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1 Solar Thermal Electrici#kchieving the EU Policies and Targets

1.1 STE a European Industry

The emerging industrgaér Thermall&ctricity(STEhas strong European roots. It is growing mainly due to the
technical and economic esgof the first projects and to the stable green pricing or support mechanisms that
bridge the initial gap in electricity costs (iretdeéfd). Future growth will depend on a successful cost reduction
and astrong effort in R&D to omithiz pential for technical improverdantpean component eqaipment

suppliers invest in R&D in order to improve the performance of the individual components. Energy companies ¢
Europe are joining the effort and starting buSimesis ithe framewofkhe EU internal market and in the world
marketindependently if there is technical potential in their respective countries. There is common understanding
theSTEbusiness has a wide markeadmgh potential both in Europe aatlabive Eurean industry being in

good position for develept in tlse marketspainly in tHeU and thiglediterranean and MENAsarea

The STEindustnconsidershatin the shorind mediuterm the European Union should install demand pull
instruments and pronsefeport mechanisms such asridadss, the most powerful incentives to boost the solar
thermal electricity generation.

In the framework of the internal electricity market all Mendaer [&taefit in the medium otdomfyjomthe

huge potentid solar thermal electricity both in South EU countries and South Mediterranean countries.

In themediunterm th&upergridhould be opened to solar power from Nortmaifilgefrom countries partners

of the Mediterranean Solar Rlah,this powerporationshould be secured by implementing demand pull
instruments agadireMediterraneaagional agreemeintshe framework of the Union for the Mediterranean
STEdispatchability can be an essential factor for the importing countries to lesveliheiReackvable

Energy SourceRES)goals, as a complement to other intermittent sources, whose contribution will be limited by t
grid requirements.

The potential for research and innovation is still of key importance for solar thernhadipewB&i2dano

needed to develop and test new materials, components and system development (i.e. coatings, storage,
steam/molten salt systems, adapted steam generators, beam down). Further research is also needed to im
transmission and the gynerid.

Both he European Uniand MembeStatesshould continue to fund demonstration plants to push forward new
technologies. This is of utmost importance, as only proven technologies are bankable.

1.2 STE:Contributing to Reach the EU Target: 20% ofMableeEnergy Sources
by 2020

By 2010 there will be ntben 500 MW connected to the agrit theshorterm potential for European
Mediterraa® countries is estimated 80BMW that could contribute, if the necessary measures are taken, to the
EU 20%arget in the year 2020.

Solar thermatectric generation is highly predictable, and can beitlotipdechal storage or hydtimliz with

gas or biomass, enabling stable national or European electricBplaetinerkatectric plants haveofable

inertial response as well as the capability for primary, secondary and tertiary electricaldiegctiati@ngn both

and down.

Solar therretectric power plants can meet the demand at any time, day and night, and can suppall electricity at
hours if they are anticipated. Furthermore these plants can easily meet the demand curve and contribute t
electrical systemdés stability through the input o
the electricaysters, both aEuropean aratiregiondkevelwhen allowed by the Sgieéidevelopment, including
theSouthern Mediterranean and NortherarBastic
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1.3 STE: Contributing to an ERé&newable antdow Carbon Energy System and
Sustainability

The great dynamisnthef Solar Thermal Electricity European indbggty pissential, operational reliability and
current production capaniékes solar themfextric generation a strategic resource for plariingpten

electricity scherf 2020 and beyoiitie god dispateability characteristicsaar thermal power milee

difference with other renewable sectors

The European countries | ocated in the Worldés Sun
tables below give an estimf&d Ein Southern Europe based on the current technology. Further developments in
technology and components achieved by the entire European solar industry will lead to more efficiency in con
sun radiation into generated power, thus-teeriatgnates will certainly revised upward.

STEEstimates 2012050Power Generation Capacity in Southern Europe (TWh/Year)
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1.4 STE: Developing a Regional L-degn Strategy for aulFRenewable Emy
System and Sustainability

A worldwidelong term strategyneededo build a sustainable low carbergy system in ordesecure the

energy supply aml meethe challenges of climate chdfayethe H longterm renewable supmyional
approaches are of paramount impditan8altic Region, East andtaléturopgnd théMlediterranean Ring,
whichincludeshe non EU countppestners afie Union for the Mediterraméa|n the lonterm the Supergrid

will be the mastonomiand efficiemtay t o connect the O6enl arged6 Europ
Focusing oBolar Therm&lectricitythe EU and its Member Stdtesld take advantage of the fadh¢hat

largest potential of the worldSeuthern Europe ahdUniod s nei ghbor countries of
partners in the Union for the Mediterranean.

North African countries should develop clean technologies to face the increasing domestitnathergy demand.
mediunterm,fiin the EU a target @fGW for 2020 is feasilbheuah larger contribution could be oliaimed
longetermif the potentials of the Northern Africa countries are developed.

STEPotential Capacity in the EU and NA Countries 2020 2030
Operating hours/y&3aiEEurope 2,83 2,917
Operating hours/y8aiENA 3,258 3,354
Transmission lossesiNEAIrope 6% 6%
STEshare in European grid (inside Europe generation) 2% 4%
STEshare in European grid (imports) 1% 6%
STEshare in European grid (total) 3% 10%
STEPotentiaProduction in the EU and NA Countries 2020 2030
Installed capacitysdfEplants in Europe GW 30 60
Electricity generati@TEin Europe TWhlyear 89,8 195
Installed capacitysdfEin NA countries GW 10 85
Electricity generatiSTEn NA coudries TWhlyear 32 286
Transmission lossesiNEIrope TWhlyear 2 17
Electricity import from NA TWhlyear 30 269
Total electricity generation$ibin TWhlyear 115 444
STEshare over total electricity consumption % 3% 106%
STEshare generated insideofel % 2% 4.2%
Importe&TEshare % 1% 6.4%
Energy consumption Europe TWhlyear 3,734 4,182

Source: IEA2008, Est
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Dramatic changes are to be introduced in the present energy systems to mitigate their negative impact or
environmensclimaedh € hWo rwlodeXtethdsifrenu tatiesB38hbrth éo 35° south, receives

several thousand times the global ereedya resource which is currentlgxpbditedA large part of this

enormous energy could be harnessed throughmealaettiaologies, conveyed and used in a sustainable way.

