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Introduction

This report presents the results of an economitystun the Concentrated Solar Technology (CSP) eduwiut by
Cerna, MINES-ParisTech and commissioned by thedfrégency for Development (AFD). As compared with
the Solar Photovoltaic (PV) technology, the CShtetogy is still at an early development stage ctimmercial
exploitation has started more recently, and thetedlindustry is still nascent.

The purpose of the study is to analyze the techr@ind economic dimensions of CSP technologies, sstoa
highlight its current potential as a specific sauof renewable energy. The study is based on angixe review
of professional technical and market reports anddeamic publications on this subject, supplementgd b
information from companies’ websites and interviewke questions addressed are the following: Whattlze
various existing CSP technologies, their degrematurity, cost structure and potential applicatiblghat is their
current and potential deployment in industrialized developing countries, and what are the techrécanomic
and policy factors that drive it? What is the caotrerganization and geographical repartition of @&P industry
and how are they evolving? How do competition, watmn and technology diffusion take place in thidustry?
Finally what is the role of French actors is tmdustry?

The report is structured in four Sections. Sectlois devoted to the comparative review of the wsi€SP
technologies. Section 2 focuses on their experiseartdd commercial deployment at the global scabel, the
factors that drive it. Section 3 discusses the mimgaion of the CSP industry and its on-going etiolu It includes
a specific subsection on the position of the Fre@&#® industry. Section 4 concludes by summariziggnhain
results of the study.




1. Concentrating solar power technologies

Concentrating solar power (CSP) technologies aingeaterating electricity from sunlight. By contrasith
photovoltaic (PV) technology that converts the swemergy directly into power using the photovolifiect, CSP
technologies produce electricity indirectly, by deing sunrays to boil water, which is then usegewerate power.
In this report, we will focus on such thermal C@B,its development and deployment have their owramhcs,
involving technology-specific actors, technical staints and opportunities, and policy schemes. Wilk in
particular let aside the recent concentrated pludtaic (CPV) technology, which employs sunlight centrated
onto photovoltaic surfaces for the purpose of elesitpower production.

1.1. The four CSP technologies

There are four types of thermal CSP technologidsclware presented below and in Figure 1. All apgpb same
basic principle: reflectors (mirrors) are used émaentrate solar beams on a receptor to heatchdhd generate
steam, which in turn rotates a turbine connectealgenerator, which eventually produces electricity

Parabolic trough

Parabolic trough technology is based on parabefiectors concentrating the suns rays into a recqiipe along
the reflectors’ focal line. A heat transfer fluiHTF) circulating in the receiver pipe is heatedtaplOO degrees.
This heat is then used to generate steam, which aunrbine producing electricity. The system ezab follow

the sun’s movements to optimize the electricityegation.

Power tower system

Power tower systems, also called central receiverssist in large fields of sun-tracking flat miisdo concentrate
sunlight on to a receiver on the top of a tower wwha HTF (water/steam, molten salts or air) is éetatp to
1200°C. This heat is used to produce steam drigingbine that generates electricity.

Dish engine
A Dish system is a stand-alone parabolic refle¢t@at concentrates light onto a receiver positioa¢dhe
reflector's focal point. The sun’s rays are conegatl on a Stirling heat engine generating eléattric

Linear Fresnel reflector

This technology works much like the parabolic thowgystems, except that is uses flat mirrors thigeatethe sun
onto water filled pipes placed above the mirroeddfi This generates steam which runs a turbineeteigte
electricity.




Figure 1: The four CSP technologies
Parabolic trough Tower system

CENTRAL RECEVER

PARASCLIC I}q

REFLECTOR
ABSORBER TUBE O 37
o g ﬁ T '17 "'l7

HELOSTATS
[WMRRORE]

Dish Linear Fresnel Reflector (LFR)

FLAT MRRORS

.. REALECTOR i/
RECENERENGINE O \.l" / I |
i / f i

a J ;"EIJ

ABEORBER TUEE AND
RECONCENTRATOR

Source: (ESTELLA, 2009)

By contrast with the PV modules, the deploymerthese CSP systems is subject to geographical eimtstrCSP
systems firstly require direct sunrays to be effiti Therefore, they cannot produce electricitycloudy
conditions, and pollution also significantly redadéeir efficiency. Moreover CSP systems usuallgrafe on a
large scale, and are therefore better suited fegrizhapplications. Their deployment is thus coamisted by the
proximity of the power grid — distant connectionirge otherwise likely to increase costs substantiabther
geographical factors, such as the erosion of nsroaused by wind and sand, do not significantlyst@am the

deployment opportunities and the operating costsvéver, as all electricity production plants basedsteam
generation, water is required for an efficient doglsystem.

1.2. Thermal energy storage and hybrid power plants

Due to the intermittent availability of solar engr@ stand-alone CSP plant is not sufficient toegate base load

electricity. This problem can however be mitigatlgdcombining CSP technologies with thermal energyage
devices, and/or by hybridizing CSP plants with amtional fuel power generation units.

Thermal energy storage

Storing some of the thermal energy collected byplaat makes it possible to extend CSP productioraffew
hours after direct insulation is no longer avaiglihereby better adapting the profile of the popmduction to
the demand, a first step toward utilisation of GS8Ra base load electricity. By allowing for a geealispachability
and greater utilisation of the power block (thebine), which will be used at its maximum capadityglso reduces




the Levelised Cost of Electricitf{LCE). A variety of storage systems exist, taitbte each CSP plants. It can be
indirect or direct. Indirect storage uses a storagelium which is heated by the HTF. The storageimmedan be
tanks of molten salts, concrete modules, or phasaging mediums storing the energy in latent h@aty the
molten salts technology is currently commercialtpleited, as this technology has already been pravea large
scale. Other technology could lead to reduce LESE bat the technological uncertainty prevents dgweis to use
it. Direct storage of the steam can also be dotding from half an hour to one hour extra opera(eBTELLA,
2009).

Hybrid plants

Hybrid plants are a combination of CSP systems @mentional fossil fuel to run the same power kldt
allows reducing the financial risk as fossil fuetlinology which is very well known mitigates theheological
risk. As thermal energy storage, it makes it pdesib use the turbine at its full capacity, theréproving its
efficiency and reducing the LCE.

