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MENA Middle East and North Africa
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MENA CTF country MENA country that submitted projects for CTEAgediagEgypt, Morocco, Jordan, Tunisia)
MWI/MW MegaWatt electric (used for indicating plant capacity)
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SEGS Solar Electric Generating System
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UNFCCC United Nations Framework Convention on Climate Change




Foreword

The Middle East & North Africa (MENA) region has amongst the world's best conditions for concentrated
solar power (CSP): abundant sunshine, low precipitation, plenty of unused flat land close to road networks
and transmission grids. It is also close to Europe, where green electricity is much valued.

However, high initial capital costs remain a significant issue for adoption of CSP technology. To make CSP
projects in MENA cost effective in the short to medium term, a combination of factors is necessary,
including local incentives, conc essional finance and export of green electricity to Europe. The MENA CSP
scale-up Investment Plan (MENA CSP IP), supported by the World Bank and the African Development Bank
(AfDB), is intended to strategically utilize concessional financing from the Clean  Technology Fund (CTF) to
accelerate global adoption of the technology in the region. It was endorsed by the CTF Trust Fund
Committee on December 2, 2009, and will support expansion programs in five countries of the MENA region,
Algeria, Egypt, Jordan, Mor occo and Tunisia.

In the longer term, to make concessional finance less critical, generation costs will need to be dramatically
lower. This implies that investment costs, and therefore manufacturing costs of the main components and
systems, need to decrease. It will be made possible by a combination of technical innovation, economies of
scale, and experience curve effect. The potential for such cost decrease is considerable, as CSP is a young
industry, with a limited number of large or experienced players.  MENA, like other emerging regions of the
world, has technical and industrial capabilities which are likely to form a good basis on which to build CSP -
related activities, as shown for example by the strong auto parts industry in several countries of the re  gion.
It could become home to a new, high potential industry, serving the local markets, as well as existing
markets in Southern Europe, in the US and elsewhere. The region could benefit from significant job and
wealth creation, while the world energy sect or would benefit from increased competition and lower costs
in CSP equipment manufacturing.

To assess the local manufacturing potential for CSP components in the MENA region, a study was
commissioned by the World Bank with donor support from the Energy Se ctor Management Assistance
Program (ESMAP). It was carried out during the year 2010 by Ernst & Young (France) and the Fraunhofer
Institute (Germany). A stakeholder workshop was conducted on September 30 ", 2010, in Cairo, and
feedback was received from the client countries, industry participants and donors. The AfDB and World
Bank teams actively participated in the review and finalization of the study.




Executive Summary

Concentrated Solar Power (CSP) is a renewable energy technologg périch ohfieagnation, has started to penetrate the
energy markedarticularlyy Spain and the United States but also in the Middle East and RegtbriMiiddAns well as

other regions of the wdiddrun CSP projects in MENA competitively it el shedium term, a portfolio of different support
schemes for CSP plants is necessanging climate finance comtessional loans, revermaessblar electricity exports to
Europeandnational incenti@ike longerm power purchase agreertieiats), feeith tariffsor tax rebates

As a concrete step toward regglizine s e strategiep, laveMEMANCSPI|I saocoal €é MENA C
World Bank and the African Development Bank (AfDB), artuy&rel@iesch Technolégyd (CTF) Trust Fund Committee on
December 2, 200%is plais a landmark climate change mitigation @iogihan cefinancing nine commesziale power

plants (totaling around@\2) and two strategic transmission projects in five coentliedl &etion(Algeria, Egypt, Jordan,
Morocco and Tunisialedhei MENA CTFO countri es i northdiMeditermsean MERNA countiies r
ultimatelyto becore major suppliers and consumers ofgél®Rated electricity. THENA CSP IP is conceived as a
transformational program, leading to the instaliatieasofssW of CSP capacity in MEN2029 based on the 12V

triggered by the MENA CSPhHPfirst projects are expected to start commercial operatioasdiyit0l, supply domestic

markets in MENA countries.

MENA could become home to a new indlhsgrsegbotentiain a region witonsiderableolar energesources. If the CSP

market increases rapidithénnext fewears, the region couldefiefrom significant job and wealth ¢rastvel afrom
enoughpower supply satisfythegr owi ng demand, while the worldds renew
competition and lower costs in CSP equipment manufacturing.

The transfonational opportunity from local manufadft@®Bign MENA countries could benefit from the following interrelated
factors:

1 MENA CSP is wglhced to benefit from the massiveupcaleconcessional climate financing envisag#oelidesd
NationsFramework Convention on Climate ChHWGECY; and recently reaffirmetdtheCopenhageand Cancun
conference¥he CTF allocation for the MENA CSP IP could be the seed mone fordiiaaminitossaleup.CSPin
MENA and other regiomsidbenefit from the recent Cancun agreandit@vhich have opened the way for a much larger
funding framewofke climate conference of Cagperd on a Green Climate FuitdD0Obn a year of climate funding from
2020onwardshat will be generateairfra "wide variety of sources, public and private, bilateral and multilateral, includi
alternative sourceshis coulohclude a range of mechangmb asuctioning carbon credits and levies on international
aviation and shipping.

1 MENA CSP is centoathe higlevel political agreement between MENA and the European Union to make solar energy tre
fundamental pillar of MENIAeconomic integratandit therefore presents a major opportunity for MENA to earn export
revenueMENA CSP could be tkeealizing the EU's GHG emissions reduction and energy security objectives. The April :
EU Renewable Energy Directive, with its provisions for the import of renewable energy to achieve the mandatory I
energy targets of EU member statesfirst atep in that process, arethe Desertec Industry Initiative and the
Transgreen/Medgrid Initiafive.political initiative of the Mediterranean Solar Plan may act afaninitiativeBasuch
as Desertetabilateral level.

1 MENA's giralucing countries are embarking on CSP investment programs to liberate oil and gas from the power se
higher valugdded uses and exports, and in the longer term for CSP energy export.

The combination of these factors could uniquely advantageaMERAl docation of choice for CSP productignilend
creating demand for installed capaultystrongly drive local manufacturing.

The analysis provided in this report is based on the abstrthi@ivaolume of the installed CSP capacitheviENA region

is a main precondition for mergence of local manufactdiiegopportunity for local manufacturing of different components in
the value chain dependscemariothatrepresent critical levels of market development. Theumer ke tesicribed for the five
MENA CTéountries investigated in detail in thi;stugjorm of three scenéfimsre E&) For the MENA region as a whole it

can be assumed that the market volumeetwidd as large as in the MENA CTF caloirées

Scenario A Stagnation The home market volume of théEMA CTIEountries amounts to GVBonly.Strong
obstacles to local manufacturing of CSP componertsvEMAIDUNiesand most components, particularly those




whose production requitigh investment costs, are imported from more advanced markets. This scenario implie
incomplete remdtion of theIENA CSP.IP

Scenario B Noreplication The home market volume of thelfX& CTEountries amounts ©8\W in 202@vhich is
stricy the MENA CSP thegetwithout any significant replication &ffébts scenarithe market offeseme
opportunities for the development of local manufacturing of CSP components and provision of CSP services.

Scenario @ TransformationThis scenarimplies th&ull success of the MENA CSihdhedevelopment of a strong
local manufacturing industry5@it of CSP 12020 in the MENIAF countrieas well as @W worth of exported
componentSuch a scenario nragterializender favorablenclitions onhA moreconservativievel of installed
power may be f oun dnoreplicatiew hsecr een abrgahsfoaaatiioh tstitchaba Afirpose
herewastoestimat@a range rather than to come up with a figecestonow many\® out of the 5+2 underlying this
scenario will bealizedby 2020.

Figure ES-1 Market scenario context for the analysis of local manufacturing opportunities
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SourceAuthors

In the frameorkof these scenaritise report provides answers tonfouguestions

1

Which parts of the value chain of CSP technologies are suitable for local manufacturing and how do internationa
companiesthat are active along the value chain perceive such an opportidihigyPnain CSP technology
manufactureese alreadywolved in three ongoing CSP projects in the region (Morocco, Algeri&giae tBgimpt).
strategies and interests, it is likelggbathanufacturenyl alsgarticipate in future MENA CSP mBdgerding on

the market size in MENA couniésg companies show substantial interest in building up manufacturing capacities in
region.This report analyzes tbemplexity and required technologica¢dgefar manufacturinige main CSP
componentia light of thgiroduction and manufagguprocessekey componemisdservicesas well as secondary
componente/ere identified for local manufacturing under favorable fogudESas (

In addition to construction and civil works, most components could be manufacturedtidoadlyyvith mounting
structures and RGBS Pspecific elements such as pipingadhdérgmirrors and possibly float glass; local production of
receivers will take more time to develop. In combinaticevaditatian €SP costs, thanalysigprovidedhe
background for further assessment.




Figure ES2 Local manufacturing shares by component (total plant and solar field) achievable by MENA countries within a
decade

Total

SourceAuthors

Note: represents peragntotal investment of a typical CSPpEhiMW; the arrows indicate estimations of the attainable local shares per
component

2. Areindustriesalreadylocated in MENA suitable for local manufixctlof CSP components and the provision of
CSPrelated services7o answer this questialt releant industries were analyzed. Regardless of the obstacles
identifiedo participation of local MENA industries, expert interviews with MENA companies and with the existir
industryshowedan increasing potential for local manufacturing of compd®Rfi§ ttee CSP market grows
continuously in MENA.

The participation of local firms in the provision of construction and engineering services for new CSP plants in the
MENA region has been identified as an activity with promisspectsn the futureSeveral industrial sectoas

have the potential to integrate the CSP value chain in the MENA region are dynamic and compeditide at a regi
sometimes at an internatideal. The success of these industriestégefhdily the developnahjpint ventures
between large international companies and local firms, but also by the local implementation of subsidiaries of int
players. Ithe pastthe development of MENA CTF industries was driven by tbidalowr eost energy, atsb by

the geographic proximity to Europe. The landscape is already changing; pure subcontracting is now shifting tow
local R&D and the production efeblyltomponenthe shift toward highehrtelogy content will require increased
internadinal cooperatiodENA CTF countries are aiming to be cons
low-cost and lovskilled workshops.

3. How can the potential of industries for local manuifiagtof CSP components kacouragedy stimulation
measure® To answer this questthis, report presend@dmaps and action pfanshe key cooments and services
of the CSP value chdime success of tMENA CSP WWill be ery importano realingthis potentidUnlesghis
initiative reaekits goabfat leasi GW CSP in the region by 2020, local manufacturing ispoodi&ety abrapid
pace However, the initiative alalienot bseufficient. Technological, entreprenaalitgland market developments
which are crucial for the estabént of local manufacturing in MENA, dnivetrbye national strategies.




National strategies for industrial development and energy policy should be well coordinated andninvolve,
addition toclear targets for the market diffusion of CSP, subEt&&D #orts, the creation of strategy funds for
industrial development of CSP industry sectors, and stronger regional integration of Twlgidsmnce the
innovative capacity of the industrial sexiatechnology parks/clusters and regiawaliom platfornssiould be
createdThis would particularly help small and sieedifirms to overcome innovation barriers and to gain access to
the latest techndted advances.

Business models should build on the comparative advantages of oduatrial sectors in MENA countries and

also involve international cooperation agreements irthe form ofjoint ventures and licendimghe case of
receivers, subsidiaries of foreign companies will most likely be a relevant businesgimotg! Bhehevsstment

in new production lines based on highly automated processes for the mounting structure and in white glass proc
well as an adaption of techniques for coating and bending mirrors will be the crucial first step.

In order to imest in such developments, market actors will need good access-telai&Pinformation and

certainty about the market developm&ethnical feasibility studies regarding production line upgrades could be a
important element to assist enterprisbégniard, the creation of a regional CSP or renewable energy associatior
dealing with issues such as the CSP market development, manufacturing options and the latest technological ¢
might be an essential element in this respect. Entering |lattatingamifainvolve comprehensive education and
training programs for the industrial workforce in relevant sectors. Universities should be encouraged to teac
technologgased courses to educate potential workforces, particularly engineezshamchbtradtiates related to

the CSP branch.

What are the potentibénefitsto the MENA CTEountriesof local manufacting of CSP components and the
provision of CSiRelated servicesTo assess the potential benefits of a steady growth of theelGBRVIBRI, a
dynamic economic modeling approach was used to determine thedngraitt welue creation, foreign aredieb
creationThe model considers a continuous local market, based on the three different greathilsee rdrinka

the different market scenarios, the share of local manufacturing was dynamically modeled with respect to the
market size and the continuous growth of local techhioadlkissskiown that MENA countries would obtain large
economic and socibkenefits from a steady CSP market growth.

The technical knoWwow in renewable energy technologies would increiise growth inhe CSP markethich

would induce further positive effedteluding significant job creatiom thetransformatioscenad, the total

potential of the local manufactured added value of CSP plants could repelcaltbbsthé@alue chdip 2020

and a total local economic impact of US$14.3 billion was identified (additional industrisdcethaei @ddeBi25In

the number of permanent local jobsiseuttdbetween 64,000 and 79,000 (45,000 to 60,000 jobs in the construction a
manufacturing sector plus 19,000 jobs in operation and maintenance). Looking only to the time horizon of the CT!
(2020)intotal 34,000 employees might be working in the CSP industry permanently. In contrast, in scenario B a pe
workforce of500 to ®00 local employeesniplaceby 2020. This shows that jobs created in the construction and
maintenance of CSP tslaamnd local manufacturing of components are intarggedonomic benefits for MENA
countriescould also becreatedby growing export opportunitifer componentselated to a developing CSP
market(over US$3 billion by 2020 for exported compoeguiglent to 2 GW)




Report 8mmary

The need for a Concentrated Solar Power (CSP) home base in MENA countries

Concentrated Solar Power (CSP) is a renewable energy technology which, after a period of stagnation, habemnEdyonmEhetrate
particulariy Spain and the United States, but also in the Middle East andR¥gith{®MEDBEARS well asther regions of the world. To run
CSP projects in MENA competitively in the short and medium term, a portfolio of differenfmu@@itt @ahesriemecessary, including
climate finance and concessional loans, revenues of solar electricity exports to Europe, and national amggativegdivetyminchbhse
agreements (PPA), feethriffs or tax rebates).

Asaconcretesp t oward realizing thhesénsesamegie®) aadoi MRIENACEBPs ¢ ®) «
the African Development Bank (AfDB), and was endorsed by the Clean Technology Fund (CTF) Trust Fund Con2@dgde israDecember 2
landmark climate change mitigation program airingnwecoine commesiale power plants (totaling arou@\M).2nd two strategic
transmission projects in five countries of the MENA region (Algeria, Egypt, Jordan, Mom@ttsmtadid §uniSiMENA CTFO count
of this report). The total cost of the MENA CSP IP is US$5.6 hillion, of which the CTiRanitlipgorid¢S®y50 million. The vision is for the
Mediterranean MENA countries ultimately to becomeplieagoasdronsumers of-g8terated electricity. The MENA CSP IP is conceived

as a transformational program, aimed at overcoming market and technical barriers, in order to offer the @Stonmuitstiens tbiadib
allows them to develop a lar@e multicountry portfolio of projects. It is intended to stimulate the iradtégtasio®\df of CSP capacity in

MENA by 202@&sed on the X3V triggered by the MENA CSHhéPfirst projects are expected to start commercial operatipasndy 201
initiallyo supply domestic markets in MENA countries.

MENA could become home to andesiryvith great potentiak region witlonsiderabkolar energy resources. If the CSP market increases
rapidly in the ndatvyears, the region cowdddiit from significant job and wealth creation as well as from sufficient power supply to satisfy
growing demand, while the worldds renewabl e energyipmeatct or
manufacturing.

Theeare severafansformational opporturid@iéscal manufacturing in MENA countries

1 MENA CSP is wplaced to benefit from the massiveupcafeconcessional climate financing envisagetielddiéged Nations
Framework Convention on Climate QiNgECY, and recently reaffirmredhe Copenhagemd Cancun conferencBse CTF
allocation for MENA CSP could be the seed money fa fim@ecamgbitiosisaleup.CSP in MENA and other regions could benefit from
the recent Cancun agreements hvtith have opened the way for a much larger funding framework. The Cancun climate confer
agreed on a Green Climate Fund of $100 billion a year of climate funding from 2020 onwards that will be gerseratgafrom a "wid
sources, public andvge, bilateral and multilateral, including alternative sources.” This could include a range of mechanisms st
auctioning carbon credits and levies on international aviation and shipping.

