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PREFACE

At its 4-5 December2008 meeting, the Joint Working Party on Trade and Environment (JWPTE)
discussed théirst draft of this paper [COM/TAD/BIV/JWPTE(2008)8]. It was agreed that this paper
should be revised taking into consideration comments made at the meeting and subsequently submitted to
the Secretariat in written form, and be circulated to participants iGlibleal Forum on Trad€-10 June
2009) as a background documeérhis GFT will allow major stakeholders from both OECD members and
developing countries, including key technology exporters and importers, to exchange their experiences and
share the findings from the studyollowing theGFT, the paper will then be finalized in light of those
discussions

The paper is intended to be used by policymakers from OECD anch@mber economies to discuss
the contribution that the trading system can make to mitigating GHG emis$iovif be witten in a style
that will be accessible taslargeanaudienceas possible. It is envisaged that the study wilplesented in
different forums within and outside OECD.

This report was prepared by Ronald Steenblik and Takenori Matsuoka of the OE@Ea&&¢CKJim
Hight of Environmental Business International, and Allan Benedict of A&K Research, Inc.

Work in this area has been f or-@2uwmdeeQutput AreatBth.e Tr ac
Advocacy of Free TradeThe work has been undertaken withPart | resources, supplemented by a
voluntary contribution already received

This project takeinto accounbtherwork done within th@OECD, as well as by the World Bank and
the IEA



TABLE OF CONTENTS

PREFACE.....cc oottt ettt e e et e e 44 e e e bt b ettt e e e e s amme e e e e e bbbttt e e e e e e e e amnne e e e ra e es 3
EXECUTIVE SUMMARY ...ootiiiiiiiiiiiiit ittt eeeete et e e e e e e s aeeaeee e e s emamtaaaae e e s s s ssssesaeeeeassmamtaaeeeeeesnnsssssneeees 7
INTRODUGCTION ....ci ittt e e s emr e e e e e s et e e e e e e ammme e e e e e s s aatasseeeeaaeeesammmeeeessassssteneaaeeeeeessamnneeeas 10
(@ 1111 1TSS PPPPRP 12
Scope and METNOAOIOGY........cvuiiiieiiiiii e ——ne e e e e eaaeeaaaeaaaeeees 13
SOLAR-BASED ELECTRICITY . .eitiiiiiiiiiiiiiiieiit s eeete e e ettt e e e e e emmmna s e e e e s s ssabaaaeeaaeeesmmmneeeeeannns 16
L0 YT = USSR 16
Description of the tEChNOIOGIES.........vvviiieiirer e e 16
INAUSErY SUPPIYCNAIN SITUCTUIE.......eiiiiiiieeiiiteee et rena e e e e e e st enenssn e e e e eeees 17
Market potential and main POICY AIVEIS..........uuiiiiiiiiee i rmmee e e e 19
Traderelated DEIEIS.........ciiiii et e e e e e e s e eennr s e e e e e e e e e e e annbareeeeen 20
CONCENTRATED SOLAR HERMAL POWER........cuttiiiiiiiiiiiiiiiieeee st snnessvveeee e 25
1 1o T 11X (o o 25
Abundant Solar Resources, Limited ECOnOMIability ............cccoooiiiiiiiiiiiceeeeeeee 25
Market Conditions and Policy Issues Affecting the Future of CSTR........ccccoviiiiiiiicceeiiicieee, 28
o g e UL TS ] T S O 29
WIND-POWERED ELECTRICITYGENERATION. ...t e e 31
L@ Y= V=SSR PPRRR 31
Description Of the tECNNOIOGIES..........ooiiiiiii e 31
INAUSErY SUPPIYCNAIN SITUCTUIE. ......eiiiiiiie et eee e eena e e e e e e et enenss e e e eeees 32
Market potetial and main POlCY IIVEIS..........cooi i e e e e e e e e e e e e e 33
Traderelated DAITIEIS........cuii e et e e e e e e s s s eannnss e e e e aaeeeeesannnneeeeeeen 36
GEOTHERMAL-ENERGY-BASED ELECTRICITY GENERATION .....ccciiiiiiiiieei i eceeee e, 40
L0 YT =TSRSS 40
Description of the teChNOoIOgIes...........eviiiiiiiiiiiee e A0
INAUSErY SUPPIYCNAIN STTUCTUIE. ......eiiiiiiie et eee e eea e e e e e e e e s enenss e e e e e e e s 41
Market potential and main POICY AIVEIS..........uuiiiiiiiiie e rmeee e 43
=10 < ] Fo =0 [ o =T [T 46
SUPERCRITICAL AND ULTRA-SUPERCRITICAL STEAMGENERATORS........ccoiiiiieeeeeeees 51
L@ Y7 USROS 51
Descriptionof the teChNOIOGIES. ......oo i i 52
INAUSErY SUPPIYCNAIN SITUCTUIE. ... e eees 53
Market potential and main POICY AIVEIS..........uuiiiiiiiiee i rmeee e e e 54
Traderelated DAITIEIS........couii et e e e e e e s s eeneer st e e e e e e e e e e s nnnbbeeeeeen 57
COAL-MINE METHANE RECOVERY .....ootiiiiiiiiiiiiiiitiitseeeeeeea e e e e e e sssiiaaeeeessnenseeeaaseaasnnnssnneeeeesamenesd 60
OV BIVIBW ...ttt ettt ettt e e e e oo ek e e e bbbttt et e e 22444 b s e nns bt e ettt e e e e e e e e e nnbb b s amnnns bbb e e e e eeeeas 60



Description of the tECNNOIOGIES. ..o e 61

Market SUPPIYChAIN SLIUCLUIE.........ccoe e e e e e e e e e e e e e e e e e e e e e s e as 61
Market potential and main POIICY AIVEIS..........uuiiiiiiiie i rmmee e 62
Traderelated DAITIEIS......ccoo oo rrre e e e e e e e e e e e e et e e et e e et e s ennas e e s e e e s e e e e e e 63
STEEL MANUFACTURING......citiiiiiiiiitiiit ittt s st snet et e e e e e e e e s ibb b e e e e s smemseeeeeeeeeennnnnes 66
OV BIVIBW ...ttt ettt ettt e e e o4 ook e e e bbbt ettt e e e 2444 s a s mnns bbb sttt e e e e e e e e aannbb b s amnns b bbe e e e e aeeeas 66
Description of the tECNNOIOGIES. ..ot 67
Market SUPPIYChAIN SIIUCTUIE...........uiiiiiiiii e 12
Market potentials and mMain POIICY AFNVELS.......uuuuuiiiiiiimmr e eeee s 72
Traderelated DAITIEIS......cccoii i e e e e e e e e e ee et aatee et e e e enaas e n e aa s e e e e eaan 73
CEMENT MANUFACTURING..... ..ttt ieeee ettt e e e e e e e e vmnns s e e e e e e e e e e s smnessnssseneeees 76
L@ Y= V1= PSRRI 76
Description of the teChNOIOGIES..........evviiiiiiiier e smmmr e e eeeeeeean L O
INAUStry SUPPIYCNAIN STTUCTUIE.......eiiiiiiiiiiiiiiieieeei e eeesrene e e e e e s e s amesnneeeeeeee e s d ]
Market potential and main PoliCY ArVELS...........oooi i e e e e e e e e e e e e e e e e 77
Traderelated DAITIEIS........cui it it err e e e e e e s s bbb e ennr s e e e e e e e e e e e e e nnneeeeeeen 78
(010 N[0 I 1] [ N £ PRSP 82
2] |2 L@ €] Y = o 2SR 84
Tables
Table 1. Selected Mitigation Technologies Covered by the Study............ccoocvviiemriiiiiiiieeneeens 14
Table 2.  Categories of notariff measures (NTMS).......oooiiiiiiiiiiiiiiceeeeccc e 15
Table 3.  Estimated supply of polysilicon from leading manufacturers (tonnes)...................... 18
Table 4. Leading producers of photovoltaic cells ir0B0and the first half of 2007..................... 19
Table 5. Applied MFN tariffs levied by selected OECD and AOECD economies on selected
g00dS releVant t0 SOIAN POVURL. ........uuiii et eeeiiie ettt e e e e e e e reea bt e e e e e e e s s s bbb eneessbrrreeeaeeeas 21
Table 6. Leading producers of wind turbiSi@n 2007............c..uviiiiiiiiiiie e 33

Table 7.  Installed windpower capacity outside of the Europel and the United State206d....35
Table 8. Applied MFN tariffs levied by selected OECD and ADECD economies on seledte
goods relevant to wingowered electriC gENEIratOrS.......ccovvieiiiiiii i rrer e e 37
Table 9. Leading producers of wind turbines in 2007.............oouiiiiiiioiiiieiee e, 42
Table 10. Countries that could meet 100% of their electricity consumption with geoshenergy.44
Table 11. Applied MFN tariffs levied by selected OECD and AOECD economies on selected

goods relevant to geothermal electricity ProduUCLION.............ouiiiiiiiiccc e a7
Table 12. Applied MFN tariffs leviedby selected OECD and n@dECD economies on selected
goods relevant to supercritical and wétw@percritical stearyenerating technologies............cccco...... 58
Table 13. Total global methane emissions from co@hing actiVities..........cccccvvviiiiiiieeniiiienenn 60
Table 14. Methane emissions from coal miNes iN 2005..........oooiiiiiiiiimnnie e 62
Table 15. Applied MFN tariffs levied by selected OECD and AOECD economies on selected
goods relevant to COBMINE-MELNANE FECOVELY........cciiiiiiiiiiiiiiieeeiie e enesrre e e e 64
Table 16. Perceived nottariff measures reported by two exporters of eoalemethane gas
(B ol [t= o [T aTo I =T 01T ] 0= o ) APPSR 65
Table 17. Steel processing flow from BOF to sefitiished product’.............ccooveveivveiieeeereeennn) 71
Table 18. Applied MFN tariffs levied by selected OECD and AOECD economies on selected
goods relevant to climatghange mitigation technologies in Ste®KING............ccvvvieiiiiiiiiiimenneeenenn. 75



Table 19. Applied MFN tariffs levied by selected OECD andnfOECD economies on selected

goods relevant to comhine-MEthaNe FECOVELY.......ccooeiiiiei i e e e e e 79

Table 20. Perceived notariff measures reported by one exporterl of precalciners, and the countries

in which it encountered the NTIMS ... ... e e e e e 80
Figures

Figure 1. World Installed concentrating solar thermal power capacity, P88J................c.ceeeee.. 26

Figure 2. Partial side view of a WiNd tUrDINE..............oooiiiiiii e 32

Figure 3. Historical and projected installed wimbwer capacity, 1999017 (GWe)...........cceeeueee 36

Figure 4. World cumulative installed geothermal electric power capacity, -P88®, with projection
for 2010 40

Figure 5. Fuel mix for power generation in selected countries, 2Q05.............ccccevvveeeeeeeeieeeenn, 51
Figure 6. Heatrate improvement for given steam temperatures and pressuresl.................... 53
Figure 7. Average thermal efficiencies of cefiled power plants in selected countries.............. 54

Figure 8. CO2 emissions from codired plants: total (2003) vs. total at rate of best practice of 3&pan
Figure 9. Average thermal efficiency and tlsbare of suleritical, supercritical and ultraupercritical

TECNNOIOGIES 1N JAP@AN......eiiiiieiiii ettt eeenr e e e e e e e e e e e ab bbb e e enenr s s e e e e e e e e e e s annnnreeeeen 56
Figure 10.  Average thermal efficiencies of cefiled power plants in selected countries.......... 66
Figure 11.  SteelproduCtion FOULES........cciiiiiiiiiiiiiiieeeiiii e e e nesss e e e e e e e nnneeeeeeees 67

Figure 12.  Share of different production methods in the top 10 steel producing countries.... 68
Figure 13.  CO2 Reduction Potentials in Iron and Steel in 2005, based on BestiAedikchnolog§9

Figure 14.  Blast Furnace Stedllaking Process............cccccciiiiiiiiccciiiiiiiiciicciiieesssessssmmmeeeeeenennnn O
Figure 15.  Steel processing flow from BOF to sefimished products.............cccccveeeeiiiccceennnnes 72
Figure 16.  Diffusion of enegy-efficient technologies in countries with blast furnaces............. 73
Figure 17.  CroSs SECHON OF.@....cccciiiiiiii i rrre e e e e e e e e e e e e e e e e e e e e e aeeereaanaaanes 77
Figure 18.  Global cement production by process in 20Q06..............cooeeiiiiccnniiniiiiiiiieeee e 78
Boxes
Box 1. The Philippines and Indonesia: a tale of two geothermal hOtSPOLS...........cooviiiiieeniiiiinnnn A5
Box 2. Japan's xperience with supercritical and uksaipercritical coal power plants...................... 56
Box 3. The Methane to Markets (M2M) Partnership..............ooooiiiiiieeciiiccse e 63



FACILITATING TRADE IN CLIMATE CHANGE MITIGATION TECHNOLOGIES IN
THE ELECTRICITY GENERATION AND HEAVY -INDUSTRY SECTORS

EXECUTIVE SUMMARY

Context

1 Various analyses,ntluding those conducted by the Inaggmvernmental Panel on Climate
Change (IPCC) and the International Energy Agency (IEA) have found that the greatest economic potential
for global mitigation of gases that contribute to climate change exists in they exoggly, buildings and

heavy industrysectors The large mitigation potential derives from both the enormous amount of fossil
energy consumed by these sectors, and the expanding list of technologies that can increase the efficiency of
energy use or subsiie other, notiossil energy for fossil fuels. The IEA (208&inds that in 2050, with
moderately optimistic assumptions about the diffusion of technologies, reductions in greenhouse gases of
28% could be achieved fromeetricity generationand 19% fron industry. Many of théechnologieghat

can help achieve these reductiamns alreadyeingsold commercially and enter international trade.

2. Given the scale of effort that would be required to reduce or stalgladmal emissions of
greenhouse gases (GHGSs), it is in every country's interest that the deployment of-atiamafe
mitigation technology (CCMT) technologies be accomplished at the lowest possible cost to Blmtiety.
every country will become proficieirt the production of every CCMT, keeping down costs, and ensuring

as rapid diffusion of these technologies as possible, means minimizing barriers to trade is important. The
sooner barriers to the diffusion of these technologies are reduced, the bikttewafld is to avoidocking

in inefficient technologies.

Objective

3. The purpose of this study is to provide a preliminary assessment of the significdrareient

created throughtariffs and nonrtariff measuresthat affect such international trade, considering a
representative selection of CCMTs chosen from among those that have been identified as having large
economic potential for mitigation, are globally traded, and can be used in most countries (i.e., easily
adapted to national circumstances).

1 Technologies for generating electricity from renewable energy (solar energy, wind, and
geothermal sources).

1 Technologies for using coal more efficiently (supercritical and -glifgercritical steam
generators, and enhzed coalmine methane recovery systems).

1 Technologies for improving the energificiency of heavy industries (iron and steel, cement
manufacturing)

4, The potential markets for renewable energy sources are vasiretethnically limited only by
the quantity and quality of the available solar, wind or geothermal resodnsesmarket for these
technologies, especially solar and wind power, hagen strongly influenced by government policies,
particularlypreferetial tariffs, subsidiesand mandated market shares in electricity generatisrcosts of



fossil energy rise, and the costs of manufacturergewableenergysystems falls, however, the potential
global market fothese technologieshould expand exponealiy, even without subsidies

5. There is also a large scope for mitigating GHG emissions from the power sector through
upgrading existing plants with the most thermafficient alternativesamongwhich are steamemerators

that operate at supercritical and wéaw@percritical temperatures and pressures and for capturing methane
from existing and abandoned coal mines, which would otherwise be vented to the air.

6. Heavy indusly is also a major emitter of grghouse gasel both the irorandsteel and cement
manufacturing industriesnore energefficient processes have naturally evolved, mainly in response to
rising fuels prices, but also in some countries in response teasingly stringentenvironmental
regulations. he rate of penetration of these technologies has not been even, and has tended to lag in
countries where coal prices are low (sometimes through policies), or environmental laws are weak.

Methods

7. Tariffs on the particular technologies examined, or on component goods, were obtained from
publicly available database§.o assess the nature and importance ofMNT several experts with
specialized knowledge of the sector wengiaged to survey a small sample of equipment exporters. These
exporters were asked, in the first instance, to respond to a questicsmiifé/s prepared by the OECD
Secretariat. For most of the technology groups, at least three companies respondaitl iBegletal of

these respondents were then contacted by telephone for-ighdmterviews.