1.3. Comparison of the technologies

Table 1 draws a comparison between the four CSkhtdegies. The main differentiating factors concéra
degree of maturity of the CSP technologies, anul ffegential applications.

Maturity

Maturity is a first important differentiating fastoParabolic Trough is the most advanced technoiogthis
respect, its first prototypes dating back from ldte 19" century. With an installed capacity 1000MW (1GW) a
the end of 2009, it is the only CSP technology thas proved investment and operating costs in cowiate
operation. However, Parabolic Trough is still ateanly stage of commercial deployment as compareth§tance
with the PV technology (15GW in 2009). By contrate other three technologies are immature. Comialerc
demonstration of Tower technology has started catgntly, and will require more capacity to prove investimen
and operating costs in commercial operation. Thesfel and Dish technologies are even less advasoed,
Fresnel is still in the demonstration stage. Inheea&se, only a small number of demonstration ptejeave been
carried out, and reliable information on investmamil operating costs is still scant.

L LCE is a cost of generating electricity for a partar system. It is an economic assessment ottise of the
energy-generating system including all the cosex @ lifetime: initial investment, operations ammintenance,
cost of fuel, cost of capital. A net present vatateulation is performed and solved in such a viay for the value
of the LEC chosen, the project's net present vieo®mes zero. This means that the LEC is the mimirprce at
which energy must be sold for an energy projetiréak even.

2 While the first very large scale Trough instabati(>50MW) is in operation since 2007, the firstwio

installation reaching this scale will be compleie@011




Table 1 Comparison of the CSP technologies in 2009

Parabolic trough Tower Fresnel Dish
Installed capacity in 2009
(MW) 1000 70 8 0.5
« Commercially proven « investment and operating « Recent market  Operational
Maturity investment and operating costs need wider scale proof in entrant, only small  experience of first
costs commercial operation projects operating ~ demonstration projects
Application on-grid on-grid on-grid off-grid/on-grid
(C?é’frat'”g Temperatre 350-550 800-1200 750
Plant efficiency 14% 25% 30%
Hybrid compatible Yes Yes Yes No
« Storage at high temperatures « Lower * No water
Other advantages « Lowest materials demand e« Better options to use non-flat manufacturing requirements
sites costs of flat mirrors  Easily manufactured

* The oil-based HTF restricts
operating temperatures to
400, resulting in moderate
steam qualities

Source (ESTELLA, 2009)

* Projected cost goals of
mass production still to be
proven

Other disadvantages

Applications

Tower, LFR, and Parabolic Trough require large-esdastallations to run a steam turbine. As a consece they
are appropriate for on-grid application only. Byntrast, the Stirling engine of dish units makepadssible to use
them on a stand-alone basis, which makes theipoassble for off-grid as well as on-grid applicatitiowever, in
contrast with the other three technologies, théhnDéshnology cannot be combined with fossil fueld does not
allow for heat storage, which prevents its usdlierproduction of base load electricity.

The technical specificities of each technology atsake them more or less competitive for specifipliaptions.

As compared with Parabolic Trough, the Tower tetbgyw allows storage at a higher temperature — which
improves its efficiency — and can be more easilylaged on non-flat sites. The Fresnel and Dish rietdyies
potentially have a cost advantage over Trough amslef. This must however be balanced with their cenunal
immaturity in a context where the scale of deplogmeill drive a large part of the cost decreaseshC5tirling
engine does not require water cooling, while aé technology need water cooling to function at rthmsst
efficiency, dry cooling being less efficient.

1.4. The cost of CSP electricity

The cost of CSP energy shows important variatioosnfcountry to country and, within each countrygnfir
location to location according to sun energy avmlity. For example the Levelised Prices of Elegityi (LEC) of
Parabolic Trough was reported to be 170 $/MWh forimadiation 2700 kWh/m2,y and 230 $/MWh for an
irradiation 2000 kwWh/m2,y in 2005 (Dersch et al02p Moreover the LECs depend on other key parametach
as the size of the plant or the cost of capitak Tdtk of standards for those parameters also iesplehy LEC
differ from one study to another.

Up to now, most of the available cost informati@mecerning CSP is related to parabolic trough plantke US as
it represents the major part of plants currentlypperation. Tower technology is today more expensiut it is




expected to be cheaper than trough technology énstiort term as more progress remains to be made in
technology and scale (Charles et al. 2005).

Figure 2 displays the comparison between the LCE®P (with horizontal stripes) and other convergicend
renewable energy sources in 2009, based on Jurgel20@rd LCE analysis. Since those LCE vary acogrdie
installations, average LCEs have been supplemenitidintervals of confidence for each technolog@gRCturns
out to be the most expensive energy source with Hdlvever, those two solar technologies are alsootie
having the biggest cost decrease potential. Acngrth industry sources (see, e.g. CSP Energy du2609) the
price has been reduced by around 17% for each itgubF installed capacity, and this trend is expdcts
expected to continue. Factoring in installationvigi®ens, CSP LCE expected to decrease from 15-28tStkWh
in 2009 to 10-14 €cents/kWh in 2020. This cost dase is driven by higher components productionaags and
larger plant scales leading to scale economiese@sed competition among the suppliers, and nelntdogies
from learning by doing in the operating plants #mel firms R&D. Parity with gas-fired plants is exped around
2020, this figure depending on the countries aedjtilantity of new CSP installations.

Figure 2. Average Levelised Costs of Electricity (209)
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Moreover LEC is not the only parameter to consfdethe profitability of installing a power plarithe adequacy
of the demand curve and the supply of the plardtiss very importantthe price of the electricity being much
higher during the daily pick of demand. In courgriaiitable to CSP, it often corresponds to theradtan when the
air con is used, and when CSP electricity produadsaalso high.




2. CSP deployment

2.1. Global deployment of CSP technologies

There have been three stages in the CSP developasefitistrated by the evolution of the global G&nulative
capacity on figure 3 A first demonstration stage took place betweeill®nd 1991. It roughly corresponds to the
installation of 9 demonstration plants (called SHGS IX) in the U.S.A. by the Israeli company LuEhese nine
plants, called SEGS | to IX, all use the Parabdlicugh technology and total up 367MW of installeghacity. A
few Tower plants have also been installed in USa(S@ne, 10MW), Russia (C3C-5, 5MW), France (Thémis
2.5MW), Italy, Japan and Spain (1MW) but their c@pes are not significant. This first phase hastbfollowed
by a long dormant stage, during which CSP insfaltahas been interrupted too place for 14 yearpldyenent
resumed in 2005 with an important boom. Annual dhorates have been above 40% since them, signdhlimg
beginning of a real commercial development.