1 MENA CSP is central to theldnwgh political agreement betWHENA and the European Union to make solar energy trade a fundamental
pillar of MENBU economic integration,jtahdrefore presents a major opportunity for MENA to earn expdiE KeveZBe. could be
key to realizing the EU's GHG emissionsiretuttémergy security objectives. The April 2009 EU Renewable Energy Directive, with
provisions for the import of renewable energy to achieve the mandatory renewable energy targets of EU siestdyeirsthas, is a fir
processas arghe Desegt Industry Initiative and the Transgreen/MedgridTihéigtlgical initiative of the Mediterranean Solar Plan
may act as an umbrella for initiatives such as Dedsiaéeral level.

1 MENA's giroducing countries are embarking on CSReimvasigrams to liberate oil and gas from the power sector for-higher value
added uses and exports, and in the longer term for CSP energy export.

These factors could uniquely advantage MENA as a global location of choice for CSPopiddintitynczive local manufactusinide
creating demand for installed cabacity.

The main objectives ofdthidyare:

1 to provide an overviemahufacturing procedeekey CSP components as weliast analysfer CSP components and systems, and
forCSP plants as a whole, including the potential for cost reduction

1 to further assess thetential in the MENA refporbuilding and developing a CSP component and equipment manufacturing industr
focusing atme five MENA CTF countries, but witder biear to the MENA region

1 to propose roadmaps andciion plato help develop the potential of locally manufactured CSP components in the existing industry an
new market entrants

The term filocal manufacturi ngf c o mpplayessesablishedima cbuaty tolproduce tbealyt ri es and subsi diar




1 to analyze potengabnomic benefitsdeveloping a CSP compgananufacturing industry and CSP manufacturing at the construction site
of new CSP plants

Figure S-1 Main Objectives of the Study

Main objectives of the study:

+ Provide an overview of manufacturingprocesses,
costs and costreduction potential forkey CSP
components

+ Assessthe potential fora CSP manufacturing
industry inthe MENAregion

« Establish roadmapsand an action plan for the
development oflocal CSP manufacturingin MENA J

« Analyze potential economicbenefits of a CSP
component manufacturingindustry in MENA

The CSP market environment: Positive trend

After twenty years of operation Bothe Electric Generating Sy@&@$ plants in California, the worldwide market growth of renewable
energies gave CSP technology autlekn countries with high direct radiaéigimning withe Spanish and US electricity syariaety

projects are now under developBiedtricitproducingCSPplants doubled their capacity with new installations sincéh20@irddie of

2010, a total of over 800 MW of CSPwaeaits operatiodlthougltheUnited Statemnd Spain strongly dominate the CSP, natiteal

support incentives €Shhas causethe markebd boonoverthepast fewearsAustralia anmbuntries in MEMAd Asiare developing their

first projects.

Figure S-2 a) Global CSP capacity existing by mid -2010 and 2projected through 2015 ,
b) MENA CSP capacity: projects under operation “/construction and in planning phase
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The MENA CSP IP and #&eocing by the CTF play a vital role in stimulating CSP plans in the TABNSIatiows the CSP projects
in the MENA CSP IP pipelinef October 2010. In total, for the five MENA CTF countries considered in thi2 &tgf @&siFphwer
plants are expected to be developed in the confifigj fesrgrk not defined.

The CSP operational power tends to change quite rapidly, especially in Spain and the US: Protermosolar pfidix ifolledemiigus: Spain Total operational 674
MW (Tower: 21 MWabalic Trough 13x50 MW=650 MW, Fresnel+Stirling 3 MW), USA 505 MW(Parabolic Trough 354 + 64 + 75 MW /93 MW, Foveereb-MSty.

Higher figures have been forwarded iM&eountries, e.g. 2000 MW in Morocco. This figureidesypiianned plants which are sufficiently well documented, e.g. through
calls for tender. Also, frequently it is not clear how large the CSP share in thbee plans could




Table S-1 Planned projects for MENA CSP IP

Country Project (Name) Capacity CTF financing
(MW) (US$ million)
Megahir 80
Algeria Naama 70
Hassi R6émel [ 70
Egypt Kom Ombo 100
Jordan Maoan — 100
Mashreq CSP transmission -
Morocco QOuarzazate 500
IPRCSP 100
Tunisa ELMEBCSP 100+
STEGCSP 50
Tunisidtaly transmission -
Total ~ 1,170 750

SourceThe World Bank
Status of CSP technology: Diverse solutions, significant cost reduction potential

Sinceparabolic trough plamse becommmmeially bankable, the higsbste of announced new projects worldwide (up to 9,000 MW) uses
this technologihe focus throughout this study is thergfaratmiic trouglantsSome projects usicentral receivers with high solar towers

are also unddevelopmemhainly in thenltedStates Dish engines dtdlvesome cost disadvantages, but US developers hope taligercome

by mass production and thousands of single installations in a large area (tothlO€8pRtMABBOUgh Fresnethaology has the same

solar field desigmuttsmirrordhravelower production costs, this technoldagsativolumes of announced projects (the first 30 MW plant in the
south of Spain will create commercial experience). Due to considerablelhdoatypesof CSP technologies, calls for tenders should
promote all technologiegmatch minimum requirem@mttudingxperienceith the technolpgyhis will allow innovative aneftiognt
technologies to prove their potentlaingilown the cost of, @8& will help to materialize more CSP capacity with a given amount of financing
Most findings are also applicable to all CSP technologies, because the working principkas] tive matedetion processes do not vary
significantly. Most trough, Fresnel, tower (and partially dish) technologies consist of steel structared,afpsshenitdres using a
sputtered selective coating. All systems track the sun, have high optical/geometric accurassy relgtirelndritgsmperature materials

and processes, and have electric generators that need to be coupled to thieetectric grid.

F processes and components serving different technoladidsemostrelevanto local manufacturingoncerns;

F andnewver technologies such as Fresnel may offer opportunities for local innovators to enter the market where international
players are still less well positioned.

Table S-2 Current CSP projects in the world market
[MW] Operation&lfor! Bookmar  nder construction Planning phas4e Total
not defined.
Tower 44 17 1,603 1,664
Parabolic 778 1,400 8,144 10,322
Fresnel 9 30 134 173
Dish & Stirling 2 1 2,247 2,250
Total 833 1,448 12,128 14,409

SourceSun & Wind Eng210

A recent study carried out by the European CSP industry association Estela and by AT Kearney (Estela, 261 6pstnaigiaetiome late
potential by interviewing the existing CSP industries regarding technology improvementshangsetitstalef. 8dwe results are shown in
tableS-3. Overalhelevelized cost of electr{tilBOE could decrease by @3percenby 2025 according to AT Kearney. Economies of scale,
efficiency increasaad technology improvements are the maiffodrifisr development. Mangorswill contribute to these total technology
and cosmprovements by values of 15pger@&nincluding:

F anincreasing number of plants being built in sustainable and reliable markets,

F competitive market mechanisms]udingestablished anshnovativeCSP technologies
F further research and development.
F

On averagehe expectednnualcost decrease iabout3d4 percenfi placing CSPetween wind enerdwith expected cost
decreases adbout2 percent a yeagndphotovoltéc (PV)with a cost reduction path exceedingd@entannually.

Planning phase: Projects are announced by project developers oengmeesnBris taking place, but real construction and all administrational authorizations have not been
finalized yet.




Table S-3  Potential reductions in levelized cost of electricity to 2025

Reduction in total plant Levelized Cost of 4560%
Electricity LCOE (2025)
Economies of scale 21-33%
Efficiencincrease 1015%
Technology improvements 1822%
e R IR p’\a/l;;rtc))(r)?ic Mirrors flat Receivers | Steel structur( Storage tank Molten salt
2020 25% 25% 25% 30% 20% 15%

SourceEstela 2010

The CSP value chain

An evaluation tife MENAegiod s p o t develbiijga homé lnase for CRfjuires detailed analysis of the CSP value thkain
technologies and services, the production pracekbesnain industrial players. It is further important to review the cost of CSP and the
cantributions from individual components of the CSP value chain. Based on the complexity level and the pfatetitimgoasoaaiiraanu

the share of added value in the CSP value chain, a number of key components and serviceshadarbearideniifiedhisirigy
componentmcludemounting structsirenirrorsand receiverandkey services range from assemblingngimtering, procurement and
constructiofEPQ tooperation and mainteng®&\. Single countries of the MENA regieralmaady developed some production capabilities

of secondary compon@ntsluding electronics, cables anddpighich might contributdhébocal supply of future CSP projects, although their

share in the overall value chain might be of minocerfmnrted-3 shows the different components and services linked to the production and
use of CSP, and their shares in the value chain.

Figure S-3 Main CSP components and services and their share in the value chain
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SourceKistner 2009, Nava 2@hnatbaum 2009,VoteSolar 200§‘\

Note: Investment cost data based oneditivegtment cost of an Andié®sopower plant with a rated power of 50 MWel, a thermal storage
capacity of 7.5 hours and a solar field size of 510 thousand m

The componentstioé solar field are the most capéakive and constitute the largest part of the value chain (38.5%). The price of a collecto
mainly determined by the cost of the receiver (7.1%), the reflector (6.4%) and the metal support straktufeld @ip#y (Gut%) and

HTF (2.1%jIsoinvolve considerable investment. To install these components and build the whole power plant, it is necdésdry to employ
aboub00 people, based on Andasol 1mendedvancetechnologiasly ongwer workers. The majority of the workforce is blue collar workers
whoassemble the collectors and performsgaodrmbnstruction work of general building infrastructure. Further, logéstdtoegperide

the whole transport system, which nresistent to bottlenecks which are a cost multiplier in the work flow. Overall management is provide
experienced specialists, to ensdie®and cosfficient planningborconstitutes abdligpercent of costéstorage is includedpéfren

of total investment is due to this syidternelative contributiontoér costis alsoaffected by storage because a storage plant is usually




equipped with a much larger solaiCfileét. costsiclude project development (2.9%), project man@g&bierfinancing (6%) and risk
allowances (3%). This cost block is stronghefatgdcind can change due to project characteristics.

F Although the components of the solar field are the most @agitedive and largest part in the value chaing thee
opportunities for local manufacturing and services all along the value chain.

The international players in the CSP value chain

The value chain analysis gives an overview of internationatoomptatiye in CSP. These companies shovpatéigtal to participate
in future MENA CSP markets. Some players are already involved in the ongoimMogstpoojkigisria and Egypt.
F Local manufacturing can take place if technical and economic requirements for local and internationslezempatnigost
important is a sustainable CSP market, which will have to be facilitated by political measures. Local manufactdrtag is relate
market size as the output of a single component factory is often high.

Table S-4 Value chain analysis

Industy structure Economics and costs

Project 1
development i

Small group of companies with technologitedinow

International actors have fully integrated activities of gioeesijotgen
often with project development, engineering, financing.

1 Mainly labémensive engineering activities and
activities to obtain permits.

EPC cofractors |  Strong market position for construction, energy, transport and in

projects.

1 Large infrastructure companies (high jurnover

Pgrabolic 1 Few, large companieften from the automotive sector 1 Large turnover for a variety of mirror and glasg

mirrors 1 Large factory output products

Receivers 1 Two large players 1 Large investment in khow and machines requ
1 Factories also in CSP maik8jsain and US

Metal suport 1 Steel supply can be provided locally 1 High share of costs for raw mzteetbr

strucure 1 Local and international suppliers can produce the parts aluminum
Market structure and trends Key competiveness factor

Project 1 Strongly dependinggoowth/expectations of individual markets 1 Central role for CSP projects

development

1 Activities wonldde 1 Technology kniaw

1 Access to finance

EPC contractors § Maximum 20 companies

1 Most of the companies active on markets in Spain and the US

1 Existing supplier nekwor

Parabolic 1 A few companies share market, all have increased capacities 1 Bending glass
mirrors 1 High mirror price might decline 1 Manufacturing of léegn stable mirrors with higl
reflectance
1 Inclusion of tgtream float glass process
Receivers 1 Strongldepending on market growth 1 Hightech component with specialized producti

1 Low competition today; new players about to enter the market manufacturing process

Metal support 1 Increase on the international scale expected 1 Price competition

strucure 1 Subcontractors for asbéng and materials 1 Mass production / Automation
Strengths Weaknesses Opportunities Threats
Project 1 Reference projects 9 Dependency on 1 Projects in pipeline | 1 Price competition with other

development 1 Technology kndww political support renewables

EPC contractors |  Reference projects
1 Welttrained staff

1 Network of suppliers

1 High cost 1 Projects in pipeline
1 Achieve high cost

reduction

9 Price competition with other
renewables

Parabolic mirrors

9 Strong position of few player

1 High margins (higst
reduction potential)

1 Cost of factory
1 Continuous deman
required

1 New CSP markets
1 Barriers for market
enrty

1 Unstable CSP market

1 Flat mirror technology (Fresne
Tower)

Receivers

1 High margins (high cost
reduction potential)

9 Dependency on CS
market

1 Hghentrybarrier for
new players (know
how/ invest)

9 High cost reduction
potential through
competition

1 Unstable CSP market
9 Low market demand

1 Strong market position of few
players; new players to becom|
commercial

Metal support
structure

1 Experience

1 New busiss opportities for
structural steel

1 Lowentybarriers

1 High cost competiti

1 Increase of efficiency
and size

1 Volatile€CSP market




Opportunities for MENA industries of manufacturing CSP components in the value chain

The report analyzes in depthaimplexity and investment intefiitgelection of production procesga® a broad overview of which CSP
components can be most easily adapted for local mahyfémtatioginternational indwstd/would consequently have the pigtestst
formanufacture in MENA countries in thastioniderm For each manufacturing process or service, barriers and bottlengehtficah be
that could impelbeal MENA induseesty taghe CSP market in METéAleS5 provides an overviefatechnical and economic baiiers
manufacturing CSP componentsithatetb be minimized with special roadmaps and acifahggesatespotentiadf MENA in CSP is to
be realized

Table S-5 Technical and economic barriers

to manufacturing CSP components

Compe Technicabarriers Financial Quality Market Suppliers Level of
nents barriers barriers
Civilwork || Low technical skills required Investment in |Standard quality of qSuccessful market | Existing suppliel
large shovels |works, exact works |players will provide | structure can be| Low
and trucks these tasks used for materig
EPC Very hidiaskilled professionals: Quality managemen|Limited market of Need to build up
engineers | engineers and project managers | total site has te Hongexperienced engineel an own network .
andproject | university degrees Medium
managers
Assembly | Logistic and management skills |Investment in |Acarracy of process, Collector assembly h Steel parts
necessary assembly low fault production |to be located close tq transported ovel
Lean manufacturiagtomation building for eaqduring continuous la|site longer distance L
site, investmerjoutput Competitive ow
in training of | Low skilled workers suppliers often
work force also local firms
Receiver | Highly spgalized coating process |Hgh specific |High process knbawLow market Supplier networl
high accuracy investment for |for continuous high |opportunities to sell t| not strongly Hiah
Technologintensive sputterstgp  |Manufacturing |quality product to other required 9
process industries and st
Float glass || Float glass process is the-efdite |Very capital |Puityof white glass |Large demand is Supplier networl
production | art technology but large quantitieqintensive (raw products) required to build not strongly
(for flat and highly energy intensive production lines required High
curved Complex manufacturing line
mirrors) Highy skilled workfer¢o run a line
Mirror Complex manufacturing line Capitaintensiveg Longterm stability of [High quality flat mirrq Supplier networl}
flat Higlhy skilled workforcertm a line mirror coatings have limited further | not strongly
(float glass) markets ' required High
Large demand is
required to build
production lines
Mirror See flat mirrors See flat mirrordSee flat mirrors Large demand is re | Supplier networl
parabolic | Pls: + bending High geometric quire_d to build produ( not gtrongly
Bending: highly automated produ|devices precision of bending|tion lines required High
process Parablicmirrors can
only be used for CSH
market
Mounting | Structure arabsembly are usually |Automation is |For tracking and Markets with large arf Raw steel markg
structure | prietary knelow o€ompanies capitaintensvze |mounting: stiffness dcheap steel important
Standardizatiantomation by robo{Cheap steel is |system required | Transformation Low
stamping reduces low skilled wor|competitive lndustrl_e_s are highly
but increases process Know advantage competitive
HTF Chemical industry with large Verycapital Standard product, hiLargechemical com | Not identified
productits. Howevghe oil is not  |intensive resistant panies produtgemal High
highly specific oil
Connection| Large and intensive industrial ste|CapitaintensivgHigh precision and hLarge quantities Not identified
piping transformation processes production line|resistance Medium
Proces knowhow
Storage Civil works and construction is dgNot identified |Not identified Low developed mark| Not identified
system locally few project develope .
Design and architecture Spain Medium
Salt is provided by large supplier
Electronic | Standard cabling not difficult Not iéntified |Not identified Market demand of ot| Often supplier
equipment | Many electrical components industries necessary| networks
specialized, but not CSP specific bg(_:a_use of Low
equipment division
Equipmemtot produced for CSP o
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The analysis of the value chain leads to the following conclusions:

F A growing market has been identified for all groups in the yaluenshierials, components, engineegingering, procurement
and constructioantractsy operator, owner, investors, and research institutions).