In the lonterm the huge potential @ &n be developed and generate electricity from solar power for a Euro
Mediterranean market of green electricity that will benefit all partneféorTlsojdoh be developed in the
framework of the Union for the Mediterranean, starting with the Mediterranean 2612y fPlaincg®baild

the path for a solar future of theMediterranean region and therefore, substantially contributedts a E
consistent, versus full, renewable consumption from Finland to Spain, from Greece to Poland or from Irela
Portugal.

By using a mere 0.4% of the total surface of the Sahara desert, the European demand for electricity could be €
met, anche global demand by using only 2%.

Areas of the size as indicated by the squares would be shfflei#anterto generate as much electricity as is
consumed by the Warldby the EU spectively (Source DLR Germany 2005).

1.5 The Mediterranean SoRlan

On 13 July 2008 the Heads of States and governments-bfetiteErareean countries meeting in Paris have
agreed to strengthen the process of Barcelona initiated in 1995 and to transform it into the Union for
Mediterranean (UfM): an anpeaafe, democracy, cooperation and prosperity. In order to accomplish these goals ¢
regional projects were created, among them the Mediterranean Solar Plan.

The permanent Secretariat, soon to be established in Barcelona, will be responsibleherfeasiyility out

studies and elaborating the MSP (Mediterranean Solar Plan).

As a regional initiatar®SP, based on STE placds)d contribute to improve the security of the energy supply in
the EU countries, as well as to meet the increasingddomaestifrom renewable energy sourdesbaindt

economic developmerthe UfM ndflJ countrie§his Plan should generate new income resources and reinforce
the grid infrastructure in these countries, as well as creagi@aedustrial sectof solar components
manufacturing.

The MSESTEcould also contribute to achieve the renewable energy 2020 targets by EU countries. According to
new RES Directive that will enter into force in 2010, EU Member States will be allowed toninipatt energy fro
countries.
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But the main benefit from the3A&RIll be to create a regional marketdopowaechnologies thaill allow

a faser evolution to reduce costs and improve dispatchability and water consumption, thus leading to a
compeiite kWh cost for plants built by 2021 and beyond. These plants, built with components and enginee
mainly produced in Southern Mediterranean countries, will produce electricity at a competitive price to be s
Europe or locally, depending on pdickemand in a fully interconnected environment.

1.6 Cost Estimationsf the MSESTE

ESTELAas elaboratedreasonable impleragah plan for ti8T Einitiative in the Northern African countries.

The initiative should encompass the expansion/consaodiims od export part of the electricity produced to
Europe through a new eledniacemission systethe Supergrid

The main goal is to reach by 2020 an amount of 20,000 MW installed power in the desert areas of the NA count
The total coRir theSTE initiative in NA counteese dsnated at Bbilliord ( wh i cthan nwegimests e n

of 813biliomi f or t h e bifidna nftsr atnhde otfr almés mi ssi on | i nes) .
Taking into account the most likely scenario of a continuous increase of the electricity price produced by fossi
operated power ggamparticularly after the ETS Directive, amended in June 2009, and thaflepemdagen

the right gquestion is not AHow much publiftHeswppoOTr
big will the savings be for the consumegysdurine whol e | i fe span of the sol:
There is no doubt that there will be a time when the costs of the electricity produced by solar thermoelectric |
plants will be lower than the ones produced by conventamal gastipe electricity costs produced by solar
power plants will be stable, without being affected by the oil price, the savings until the end of the operation
could be very high.

Nevertheless, until this breakeven point is reached sonmgprblidl dae of utmost importanceatdahia

investments by the private industrial sector within the Solar Mediterranean Project.

This support could be formulated, for instance, through a 20 year Power Purchase Agreement (PPA) coverir
productionosts. After this period the reference PPA price could be significantly reduced for a second PPA pel
Other alternatives can be designed to value -thimn(ahgve 40 yearsapacity of producing dispatchable
electricity at an almost fixed cost.

Thevolume of this initial collective effort will strongly depend on the trend of the oil/gas price increase, whicl
determine when the cross between the decreasing solar costs curve and the increasing fossil fuel costs cu
reached. According tofbasible schedule, a large proportion of the plants to be initiated before 2020 (likely thos
to be initiated closer to that date) will be able to generate electricity at prices below the contemporary alternative
fuel electricity from their-sgediate. If this were the case, no financial help would be required for this potentially
large portion of plants.

1.7 Economic and Social Benefits of the {85P

TheSTEindustry estimates at 30GW the potential for installed capacity in the EU by #82@oubsthy in
countries. The potential in Mediterranean Southern countries is technically several times the world demand
benefits of developBibEplants are in terms of new low carbon installed capacity to meet the increasing energ
demand. In terrosocial benefits, if 20 GW of solar thermal power new capacitetharddrtfilern African

countds, estimates on job creation until 2020 cautdabef 235,2&tanyearjobs 80,000n manufacturing

(40,000 on site and 40,000 in Eutap€)0@ construction and 35,280 in O&M.

1.8 Contributing to Economic Growth and Employment: L&tbategy Goals

STEplants are mainly locatedrynareas that aracultivatedhot used for agricult@emmercial activity within

these areas will digaind indirectly benefit local communities. Direct benefits include the collection of taxes and t
creation of new jobs, the indirect benefits being an increase in local services to support the new jobs created.
The plants require skilled labour fenuctios, maintenance and operation. The types of jobs initially created would
most likely be technical or construction ones, but opportunities for manufacturing and services jobs may also d
as facilities evolve.
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The calculation of the new jobedrsabasedncurrent industry practices to assess the number and type of jobs
that will result from the enactment of renewable ermmyy iproggent years. $6Eplants, every 100 MW

installed will provide #@M/yeagquivalent manufacturing flin contracting and installation, Gimd@&M.