Findings

8. Applied mostfavoured nation (MFN) tariffs on most of the goods examined in the report were
found to be below 19 in most OECD countries, and zero in several, but often above 10% in Mexico. The
tariffs applied by the major emerging countries vary considerably, with some countries (e.g., South Africa)
often levying no tariff on imported industrial goods, while BraZhina, India and Russia often levy tariffs
greater than 10%. Misclassification of godise.g., a solar PV module as a solar water hé&atemhich

can sometimes imply higher tariffs than when a good is properly classified, was found to be a problem in
some countries where an unfamiliar technology was involved.

9. Because of the small sample size, and the largely qualitative (and unverifiable) nature of the
responses, the results of these surveys should be tredyealsandicative. Nevertheless, they do suggest
that NTMs are hindering trade in some CCMTSs, and that the importance of those NTMs are greater for
some countries than for othefsnongthe most common NTMs cited by the respondents were

9 Technical regulatios applied by the importing country that differed from international standards.
Producing to different standards adds to manufacturing costs, but also often requires undertaking
additional testing to demonstrate conformity to the stand@dshe other had, lack of clear,
publishedstandardswvas found to also inhibit trade in some cases, and to enable some sub
standard producers to gain market share.

1 Nontransparent governmemrocurement procedureslectric systems are often owned and
operated by govement entities, and thus the lack of transparency of bidding procedures when
government procurement is involved is an issue in some countries. More generally, the
impression of some exporters was that preference was being given to domestic suppliers.

1 Inadeqiacy ofdomesticsystems for protecting intellectual property rig8Rs) This common
complaint, especially among exporters of technologically sophisticated technology, pertains to



China especially. Exporter concerns over weak enforcement of IPR eidas so great that
several companies said that they were refusing to sell certain technologies in the problematic
countries.

1 Other NTMsThe study revealed also a large number of miscellaneous barriers facing exporters,
generally of the nature of diffities encountered with local banking regulations, and restrictions
on laboursaving machinery, and treatment of temporary service provilentations on the
movement of natural persons, whiglffect the ability of companies to carry out afsates
senice quickly and at least cost were mentioned explicitly by manufacturers of geothermal
power systems, but probably apply equally to manufacturers of many other technologies. Other
NTMs that the companies reported encountering, such as lengthy custamace procedures,
were considered to be occasionally important but more generally in the nature of a nuisance.

10. These findings are consistent with earlier OECD work on perceived trade barriers to
environmental goodsnore generally, which found that the most important impediments to trade and
investment are technologgpecific. Nonetheless, a number of exporters also mentioned NEVarthnot
technologyspecific.

Policy implications

11 Clearly, there are many measures that importing nations could take to address the technology
specific barriers include reducing or eliminating tariffs on CCTMs, and aligning their technical regulations
with international standards. The latteriact may not always be simple or possible, however, if no
dominant international standard exists. Thus there may be a role for internatieopération on
harmonizing standards for particular technologies, and negotiating rnetwgnition agreements for
testing results.

12, Overcoming some of the general measures that impede trade will take time. However, the
problems that lax IPR enforcement, cumbersome custteasance procedures and roansparent
government pycurement create for trade in CCTMs should be regarded as providing yet another reason for
addressing them urgentl€apacitybuilding assistance in both trade facilitation and of a technical nature,

to help technologyeceiving countries better absorb aadapt these technologies to their own local
circumstances, could no doubt help in this regard.

13 Finally, importers may need, at the same time, to examine their domestic policies in order to
address behinthe-border impediments to the diffusion of the aforementioned technologies. This would
include undertaking reforms in electricity markets. Ending rulesuhtgirly discriminateagainst smail

scale power production is ofteme ofthe most important steghat can be takerto encouragthe spread

of solar and winébased power sources, for example. For other technologies, liberalizing local fuel prices
would help insure that investors in industrial plants are receiving the proper market signals when they have
to decide whether to invest in an energgving technology, and that developers of ¢oale-methane gas
recovery systems are competing on a level playing field.



INTRODUCTION

14. Technologtal innovation and transfare critical to theachievement of thegoals of climate
change policy. Technology transfer can be define
knowledge, experience and equipment agsb different stakeholders such as governments, private sector
entities, financiainstitutions, NGOs and researchamdl uc at i on al i nstfiAtcardiigo n s o
to the accelerated technology scenarios (ACde)elopedby the International Energfgency (IEA

2008),” by employingexisting technologies or thosethe advanced stage dévelopment, energielated

CO, emissions can return to their current levels by 2050 and the growth of oil demand can be moderated.
The ACTs also demonstrate thay 2050, energy efficiency measures can reduce electricity demand by a
third below the baseline levels.

15. Climatechange technologies embragevariety of environmentallynotivatedtechnologiedthat
can be employetb mitigate and adapt to climate change in diverse sefR®®C, 1996). According to
the | PCCbdbs fourth thegseatasstsconaomic potessifroglolial mitigatiobare )to,be
found in the building sector, followed by heavy industry andrgysupply” But no single technology, nor
even a small subet of technologies, can hope to meet the clirohtnge challenge. Numerous
technological optionmust be pursuesimultaneously

16. Despite the conderable potential of technologies demonstrated by the IEA study, a variety of
barriersd technological, institutionaleconomic, financing and trade on boththe supply and demand
sidesstill impede the transferto newly industrializing counies. Morewer, the barriers facing these
technologies in various sectors appear to differ. In order to aatl@rwider transfer of climatthange
technologiesand to maximize the potential benefits thereof, it is critical to idet@derelatedbarriers.

! The term Atransfero in this study iusonaofsehdologies a br
and technology cooperation across and within countries. It comprises the process of learning to understand,
utilise and replicate the technology, including the capacity to choose it and adapt it to local conditions
(IPCC, 2000).

This studyinvestigats the potential of energy technologies and best practices aimed at reducing energy
demand and emissions, and diversifying energy soli@ssd on the realisation worntdde of policies that
create a shadow pricd GHG emissions of USR5 per tonne of C@equivalent In the baseline scenario,

CGO, emissions rise 137% above 2003 levels by 2050.

According to Agenda 21 (Chapter 34), environmentally sound technologies (ESTs) have been defined as

t hose t ha tenviiopmeatt agecks polluting, use all resources in a more sustainable manner,
recycle more of their wastes and products, and handle residual wastes in a more acceptable manner than the
technol ogies for which they were substituteso.

The scope of this study covers climahange mitigation technologies only, as adaptation technologies are
largely produced and consumed at the local level, with titée implications.

° The concept of fAmitigation potenti al 0-gdsaedudbhseen de:
that could be made, relative to emission baselines, for a given level of carbon price. Economic potential
refers to the mitigation potential, which takes into account social costs and benefits and social discount
rates, assuming that market efficienisyimproved by policies and measures and barriers are removed
(IPCC, 2007).
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Addressing trade barriers not enough téacilitate the diffusion otechnologieshowever. Other measures
may be needed to facilitate technologlpptionas well

17. A previous study already looked at several tecthgiek relating to the supply of heating and
cooling to buildings, the use of electrical motors in industry, and the efficient production of process heat
and electricity throulg combined heat and powerhi$ studyconcentrate on energy supphand heavy
industryi specifically:

1 Technologies for generating electricifyom renewable energysolar energy wind, and
geothermakources

9 Technologies forusing coal more efficiently sgpercritical and ultrgupercritical steam
generatorsandenhanced coahinemethane recovery systems).

1 Technologies for improving the energfficiency of heavy industriesion and steelcement
manufacturing

18. This selection was based on the sectors identified in the Fourth Assessmerit dieftne
Intergovernmental Panel on Climate Change (IPCC, 2007) as offering the greatest potential for GHG
emissions reduction. As the technologies studied in the first study tended to focus on areas of greater
interest to developed countries, this ongerds the studies to technologies whilould also be of
economic interest to developing countries. Together with criteria listed in IPCC report, we have chosen
from those mentioned in Tables TSPofential GHG emissions avoided by 2030 for selectettridity
generation mitigation technologleand TS.10 Examples of industrial technology for reducing GHG
emissiony of the Technical Summaryo the IPCC report (Barker et al., 2007). Another criterion is
commercial availability’ The benefis of liberaising trade and addresgiriradefacilitating measureare

likely to be limited if thetechnologiesre not yet costompetitive and largely used domestically.

19. A recent study by McKinsey & Company (2007) showedat,tin Germany, rooftop photovoltaics

will by 2020 be one of the most cesffective investments as measured@®, abatement costs. Other
promising investments include improved, retrofitted peplant technologies for lignite and hacdal

power plantsand onshore and offshore wind turbinBsniels (2008) notes that the average efficiency of
coalkfired power plants in China and India are between 25% and 34%, compared with 36% on average for
OECD countries. Since coal and lignite will continue to sugply maj or part of these
power, it is vital that trade in the most thermadfficient power generation technologies nothiredered

by unnecessary barriers.

20. There is also auge potential to redie energy demand and €@missionsn energyintensive
heavyindusties,through increased energy recovery in mateqpatsiuction processes; increased recycling
of used materials; adoption of new and more advanced processes and materiagreetficient
materials use (IEA, 2008 IPCC, 2007 APP, 2007. The IPCC Bernstein et al., 20Q/for example, sees
a mitigation potential of 0i4L.5 gigatonnes (GT) of Cfequivalent emissions per year from the steel

The criteria for commercial viability are based on the stages of technology transition towards cost
competitiveness in the ACT scenarios between 2010 and 2050. They indhedstage when the
technology is costompetitive without 1) specific CQ reduction incentives and with (2) G@duction
incentives;(3) government support for deploymerfs) the demonstration stage; af) the R&D stage.

The scope of the study excludeshnologies that are at the demonstration or the R&D stage by 2010.

11



industry,and0.7i 2.1 GT CQO,-equivalent emissits per year from the cement indust®pme technologge
could have multiple benefifs.

21 Realising tlese potentids by deploying the identified technology optiofeces nultiple and
complexbarriers The complexityof thesebarriers ispartly due to the fact thaethnologies are not just

equi pment or fAhardwaredo such as machinery and equ
systems i ncl udknovwghow, kidls, and aoviartety af seevigeesulting from the process,
organisational and institutional arrangements (OECD,1R08t times, high market pricg diverging

standards and certification schenfeader he diffusion of these technologjewhile aher barriersd

ranging from insufficiat domestic regulations, weak institutional capadyd difficulties in obtaining

financingd hamper technologgbsorption

22, These barriers tend to vary depending on the specificity of different technologiexalrgple, in

the case ofsolar technologies for residential applicatiodiverging certification schemes, incomplete
information in the marketindzoning restrictionsinder a wide diffusion of this technologyThe findings

of arecentOECD study $teenlik et al, 2006) show that differing standards for defining and testing of
energy performance appear to be more significant barriers to trade tffarfdagnergyefficient goods.

23. Addressing technologgpecifc trade barriersan facilitate thediffusion of costcompetitive
technologies For instancerecent OECD studieson liberalizing trade in renewable ener{fyteenblik
2006a and 2006§kshow thatariff reductions can ease economic barrisisgceamong othes, the principal
obstacle to the deploymenf renewablebasedelectricity generation is cost. Identifying and addressing
various norariff barriers facing specifignitigation technologies auld also help promote technology
diffusion. AnotherrecentOECD study fliess and Kim 2007a and 2007preveals that exporters reported
inadequate protection of intellectual property as significanttaofi barriers®

24 Other factorsincluding on the demand sidaffectthe successful deploymeiatf climate change
technologiesAccording toTébar LessZ005) for instance, environmental regulat®that areadequatly
enforcal are the main incentive for firms to acquire new technologies. Measures such as investment
incentivesand financial mechanisms can alslay an important role in this regarbh short, siccessful
deployment otlimatechangemitigationtechnologeshinges orbothaddressingechnologyspecifictrade
barriersandmeasures thatimulate andacilitate the deploymenbf such technologies.

Outline

25, This study examirgtechnologyspecific tradebarriers and measuresftxilitatetrade inselecte
mitigation technologies in two of tht#hree sectors where the greatesbreomic potential for global
mitigation existsenergy supphand heavy industryBuilding onpastwork, the objectives of this study are:
(i) to analysekey markettrendsin selectedclimatechangemitigation technologies in thenergysupply
and heawindustry sectors (ii) to identify technologyspecific trade barries (both tariff and notariff);
and(iii) to identify measures to facilitateadein the selected technologies

For example, the replacement of carbon anodesimétth anodes in aluminium manufacturifrpt covered
by this study)could end C@emissions from carbon anode use and alsoiedie PFCemissions from
electrolysis. Electricity consumption would also be reduced.

The study covered seven environmental sectdlksenvironmental monitoring, analysis and assessment
equipment;(2) remediation and cleamp of soil and water(3) recycling systems(4) renewable energy;
(5) air pollution control;(6) waste water managemefif) solid and hazardous waste management. Twenty
exporters in the renewable energy sector were covered by the study.
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26. The rest of the papexamines ead technology inurn, starting with a brief technical description

of the technologynd its potential for GHG mitigatiotMarket trendsarethendiscussedwhere known)
identifying the main producers and consumers around the wewltbwing this, each stion lists tariff

and nortariff barriers hindering trade in the technology, drawingrmserviews with exporterdn the final
section,Conclusionsthe key findings of thestudyare set outind possibleapproacheso increasing the
availability of the €chnologies through international traaee discussedrhis includes identifying steps

that could be taken to reduce these barriers and more generally facilitate trade in the technologies, and their
diffusion and adoption.

Scope and nethodology

27. The purpose of thipaperis to investigate technologgpecific measurethat impede trade in
selected climatehangemitigation technologiesand to identify ways to overcome such barri@r@wing

on surveys of actual erpters the @mperexamineseight technologies irthreesectors whersome ofthe
greatest economic potiai® for global mitigation exists: energy supply, buildings and industry. The
objectives of tb paper are to: (i) analyse marketirends of the seledle climatechangemitigation
technologies in the energy supmynd industry sectoysii) identify technologyspecific tariff and nosariff
measures; an(ii) identify measures to facilitate tradeand use ofhe selected technologies

9 The concept of fmit ideyeldpedtorassegss theescateaofactions inkemissiors efe n
greenhouse gasthat could be made, relative to emission baselines, for a given level of carborAprice.
technol ogy ¢ohomic potentiais ond farsvhidh there would be a net pastreturn from its
use (taking into account adbcial costs and benefitdiscounted at gocial discount raje In some cases,
realizing a technol ogy6s s pdidegihcluging theraniovabdbarrietay r e g
to its deploymen({IPCC, 2007).

13



Table 1. Selected mitigation technologies covered by this study

Sector Technology Leading manufacturing countries Projected reduction
in 2050
(Gt CO2/year)*

Japan, German, United States,

Solar photovoltaics China 1.3
Concentrated solar thermal power United States, Spain, Israel 1.2
Renewable- . Denmark, Spain, Germany United
energy Wind power States, China, India 21
Geoth I
eothermal power Japan, Iceland, New Zealand, 0.6
United States ’
Supercritical and ultra-supercritical ] ]
steam generation (replacing sub- Japan, United States, China, 0.7
Coal critical steam generation) France
Coal-mine-methane recovery United States, Germany, Japan 0.2
Coke dry quenching
Iron & steel Coke stabilization quenching Japan, Germany 0.3
production Top-pressure recovery turbine
Cyclone preheater:
Cement P?lecalcin%rs s Denmark, Germany, Japan, 0.2
manufacturing France, United States ’

1. BlueMAP projection.
2. Refers to technical potential in 2005 from all fuel-saving practices.

Source: 06 Renewable energy and supercritical and ultrasupercritical steam generation: IEA, Energy Technology Perspectives
(20084, [p. 67]); 6 coal-mine-methane recovery: OECD Secretariat estimate, assuming half of emissions could be recovered and
used; 6 iron & steel production and cement manufacturing: IEA, Worldwide Trends in Energy Use and Efficiency (2008b).

28. The eight technology groups withe greatest economic potential for global mitigatieere
selected for thistady based on the being commercidy viable'® and traded globally (Table 1).The
implications of liberalising trade ia technolog would be limited ifit were not yet coscompetitive and

largely produced and used domestically. Collectively, the sawimgg represent, 6.6 Gigatonnes of £0
equivalent, are equivalent to 24% of anthropogenic GHG emissions in 2007, and 16% of the emissions
i mplied by t hoasebcEnarifor 2030 {IEBAr 2008a). e

29. Surveyswerecarried out in each sector by independent consultants in order togints into

the trade barriergperceived by exporterand thetypes ofmeasureghat seem to neetb be in place in

order to facilitate tradef-or each survey, severalanufactves fromthe main exporting countrieg/ere
approached, and asked to fill out a standardized questionnaire. The questionnaire asks details about
specific measures, grouped under 15 differentegencategories of NTMs (Table).2Some of the
companies weréhen contacted subsequently and asked to elaborate on their answers.