F  High technological kinmomw and advanced manufacturing processes are necessary for some keyileopgrafahic mirrors or
receivers, which nevertheless offer the highest reward in terms of value added.

F Some sectors and compalikesreceiver suppliatsongly depend on CSP market demand and growth. Other firms have built thei
production andamufacturing capacities to respond to the demand of other markets (CSP is a niche for them).

F  Some components (piping, HTF, electronics, power block) are produced by agexiansEs@®R knowow or background
because this equipment is usedfgrather applications (chemical, eleatrdeliectric industries)

F Thepotentiadf MENA CSRay bechievebtlythemanufactaofcomponents by local, regional and international camgithies,
construction of CSP plants in the MENAy&mdiconstructimompanieand subsidiariestiéinternational CSP industry.

F  Production capabilities for some key components (mirrors and receivers) moved to the current CSP nthekétrit@dSpain and
Statesas soon as the market (or the prospebtsfmarket) had attained a sufficient size. They could move to MENA when the CS
market takes off in the region.

Evidence from the CSP value chain of local manufacturing in MENA and other CSP markets

Three CSP plants (all integrated withedasombel cycléurbinesare under construcbomthecommissioning phaséuraymgEgypt)

Ain Beni Mathévloroccop n d  H a s(AlgeriaRdtimsel are the first plants of their type in theesegroningher use oflocal
manufacturing providesghts abothe share of local content that can be aehiéwalld diminish the learning curve of futur&qglants
comparative purposes, the local component of plants in Spain, the United States and China are also evaluated

1  Kuraymat (Egyp#bou 60percendf the value for the solar field is generated locally. Civil works, the mounting structure, the tubes, ele
cables, grid connection, the engineering, procurement and construction responsibility (engineering strongigrSaopgosted by Fich
Flagsol), the operation and utility is all done by local industry. However, some of the key componentsraeenstilbpedvitkdtoy
(for example, tingirrors, receiver, heat transferafhddsteam generator). Egypt is méfkirtg &achievenorelocal content in newly
established wind parks. In teadeltsidding procedures, projects with a large share of locally produced components are prioritized.
approach could also be introduced for CSP projects.

1 Ain Beni Mathar @vbcco):All main components and equipment for the project are imported from international market players.
participation of local industry in the first projects leads to low technology transfer. Many internationad banvgptaleeti sugptier
steps in the MENA market by selling their components in Morocco. Cost advantages for local components baddssiiiees could not

T Hassi R 6 mA Very (aryé shaaep to #Q percent) all equipment and components is imperiedno local share in the
manufacturing of the solar field. Civil work at the Algmssugite 3@ercent morthan in SpaiAbener is expecting thairé
projects can usdocally produced steel mounting sydteaughasne knowow for pject development of conventional power plants
exists in Algertaeengineering, procurement and constffeE@poontractor is always an international cofipealycompanSarpi
provides electronic equipment for the plant. An Algerian engipaegn@lgesco) will provide turbine maintenance during operation; the
main O&M is done by Abattbiough this analysis fihdsthe Algerian industry could play a role in local manihiactiairegof local
involvement in the current projeatisonEvencomponents and services with a lower technology level have been provided by internatio
companies.

1 USA:TheUS governmergcenthygave a loan guaranteJS$1.45 billion to Abengoa to build a 26@S®\Vpower plant in Arizona
(Solanpwith theonditiotthat the projests to utilize a maximum share of American contpadiedtbengotoraise the local share
to 7Qpercent.

1  Spain For the first large commercial plant Andasol 1 in 2006, the share of Spaneshselpplig@rcentFouryears later, the new
planthadmore than fercentocal supplie (personal communication Protermosolar).

1 China:Among everalother countrie€hinahas successfully used local content requiremeciedsehe local manufacturing of
renewable energy components. In 2005, the Chinese National Development and Reform Commission (NDRC) stguiated that new
mustmeet a 7@ercentocal content requirement on value added. Local content clauses are removed once intetivatimtaly compet
industries have been established.

These examples show a large range of local mansfecasingCSP projetth e | oc al share has been very
Beni Mathar, as most components were imported by the EPC Thistreantoloe explained by the fact that thedfrthesm projecias

not to develop the local €&$Red industry, but to deliver a functional ISCCS within tight deadlines. On the other hand, the Kuraymat

achieved Gfercentocal productioThe key to that success was the involvement of a local EPC contractor, Orascom Industries, and the suf
Fichtner Solar and Flagsol for the conceptual design, eagthéecimgjcal advice on the assembly. As Orascom is an Egyptian company, i
was easier to involve local subcontractors, like NSF for the stdélestosetiucempanies involved in that project have gadaukepdmbw

should be able to use it for future projects.
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F The Kuraymat ISS@®Ilantin Egyptcouldbecome a referencegpect for pure CSP plants in the region. Despite unfavorable
conditions for CSP, approximatelyp&fcentocal value generation for the solar field shows that the local industry is already
capableof develofing and builihg CSP projects.

Althoughe pract development for the solar field was done by internationabecays&néésa lack of legpkrience with the development
of CSP plantia the future, it is likely that local engineering offices and EPC contractors will be ableperignogiingtkbiesthis project
to future projects.
A promising approach to develop local CSP production would be to combine:

1 International cooperation to facilitatbduwdvansfer.

1 Involvement of a local EPC contdetaititate local companigipateinto the CSP value chain.

1 Funds to compensetenpanies ftite potential extra costs relatgsing local componeAtthough can be more cosihd time
efficient to import compaenemiking the effort to involve local companies injadirstg@mt additionatost can be a profitable
investmerts these companies will gain expdoemelvement in future projects

Potential for local subsidies and local manufacturing of international companies
thresholds

Internional companies will have an important role to play in the development of local industries. EPC companjesraiaitgadject develo
active in the region have local offices in MENA countries close to the CSP projects and their customemplblyelaahpaies
international workers and engineers for projects in the countries. Comparable with conventional power platis,e2B€ctanmniginies a

and production

share of project development, managemdesrigineering from international compaseiesnsitlgechnicadxpertisand project experience.
Figure & provides an overview of the possible local content of different parts in the value chain as seen by international players.

cCxe
Component Local Services and Local ot (oo
manufacturing] power block manufacturing - ot o, 100%
possible? possible? Reference (total)
Mirrors Yes, large Civilworks  Yes, up to 3001 USA
market 100% 8 e
Receivers  Yes, longerm | Assembling Yes, up to -1 70%
100% E 200 Egypt
Metal Yestoday Installation  Partly, up to £
structure works (solar 80% £ 150
field) £ 100 Morocco, géria
Pylons Yes, today Power block No
50
Trackers Partly Grid Yes, up to
connection  100% o " — p—— p -
Swivel joints Partly Project Partly, up to Condteand  soarredand | Sysem . aComponents
development 25% Solar Field HTF System and Plant System
HFT No, except EPC Partly, up to
systems pipes 75%
Figure S-4 Possible local content by component of  CSP power plants

The status quo of local manufacturing for CSP projects in the MENA region and the potential for local mifardattoidcgsfan the d
value chain is evident from figd@bove, which shows that overall local contewdliretbbain ranges froii3@ercentvhile examples
from the US show thap&@entould be reachdthe importance of the size of the domestic CSP market is underti#d by table

Table S-6 Thresholds for a typical factory for core CSP components

Components of

Annual output of a

Investment per  Jobs per factory Specifigobs

the value chain typical factory factory fillions  (jobs p.a.) (jobs/MW)
(MW/year) of eurog
g Receiver 20G 400 40 140 0310.7
g Mirrors 20G 400 30 300 0715
£  Steebtructure 501200 10 70 03105
o
O HTF Very high - - -
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F Below the thresholdssted in tables6, it may be difficult to attract core CSP manufacturing unless export markets can be
exploited to support market deployment. This also points to the impataagional specialization and cooperation as long
as the domestic markets are still on the rise.
In interviews, international companies emseasirgtipport mechanistingt woulinprove the situation of CSP in the RégioA
1 Longterm securifgr planning and financing byirfe¢adffs or comparable mechanisms, including export contracts to Europe
1 Improvement of legal situation for orders and pradtENARegion
1 Guarantees from European countries or international financial otgaediate cousspgcific risk and financial costs
Achieving a sustainable market¢quilienore than grants or concessional loans, which are for only a limited number of projects. Instrument
feedin tariffor PPAs with a leiegm perspeeat @ tender procedures with a constant annual installation volume over at least 5 to 10 years wc

facilitatdongterm planningVithout a lofigrmperspective, international companies have low interest in investing; imuastmegion
decisiondepend more on the existence of a predictable and stable market than on secondary faot&esdikke blkBi@ess networks.

SWOT analysis of MENA industries relevant for key CSP components
A SWOT analysis of MENA industries suitable for CSfigmsgred in the tab87; more details by industry are given in the report.

Strengths

Low labor cost (especially feskitled workers) Insufficient market size for creation onfdac&cturing
One of the highest solar potentiile world (desel Administratioreaid legal barriers
areas

) Lack of financial markets for new financing
Strong GDP growth over the 5 pasinyaiatd ENA ] ] I ]
countries Higher wages for international experts/engineers

High growth in the electricity demand will requit Higher capital costs

investments in new capacities

Energy subsidized up to 75% in some countries (although subsidies are dec

Strong industrial sector in Egypt No fiscal, institutional and legis@imework for RE development (laws for rene

energies under development for long periods)

ParticulamrpximitpfSpain and Morocco

Despite numerous regulations, implementation and enforcement of environmn

Existing float glass sector in Algeria - S
regulatisoften deficient

= |=a =a |=2 = = = =2

Large export industry in TuamsidMorocamith long
experience with Eur(ge., automotive industry a
to a lesser extent, aeronautics)

Need for strong network, business and politicibosnne

Lack of specialized training programs for renewable energies

== =2 |=2 = A=A =A== =A==

9 Firstcspnsccs plants in three MENA countrie

Partly insufficiently developed infrastructure
constructed by 2010

Opportunities

Further cost reduction of all components Training of workforce and availability of skilled workers not sufficient

Attractiveness to external investors by large me
demand

Solar energiWlaoccan Solar Pl&anGVy, Tunisian
Solar Plapremises of an Egyptian Solardtan

Technical capacities of local engineering firms

Lack of awareness of management on opportunities in CSP sector

Access to financingi®w production capacities

Presence of public actors in-t#ehrvalue chain while private actors more abse

Possibility of technology transfer/spillover effec

foreign stakeholders in MENA Competition with foreign stakeholders: historical presence of German player

. B interest of USA in the Egyptian market
Political will to develop a local renewable enerc gyp

technologies industry Higher costs comgato international players

Higher transport losses/costs due to insufficient infrastructure

= =4 4 -4 -a-2

Export gtential (priority given to export industrie

A=A A-A-a-a-a-2

Competition with other emerging countries

Table § A SWOT analysis of MENA industries suitable for CSP

F Several industrial sectothat have the potential totegrate the CSP value chain in the MR&tfon are dynamic and
competitive on a regionahd sometimes internationsdale.

The glass industry, particularly in Egypt and Algeria, has been a regional leader for a long time and psoshitimTreasauifytsT he
cable, electricahd electronic industry can also claim the same position, especially in Tunisia ahe isubtmssad.these industries is
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facilitated by the development of joint ventures between large internatisrexiccéoephriiierass well ady the local implantation of
subsidiaries of international playgrs.pgastthe development of MENA CTF industries wasttgiem bgst for labor and energy (the latter

in particular for Algeria and Egypt) arel dsographic proximity to Europe. In order to position tfetheel@&® market, MENA CTF
industries face several challenges, mainly in adapting their capacity to higher technology content (foriedastply ifhihéagidssape is
alreadyhanging; the situation of pure subcontracting is now shifting toward more local R&D and thetgchduatipomditggiMENA

CTF countries are aiming to be -cosbanthiskiledworishaps fAcent ers of exc

The slit toward higher technology content will require increased intetatipoadiooperationVhereas cooperation between western
countries and MENA is thrivi ng,relailfow. dnitiaives have bdederttalea ® develdp-iNtia c o u
MENA cooperationaémonautics for example, but have neveetysencessfubhared research and technology development between public
bodiesd.g.,universities) and corporations could be strongly enhanced, fuy destalogeng technology platforms and clusters.

Many industrial companies still have a limited understanding of the market potential offered by CSP depiegreantsRaisinigi¢hesh

of these potential players will require clarificatioradéefior CSP in the MENA region and beyond. Furthermore, investigating the possibilitie
of flexible production |Iines might <contr i blorexamplewstaedstrusiutei g a
manufacturers usuyaldapt their production tools to different products with little effort.

Industry capabilities for CSP components and services

F Regardless of identified obstacles to participation of local MENA industries, the expert interviews with MENA companies anc
with the existing CSP industry carried out during this study have shown increasing potential for local manufacturing of
components for CSP and the provision of construction and engineering services for new CiEfh@I&8B, market grows
steadilyin the MENARegion

Key findings regarding the status quo and future perspectives of local manufacturirgeor CSP plants
1  Successfully constructed ISCCS projects have increased CSP experienoe ami/ktbiv

1 Some components and parts for the colesttstrstture were supplied by the local steel manufacturing industry (Algeria, Egypt, a
Morocco).

1 The wrkforce has been trained on the job; engineering capacities have also experienced some progress.
1  Specialization of each country would be besedicsa lncal demand will probably be relatively low in short/medium terms.

1  Several parts of the piping system in the sblar file&dinterconnection of collectors and poWwerabliokadye produced locally by
regional suppliers.

1  The developmefitaoCSP mirror industry in MENA colatriggnificapotential.

1 Involvement of international companies will play an important raésrim degetogmentteCSP industry in MENA coulbieiesuse
it wilbuild up local production failitie

1 Minimum factory outputs have to be taken into corfsidecatiomnufacturing of special cong@tasd, receivers, salt, thermal oil).
The rain drivers for development of CSP local manufacturing in the MENA region are similar tomtfzekdite dStSfestable B).

Table S-8 Requirements for enhancing local manufacturing of CSP components

Attractiveness ¢ Technologica ~ Training Financial Competitive Improvement ol Investment]
local markets, knowhow education investment location quality and regulatory
Component
local demand factos assurances framework
standards
Civil Wosk X X
Installations X
EPCengineers X
Assembling X
Receiver X X X X X X
Mirrorsfiat &
) X X X X X X
parabolic
Mounting N X N
stricture
HTF X X
Connection X X X X X
piping
Storage system X X X
Electronic X X X X X
equipment
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The prospects for local manufaataringsummarizeidr eacltomponent

1 Construction and civil worksithe short tefrallconstruction at the final plant site with the basic irdrasstattation of the solar

field and construction of the power block and storage system could be accomplished by locgleotenpértasl (CEP
investment for a reference plappooximatdySE millioperMW).

1 Mounting structurefhe mounting structure can be supplied locally if local companies can adapt manufacturing processes to p

steel or aluminum components with the required high accuracy.