A community can benefit indirectly from economic development, i.e. through an increasing demand in local se
commodities. It is widely accepted that for each construction job, four secvéetebs aupport. Once
construction is completed, O&M will also require local services.

1.9 Reinforcing the World Leadership of the European Solar Thermal Electricity
Industry

Europan countriesrethe world leaden this technology as demonstratediyhblydhe number of plants under
construction, but also by the ownership andtamsir new plants in the USAhairttérnational tendering of

plants in ndwtrn Africa or thadile Eaghat areawarded tBuropean companies.

Regarding compotgemanufacturing, there are factories in many EU countries. Regarding parabolic mirror:
absorber tubes, collector structures, heliostats, steam turbines, alternators, transformers and other componen
European solar plant constructing industryiaeerieny are world references.

Todayhis emerging sector accounts companies froood@tigs, mofevie take into accoum specifiSTE

components manufacturers that are, however, part of the normal equipment of electricity gensahtion trough tt
processes.

Furthermorénd number of R&D activities promoted and developed by research centers and by the industry are
key indicators.

In short, the European industry is perfectly prepared to lead the development of these techribiegies worldwide
world leader and should remdinisthe challenge for the coming years.

2 The Research and Demonstration Strategic Agenda foiT Betaral
Electricity

The EU Strategy Energy Technology Plan has been elaborated to align technotagyhdineiopmemergy
policy goals. The European Commission proposes three mechanisms to achieve an effective implementation
SET plan:

A TheEuropean Industrial Initiativésstestrategic technological alliances.

A The European Energy Reseaiahodd strengthen Eueam energy research capacities.

A The TranEuropeanriergy Networks and Systems of the Future.
The European Commission has clearly defined the basic principles to be developed by the European Indt
Initiatives:

A Toboost the rearch and innovation,

A To accelerate the deployment of technology,

A To deliver progress beyond busisessial,

A To defin@nd reach clear targets,

A To contribute to the political goals.
Among the six European Industrial Initiatives currently peogo®edised on solar energy. The Solar European
Industrial Initiative embraces both the Concentrated Solar Power (CSP) and the Photovoltaic €hergy (PV) sectc
European Commission expected the European Industrial Initiatives to be builtpeponTawhrialogy
Platforms (ETPs) works at least in the preparation steps. While for some Renewable sectors as Wind
Photovoltaic, the corresponding ETPs were established in the past years, the Solar Thermal Electricity industry
emerging industy a | d n 6t rely on such preparatory worKks.
compensates the lack of an ETP.
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2.1 MainResearch and Demonstrat©hjectives of th&trategicAgenda for Solar
Thermal Electricity

TheR&DStrategic Agenda fdEgchnologies up2(B0 should focus on the following objectives:

A Improve competitiveneSTf targeting anfully market cbgt 2021 and beyond.

A Develop technological concepts until commercial readiness with respect to cost, reliability and performa

A Improve flexibility of power supply by hybrid concepts, thermal storage and advanced operation concept

A Develop scalability of technology to compete in the power market and to reach significant contribution,
large scale and distributed.

A Enhance trenvironmental profile of the technology (land and water use)

A Wide range of application and develop polygeneration corlodpid anchbinations with other
renewables.

A Coordinate R&D activities with strategicutiingselements like transitidegita for Trafiropean

grids, hydrogen prd@ug solar resource assessment

2.2 MainMediumand LongrermResearch and Demonstrati@mpics

Research & Development Demonstration
Research and - High temperature joints
demonstration on - Absorber tube
improved component - New reflector solutions
reliability and - Pumps, seals, valves
performane - Power block
- Instrumentation
Storage - Evolution of molten salt storage technology with re - Molten salt: 100 MWh demonstration
cost, reliability performance, flexibility and safety included in existing plant

- Develop alternatsterage concepts for othelten salts - Alternate&/storage: several 100 kwWh
andheat transfer fluids (steam, gas) by material re§  prototype systems
heat transfer, process design and operating mode! - Several scalg steps from 1 to 100 M

- PhaseChangdaterial (PCM) storage systems integrated in existing
Direct Steam Generatio - Development of key components (absorber tube, ¢ - 10 MW demonstration with storage
and Molten Salta separdir, joints)
Parabolic Troughs - Integration with storage solutions
Innovative Collector - Linear Fresnel component aatiom - 1020 MW demonstration plant
Concepts
Central Receiver - Receiver development for different fluidse@igoler - Several 10 MW demonstration units
Technology steam, salt, gas)

- Gas turbine combustor chamber for solar hybrid a|
- Advanced heliostat development

Alternative Heat Transf¢ - ldentification, development and assessment of alte¢ - Collector reference loop demonstratic
Media fluids with losnvironmental impact, low cost, wide under real operation conditions
operation range

Small Scale System - Automation of operation and maintenance with the - Several-b MW demonstration unit
objective of unattended operation
- Hybrid operation options
- Inkegration of polygeneration concepts (thermal
desalination, absorption cooling

Hybrid Systems: - Process design asptimiation - Several 120 MW demonstration units
Combining CSP with - Optimiation of components
other renwable - ldentification of European palent
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3 The Solamhermal Electricitguropean Industrialitiative(STEII)

The SEPlan gives th8olar Thermal Electritiigustry an enormous opportunity to develop Solar Thermal
Electricity (STE) in Europe. TiwatyiESTELA is determined to carry out the Solar Industrial Initiative in the field of
STE in order fato become an outstanding European renewable energy industry.

3.1 STEII Objectives

The proposed STEII has been developed for the purpose of atlsevgaatsvtor the EU:

A To contribute to achieve the EU 2020 taayetsbeyonty implementing lasgale demonstration
projects carried out by the industry aimed at increasing the competiveness of the solar thermal elect
sector.

