreed intensity targets and abatement potentials in each

country, making specific results on leakage highly speculattber estimates of potentiathanges and

potential leakagdrom the cement sector vary widely and studies are not always directly comparable. For

example: Demailly and Quirion (2005) report an estimated 16% leakage rate in the OECD cement sector in
2030; Szabo et al (2006) suggest andaily (EU-15) emissioncapanda GPr i ce of
approximate 30% leakagatein cement production (assuming a constant emission factor across regions, i.e. the

leakage in question is production leakage rather than emission leakage and the estimated impact is for the shor
run and it is not clear if the research suggests the leakage rate would grow); Demailly and Quiron (2006) find an
EU-only emission cap producing leakage of 50%, in the most extreme case; Ponssard and Walker (2008) find a

similar result to the CSI modelith leakage around 70% under some scenarios with sorilyJ cap on

40/t

wo ul

emissions; OECD (2008) estimates 20% leakage for EU only caps estimated for emissions across the entire

economy, not just cement.

The CSI note that individual contributions are natessrily directly cumulative.

Accepting thadeciding to joinan SEA would be voluntarybut with obligatory compliancejo that only those
parties capable of (or capabté being assisted into) econommyde or industryspecific emissios trading

schemes wuld need to overcome these issues.

The existence of an incentive (the avoidance of liability) is no guarantee of action but incemtivdsbe

roughly aligned.

The IEA has considerable expertise in creating such road maps and is working with industry to develop and

refine their road map for the cement sector. Thus, any process for creating road maps wWmaiktarting from
oneo.

fisquare
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APPENDIX A

COMMON ASPECTS OF ANY SECTORAL AGREEMENT

1.  Any sectoral agreement needs to:

Definea boundary around th@missions source (whose emissions?)
Define the unit of measurement (what emissions?)
Reflect an understanding ali@xpected emissions with and without action

Set out a performance target of some kind.

Provide incentives for taking action to reduce emissions.

=A =/ =4 =4 4 -4

Specify institutional arrangements for measurement, reporting, verification and technical
guidance.

1  Specify tme frames for entry into force, evaluation, and cessation.

A.1 Boundary issues

2. A sectoral agreement must clearly define the acts/ivbich fall within its reachWhile this may
seem straightforward, boundaries can create incentives to include odeedtivities in a way that can
underminentegrity. Three common risks in this regard include:

Threshold risk Where a threshold for coverage is used in terms of defining the size of an activity or
inclusion in a sector ahereverrmidliiple gctivities takepplage.nThis p a |
may incentivise patterns of production that are not otherwise ideal but secure either inclusion or
exclusion from an agreement.

Diversion risk Where production activity and emissions increase in a sectocavered by an
agreementConversely, where production and absolute emissions in an activity covered by a sectoral
agreement increase beyond what they would otherwise have been given new incentives to invest in
that sector.

Doublecounting risk The riskthat multiple climate policy measures do not have consistently
defined sectoral boundaries so that emissions or emésgidactions may be counted twice.

3. Boundary issues can have very real implicatidfmvever thesecan, for the most part, be resaive
through systematic and considtéechnical rules or guidelineas have been used in the construction of
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GHG inventories in Annex | countries. Thesan be the subject ofconsiderablediscussion and
negotiation'

A.2 Units of measurement

4.  Unit of measrementis perhapsthe most difficult to negotiate because @§ impact on an
agreement.The wit of measurementnust addressvhether all GHGs are measured (i€0O,, CO,
equivalents) and whether or not the emissions of interegper unit of output(i.e. intensity, absolute
emissions or some other proxy. In addition, each unit of measurement could, in theory, be applied in a
dynamic fashion with targets updated or refined over time. The choice of unit of measuremehavéll
animpact on the naturand stringency o performancearget, how success is measured (benchgphark

the incentives created, the degree of difficulty in measuring and verifying emijsaimhsemissios
reductions.The choice of unit of measurement may also affect perceptiong #im effects of a target
irrespective of its stringency.