1 CSPspecific componentwith higher complexityn the short to medium term, local industry is generallyotapahieg

production capacities andingghe technologidalowledgt® produce mirrors (glass bending, glass coating and possibly float glass
process) of higliality and high technical standard as required for parabolic mirrors in parabolic trough plants. This might |
international cooperation for specific manufacturing steps in the short term. Later, local provision of axhegugipisligould incl

mirrors, receivers, electronic equipment, insudtiskills for project engineering and project management. In particular for the

receiver (absorber) technology, the most promising opfiorinigiina¢gional compart@snovelose to the rajalyincreasing

market

Figure & describga possible evolution of local CSP industries for the key components (mirrors, mounting structure, electrical and el

equipment) in the CTF MENA region, taking into account the market sizafipodifeent ¢

Figure S-5 Evolution of local CSP industries for key components in the CTF MENA region

Current situation 2015 2020 pLED
MENA market

~1GW, 10-20 plants, ~8

(capacity, nb of FOMW, 315CC,~ 0.5 300 MW, 3-5 plants, ~2
plants, size in
billion 5)

Marketsize (S}

- Al ISCCsupplied by -Large internaticnal companies
international companies getting interested in MENA market

Description - MENA market size not -Part of value chain produced

and drivers large encugh for local CSP locally (coating) by local glass
=lass and mirror production transformers

-MENA marketsize still too small
for full value chain integration

Saint-Gobain Guardian Ind
PRG 400-450

- Regional market size becoming
significant

-Integration of full value chain by
local players
-Implementation of a large
internation firm’s affiliate and
development or reconversion of
assets by pure local players

~2 GW, 20-30 plants, ~15

~same players

800-1000

-Development of local assets,
increase of local producers market
share driven by call for tenders’
local production clauses
-Consolidation of all « historical »
stakehaolders " position

Marketsize (5]

- Abengoa supplied AinBeni - Increased interest of company
Iathar and Hassi R'mel with R&D capacity and already

Description - NSFengineering designed  producing complex metallic

e and produced the Kuraymat  structures {roofs, wind towers)
mounting structure - Internationa| developers

preferring « standard » mounting
structure design already
implementedin other CSP plants

800-1000

- Cost reduced by local production
{especiallythrough low transport
and low labor costs)

- development of local knowledge
and experience gained in first
MEMA projects

- Very specific needs of
international cevalopars

1500-1700

-Perfect command of mounting
structure construction technigues
- Previous economical drivers still
influent

- Only « pure » local production as
no need for know-how transfer
‘anymore and industrialisation of
production

Developpers
international
suppliers

5SS @St 2 LILIS NX2EeoniCablesY

LeoniCables,

Delphi Yakazi
internationalsuppliers  Delphi,Yakazi Sumitomo, Sumitomo, —sameplayers
Marketsize (M$) 2 Nexans+ new enlramg_l ~30 Nexanstnew entrants ~50
-L comply - Consolidation ofmarketshares -Shareof the marketbetweentop
with i by localfirms (competitiveon
Description | internationalsuppliers international cli pin - D ts import i i and
and drivers - Lowaddedvalue specificCSP components becausef th inati i aving
components ¢ables etc.) -New entrants irhi it d i

suppliedby localcompanies ~ components rackersfor
examplg, asaeronauticabr
autmotivecompanies

local production clauses in call for of low labor costandstrategic
tenders

location

.: Import in MENA

Y aLIdzNB¢ t20Ft LINBRAzOGAZ2Y O6OdzNNByd t20Ft LI I &SNBO

.: local production (implantation of international players)
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The mapping of players for CSP commahextitsin mirrors, mounting stru¢amdselectric/electronic components should be lesynamic.

the op hand, components that are not specific ®.gC8&bles, balance of plant) will be supplied by players who are currently active ir
conventional markets. Market shares should evolve atauiifiogatoarket drivessich adMENA industr@&smptitiveness, change rate,
availability of low cost materials. On the other handtearychighonents that are specific to CSP (HTF, receivers) will continue to be supplie
by a very limited number of international cotiygamiagping for thesepaments should not chasigeificantly

Scenarios for local manufacturing in MENA countries

In the report, detailed roadmaps and action plans are developed for the key components and services of the d&28&nvplae, ehidina T
time horizon 12020, is developed based on three scenarios.

F It is assumed that the volume of the installed CSP capacity within the MENA region (home market volume) is a mair
precondition for the emergence of local manufacturing, thus the scenarios represeleveisice#l market development for
local manufacturing. The home market volume and the potential amount of export (external market volume) are regarded a
indicators for the development of a successful policy scheme.

The scenarios chosen here repredeat lenels of market development for local manufacturing. The market volume is described for
five countries investigated in detail in this study. For the MENA region as a whole, it can be assumed traduttbwvicarket volume
as large as in th&NA CTF countries aldie three scenarios proposed are:

Scenario A StagnationThe home market volume of the five MENA CTF countries amounts to 0.5 GW only. Strong obstacles tc
manufacturing of CSP components remain in the country marketgrapdneiats, particularly those whose production requires
high investment costs, are imported from more advanced markets. This scenario implies an incomplete reddiPalion of the MEN

Scenario B Noreplication:The home market volume of the fNA RIEF countries amounts to 1 GW in 2020, which is strictly the
MENA CSP IP target, without any significant replication effect. In this scenario, the market offers soreedepplupumées for th
of local manufacturing of CSP components and pfo@SB services. This scenario aims at an adaptation of international
production standards and techniques in existing industries, and leageide aumggionf suitable CSP components produced
locally in the MENA region. The base le@Npfnmech would mainly be determined by the CTF alone, does not include any
additional CSP development triggered beyond the initiative in a narrow sense. This base level would themdfdrerconstitute a fo
which more comprehensive policies can sgurGSBrdevelopment in the region

Scenario @ TransformationThe home market volume of the five countries amounts to 5 GW and the export of components reacl
volume corresponding to 2 GW installed CSP capacity. National CSP promotion plaraldpeace caeeklydenternational
initiatives are strongly represented and/or private investors are notably active in the region. Policy adtiooyatiungd support
and the development of intellectual property rights in the field of CSP compgrexusrtAosentation should be motivated to
take advantage of the proximity to other emerging markets.

Assumptions for scenario C are based on past developments for the annual growth rates of total installedreapaaitiks for other
technologiesuch as wind and PV (about 60 percent annual growth rates over a decadarnbitiewsmpelmies, and abef02&rcent
for countries with less ambitious policiesO)alale Bell as on wanlarket projections for CSP.
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Figure S-6 Market scenario context for the analysis of local manufacturing opportunities
Stagnation Noreplication Transformation
MENA home i } -
volume 0.5 GW 1GW 5GW
Scenarios A B |C
W e Nt
Potential
foreign trade | : X
0 GW 2 GW
Focus
of support | | |

[
Enhancing the provision
of products and
services with low
barriers by existing
companies

[
Adaptation of internat.
production and service
standards for
components with
medium barriers

Strengthening the
innovative capacity for
CSP components and
services

Table S-9 Average annual growth in cumulative installed capacities for wind energy, PV and CSP

Germany 56% 17%

Spain 90% 27%

Denmark 22% 4%

USA - 63% 2003/2009
China - 60%

India - 28%

Brazil - 66% 2003/2009
Egypt - 36% 2003/2009
Morocco - 29% 2003/2009
Turkey - 155% 2005/2009
Germany 57% 64%

USA 28%

Japan 18% 2004/2009
World 41% 2007/mid-2010
World 59% 2007/2015
Scenario A 24% 2010/2020
Scenario B 32% 2010/2020
Scenario C 61% 2010/2020

SourceFraunhofer ISI based on various sources

It is important to compare the scenario settings described above with theeprmddetitypicdiactories for core CSP comporsess (

sectiPmnt eonnt i fal for |l ocal

subsidies

and | ocal )nWe saW that typicali n g

thresholds for key components are in the raGi#00f K0V pgrearfor mirrors or receivers, afgDBOMW pegrearfor mounting structures.
This implies that the total MENA market should reach, in the ten years up to 2020, a level of total inst@idd>@E R thedicky afse
and 0.2 GWin the second case. Assumingreéaittalled in the five MENA CTF countries, the thresfi@l@\argpto 2020 if mirrors or
receivers are considered for local production; &i@&V@.25the case of mounting structuyeetfiveen scenarios E &).

F Thi s s howsredidatod ¢ be

na&rio is at

t he | o,amshat the EWFeffort must atf ul f i

least trigger a doubling of the CSP installations in these five MENA CTF countries.

F T h ¢ransformatioa

s ¢ e n ae dther,hand, mayatérializeonly under favorable conditions and a mooaservative

level of installed power migs o me wher e

mereplicatied ¢ dren Or itransfoamattba t heemar i o. |
however, the purpose hereefstimatea rangeather than to come up with a precise view on how many GW out of the 5+2 GW

under | ywansfgmatioh e s ¢ e n a constructedbyl2020. b e

Roadmaps for the development of local manufacturing of CSP components in the MENA region
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Based on the assesatrend identification carried out of existing and potential domestic and foreign players (manufacturing companies,
investors, etc.), the report identifies potential routesityldeatimanufacturing capabilities. The aim of the rotalstaps, ibased on the

current situation, possible technological and entrepreneurial developments in the regional manufacturing tieeabbrtomedinemt in

and long term anddentifypverall, loAgrm objectives in these fields. The imgdesbential preconditions for all components include a reliable
CSP market growth and a stable political framework. Detailed roadmaps are developed for:

1 Key componentShe highest value added for the region can be expected from thesevbichpgohel®<SP mirrors (see next
page), mounting structures, and receiver tubes

1 Key servicesEPC and other services.

1 Secondary componentSor componergsich as piping and callesntries have already developed competitive adeamtages
production ofeetric cables in Tunisi Egypt Thee components dotrepresena major share of value added, but can still
contribute significantly in absolute partisjlarly duepossible exports.

The roadmaps are separated into technological devéogmemsges in production lines, productiocandkifioduction capacities),
business developmemtsy,cooperation agreements, R&D activities and other entrepreneurial decisions) and underlying market and
developmentFor each of these Igviile most important critical atepmilestonase presented and interrelations between the different levels
are indicated. The measures needed to overcome critical steps and reach the milestones are subsequently diglzussélein an actio
timefame of the roadmaps coverstshortdevelopments which could be realized within tBeyaard, 2nigrm developments i1

years, and lotgrm developments which might be realizable aftbe2028rgetgarticularly the longermdeped on the development of

a CSP market as described in the previous section. Some technological milestones mightfahigréesrealctgdwthin the CSP

market.

Figure S-7 Potential roadmap for EPC and services in CSP -projects in the MENA region

Status Quo ShortTerm Mid-Term Overall Goal

Business
development

Subcontracts in Large regional EPC

Few large EPC
contractors are
active in MENA.
First experiences in
CSP projects have
already been
gained.

Civil works and on
site assembly are
partly performed by
local workforce.

Policy framework &
market development

No national targets
for development of
CSP and related
service sector, no
specific training
available

Infrastructure partly
underdeveloped

CSP projects given
to local companies
by international
EPC contractors

Logistics are
organized locally

Assembly is carried
out locally (under
supervision of
experienced EPC
contractors)

Coordinated
national strategies
defined for service
sector development
and energy targets

Local service
providers gain
profound project
experience &
local workforce
receives
extensive training

Longterm, stable
policy framework
is implemented &
public funds made
available

Project
management is
carried out by
MENA companies

effects on other

Positive spilover
service sectors

Independent jig
and field assembly
by local companies

Strong focus on
education &
training related to
CSP services

Extensive upgrade
of transport &
communication
infrastructure

Engineering &
construction are
completed by local
companiesonly

Awell trained
workforce for the
CSP service sector is
widely available

Facilitated transport
of CSP components
leads to more
efficiency of logistic
procedures

contractors with
comprehensive know
how in the field of CSP
are active in MENA and
supraregional. Other
sectors benefit from
their profound
experience.

All civil works, orsite
assembly, logistics and
maintenance works are
accomplished by the
local workforce.

Clearly formulated
political targets.
Extensive availability of
training centers, well
trained workforce

Well developed infra

structure assures
transport services and
communication

18




Potential roadmap for the production of-@8Fors in the MENA region
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Action plan for stimulating CSPmanufacturing and services in the MENA region

In this section a detailed actiofioptdimulating CSP manufacturing and service prdwesidBNtAtregion is develégreall relevant actors

The creation of a stable policy framework and a sustained domestic marktet arajor preconditions for the development of a

sustainable CSRdustry In the long run, the annually installed cdypartitybe on a GW scale to allow for the development of production lines,

particularly in the case of mirrorscainers. The success oME&IA CSP I1®key to achiegthis target. Also, a strong regional integration of

and

advantages

v e

comparat.i

esd

policies, is crucial to overcome barriers related to critical quantities (threshold viables gfadactimi) in the manufacofri@SP

components.

countr

he

t

the CSP value chain, maldng u o f
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Strenghtening

Ensure a long- Awareness Enhancing .

- : of absorptive
term market raising and infrastructure, capacity and
for CSP information trade and pacity

L : innovation
components provision finance

system

The focus of support depends on the expected markelnsthe case of a quasi stagnation of the CSP market in toemagmé\ (

stagnatign support should focus on enhancing thectondmgifaf lotech components and dasivices for which the market barriers are
relatively small and no large investments are requinedr{grgy structsireivil workand assembly). Assuming a moderate but stable growth

of the CSP MENA margegr{ario 8no replicatipnan adapian of international production standards and techniques in existing industries
should be targeted to achieve a-réd®isupply of at least some suitable C®Reramproduced locally in the MENA regiomo(enting

structurg piping, cables/etedic equipment and a wide range of related services). Under the nfosndiesiradiloscenarigscenario

C) policy actions should strongly support innovation and the development of intellectual property right®mpbecinttimbiSom

firstmover advantages and to develop technologies specificatiyviaNzxezbnditions. A strong export orientation shocddiageth

benefit from the proximity to other emerging bradketthis scenario, piheduction of a widege of CSP components could be achieved
(parabolic mirrors and potentiallyersgei

National strategies for industrial development and energy palitipe well coordinated’hey should inclutlearly efined and broadly
communicated targetsHernharket diffusion of CSP, substantial R&amdfivesreation of highly specialized strategy funds for industrial
develpment of CSP industry sectors.
1 Financial aid will be necessaegpecially for the technical adjustment of productiofirfelcitiiiey feasipiassessmedtand the
implementation of training courses for the local Wgnideisien of low interest loans, gradttax incentives specifically designed

to foster the local manufacturing of renewable energy compdmetipsMENA companies to enter the CSP’Hasiusssould
also be provided to facilitatel&dg&ransfe(e.g, via purchase of licenskss considered unlikely that local compiieieter
intothe productiai CSP receivatse to theigh complexity of this compoi@enincentives (eig.theform of reduced corporate
and land registration taxes and facilitated VAT refunds) could help toagtinattcioepanies to the MENA fegitms
specialized production

1 Market acts will need good access to G®Rited information and certainty about market developfientreation of a
regional CSP or renewable energy association dealing with issues such as the CSP market development,,mad tfecturing optio
latest techngiwal dvancewvill facilitate access to information

1 Anenhancd innovative capacitwill be keyThe creation of a larger number of technology parks/clusters and regional innovatio
platforms is necess@ngrow innovative capacity of industrial aedtargoster coany networking and R&Biswillhelp small
and mediwgized firmis particulao overcome innovation barriers and to gain akekdedbtechnological adesnc

1 Individual business models should build on the comparative aghsofacertain sectors in MENA countries and also involve
international cooperation agreemestg. in the form of joint ventures and licensing, to accelerate the develophssrsiveé compr
CSP knowwow in the region and to benefit from the broadcexpéréxisting companies. Especially in the case of receivers,
subsidiaries of foreign companies will most likely be a relevant business modielgatGbeelnegients could assist the private
sector in finding appropriate partners for suchveoeperates

1  The careful introduction of local (domestic) content clauses within CSP projectvighfibster a longerm demand for CSP
componentsThis will be particularly useful in encotiagiteployment of local EB@ratorswhohave betteaccess to local
supply chains and service netveartterhomightthereforglay a key role in raising the share of local value added in future CSP
projects. Requirements in bidding prooedides adjusted to prioritize local ciongra

1 Comprehensie education and trainingograms for the industrial workforce in relevant seetiti®e critical for entering into
local manufacturing of CSP componedtsversities should be encouraged to teadti@®Rgyased courses to educate the
potential evkforce, particularly engineers and other technical graduates.

1 Implementing quality assurance standards for CSP components in the medium to long term should betc@rsdesed
regional and international quality requirements and to strengtlegititbressgb future MENA CS&riadu

Table 90summarizes the potential measures addressed to different actors to stimulate the production of CSP components and pro
related services in the MENA region.