A To enhance markgienetration and to consolidate the European industry global leadership
throughout meditenm research activities aimed at redenargtipn and operation cosselar
thermal electrigigneration plants

In order to reach those goals the STiEltisred in 5 main objectives:
1. Increase Efficiencyo make STE industry fully competitive by 2020

2. Reduce Costhe competitiveness of STE could be improved by developing technological concepts whic
would bring costs down

3. Increase Dispatchabilitthe Fexibility of power supply would be improved trough hybrid concepts and
thermal storage

4. Reduce Environmental ImpaR&D would also enhance the environmental profile of the technology,
namely regarding the use of land and water

5. Educationabnd Trainingragrams

10
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3.2 STEII: Implementation Plan

STEHLT Increase Efficiency

Objectives:

- Increase the overall efficiency of the plants

- Improve the components efficiency

- More efficient cycles

- Create new design concepts by developing a new generatitin tod yginatmlectors

Actions:

Innovative actions aim to develop and test new technological improvements and components with higher effi
and implement new concepts (i.e. build bigger power blocks, decrease the heat losses, reduaaaf optical losse
develop more efficiglant configuration apdles).

Concerning the parabolic troughs technology, increase efficiency may also be possible with the development a
of a new generation of collectors and new technological features, seamasnmpsov i n t he col | e
methodology.

Regarding tower technology, innovation could address improvements in the control of the power plant and
control of heliostats.

For instance:

A Molten salts in tubes (linear technology) and/or recewer technologies).

A Pressurized Air Central Receivers for a solar powered combined cycle High Temperature Pressurized
Air; with pressurized air receivers, concentrated solar power can be supplied to the gas turbine part
of combined cycles and be converteablectricity by highest possible cycle efficiencies close to
60%. (No water cooling needed).

A Direct Steam Generation for line concentrating solar collectors: the first major innovation is to
increase the direct solar steam temperature to 500°C froyfstd@8°C. With 500°C direct solar
steam line concentrating collectors, concentrated solar power can be converted in steam cycles at
efficiencies up to 42% and dry cooling could be applied efficiently.

A High Temperature Steam Generation in Solar CentedleReRlants: to develop a superheating
section to generate steam above 100bar pressure and 540°C. Concentrated solar power can be
converted in steam cycles at efficiencies up to 45%.

Key Performance Indicators
e KPIlllincrease Efficiencies
e KPI12Increaskleat Collecting Fi8idam Temperature

Milestonegcompared with the state of the art in commercial plants 2009)

e Mllincrease the overall efficiency up to 30% while today this concept is lower than 20%:
e M12increase the dirbeat collecting fltechperature from toda400°Qipto HO°C

Budget
e Investment costs MU 2,150
e Innovation investment (1/3 average) 72MU
e Installed capacity 500MW

11
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STEW T Reduce Costs

Objectives:

- Reduce investment costs

- Reduce Operation dfmintenance Cost

- Optimize the information and communication technologies

- Better use of the installations (better use of land, bigger plants)

- Make terms of credit more adequate (lower interest rates, less technical risks)

Actions:

Innovation Pardolic troughs, Fresnel and Dish Stirling technologies aim to improve new and cheaper compone
with increased efficiency (i.e. high temperature joints, absorber tubes, new reflector solutions, pumps, seals, v
power block and instrumentation).

Technlmgical improvements point to the identification, development and assessment of alternative fluids with
cost and wide operation range in order to reduce investment costs.

Implementation of economies of scale, bigger competiveness and mancdastuvicpanekperience curve

would bring costs down.

New technological approaches could be tested to reduce maintenance (cleaning of mirrors, tubes) and ope
costs, it would be implemented using optimization of O&M, operation strateggnmeotateitadee grid

needs and new simulation models to better predict the system needs to help refining operational strategies.
Innovative approaches would optimize the information and communications technologies for the control
maintenance of parabtibugh power plants and their connectivity to the operations center (including softwar
development).

For instance:

A Parabolic Trough Power Plantdmprovements on the components (performance and cost
reduction): new collector designs, new workingsflaitd new storage concept might provide
substantial investment reduction and/or performance increase to be able to reduce the cost of
electricity around 10% in a first step.

Key Performance Indicators
e KPI2iLifet i me | evelized Electricity cost 0/ MV
e KPI2 CO2g/KWh avoided emissions
e KPI23O&M cost per MWh produced electricity
e KPI24T he numbetrismeoof hiiotpientseligbiity) y ear

Milestones(compared with the state of the art in commercial plants 2009)
e M21Reduction oftoday's¢os X U4/ KWh to Y 0/ KWh
o  M22% of CO2g/KWh avoided emissions
e M23:Reduction of KPI23 by 25% for a given plant size
e M24Reduction of KPI24 by 20%

Budget:
e Investment cost; 2250 Mu
e Innovation invesnt: 750 M
e Installed capacity: 370 MW

12
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STEH3-Increase Dispatchability

Objectives:

- Improve the thermal energy storage systems (serchatefillls, transfer fluids, changing of phase |systems,
ultra capacitors)
- Hybridization: Develop hybrid plants with other ee@@aide a combination of linear and power systems
- Increase the hours of production

Actions:

New concepts and materfor heat storage could be tested isckeydemonstration plants. In addition, the
combination with other renewable sources could be demonstrated, mostly with different forms of biomass, as \
with natural gas, in order to increase thesgstral efficiency of the plant. Hybridization could be tested with all
fourSTEtechnologies.

Parabolic troughs technology could include the development of alternative storage concepts with other moltet
and heat transfer fluid (steam, gas) balmegearch, heat transfer, process design and operatingenodes.
technoldgsmay store energy thanks to ultra capacitors.

For instance:

A Hybrid Combined Cycle power plant with biomass and parabolicanolighcentral towesolar
field: the gasurbine of the CC will be fed with the biomass allowing high temperature Brayton cycle.
The exhaust gases will be used for a steam cycle repowered by the parabolic troughaatar field
enthalpy stored using the plants storage sys@werall efficienayight easily be over 30% while in
pure solar plants this figure is lower than 20%.

A Cost effective and dual fuelled Stirling Parabolic Dish: the main challenges are to reduce the overall
cost and to get dispatchable power using a hybrid Stirling engimiéic&it level of innovation is
required to make Dish technology well suited to storage and hybridization.