Figure 3. CSP cumulative installed capacity and stges of the industries’ development
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Source: (ESTELLA, 2009) andhttp://www.nrel.gov/csp/solarpaces/

The demonstration plants deployed before 1991 wene mainly based on the Parabolic Trough techrnyplagd
marginally on Tower technology. New projects ing@lfrom 2005 to 2009 were also almost exclusivelged on
the Parabolic Trough technology, reflecting its emadvanced maturity as compared with the othemtaohies.
This is illustrated in Table 2, which shows thet@tied capacity and market share of each technalo@@09, and
their estimation for the 2010-2012 period. Inteéregy, the deployment of the Tower and ParabolisiDi
technologies are expected to take off over thigopggifrom 6% and 0% of total CSP capacity in 2009.4 % and
18% of planned installed capacity in the 2010 -2p&8od), thereby substantially eroding the doniamabf the

% The 2010, 2011, and 2012 figures feature futusealtations resulting from projects in developmenproposed.
Those predictions are reliable as it requires sgyerars to install a CSP plant.

1C




Trough technology (from 93% to 64 %). By contrabe LFR technology remains too immature to reaeh th
commercial scale in the short term.

Table 2 Installed and future capacity by technologyype in 2009

Cumulative Installed capacity in ~ Approximate from 2010 to 2012

TECHNOLOGY TYPE 2009 (MW) (MW)
Parabolic trough 1,098 (93%) 2,866 (64%)
Solar tower 71 (6%) 645 (14%)
Dish 0 800 (18%)
Fresnel 8.4 (1%) 177 (4%)
Total CSP 1177 4,488
Total PV 17,356 38,000

Source: National Renewable Energy Laboratory websi (http://www.nrel.gov/csp/solarpaces) and
(ESTELLA, 2009)

It is worth noticing that the deployment of CSPhiealogy remains very limited as compared with thelation of
PV capacities over the last decades. Figure 4 corapthe cumulative installed capacities of PV ver@sP
between 1982 and 2012. It shows that the largesigployment of PV capacity has started around 208érly a
decade before that of CSP. The PV industry has txperienced a fast growth and an accelerated mgtur
process. As a consequence, the PV installed cgpacdiixpected to be more than ten times that of ©SF12.
This counterfactual highlights the growth potent&lCSP in the next decades, the drivers of CSP dexease
being related to cumulative capacities as welba$k/. However it also raises questions as to huses of the late
start of CSP deployment. It is indeed not obvidwa PV technology was more mature than CSP techpaothe
1990’s. Other factors must be considered that qortbe geographical and policy drivers of CSP dgplent.

Figure 4. CSP versus PV cumulative installed capaas (1982-2012)
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Source National Renewable Energy Laboratory websitéhttp://www.nrel.gov/csp/solarpaces), (ESTELLA,
2009), EPIA (2009)

2.2. The drivers of CSP deployment
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Like for PV, the LCE of CSP technology is higheartithose of conventional energy sources (see FRjaimve).
Policy measures such as feed-in tariffs are thegssary to trigger their deployment until furthestcdecreases
make it possible to reach grid-parity. In addititme possibility of deploying CSP installationslso constrained—
much more strongly than for PV — by geographicetdes.

Geographical conditions
The geographical extension of CSP installationnideed naturally limited by the important amountdafect

sunrays required. Direct sunrays shall not be dediby clouds, fumes or dust in the atmospheresgo eeach the
Earth’s surface in parallel beams for concentratuitable sites for CSP deployment are thoseghtt large
quantity of such direct sunrays - at least 5 kiltiaurs (kwWh) of sunlight radiation per square mgter day. The
best sites receive more than 2,800 kWh/m2/day.

Figure 5. Global Direct Normal Solar Radiation (kW/m2/day)
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Source World Resources Institute (2009)

Figure 5 shows the direct normal solar radiatigmarttion in the world. The most appropriate regidor CSP
deployment are those without large amounts of gpimexsc humidity, dust and fumes. They include stspush,
savannas, semi-deserts and true deserts, ideabyeld within less than 40 degrees of latitude nortisouth.
Consequently, the most promising areas of the wiodtlide countries in both the developing (Chilertkern
Africa, Middle East, Brazil, and parts of India aBGtlina) and industrialized worlds (Southwest USsthalia, and

Spain).
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Figure 6. Installed capacity by country
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Against this background, the past and current depémt of CSP capacity has taken place only in itvdhlized
countries. As illustrated in Figure 6, past comriariavestments actually only took place in the tgdiStates and
Spain, in comparable proportions. Deployment isyostarting in the developing world, and in very #ima
proportions as compared with the on-going trenth@ U.S.A. and Spain. The observe discrepancy legtviee
potential and actual deployment is mainly due te difference of incentive policies used to devetbp CSP
installation.

Policy conditions

As often for new technologies, and for most of entrrenewable energies such as wind or PV, the pficCSP
electricity is too high to compete with traditionahergy sources. This would prevent any developroérhe

industry, market decisions following short-termwg while it can be profitable in the longer temspecially if

environmental externalities are taken into accoliherefore governments create incentive policiesnfoance the
development of the industry. Some, as pollutiorati@x, aim at correcting market failures such agrenmental

externalities. Others directly aim at stimulatingpeecific industry.

The measures aiming at directly stimulating the G&Rustry are upstream measures such as public R&D
demonstration projects, or downstream measureaulstimg the market. Among those downstream measures
besides different tax credit like in the US (30%dstment tax credit, refundable), the two othetrimeents that
have been proven efficient are Feed In Tariff (FERd Renewable Portfolio Standard (RPS), wherditiamcial
burden falls upon the utility customers rather tht@ntax payers, as the extra cost is chargedetpalwer network
users.