5The most critical steps in the upgrade of production facilities for CSP components have been identified a®fttze tionpélepentasses for the production of precisely
manufactured mounting structures, the supply of high quality whitsnfldhegiasption of techniques for coating and bendiniicd® $Bratioors.
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Table S-10 Action plan for  stimulation of production of CSP products in the MENA region
Actors/financerd\ = national authoriti&s, =internat. donoré: national CSP pIayEBéintenational CSP players

Potential | Implementa

Intermediate Steps Necessaryprocesses/assistance Target groups e
actors tion timeframe
Current and potential future producers of Short to
intermediate products and CSP compone Az D% medium term
research organizations
A Short to
ez albiis medium term
Short to
ez albaie e medium term
Current producers of intermediate produc A Short to
- .
CSP cmponents medium term
Current local producers of intermediate Az Short to
products medium term
Current local producers of intermediate Az Short to
products amgbtential future producers medium term
. Short to
International players A g —
Local producers, national and internation n
companies A Medium term
National and international companies A Medium term
See above A Medium term
Short to
SEE AT A medium term
See above A Medium term
See above A Short term
National and international industrial playe A Short to
general medium term
National and interoaél industrial players it Az Short to
general medium term
. Short to
National players Az medium term
National and international companies Az DD t'!?:"um Dl




National and international industrial playe
general

Regional and international manufacturer

Regional companies, particularikilted
wokforce

Regional companies, international compe

Regional companies, international compe

Regonal students and engineers, O&M
workforce

Regional students

Students, potential CSP workforce (e.g. €
EPC contractors)

Manufacturers, private and public researt
institutions (e.g. universities)

See above

CSRproject developer, national and
international CSP component producers,
andprivate research facilities

Scientists at national iatelnational
institutions

Scientists at national and international
institutions, regional companies, internat
companies

Az Dz

ADD

Az DD

Az DD

Az DD

Medium to lon
term

Short to
medium term

Short to
medium term
Short to
medium term
Short to
medium term
Short to
medium term
Short to
medium term
Short to
medium term
Medium to lon
term

Short to
medium term

Medium to lon
term

Short to
medium term

Medium to lon
term

Medium to lon
term
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Potential economic benefits of developing a CSP industry in North Africa

The economic benefits of developing a CSP industayuatébr the three CSBenari®(stagnation, no replication, and
transformatiofor North Africa with the folipalistributiari CSP plantser timbased on the reference plant taking into account
cost degression effétable 91)

Table S11 Newly installed CSP plant capacity in MENA by 2020
in MW 2011- 2014 2015 - 2017 2018 - 2020 Total by 2020 Total by 2025
Scenario A domestic 80 160 260 500 1,050
Scenario B domestic 160 320 520 1,000 1,550
Scenario C domestic 800 1,600 2,600 5,000 14,500
component 250 600 1,150 2,000 5,180
export (MW
equivalent)

Note: The exports refer to components expresssdineguivalent CSP plants

Local economic benefits by industrial development in the MENA region, in particular with respect to labqgreatsl doeeign trade i

Figure S-8

Local Share of Investment

1

100% =
90% +
80% +
70% -
60%
50% -
40% 4
30% 4
20%

10% ~

0%

Average share of local manufacturing in the CSP value chain in the MENBndgiareonditions of scenario B
i ncl
lowlevel development of scenario A, the impact on local manufacturing is comparatively low; emstvsiRi compon
remain imported, and only construction, project management, and basic engineering servicés thehobreacrease.

( Ameopl i cati ono) ,

favorabldr ansf or mat i
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not
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increase constantly and could reach almpestestth 2025 aanaverage value for all CSP projects. This could increase
the local share of some projects upéocédof the total value. After 2025, the share of local manufacturing is assumed to
increase further due to more technology transfer and learning through thmoezli3&iplaofs in the region.

c¢) Direct and indirect

2012 Remarks:

2015
. 2020
- 2025

A Average valuesfor
all countries (see
different status-quo)

A Some projects with
up to 80% local
participation
possible

Scenario A (Total) Scenario B (Total)

Local Share of Investment

Scenario C (Total)

100%

80% o

40%

20% -

0%

2012 Remarks:

a) Share of total local manufacturing potential in scenario A, B, C
b) Total local manufacturing potential for constructio

n and components
local economic impactin scenario sA,Band C

2015 A Direct = Congtruction, Installation,

. 2020
. 2025

Assembling, Engineering, Management

A Average valuesfor all countries

75%

A Indirect = Component manufacturing
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Scenario A 30 193 916 1,498 257 % ~16 %
direct 20 125 571 948
indirect 10 68 344 551
Scenario B 61 465 2,183 3,495 308 % ~16 %
direct 39 251 1,167 1,959
indirect 22 213 996 1,535
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direct

indirect

368
206
162

2,803
1,403
1,401

14,277
6,999
7278

45,226
21,675
23,551

56.6 % ~40 %

only US$2.2 filimm in scenario Bno
replicatiah

Labor impact: n

scenaepbi Ba{fionno)

a

per manent

wor kforce of 4,5

contrastniscenario @ransformatigmn 2025 the number of permanehjolos@ould rise to betwég®06 and 79,000
(46,000 to 60,000 jobs in the construction and manufacturing sector plus 19,000 jobs in operation and maintenance). Lool
only to the time horizon of the CTF projects (2020), in total 34,000nehaimoyesgonent focomponent export)
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might be working in the CSP industry perniahée®hl2 shovs details for the local employment iniss&and C
excluding exports of components.

Table S-12 Local employment in scenarios B and C

Employment all 5 MENA countries: scenario B Employment all 5 MENA countries: scenario C
one-year jobs one-year jobs

2015 2020 2024 2015 2020 2024
Construction and interconnection labour 3,593 14,917 22,721 Construction and interconnection labour 16,973 72,345 209,55
Construction related services 58 320 484 Construction related services 463 2,657 8,174
Equipment and supply chain 471 2,175 3,044 Equipment and supply chain 3,269 15,938 48,681
Total Construction and Supply Chain-related 4,121 17,413 26,25 Total Construction and Supply Chain-related 20,706 90,939 266,411
permanent employment permanent employment

2015 2020 2024 2015 2020 2029
Construction and interconnection labour 1,296 3,093 1,553 Construction and interconnection labour 6,170 15,184 35,58
Construction related services 20 76 33 Construction related services 172 634 1,431
Equipment and supply chain 203 456 172 Equipment and supply chain 1,308 3,495 8,764
Total Construction and Supply Chain-related 1,519 3,624 1,754 Total Construction and Supply Chain-related 7,650 19,313 45,78
permanent employment permanent employment

2015 2020 2024 2015 2020 2024
Operation & Maintenance (O&M) 315 1,313 2,034 Operation & Maintenance (O&M) 1,576 6,567 19,104
permanent employment permanent employment

2015 2020 2029 2015 2020 2029
Total Construction/Supply Chain/O&M 1,834 4,938 3,799 Total Construction/Supply Chain/O&M 9,226 25,880 64,884

1 Foreign tade impactAdditional impacts for job creation and growth of GDP could come from eigsfdr@3®rtunit
component&xporting the same comporerase manufactured for local markets to EU, USA orGXERR 2020,
5GW by 2025) could leaalddtionalevenues ohore thalS$S hllion by 2020 ang toUSH0 hllionby 2025 for locall
CSP industs

Figure S-9 Economic benefit and job effect by export outside MENA region
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Other markets for renewable enesgi@s as thehotovoltaidY) industry in Germany or the wind industry in Daaxrerk,

contributed to tloeeation o local industrgomeemerging countries like China andhindiaignificantlipoostd their own

industesfor renewable energies. India, for example, is creatnfyldgral wind inddsivith new jobs and economic benefits for

the countéythat has supplied the home market as well as the international wind power market in recent years. A similar developmel
the MENRegion could be promoted by the actifor [#&P projects and their local manufgpcasémgeth this repottiowever,

the increase in C8Pmandvith steppasb MENA investment couldadlisestrong competitors in technology soimaynpete

successfullyith local MENA produats hasappenedvith Chinese PV modules or, to a lesser extent, with Turkish solar water
heaters. This could then jeopardize the emergence ofrkdatgCiBBustries in the MENA r&giface competition, particularly

with China or India, MENA countrilesnged to strengthen and develop competitive advantages:

1 Rapid delivery and low transport costs are strong assets, asri@hiwagrfindiacantakedays.Although rapid
delivery was decisive for the MENA automotive industry, it mighab®iagSSRrasilogistics are less tight.

1 Enhanced R&D would help to improve CSP corydnigntsdowtheir cost and incriegsheir qualitihereby making
them more competitive @lithese or Indian production.
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1 MENA industries could tailor ti&#r c@mponents productiospexificlocal environmentanditiongi.e., desert
conditions) whereas-MENA countries would lack this knowledge.

The development of local production clauses in CSP calls for tenders that comply with interaatioaaidras wauld help to

limit competition with internatiored$dwompetitors, but this requires careful consideration of possible negative impacts on learning
curves due to a lack of competition.

The main precondition for develtyeliogal maufactue of CSP components in the MENA Redienadéivedp and grothe CSP
market itself. The MENA CSP IP is a first step toward this goal.
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Context and objectives of the study

Concentrated Solar Pow8PJds a renewable energy technology which, after a period of some stagnation, has started to penetrate th
energy market in recent years, particularly in Spain and the United States, but also in the Middle East akjdaNdrdth&frica (MEN
regions ofthe worldln the MENA region, an increasing interest in CSP has appeared in the last few years, with projects unde
implementation in Morocco, Egypt, and Algeria. All projects currently being developed in North Africa use€Ctrabimedrated Sola
Cycle (ISCC) configuration. ISCC plants use the output of a solar field to boost a converyeajambiies plant. Projects

in Egypt and Morocco have been promoted with the support of the World Bank and the Global Environmédravieasility (GEF) an

field capacities under construction, each in the range of 20 to 30 MW. These plants are expected to be cahuhZXioned by the en

Earlier studies of the project consortium’ ima2e0$nalyzed various market and policy strategiézrfgrrenewable energy and

CSP projects in the current market environment in the MENAurR@I&R. projects in MENA competitively in the short and medium
term, a portfolio of different support schemes for CSP plants is necessary, itchalisgpptetrtarough concessional loans or
revenues from solar electricity exports to Europe, combined with national inceetimegoikerlpogchase agreements (PPAS),
feedin tariffs, or tax rebates.

Figure 1  Countrie s covered by the study (in yellow)

As a concrete step toward the realization of these strategies, a MENA

CSP scalap Investment Plan (MENA CSRdP)prepad by the -
World Bank and the African Development Bank (AfDB), and endorsed
by the Clean Teclugyl Fund (CfFfrust Fund Committee pn
December 2, 2009. It is a landmark climate change mitigation progral
aimed at efinancing nine commestiale power plants (totalind
around 1.8W) and two strategic trassion projects in fiye
countries in tHENA region: Algeria, Egypt, Jordan, Moroc¢o, and
Tunisia (henceforth referrgd to
is for the Mediterranean MENA countries to ultimately becgme major
suppliers and consumers of-gé8Erated electricity. The MENA

CSP IHs conceived as a transfoomal program, leading to the
installation of several GW of CSEityapaMENA by 2020 based on

the 1.GW triggered by the MENA CSP IP. The first projects are
expected to start commercial operations by 2014, adly tp initia
supply domestic markets in MENA countries.

counmntries).

The MENA CSP IP is accessible to other Multilateral Devetopment
Banks (MDBgs)he initiative strives to trigger further investment from the private sector in CSP technology, (through the DESERTI
Industry itiative (DI¥for example).

The proposed transformational approach to overcome market barriers is to offer the CSP industry a credibbgvsdammitment that al
develop a largeale multiountry portfolio of projects. The driving idea behindosuictitment is the assumption that such
aggregation will induce local mass production techniques that will create local added value and lower cpst$oamaneél improve

of CSP technology and its components.

The Clean Technology Fund Investaremrédoses CTRfomncing of $750 million, which will mobilize an additional $4.85 billion
from international financial institutions and other sources. Approval of the TaBRlpiisjectisefiuled by the end of 2012 to

Ernst & Young for the EU Commission andfEraghfor the World Bank

http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/MENAEXT/0,,contentMDK:22412791~menuPK:247603~pagePK:
2865106~piPK:2865128~theSitePK:256299,00.html

The Clean Technology Fund (CTF) invests in projects and prognaibstéh&d toe demonstration, deployment and transfer of low carbon technologies with a
significant potential fortenm greenhouse gas emissions saitpgdiww.climateinvestmentfur)ds.org

Multilateral Development Banks are institutipnsvitiat financial support and professional advice for economic and social development activities in developing
countries. The tekiDBsypically refers to the World Bank Group and four Regional DevelofimneeffrBankdevelopment BhakAsian &elopment Bank
the European Bank for Reconstruction and DevafupheeimteAmerican Development Bank Group

1 http://www.desertec.org/en/
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accelerate CSP development in the Middle East and North Africa up to 2020. During this study these projectsihave been discuss
depth with local authorities and potential companies in the corresponding countries.

In order to further disseminate CBRolegy, a solid local foundation is needed in developing countdieslixecatiser

renewable energy technologies such as photovoltaic (PV) ordiisdpetentigl is more limited in many of the major developed
countries. To facilitate the edtaient of such a basis for CSP it is necessary that the countries perceive a benefit from the technology
for their economic development. MENA could become home to-otestialhigtustry in a region with large solar energy
resources. When the G&feup program is implemented, it could serve the local market demand.

At the same time, the program could also selve r countries in the region (through d
existing markets in Southern Europe, the tdtésechBd elsewhere. If the CSP market increases rapidly in the next years, the region
could benefit from significant job and wealth creation as well as from sufficient power supply to satisfy hilgrdlnéng demand, w
worl dds r en e waldderefit BFomencreaged competitianrand yower costs in CSP equipment manufacturing.

Table 1  List of CSP projects in the pipeline for CTF in MENA region

CTF Investment Plan CTF Investment Plan Update
Country Project (Name) Caacity . CTE Project (Name) Capacity . CTE
(MW) financing (MW) financing
(US$ million) (US$ million)
Megahir 80 Megahir 80
Algerid? | Naama 70 Naama 70
Hassi RO6mel 70 Hassi RO mel 70
Kom Ombo 70
Egypt Marsa Alam 30 Kom Ombo 100
M&dan Proviin 100 Maban 100
Jordan | Mashreq CSP - Mashreq CSP -
Transmission transmission
Tan Tan 50
Morocco| Ain Beni Mathar 125 Ouarzazate 500
Ouarzazate 100
IPRCSP Project 100 IPRCSP 100
ELMEBCSP 100+ ELMEBCSP 100+
Tunisia STECSP 50
Tunisidtaly transmissior - Tunisidtaly transmissio -
Total ~ 900 750 ~1,170 750

11As approved by CTF Trust Fund Committee on December 2, 2009.
12A1 ger i a 0 savis GTE #nangiar®cursently undear, and the earmarked funds may be reallocated.
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There are many factors that combine to make local manufacturing in MENA countries a transformational opportunity:

1 MENA CSP is well placed to bensfittie massive sagteof concessional climate financing envisaged under the United
Nations Framework Convention on Climate Change (UNFCCC) and recently reaffirmed by the Copenhagen Accord. The
allocation for MENA CSP could be the seed momayéimgadcalep. This would greatly help the economies of scale in CSP
manufacturing, which would allow CSP to become one of the first comp&titine\2dbIé36sergy technologies.

1 MENA CSP is central to theldnighpolitical agreement betwE&ANMNd the European Union to make solar energy trade a
fundamental pillar of MENIAeconomic integration, and therefore presents a major opportunity for MENA to earn export revenue.

1 MENA CSP could be key to the realization of the EU's GHG entissi@miredangy security objectives. The April 2009 EU
Renewable Energy Directive, with its provisions for the import of renewable energy to achieve the mandatory renewable er
targets of EU member states, is an important step in that procesg Besartecthindustry Initiative and the
Transgreen/Medgrid Initiative.

1 The political initiative of the Mediterranean Solar Plan may act as an umbrella for initiatives such as Bdskati@br others at
level.

1 MENA's giroducing countries are enmgadan CSP investment programs to liberate oil and gas from the power sector for higher
valueadded uses and exports, while providitegriopgtential for CSP energy exports.

1 The MENA CSP IP could benefit from the recent Cancun agreements,enkidhheaveywfor a much larger funding frame.
The climate conference of Cancun agreed on a Green Climate Fund of $100bn a year of climate funding from 2020 that wi
generated from a "wide variety of sources, public and private, bilaterabhridcioditigtelternative sources." This could
include a range of mechanisms, such as auctioning of carbon credits and levies on international aviation and shipping.

This combination of factors could give MENA a unique advantage as a globaPlpoadioctifur &1, while creating demand for
installed capacity, it could strongly drive local manufacturing.

The World Bank has mandated Ernst & Young, the Fraunhofer Institute for Solar Energy Systems (ISE), andeHerFraunhofer Instit
Systems andniovation Research (ISI) to investigate the potential for local manufacturing in the MENA region, which is the mc
promising area for its development due to the excellent solar conditions and the proximity to the potersidaerfentrigiarket for

in Europe. The main objectives &f this Alsgessmént of the Local Manufacturing Potential for Concentrated Solar Power (CSP)

P r o jfateetWorid Bank, are as follows:

1 The study should provide an overview of manufacturing processes fanpeye@BPas well as a cost analysis for CSP
components and systems and for CSP plants as a whole, including the potential for cost reduction.