10 The criteria for their commercial viability are largely based on the stage at which the technology is cost

competitive with or without specific COeduction incentives.
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Table 2. Categories of non-tariff measures (NTMs)

Category Type of measure

©CoOo~NOOhwWNE

Pre-shipment inspection and customs procedures

Quantitative import restrictions (Import licensing, Import quota or prohibitions)
Import surcharges or border taxes

State-trading monopoly or state monopoly control of imports

Cargo handling and port procedures or requirements

Technical product regulations, standards and approval procedures

Restrictions on investment

Restrictions on after-sales services

Price controls or administered pricing in destination market

Regulations on payment; restrictive foreign exchange allocations to importers
High or discriminatory taxes or charges in destination market

Subsidies or tax benefits given to competing domestic firms in destination country
Violation of intellectual property protection

Government procurement procedures in destination market

I nformal Aadditional paymentso required to effec

30.

Several caveats apply to the results. Resountigalions prevented any independent check being

carried out to validate the information provided by the companies that were interviewed. Moreover, the
responses may have been subject to two forms of bias. On the one hand, companies afraid of repercussions
from importing countries may have been reluctant to participate in the survey. On the other hand, the fact
that a company has experienced barriers to its trade may have made it more likely to participate. For these
reasons, and because the sample sizesmad, the results of the surveys cannot be considered scientific;

they are at beshdicativeof areas for further investigation.
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SOLAR-BASED ELECTRICITY

Overview

31 Energy from the sun can be harnessed in several ways to produce eledtheitivo main
technologies in use today arégbovoltaic (PV)and concentratedolarthermal power (CSTP) plants
Photovoltaic solar power useemiconductor devisethat convertsolar energy into icectcurrent (DC)
electricity. Solar PV devicesre simpleto use, but because they are currently made with semiconducting
materials, either in thin wafers (cells) of pure crystalline silicon, or in thin strips of amorgihicos, their
manufacturing is complex and relatively costtySTP, by contrast,use lenses or mirrordriven by
tracking systemdo focus a large area of sunlighmto afluid-filled vessel. The heat absorbed by the fluid
generate steam that drives trbine to produce electricity storing excess heat in large, insulated tanks
filled with molten salt CSTP plants can even generatevger after sunsefhe high temperatures produced
by CSTP systemsalso allow for the cogeneration pfocess heat ansteam for a variety of secondary
commercial applications.

32 The technical potential of solar energy to displace electricity generated by fossil fuels is
enormous. Because of their high manufacturing casts otherfactors the economic potential afolar

cells varies depending on location and the cost of the available alternativessofirelectricity. PV
systems have the meof being modular, which means that they are suitable for a wide range of small
scale aplications, including even to supply auxiliary power for ocgaimg ships.

33 Description of the technologies

34. Solar PV cells are simple devices to use, but because theycuarently made with
semiconducting materials, either in thin wafers (cells) of pure crystalline silicon, or in thin strips of
amorphous silicon, their manufacturing is complex and relatively costly. Individual PV cells are fragile and
produce a maximum opiit of only 2 watts, so they are normally soldered together in series, usually of 36

or 72 cells, and then hermetically sealed in an encapsulated assembly. These assemblies, called modules,
sandwich the cells between a rigid, transparent top surfacelstiglass) and an insulating backface. A

typical weatheresistant module (also sometimes called a solar panel) can provide between 20 and 30
years of safe, reliable service.

35. While siliconbased crystalline PV adules still dominate the market, an increasing number of
companies areevelopingadvanced thitfilm technologiesincluding amorphous silicon {&i), cadmium
telluride (CdTe) and Coppendium gallium (di)selenide (abbreviated, respectively, to CIS GIGES).

These manufacturers can achieve much lower costs per watt of PV power output, but the technologies
produce PV materials that achieve significantly lesaversionefficiency than crystalline PV panels
(Conversion #iciency measures the amount ofvper generated per unit area of PV materias a result,

more space is needed to generate a comparable amount of energy. Sefi@ teithnologies face
challenges in scaling up production lines for high volume and in producing panels with comparable
durability to crystalline silicon panels. These factors have caused severéinthtechnology ventures to

fail. Nevertheless, aording to SolarBuz£2008) thinfilm manufacturing doubled from 181 M&Jn

2006 to 400 MW in 2007, accounting for 14% of tétBV production.Given the cost advantages of thin

film technology, the Prometheus Institu{2008) estimates thatby 2012, thidfilm technologies could

make up over 40% of worldwide PV production.
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36. Currentlythere are only a few centratd, ongrid solar PV installations in the world, and most

are heavily supported, through direct subsidied regulated price§ he largest solaglectric plant in the

world is the 18MW Bavaria Solarpark,comprised of57600 phobvoltaic panels. Mostoff-grid
applications of solar PV cells are much smaller in scale, supplying electric power for a device such as a
water pump** or to a home or a villageApart from pumps, other common dedicated, siuge
applications of PVsystemsinclude supplying electric current faural telecommunications systems,
navigation beacongnd isolatedlata monitoring and recording systems, praiding cathodic protection

for pipelines

37. Grid-connected disibuted PV systems are intended to supplement electric power supplied by
mains and, in some cases, to feed electricity back to the grid. These kinds of installations exist mainly in
OECD countries, especially Germany and Japan. Most of thgridff dometic applications of solar
energy are in rural areas, increasingly of developing countries, where sond®@M@@e already in
operation. A basic househosblar modulewill typically comprise a roefnounted 18/Vatt to 156Watt

solar array, a 20 to 100 amgneur solar (leadacid) lattery, a charge ontroller (for optimising the
charging and discharging of thattery), several low voltage and lewattagelamps and accessories such

as connecting cables, mounting brackats] fasieners A larger system willalso include an inverter to
convert 12volt directcurrent into standard 11 220 volt alternating current, for operating radios or other
household appliances.

38. One limitation of solar PV is that the electricitygenerates is intermittent. For most, but not all,
uses, this intermittency necessitates some form of-bpalectricity supply. For gridonnected solaPV
systems, thatan mean that extra capacity has to be available in the network to supply povgt and
when cloud cover reduces output. Forgfid applications, backp supply is usually provided by special
storage batteries. Thestorage batteriealonecan add an addition85% to the cost of a staradone (e.g.,
homescale) solar PV systerbgyond the cost of the P&trays Charge controllers are another cost. And
inverters which are typically sized larger relative to PV array capacity forgoffl than ongrid usescost
around$1,000perkW of PV capacitycompared witt$0.40per kWfor a grid-tied system

39. 40. 41. Industry supply-chain structure

42, The global supply chain for the Pxdustry includes suppliers of raw materials such as silicon
ingots and other materials for tHiim PV technology Table3); silicon wafers that are typically sawn

from ingots or created using stringpbon technology; PV cellsvhich are processed frosilicon wafers;
composie materials for encapsulatirgV cells into panels (also known as modules);-law glass,
aluminium stock, wires, junction boxes, cable connectors and other components needed for creating the
finished modules. Other key suppliarelude manufacturers of devices to test and rate PV cells and
manufacturers of process equipment for every phase of the production cycle from silicon crystal growth to
module encapsulation.

1 Solar wateqpumping systems are particularly well suited to raralas. They usually consist of two to four

PV modules; a variableoltage, directturrent electric pump; and associated piping and storage tanks.
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Table 3. Estimated supply of polysilicon from leading manufacturers (tonnes)

Manufacturer Manuacturing locations 2005 2008
Hemlock Semiconductor United States 7 400 12 000
Tokuyama Japan 5200 7 500
Wacker Siltronic Germany 5000 7 000
MEMC Chinese Taipei, Italy, Malaysia, 4 000 5000
Japan, Korea, and the United States
AsiMI United States 3000 3500
Mitsubishi Japan 2 800 3000
SGS (30% owned by AsiMI) United States 2200 2500
Sumitomo Titanium Japan 860 1000
Total 30 460 41 500

Source: Little (2008); OECD Secretariat.

43, PV modules are deployed in groups known as arrays, typically on rooftops but also inground
mouwnted systems. A number of electrical and mechanical components are required to install PV arrays.
These include power electronics such asAXCinverters and wireless meters to monitor the production of
grid-connected PV arrays. Offrid arrays require cihge controllers, batteries, inverters and other
components. Racking and mounting systems are needed faopahd groundgnounted arrays. In some
cases, motorized tracking devices are used to point the array toward the sun as it transits the sk to achie
greater electricity production.

44, In addition to PV equipment, individuals and businesses wishing to install a PV array require
technical services to design and install PV arrays. For larger systems, the profideis service are

called system integrators, acting as the equivalent of engineering, procurement and construction (EPC)
contractors for conventional power plants. Some of the largest system integrators include Sun Edison
(United St at eveellightdSisiom fJoitedeStaties), Céhergy (Germany) and Ibersolar (Spain).
Integration is increasingly an international business, with companies performing services across borders,
often with domestic partners. Integrators are driving down tHeomp costs of PV installations by offering
customers powegpurchase agreements in which the integrator retains ownership of the PV system while
the customer pays per kWh for the electricity generated by the system.

45, The P/ industry is highly diversified with a wide variety of companies supplying materials and
components. Some suppliers are large manufacturing companies for which the PV industry is just one
small business segment, while others are mostly or entirely detmtsdpplying the PV industry. To
reduce costs, large PV manufacturers are increasingly integrating their supply chain by acquiring vendors
of key supply components. An influential study by the European Commission predicted than a vertically
integrated PVimanufacturing plant of 500 MW annual capacity Idoachieve production costs of USD

per watt (cirrent costs are approximately U530 per watt)According to the Prometheus Institute, a U.S.
research organization, only the three largest manufactuteasy §apan), ells (Germany) and Suntech
(China), have approached this level of integration, and they ha\vetegratednto glass manufacturing
andaluminiumextrusion, key elements of the MUSIC defimit of vertically integrated. Prometheus has
speculated that a fully integrated crystalline silicon factory may not be built until 2012 or later-f{{irhin

PV makerFirst Solar Incis considered fully integrated; see below.)

46. According to trade publicatioRV News the top 10 PV producers for the year 2006 and the first
half of 2007 accounted for just underO&o of global production (Tabl). Japarbased companies
produced the largest share (29%), followed by German andouWr@&d companies. Dpie the trend
towards vertical integration, the industryemainshighly fragmentedhowever In the last decade of rapid
growth, scores if not hundreds of new suppliers have emerged worldwide. China in particular has emerged
as a major center of wafers, cells and moduledarbuzz estimates that Chinese manufacturers increased
their share of the global PV market from 20% in 2006 to 35% in 2007. In addition to the leading Chinese
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manufacturer Suntech, three ethChinese PV manufacturers placed amdhg top 20 producers
worldwide, according to the Prometheus Institute: Yingli SdlarSolar Holdings and CEEG Nanjing PV.
The four leading Chinese guiucers represented more tha@0D MWe of annual production capacity in
2007

47. Chinese Taipei boasts two firms in the top 20, in addition to MoteelorE and Gintech,
representing with Motech 650 M&\bf capacity. Other developing and emerging countries engaged in
manufacturing PV modules and supply chain components include Brazil,rBultiee Czech Republic,
Korea, India, Israel, Saudi Arabia, Slovenia, Thailand, Ukraine and United Arab Emirates.

Table 4. Leading producers of photovoltaic cells in 2006 and the first half of 2007

Company Home country Share of global production
Sharp Japan 14%
Q-Cells Germany 9%
Suntech China 7%
Kyocera Japan 6%
Sanyo Japan 5%
Motech Chinese Taipei 4%
Mitsubishi Japan 4%
Deutsche Solar/Shell USA and Germany 3%
First Solar USA, Germany and Malaysia* 3%
Sun Power Philippines® 3%

1. U.S. owned, but manufactured in these countries
Source: PV News.

48, Among thin-film manufactures, First Solar, a U.S. company with factories in Germany and
Malaysia, has achieved significant commercial leadership with its CdTe technology, inckatikigg
through the European Uniono6s b arogram.firstcSalar repoutad wi t h
sales of USB49 million for the threemonth period endin@7 Sepember2008. A few other thidilm
manufacturers have achieved commercial sales on a large scale, including United Solar, a U.S. company
using aSi technology. Acording to the Prometheus Institute, more than 80 companies are developing
thin-film PV manufacturing technology, and several will likely succeed in increasing cell efficiencies and
scaling up production lines to achieve significant commercial sales afithipitity. In 2007,U.S. firms
represented 48% of thiiilm manufacturing capacity, Asian firms 30% and European firms 22%.

49, Market potential and main policy drivers
50. First deployed to power satellites in the late 1950s, solar PV panels were first commercially sold
for remote power applications in the 197@s, dorow

market applications ranging from domestic power supplydal households to remote navigation lights,
railroad crossings and telecom facilities.

51. In the last decade, the PV market has grown enormodsiyen by government policies
including requirements for electridilities to allow PV system owners to supply electricity to the electric

grid, subsidies to offset the capital costs of PV arrays, preferential electricity tariffs for PV systems, and
renewable energy standards that require electric utilities to generptetian of their power with
renewabl e energy. Due to PVO6s higher costs rela
standards generally dwt impact the PV market unless they includgpacificminimum requirement for

PV capacy in the renewablenergy mix, however.

52. These policies radically changed the PV market in developed countries from one in which PV
was used only where conventional power was not available to one in which homeowners and businesses
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served by electric utilities could invest in PV systems and expecurfable returns on investments. They

also stimulated the development of manufacturing capacity in many developing countries to supply the
market. And more recently, such policies havenbeacted in some developing countries, where they are
stimulating domestic demand.

53. These policycreated market drivers have facilitated extraordinary growth in the PV market.
Worldwide, installed PV capacity grefnom approximately 989 MW at the end of 2000 to@®5 MWe at

the end of 2006, according to the AE(2008) The year 2007 continued to see explosive growth, with
Solarbuzz2008)reportingnew PV installations of 826 MWe worldwide

54 While the PV market is stillargely dependent on subsidies and preferential tariffs, the vast
expansion of manufacturing capacity coupled with technology advancements are steadily moving the
industry toward a state where the costelettricity generated wih PV i s expected soon
parityd d i.e., meeting or beatg the costs of conventional electricififhis will occur first in regions with

high electricity prices, and indeed, PV systems are already considered gridegparity for peak powen

Japan.

55. Global revenues for PV equipment manufacturers were estimated by Climate Change Business
Journal (CCBJ) at $13.4 billion in 2007. CCBJ estimated that electricity sales RV installations
generated USI3.6 billion in revenues in that yealt estimated that by 2014 global revenues friem
equipment sales will reach USED 2 billion andthat power sales will generate rewess of over US21

billion.

56. Today, installed PV energy systems produce an estimated 0.1% of electrical energy globally,
according to CCBJ and other sources. In the market with the deepest penetration, Germany, PV systems
provided only 0.42% of national electricity gamption in 2006, according to PV trade publication Photon
International and The Association of German Network Operators.

57. Germany, Spain and othefEuropean countriesconsume most of the global PV production due

to favourable feedn tariffs in those nations. According to Solarby2008) Germany was the world

leader in new PV installations in 2007 with 1,328 MW, 47% of the world market. On the strength of its
own robust preferenti al bya overf48086,fron530@6itanskes 64PMW ma r k
installed in 2007, 23% of the world market. The rest of Europe accounted for 6% of the world Triagket.

U.S. market increased by 57% to 220 MW, becoming the world's fourtfedtbehind &pan, once the

wo r | doersNel estllations inJapan in 2007 declined 23% from 2006 230 MW, owing to the

cessation of a government subsidy

58. The rest of the world, including all developing nations, represented about 8% of theRbtal
market in 2007, according to Solarbuzz. Significant growth in developing nations will likely be driven by
the same government policies that led growth in the developed world, and such policies are increasingly
being implemented according Warming UpTo Trade a 2007 WorldBank study of trade in climate
changemitigation technology. According to the studwdia, Brazil, China, Indonesia Nicaragua,

Sri Lanka, and Thailand have enacted specialectricity tariffs for PV energyor renewable energy
standrds.