« In Europe, FIT set fixed guaranteed prices at wigiotver producers can sell renewable power into the

electric power network: it's an obligation for eliécity suppliers to buy renewable energy. Suchs-ife
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implemented in Portugal, Spain, Greece, Franchy, lsamd Germany for solar power. However Spain is
the only country having enough sun power to ins@BP plants, in the other countries those FIT
essentially benefit to the PV industry.

* Inthe US, RPSs require that a minimum percentdgewer sold or power capacity installed be prodide
by renewable energy sources. In both cases tha egst is charged to the power network users. For
example, in California, utilities have to sell akégity with 20% of renewable by 2017, in Nevada&%d
by 2013, and in New Mexico, 10% by 2011. To redubsé goals, the Utility Firms have to negotiate
Power Purchase Agreement (PPA) with owners of rabéenergy plants such as CSP plants.

e The other countries where solar resource is s@thbve not significant CSP installations becausg th
lack of efficient incentive policy. The US and Spaire the only countries combining adequate solar
resource and effective incentive policy (other p@an countries have incentive policies that wodks f
PV but not the adequate solar resource).

The various incentive policies carried out in eaohntry also explain why the commercial deploynteas started
earlier for PV technology than for CSP. During daly stages of PV development, the market wadlgldaven
by two countries — Germany and Japan — which werditst ones to set strong incentive policiesdoliar energy.
However, direct solar radiation in these two coigstis not sufficient to make CSP technology padifie, which
explains why only PV benefited of those incentiwtigles. The CSP industry started its commerciaettgpment
only in 2006 when US and Spain, having enough tsetar radiation for CSP technology, started imp@ating
strong incentive policies.

Further deployment of CSP, especially in developiogntries, will in turn depend on the implememtatiof

appropriate incentive policies. This is illustratadrable 3, which summarizes the potential for @8ployment in
2020 according to two different policy scenaridSAJ 2007; CSP Energy outlook 2009). The first (hess-as-
usual) scenario only takes into account existinicigs and measures, while the second one alsorfait policy
measures that were either under way or planne®d§*2Although the results should be considered witlttioa,

they suggest an important impact of enhanced jslicvith a cumulative capacity in 2020 ten timeghbr in

scenario 2 than is scenario 1. The difference i tduenhanced deployment in the U.S.A., but alsstrtonger
deployment in Asia, Middle East and Latin America.

4 The second scenario also assumes increased ineestidence in the sector due to a successfuloougcof the
current round of climate negotiations.
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Table 3. Worldwide allocation of CSP capacity in 2P0: business-as-usual versus enhanced policies

Share of world cumulative capacity
2010 2020 Scenario 1 2020 Scenario 2
(business as usual} (enhanced policies

WORLD 0.9GW 7.3 GW 68.6 GW
Europe (EU 27) 41.4% 42.0% 10.0%
North America 57.7% 24.0% 37.0%
Latin America 0.0% 1.5% 3.2%
Developing Asia 0.0% 0.0% 3.8%
India 0.0% 0.4% 4.0%
China 0.0% 0.4% 12.0%
Middle East 0.5% 8.4% 13.0%
Africa 0.0% 15.2% 5.8%
OECD Pacific 0.3% 6.5% 4.1%

Source: CSP Energy outlook 2009, National Renewiab&rgy Laboratory website
(http://www.nrel.gov/csp/solarpaces/




3. Organization of the CSP industry

3.1. The supply chain of the CSP industry

CSP is in competition with fossil fuel and othenewable sources of energies — including PV teclgieso— for
the generation of electricity. It however reliesaspecific technology, entirely different evennfrgolar PV, with
its own constraints and opportunities. Therefdne, groduction and installation of CSP power plasitsrganized
as a specific industry, which we can analyze a$.s8ince the CSP technology is far from having medcfull
maturity yet — the first U.S. demonstration plasging back only from the 1980’s — it is importémikeep in mind
that the CSP industry is still nascent. It can Xmeeted to grow and change significantly in theifetin the trail of
wider CSP deployment, as did the solar PV indudtming the last decade (De la Tour et al., 2010).

Figure 7. CSP industry supply chain

Material Components CSP Plant Electricity
/s T g
Steel Dish system Collector structure
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\ Mirror fil
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Devel t Operation &
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Heat Storage System Heat Storage System

Plastic
Power block Power black
Silica
-
Synthetic ol OWEE Trough or LFR
Molien salt Central conirol

Power Purchase Agreement with a utility company

Other components

Source Authors

Figure 7 depicts the supply chain of the CSP imgustom the raw materials that are used to martufacthe
components of the CSP plants, to the developmeditexploitation of these power plants. Raw mater&is
commodities and therefore do not affect the orgatiim of the core of CSP industry. On the othereswe, the
energy market is the locus of competition of CSthwther forms of power generation.

Four links can be identified:

e The raw materials are used to manufacture the coere of the CSP plants. They are commaodities, and
therefore they do not affect the organization ef¢bre of CSP industry.

N




e The various components of CSP plants account fourat 80% of the installation cost of a CSP plant
(Muler & Steinhagen 2008). They are therefore thenndriver of the LCE, and a critical link in the
organization of the CSP supply chain.

« Project development is another key link of the GBPpply chain. Since there is no fuel cost involued
the CSP LCE, the initial investment (components iaddrect costs) indeed represents more than 99% of
the LCE (Charles et al. 2005). This represents ge hnvestment (400 million USD for a 50MW CSP
plant in Spain with heat storage) which, combindgthwhe uncertainty on the technology and on the
incentive policies, raises substantial barriererity.

e The Operation and Maintenance (O&M) of the plamgdresent less than 1% of the LCE (Charles et al.
2005). They are carried out by the developer oa fiym trained by the developer. The electricityhisn
sold to a utility company trough a Power Purchageement (PPA) or a feed in tariff, setting a pate
which the electricity will be bought for a definachount of time.

The CSP technology is chiefly structured around $&gments — the manufacturing of components angrtiject
development — that play the key role in the sucoé€SP deployment. We therefore focus the subsaegumlysis
on these two segments.

3.2.CSP plant development

The installation of a CSP power plant requires hetinical and financial resources. It is usuatlyamized around
specialized CSP developers that provide technixpértise on CSP technologies. These firms are hewtmo
small to bear the long-term investment (400 millidBD for a 50MW CSP plant in Spain with heat stejag
required for a CSP plant, in a context of uncetyaon the technology and the incentive policiesaifigt this
background, the development of CSP plants is ussafpported by a consortium of several companigsbining
complementary expertise and resources:

e A developer, bringing the expertise and know howCiBP technology, and sometimes manufacturing
some components.