A.2.1 Absolute emissian

5.  Using absolute emissions as the unit of measurehanthe benefit of linking action to the pripal
objective of climate policyreducing overall emissionH.is transparent andelates action anthrgets to all
aspects of GHG emitting activities, whether from demand for goods and services or production techniques.

6.  Absolute emissions are a function of both technical factors and economic activity. Thus measuring
pefformance or targets in terms of absolute emissions brings economic growth to the fore of any
discussion. This can create nervousness about whether performance targets adequately account for future
economic growth and economic development needs, espdoratigveloping countries.

7. Similarly, developing countries may be resistant to agreements focussed on measuring absolute
emissions, as they could be construed as a step toward ecandeninding caps.

8.  From a practical perspective it is difficult thoose sectoral performance targets measured in terms

of absolute emissions, as this requires an assessment of future technological potentials for controlling
emissions and associated costs. It also requires a judgement about how much economic desirdplis

in a particular sector. These information requirements are usually bound up in projections of future
emissions and the potential for absolute emissieductions. Projections are likely to be inaccuyrated

as a result the targets could proetbe Awr ong?o. This matt erstardete ss wh
because they can be set based on working back fro
is much more difficult tadentify the optimal reductian

A.2.2 Emissions intesity

9. Industries often argue for measuring performance and targets in terms of emissions intensity on the
grounds that they are more favourable to economic development. This is not accurate, as intensity targets
can constrain development by more thasodilite emissions targets. Impacts on economic development are
determined by the stringency of targets, not the units of measurement.

10. Using emissions intensity as a unit of measurement avoids having to mdilantupudgements
about economic developmenithe weight of discussion, in terms of performance and targets, is focussed
on technical factors. Future economic growth can be relegated to a second order questibe iatqmartts
of thesetargets However if targets are saefithout anabsolute emissits cap in mindt could lead to more

! See Ellis and Baron (2005, p.16) for a useful discussion of this issue.
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emissions than is desirable. In that respect, intebsited measurement does not avoid the practical
problems associated with absolute emissions.

11. Setting targets usingm@ssions intensitgan be complicatechowe\er, becauseghere may not be a

single appropriate or obvious target to use. An international best practice intensity target is one option, but
such a target is not sensitive to regional or local resource constraints. It may not reflect all interpretations
of Acommon but di fferentiated responsibilitieso
emissions intensity of their production if the international best practice is impossibly hard to reach.

12. There may be a presumption that an inteomat best practicdenchmark is appropriate in the case
of a sectoral agreement because production within a sector can more or less be treatedvadthdiki&e
basis. Thigpresumes a degree of similarity that may not be appropriate in fiealitrough imppropriate
assumptions about similarity may emevgeatever the unit of measurement for the tafget.

13. The very practical nature of sectoral agreements makes them app€alisglering emissions on a
sectorby-sector basis at the international levebydes a window on effective action and the steps that
need to be taken in practice to reduce emissions. In printhijgeprovides focus and a greater degree of
certainty about what can be achieved compared to more theorepicahelpes such as cap arafe.

14. However, sectoral agreements preseniiorocosmmany of the difficulties that arise in a more
generalised and flexible economyde capandtrade schemeln negotiating emissions cap&nnex |
countries havappealed, whether in the Kyoto Ryotl or in the EU under burdesharing arrangements,

to their individual circumstances and resources to argue why they are constrained in their abatement
opportunities’ or at least why they face vehigh abatementosts. Digging down into a particularcser

does not resolvehis sort of problem.

15. For example, it is well known that there are wide geographical differences in the availability and
cost of renewable and low emission energy. In some geogemattingsthere are rivers amenable to
hydro £hemes, wingwept areas for wind power or a surplus of biomass waste for fuelling distributed
generation. Others have easy access to gas, while others radyilgron coal for their energy.