Key Performance Indicators
e KPI31linvestmenbcst o f s tobstomedjemergy 0 / MWh
o KPI32Efficiency of the storage, %, as well as time dgpendenc
e KPI33Size of storage, m3/MWh
o KPI34the numbereduivalerdperating hoytsased on maximum storage capacity
o KPI35the cost of the produced ererggmpared with a similar plant without storage

Milestonegcompared with the state of thecarhimercial plants 2009)

e MS31lthe decrease of cost of storage by 20%

e MS32the increase of storage efficiency by 10%

e M33the decrease of size by 20%

e M3450% increase in operating hours

o M35:20% decrease of cost of produced electricity due to hybridization

Budget:
e Investment costs: 1,700M U
e Innovation investm@i8 average): 570M U
e Installed capacity: 330 MW

13
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STEH4T ImproveEnvironmentdProfile

Objectives:

- Develop new cooling systems with lower water needs (steam cycles)
- Develop dry cooling systems

- Better use of land and materials

- Desalination and purification of water

Actions:

Innoative actions (parabolic trough technology) could test new approaches to reduce water consumption (inno
use of Organic Rankine Cycle (ORC) coupled with a conventional steam cycle, development of an advanced
saving system).

Dry cooling systeomuld be applied to projects using the tower technology, the Fresnel technology and the Di
Stirling technology.

Other innovative actions aim at the identification, development and assessment of alternative fluids with
environmental impact as wilsimtegration of othersploluting materials. New plant design may be developed

in order to better use of land.

One of the main actions in ordemptovehe environmengabfilecould be done by searching how to use the
residual heat in order todpce other valuable products (i.e. desalinated water, heat process, etc.), thus
simultaneously reducing the cooling water needs (where suitable).

Key Performance Indicators
o KPI41the amount of cooling water needed per MWh produced electricity
e KPI42the cost of water saving sy$temy m3 saved) per MWh
o KPI43For dry cooling, the loss of total efficiency of the plant (as compared with normal wa

Milestones(compared with the state of the art in commercial plants 2009)
e M4lreduction of cooling water needs, KP142, by 80%
e M4220% reduction of the cost of the water saving system per MWh
e MA43less the 2% loss of efficiency

Budget:
e Investment costs: 800M (i
e Innovation investment: 20 M
e Installed capacity: 200 MW
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STEW T Educational and training program

Objectives:

- Raise awareness of solar thermal electricity technologies in ersgihapiiisg €nergy thermodynamicgs), in
sciences (physics and other fields), as well as in information technologies (management of solar (fields, etc).

- Cooperation with South Mediterranean countries Universities, and Engineering Schools participating in
Educational/Universities programme, that as the Mediterranean Solar Plan, have been established in the fran
of the Union of the Mediterranean.

Actions:

A Erasmus grant8 Dissemination of information about Universities that have Solar ThermakgElectrici
Tednologies in their prograntPhD and Master level)

A MarieCurie grant$ Specific grants for STE

A Practice internship in operating STE Plants

Budget It is partialigcluded in the EU programsititiss Marie Curie, Leonardo World, etc).
e Trainingprogng 4 per year over 5 year44Mu 2MU eac

The STE sector is widely rich, with four different technologies to generate solar power in various geogray
contexts and for various demand constraints. Somgideclir®loetter suited for massive centralized power
generation, others for decentralized applications, the possibilities are vast to better adequate to each necessity.
term trends are not easily predictable as new generations of power plaauts doetgroe research will have

to rely on the results of these second generation

3.3 STEIl: Funding and Financial Support

To successfully implement the STEII, i.e. in the frame&Qknofugtey Implementing Agreement, it is essential

to gefull endorsement from the EU and MS in terms of eligibility to grants and/or other support mechanisms fc
European Solar Thermal Electricity Industry Initiative.

The EU financial support egatt each project should be equal to 50% of the capital cost of eligible items (the
innovative systems or components which are being demonstrated). The eligible items should at the minimum
components procurement and the installation costs.

The prejcts might also benefit from additional local incentives and support schemes. Grants, loans without recc
to shareholders and guarantees to obtain private banks loans are also envisioned as part of the support mecha
One of the greatdsdrriers fothe deployment of innovative technologies, already proven acdle small
(laboratorgr pilot plantis the difficulty to set up commercial projg6tda@) due to the lack of bankability
criteria causdyinherent risks related to innovations.

Thg aspect is particularly obvious when the financial resources are limited due to the economical crisis and the
financial institutions are increasing the warranty requirements for their investments.

Whilst the normal FP7 R&D and demonstratomspaogiquite efficient in the development of new components,
concepts and technology approaches, they are not the appropriate accelerating tool to bridge the gap betwe
demo size (up to few MWe) and the real commercial size (géebt@rdhaariz technologies and more than

50 MWe in otlsgr

A complementary/additional funding mechanism, which could effectively help in the achievemerit of the object
the SET PLAN and in the shront contribution of the European political goals, cadd bé earranty
mechanisrfi.e. risk sharing facilitied)e issued by the European Investment Bank to the funding institutes which
will finance large innov&Meplants.

This action aimed to partially cover the financial risks could beeveng effeddi rapidly support the diffusion of
innovation and to deliver progress beyond Jassiseakscenario.
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In additiothe real total financial exposure would be relatively small because we can expect just few of the prope
projects will faildahence the intervention of theilidBlybe required for those praject

A similar approach has been adopted in the USA by the US Department of Energy (Loan Guarantee Progr:
October 292008),iwhi ch 80% of t he pr the @ScQovemmettAadaiBsKtechmlogal a r a
risks.

Obijectives of the STEII MW Il nvest men| SupporttoInnovation Investmen
1/3 average

STEHL- Increase Efficiency 500 2,150 720

STEH T Reduce Investment Costs 370 2,250 750

STER - Incease Dispatchability 330 1,700 570

STEHWT Improve Environmental Profile 200 800 270

STEHK Educational and Training 40

Total 1,400 6,940 23D

3.4 STEIl The Projects

The initial step of the SdlaermalBectricityindustrial Initiative on Sdlaermal Electricity will be the
implementation abjects focused on commercial and technical demdasagestiate projects concerning
parabolic troughs and central receiver plants in order to reduce costs beyondsiimuddusoesssio.