* A major construction company, which will be the Emgring, Procurement and Construction (EPC)
contractor, taking the leadership of the consortamd guaranteeing the price, performance, and séhed
of the project. Only big companies can provide sgiarantees, and in most of the cases from thetigoun
where the plant will be installed.

< Investors which can be public utilities, banks etc.

CSP development market concentration

Figure 8 represents the main developers in the Tawe Trough technologies and their expected mathates in
2012, the colours representing the countries witerg are localized. It is based on the plants diréastalled or
the projects in development or proposed. Thoseigifeds are reliable as it requires several yearigstall a CSP
plant. There are also other companies involvedis $egment, but as they have not installed conmiaiescale
CSP plant yet and do not plan to do so before 2y, are not represented. You can refer to anrtexhave a list
of those companies.
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Figure 8. Trough and Tower main developers, and maet shares for the expected cumulative installed
capacity in 2012
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Source 1 National Renewable Energy Laboratory webts (http://www.nrel.gov/csp/solarpaces) and
authors’ research

The development of plants using the Trough tecthgylovolves a large number of actors. However, ttivee
biggest firms represent 57% of the expected Traongtallations in 2012, so that the market remamscentrated
according to usual economic standards (with a °Héfl 0.13). This does not mean that the industrynas
competitive for it is still immature and thus expet to develop. There are for instance several eptrants
currently developing small demonstration projehts are not reported on Figure 8. The geographegedrtition of
developers reflects the countries where CSP teobgohas already been deployed. Spanish firms vaiteh
developed 49% of the Trough plants in 2012, GerarahU.S. firms accounting respectively for 33% &wiélo.

The development of plants based on the Tower tdobgoinvolves different actors that are much more
concentrated. The three biggest firms represen®éd 8f the market in 2012 (with a global HHI of 0)2%he
geographical concentration is even more stunnir) fibns being expected to have developed 95% off theer
CSP plants installed in 2012. The other two teabgiels involve even fewer developers: Areva (exedra
company Ausra) and Tessera Solar (subsidiary of#Becompany Tessera) are almost in monopoly positio
respectively the LFR and Dish industries.

Rather than a lack of competition, the significaohcentration of CSP project developers refleatsitimaturity
of the CSP technologies. This is clearly confirm®d comparing the technologies: the number of idieati

® The Herfindahl-Hirschman Index (HHI) is definedthe sum of the squares of the market shares datgest
firms within the industry, where the market shaaes expressed as fractions. The result is propatito the
average market share, weighted by market sharsués, it can range from 0 to 1, moving from a hogmber of
very small firms to a single monopolistic producer
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developers for each technology is indeed propaatitmtheir respective maturity — with Paraboliodgh ahead of
the other technologies, Tower in an intermediatgtipm, and LFR and Dish technologies as laggards.

Know-how diffusion and emergence of new developerthe role of Luz

Parabolic Trough offers the most advanced exampamergence of new developers as the technologyoves
in maturity and becomes more widely adopted. Istangly, this trend can to a large extent be relate the
progressive diffusion of technical know-how oridging from the pioneer developer of this technolagyhe early
1980's, the Israeli-US company Luz. This compangcsssfully developed and constructed the first SEXSP
plants in California between 1981 and 1991, thertgumulating experience that would later benbfit test of
the industry.

Figure 9 summarizes the history of CSP developerslation with Luz, and illustrates more generdflg process
of emergence of new developers through technoldfyysibn. In 1991, LUZ filed for bankruptcy, beingable to
finance the construction of its tenth plant dueétays in the signing of the California solar pndpéax exclusion.
The know how accumulated by Luz in one decade #ipeead all over the world through acquisitions ddab the
circulation of workforce, leading to the creatidnseveral new CSP firms:
¢ Solel Solar Systems bought the assets in 1992 anldl ¢hus be called the « successor » of Luz. It is
based in Israel and financed by Pixy Investmentténzlawski 2003). Its core technology is the HGE.
is in 2010 the only HCE manufacturer with Schotilebhas been bought by Siemens in 2009 and is now
called Siemens CSP.
« Acciona Solar Power was created in 1997 by keyutiegs from Luz (it was initially named Duke Solar,
and then Solargenix Energy after successive adiguis). Its core technology is the SCA, the strreiof
the trough collector system.
¢ Solarmundo has been co-funded by the former presidé Luz. It develops plants using the LFR
technology.

Project co-development has been another channbediffusion of the know how accumulated by Luef@e it
went bankrupt, Luz co-developed a CSP project Witigsol (which later became Solar Millenium) duriting
1980’s. In turn, later project co-development imenl the transfer of know how form Solar Millenniutm
ASC/cobra, which has now become the second CSRap&ren Spain.




Figure 9. History of the developers market
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Entry of new developers: barriers and recent trends

The emergence of new developers, as well as thetlgrof current developers, will be related to the
continuation of CSP deployment, and therefore dépera large extent on the adoption of incentivicjEs in
the countries where CSP can be an efficient soofremergy. However, there are other barriers toyentlated

to the technology maturity, the access to expesgigkaccess to capital.

Technology uncertainty is an important barrier tvdk progressively be alleviated as CSP techna@sediecome
more mature. This is especially the case for theenmaature Trough technology, and to a lesser efterthe
Tower technology — which investment and operatingtx are currently in the process being commeyciall
proven. Although some technologies developed byohcal actor such as Luz stand as references én th
industry, there are however no official standards guaranteeing a good quality, which is a detérfen
financial investors. This forces new players tolduwostly demonstration plants before developingda
commercial scale plants. It also slows down sonve teehnologies development as new storage systeiSR
systems as they have not been proven commeraiddiyeisting.

There is no patent or secret high technology pspesventing a new firm to enter the market, btlieasome
know how required to install the CSP plants. Thisw how is generally acquired through the develapnoé
demonstration plants. As illustrated by the pastess of diffusion of the expertise initially acqd by Luz, it
can however also diffuse between firms trough pmtojeo-development (e.g. the construction company
ASC/Cobra having co-developed Andasol with soldtemnium and developing project now on its own)nfo
ventures (e.g. Masdar acquiring Seners’ experighoeugh their JV Torresol), or acquisitions (eAgeva
buying Ausra).