Trade-related barriers
Tariffs
59. Tariffs on solar PV cells (which are covered by the HS code that also includes LED cells) are

generally low, both in OECD and n@PECD countries, with the exception of Brazil. OECD countries,
tariffs on electronic components, under which PV cells are classified, are generally very low or zero
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(Table5). Tariffs on static converters (i.e., inverters) are especially high in Mexico and several of the
major emerging economies many cases in the doukdiggit percentages.

Table 5. Applied MFN tariffs levied by selected OECD and non-OECD economies on selected goods relevant
to solar PV power

(percentage ad valorem)

Economy Solar PV cells Static Heat-exchange

converters units

(HS 8541.40)" (HS 8504.40) (HS 8419.50)

Canada 0% 6.5% 0%
EU 0% 0% 1.7%
Japan 0% 0% 0%
Korea 0% 0i 8% 8%
Mexico 0% 20% %
United States® 0% 0% 01 4.2%
Brazil 10% 14% 14%
China 0% 10% 10%
India 0% 10% 7.5%
Indonesia 0% 10% 5%
Philippines 0% 7% 1%
Russia 10% 07 20%° 0%
South Africa 0% 0% 0%
Thailand 0% 10% 0%

1. Exoutd i.e., at the 6-digit level, the tariff line covers more than just the commodity shown.

2. As a percentage of f.0.b. value.

3. Depending on use.

Sources: O EU: TARIC database; 0 all other countries: European Commission, fApplied Tariffs Databaseq
http://mkaccdb.eu.int/mkaccdb2/indexPubli.htm (data are for beginning of 2008).

Non-tariff measures

60. This section summarizes the responses of the eight companies in the PYyindeg
participated in confidential interviews to discuss treglated measures that may be impeding trade in PV
power equipment and related components. Tégponderst from the PV industryincluded four
manufacturers of modules, wafers, cells and palectronics (some of whom also-sell and distribute
other manufac ur er s 6 pr odu edsdler,, one cintegratanstalferp onie econsultancy that
specializes in working in delaping countries and one brokexporter. (Additionally, a Chinese
marufacturer indicated in an email that it has not experienced major trade constraints or obstacles.)

61. As was the case with wind power respondents, those in the PV industrybaidehsome
product standards, technicaegulations and approval procedur@sost frequently. Fiveompanies said
that European certification requirements were the source of major expAnEesopean manufacturer
reported that staff costs to manage the European, U.S. and Canadian cersfiohti®% modules and
related products are approximately USI30000 per year plus certification costs of USE6000 to
USD 30000 per module serieé Chinese manufacturevaid that it costJSD 150000 to certify its 18
model line ofPV modules. A Europeamporterreseller said that a series of four modules typically costs
0150 0 0 20@DO tacertify.

62. Two of the fivecompanies judged that tleestsof certificationwere reasonable given the size of

the Europea PV market. A U.S. company with manufacturing in Chinese Taipei and the Philippines
averred thatEU standards for PV modules are designed to favor European manufacturers. And an
Australian manufacturer of power electronics claimed that European certdgemries charge unfairly

21



highpriced ei ght ti mes higher than t he @&telmtisesseriallc ost s
a captive market. This informant indicated that the profits from certification have been noticed in emerging
Asian marketsfor PV, with the result that requirements are being initiated to support a domestic
certification industry.

63. A European manufacturer ¢ omplV®&heinland Group has tne i mo
the business dfesting PV equipment for European certificatidlhe or gani zati onbds tes
inordinately time consumingpn his opinion,requiring six to eight months for testing tlnet claimeccould

be completed in six to seven weeks. This manufacturergpested that U.S. requirements that European

certified products be additionally certified to the U.S. standards was a significant trade barrier, noting that a
U.S. certification was accepted in Europe while a European certification waacoepted in th United

States.

64. The European importaeseller saidhe standards and the certification processxled to dela
introduction of new technologieg-or example, the introduction of PV modules made with new-(non
silicon) materials can be delayed for one to two years while standards are developed. This process is
sometimes hastened by the research organization Fraw@edelischaft, which publishes information on
promising new PV materials so that government i@fificcan begin developing standards earlier.

65. A Canadian integrateinstaller said that some European manufacturers of modules and inverters
have declined to enter the Canadian market because of the requirenadtditoadditional Canadian
Standards Association (CSAdertification. A Chinese brokexxporter noted that Australian testing
requirements result in costs of AUED 000 for a single inverter model, resulting in some manufacturers
declining to enter the Atralian market. The representative for this firm further related that trade in PV
systems would be made easier if regional and national standards and testing requirements were replaced by
an international standard.

66. A contrary point was made by a U.S. consultancy with experience in emerging markets in Africa,
South Asia and Latin America: thiack of standardsin some countries has led governments and
companies to accept inferior products based only on price. dhisultant has organized workshops to
educate government officials about the benefits of adopting standards. He advocates that developing
countries adopt standards for PV modules and components from Europe, Canada, Japan or the United
States. He says thatr&il and Costa Rica currently require one of these four standards be met by PV
importers.

67. Intellectual property riskvas alleged by two respondents as a major or prohibitive NTB in China

and Chines Taipei. One 6. manufacturereseller stated that suppliers have refused to provide technical
data for products that are going to be sold to those countries. The Australian manufacturer of power
electronics said a Chinese company copied one of its products but wasassful in marketing it. This
manufacturer has sharply restricted its sales to China, and its representative said that there is no confidence
that the Chinese legal system will offer any recourse should a future attempt at intellectual property theft
bemore successful.

68. Three respondents highlightbdrdensome prshipment inspection or customs proceduassa

moderate or major NTB. The Australian power electronics manufacturer noted that Cambodia requires pre
inspection, and that customs in many developing countries are tedious and expensive. The extra costs are
absorbed by customers, this informant said, raising the pricetoend r s but not af fect.i
margins. The U.S. consultant averred that imcan countries, PV equipment is often misclassified as
prohibited military equipment or communications equipmantsubject to high tariffs. These problems

have resultedn a few casedn projects being terminatednd typically add 18% tothe finalcost of the

product.
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69. A European power components company that manufactures most of its products irh&hina
been frustrated in its eff@tto export complete knock down (CKD) and sémmdck down §KD) kits to

India and BangladesB where it had hope to build manufacturing sitéds because complete solar
products arecharged a lower tariff rate than CKD 8KD products. In India, the company was able to
carry out its plans for domestic production by sourcing comapts locally, but in Bangladesh the
envisioned factory was not economically viable because of the cust@atmdnt of CKD anBKD kits.

As this company investigates business opportunities in emerging PV markets such as Ethiopia, where a
German aid progra is subsidizing PV deployment, it may decide to invest in training customs officials
prior to shipping products.

70. In Sri Lanka and Indiathe samecompany often experiencesisclassifications of components

resut ng in incorrect increases in tariffs by 20%.
anew to customs officials the purposetbé components. The company succeeds in obtaining correct
classification about six times out of 10, but it cann@dict when 20% extra duties will be added. The
company representative reported that the situation is improving as customs officials who are not educated
about PV systems and componantgeasinglyuse the Internet for research.

71 Import surcharges or other border taxegre identified as a major NTB by threespondents.

The European power components company says its trade with India is not benefiting from the reduction in
tariffs enacted in the 1990s because cemmailing duties and other surcharges raised the total cost of
tariffs and other taxes to approximately 36%. The international consultant alleged that surcharges and other
taxes add 15% to the cost of importing to many countries in Africa, South AsiaatindAimerica. Often

these are caused by misclassification of products and technologies with which customs officials are
unfamiliar. A European manufacturer reported that Korea had imposed 19% additional surcharges on
foreign PV equipment early in 2008, ladugh the surcharge has since been removed.

72 The European company alseportedcustomsclearanceproblemsin severalcountries. In the

first place, exporting from China requires cumbersomeshigment inspectiornthat often delay shipments.

The consequences of these delays can be compounded when shipments are bound for an emerging
economy in which it is difficult to amend or ext
inspection process are compoaddvhen shipping to Bangladesh, which requiresshipment inspections.

73. Similarly, aU.S. company with manufacturing in Chinese Taipei and the Philippines reported a
minor problem with mandatory fumigation of rooniferous wooden packing materials. After the United
States began requiring fumigation of wood packing materials from China due to concern about pests,
China retaliated with a similar requirement without justification. The fumigation can be avoidethdpy us
plastic pallets and materials, but obtaining the required certificate showing the lack of wooden materials
causes delays.

74. Two PV firms reported moderate problems witlhport licensing The European power
compments company declared that India daest publish sufficient information about licensing
requirements. In the past it could take up to a year to get a license. While the process has become
somewhat less burdensome, it is still too confusing and diftie@tcomplish without hiring a local agent.

This increases costs. The Australian power electronics manufacturer indicated that exporting to Egypt
required a statement of origin and a stamp from the Egyptian embé#ssh rased the price of each
shipmentby USD200. Additionally, when an Egyptian customer returns a product for servicing, the
customs service usually applies tariffs for a new good when it is shipped back to the customer.

75. Two respondents identifiedubsidies or tax benefits given to domestic firmssa significant

obstacle to trade in PV modules. A European manufacturer said this obstacle exists in Korea, although the
firmés representative @AoGhihede mamutacturgruaaknadgetl yhat itsh e i m
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domestic sales benefit frosubsidies or tax benefits given to domestic firlishi s f i r més repr
commented that while the European market requires certification, it was relatively free in other ways, as
opposed to the Chinese marketvhich the government placed multiple restrictions on foreign companies
seeking to export PV systems and components.

76. Two respondents identifietbn-transparent or arbitrary governmeiprocurement proceduress

problems, but called them minor INIS because they dwt participate in government tenders. However,
these respondents said that their companiembd perc
to avoid participating at all. lerefore the NTM rmay bemore accurately considered as prohibitive. The
European power electronics company indicated that unofficial payments are required to win tenders in
India. The U.S. company manufacturing in Chinese Taipei and the Philippines reported that the company
perceives that tenders in Thailand, Chinese Taipei and several African and Latin American countries
provide generic technical requirements, thereby giving deeisimkers the flexibility to choose vendors

who are politically connected or offer the rightémtives.

77. Closely related to governmeptocurement procedures is the issueirdbrmal "additional
payments" required to effect impqrtwhich was identiftd as a major or prohibitive NTNdy two
respondents. The.S. consultant said bribes in many developing countries typically raise by 30% the cost
of importing PV equipment, while the U.S. company manufacturing in Chinese Taipei and the Philippines
reported that it does not seek to export to many African coariigeause of the requirements for informal
payments.

78. The European power components company reported -imaeexperience withestrictions on
investmentthat constituted a prohibitive NM in India. The company oeived World Bank funds to

develop Indian manufacturing capacity, but the Reserve Bank of India prohibited direct investment. As a
result, the investment had to be structured as preferred shares, a process requiring about a year. Then bank
proceduresmadehe companyds repayment process extremely
company will likely avoid such investments in India.

79. One respondent also identified a tradkated barrier that did not stefnom government policies

but marketfactors. The European importegseller of PV equipment from China and the USA reported

that Chinese brands of PV equipment suffer from an undeserved negative perception among Europeans
about the quality of Chinese goods
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CONCENTRATED SOLAR T HERMAL POWER

Introduction

80. Sunlight has been concentrated with mirrors or lenses since the time of ancient China. In the 15th
cenrtury, Leonardo Da Vinci proposed using laiggale solar concentrators to weld copper. Four centuries
later, sunlight was successfully concentrated to power a steam engine. Over the followtentuaif,

various inventors developed sofawwered devicefor irrigation, refrigeration and locomotion.

81 The oil supply shocks of the 1970s initiated the modern era of research and development into
concentrating solathermal power (CSTP) technology. National labs inUWinéded States and Spain ldte
research, development and demonstration (RD&D) efforts, and pilot CSTP projects were constructed in
Spain and California. With the easing of the immediate energy crisis, support for CSTP research was
reduced or eliminatedt Wwas not until the early 2000s and the emergence of greenhouse gas (GHG)
mitigation as a policy driver that RD&D efforts were renewed on a significant scale.

82 CSTP is similar to other means of producing elecyrifiom thermal sources, inasmuch as it
involves a steardriven turbine connected to an AC generator. But the heat to drive the turbine comes
from concentrating sunlight rather than combusting fuel. There are four principal technologies in various
stages otechnical and commercial development. According to the European Solar Thermal Electricity
Association (ESTELA), the technology most widely used in existing projects (and proposed projects in
Europe) is the parabolic trough, in which curved troughs oéctfts concentrate sunlight onto a hollow
receiver tube where fluid is heated. The other technologies in an earlier or emerging status include: tower
technologies, in which an array of movable mirrors (heliostats) concentrate sunlight onto a central tower
where fluid is heated; dish stirling, in which dishes (resembling satellite dishes) concentrate sunlight onto a
thermal collector coupled with &tirling engine; and fresnel, which is similar to parabolic trough, with
angled planéresnel mirrors used tmncentrate sunlight more efficiently. Because CSTP requires that the
reflecting troughs or heliostats track the sun, they must employ motors guided Hyasailisng devices.

83. CSTP is an emerging industry with datésely small number of market participants compared

with solar PV, wind power, bienergy and other renewable energy technologies. Companies active in the
industry include engineering firms with power and utility practices, specialized developers of CSTP
technology, component vendors and others. Many firms have diverse business models, seeking to add
value and generate revenues at many stages of the process of developing CSTP projects. For example,
engineering and technology firms can supply servicesamsulting basis, provide tukey engineering,
procurement and construction (EPC) services to project developers or establish their own CSTP projects,
or sell electricity as independent power producers (IPPs).

84. For thischapter severfirms were interviewed: three vendors of CSTP technology or components,
three engineering firms with CSTP practices and proprietary technology, and one CSTP technology
developer.

Abundant Solar Resources, Limited Economic Viability

85. CSTP is technically feasible in many locations with abundant direct solar radiation, generally
between the latitudes of 35° north and 35° south. But accordindustry sourcesCSTP plants are very
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expensive andan therefore only be built and operated profitably in countries or regions where there is not
just adequate solar resources but also robust support schemes and high market prices for electricity.

86. While costs pekWh of electricity from CSTP plants are difficult to estimate due to the fact that
CSTP is still an emerging technology, it is clear that electricity generated with CSTP is far more expensive
than that produced with fossil thermal technologies or evem wiitd power. The Spanish FIT for CSTP

may be something of a benchmark. According to the representative of an engineering firm with extensive
experience in the Spanish CSTP market, t heof FI T
0 0. 2 9emented lpylspanarket power prices. The term for either arrangement is 25 years. (As noted
below, the future growth of the Spanish CSTP market is uncertaitodanandatory adjustments pending
when capaity reaches the 500 MW quota.)

87. The United States and Spain lead the world in the development of solar thermal power, and 90%
the new capacity (5.6 GWe) expected to come on stream by 2012 will be in these two countries (Dunn,
2008).The largest CSTPomplex in operidon today is the854 MW Solar Electricity Generating Station in

the Mojave Desert in Californidbuilt betweenl985 and 1991This was not followed by another CSTP
plant in the United States until the BAV Nevada Solar One plamtent into operationn June 2007
(Figurel). The reason for this gap in new investment was that oil prices fell in 1986, dragging down the
prices of other fossil fuels, notably natural gas, and did not return-ttOgglevels until the mi@000s.

88. Spai nds f i rsxale CETP plant also camé online in 2007: thengéfawatt PS10
tower. The tower forms part of the 3@fkegawatt Soltcar Platform, which, when it is completed in 2013,
will comprise ten CST plants, saving 1880 tonnes oCO2 emissions annually (Dorn, 2008a).

Figure 1. World Installed concentrating solar thermal power capacity, 1980-2007
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Source: Dorn (2008a). Data from http://www.earth-policy.org/Updates/2008/Update73_data.htm#tablel.

89. Economic and policy incentives are partly responsible for the renewed interesTih Tlke

United Statedederal government, for example, provides80% federal Investment Tax Credit for solar
powerthrough the end of 2@0 Renewable Portfolio Standardsistin 26 statesincluding Californiad s
which requires that utilitie®btain 20% of ther electricity from renewable sources by 2010. Spaisa

feedin tariff that guarantees thatectricutilitiesmustp ay p owe r p r358¢) pecckdowagthodr 0 . 2 6
for electricity genered by CSPT plants for 25 year®ther European nations that have enacted
preferential FITs for CSTP include Germany, Italy and Greece. Algeria has also enacted a preferential FIT.
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90. Dorn (2008a) expects that, outside the United States and Spain, incentives for CSTP provided by
France, Greece, Italy, and Portugal are expected to stimulate the installation of 3.2 GWe of new capacity
by 2020. In Isael, a 19.4¢ per kilowattour feedin tariff for solar power systems is@acted to lead to the
development ofip to 250 MW of CSTP in the Negev Desert. Other countries developing CSPT include
Australia, Algeria, Egypt, Iran, Jordan, Mexico, MoroccoytBoAfrica, and the United Arab Emirates.