16. The existence of variations in mitigation potentials rasedmportant issue of ambition for any
agreement seeking to reguemissions whether through comprehensive caps or a more narrow sectoral
approach. Parties to any such agreement will invariably try to preserve existing industry and the policy
space to mcourage expansion. Governments are likely to argue that they cannot be held to the same
mitigation objectives as parties with abundant low emission opportunities. For example, if alternative fuels
are not available locally, the argument might be thatrgetareduction objective should be set which
reflects such a constraint. Any such accommodatiomdydowever, increase the castglobal emissios
reductions and impede the objective of controlling climate change. In a world that is serious about
constaining emissions, the ability to produce low emission products should confer a comparative
advantage which lifts production in low emission locations and reduces production in high emission
locations. To loosen constraints where emissions intensity iseimihe highercan eliminatebenefitsfrom
production shifting tavherever emissions are lowest.

2 The concept of a fsectoro i s siimsetlingsectaral houndariea fuggest a c t
thatit i s not. I n t he negoaniegectatiogthas pemking the chadlenge offtlemate a | s
policy down on a sectdvy-sector basis will present a more manageable task for negotiateither by
removing difficult aspects of climate mitigation from discussion altogether, or by allowing thieenaddressed
separatelydo (Bradley et al ( Becn0s& Iin practice thg heterdgkneity ofi s n
country mitigation potentials is also reflected in industrial sectors so splitting up discussions replicates or
magnifies the kindsf difficulties and complexities that exist at the econenige level.

38



SG/SD/RT(2009)1

A.2.3 Multiple or composite units of measurement

17. A final option for units of measurement might bempositetargetsbased on a combination of
intensitybasel and absolute emissions and variatitimst can account for regional and local resource
constraints. In the case of electricity generation this could mean measuring emissions intensity of
generating plants depending on fuel typleile also measuring emisgss intensity or emissions from the
entire electricity system. For exampéetarget might be created on the basithefbest 10% of emissions
intensities globally for a given fuel type. The target would not create any incentive to use s&teand
initiatives (.g.smart metering or improved transmission) or to adjust the generating portfolio in favour of
renewable or low(er) emission fuelsicorporating asecond targebased omaverage global emissions
intensitywould take account of those incentiv8$ie weights given to each could vary across counimies
reflect local resource constraints

A.3 Incentives

18. The issues discussebove are largelpnes ofimplementation that can be generalised from one
sectoral agreement to another. The nature of tha=) however, is the dimension that distinguishes most
proposed sectoral approaches or agreements from one akathéssues here are:

1 Whethertradable permits are part of the agreement.
- Incentives such as taxes could be used instead of permits.
- Wouldpermits bdungible with othermternational carbon instruments?
- Would permitsbeheld byor given tofirms?

1  Whetherincentivesare attributed to actioninétalling a particular technology) or to outcomes
(verified emission reductions below target).

- Policiesand measures or the installation of particular technoldbasreate credits rather
than verifiable ad specific emissiasn reductions would avoid problems with data
collection.

1  Whetherthe agreement includesplicit penaltiesand explicitrewards

- A no-lose target sets explicit rewards but not penalties, although the implicit cost of not
bettering the target is foregone rewards.

- A baseline and credit scheme has an explicit (permit purchase requirement) penalty for
emissions above target (i.e. base) and explicit rewards (permit creation/credits) for
bettering the target.

19. Tradable permitaire likely to be a distinguishing featuné international sectoral agreements. The
capacity to generate tradable instruments is what distinguishes a lsepfoaach from a simple funding
initiative targeted at a particular secttire latter being potentially ad hoc while the sectoral agreement
provides a systematic framework for scaling up finance and crediting or incentivising action to reduce
emissions.A sectoral agreement would most likely be additional to any diratiged emissio
reduction policies and actions.