Conerning the reliability and feasibility oS®ottechnologies, like B#tilling or Fresnel meeiize scale

projects are also proposed.

Results will be widely shared, intellectual property (IP) will be respected, in orddEld gdaae Hue S

catalyst for further international competitiveness and implementation of these technologies.

Specific financial support instruments fecddeganovative and demonstration STE projects statnilid dub

involving the EIB and other EU instgutio i n or der to produce or share th
financingd schemes.

3.5 STEIlIMonitoring

The relevant parameters to be monitored will be both technical and economic, according to the main objec
detailed i€hapteB.1 andto the selection criteria detailgtapteb.2and to the specific monitoring parameters

of projects

However, as far ase of the mabbjective of commercial demonstration is to reduce generation costs, the
economic parameters are of paramaanmamogExpertise in new plants inuturope will provide with the initial
parameters for monitoring.

TheStrategic Energy Technology Information SEStEpthat is being elaborated bydhe Research Center

(JRC) will Hee instrument for shgumonitorirsghemes.

4 STEIl: EC/Industry Implementing Agreemast an example of
Public/Priva Partnership

In order to implement thel&he European Commission proposed for those technologies with a sufficient industri:
base across Europe a kirid pfubrl ii wat e partnershipodo, while for oth
countries, a kind of #Ajoint programmingo by coal i
For the purposes of this document ESTELA takes the pphopmrokrting Agreement betvikereU

Commission and ESTEhdldoe signed detailing all the procedures and managerial aspé&i$ of the
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It should be highlighted that STE Technologies, Induskgtare/disteadily and that future trends have to
be predicted according to real progress on current and new mavkgtthdre & needo build the right
structure to implement and manage the Sl Paridic/Private Partnership.

4.1 STEIl Partnershiphe role of Member States

TheMember Stategratt support to demonstration and innovation in theS3dsitocifcial for an litle
development of these technologies in order to maintaigplositeadof the European Solar Thermal Industry.

In fact, more than in other sectors, twdeEtlimension is evident in research and demonstration. Geographical
constraim are only for the plants | ocation and donodt
equipment, measuring instruments, electronics, etc.

In themediurtermsolar pwer can generate electricity favhtbieEU, produced in the South and conveyed
through a Ewlediterranean Supergrid.

The O6joint programmi ng6 t-®lantbhythd Eiropeam £Lommissionm shwuldébe p |
implemented from the/ \eginning in order to allow companies from the largest number of MS to participate in tt
Solar European Industrial Initiative. Examples exist that can be further developed.

Howeverthe main role of MiSould be the adoption of a legal and stableritgmmwoting the production of
electricity from renewable energy sources and mordypr8tisghanisi.e. introducirigedin tariffsupport

scheme$ whichwill encouragke construction of STE plants in Europe and in Southern Meditdriasean coun
thuscontributing to meet their targeenefvable Electricity withaaeof dispatchable green electricity.

4.2 STEIl Partnershipromoters an&takehalers

The promoters and other stakeholders involvetHtitici8e among others:

A TheSTEand their Associations, the European Solar Thermal Association (ESTELA), the Spanish Sol
Thermal Electricity Association (Protermosolar), together representing 90% of the European industry.
Research Institutes, most of them already being Associatef MSTbefs
The Academic Community, including its networks.

Public Authorities, including Energy Agencies.

Other Energy, Electricity, Industry and Environmental organisations.

The areas covered by ffellSare the European Uniorcamdbe extendediienorEU countries partners in the

Union for the Mediterranean and taking part in The Mediterranean Solar Plan.

The funding of th@EH, as public/private partnerships, will mainly be provided by the Industry, the EC suppo
mechanisms, including the Eanovestment Bank, the National support schemes, the multilateral Banks and
other institutions, regional or local.

T > > D

4.3 STEIl Partnershiftructure

Members of th&E8l could be all the promoters and stakeholders that will participate in the wogks and decisi
The structure of thEEBcould be as follows.

The JHII Steering Committee of 9 members:

The STEIl Steering Committee will represent the promoters and stakeholders and will ensure a large and c
debate on the objectives, outcomes and pridiigeSalar Thermal Electricity Industry needs in the field of
innovation.
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The SEII Steering Committee will be composed of:
A 5 members of the Solar Thermal Electricity(@rdastyyhicithePresiderandVicepresident)
A 4 representativespablic eities (among which representatives of the European Commission, DGs TREN
and RTD, the EIB)
A The Secretariat could be taken in charge by the European Solar Thermal ElectrE®{ Bsdociation,

The SHII SientificCommittee d members:
The SElIScientificand Technic@bmmittewill give the necessary expertise and ensure the exeelNesing in
the Steering Committbeupriorities, performance indicators and other aspects of the STEIL development
A The SEII Scientific Committee will be sethpb
A 5representatives of Engineering, Procurement and Construction (EPC) companies, members of Euroy
and National Solar Thermal Electricity Associations.
A 4representatives of R&D Institathahihe Academia
A The Secretariat could be taken ire dhyatige European Solar Thermal Electricity AsE&T & lon,

The STEII Partnershipommitteeg\ctivities

The activities of tHEES will at the minimum consist in:
A Regular TEIl Steering Committee meetings
A Regular TEIl Scientific Committee meetings
A Workshops
A Annual Conference

5 STEIlIPartnershipimplementingrojects

In order to start action in the frameworkT&ltha onsensus has been reached by the industry on the first large
scale demonstration projects that could be proposed foatimplement

5.1 General Requirements

The projects will be located iBaihiern European countries, this area being proposed by the consortia on the
basis of its specific advantages. Some of the projects might also be {6thtedimriesnof the Uniothéor
Mediterranean which are taking part in the Mediterranean Solar Plan.

All the projects must be completed within a reference period of three years after the final investment decisio
been taken

5.2 Eligibility Criteria

Demonstration Projects shoulttdescale, economically viable with a large innovative demonstration component.
However, technological risks linked to innovative systems or components, or the innovative way of combining €
technologies, should obviously be taken into account.