91 Spanish, German and Americepmpanies contacted for this stuglypressedcepticism at price
projections that have been made public for CSTP projedteei United Statesf under USD0.17 per kWh.
Onerepresentative ad European engineering firm with extensive CSTP experiexglainedthat the cost

of CSTP plants will not decline significantly with increased production and deployment, as has occurred
with solar PV modud s . ifiWebre talking about physi cs: steel,
cycle, o0 he said. He estimated that through advar
design, the CSTP industry can achieve a maximura 3% reduction in ost per kW of capacity.

92 Due to these high costs, most developing couritriegardless of how abundaisttheir solar
radiatior® are not likelyto become majomarkets for CSTP. However, CSTP is emerging as a paitent
energy source i few developing countriesparticularly those (likeAlgeria, Mexico, Morocco, Egypt

that havethe potential to export electricity to the United State&urope. Informants reported significant
government incentives and market adyivin Abu Dhabi, Algeria, Mexico, Morocco, Egypt, Israel, Turkey

and India. South Africa is conducting feasibility studies for CSTP projects, according to reports published
by the nationaglectricutility, Eskom.

93. According to one CSTR o mponent vendor , the Indian feder
aggressiveodo tax incentives for CSTP, and the stat
PV and CSTP. Unfortunately, according to suairce the faleral government put unrealistic deadlines on

the programe, requiring projects to be up and running by March 2b08rder to qualify forthe tax
benefits. fAiThey got ahead of what t hendistrydaursg ry we
But if the incentives can be rescheduleebb e | i eves that the Athe | ndian m
the country has frequent electricity shortages, declining coal reserves and abundant solar radiation.

94. Onre person interviewed for this studpdicated that CFE, the Mexican state utility, is
investigating CSTP plants in the largely uninhabited desert regions just south of the U.S. border. If new
high-voltage transmission systems are built to reach the distaotirces, the plants could serve domestic
load as well as exporting electricity to the United States.

95, A major CSTP initiative is underway in Abu Dhabi, UAE, at the experimental advamerdy
initiative known & Masdar. Torresol Energy, a joint venture between Masdar and Spanish engineering
firm Sener, is developing three CSTP plants in Spain, according to the Masdar website. Additionally,
Masdar is developing a 100 MW CSTP plant in Abu Dhabi, as well as windrpand other renewable
energy projects.

96. In some developing countries, including Morocco, Algeria and Eygpt, hybrid ©@&3 Racilities

are being proposed. These configurations add 25 to 30 MW of CSTP capaxiheto naturafasfired

power plant of 100 MW or more, a design which costs much less than aattardCSTP because the

same power block uses the thermal energy from the gas combustion and the solar energy from the CSTP
units.
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Market Conditions and Policy Issues Affecting the Future of CSTP
Limitations of Existing Feedin Tariff Regimes

97. One CSTP component vendoomplained thafIT regimes for CSTP in Greece and ltaly are
very complicated and expensive to accestgrding CSTP deployment in those countries. Additionally,
deployment of CSTP in Greece is constrained by the scarcity of flat land.

98. Threefirms averred that the Spanish FIT has inspired a great deal of inmestnteexploration

of CSTP opportunities, but that a bottleneck has formed in the pipeline of proposed projects. A
representative of an engineering firm with extensive experience in the Spanish CSTP market said that
approximately 700 MW is undeonstructbon and more than 1100 MW of capacity is currently in some
phase of devel opment . In this expertds view, the
factthatthy have all paid at Il east 01 million per 50 I
He estimated that the potential for CSTP capacity in Spain is almost infinite, especially since-new air
cooled condensing technology can eliminate the need &ingowvater.

99. But, according to this same expert, the future of the Spanishdutildf CSTP has been thrown

into question because the enabling law requires that the FIT be revised after capacity reachess88% of a
MW quota. As a result, developers of some projects now under construction and all developers of pending
projects do not know what their power prices will be. As a result, equity investors and lenders have ceased
financing new projects. The expert esttied that unless an adequate new FIT rate is established soon, the
development pipeline will dwindle and Spain will face a period of-amaa-half to two years during

which no CSTP plants will be built.

Restrictions on Cros8order Sales of Subsidized Rewably Generated Electricity

100 Three industry sources active in the European market consider national restrictions on imports of
renewably generated electricity to be an indirect trade barrier that impedes thie gf@&TP and other
renewable energy technologies in Europe. Because of the superior solar resources in Spain, Italy and other
southern European countries, those countries could be net exporters efj&@®F&ed electricity. While

there is no restrictiomn the physical transmission of renewably generated power across borders, under
existing laws, CSTP producers would receive market rates rather than preferential rates for exported
electricity. Only a German CSTP producer, for example, could receiveehe@a n F I T. But, wi
sol ar resource sever alborter gamestion vioald lowerfthe sty ofredeatnicifys , ¢
from CSTP significantly, these sources contend.

101 These industry sources lmle that a harmonized EWide support system for CSTP and other
renewable technologies would lead to more economically efficient deployment of power generation
facilities based on available resources. Suchwide harmonization has been considered byEhepean

Commi ssion (EC), which concluded in December 2005
of national renewablenergy support progra@swhich include various configuratisof preferential FITs

as well as renewable energy standandgjuotas, combined with tradeable green certificates (TGCs). Such
analysis would be required before designing anvitle support program, according to the EC. The
European Wind Energy Association agreechd ar gued i n Decemberonsv@® 8 t ha
still val i d. AA hasty -wue paymentonecahanishsfor eenetvable etertndityz e d
would put European leadership in wind power technology and other renewables at risk. Changes in
frameworks always create uncertainty and have tmased on sound knowledge andwelt oven t ool s.

102 The CSTP industry sources not only hope to see a harmonizegideUsupport systems for
CSTP, but they recommend that North African CSTP generators also qoaligyifopean FITs or TGCs.

28



ifHousehol ds throughout Europe should have the op
sol ar t her mal pl ant in Spain or North Africa, o
dependence on oil and gas byaddishing a third source of energy: renewable power coming from the
deserts of North Africa and the Middle East. o0

Non-tariff measures

103 Industry sources interviewed for this study reported few significant problgthsnontariff

trade barriers (NTBs). This is partly due to the fact that, as an emergent industry, CSTP goods and services
are only lightly traded within a small number of countries. Additionally, many engineering companies
seeking to participate in delping CTSP projects in foreign markets have only recently begun to
investigate or establish CSTP offices outside of their home countries, and thus have little direct experience
with NTBs. Much of what informants related had to do with their perceptibnso@ntial NTBs in
countries where they have some expectations of doing business in the futureevAndconsidering
potential problems in such markets, the industry sources reported that they are not greatly concerned with
NTBs related to goods since myaof the components and materials of CSTP plants can be acquired
domestically.

Tax incentives favouring domestic firms

104 All three engineering companies consider the U.S. tax incentives for CSTP power generators t
make it difficult or impossible for foreign project developers to enter these markets because they have no
tax liabilities from which they can derive value from tax credits or accelerated depreciation. According to
Climate Change Business Jourridhnuay/February 2009), this equiala barrier to most domestic project
developersbecause only very large firms can efficiently monetize the tax incentives. But in 2008, U.S.
federal law was changed to allow investavned utilities to qualify for certain remable energy tax
credits. This has made it more favorable for U.S. utilities to develop, own and operate CSTP projects and
other renewable energy projecfdo comparable advantage has been secured by foreign utilities and
energy companies, some of whiche aactive in developing CSTP projects in the United States.
Additionall vy, as of March 2009, it was not cl ear
credit provision, which was designed to provide incentives for renewable energy projetipdey
independent of currefyear tax liabilities, will be available to foreign entities.

Burdensome preshipment inspection or customs procedures

105 One vendor of CSTP components reported thatapproval is rquired to ship CSTP
components to Iran. The approval process requires that an auditor visit the factory site. Finding an
available auditor, scheduling the visit and completing the audit adds from one day to one week to shipping
time. A small cost, passed ¢the purchaser, is incurred as well.

Inadequate Protection of Intellectual Property Rights

106 Five of the companies interviewed cited concerns about intellectual property (IP) rights; three
discussed this concein relation to China; one discussed it in relation to China, India and other Asian
countries; and one discussed it in relation to India. None of the firms had experienced IP theft in these
countries, but reported that based on concerns about IP secheityfitms had varying degrees of
reluctance to enter those marketsither as suppliers of goods and services related to future CSTP projects
or as contract buyers of manufactured CSTP components.

107. An engineeringfirm with proprietary technology reported that it currently contracts only with

manufacturers that provide the strongest assurances of IP protection, all of which are in OECD countries.
Given the lower costs of manufacturing in China, the firm has coesideontracting with Chinese
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producers, and received offers from Chinese producers. But the firm has thus far declined to contract with
Chinese manufacturers due to IP concerns. The firm believes that its incentive to source components in
China will grow aghe CSTP market matures, and that it will eventually have to figure out how to secure
its IP while doing business with Chinese suppliers.

108 Another engineering firm expressed a similar concern about the IP embiodiesign and
engineering documents when dealing with suppliers in Thailand, China, Vietham and India. It was of the
opinion that IP thefts in these countries occur despite laws and government efforts to protect IP. As a small
firm it does not have theesources to litigate with suppliers that violate Hdistlosure agreements in
foreign countries.

109. A third engineering firm related that it would be concerned about IP protection if it got involved
in developing C3P projects in China; the informant indicated that there is a solar resource with sufficient
radiation for CSTP in Inner Mongolia.

110 The CSTP technology developer said his firm was aware of many instances irihehlielrights

of other firms (not in the CSTP industry) had been violated in China. As his firm contemplates sourcing
CSTP components from Chinese manufacturers, it will deal only with companies that have a high
international profile and reputations fortegrity. Contracts will also be structured so that the supplying
firm has a stake in protecting the market value of the relevant IP.

111 The vendor of CSTP components hopes to sell equipment to Indian CSTP pre@opess, as

well as contract with manufacturers there. Concerns have been raised within the firm about IP protection in

I ndia based on the countrydés reputati on; the ven
investigating how to securesitP in India.

Technical product regulations and standards

112 One European engineering firm reported that U.S. standards for engineering and building projects
such as CSTP plants vary from state to state and eveouloyies within states. The firm also must convert
engineering documents from the metric system to U.S. standard measurements. This can add from 10 to 50
percent to the cost of design servick® firm plans totrain its own staff to perform the converss,

which are nowbeingdone by vendors.

Regulations on payment or restrictive foreign exchange
113 The CSTP technology developer interviewed for this study reported that its plans to license CSTP

technologytocknt s i n I ndia face a pot ersome ralés refating toither i n
repatriationof profits.
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WIND -POWERED ELECTRICITY GENERATION

Overview

114 Wind-powered electricity is typically generated by attaching blades to a horiovi@ated shaft
connected through a gear box to a generator. Wind power forces the blades and shaft to rotate, which in
turn prompts the circumgyration of the geator and yields electricity in the process. A gearbox is often
fitted to the wind turbine in order to expedite the rotation of the blades which would otherwise rotate too
slowly to efficiently drive an electricity generator. Since wpmvered electricit generation relies on
naturally occurring wind as the sole source of energy, €@issions from thisdrm of electricity
generation argirtually zero during production and significantly lower on a-tifecle basis than fosdiliel

based power generation.

115 According to the World Wind Energy Association (WWEA), the total installed capacity of wind
turbines reached 93.8 GW by the end of 2007 (WWEA, 2008), of which 19.7 GW has been added during
2007, a growth rate 027% from the previous yedfWind powercurrently supplies 1.3% aflobal
electricity demand. Germany has the most Ifestawind power capacity (22.2\W&e), followed by the

United States (16.8\®e), Spain (15.1 @/e), India (7.9 GVe) and China (5.9 We). In terms of growth

rate, however, China demonstrated the greatest performance amongst the top five, more than doubling its
installed capacity between 2006 and 2007. On the back of the strong growth in the wind industry, the
WWEA estimates that the total taled capacity for wingpower generation will reach 1€BW, or an

annual growth rate of 22%, by 2010.

116 The growth of the wind power market in recent years has been driven by rising fuel costs for
fossil fuel asal power generation and condie measures enacted by governments to encourage its
expansion. A study by the US Department of Endig@DOE) estimates that some 825 million metric

tonsof CO, emissions, or 25% ofthe G@ mi s si ons f r o m ctsdtter, coutdd benréducgdirs e |l e
2030 if 20% of the countryods total energy demand
than 1%. Because other, more traditional forms of power generation require significant quantities of water

for cooling puposes, a switch to wind poweould also redue water consumption. According to the same

study by the USDE, a share of 20% for wind power in US electricity would bring about a 17% reduction

in water consumption by the electric sector in 2530.

Description of the technologies

117 A wind turbine is a machine thabnvers the kinetic energyn wind into mechanical rotation,

which in turn drives an electrical generator. Wind turbines are made in a multitude of ahdpszes,

from small devices producing a few hundred watts of power to massive towers, the largest of which are
rated at 00000 watts (5 MW). Most commercial wind turbines, especially large ones, are horizontal
axis machines. The share of the marketpdied by wind turbines that transfer mechanical rotation along a

12 Other bodies in the field report different figures. The Global Wind Energy Council, for example, reports a

volume of new added capacity of 20,070 MW in 2007

13 US Department of Energy, 2008 (sgew.20percentwind.org/20p.aspx?page=Report
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vertical axis is tiny. Large wind turbines are sometimes built in isolation, but in OECD countries most are
installed in groups (wind farms) of ten or more, sometimes even in the hundreds.

118 Figure 2 shows the main working elements of a wind turbine. The two or three blades (fore
shortened in the Figure) that together with the hub make up the rotor, are the most expensive part of the
machine. The tuibe blades, the largest of which can reach more than 50 metres in length and weigh 15
tonnes or more, are often made of composite materials (e.g., grépéitén epoxy or fibreglass, and

require precision manufacturing techniques. The gearbox trarsfibrenrelativelyslow rotation of the
blades(30 to 60 rotations per minute (rpmiffo a speed required by the generator to produce electricity
(1200 to 1500 rpm). Because gearboxes are costly and heavy, engineers are exploridgveirgeher

ators hat would operate at lower rotational speeds without a gearbox. Until such generators are developed,
most wind turbineswill continue touse standard induction generators that produceo5@0-cycle AC
electricity.

Figure 2. Partial side view of a wind turbine

Source: lowa Energy Center, Wind Energy Manual, Ames, lowa, 2005, p. 7

http://www.energy.iastate.edu/renewable/wind/wem/wem-07 _systems.html

Industry supply-chain structure

119 The wind turbine industry is currently dominated by a few highly integrated fied byestas

GE Energy, Gamesa, Enercamd Suzlon(Table6). Over time, however, the market has shown itself to

be contestable, particularly through acquisitions. Moreover, becatise size of wind turbines, shipping
costs are significanivhich favours local manufacturing According tothe World Bank 2007) the wind
energy industryi switn@ssing a rapid globalization of its operations, with many companies considering
i nvest ments oV er slecdes redem investmertoimnpaacfuring dapeeity by Vestas in
Australia and China, by Nordex, Gamesa and Acciona in China, and by Gamesa in the United States.
Suzlon of India has established plants for gearbox technology in Belgium, technology innovation in
Denmark, process engineerimgindia, aerodynamic development in the Netherlands, and composite wind
turbine technology in Germany, according to CCBbe Climate Group(United Kingdom), a non
governmental organizatiomxpects thaChi na wi | | become the ofavind dobs

14 Manufacturers in some countries also benefit from looatent preferences.
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turbines by 20009. | rexpanaian ©f & anafactunmg qapacity feom700 MNe o b a |
to 5700 MWe by the end of 2009.