20. Incentivisingactionsrather thanemissions is appealing because it could reduce monitoring costs
compared with crediting outcomes.oWever, it would require a defactdex-ante measurement of
emissiosreductiont o know how much an .Bhe queston is whethdr the eoras i wo |
implicit in this measurement are more or less acceptable than the errors and costs assdhiated wi
monitoring emissiogreduction outcomes.
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A.4. Institutional arrangements

21. Any sectoral agreement would have to include institutional arrangements and protocols for
monitoring and advising on measurjmgporting and verifying emissions and emissiceductions. Such
arrangements might also include advice on appropriate benchmarks and technical standards. At the
multilateral level such arrangements might include:

9 Establishment of a new sectoral monitoring and technical body under the UNFCCC,;
1 Expansionof existing institutional arrangements such as those associated with the CDM,;

1 Recognition of a third party (perhaps an industry body) as the principal technical body for
administering standards, providing guidelines and monitoring and collecting infonmatio

1 A combination of all three.

22. The #Arighto approach wil/l vary by sector depe
groups such as industry associations. It will also depend on the extent to which countries wish to treat
sectoral agreeménas primarily a technical exercise (as for CDM) or a more political construct which may

well introduce the need for an entirely new institutional framewottkin the UNFCCC architecture.

23. Measurement protocols will also need to be established degtailhat to measure and how to
measure itThis includes accounting frameworks, data collection guidelines, data compilation tools and
data reporting, verification, security and validation (i.e., credibility development) processes and
institutions. The measement protocols that underlie performance assessment programmes and statistics
compilation are very technical amdn bedifficult and time consuming to develdphowever, therare

already some examples of successful experiences in the design of mgcénamteworks, data collection
guidelines anddat compilation tools. Many existing statistical, analysis and voluntary reporting
programmes are based on the accounting frameworks and data tools and guidelines developed under the
WRI/WBCSD GHG Protocol Itiative.

24. Different countries show a wide range of characteristics, making a unique solution for developing
industry benchmarksnlikely. Industry structures vary widely and the boundaries and processes that make
sense in one place may fit poorly ino#imer. This can be further complicated by the differing availability of

data for constructing performance indicators among countries and sectors. As a consequence of this
industry variation, performance metrics are expected to vary by country and®sector.

A.5. TimeFrames

25. A sectoral agreement will need to be clear about the timing for:
1 Negotiaton.
9 Entry into force.
1 Evaluation:

- Reporting

Availability and reliability of data is a very important matter and a prerequisite to sectoral apprétmiieser
it should be recognised that virtually no emissions inventoperfect. Bosi and Ellis (2005, p.11) citieat

Al PCC estimates that ther e i srelaeed CQemisseonstinacounttieg with a n g e
good energy data collection systems. The uncertainty range n@ytbe order of £10% in countriesitlv less
welFdevel oped energy data collection systems (I PCC 200
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- Compliance
- Creation or submsion of tradable instruments

1 Termiration of the agreement (if any).

26. It is most likey that negotiations on a sectoral agreement would have to be completed in phases,
with initial phases used to establish the core parameters or modalities for establishing sectoral agreements
including benchmarks and perhapshart list of eligible sectors

27. Figurell, from Baron et al (2008), summarises the kinds of staging, decisions, and information that
might be needed in the short term for sectoral agreements to be included in tB@12ostternatioal
climate policy architecture.

Figure A.1 Possible timelines of key elements for international sectoral agreements

Developed country commitments/actions
Developing country actions

If SA crediting, how and to what extent?

If no crediting, what support for SAs?
Link to NAMAs?

Political decision points

Improvement to KP mechanisms

Eligible forms of sectoral approaches :
Political will to implement

Data gathering =

Potential level of credit generation
(need sector/country-specific datato calculate)
Cost/feasibility implications

for developedcountry targets o

SB28 COP14 SB 30 COP15

>

Other needed inputs

Fis
—
2008 2009 2010

28. Agreement on modalities could be followed by or parallel to a process for collecting the necessary
information to inform negotiations on specific elements of a sectoral agreémspecially decisions on
targets or benchmarks.

29. The timing for entry into force is 2013. However, entry into force may, as a matter of practicality, be
contingent on whether the necessary information has been gathered to agree on targets and bandhmarks
whether parties to an agreement are in a position to perform the measuring and reportiragyngcess
implementit.