The huge investment required to install a CSP [léd® million USD for a 50MW plant) remains an iniamt
barrier for small firms, all the more so as polayd technology uncertainty is a deterrent for foianinvestors.
Against this background, major international coniparseem to play an increasing role, as illustrétedhe
acquisition of Solel by Siemens, or Ausra by AreSach large companies have indeed the financiahgth to
carry out long term a sustainable development énloing run. In line with this entry of big compasi@nother
trend features integration between developers aR@ [Eontractors, leading to the emergence of larger
developers. Such integration can result from adipis of pure developers by EPC contractors (Amgva
buying Ausra), or from a learning by doing procedwreby the EPC contractor co-develop the CSP gimje
(e.g., ASC/Cobra with Andasol) before developingittown project as a second step. With the know-haod
the financial strength being gathered, such integraactors can propose turn-key power plants with
development, EPC and O&M services, and guarantee.

These evolutions do not seem to modify the geogcaphepartition of the industry, which remains abed in
industrialized countries with a single exceptioraddar in Abu Dhabi. Israel, where the pioneer fitmg and
Solel were coming from, is now loosing ground. Byntrast large companies from Germany (Siemens) and
France (Areva) are entering the market through iattepns. Abu Dhabi’'s company Masdar owns 40% of
Terresol, a Joint Venture (JV) with the Spanishe8evhich has developed three Tower plants in Spdasdar

is now developing CSP firms on its own in MiddlesEaand its first plant, Shams 1, is expected #&ot st
production in 2010. Masdar, Japan’s Cosmo Oil Camg@and the Tokyo Institute of Technology have ldhett

an advanced CSP Central Tower research and devetdaroject at Masdar Cfty

8 http://social.csptoday.com/weekly-brief/weekly-iiteence-brief-january-18-25
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3.3.Component manufacturers

The Dish and LFR technologies still being at aryedevelopment stage, there has been no feedbadkoye
demonstration plants that would make it possiblagsess their cost structure. Consequently, wefedlls the
discussion on the more mature Parabolic ThroughTawier technologies, for which reliable information
costs is already available. Figure 10 represergsctist breakdown of a CSP plant installation fasthtwo
technologies. As already mentioned, the priceti®fcomponents (solar field, storage, and powerkplaccount
for around 80% of the cost of a CSP plant installain both cases. This component cost is evenigasp
between 4 to 6 core components according to thentdogy. Hence there is not one particular botitéria the
cost structure of these technologies, and all corapts offer a significant potential for further tdscreases.

Figure 10. Cost structure of Tower and Parabolic tough in 2008 (source: Miiller-Steinhagen, 2008)
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Market concentration

It is expected that future cost reductions will désen by innovation and the development of contjoetiin
each component market as the scale of CSP produoticeases. Observing the past and current cotigpeit
these markets provides a first hint about potentahpetition in the future. Table 3 displays anragjpmation of
the market shares of component suppliers, baseitheoplants in operation or in development for whibk
identity of component suppliers is availdblEor every element, the proportion of installegaxity for which
information was available is précised under the poment's name. First generation plants (before pb@ve
not been taken into account to represent situatfdhe current market. The small number of supgliareach

" Indeed, while information on the projects’ develpps always disclosed, information on the componen
manufacturers is not available for all the projedifsit doesn’t give an exact market share repartit it is

nevertheless interesting to look at those figueett gives a good approximation of the market coiregion and
the major actors.
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component market suggests that these markets #lrevesty concentrated, thereby reflecting the refat
immaturity of the industry. Companies which have agignificant activity are not represented but gan refer
to annex 1 to have a list of those companies.

The most mature technology — Parabolic Troughatss the one in which suppliers are the most nuoserdhe
least concentrated segment is the Solar Concentdagembly (SCA), which consists in building theusture

of the collector holding the other core componeiitse other core components are the mirrors andHiet
Collection Element (HCE) — the tube that absorleshtéat. For those last two core components, coratemt is
higher than for the SCA. This may be due to teabgichl barriers to the manufacturing of curved osrand
especially HCE. Indeed the manufacturing processaies secret and is only mastered by Siemens CSP (e
Solel) and Schott.

Table 3. CSP components manufacturers and market ahes

Trough Tower
Solar Millennium (DE) 41% Receiver Babcock Power (US) 61%
Acciona Solar Power (SP) 20% 7204 Pratt & Whitney (US) 37%
Abengoa Solar (SP) 13% Sener (SP) 2%
SCE Cobra (SP) 11% Pratt & Whitney (US) 63%
32%  Ingemetal (SP) 8% Heliostat  eSolar (US) 25%
Solel (IL) 4% 42% Abengoa Solar (SP) 8%
Iberdrola (SP) 3% Sener (SP) 4%
Parker-Hannefin (US) 0%
HCE Solel (IL) 58% Dish
26% Dish Stirling Energy Systems
Schott (DE) 42% 100% (US) 100%
. Flabeg (DE) 80%
h/xé;/oor Rioglass (SP) 17% LFR
Solel (IL) 3% Receiver Areva (FR) 99%
99% Novatech Solar 1%
Drive Areva (FR) 99%
99% KKK-Siemens 1%

Source National Renewable Energy Laboratory website(http://www.nrel.gov/csp/solarpaces/) and

authors’ research

The stronger concentration of component suppliersttie other three CSP technologies reflects tlesiser
maturity. Several suppliers exist for the towehtemlogy, but this market is still very concentrafedthe core
technologies (heliostats and central receiver)e-tinee main identified suppliers accounting forenthan 90%
of the installed capacity. As regards the leastuneatechnologies, Dish and LFR, the component $engpive
identified appear in a monopoly position (StirliBgergy Systems for the Dish technology and Arevd KR).