Denonstration Projects should present major technological improvements leading toonevef Hteleast
objectives of the HTBSolarhermal Electriditgustridhitiative).

18



3 July 2009

Projects presented should have a clear definition of:

A

T > >

>

Location, land ashility and adequacy (topology, environmental constraints, power evacuation, acceptanc
by local authorities, etc.).

Technical concept describing the innovation which will be included.

Tentative timeframe for their development.

Total capital expenditufPEX) expected and gross breakdown.

Type of finance envisaged for the project, including a Preliminary Business Plan, and description of the
and amounts of support expected, as well as their justification in the light of the businesg plan and finar
scheme.

Identification of thmotersbuilders andaintechnological partners of the project, showing their joint
technical and financial capacity to successfully carry out the project.

5.3 Evaluation Parameters

Parameter® beaken into account ferdfaluation:
- Inn’ovation

> > D>I>> D> P>

Project 6s out c o me-BlaniSall objextivdsrmnitieand pgrformantelinditatore S E T
How much the innovation contributes to any of the objectives: Share of performance improvements, she
water savings?

Rik taking and risk allocation

Brief description of the technical innovationowvwlkedar ed wi th fAstate of the
Why and to which extent the innovation means
scenario and actions takert in that case.

What is the risk of the project, and how the promoter proposes to share the risk with the Europe
Commission?

Kind and amount of support required to implement the project.

General schedule of the project after confirmation ofttrensesperd.

Relevance between the innovative value and the amounts requested.

- Implementatioof specific training programdesign, construction, operation and maintenancelstiggs, in
local training progsameant to develop cooperation acdordimylocal requirements in the Mediterranean
Partner Countries.
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Annex1
STE:aCommercialechnologyvith a Huge World Potential

STEhas the largest potential and the most suitable characteristics to convert solar radiation into electricity.
thamoelectric power plants are fully dispatchable, perfectly meet the demand curve and can additionally pr
other fluent renewable conversion techifoliogiesisiydro) with the necessary-tyck

How STE Became a Proven Technology: History

Intheearly 806s parabolic trough solar power plant t
International Energy Agency in AlSmaiadnd the Sandia National Lai@sin Albuquerque (U.S.A)).

From 1985 to 1989 nine commeoeial plants called SEGS were installed in the Mojave Desert, California
(U.S.A)) with a total installed power close to 400 MW. These plants are still in operation wittcla very positive
record along these 20 years.

Dur i ng tlackeof effextfamppottitgesystems stopped the deployment and further implementation of this
technology until new requirements in some ttetés BA. and the new-fie&riff system in Spain provided

great business opportunities.

Yet, since 2000, several tepslob real size parabolic trough collectors have been installed in different testing
facilities in the U.S.A and Spain by the industry, in order to provide financial institutions with technical evidel
terms of feasibility and performance.

R&TD progranare being carried out in several countries (Germany, Spain, Italy, U.S.A., etc.) in order to improve
performance and reduce the cost of these plants.

The first parabolic trough of this new generation was constructed in Nevada, U.S@n baddts iophrad

2007. The power is 64 MW and it is generating electricitydperatigniamce then.

Another approach was the implementation of a central receiver in the top of a tower and a surrounding heliost:
with mirrors. It was fested in the early 80°s in several European countries as well as in Japan and the U.S.A. Ti
first commercial power plant of 10 MW has been operatingpaifsinibe (ig007 with excellent results.

Since the end of 2008, the first Europeatiqoacatgihs plant with storage (Andasol 1), is operating successfully in
Granada, Spain.

Fresnel type reflective trough collectors and Stirling motors mounted on parabolic dishes are also prom
technologies. There are several examples of sidaifijeamstallations in Europe and the U.S.A. with proven
results.

The Present Situation of STE

The following facts demonstrate the involvement and the amount of financial risk on solar thermoelectric pr:
which is being assumed at an internatieinay ke private sector.

By June 200925plants of 50 MW each (parabolic trough collector type) and an additional one of 17 MW (cent
receiver type with 15h stQm@geunder construction in Spain. Four of them are expected to be connected to the
gid shortly. The total investment for these projects isQ0d\dly.

These projects have been mainly financed through a purely commercial financial scheme, after having passe
corresponding detailed due diligence (technical and economical) processes. Hereby is a non exhaustive list
participating banks: El&aadrid, Banco Sabadell, BNP Paribas, DeXi&sid®, BBVA, Banco Caixa

Geral, and Banesyoject Finance structures have been achieved in similar contractual terms to those of wir
farms.

Two solar plants, conceived to provide additionab éhergyeam part of combined cycle plants, are under
construction in Algeria and Morocco.
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Around 2fhore plants are in a fairly advanced stage in Spain and their construction cenidrdtaparicd12

if the Spanish regulation provides thedréegihe tariff. The estimated investment for these plants amounts to
more than 5,000 Mu.

The total applications requesting connecting points into the grid in SpamTbant&2@PW according

to recent information from REE. Since May th@07esl applicahts/e deposited a guarantee @fRA@WG /

along with their request.

The Spanish fe@dtariff system motivated many Spanish companies and gave them the will to participate in sc
thermoelectric projebtsyever, the solar thermalpenent and components industry are built and manufactured

by companiesettled in many countries, m&eiymany, Portugal, Fraftedy,U.S.A, etcSome European
companiearealsooperating in Spain, either as promoters or as suppliers of gorteskmdware and

software suppliers are located all over Europe.

15 companies of the IBEX 35 (the Spanish Stock Market, the main reference Index) are currently participating i
thermoelectric projenturope and abroaither as promotersa® suppliers of financial services.

The manufacturers of the specific components for the plants (parabolic mirrors and collector tubes) have recent
new factories and are currently incréagingpacities exponentially.

There are a significanimber of open tenders and approved projects for utilities and other organizations to bui
solar thermoelectric plants in countries all around the world (U.S.A., Arab Emirates, China, Australia, etc) with
powe amount of more than 1,000 MW.

Marlet Perspectives for STE Plants

Electricity generatedSdEplants is dispatchable and its dispatchability can be enhanced by new technologies
and/or hybrid concepts using other renewable or conventional fuels. They allow the grid to accommodate mol
dispatchable renewable sources.