*  The degree of difficulty of this task will vary considerably by sector and by country. While some sectors will
have very limited informatigmothers such as the cement sechaty be ih a much stronger position in terms of
information and information systems.
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30. Baron et al (2008) point out some important in principle decisions that would need to be taken at
COP 15 to facilitate the inclusio of sectoral agreements in any p8i2 inernational climate
arrangement:

1 The relationship between sectoral goals, nate commitments by developed countriead
other mitigation actions by developing countries.

The use obectoral expertise, informtionand institutions.

Decisions on core elements of the negotiation, which could include: technolamperation,
common methodology for GHG baselines, and types of targets.

1 Whether the agreements would be voluntand if so whether a critical massriscessaryo
bring the agreements into force.

9 Identification of a short list of possible sectors.

1 A decision on how to move forward with addressing data gaps in identified sectors.

31. Time frames for evaluation of an agreement inclirdguency of repoitig. In addition the point at

which credits would be issued or supplied (if anyduld need to be decideth general, more frequent
crediting (say once evergne totwo years) would result in greater liquidity, financial incentives and
transparency in chon markets. However, more frequent credit issuance or settlement would reduce the
time available to verify reductiondt may therefore be seess desirable to have credit issuance or
settlement to coincide with thend of a commitment period.

32. Finally, it will also be important to consider the lengiti time that an agreement remains in effect

or for which credit rights or obligations remain
as a stepping stone to a more comprehensive itimmahagreement capping global emissionas arend

in its own right.
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APPENDIX B

INTENSITY TARGETS, P RODUCTION DECISIONS,
AND COMPETITIVENESS CONCERNS

1. The impact of an intensity target on fimgmsd de
decisions about production volumes or about emissions intensity (i.e. production technologies and
processes). It wil |l al so vary by the distance be

This is summarised in Table 4.

2. For apégpbor mi ng f iotreathednits intersity targtde decision to increase
production by one tonne increases emissions by one,tbaohéhe additional cost of that additional tonne

is only $1 compared to the market pricassumed here to be $1.0rhis is because the price paid for that
tonne is the market price multiplied by the dist.
i.e. $10 x 1 x (I' 0.9) = $1. Under an absolute emissions cap or tatfgetcost of that extra tonné o
emissions would be $10. This means there is an incentive to produce in locations with inteyedity ta

rather than absolute capsthough in this case the size thisi ncenti ve i s smaller
performi ng f issionsregiilatios whdtsoaver. e m

Table B1 Permit cost with an intensity target

Production Intensity Target Emissions Permits Permit cost

Tonnes (t) t CO/t t COy/tonne t CO; No. (1 permit = $10)
Poor performing firm 100 1 0.9 100 10 $100
Increase production 101 1 0.9 101 10.1 $101
Change 1 -- -- 1 0.1 $1
Increase intensity 100 1.01 0.9 101 11 $110
Change - 0.01 - 1 1 $10
High performing firm 100 0.8 0.9 80 -10 -$100
Increase production 101 0.8 0.9 80.8 -10.1 -$101
Change 1 - - 0.8 -0.1 -$1
Reduce intensity 100 0.79 0.9 79 -11 -$110
Change - -0.01 - -1 -1 -$10

3. For a Ahigh per for miimgiesthatincre@asedtpioductioresuitseimeseney t ar
rather than cost. In Table 4 the firm ea@s additional revenue (shovas a negate cost) of $1 by
increasing production. In this respettie imposition of an intensity target creates a larger incentive to
relocate production away from locations with absolute emisstaps than would be the case if the
alternative locatin had no ensisions regulations.
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4.  The stringency of the target plays a crucial role in determining whether or not an inbassty
scheme would minimise competitiveness and leakage issues. In Talbl¢hd intensity targetwere
reduced to 0.8, the poor performifign would face a cost of $2 for increasing production by 1 tohme.
the extreme, if i r mé s e mi sweremoresthan twiteethre sargétat firm would face darger
cost tharoneunder an absolute emissions cap.