1 It should further assess the potential in the MENA region for building and developing a GSP exprgemtent
manufacturing industry, focusiMpmtco, Algeria, Tunisia, Egypt and Jordan (i.e., those countries that have already submitted
CSP projects for financing by thes€H¢rpr! Reference source not fogphut with a broader view to the MENA region.

1 An action plan should be proposed to develop the potential of locally manufactured CSP components in tHeoéxisting industry &
new market entrants.

1 Finally, the study should analyze potential economiofbéeedioping a CSP component manufacturing industry and CSP
manufacturing at the construction site of new CSP plants.

Analyzing the manufacturing processes of CSP components and systems provides a suitable basis for understanding the eff
includingossible industrial development, that the CSp Sutilive will create in the MENA region. Other markets for renewable
energies have already been shown to create local industry in the new innovative field of renewable energieg\foltaazample, the
industry in Germany or the wind industry in Denmark. Emerging countries like China and India are also ptdgibhy an interesting
boosting their own renewatrdegies industries. India, for example, is creating a powerful local viwithinéustiybs and

economic benefits for the country), that supplies the home market as well as the internationallﬁvmdipdmedemm.”nent

in the MENA region could be promoted by the action plan for CSP projects and thefingcabrdmtufsszd in this report

1 24 hours a day/ 7 days a week/ 365 days a year

| ewis & Wiser, 2007
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Part I: Competitive environment OMENA
countries and CSP industry
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1 Review of CSP technologies

This chapter describes the technologies of concentrated solar thermal power (Ci&Phasiprimridbet subsequent-socio
economic analysis for the MieAomies. Sectibigives a general overview of CSP technologiesl 3pctisents the CSP
market with its main commeribiralustrial players along the value chain. Inlse¢tiermain manufacturing processes are
described. Lastly, sectidianalyzes the cost structure of a typical CSP plant.

Parabolic trgh plants are the most commercial CSP technology, and amount at presmriitbt8d CSP market and
installations (CSBday, 2010). This is why the followisgctiohs mainly focus on this technology. However, most findings apply
directly or emalogy also for other CSP technologies because of technological similarity.

1.1 Overview of the CSP technologies

In a nutshell, CSP power plants produce electricity by converting concentrated direct solar irradiatiorhiotiaveitergygellslike p
orflat plate solar thermal collectors, CSP power plants cannot use the diffuse part of solar irradiation wtedngesfulte from sca
direct sunlight by clouds, particles, or molecules in the air, because it cannot be concentrated..

The process aiergy conversion consists of two parts:
A The concentration of solar energy and converting it iifterosinlergy
A The conversion of heat into electricity

The conversion of heat into electricity is generally realized by a conventional atdanetaybleg Eoncentrating solar collectors
are usually subdivided into two types, with respect to the concentration principle:

A Linefocusing systems, such as the parabolic trough collector (PTC) and linear Fresnel collector. These systems track the
position in one dimensiondarstrackingyseeError! Reference sowaot found.

A Poinfocusing systems, such as solar towers or solar dishes. These systems realize higher concentration ratios than lir
focusig systems. Their mirrors track the sun position in two dimensidreckiwgedSourcesAbgengoa, 2010 and
DLR, 2010

Error! Reference source not fouaddSourcesAbgengoa, 2010 and DLR, &0 reference plants; the captions of the pictures
include the approximate dimensions of the plants.

Figure 2 Line-focusing systems: Left: Parabolic trou gh collector: 64 MW ¢ power plant Nevada Solar One;
dimensions: collector aperture width 5 m (Morin, 2010). Right: Linear Fresnel Collector: 1.4
MW, plant PELin Murcia, Spain; dimensions: Receiver height above mirror field: 7 m (Novatec,
2010)

Souces:Morin, 2010 ahbbvatec, 2010
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Figure 3 Point-focusing systems: Left: Solar Tower plant PS10, 11 MWel in Seville, Spain; 624 so  -called
heliostats, 120 m 2 each, focus the sunlight onto a receiver on top of a 100 m high tower
(Abgengoa, 2010). Right: Dish Stirling prototype plants of 10 kW each in Almeria, Spain;
diameter 8.5m (DLR, 2010)

IR

L
SourcesAbgengoa, 2010 and DLR, 2010

1.1.1 Parabolic trough collector technology

Parabolic trough technology is commercially the noest aefittze various CSP technologies. Since the 1980s and early 1990s, nine
parabolic trough plértse Solar Electric Generating System (SEGS) plants, with a total capacityhafv@SdeiWeloperation

in the Californian Mojave Desert in theSthtiésd In the past five years, several trough plants have been built, such as a 64 MWel
power plant near Boulder City, in the United States, and several 50 MWel power plants in Spain. The firgt wooghercial paraboli
plant installed in Spain was@h®Wel plant Andasol 1, which includes a thermal storage with a capacity of 7.5 hours of full load
operationEfror! Reference source not foynén overview of the commercial power plants that are developeopdraited

globally is available at Sata@s (2010).

Figure 4 Parabolic trough power plants Andasol 1 (front) and Andasol 2 (rear) in Spain with a capacity of
50 MW each and a storage size of 7.5 full -load hours. The power b lock and the storage are in the
center of each solar field

SourceSMI, 2010

The parabolic trough collector (PTC) consists of a receiver, mirrors, a metal support structure, pylons, aadatmirdations. The
shaped and facetted mirrors comteettite sunlight onto the receiver tube. The parabolic shape is usually implemented by four mirror
facets, consisting of glass sheets (4 mm thick) which are thermally bent and coated with a reflective tivel pagerctivieh addi

layers on thieack side of the silver. The absorber inside the receiver is realized in the form of a coated steel tube. The coating
spectrally selective in the sense that it absorbs the solar (short wave) irradiation well and emits almwsivad riadisoed (long

which reduces heat loss (Hildebrandt, 2009). The absorber tube is surrounded by an evacuated glass tubeisdnehfa highly trans

the sun light due to anrafigctive coating. The absorber tube and the encasing glass tube togathertare eall r e c ei ver . |
commercial trough systems the entire édhetiding the recedvis tracked according to the moving sun position.
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There are several innovations in PTC technology under development or in prototype status. grhentsirfectsievetmst
reductions in the assembly and production process (e.g., automized production), lighter collector structures|leetar materials f
structures (such as aluminum), ariceatsansfer flilsde.g., molten salt and direct steam).

Examples of innovative products and companies include the HelioTrough, using a larger collector aperturalzswdteeslightly large
tube with a diameter of 8.9 cm instead of 7.0 cm (Riffelmann, 2009); the Skytrougficatnge goghmen finstead of glass

mirrors and an aluminumssuicture instead of steel (Brost, 2009); and the new mirror technology Vegaflex of Xeliox and Almeco
(Almeco, 2010), using a stiff aluminum sandsticictsub with a metallic reflector. Furthepddtmilmological improvements of

parabolic trough technology can be found in ATKearney, 2010.

1.1.2 Parabolic Trough Power Plant Systenfi Working principle and the option of thermal energy
storage

One main advantage of solar thermal power plants over otlepmvawaichnologies, such as photovoltaic and wind energy
converters, is the option of energy storage. Unlike the storage of electric energy, thermal energy storagem®piaatigally and
feasible already today, even indeatge applicatioi®olar thermal power plants can be equipped with thermal energy storage with a
fulload storage capacity in the range of several hours. Usually, the storage is filled during the day, andwemetjesbabatn after s
electricity is still producesh efter sunset. This allows for plant operation in concordance with load requirements from the grid, becaus
in many countries there is an electricity demand peak after sunset. During such demand peaks, electridity prgteess are usually
than bastad prices, creating a very important added value of CSP and storage.

Various thermal storage technologies are in principle feasible for solar thermal power plants, based ondtiiffeisns physical me
(such as sensible heat storage, latent heat stwdachemical energy storage), and by applying different types of storage materials
(such as molten salt, oil, sand, and concrete). The storage material needs to be cheap, because large quéntities are require
comprehensive overview of storagelgsireig technologies suitable for solar thermal power plants is given in Gil, 2010 and in
Medrano, 2010. It should also be noted that different heat transfer fluids (HTFs) used in the solar fielffermntistaadeallow d

options.

Thermal storagein principle applicable not only to parabolic trough power plants, but also to the other CSP technologies. However,
only power plants that are in operation today using thermal storage are the Andasol powErnoldriRefgienceisource not

found. The Andasol plants asevetank molten salt storage; see working prifigrifle iReference source not fourtistores

heat by heating up a medium (seresitbistorage).

Figure 5 Sketch of a two tank molten salt solar thermal energy storage embedded into a CSP power plant

SOLAR FIELD STORAGE SYSTEM POWER PLANT BLock

J ﬂ
ﬁ

]

N-%T)
When loading the storage, the herdresder fluid, coming from the solar field, passes through anlgeataextheats up the

molten salt. In turn, the storage is unloaded by transferring the heat from thelsdttbemusfeo thedlany operation strategies

are feasible for the operation of the plant and the storage. The most comepramevigytthfe turbine directly with the heat from

the solar field. Whenever excess solar heat is available, it is stored. Other options may also aim at stprirmrthbesolar energ

morning hours instead of directly converting it into etectheitgbg using the storage for shifting rather than for maximizing the
plantdés operational hour s.
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1.1.3 Components of Parabolic Trough Power Plants

The main components of parabolic trough power plants akgrsihhbRef@rence source not fourdmore detailed description of
the single components can be found in the annex (beginnibh§Jatoppgevide the basis for the subsequent analyses of the
manufacturing processes, of the cost of congmuhprdsesses, and of the potential to produce components in MENA countries.

The analysis of the components is based on state of the art technology, which consists of a parabolic tloagheasing thermal oi
transfer fluehd the power block. Optiorathermal energy storage can besesed@r! Reference source not fognd.

Figure 6 Components of a parabolic trough power plant are the solar field and the power block.
Optionally, thermal storage can be integrated.

Parabolic Trough Power Plant
Solar Field Thermal Storage Power Block
* Receiver * Molten Salt e Turbine
* Mirror * Hot Tank * Generator
* Support Structure * Cold Tank * Condenser
e Tracking * Heat Exchangers * Pumps
* Piping e Pumps * Heat Exchangers
* HTF (Qil) * Fossil Boiler
* HTF Pumps (optional)
* Heat Exchanger * Balance of Plant

CSP involves many components and much labor which can generate high local value in the MENA region. The largest share of
investment and operation and maintenance costs relates to the solar field{s@baeectioer block side uses mostly specialized
equipment that does not differ from plant components that are used in conventional power stations. Apag &oednbeisitengineeri
construction, works are performed bynéefeational players (see set@prThe thermal storage as an optional plant component

has only a few commercial installations worldwide so far. The major cost in the storage is the salt itseifh(cleroanban, 2004),
delivered by a few companies with access to the raw materials, such as the Chilean company SQM (SQM, 2010).

As CSP power plants are designed to last for at least 20-yetardf(sedracts in Spain last 20 years), stability of each component
is essential. The components have to resist the harsh desert climate without degradation.

Figure 7 Mirrors, receivers, suppott structure, and piping for CSP plants

) \\\ SCHOTT =

SourcesMorin, 2010; Castaneda, 2006; Estela Solar, 2012008R

Other CSP conceptsnear Fresnel, Solar Tower, and Solar Dish

Beyond the most commercial trough technology, which represmmibf3#e installed CSP plant capacity todajotagP
2010), other technologies are becoming more damoharidiprobably increase their market shares in the near future.

Linear Fresnel collector plants

Linear Fresnel collectors (LFCs) are a variation of parabolic trough collectors. Their main difference froltlearalbslibatough

LFCs useeveral parall#atmirrors instead of parabolic bent mirrors to concentrate the sunlight onto one receiver, which is locatec
several meters above the primary mirror field. The horizontally aligned reflectors use flat glass mirranyehétraceislightly c

elastic bending. Each mirror line is individually tracked according to the position of the sun.

The receiver also consists of a long, selectively coated absorber tube, without any need for the flexiblennesésrr rotating ¢
required byparabolic trough. Due to the optical principles of Fresnel collectors, the focal line is distorted by asfig@&)atism (Mertins, 2
This requires a secondary mirror above the tube to refocus the rays missing the tube in a secondary reflentidreonto the tube.

34




concept is based on several parallel tubes formiriglee madgiver, thereby increasing the width instead of using a secondary
reflector.

Compared to trough plants, commercial LFC technology is relatively novel. Several pratotypetotifecioosvar plants have
been installed in the past few years, but no fully commercial LFC power plants are yet in operation. Nonaatty buildiener, is cur
a commercial 30 Mpéwer plant in Spain. Several concepts with differentagebdesigo characteristics have been developed by
a number of compansegTable2.

The main differences between the Fresnel concept and the parabolic trough collector include:

A LFCs use cheap, flat mirre2s@6 2)iristead of expensive parabolic curved mirBos (26 furthermore, flat glass
mirrors are a standardized mass product.

A LFCs require less heavy steel material, using a metal support structure with limited or no concrete (making for eas
assembly).

A Onsite installation of LFCs is predicted to be faster.

A Wind loads are smaller for LFCs, which leads to easier structural stability, reduced optical lossegasand less mirror
breakage.

A The receiver on LFCs is stationary, whereas theceiveghmeves with the entire trough system around the centre of

mass. This necessitates flexible connections to the piping, which is technically challenging and maintenance intensive.

A The receiver is the most expensive component in both parabdbctoesighdt LFCs; however, the mirror surface per
receiver is higher in LFCs than in PTCs.

A The optical efficiency of LFC solar fields (referring to direct solar irradiation on cumulated mirror apietia) is lower than
PTC solar fields due towydc principles: In order to reach a certain solar concentration, the LFC mirrors are packed more
densely than in PTC plants. The advantage of reduced mirror spacing is that it requires less land; the disadvantage is
mutual mirror shading and rblocking of the reflectedligim occurs. Furthermore, the sun rays are not hitting the LFC
mirror perpendicularly, which leads to cosine losses.

It is expected that the mentioned cost advantages will more than compensate for the effidieR¢y ectwindotyg, dut this will

have to be proven in commercial plants. Linear Fresnel collectors seem to be more open for redesign andnalitapiation to local ¢
Local content is probably higher than for the parabolic trough due to the snipleAlc@mpomercial Fresnel collectors use
pressurized water / steam as an environmentalljpdatraaigfer fluidh power plant with direct steam generation thus requires
fewer heat exchangers than one using HTF thermal oil.
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Table 2  Different concepts of linear Fresnel collectors

Name of Aperture |Photograph Receiver Location
Company width
Novatec BioSd 12 m Single tube 1.4 MW plant in operation i
(Morin 2010) | (16 mirrorsf absorber with Calasparra, region Murcia, ¢
75 cm) secondary conee
trator
Fresdemo 15m Single tube Demonstration collector at
collector of SP| (25 mirrorsf | £ absorber with | Plataforma Solar de Almeria
and MAN 60 cm) : secondary conee| Andalucia, Spain
(Bernhard 200 trator
Areva Solar | approx. Multitube receivel 5 MWipower plant at
(Areva 2010) |20 m no secondary | Kimberlina, California, USA
(10 mirrors ¢ concetrator
approx2m)
PSE / Mirroxx |5.5 m Single tube Collectors in Freiburg
(process heat | (11 mirrorsf absorber with (Germany), Bergamo (ltaly),
<200°C) 50 cm) secondary conee| Seville (Spain), Tunisia, Mas
(PSE 2010) | trator (UAE)

Solar Tower Plants

Solar Tower Plants, also called Power $eefrsof!Reference source not fouypaoncentrate the direct solar irradiation onto a

toweimounted receiver where the heat is captured, typically generating high temperatures. This hebtndriviescgdleerimo
most cases a waséeam cycle, to generate electric poweoll&ttrcsystem uses a huge numbertadckimg mirrors, called

hel

i ostats,

to

refl ect

t he

nci dent

sunlight

®amt, a@r, ot he

r e C ¢

molten salt to transport the heat. Dependmgearitier concept and the working fluid, the upper working temperatures range from

250°C to 1000°C.
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Figure 8: 11 MWel Power Tower by Abengoa, hundreds of Heliostats concentrate the sun (up to 500 times)
onto an absorber onthet op of the tower

SourceAbengoa, 2010

The first commercial solar tower gdariEr(or! Reference source not foynases water as theattransfer flui(HTF) and

generates saturated steam to power its #rpirenising pcemmercial concept that is currently under development uses
compressed air as the heat transfer medium in combination with a gas turbine (Buck, 2008). In this cases the receiver replace
combustion chamber of a conventional gasltutbeéong run, high solar efficiencies in combination with a codrtenea cycle

combined gas and steam turbiné eyelpossible. The typical size of solar tower plants usually ranges fooh@Q WV he

larger the plants are, the gréatihe absolute distance between the receiver and the outer mirrors of the solar field. This induces
increasing optical losses due to atmospheric absorption as well as unavoidable angular mirror deviatiormduneds pratiuction tol
mirror trackinip addition to the Spanish company Abengoa Solar, which developed, installed, and operates the solar tower technol
shown iError! Reference source not foyrsgveral new solar tower technologies have Hepadiegvthe last few years and are

currently being proven in prototype power plants by the companies BrightSourceEnergy, Sener, eSolar, and Aora.