Table 6. Leading producers of wind turbines in 2007

Company Home country Share of global production
Vestas Denmark 23%
GE Energy United States 17%
Gamesa Spain 15%
Enercon Germany 14%
Suzlon India 10%
Siemens Germany 7%
Acciona Spain 4%
Goldwind China 4%
Nordex Germany 3%
Sinovel China <3%
Repower Germany* <3%
Mitsubishi Japan <3%

1. Acquired by Suzlon.
Source: BTM Consult.

120 In addition to the turbine manufacturers mentioned above, tirydesurces estimate that there are

an additional 30 smaller manufacturers that delivered turbines in Z0@7wind turbine supply chain
includesalso norintegratedmanufacturers of blades, generators, gearboxes, bearings, power electronics,
towers and ther components. Windnergy project developers are important actors in the wind power
business. Some of the leading international wind power developers include Iberdrola (Spain), Scottish
Energy (acquired by Iberdrol&EDP Energia de Portugal, E.On (Gamy), Horizon Wind Energy (United
States, acquired by EDP) and Naturener (Spain).

121 The CCBJ estimates that salebwind turbines generated almost USD billion in revenues in
2007, and wind farms earne&diSD 9.6 billion from electricity sales. By 2012he CCBJ estnates that
turbine sales (not includintipe cost of constructing the wind farjngill reach USD55 billion annually
and electricity sales will reacdimost USD33 billion.

Market potential and main policy drivers

122 First deployed widely in the 1920s for affid applications, wind turbines advanced dramatically

in the latter part of the J0century driven by increasing publfreferencefor renewable energy and
government policies in the United States, Europe and elsewhere that subsidized research and development,
provided incentives for wind power facilities (wind farms) and required utilities to purchase increasing
amounts of electricity from wind and other esvable generation sources. Also driving growth in the wind
power industry is the trend toward larger turbines (the largest are now over 3 MW) taller tower heights and
larger rotor diametersll of which reduce unit costs and impraagpacity factors.

123 Many governments are supporting wipdwer as a means to achieve ambitious renewable
energy goals. For example, wind energy is expected byutepean Wind Energy AssociatiBWEA) to

provide 12% to 14% of electity demand inthe European Unionby 2020, when the EU target of 20%
renewable energy must be met. For another exai@piea has announced a goal of generating 15% of its
electricity from renewable sources by 2020; while hydroelegimiwer will contributethe largest share,

wind energy development in China is exceeding expectations. With 6 GW of wind power capacity installed
by the end of 2007, China surpassed its previous goal of adding 5 GW by 2010.

124, In the United Statesthere are as yet no federal renewable energy generation goals,
renewable portfolio standards (RPS) in Texas, California and more than 22 other states have driven growth
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of wind power capacity in the United States to 16.8 GW in 2002007 alone some 52 GW of new
capacity was added to the U.S. grid. Leading states for wind power are Texas, California, Minnesota,
Washington and lowa. However, the U.S. market for new wind power capacity is heavily dependent on the
federal production tax creadPTC). From 1998 through 2007, the PW@asallowed to expire several times,
resulting inlarge declines in wind power installatisrihe following year.The U.S. Congress has yet to
enact a longerm PTC that developers and manufacturers could coumt glart capacity expansions with

a multiyear horizon. An annual extension of the PTC was approved in October2008/er

125 In 2007, wind power capacity increasedauarope by 18%, reaching 56.5 GW, accordingtbhe
EuropeanWind Energy Association (EWEA) It estimate that wind power provided 3.7% of power
demand in the B in 2007, up from 0.9% in 2000. However, the percentage of power supplied by wind
varies greatly from country to country. Denmark (21.2% o€telgty demand met with wind power in
2007), Spain (11.8%), Portugal (9.3%), Ireland (8.4%) and Germany (7%) have achieved high wind
generation levels, while most EU member states have yet to meet 2% of demand with wind.

126. In the European countriggenerating the largest proportion of their electricity with wind power,
growth of wind power may slow in coming years as utility grids start to encounter significant stresses from
the intermittence of wind energy. Whitee nature of electricity requires that generation match demand
instantaneously, wind resources are inherently intermittent; variations in the output of wind farms must be
compensated for with other generation resoufedsch adds to total system cost)d managed with
sophisticated transmission contrdfg§here small wind turbines provide power for-gfid (isolated) uses,
additional costs must be incurred for inverters, charge controllers and batieo@sd( USD/0 per kWh
capacity)

127. To accommodate large volumes of intermittent wind energy on an electricity grid, electricity
storage technology is being developed. These technologies can storgewerdted electricity at those

times that wind generation is higout demand is low, then dispatch the stored electricity to the grid when
demand is high. Energy storage technology such as advanced batteries and flywheels are being tested with
this goal in mind. One advanced demonstration project is underway betwednmatiish utility Dong

Energy and U.S. firm Better Place. The joint venture aims to deploy electric vehicles in Denmark and use
them as a distributed energy storage resource. The project would include advanced charging systems,
power electronicsandsmalle d Asmartgri do t e cwanpoweofpw fromaillidnaaf i | i t a
homes.

128 According to the EWEA, electricity market restructuring and expansion ofvuljage long
distance transmission capacity willsal be necessary to facilitate greater trading of wewkerated
electricity across national borders in Europaother challenge to future wind power development in
Europe is the fact that in Germany, the United Kingdom, Denmark and the other Nordigesplautge
additions of wind capacity must be developed offshore. At the present time, only two wind turbine vendors
0 Siemens and Vestés have significant experience supplying offshore wind projects. Additionally there

is a reported shortage of vessealpable of installing offshore wind facilities.

129 Aside from the top 10 wind power countries mentioned above, many other countries are
developing wind power resources. GWEC statistics for net capacity installdee Bntl of 2007 show
almost 3GWe ofwind powercapacity installed outside of Europe and the United S{a&sle7). From

2006 to 2007, many countries with relatively immature wind energy markets increased their installed
capacity of wind power by 30% orare in 2007, according to GWEC. These include Chile (900%),
Chinese Taipei (53%), Egypt (35%), Iran (40%), Morocco (94%) and Turkey (737%).
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Table 7. Installed wind-power capacity outside of the Europel and the United States, end-2007

Economy Installed capacity (MWe)
Canada 1846
Japan 1538
Australia 824
New Zealand 322
Egypt 310
Chinese Taipei 282
Brazil 247
Korea 191
Turkey 140
Morocco 124
Mexico 87
Costa Rica 74
Iran 67
Argentina 29
Philippines 25
Other countries® 172
Total 2894

1. Including Bulgaria, Croatia, Faroe Islands, Iceland, Norway, Russia, Switzerland, and the Ukraine.
2. Mainly Chile, Colombia, and Pacific and Caribbean nations.

Source: Global Wind Energy Council (2008).

130 Among the estimates of future growth in developing countries recently made by RNCOS
Industry Research Solotis (India) are that wd Power in China will xceed 100 GW by the end of 2020,
and thategypt, Brazil and Turkey are expectecetichexceed 1 GW of installed capacity within two years.
RenewableEnergyAccess.com reports that theki$h government has received wind farm applications
with total operating capacity of more than 8 GAIl told, WindEnergy (2008) expectan additional
450GWe of windpowered capacity to be installed outside of Europe over the next 10 years &igure
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Figure 3. Historical and projected installed wind-power capacity, 1999-2017 (GWe)
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131 While the story of the wind power development to date has been the robust growth in Europe and
North America, many developing countries are expected to sharply increase their wind power installation

in the coming decade. The growth is being driven in large measure by a desire for greater domestic energy
resources that are not subject to sharp fuel price increases. Aid programs from developed countries and
Clean Development Mechanism credits are fngdmany wind farms in developing countries; such
programs may increase as a result of the current round of climate negotiations under the United Nations
Framework Convention on Climate Change.

Trade-related barriers
Tariffs
132 Applied MFN tariffs on windpowered electric generators are low or zero in most OECD

countries, and in several emerging econorfileble8). Thailand applies a tariff of only 1% to large wind
turbines, but 10% on turbines smaller than 10 M&ted capacity.
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Table 8. Applied MFN tariffs levied by selected OECD and non-OECD economies on selected goods relevant
to wind-powered electric generators

(percentage ad valorem)

Economy Wind-powered
electric
generators
(HS 8502.31)
Canada 0%
EU 0%
Japan 0%
Korea 8%
Mexico 0%
United States* 2.5%
Brazil 0%
China 5%
India 7.5%
Indonesia 10%
Philippines 1%
Russia 0%
South Africa 0%
Thailand 1% for >10 MW

10% for <10MW
1. As a percentage of FOB value.

Sources: O EU: TARIC database; 0 all other countries: European Commission, fApplied Tariffs Databaseq
http://mkaccdb.eu.int/mkaccdb2/indexPubli.htm (data are for mid-2008).

Non-tariff measures (NTMs)

133 This section summarizes the responses of the six wind power companies who participated in
confidential interviews to discuss tragelated measures that may be impeding trade in wind power. The
informants included three manufacturers of wind turbines or components (one of which also resells
turbines made by thirdarties), one manufacturer of elecali components for wind power facilities, a
Canadian utility seeking to deploy more wind power, and a consultancy that advises wind power users and
equipment manufacturers.

134 The most common NTMmentioned by idusty sources in the wind power sector was
burdensome product standatdechnical regulations and approval procedurédl respondents téd this
as at least a minor NThh developed countries, while one respongeteived it to be@ moderate barne

in same developing countries.

135 In terms of developed countries, only aespondent considered this NTwl constitute a costly

and unfair burden. The representative for a Canadian utility said a requirement thairiimest which

had already been certified to European standakds certified by the Canadian Standards Association
(CSA) provided little value to the Canadian electricity grid or public while exacting a significant cost for
wind power development in Canaddis informant considered the CSA requirements for wind turbines to
be highly prescriptive instead of performasizesed.

136. Because of the immaturity of the Canadian wind energy market, most wind turbine suppliers
have not been willing to incur the expense, which would likely include equipment modifications, of CSA

certification, making it incumbent upon Canadian buyers to bear that cost, according to this informant.
While the cost of certification itself is not nogj the utility cannot predict what changes to the turbines will

be required by the CSA. The company has estimated that the costs -@r€&$Abed modifications for 50
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to 70 turbines would be between U%DP million and USC20 milliond a 6% to 8% increasa iestimated
project costs. Additionally, Canadian provinces have additional requirements that vary from province to
province.

137. Other respondents regarded certification requirements as a necessary and jusifitaifldang
business in foreign markets. A U.S. developer of power electronics for wind energy delayed its entry into
the United Kingdom for approximately two years while it weighed the costs of required certification
against likely revenues. Because flieducts had already been certified in the United States, the company
at first viewed the UK certification requirement as a costly and redundant exercise. But eventually it was
convinced of the business potential, and today its UK revenues lead it tdezaresitification a reasonable

cost of doing business.

138 A European wind energy consultant who works in Europe, Africa, North America and Latin
America said that while technical standards were appropriately adengusin developedountries, in
emerging marketstandards for wind turbines were often inconsistent and unclear, sometimes differing
based on the individual official in charge of the approval process.

139 Nontrangarent or arbitrary governmeptocurement procedures weraentionedby three
resppndents as moderate to major N§M\ manufacturer based in the United States and Europe indicated

that in China utility procurement processes were unclear and appearedweidbtedin favour of

domestic suppliers. This manufacturer also said that China restricts foreign participation in wind energy
projects to 49% of the total investment. An Asian manufacturer cited the same problem in Nigeria, saying
that the company was riced to partner with a Nigerian company to be competitive in a government
tendeba move that significantly increased the compe
opined that tenders in European countries were not always clear and straighitiither. This informant

believed that decisiemaking is concentrated in a few hands and easily subject to arbitrariness.

140 Two respondents highlightdoirdensome prshipment inspection or customs proceduasssa
moderate or major NW. One Asian manufacturer cited Australian customs issues, noting that items must
be cleaned at the docks and are often quarantined, a significant but not prohibitive cost. A U.S.
manufacturer and reseller that brokers Chinese wirditunes i ndi cated that t he
export process for review and verification was burdensome, adding an average of three weeks to shipping
time. Because the turbines have been paid for prior to shipping, the financing costs are considerable.
Furthermore, the delays have frustrated-aed customers and may lead to loss of sales in the future. The
reasons for the inspection are unclear to the company.

141 High or discriminatory taxes or chargesnd subsidiesor tax benefits given to competing
domestic firmavere cited by the European consultant and by a U.S. manufacturer. The consultant related
that taxation policies and loeabntent requirements in China, Canada, Portugal and several African
countries effetively force foreign manufacturers to establish local subsidiaries to install wind turbines. A
U.S. manufacturer noted that its Chinese competitors benefit from subsidies or tax benefits with the result
that the companybés products cannot compete in Chi

142 Informal additional paymentaere cited by a manufactureith operations in the United States

and Europeas a problem in India, while the European consultant identsitede astern European and
African countries as market environments where bribes are required to do business. The manufacturer
noted that its company policy forbids making such payments with the result that its Indian imports move
through customs slowly.

143 Inadequate protection of intellectual property was alleged by two respondents as a major concern
in China. The European consultant said that some European manufacturers refused to export wind turbines
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to China for this reason. And the UEBuropean manutaurer indicated that the risk of such theft in China
is well-known in the wind power and other industries.

144, Two informants told the OECD thaturdensome cargo handling and port proceduces
requirements were gigficant NTBs. In the case of the Canadian utility, the issue is that few shipping
facilities can handle wind turbines and components because of their size. Being forced to choose between a
limited number of port facilities has increased costs. The-Eufpean manufacturer cited cumbersome

union regulations and customs procedures at U.S. ports as adding 0.5% to the cost of parts it imports from
Europe. To reduce this burden, the company is seeking to obtain such parts in the United States.

145 Several respondents also identified traelated barriers that did not stem from government
policies butcould be consideremharket factors:

1 Aftersale servicesThe Canadian utility indicated that because there is such & domakstic
wind power industry, service contracts are only available from the original equipment
manufacturers at uncompetitive rates. The European wind energy consultant averred that wind
turbine operators in emerging markets suffer from a lack of sepvimaders. Both informants
expressed the view that as markets mature, -fharty service providers will likely enter,
reducing service costs through competition.

9 Currencyexchange risksGiven the demandupply imbalance in the wind turbine manufacturing
sector, turbines are ordered as long as three years before delivery. The Canadian utility explained
that it incurs significant currency exchange risk when it commifsutchase European turbines
(in euros) three years in advance of when payment will BedenHedging such currency risk
appropriately requires a great deal of time and specialized expertise.

1 Aversion to buying from foreign supplierShe U.S. manufactureeseller explained that a
potential U.S. customer has objected to buying wind turbinademnin Korea because of
discomfort with the adequacy of warranty service from a manufacturer in a distant doewgry
though the Korean supplier has a U.S. subsidiary. An Asian manufacturer indicated that his
company and other Asian suppliers have aradxirdend gain credibility in developedountry
markets.
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GEOTHERMAL -ENERGY-BASED ELECTRICITY GE NERATION

Overview

146. Geothermal energy refers to enemptained fom the subsurface of the earffhere are many

ways in which energy is obtained and transformed into useful heat or electricity. Warm or hot springs have
been exploited by people since prehistoric times, mainly for bathing, cooking or wakithnes. Today,
geothermally heated water is tapped for many heating and pitoeasases, and forms the basis of district
heating systems in several towns or cities in ChimaEU Japan, Russidurkey and the United States.

147. The use of geothermal energy for the production of electricity dates from 1904, when the first
plant went into operation in Larderello, Italy. A number of commewzale plantgyeothermal power
plantsare now opeating around the worldn 2007 theirated capacityvasjust under 10 GWe (Figure 4

The leading producer of geothermal electricity is the United States, follow&debhilippinesindonesia

and Mexico. Iceland, at 27%, has the highest share of geothermal energy in iwleciat power
generation.

Figure 4. World cumulative installed geothermal electric power capacity, 1950-2005, with projection for 2010
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Source: Data source: Dorn (2008b), based on various sources.

Description of the technolodes

148 The lower temperature of geothermal fluids, coradawith the much higher combustion
temperatures obtained in steam generators fuelled by fossil fuels, imposes inherent limitations on
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converting geothermal energy to electricity. As explained byMhesachusetts Institute of Technology
(MIT, 2006)

Lower energy source temperatures result in lower maximum yvayucing potential in terms

of the fluidbs avai |l abtopowear sfficiencies asaeansequencesoh d i n
the Second Law of thermodynamics. The value of the availability detesrttie maximum

amount of electrical power that could be produced for a given flow rate of produced geofluid,

given a specified temperature and density or pressure.