5. In summary, the use of intsity targets in parallel with absolute emissicaps can either reduce or
increase competitiveness problems and leakage risks. The outcome depiedstidngency of the target.
In theory, targetcould be seto mirror the effect ofabsoluteemissionscaps butin that caseit would be
simpler to introduce absolute cap

6.  While competitiveness and production decisions may be distorted when an intensity target is
introduced alongside an absolute emissions ttegpincentive to reduce emissions by chaggmissions
intensity is the same under an intensity target as an absolutei.ea$10 for every tonne of emissions.

This means that an absolute cap and an intensity target should have the same effect in terms of
incentivising the use of technologies processes to reduce emissionsthis respectintensity targets in

parallel with absolute caps will not undermine emissiogduction objectives in the way they may
undermine competitiveness and leakage objestive
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APPENDIX C

SUMMARY DESCRIPTION OF THE CSI CEMENT SECTOR MODEL

1. The CSI has worked with the international consultancy ERM to develop an economicaitiael
global cement busines§he model separates the world into eight different regions and calculates regional
production and interactic between regions to meet a predicted global cement demand (forecast by the
International Energy AgencyEach region has a mix of cemekiin technologies, costs, and materials
availability which are combined to meet the fixed globament demand at mmum cost.The model
calculates cement production, trade and €@issions in each remi over the period 20052030.

2.  Carbon policies and emiss®wrargets can be set across regions (and over time). The model
incorporates the goals and costs associatgddifferent carbon managentespproaches into its analysis.

In this way, the impacts of different ¢&m policy choices can be anagsand ompared on a consistent
basis. For example, it is possible to see how changing cement demand is met throyglansicd
combination of regional production, imports and exports. These comparisons can be used to help inform
decisionmakers about the relative merits, costs and impacts of different carbon and trade policy choices.

3.  Toinsure fair and accurate treatmefithe many different variables involved, the CSI requested and
received formal peer review @ model by seeral organiations, including:

1 Lawrence Berkeley National Laboratories (USA)
1  The International Energy Agency (Paris)
1 Research Institute of Innative Technology for the Earth (RITEYapan)

4, Informal comments were also received from a number of ottgansationsduring the carse of the

model developmenandincluded in revised model calculations where necessamgdéoe t t he r evi e
concers. A detailed set of specifications for the model, and a summary of how the different elements are
assembled are availakldéwww.wbcsdcement.org

5.  The model idottomup, based on eight world regions and seeks to meet global and regional demand
for cemant at least cosit determines cement production costs by region over, tiesellting international
trade flows and regional production volumes.

6. Key model principles include:
1 World cement demand is always met
1 Regional cement demand is met at lowest,dhirough domestic production and/or imports

1 Investment decisions are made in the year when capacity is neegethe model does not
look ahead

1 Profit maximistion behaviour is assumed (as opposed few example, market share
maximisation behavior).

9 Production costs (including increases in costs over time and the cost)oh@Qully passed
through to the user via the cement price
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1
1

The highest marginal cost producer in each

Regions seek to meet dostie demand and may then export to other regions where it is
profitable to doso (subject to cost of production, price in export market, transportation and tax
costs, and any defined trade restrictions)

Only the cement sector is modelled; where carboceprexistthey are useidefined and the
cement sector acts as a price talér.these priceshere is always demaniwr any carbon
allowances/credits sold by the sector.

7. A schematic flow diagram of the CSIM3 model is shown below, illustrating the keelnngputs
and outputs.

1

Key model data inputs include:

Technology and capacity details of existing and new cement production facilities by region,
over time (energy andlectricity use, fuel mix, blending rates, process emissions, phasing out
of shaftkilns etc)

Production and investment cost data, by kiln type and region over time
Cement demand by region over time

Values for the pricelasticity ofcementdemand can also be entetmdt this has been assumed
to be zero in theurrentscenarios

Transportation costs by regiosHippingandroad transport)

Availability and cost of blending materials and fuel/electricity by region over. time
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