Dish Stirling plants

Dish Stirling plants use a parabolic dish concentrator made of reflectarefiairate tireohsolar irradiation onto -punesal
thermal receiver. Usually, a Stirling engine in combination with a generator unit, located at the focusnef ttie thistmatansfor
power to electrickgdError! Reference source not foynd.

There are currently two types of Stirling engines: kinematic and free piston. Kinematic engines work withdjldidger as a worki
have higher efficiencies than free piston engines. Free pistorkemiginislivor and do not produce friction during operation, which
enables a reduction in required maintenanewylindelti free piston developments promise cost reduction and overall concept
simplification. The size of a single Dish engine tygésaltpmab to 50 kilvaing, 2002).

Dish Stirling technology presents the highest dffimentyofmal Irradiafixié] on reflector area to power generation) among CSP
systems. Stirling Energy Systems, together with Sandia National Laliexadrees)eac world record ofteglad system
conversion of 31@rcenfTaggart, 2008).

A benefit of Dish Stirling technology over other CSP models is tHethay isoakirg in most constructions, enabling electrical

supply in arid regionsother clear advantage over parabolic trough and linear Fresnel technologies is adaptability to slopes. A CS
power plant of MW scale can easily be installed in a mountainous region like the Greek island$. dipeseolwg aodts

adaptability tooomtainousegiond are the major advantages of Dish Stirling, opening an economically valuable niche to this modular
scalable technology, even though the levelized cost of electricity is still higher. Another really interediomg isrtee of applic
replacement of diesel engines supporting miSirgrdthe dish Stirling concept is based on a modular scalable energy output, it
presents an ideal renewable alternative to relatively expertédveantingjldiesel energy supply.

In the United S#af large scale centralized power plants in the power range of several hundred Megawatts, consisting of thousands
DishStirling units, were announced many years ago, but have not yet been produced.

15Dry cooling concepts also exist with other CSP technotbgissandard technology is based on wesysieling
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Figure 9Maricopa Dish Stirl ing Farm in Arizona, the park has a rated power of 1.5 MWel consisting of 60
Dish-Stirling units

SourcesStirling Energy Systems, 2010, srpnet.com, 2010

1.1.4 Status of CSP project development

After twenty years of operation in the Solar Electric Gysteatif@EGS) plants in California, thevidendarket growth of

renewable energies has given CSP technology a new prospective in countries with high direct radiation.hSaaditg $n the Spanis
electricity markets, many projects are now ueldpméex and under construction. As parabolic trough plants gain status as a
commercially bankable technology, this technology has announced the highest share of Aeulepfojedis 9000 MW).

However, some new projects have also been ansmgn€etiwal Receivers with high solar towers, mainly in the United States. Dish
Engines still show some cost disadvantages, but U.S. developers hope to overcome these cost aspects throngh mass productio
thousands of single installations in a éar@@& capacity 8@D0 MW).

Figure 10 Global CSP capacity - Existing and through 2015
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SourceEstela, 2016

The CSP operational pdesets to change quite rapidly, especially in Spain and the US: Protermosolar provided in December 2010 Speifdtéaling figures:
operational 6’M(Tower: 21 MW, Parabolic TroughMB¥®50MW Fresnel+Stiyg 3 MW), USA5MW(Parabolic Trough 354 + 64 + 75 #8UW Fresnel
+ Stirling 7 MW, Tower 5 MW).
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Although Fresnel technology has a similar solar field design and mirrors with lower productioe destslogugetu afldirect

steam generation (DSG) about 10 years ago, it is behind in volume of announced projects (the first 30 V& psanmwilithe South
create commercial experience). However, compared to that, no single DSG profettowdh phasbekn annouritzae3

shows the size of the CSP market according to the project status and lists the current CSP projects in thpliaarld market by ar
technologies.

Table 3  Current CSP projects in the world market

Operational® | Under constructiol planning phasé Total
(MW] (MW] MW] MW]
Tower 44 17 1,603 1,664
Parabolic 778 1,400 8,144 10,322
Fresnel 9 30 134 173
Dish & Stirling 2 1 2247 2,250
Total 833 1,448 12,128 14,409

SourceSun & Wind Energy 2010

By the middle of 2010 over 800 MW of CSRepamisperatios€eError! Reference source not fognthe electricity producing

plants have consequeddiubled their capacity with the new installation since 2007, after the installation of the SEGS plants in Californ
In all categories, (operational, construction, and planning phase), parabolic trough technology is leadinguthievorld market,
alernativesFresnel, solar tower, and-8tistng might enter the market quickly after further technology breakthroughs and achieved
cost reductions.

The two markets in the USA and Spain are strongly dominating these€PrrodriRetférence source not fognBased on

national support incentives for CSP, the market has shown a boom in recent years. Other ceeekiresrinRefENAde

source not founyl. Australia, and Asia are develoginfirgt projects; if implementation is successful, further projects are expected in
all of these countries.

Planning phase: Projects are announced by project developers oengineesifyés taking place, but real construction and all adhinigi@atzations have
not been finished yet.
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Figure 11 MENA CSP capacity: projects under operation/construction and in planning phase
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There are, howevasme threats to these developments, especially on two fronts:

1 Due to the lotgrm impacts of the financial and economi letigex number of planned installations remgietlized.
This could hamper the cost degression of the techritsiqgggnatrdtion in the MENA region.

1  Other renewable energy sources show far greater dynamics: by thevemt @fi@@i0nmay have passed the 200 GW level of
installed capaciphotovoltai®¥) will reach 32 GW. Although CSP is seen as a complemamgdale option to wind and PV
there is alsnincreasing element of competition, especially with PV.

Installed capacity (GW) End 2009 Mid 2010 End 2010
Wind energy 159,2 175,0 200,0
Photovoltaic (PV) 22,9 32,0
CSP 0,8

Sources: World Wind Aission 2010 (http://www.wwindea.org/home/index.php); Solarbuzz 2010 (http://www.solarbuzz.com/)

Higher figures have been forwarded in some countries, e.g., 2000 MW in Morocco. This figure only includear@laofiiiepthnisethalocumented, e.g.,
through calls for tender. It is notsablesmr how large the CSP share in those plans could be.
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1.2 Structure and characteristics of international
players in the CSP value chain

1.2.1 The CSP core value chain

This section gives an overview of the existing&C8raivitiwill describleet international CSP mattkekeyplayersncompleted
and ongoing CSP projectdthe CSP component manufacturing industries in the main marketsi{E&WwnjpedaBthjes
The CSP core value chain consistsnafighases:

- Project Development

- Materials

- Components

- Plant Engineering & Construction

- Operation

- Distribution

There are alsbree crossutting activities, which are not directly part of the vdduerektaén serve a super ordinate function. They
sypport the project from the beginning to the end or accompany the technology development and specifications over many years:

- Finance & Ownership
- Research & Development
- Political Institutions

In addition, these crosting activities also g@ifespestfor local employment.

Figure 12 Basic structure of the CSP value chain including cross  -cutting activities

A Concept A Concrete A Mirrors EPC-Contractor: A Operation & A Utility
. Engineering A Seel A Mounting A Detailed maintenance || A Transport &
A Geographical ||A sand Sructure Engineering of the plant distribution of
Determination A Glass A Receiver A Procurement electricity
A DfeterminTtion A Slver A HTF A Construction
or general A A Connection
requirements '6 Copper .
A salt _ Piping
A Other A See;rlq genera-
chemicals tor /heat
exchanger
A Pumps
A Sorage
System
A Power Block
A Grid connect.
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Project development

The first phase of a CSP projectasofhet developmenthe decisianaking process begiith technical and economic feasibility

studies, the site selectad financing opportunitidsch provide the basic scope of the project. After drawing up a first draft
incorporating these basic decisions, the conceptual engineering oftte withjecpsiposal for the technical specifications. Once

the conceptual design is established, the permission process and contract negotiations can begin. Thesetgitiaged are closely in
with the financing of the whole project. In currentepmjesrsing experts specializing in power plant projects offer all the services
needed for the project development. Often the project development phase tends tdusetththiofagishat feasibility studies,

the permission progessl publicegisionmaking processes take a lot of time. Typically, between one and three years pass between
the first tender and the final project start (FichtnerSolar AG 2010 and Solar Millennium AG 2010).

Figure 13 Project developmentofa CSP plant
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SourceFraunhofer ISE

Materials

The second phase of the CSP core value chain involves the selection and gateniregedfitheand further transformed
materialsWhile some materials are provided by the world market, othigzd fveadiyfgpending on costs and logistical aspects.
Quantitativelyoncrete, steahd glass are the materials most needed for a CSP plant. For a 50 MW reference plant, for example, abot
10,000 tons of concrete, 10,AB0000 tons of steeid G000 tons of glass are required. For the Kuraymat plant in Egypt as well as

for plants in Spain, concrete and steel have been provided by loThleseppteetieaterials principally required for a CSP plant:

glass for the mirrors, steel for thetimg structure, chemicals fdreggransfer fluigHTH, and insulating materials together with

different metals for the piping.

Table 4 Material and land requirements for CSP reference plant

Parabolic Trough Plant

50 MW wh 7 hours storage
Steel 10,0006 15,000 tons
Glass 6,000 tons
Storage Medium (Salt) 25,000 30,000 tons
Concrete 10,000 tons
Insulation Material 1000 tons
Coppef’ 300 tons
Land 2 km?

Source Author

The German Aerospace Cdbté} ¢ompared theaterials required for different CSP technologies (Viehbahn, 2008). The material
needs were normalized to diiMlant size and 1 hour of thermal storage capacity in order to balanseeeificadkgh as
differences in efficieneg@Error! Reference source not found.

Personal communication from Proternddgwagh this figuréiser than for other materials, doppemuchhiglervaluehan other materials; for example, it has
10 times the valuetel$ at present.
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Figure 14 Comparison of components of the basic solar thermal power plants, scaled to 1 MWel and
one hour of storage capacity

N Solar tower
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Parabolic Trough Central Receiver Parabolic Trough Parabolic Trough Fresnel Trough
HTF Thermooil HTF molten salt HTF Thermooil HTF direct steam HFT direct steam
MS storage MS storage concrete storage  PCM storage PCM storage
1MWh 1 MWh 1 MWh 1 MWh 1 MWh
noteThe combinations of collector and semtag@agies showkimor! Reference source not fousdexemplaryh& molten
salt storage (MS) is the only commercial storage technology shown. The storage systems based on concreteatiad phase change ma

(PQV) is at prototype status, today.

SourceViehbahn, 2008

LikeTabled, Error! Reference source not foustdbws that the storage system accounts for a large portion of the used material. This

is true foall shown technologies, despite the relatively small assumed storage size of one hour. The solar tower plant uses a hi
fraction of buildings (due to the tower itself). The linear Fresnel technology uses strikingly little maemidd Vdng lightecau

collector desigrut also because of the absetticeh@favy concrete foundations used for all other technologies shown.

Components

This section describesctiraponentsthe third phase in the value chain. QalgeptCSP plant cardbéded into two parts: the

solar field and the traditional power block. The key comihersetds fiéld are the metal support structure for the mounting, the
mirrorsand the receivers. Since the CSP market worldwide is still at a verygrdyadestagenpanies exist which can supply
these components.

Solar Field of CSP Plant

A The metal support structure is made of steel or aluminum and isnaditiiestbgl and aluminum companies. The
structure has to meet certain requiremmetiits ftructural stability against wind loads in order to ensure the precise
alignment of the mirrors over the entire length of the colbatbraamreach up to 150 meters.

A Mirrors for the CSP industry can be either flat (towers, linearbemgs(u)adrolic trough, dish). Bending and mirror
coating are standard processes of the glass industry, and can essentially be performed on standard equipment. Mirrors ha
be highly precig&rermarginal reflection losses of direct radiatioa leagtalegree of electrical efficiency and therefore
jeopardize the economic efficiency of the whole project. Commercially viable CSP mirror plants must have a minimum cap
(more than 26@00 M\/equivalents per year). Typical glass and miaoresongye a wide range of customers in many
industriese.g., automotive glass, technical glass, solgramitrdiferent kinds of specigdose glass. According to
Guardiarthe level of complefatysolar produgsscomparableautomotiveqiirementéshapes are more complex in the
automotive segmdnitgeometric specifications are stricter for solar mirrors). Although raw flat glass and mirrors are traded
globally, the cost of transporting heavy items in a competitive industtgdataarikeor production near consumption
centers is therefore likely to happen once markets reached sufficient size.
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A Receivers are the most complex part of the solar field. They have to absorb as much light as possiblelahile reflecting as
thermal energy as possible. The transition from glass to metal has to have the same coefficient of Wfegynfievexpansion.
companies worldwide produce this specific coffipoesltin receivers has to be specifically selected for good durability
andcanpliancevith coating requiremélitis steel woultipose strong requirementscal production.

Mirrors, receiveend the mounting support structure represent the main elements of the solar field. In addition, an important role
played by the hegnsfefluid systerwhichincludes the heeaansfefluid (HTF), the piping, insulation maedgisimps.

In most of the current CSP plants, thermal oil is apph€Fast is produced by large chemical companies. Approximately 13 tons
perMWe installed power are needed. Insulation material (about 20 tons per M¥ée) andviteigequently a large number of
producers can be identified. The quality of the insulation is highly important as it directly influenceschearidermal efficien
consequently the plant output. Some CSP projects try to use wmloitbnesadtls some technical advantages (large storage
capacity) but a couple of disadvaamgedie.g. freezing of salt).

In a CSP plant, the hydraulic pumps that ¢ireutditeor molten salt in the 20 km to 200 km long pipjrendysterheat
exchangers that transfer the thermal energy intrestediher complex and expensive components. International companies with a
large degree of kAaaw in this sector jdevthese components. Some publications include the H8E pgstethe solar field;

others display it separassiyjll be done in this study.

Electrical components, electronic,cafilesydraulic adjustment units (for mirrors) used mfigld aold the power block for all
adjustment and control processes have to be precise and of good quaptprtifetisuesof at least 25 years.

Power block of CSP plant

The key component of the power block is the steam turbine. Tidgheialbyld be considered the most complex and difficult part
of a CSP plant. Normally turbines are manufactured by big industrial compagies exiperienge in the field. Due to the
extremely specialized requirements of turbines, shippmegircelstgant and suppliers can be found all over the world. The power
block used for CSP is very similar to that used for combined cycle power plants.

The grid connection is organized and fulfilled by the EPC contractor or other subcahtiztrsdabatdtiie local and regional
power grid. By means of standardized substations and transformers, the system is connected to the mediagevgiidge or high volt
for larger transmission to the final end consumer.

Engineering and construction

The fourth phase of the value chain invoplestlemgineering & constructidrnis is performed by the engineering, progurement

and construction (EPC) contractor. The EPC contractor is responsible for the whole plant constructionh&selejtsathanager

the suppliers and awards most of the jobs to subcontractors. Sometimes, even before the contracting entitiy @hooses the final
candidates have already chosen certain component suppliers due to ieb@iingbr tipoditical motiians. Normally all

component suppliers as well as the subcontractors who carry out the detailed engineering and the civil werkE$@&re chosen by th
contractor. The main task of the project manager is to coordinate all partners. EPCusodiraciosgliary companies of

industrial groups and can resort to building companies and engineering consultants in their own companys gooupe The civil work
total plardrealso often closely connected to the EPC cpasrastory companies havie tiven subsidiaries or joint ventures to
undertake these tasks. Large infrastructure companies for buildings, posveth@antsrastructure projects provide the basic
services for civil wogkeeh apreparing the ground, building the suppbestgicture (streets, houaadgreatinghe foundation

of the power plant. For these civil amatkior the assembly and installation of the collectorsjrablengéow skilled workers is

required on the construction site. For exampfmgrasta power plant, 500 workers were needed for these works. IndNerth Africa

to lower productivity, the number of employees can increase td 2Q0tcEF@D@ontractors ludtenbeen general contragtors

building different kinds of plantsidustry projecfsr many yearshey therefore have a wide range of experience to draw upon.

current projects the EPC contractor even serves, in part, as financandridrathedirst years is also responsibleperstien

and maintenang@&N, which binds him to the plant.