149 There ardhree basic types afeothermal energgonversion technologigbat are commercially
available today, at various stages of maturity

9 Direct steam expansioplantsrun directly off of geothermal steaBecause of the scarcity of
pure steam resources, such plants are rare.

1 Single and multistagesteam flashingplants include one or more flash tanks, in which hot
geothermal water arriving under pressure is allowed to expand before it enters the turbine. Some
of the water turns to steam and is used to drive the turbine; the rest returns to rihwrrase
water. Most of the geothermal plants currently operating in the world are of this type.

1 An organic binary Rankinecycle geothermal plarpasses the geothermal water through a heat
exchanger in order to vaporise an organic fledch agsopentangCsH;,), with a lowerflash
point than waterwhichthenb e c o me s t h e i wdrivekthertugbiné. Thisidabkign of h a t
power plant can produce electricity from geothermal water with a temperatures as lo¥Cas 74
(e.g., the Chena Hot Springs planiiiaska).

150 The main components of a geothermal power plant, besides its electric generator, are: the steam
turbine, heat exchangers, condensers, pumps, and the piping and valves that connect them. Almost all of
this equipment, apart from the steam turbine, have multiple uses, and are not unigue to geothermal plants.
Steam turbines typically used in geothermal power applicatimsliffer from those used in other
applications however In particular, they are desigd to operate at lower pressures and temperatures than
steam turbines useéd conventional steargenerating power plants.

Industry supply-chain structure

151 The geothermal power industry consists of project deeefofhat identify, finance and build
geothermal power plants; consulting engineering and technical firms that identify and quantify geothermal
resources, conduct environmental analyses, design, operate and maintain projects; drilling firms that drill
wells for exploration and production; engineering, procurement and construction (EPC) firms that build
geothermal power plants; manufacturers of turbine generator sets, heat exchangers and other equipment;
and other specialty firms. Some firms perform multipides, for example, manufacturers sometimes
develop their own projects and EPC firms often provide multiple technical services-hiihde staff.

152 Exploring for and developing geothermal power resources reqgpessalized expertise that is
concentrated in a few countries including Japan, Iceland, the United States, Canada, New Zealand,
Australia and the Philippines. Most countries with high potential for geothermal power lack the needed
expertise to develop gwrmal resources and construct and operate geothermal power plants. Therefore,
firms and governments in these countries must import services from foreign firms with such expertise.

153 The number of firmshatmanubcturergeothermal turbine generator sets and related components
is small compared withther energy sectorghere are onlyL1 major manufacturers of geothermal turbine
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generator sets and related power plant components. Alstom (France), Ansaldo (lfeBlgdtric (Japan),

GE Energy (United States), Mitsubishi Heavy Industries (Japan), OAO Kalugo Energo (Russia), Ormat
Technologies (United States), Siemens (Germany), Turboden (Italy), Toshiba (Japan) and UTC/Pratt &
Whitney (United States)At the mostrecent international trade show of the Geothermal Energy
Association in the United States, there were fewer than 100 exhibitors.

154, Geothermal project developers and power plant owners can be divided into twaieategajor
independent power producers (IPPs) and utiliteesd pureplay geothermal develope(3able9). U.S.

energy companies Unocal and Chevron had historically been active developers of geothermal power in the
Southeast Asia. In 2005, Chevronacquf Unoc al , and Chevron today i s t
of geothermal power pfas with combined capacity of 273 MWe in the Philippines and Indonesia,
according to t he&hereaemasaanynbsr offfienb that gravide consuétimgineering,

drilling and sinilar technical servicesand severafirms that focus on developing geothermal power

projects using enhanced geothermal systems (EGS). EGS can tap heretofore inaccessible geothermal
resources by using hydraulic fracturing teigues to engineer geothermal reservoirs for greater
permeability and production

Table 9. Leading vendors and suppliers in the geothermal supply chain

Project developers Project developers Project developers (geothermal power

(IPPs & utilities) (geothermal only) using enhanced geothermal systems)

ArcLight Capital Partners/ Magma Energy (Canada) AltaRock (USA)

Terra-Gen Power (USA)

Calpine (USA) Nevada Geothermal Power Green Rock Energy (Australia)
(Canada)

Chevron (USA) Polaris Geothermal (Canada) Panax Geothermal (Australia)

ENEL (Italy) Ram Power (USA) Petratherm (Australia)

EnBW (Germany) Raser Technologies (USA) Potter Drilling (USA)

Geysir Green Energy (Iceland) Sierra Geothermal (Canada)

LaGeo (El Salvador) U.S. Geothermal (USA)

Mid-American/CalEnergy (USA) Vulcan Power (USA)

Ormat Technologies (USA) Western GeoPower (Canada)

PNOC EDC (The Philippines)

Consulting engineering and Drilling companies Leading engineering, procurement and

technical services firms construction (EPC) contractors

AMEC (USA) Baker Hughes (USA) Nevada Geothermal Power (Canada)

Enex (Iceland) B.J. Services (USA) Power Engineers (USA)

GeothermEx (USA) Boart Longyear (USA) Sinomach (China)

Geothermal Resources Group (USA)  Halliburton (USA) U.S. Geothermal (USA)

Horizon Well Logging (USA) Iceland Drilling (Wales, UK) The Wood Group (United Kingdom)

Schlumberger (France, Nether-

Hot Dry Rocks (Australia) lands, and USA)

Mannvit Engineering (Iceland) Thermasource (USA)
Ormat Technologies (USA) Weatherford (USA)
Power Engineers (USA)

SAIC (USA)

Sierra Geothermal (Canada)
SKM Consulting (Australia)
West Japan Engineering Co. (Japan)

Source: CCBJ.

155 Industry experts say that greater transfer of technical expertise in geothermal power to countries
with untapped geothermal resources would hasten the development of those reSuattdschnology

transfer can also lead to the development of domestic firms with the expertise and capacity to compete with
more experienced firms in foreign markets. The PF
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Corporation(privatized in 206), for example, is now competing with foreign firms to develop new
geothermal projects both within the Philippines and in other countries.

Market potential and main policy drivers

156. Geothermal power can only besloyed in countries with suitable underground geothermal
resources. The value of any hitgmperature geothermal steam resource depends on its temperature,
pressure, depth from the surface, and distance from potential users. Within the OECD region, high
temperature geothermal energy is already being exploited in Canada, Iceland, Italy, Japan, Mexico, New
Zealand and the United States. Outside the OECD region, areas of known economically exploitable
resources can be found in almost 50 countries, many ahvere located along the-salled Ring of Fire

that roughly follows the coasts of the Pacific Ocean:

the Andean volcanic belt (Argentina, Bolivia, Chile, Columbia, Ecuador, Peru, and Venezuela);

the Central American volcanic belt (including parts of Cd3tea, El Salvador, Guatemala,
Honduras, Nicaragua, and Panama);

the Lesser Antilles islands in the eastern Caribbean;
the eastern and southern Mediterranean region (e.g., Algeria, Israel, Jordan, and Tunisia);

the eastAfrica rift system (Djibouti, Ethiofa, Kenya, Malawi, Tanzania, Uganda, and Zambia);

= =4 =4 =

the Himalayan geothermal belt (which is over 150 km wide, extending 3000 km through parts of
Chinads Yunnan Province, Il ndi a, My anmar , Thai

1 regionsalongthewegts i an A Ri n g dingfastérn Chadndofesiathe Philippines;
andthe Kamchatk#&eninsulaof Russia).

157 Dorn (200®) has estimated that, technically, geothermal electricity could supply 100% of the
current electricity needs oB3conomies, with a combined population of almost 0.8 billion, including such
large emerging and developing countries as Insianaghe Philippines (Box)land Ethiopia(Table10).

(Whether or not geothermal electricity would be the economic choice fecddwon electricity has not yet

been assessed.) A number of east African, and Central and South American countries fall into this category.
According to one Japanese engineering firm with extensive experience in the region that was contacted for
this study 3000 to 4000 MW of capacity could be developed in Central America given sufficient
incentives and policies.

158 In OECD countries,many regionswith the most accessible resources have already been
developed Further development must necessarily focus on leemperature resources for which more
expensive binary technology (which uses working fluid with lower boiling points than water to create
steam) must be deployed. Additionally, many potential projects requillang of deeper wells and
exposure of power plant equipment to more corrosive brines, raising the cost of ongoing plant maintenance.
Such projects are more difficult and costly to design, build and operate than the earlier generation of
geothermal pr@cts which made use of more accessible, hitgraperature geothermal resources.
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Table 10. Countries that could meet 100% of their electricity consumption with geothermal energy

Country Population in 2007 Electricity consumption Geothermal capacity
(thousands) (million kWh) required to meet
electricity demand
(Mwe)*
Indonesia 234 342 120 330 15 263
Philippines 89 651 53 670 6 807
Ethiopia 85 219 2 860 363
Tanzania 41 464 1 880 238
Sudan 39 445 3 940 500
Kenya 38 550 5 500 698
Uganda 31 903 1 980 251
Peru 28 221 24 970 3 167
Yemen 23 066 4 460 566
Mozambique 21 813 13 170 1670
Madagascar 20 215 1 050 133
Malawi 14 288 1 400 178
Guatemala 13 686 7 280 923
Ecuador 13 481 12 940 1641
Rwanda 10 009 100 13
Bolivia 9 694 5 040 639
Other countries® 57 138 43 830 5 559
Total 772 185 304 400 38 610

1. Estimated assuming a capacity factor of 90% (typical of new geothermal power plants).

2. In declining size of population: Somalia, Burundi, Honduras, El Salvador, Papua New Guinea, Nicaragua, Costa Rica, Panama,
Comoros Islands, Djibouti, Fiji, Solomon Islands, Guadeloupe, Martinique, Iceland, Vanuatu, Saint Lucia, Saint Vincent, Grenada,
Tonga, Dominica, Saint Kitts and Nevis, and Montserrat.

Source: based on Dorn (2008b).

159 The potential for development of geothermal power in mathgr regions of the world is very
significant however According to a consulting engineering firm with extensive experience in the region,
Central America alonehas the potential to develop43GWe of new geothermal power capacity with
appropriate incentive and policies.Indonesia has seta goal of building more than D0 MW of
geothermal power capacity by 201# currently has less thanODOMW.) In Kenya, approximately 400

MW of geothermal power capaciiyt r i pl e t he nat i on @ien capacitygrceuidtbe el ect
developed in the Rift Valley given proper market conditions and incentives, according to a study by UN
agencies and the national power generation utility.

160, Further into the future, power még generated by drilling into hot, dry rocks deep beneath the
earthdés crust. By cycling water through holes bol
through a turbine, devel opers coul dources. ®av¢lopmeat | ar g
of these saalledenhancedjeothermabystemgEGS) could lead to an exponential increase in geothermal
capacity around the world. For example, a recent study conducted by the Massachusetts Institute of
Technology (MIT, 2008) concludethat EGS projects could provide an additional 100 GWe of geothermal
capacity in the United States alone by 205iBhdugh the technology for drilling into hot dry rocks is more
sophisticated than for conventional geothermal resources, the-glmwed tehnologies would be much

the same as are currently being used.
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Box 1. The Philippines and Indonesia: a tale of two geothermal hotspots

The Philippines and Indonesia are particularly rich in geothermal resources. The history and status of their
geothermal power development differ greatly, however, and serve to highlight the importance of facilitating policies.

The Philippines has been the more successful country in developing its geothermal resources. It had a great
incentive to do so because it possessed little oil or natural gas. The main areas of development have been on the

island of Luzon, north of Manila, and on the south-east island of Leyte. The P h i | i pfigstigeoctherrbal-electric plant
was builtin 1979; asofend-2 004 t he c¢ ou n t-elegctdcygengratiogtcdpacityratadd at just under 2000 MWe.
Among the incentives provided to developers of geothe

imported machinery, equipment, spare parts and materials used in geothermal operations.15

With assistance from the governments of New Zealand and Japan, the Philippine national Energy Development
Corporation has been the leading force in developing geothermal power to its current level of more than 1 900 MW of
capacity. According to the Philippines Department of Energy, geothermal power plants produced more than 10 000
GWh of electricity in 2007, approximately 17% of national electricity demand. According to companies familiar with the
Philippines, such development corporation has been successful in large part because the government has taken
responsibility for the exploration and drilling, the most risk-intensive part of geothermal power development. It then
sells steam to power plants operated by the National Power Company as well as plants built and operated by private
companies under 10-year build-operate-transfer contracts. In December 2006, the corporation was privatized.

By contrast, geothermal energy has been developed more slowly in Indonesia. With its abundant fossil-fuel
resources, it did not feel the need geothermal energy as much and its government had less political will to facilitate
geothermal development. In 2005 it generated approximately 6.6 GWh of electricity from geothermal energy o
equivalent to 5% of national electricity demand, according to the International Energy Agency. In addition to a lack of
urgency due to the abundance of conventional resources, industry sources att ri bute | ndones
geothermal development to several factors: the government does not absorb the risks of exploration as the Philippines
does; electricity pricing in Indonesia has been pegged to the price of coal-powered generation, and therefore is too
inexpensive to make geothermal power economic; perceptions of corruption make the country unattractive to many
foreign geothermal power contractors and developers; and banking regulations require project finance to be handled
through local banks which delay processing and add several percentage points to the cost of finance.

161 Among the two primary market drivers behind geothermal electricity are, as with other
technologies for generating electricity, the growing demand for electricity, and pressures to réddadie bo
pollutants and greenhougas emissions. The production of geothermal energy usually results in
reductions in C@emissions and of Nand particulate matter, but it can lead to increased emissions of
other gases, such as hydrogen sulphide. A nagieantage of geothermal power, compared with electricity
from other renewable energy sources is that it has a high capacity factor and reliability of service.
Moreover, its land footprint is relatively small.

162 Gedhermal energy also benefits from various general policies that promote renewable energy, as
well as a few specific ones.

163 Internal market conditions such as the ownership structure of power utilities, elecategyand

the availability of government subsidies are major factors in determining the extent to which geothermal
power can be developed within nations. According to one consultingesmong firm, test wells cost
USD6 million or more each to drill. Bmuse of the costs of exploring and developing geothermal
resources, geothermal power development is often too risky for the private sector to develop on its own.

164. According toone industry source that operateghia region, rajor barrieran Central America
include the fact that after a wave of privatization of power utilities in the 1990s, investment by utilities

15 http://www.doe.gov.ph/geothermal/default.htm
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focused on natural gas and oil generation. Now that fuel costs have raised the urgency to deeelop mo
renewable power resources, governments often lack the regulatory power to require utilities to invest in
renewable resources. Mexico and Costa Rica, where utilities are still in public hands, and El Salvador have
the most favorable policies for geothelrpower development, according to thidustry source

165 One consulting engineering firm contacted for this study complained that Peru subsidizes the
price of its domestic natural gas, thereby putting potengatigermal power projects at an economic
disadvantage. An international consulting engineering firm based in the United States and the United
Kingdom stated that requests for informal payments are common in Colombia and Peru.

166. A New Zealand geothermal power developer reported that it invested in a geothermal project in
Indonesia that failed because promised transmission lines were not constructed. The company said that the
government power company was delaying tfagmission extension to gain leverage to renegotiate its
power purchase agreement.

Trade-related barriers
Tariffs

167. Turbines for geothermal electripower often are designed to operate at lower pressures than
conwentional steam turbinesubthey are not separately identified in the HS, and therefore fall, along with
other turbines not used for marine propulsion, under either HS 8406.81 or HS 8406.82, depending on
whether their rated output, respectively, exceedss equal to or less than, 0N (Tablell). Most
countries apply the same tariffs on steam turbines whether they are ratdd\at dless or greater than

40 MW. Eleven countries apply tariffs of 15% or greater; many more have bound their tariffctat mu
higher rategSteenblik, 2006)
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Table 11. Applied MFN tariffs levied by selected OECD and non-OECD economies on selected goods relevant
to geothermal electricity production

Economy

Canada

EU
Japan
Korea

Mexico®*

United States*

Brazil
China

India
Indonesia
Philippines
Russia
South Africa
Thailand

(percentage ad valorem)

Low-pressure
turbines with rated
output > 40 Mwe"

(HS 8506.81)

61 9.5%°

0%
0%
5%
7%

6.7%

14%
51 6%°
7.5%
0%
1%

15%
0%
1%

Low-pressure
turbines with rated
output < 40 Mwe"

(HS 8506.82)

0i 9
0%
0%
5%

59%°

107 20%°
6.7%

14%
5%

7.5%

0%
1%
15%
0%
1%

1. Exout 8 i.e., at the 6-digit level, the tariff line covers more than just the commodity shown. | n

separate tariff is given for low-pressure turbines.