Like for developers, it is worth noticing that t&@SP components manufacturers are located in thetries
where CSP plants have already been installed: S@#h Germany (DE), and U.S.A. In the Trough induys
the market for SCE is dominated by Spanish and @ercompanies. The market for HCE and mirrors is
dominated by German firms. U.S. companies accauméalimost controls all the supply of Tower compdegen
the remaining market shares being detained by Spditims. U.S. firms also control the Dish manutiaictg
market. The market for LFR components appearsrasent exception, since the leading identified pongint
supplier is the French Areva, which acquired thefid8 Ausra in February 2010.
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Entry of new manufacturers: barriers and recent trends

Since the small number of components manufactunaisly reflects the early age of the CSP industrgpes

neither necessarily imply that the CSP industiyascompetitive, nor that competitive pressure wit increase
in the future. The various CSP technologies areeddsubstitutable with each other, and therefoey #re
subject to cross-technology competitive pressumil&ly, the prices of CSP components are likabylte

disciplined by the competition of other forms okegy generation, including large solar PV. Finalhg larger
number of suppliers in the Parabolic Trough segnseggests that further technology deployment islyiko

trigger the entry of new competitors in the coneéroountries.

Potential barriers to entry include technologicatrkers and market visibility. CSP core technolsgige either
new (DISH, LFR), or difficult to imitate (HCE, miors, central receiver). However, there are no ingmrCSP
components protected by valid patents (H. Wenzla28®&3) that could prevent further use or developinizy

other industry participants. The technology is thatiher protected by secrecy or lead time. Givenlithited

maturity of the technologies and the weak visipilitn incentive policy schemes in many countriesrketa
uncertainty still constitutes an important barti@entry, especially for small firms. Against thiackground, it
may indeed be easier for large firms or their sdibsies to sustain long-term investments in théssec

Depending on the segments, component suppliersertlyrinclude specialized firms as well as large
multinational companies such as Siemens, Arevaratt R Whitney. While the smaller firms are usually
historical actors of the sector or , large compawaike either well-known specialists that have emat¢he market
for components (Siemens, or more recently Saintaofor the mirrors) or long-term investors thatezrthe
market for CSP technologies through the acquisibibspecialized firms (such as Areva in the LFRhteddogy).
Following the example of the solar PV industrycan be expected that new component manufacturérenter
the market — and contribute to cost reductionsutjinoenhanced competition — as CSP deployed godkamepy
enabling large scale production of standardizedpmmants.

3.4. The CSP industry in France

The French involvement in the CSP industry stamethe 1980’s with the construction of Themis, & RIW
demonstration plant in Targasonne, in the south wfeBrance. It has been operating from 1983 ta610& the
project has been then left ahead. The French indhas not benefited of this early know-how andrmench
firm has been involved in the CSP business untiémély. As of today, the French CSP industry iB stiscent
as compared to the U.S.A. and Spain, where the @8R plants are located, but also compared to Garma
were as in France, there is not enough direct saldiations. This last point proves that it is plolesfor a
country to develop a CSP industry even if thenedsational market. The Mediterranean Solar PlagRMand
Desertec might be an occasion for French energiggpanies having high financial capabilities to awalate
know-how in the solar industry.

Components

St Gobain is the only French firm that has beelyresctive in the CSP components manufacturinghds
already been supplying heliostats (flat mirrors fawer plants), and built in 2009 a new productime to
manufacture parabolic mirrors to for Trough prage@t Gobain aims at providing 30% of the post 20@0gh
market. It entered the DeserTech consortium in rpat®.
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Areva, a big French international firm having it business in nuclear plants development, EPC OfiM,
bought Ausra in 2010. Ausra, start-up created iD62@vas the world leader in the LFR CSP technolddys
acquisition was based on the synergy of Areva lpain important expertise in steam generation, ratégt
production from turbine, and energy storage duéstouclear activities, and Ausra's LFR technolagg know-
how concerning CSP installation. Besides, Areva lrihg the financial strength necessary to attraeéstors
that were reluctant to sign several hundreds miltiollars contracts with the small firm Ausra (f@poyees).
Areva’s objective is to make global and comprehensiffers combining Ausra’s LFR technology, Arevas
expertise in energy storage, and Areva’s worldvagperience in EPC and O&M services. Areva alsalttee
buy Solel in 2009, but they lost the bid which wam by Siemens.

Thermodyn, based in France, produces steam turbingee CSP industry. Although located in Frarités a
now a subsidiary of General Electric Oil & Gas.

Babcok Wanson, a French company, has been actitleeiindustrial boiler and heat process businassesi
1898. It belongs to the French group CNIM. The camypstarted in 2010 the construction of a protoyfeFR
module at La Seyne sur Mer. The prototype shoulcebdy for operation in May 2010.

Other firms plan to enter the CSP market but nenactively involved yet. Alstom, the world's thibilygest
coal-fired power-plant builder manufactures turkinibat are too big for the CSP industry. But theugris
interested in this market and, like Areva, alsedrio buy Solél Alstom plans other acquisitions and is already
members of ESTELA, the European CSP industry agBoui It funded the venture capital Aster Capitith
Schneider Electric to take minority interests indmative start-ups based in Europe, North Amerizh/Asia.

Development

Having bought Ausra, Areva is now a leading devetap the LFR CSP technology.

Solar Euromed, an engineering consultant compaay,been created in 2007 by a former employee dbails
who had worked on several CSP projects and ha®d koowledge of electricity generation from stedims
developing a 12 MW LFR project in Corsica callecb@INova 1, which will be completed in 2011. This
demonstration plan aims at proving the commercigdrest of the technology. Solar Euromed also sigae8
billion dollars contract with Sudan to develop, lduiand operate a 2 GW installation. This shoulddry in
ten years, with the first MW produced in 2012.

EDF also have some interests in the Industry. Endod=df Energies Nouvelles’ subsidiary, is cutkeint late
stage discussions with leading CSP technology gewsi and is actively exploring the potential ofuanber of
private and federal land sites for the developroésblar energy plant3in the US.