Operation

The fifth phas®perationincludes the operation and mainte@8igiof the plant for up te3R5years. This is often performed by
local sulontractors and, as mentioned before, sometimes chyrdiratelC contractors in the first years. Currently, about 30
people are necessary for the operation and 10 people for the maintenance of a 5G&8MaRIER)pEm (asks for operation

and maintenance can be splifomtdifferent groups: Plant administratimrk@s needgdperation and control (13), technical
inspection of the power blockr(@)the solar field operation and maintenance (14). For higgeQddntsost per installed MW
decreasesEA 200 Roadmap)
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Distribution

The sixth and final phaseDibieibution involves delivering the electricity from the plant to the consumers. Large utility companies take
the responsibility for the distribution. InitddStdtes these large utilite® obliged to buy or produce a certain amount of solar
electricity by the Renewable Standard Portfolios.8fstath U

Finance & ownership and political institutions

Two of the cresstting activities are absolutely crucial for the realzdl8® girojedtinance & Ownershind Political
Institutions

Since CSP projects are still not profitable without financial support, the project financing is often thef thespifectlt part
development. In Spain for examplen feedfensure the payment. Based on thenfemdf levels and specifications, private
investorgogether with the project developers (which can be within the sanoalcotapatiyg profitability of a proposed plant.
This support mechanism improvgsatess of making the project bankable because cfetihe durgantees and continuous
revenue flows to the owners and consequently to the creditors.

However, if the tariffs are statically set too generously over a longer period of timentheaoumotrthearumber of plants
constructed, as happened in Spain in the PV market. In North Africa so called PPA (power purchase agreert@ents) are often us
assure financing. In a PRA state controls the number of, @adtgvery plant is tendeseparately. This leads to individual

conditions for every plant constructed, but does not easily promote a dynamic market evdifferentnkprdstmfeownership

structures can be found. There are three common operator models dfi rosveomiextBuildOwnOperate (BOO), Bin

Transfer (BOT) and BOildhOperatd ransfer (BOOT) (Daniel Beckmann 2003).

1 In a BOChe private sector finances, builds,ansinsperates a facility or service permanently. In the original agreement
requirements of the public se&t@tated antlderegulatory authority takes control.

1 The BOOT contract encloses a final transfer of the plant ownership to the government or to another entity at a previo
agreedipon price or the market price.

1 Campared to the BOOT contract, a BOT agreement starts the transfer to the government at an earlier point of time (5 ye
instead of longer periods of 20 to 30 years for BOOT contracts).

Existing financing and ownership structures demonstrate thefhighdeaeke held by political institutions in building CSP plants.
CurrentlyCSP technologies can only be developed with political support. With time, morecoymiziies #eed joining in
providing financial support to E8Rxampl&pain has had a faadariff since 2003; some states within the United States support
CSP with renewable portfolio standards; Masanoounced a national solarahahindia is currently drawing up-i fegff for

solar energy.

Research & development

Research & developméRi&D])s a crossutting issue and a very important aspect for technological progress and fast market entry. To
bring the technology forward, project partners must work closely with research institutions. R&j2 ptdathguayExisting

R&D plants include the solar tower in Jilich (Germany) and the Plataforma Solar de Almeria (PSA) in Spal, where different
technologies are testadorder to reduce the final acceptance period at the end of the ahstamtiossioning phase of a
commercial plant, new methodologies for testing are required. A standardized testing and monitoring protadiieédfor installed s
will be an important task for all future projects.

1.2.2 International value chain

Based on th@SP value chain presented aBowe! Reference source not fousitbws the main international players involved in
eachphasgeither companies or other stakeholders). Some projects are led by large industrialledasmtiaghebirs on the
CSP market (such as Veolia Environmengr@iSHiht Gobain). For a single large CSP investment project, asémsoetilim
under an EPC contractor that supplies the components and services for the construétiter af shegalssful cooperation in a
first project, existing relations between the companies are toftemataect new CSP pla@tgerthe lastwoyears, several
mergers and acquisitivege takeplace in the CSP industry.

Some important exemyplauisiness activities irrdlsenyearsnclude the following

1 In 2006, Spanish Acciona acquired the majority on US CSP company Solargenix




1 In 2007, MAN Ferrostaal AG and Solar Millennium AG founded the company MAN Solar MillenniumrGongjelctspecializing i
development, financimgd construction of solar thermal power plants. In 2010, this joint venture became part of the company
Flagsol GmbH which until then was the engineering subsidy of Solar MikroaiynSiid® this merger, Flaoslangs
75percento Solar Millennium ang&8ento Ferrostaal. In the meantime (in 200Pgraef@hare of Ferrostaal was sold by
the German MAN holding to thBRdiebased IPIC.

1 In 2008, Sener and Masdar created a joint venturef¢f dneisal)mmon CSP activities.

1 In March 2009, German Siemens AG bougidree@8hare of the Italian company Archimede Solar Energy, a technology
company of vacuum receivers for parabolic trough plants. In May 2010, this share wazeiemeased to 45

1 In October 2009, German Siemens AG bopghtdriiithe Israeli vacuum receiver manufacturer 88ig4i8million.
1 In Feb. 2010, French Areva bougherbedof the 6. technology developer Ausra
1 In May 2010, Alstom invag@&B5milionin Brightsource.

This chapter identifies the key playtis chain, includingir function and background. The positive attitude of the existing players
toward expanding their business activities in the MENA region is an importamigkiegab ppeoratdcturing, achieved through the
development of their own projects in thearadjluanjntention to form local subsidiaries, local parareigbipsventures for local
manufacturing.

Assessment of key parts in the value chain

The dferent industries required for each phase in the value chain have specifictbhtaeetdestisbed here in detail. These
include, for example, business models, project experience, company size, technology specialization, etc.

InTables the industrial and market structure for the key components and services are listed. The international isdaustry is used here ¢
example for local industries to show how they could develop in the future okftertheclasedomponents, secondary equipment

for CSP is also evaluated according to industry characteristics. Results are irsgeadang Wwbahcapabilities for, B&Ruse

international companies have requirgeriorexperience and havertaidm large investments in R&D and technologies to reach
market positions.

Materials (raw and semi -finished)

Since the most used raw materials (steel, mtiEdeaent) are consumed for the construction and civil works in large volumes of 50

to 150dns/MW, it is mostly large players in the local and national construction and steel industries who are plyinly involved in sup
the CSP projects and EPC contratterassembly of the collectors is supplied by large local industrial comgaaiesidieat ha

range of products and servi€8P is nahe primary business concetimes& companies due to the still limited market demand.

These supply companies are often active in the building and infrastructure sectors. They also suppiyshrgvenicdtmotive

demands a large volume of these corypamiasts. Some of the raw materials are specific to the @8Heptather materials

needed are also in demand for conventional power pitggatdgorincludes products such ad,stencrefand cemepand

involve a large number of companies. In contrast, the number of companies on the world market that can supply CSP plants or
manufacturers with a very specific raw raatdriattiermal oil) is limited.
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Figure 15

International CSP value chain with companies/actors for each sector
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A eSolar A Duro A Heidelberg A Glastech Inc A Hagsol
A Fichtner Felguera Cement A Glaston A Novatec
A Ibereolica A Hagsol A Hydro A Guardian Ind. A Grupo Sener
A M+W zander A MAN A Linde A HEROGlas A Siemens
A Novatec R Ferrostaal A Pilkington A Pilkington A Sy Fuel Inc
A Solar A Orascom A QM A Reflec Tech
Millennium A Samca A ThyssenKrupp A Rioglass Solar
A Sirling Energy ~ kv Fuel A Saint-Gobain
Systems (SES
A Torresol/
Masdar
HTE Connecting GeS::;Tor/ Sorage Power Block Grid
Piping Heat Exchanger System & pumps Connection
A BASF A Abengoa A GEPower A Sener A ABB A ABB
A Dow Chemicals A Acciona A MAN Turbo A Hagsol A Alstom A Abengoa Solar
A Linde A ACSCobra A YSemens A GE Power A MAN Ferrostaal
A Solutia A Bharat Heavy A Kraftanlagen A Semens
Electrical Ltd. Munchen
A BilfingerBerger A MAN Turbo
A Kéfer A demens

Operation& Utility / Transport
Maintenance Distribution
A Abengoa A APS
A Acciona A EETC
A ACSCobra A Endesa
A Hagsol A ONE
A FPL Energy
A Iberdrola
A Nevada Solar
A MAN
Ferrostaal

A Local banks A Ciemat
A International A DLR
banks A Fraunhofer
A World Bank A NREL
A African A Plataforma Solar
Development de Almeria
_ Bank A sandia National
A Investors Laboratory
A Public
institutions

A Local
governments
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Table 5 Industry structure and context of component manufacturing and services in the CSP value chain

Industry Structure Economics andosts

Project
Development

1 Small group of companies with technologitelviknow

1 Intern. actors have fully integrated activities of concef
eering; often with project development, engineering, fi

1 Increasing number of local developers in emesiggits) like
India, South Africa (partly in cooperation with intern. p

1 Activities are mainly lab@nsive
engineering and permitting activities

EPC 1 Strong market position for construction, energy, arashs| 9§ Large infrastructure companies with
contractors infrastructure prcie turnover

Parabolic 1 Few, large companies, often from the automotive sec| { Large turnover for a variety of mirror
Mirrors i Large factory output glaSS prOdUCtS

Receivers 1 Two large players 1 Large investment in khow and

f Factories also inEarkets Spain and US machines required

Metal suppori § Steel supply can be provided locally 1 High share of costs for raw mésezill

structure 1 Local and international suppliers can produce the par  oraluminujn
Marke structure and trends Key competiveness factor
Project 1 Verydependnton growth/expectations of individual ma 9 Central role for CSP projects

Development

1 Activities wontdde 1 Technology kniaow

9 Access to finance

EPC 1 Maximum of 20 comipa 1 Existing supplier network
contractors ¢ Most of the companies are active on the markets in S
the US
Pgrabolic 1 A few companies share the market, all have increaset T Bending of glass
Mirrors capacities  Manufacturing ofiterm stable mirror
9 High mirror price might decline with high reflectance
1 Some players also include tis&regm
float glass process
Receivers 1 Very dependam market growth 1 Hightech component with specialize:

1 Low competition today, but new players are about to ¢ ~ production and manufacturing proce

market (e.g. Archimede (Italy), new fiiaye€hina)

Metal suppori { Increase on the international scale expected 1 Price competition

structure 9 Subcontractors for assembling and materials 1 Mass production / Automation
Strenghs Weaknesses Opportunities Threats
Project 1 Reference projects 9 Dependency on |  Projects in pipeline| T Price competition with
Development | q Technology kndvw political support other renewables
EPC 1 Reference projects 1 High Cost 1 Projects in pipeline| { Price competition with
contractors | q Welltrained staff 1 Achieve high cost | other renewables
1 Network sluppliers reduction
Parabolic 1 Strong market position:  Cost of factory 9 New CSP markets .  Unstable CSP market
Mirrors few players 9 Continuous demai 1 Barriers for market.  Flat mirror technology
1 High margins (high cos  required entrance (Fresnel / Tower)
reduction potential)
Receivers 1 High margins (high cos { Dependency on = { Hidh cost reduction: { Unstable CSP market

reduction potential)

CSP market

9 High market
entrance barriers f
new players (kno
how & invest)

potential through
competition

9 Low market demand
1 Strong market positiol
of few players (new
players to become
commercial soon)

Metal suppori
structure

1 Experience

1 New business opportur,

ties for structural steel
9 Low enénce barriers

1 High cost
competition

1 Increase of efficien
and size

9 Unstable CSP market

Cost and logistical advantages are the main drivers in selectimgpateufor the CSP projects in Spain rutetfgtdties Very
often the suppliers sdirthroducts on an international level. Spanish CSP plants are built with Turkish steel or Israeli Haifa Chemica
supply salt for the storage systems.
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Glass companies whose manufacturing is not centered around CSP mirrors see the potenéiat afppgdodityusind sell their

highclass mirror products to this market. Therefore, investments often are made in markets with existing pradluction capacities
factories. Producing CSP mirrors is constrained by the Aean dgtaidew/'white glass opposed to regular "green glass"), a glass

quality required almestlusivelfor this type of use. Solar grade glass can in principle be produced at any float line, provided that
appropriate léwn sand is usedthsraw material.

Veryhighqudity sand can be found locally in Midtgapiality loivon sand is also available in countries like Belgium and Jordan.
Sand is very abundant in the Sahara desert and in the Gulf region but, according to Guardian, it is nass@tabéediresolar gl
applications for white glass are limited, it is a costljransitiaris from green to dmiie back from white to gitadse about two

weeks each, during which the production of the float line is lost, as it operates oasisq@diinumamop for 15 years); the
production of glass during transitions can be recycled, but considerable amounts of energy are wastéypinalhftoptocess.
produces approximately 30,000 square meters of glass pavday,0i@00 murs,which inough to power 5 MW of CSP
(depending upon DMiyis,making mirrors for a 100 MW CSP plant takes teesetireeks In other words, a G&fty float line

would only be justifiga yearly market of around 2 GW.

Power block, steam generator, and heat exchangers

Since the power block unit uses many of the same components as conventional thermal power plants, largeatgmpanies internati
active in converting thermal energy to electricity are also active in the CSP market. @amepanigisctric, Siemens, Alstom,

ABB and MAN Turbo are the most important players for steam turbinesaggneoaterscontrdhese higtechnology

companies also cover the technical siggribfition and connection to the grid. Avélighf lexpertise is required for these
components in order to reach continuous output, a large number of operating hours and, in padimoNarsiogheéficegyy.

The steam turbine technology is nsainoenew revolutionary technologieaicents are expected in this highly competitive and
concentrated marketh companies like Siemens, AsstdrsEontrollinthe major share of the global market.

Storage system

The company Sener is currently the most experienced playestinaherdoalCSP plants. It is responsible for up to 12 molten salt
systems (mainly in Spain) which are eitfeoparation, constructiondesign phase. For example, the storage system used in
Andasol 1 consists of two tanks of 14m height ardia@8cfemwith a concentrate of nitrate molten paite(®BNO3 + 40
percenKNO3). This engineering company with 5700 employees has its own very stroiog®R&iEhdBasienspendpéeécent

of its revenues.

Flagsol hithdeveloped the molgatt thermal storage concept even before Sener entered this market jointly with Flagsol. Flagsol was
responsible for the engineering, procyeerdertdnstruction of the molten salt storage of the Andasol 3 power plant (currently under
commission).

In gmeral, the molten salt thermal storage is not a technology that can be provided only by one player. The components used
standard components in chemical and energy plants. Therefore, no monopoly/oligopoly ikifikeightHpotdverthe caitie

the salitselfas a raw product. One @15 storage system for a 5Qidnt needs aboup&cenof the annual salt production of

the main supplier (SQM, Chile). Recent salt price increlasesaoitggquence of increasing demand froPitioI &8/

For example, German Ziblin AG is working on a storage concept with concrete as storage material, today at prototype status.

Finance and ownership

The large volume for the finance of CSP f@avie.(WS$ / MW) is often provided by feasyt dibmpanies, bawkdinancial

institutions. On the Spanish CSP market several special purpose vehicles have been founded by a project eeasortium. Andasol
financed in the beginning by the companies Solar Millgenaemté2il ACS Cobibpercent In 2009after the commission of

the projectSolar Millennium sold all shares to ACS. Andasol 3 holds a share in the ownership of the special purpose vehic
iMarquesado Sol ar S.L.0 of whi c¢ch RY8 and SoJar MSlilernmidnt alse shkre theMu ni c |
ownership.

In Algeria, the ISCC plant was financed by a consortium of the engineering and EPC contractor Abener and Sonelgaz (NEAL).

For these first projects, the risk was consequently shared betweerettedopssgeeind larger investors. The project developers
tried to issue a fund to increase their limited financial resourcestairtiidse tehares of approximatggr2ént

After finishing the project, the project development companysedlsy itsftehare to other owners for the operation. Large
development aid institutions have played a very important role in Egypt and Morocco. The Global EtogetherewitFdislity
implementing agency the WorldiBatkbeen strongly inedlin the financing of CSP plants by giving grants to cover the excess
coss of CSP.
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