Heat-exchange

units
(HS 8419.50)

0%
1.7%
0%

8%
7110%
07 4.2%

14%

10%
7.5%
5%
1%
0%
0%
0%

most

2. The lower tariff is for turbines for used in manufacturing generator sets; a tariff of 9.5%% is applied to turbines f o r

countriesd

fiot her

3. The lower tariff is for turbines for used in manufacturing generator sets in the range of 10-40 MW; a tariff of 6% is applied to

turbines for used in manufacturing generator sets smaller than 10 MW;

t he

hi ghest

4. The tariffs for Mexico and for the United States are expressed as a percentage of f.0.b. value.

5. The lower tariff is for turbines smaller than 2.95 MW.

6. The lower tariff is for turbines smaller than 350 MW.

Sources:

0 EU:

TARIC database;

o all

other

countries:

European

http://mkaccdb.eu.int/mkaccdb2/indexPubli.htm (data are for mid- 2008).

Non-tariff measuregNTMSs)

168

169

Commission,

tari ff

fApplied Tariffs

i s

for

Databaseq

tariff

useso.

fifot her

This section summarizes the responses of 14 companies in the geothermal power industry who
participated in confidential interview® discuss tradeslated measures that may be impeding trade in
geothermal power equipment and related services. The informants included two manufacturers of
geothermal turbine generator sets and related equipment, six consulting engineering firmgisgenial
geothermal resources and power plant development, three project developers, two drilling companies and
one trade association.

While sourcesfrom the geothermal power industry reported a number of bartietrade in
equipment and goodspme of the most significant NTévreported are those impacting trade in services.
Exploring for and developing geothermal power resources requires specialized expertise that is
concentrated in a few countrjasamely Augtalia, Canadalceland,JapanNew Zealand andhe United

States Most countries with high potential for geothermal power lack the needed expertise to develop
geothermal resources and construct and operate geothermal power plants. Therefore, firms and
goveanments in these countries must import services from firms in countries with such expertise.

47

u



170 Otherinterviewed sourceseported multiple NTM as well as market disincentives to develop
geothermal power in Centrélmerica. The Icelandic geothermal project developer experienced extreme
difficulties and extra costs of 10% to 20% in the process of developing its first geothermal project in El
Salvador for a geothermal power company that is 70¥#edviby the governmermong its complaints

1 A government arcorruption law has imposed heavy documentation burdens that make customs
clearance more cumbersome and expensive. Mistakes such as classifying a pipe fitting as a pipe
can result in fines and special treatmentbfalt he companyés i mports for

1 Conflicts between labor unions in Mexico and Central America have resulted in a de facto ban on
Mexican trucks crossing the border, in spite of a regional free trade agreement. Shipments must
be offloaded ad reloaded at the bordéra requirement that could not be safely met for a 50
ton heat exchanger the company was shipping from Mexico to El Salvador via Guatemala. The
companyoOs | ogistics contractor had thichtheegot i e
company acknowledges may have included informal payments.

1 The company had difficulty importing the isopentane needed for the binary steam cycle because
customs officials diaghat know how to classify it.

1 Banking regulations prevented the compargnt opening an account unless it established a
Salvadoran company. This meant that the campmauld not establish credit witbcal vendors
and had to make approximately 100 local purchases through a cumbersome process of obtaining
guotations, and process n ¢ purchase order s and i nvoi ces
headquartersé accounting departments.

T The tender document stipulated that the <clier
expense to inspect the production of major plant compen&hecompany spokesperson alleged
judged that client staff used this clause to justify unnecessary trips. While inspection of large
components like a heat exchanger and turbine was justified, client staff insisted on traveling to
visit the makers of camodity items like transformers and pumps.

1 For a significant amount of site preparation work, the company was forced to employ laborers
instead of heavy equipment by the threat of demonstrations from local communities that expected
employment from the pregt.

i After a site engineer was murdered, the comphag tohire an armed security service to
accompany all Icelandic staff 24 hours a day. The security concerns havewmdigg in
Central America more expensive ftgelandic staff and made the companyore wary of
undertakinguture projects irthe region

171 Because of these and related problems, the Icelandic firm intends to mark up its bids for future
projects in Central America by as much as 20%.

172 A U. S. drilling company that specializes in =
resources reported that a mobile laboratory the size of a shipping container was stuck in Guatemalan
customs foraround sevemweeks in 2006. The company inced a loss of approximately USID 000 and

will increase its fees for any future Guatemalan projects by 5%. The company was unable to determine the
source of the customs problem, but did observe that the customs servicayhadove operating hours.

The company has also worked in Nicaragua and Belize, where it experienced no such problems getting its
laboratories through customs.
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173 An international consulting engineering firm relatdtht major equipment purchases for a
Nicaraguan project were made from Brazilian manufacturers instead of U.S. manufacturers based in part
on the availability of favorable export credits supplied by Brazil on behalf of its manufactufers.
Japanese manuda ur er reported t hat Mexi co0bs Feder al El
requirement whichconstittte i n t he companydés view, a minor obst

174 A European equipment manufacturer reported thakewdustoms in Mexico and Nicaragua are
cumbersome, its export business providing parts and services for geothermal power projects in those
countries, as well as in Costa Rica, have not been significantly harmed. The manufacturer noted, however,
that low dectricity tariffs in Mexico create a disincentive for power plant owners to invest in repairs that
would increase power plant efficiency by 10% to 20%.

175 An international consulting engineering firm has experidnckallenges with regulations on
payment in Costa Rica, where tender documents often specify that vendors will be paid in U.S. dollars or
Costa Rica Colones, a condition that puts vendors at a disadvantage for currency rate risks.

176 Two consulting engineering firms mentioned that informal additional payments are often
required when dealing with government employees in Mexico.

Asia

177 A U.S. drilling company described diffidigs clearing drilling rigs through Japanese customs
where officials sought to classify the rigbés comp
equipment. The company had to fly staff members to Japan to educate customs officialslitatd faci
clearance. While Japan has a mature geothermal industry, the U.S. company representative stated that
drilling had traditionally been done by domestic firms, and therefore customs officials were unfamiliar

with the equipment.

178 An Icelandic consulting engineering firm reported that it considers its intellectual property, such
as designs and drawings for clients, to be at risk in China. The company participates in a minor way in
some projects but is reluctam develop business there given the risk of IP theft. An international
consulting engineering firm headquartered in the United States and the United Kingdom expressed a
similar concern.

Europe

179 An Australian geote r ma | project devel oper exmptari@osed t h
geothermal power makes the country very attractive for investment. It has encountered significant delays in
receiving exploration licenses in Catalonia, however, attributing treeysleb the fact that its Spanish
subsidiary is not Catalonian.

180 An Icelandic consulting engineering firallegedthat govermentprocurement procedures in
some parts ofastern Europeandare not transparent arsdibject to political bias in faww of firms with
government connections. It does not respond to government tenders in this region but will work with
private clients.

North America
181 A Canadian trade associationdaa Canadian consulting engineering firm alleged that the skilled
labaurers needed to operate advanced geothermal drilling rigs are sometimes barred from entering the

United States with the justification that local labers can do the work. While this mag true for some
drilling rig jobs, coiledtube technology being used inestern Canada requires trained personnel. The
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difficulties of obtaining permission for entry for staff that are not geologists or engineers has caused some
companies using this teablogy to forego bidding on U.S. geothermal development jobs.

182 An international consulting firm based in Australia alleged that U.S. requirements force the
company to partner with domestic engineering forms tofgenginesring designs. This requiremeadds
costs to projects and constitutes a disincentive for the firm to work in the United States. However, an

Icelandic consulting engineering firm expressed the view that it was standard practice to hire & domesti
company to sign engineering drawings.
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SUPERCRITICAL AND UL TRA-SUPERCRITICAL STEAM GENERATORS

Overview
183 Total world electricity output was approximey 18.5 trillion kilowatthours in 2003° Fossil
fuels accourddfor 66% of the fuel usetb produce thiglectricity. Coal is the leading energy source for
power generation in the wotlaevith a share of about 40% 20056 a shar e whicha t he |
baseline scenaripredicts could grow tabout 50% globally by 2050, despiteal being one of the most
polluting sources of energ¥he United States and China are by far the leading consumers of coal for pow
er generation, but India, Jap&ermany Australia and Russia aresal major coal consumers (Figuse
Figure 5. Fuel mix for power generation in selected countries, 2005
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184. Not only does thduel mix for electricity generation varconsiderably across countrjdsut so

does theftermal efficieng achieved by individuat o u n t r ifiredspdwercptarstdThis heterogeneity is

chiefly due to differences in thechnologieghat have beeadopted andin the age profile okxisting

power plantsThe world averagéhermal efficiencyfor all powerplant steam generatoris only around
35%.Yet, with a kind ofsupehopibggakattedmageneat &t
be as high as 47%.eRladng or retrofitting existingcoakliired steam generatorwith more efficient
supercritcal or ultrasupercritical technologies would therefore significantly reduce €fssions from

coakfired plants!’ The IEA (200®) estimatesfor examplet hat Chi naés domestic

16 Cl A, @AThe Wo wmwdcia.How/ibtaty/publikations/thevorld-
factbook/rankorder/2038rank.html

1 For example, a 495 MWapacity supercritical unit built in Alberta, Canada in 2005 consumes 18% less

coal and generates 18% less CO2 emissions to produce the same aim@ectrioity than the existing
units in the same power station.

51


http://www.cia.gov/library/publications/the-world-factbook/rankorder/2038rank.html
http://www.cia.gov/library/publications/the-world-factbook/rankorder/2038rank.html

would be reduced by 21% if its cefled power plants wereseefficient as the average plant in Japam
country that already uses supercritical or udtupercritical steam generators at 80% of its-fioadl power
plants

Description of the technologes

185 The basic mechics of a fossil fuetun power plant are founded upon a boiler, a turbine and a
generator. The boiler combusts fossil fuels, such as coal or natural gas, to generate steam, which in turn
drives the turbine and the electricity generator. Water boils and ta vapour at 10C€ under the standard
atmospheric pressure of 101.325 kPa. At a temperatu@/4C ard a tubepressure of 220 times
atmospheric pressufepecifically,22.12megapascals, or MPahowever, water turns intdeam without

going throughthe boiling stage, which generates bubbles. This pahtwhich water vapour and liquid

water are indistinguishable, is called the critical poiguipercritical steam generators create such
conditions by raising themain steam pressur® about 225 MPg and the main steam and reheat
temperatureso 540-580°C.

186. The dominant method of fuel combustion employed in-fioadl power plants is pulverized coal
combustionin which coal is put through a grinding procesmsd pulverized into fine particles before being
bed into the furnace. Most largeale units with electricity generating capacity of 3@@e or more
typically employ pulverised coal combustion, while another combustion technology, lamfluidised
bed canbustion, has been developed and adopted in many smaller'plan¢slatter enjoys greater fuel
flexibility, and can belesigned to burn almost any combustibileduding coal, bionass ormunicipal
wastes, but here are to date few supercritical unita use fluidizedbed combustion technology.

187. Supercritical steam generation is a proven and mature technology, having been in commercial use
since the late 1950s and is ndvetechnologyof chace for new coafired power plants in many countries.
Superior environmental performance of the technology over typical subcritical power plants has been well
documented? Most notably, supercritical technology delivers substantially higher cycle efficiencies
leading to redations in fuel consumption and G@missions per MWh generated. A typical 600 BIW
coakired supercritical power plant, for instance, consumes 1.4 million metnietarf coal per annum,
compared with 1.7 million tares required for a standard subcritigabwer station with the same
generating capacity. This not only reduces coal consumption and related costs, but also resylts in CO
emissions savings of 6&M0 tomes, or 17% per year. Furthermore, other environmentally harmful gas
emissions, such as N@nd SQ, arealsoconsiderably loweper kWhfrom a supercritical plant, aare

solid residues like fly ash and bottom 43h.

188 Because improvement in powglant efficiency is obtainable by raising temperature tears
pressure osupert dir, i thilutiehl gamerdteo a tereperature exceeding°68and a
pressure above 25 MpPhave beemnderdevelopnent since the early 1980s (Figile A 600 MWe ultra-
supercritical plant would burn 2 million fewer tms of coal and generate about 4 million feweminof
CO, emissions over its 3Pear lifetime than a comparable supercritical @hifto date, quite a number of

18 www.fwc.com/publications/tech_papers/files/TP_CFB_08_06.pdf

19 See, for exampl e,esfor@kaghano totarl aitreech nwdrolgdo (I EA, 20

20 fiBest Praci$Sweme Baoicthiuc@®l Boiler Technology at Hemw

Trade and Industry, 200ww.berr.gov.uk/fies/file17969.pdf

Seewww.swepco.com/news/hempstead/ultrasuper.asptudy by the Electric Power Research Institute
(EPRI) has also demonstrated that a mere 1% improvement in tbiereffi of an 80MW power unit
reduces the CO2 emissions into themosphereby 1 million tons for the entire life of the unit.
(www.springerlink.com/content/I30232555jrt1 2fitltext. pdf)
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boilers with an operating temperature of 600 to°€30ave already been commissionadd in Europe
there are plans to build a power station within the next decade witksufigacritical boilers gendiag a

steam temperature of 70D. Further development of new materials for boilers and turbines to withstand
the high temperature and steam puesss still necessary, howevér.

Figure 6. Heat-rate improvement for given steam temperatures and pressures1
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Industry supply-chain structure

189 The world market for supercritical and uMsapercritical technologies with sizable output
capacities (over 600 MW) is dominated by a handful of giant heavy industry machineries and equipment
manufactirers based in EuropéAlstom), Japan Mitsubishi Heavy Industriges Hitachi and [HI
Corporation, Korea (Doosan Heavy Industrieahd the United States (Foster Wheeler, Babcock and
Wilcox). The predomi nant strategy foll owed wHerydedlinge
with China is to partner with local Chinese boiler fabricators. For instance, the 1000 MW ultra
supercritical boilerdeing installed at a power plaimt Yuhuan were manufactured under a collaboration
agreement between Mitsubishi Heavy Industries and HarbineB@&lb. of China, with the former
providing the designs and key components. Alstom, a French heavy industrial machineries and equipment

manufacturer also established a joint venture with Beijing Heavy Electric Machinery Works in 2006 to
locally manufacturesupercritical and ultrgupercritical units.

wor

2 See www.ms.ornl.gov/researchgroups/corrosion/staff/pdf/IBWL7.pdf and also
www.netl.doe.gov/publications/factsheets/project/Proj463.pdfa s we | | as

catbonconstrained worldo (I EA, 2007).

fiCl ean coal
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Market potential and main policy drivers

190 Supercriticalboiler technology was first developed in the United States in the 1950s and almost
half of the capacity orderdd the following decade in that country was supercritical units of 500 MW or
greater However,due to various factors, including some real and perceived technical problems with the
first generation of supercritical cycle and the high cost of borrowtiredJS power industry subsequently
optedto purchase boilers usingsabcritical cyclé? Further developments therefalepended on work

other countries, most notably Germany and Japan.

191 Despite substantial fuesavings and reductions in GGmissions made possible by the
supercritical technology, higher installed costs have led countries with rich indigenous supplies of coal to
opt for the sukeritical technologyAs coal prices have risen, along with interegeiducing CQ emissions,
however, the economics of suggitical and ultrasupetcritical steam generators has changed.

192 The greatest potential for replacing subcritical with supercritical or-sitp&rcritical steam
generators is in countries that still operate a number of power plants based on the former technology, and
are likely to continue to use coal for power generation in the future. This category would include several
OECD countries Australia, Canadahe United States) as well as China and India (Figirdapad s

Ministry of Economy, Trade and Industegtimateshati f t he best practice at J
fired power plants were adopted, £é&missions from codired power plants in thescountries would
decrease by almost 20% in thaniteéd States 27% in China and 33% in Indiay by approximately 1

billion tonnesa year in those countries alofkégure8).

"y

Figure 7. Average thermal efficiencies of coal-fired power plants in selected countries

B Foster Wheeler Development Corporation

(www.fwe.com/publications/tech_papers/files/TP_PC 01 0).pdf Al $he Ecormmic Aspect of
Transition to Power Units with Supercritical Steam Paramiter¢ V. R. Kotler, 2007), a
www.springerlink.com/content/I30232555jrtA2/fulltext.pdf
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