R&D

The Commissariat a 'Energie Atomique (CEA) carrieg researches on some core technologies suchats h
transfer materials and heat storage. The CentrieNditde Recherche Scientifique (CNRS), togethéh Wtal
and EDF, rebuilt the Thémis Tower plant to devatew technologies. This old plant is now a resegrciect
called Pégase. Total is also doing some researato@n components, as is Euromed. R&D does not ¢once

8 http://www.bloomberg.com/apps/news ?pid=20601090&ai@HEHhCiIKQ
*http://www.renewable-energy-sources.com/2010/0al2@m-and-schneider-electric-with-venture-capital-
fund-for-innovative-technologies-for-energy-and-eamment/

10 http://www.enxco.com/solar_energy_csp.php
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much the industrial application, for the Frenchusigly is not active yet. It rather concerns cormpgonents or
new technologies (as high temperature receptorbgrel is a first stage of upstream research and then
demonstration plants as in the Pégase projediedcER project from Euromed in Corsica.
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4. Summary

There are four different types of thermal CSP tebtbgies, all of which consist in focusing sunragshboil
water, which is then used to generate power. Theyn@ant to operate on-grid in power plants, and lm
combined with heat storage devices of fossil fumlk@r generation units so as to generate base-leattieity.
By contrast with solar PV technologies, these te@igies are still immature. The most mature onealRalic
Trough, has already commercially proven investnaemt operation costs. The Tower technology is istithis
commercial demonstration stage, while the two remagi technologies — Dish and Fresnel — have natesta
demonstration of large scale projects yet. Thelies@ cost of electricity (LCE) of these technoksyis close to
that of solar PV, and thus neatly above the cosbafentional fossil-fuel and renewable energieswvever, the
cost of solar energies are also the ones havin@itigest decrease potential, this drop being cated|to the
installed capacity increase. Solar PV and then @&8Rexpected to reach grid parity before 2020 acgrto the
deployment forecasts. By contrast with PV, CSP aij@n however requires direct sunrays to be efficiezhich
limits the geographic areas where they can be é@rplo

Although the first demonstration plants date backhe 1980s, the commercial deployment of CSP teated
only very recently (1177 MW in 2009, as comparethwiore than 17 MW for large PV). It mainly conoetn
the more mature Parabolic Trough technology (93%sthlled capacity in 2009), although the Towed &xish
technologies are expected to gain market shargeinext two years (respectively 14% and 18%).8p@SP
deployment has taken place essentially in two itrthlized countries: Spain and the U.S.A. Indeesséhtwo
countries are the only ones combining attractivicpschemes and sufficient sun exposition (diatrays).
Future CSP deployment in some developing counf@bdle, Northern Africa, Middle East, Brazil, andns of
India and China) will depend on the adoption oigies such as fee-in tariffs.

Large up-front investments required for the plastallation account for more than 90% of the CSFEELThey
mainly reflect the cost of components (80% of th&tallation cost). Against this background, the @8Ristry
is structured around two key categories of actossnponent manufacturers, and the consortia — ag8ugi
expert CSP developers, construction companiesiaaddial investors — that take in charge the dgulkent of
the plants. These firms are localized in the ingaisted countries, especially the United Stated &pain,
which already started operating CSP plants. Botreldpers and project developers are strongly canaten,
what reflects the immaturity of the technology matlihan a lack of competition. Recent trends featam
increase in the number of players in the most neatachnology segment (Parabolic Trough) along whth
entry of large equipment (Siemens), energy (Arema)construction (ASC/Cobra) companies, mostly from
industrialized countries. These companies are #@blacquire the required technological know-how tiyto
acquisitions or joint project development, and better equipped to undertake long term investméanta
context where the uncertainty on technology matunitd policy support are a deterrent for finaniiakstors.

Despite the early development of a demonstrati@mtpin the 1980's (that was subsequently abandortlee)

French CSP industry is only starting its developmém 2010, Areva (LFR technology) and Saint Gobain
(mirrors) are the two most prominent actors, betrtmvolvement in CSP is recent.
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Annex: List of main companies involved in CSP

Source: CGGC (2008) and Emerging energy reseaf10j2

CSP Developers

» Technology Promoters and System Integrators

Abengoa Solar

ACS Cobra

Aries Solar Termoeléctrica

Areva (Ausra)

BrightSource Energy

eSolar

Grupo Sener

Lloyd Energy Storage Ltd.

NOVATEC Biosol

Siemens CSP Ltd. (formerly Solel Solar
Systems)

SkyFuel

Solar Millennium

SolarReserve

Solare XXI

Stirling Energy Systems (SES)

» Global Utilities/Independent Power Producers

Acciona Energia (Acciona Solar)

Cogentrix Energy

Iberdrola

NextEra Energy

NRG Energy

» Global Project Developers

Albiasa Solar

Iberedlica

Grupo SAMCA

EPC contractors and Consultants
ACS Actividades de Construccion y
Servicios SA (Grupo Cobra)
Bechtel Corp.

Fichtner AG

Fluor Corp.

Lauren Engineers & Constructors
Lahmeyer AG

Ferrostaal AG

Sacyr Vallehermoso SA
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Techint Group
United Research Services Corp. (URS)
WorleyParsons Ltd

Component manufacturers:

 Parabolic trough and LFR

3M

Abengoa

Alanod

Acciona Solar Power

Alcoa, Inc.

Archimede Solar Energy SpA

Areva (ex Ausra)

Cristaleria Espanola

Enertol Santana

Glaston Corp. (Kyro Oyj Abp.)

Glavarbeg

Gossamer Space Frames

Hydro Aluminum Extrusion Americas
(Norsk Hydro ASA)

Industrial Solar technology

Naugatuck Glass

Panaltec

Pilkington

Radco Industries

Dow Chemicals

ReflecTech

Rioglass Solar

Ronda Reflex srl

Saint Gobain

Schott

Siemens (ex Solel)

Solargenix

Soalar Millennium (ex Flagsol and Flabeg)

Sopogy

» Tower

BrightSource Industries Israel

(BrightSource Energy)

Lockheed Martin Corp.

SolarReserve (United Technologies)



 Dish

Infinia Corp.

Stirling Energy Systems
Power Block and Balance Oof the Plant
(BOP) Suppliers

3M

Aalborg Industries Group A/S

ABB Ltd

Alfa Laval

Alstom SA

Bertrams Heatec AG

Dow Chemical Co.

Emerson Electric Co. (Emerson Process
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Management)
Flowserve Corp.
Friatec AG
General Electric Co. (GE) Oil & Gas
GEA Group AG
Haifa Chemicals Ltd. (Ferquisa SA)
Holtec International
MAN Turbo AG
Ormat Technologies
Parker Hannifin Corp.
Siemens Power Generation
SPX Cooling Technologies
Radco Industries
Solutia, Inc