Dual applications might bring important benefits in some specific areas (i.e. electricity and water desalination).
Generation costs remain high and the conversion cycle water needs for cooling has to be retlumeed. The costs
brought down by innovation in systems and components, improvement of production technology, increase
overall efficiency, enlargement of operation hours, bigger power blocks, decrease in the O&M costs, learning ci
construction and ecoesrof scale

Sale price [c€/kWh]
45

45 ’ :
e i e e 40 Current ESTELA estimations
40- gt
35+ 351  — pv, spain
30 301 100 KWh/m? DNI (Spain)
251 25 %la cost reduction
Ran
201 20 9 between 2% and 5o,
© COSt regyop
15+ 15" w&ar
L 107 —— Wind, Spain
5] 2600 KWh/m? DNI (MENA)
51 3%/a cost reduction
0 T T T olls
0 T T T T
Year 2010 2008 W0 R Year 2010 2015 2020 2025
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Annex 2
SolarThermal ElectricitfConcentrating Solar Power Technigl®g

Solar Thermal Electricity, also known as Concentrating Solar Power (CSP) technology, is produced U
concentrating solar radiation technologies. It pranidesl gigliable poweunits rangirfippm 10 kW ®00

MW. The first commercial solar thermal power plants were built in ith@ @Barandds00 MWwvee
commercially operatethe world

In Europaround 1 MW of solar thermal power plentsitherecentlyperating or under construction. The
installed capacity in Europe is egpedbe of 2,000 MW by a@#i2zan amount of more 82000 MW by 2020

could be reached. The technical potential in Europe in the long run can bleasttiatdteeinat times that

figure within reasonable generation costs.

At different stages of technical development, there aré&Titeatainlogies to produce thetewtricity from

the sun: Parabolic Trough Plants, Central Receiver PlaniagBybt&tis and Linear Fresnel Systems. Each
technology will progress thankdawoable policy framework and to its capacity to reduce generation costs and
satisfy the specific needs of the power market.

Parabolic Trough Plants

Size: 50 tBOOMW

Proven utility scale technology
Commercial operation since 1984
Preferred technology for new plants in
USA, Spain aibrth Afrid@orocco,
Egypt andbu Dhapi

These plants useconcentrating parabolic trough collectors which reflect the solar radiation into an absorber tuf
Synthetic oil circulates through the tubes and is heated up to approximately 400°C.

Parabolic trough collectoestlze most commonly used tbiratio technology in the market. Its track record
began in the 806s in the USA with a total power i
last years, such as the 65 MW plant of the Spanish company AcciotiSiA)NeYada ZID,25 plants are

under construction in Spain which amounts to mb@®0HdlkV, and a number of new projects are being
developed in the USA. In addition, two plants in Algeria and 201dvid¥celeftrical equivalent power for two

solar bottomed condui cycles have been awarded to Spanish companies as a result of an international tender a
a 20 MW plant is under construction in Egypt. A tender for a 100 MW plant is widieabivag wellbas

additional expressions of interest from MiddleiEastnd other sunny countries. The current total investment for
the aforementioned projects is cléseOt® OThidkéchnology is commeraiaiyechnicalljableandplants

are being financed by the banks on a regular basis. Neverthaiesepabland support schemes by means of
direct investment, tariff increaseirfjemdoy meansmoéndatory target® still necessary. The Spanish case is a
good example of an ef f ec tntari scHemayfer plapfiausSd M@/ e rthie : 27
possibilitgf usind5 % natural gas or in hyhtidizwith $9biomass to improve the displaitikilnvestment

and land use depend strongly on the solar field collector surface and the storage capacity ratio.

Some of the Spanth MW power plants under constheiemeen designed to produce not only the nominal
power during sunny hours but also to store energy, alltawing theoguce an additiobahdurs of nominal

power after sunset, which dramatically impriowegrtiemn of solar thermal power plant into the grid. Molten salts
are normally used as storage fluid iaradbold twadank concept.
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The maximum power output of a single plant is theoretically not limited by any physical constraiaot and power le
some hundred MW with a unique power group are being designed. The commonly seen 50 MW figure in all
ongoing Spanish plants is the limit fixed by Spanishdedisiatmmeans a technical limit

The expectations on the reduction of tlyeh®Vting costs are based upon the efficiency increase based on
higher working fluid temperature, a more efficient use of the generation group by means of the storage, new co
for the collectors design and/or the contribution of the otheungesdgasor biomass) and by the size
optimization, and also by market evolution, without artificial administrative barriers (such as the 50 MW limit in S
The maximum nominal efficiency of these plants is currently about 16 % and iteismarkied fiyich
temperature. R&TD activities are being carried out in order to find more efficient fluids such as direct s
generation or molten salts. These technologies are not commercially available today, but there are many on
development iattves, which are expected to be commercially available shortly. Europe has the world leadershij
these technology development initiatives, carried out by R&D institutions and industry, with the support of tf
R&TOFRameworRrogrars.

The cost of tlemergy produced is directly related to the available solar radiation resource, which has to be taken
account when aéfig the fedad tariff scheme.

At the end of 20@®re than 12,000 M\profects under development were registered in Spain

Cental Receiver Plants

Size: 10 to 50 MW

Demoplantsih | t i n the
First commercial 10 MW 20 MW plan
in operation in Spain andther onender
construction (17 MW + 15h storage)
Larger projects announced in the USA

This conversion technology, also called tower technology, useghetiostiate) larger thanmd @ich are

almost flat and track the sun on two axes. The concentrated radiation beam hits a receiver atopga tower. The w
fluid temperature depends on the type of fluid which is used to collect the energy and is within the range of *
600°C.

The PS 10 of Abengoa in Seville is the only power plant of this kind in operation today. The nominal power ou
10 MW andi# designed with a northern heliostat field and saturated steam as working fluid in the receiver. T
storage system is only designed to cope with transientGitilaé@asne sitesecand plant of 20 MW nominal
powerand with a similar desigs ecently beguperation

Another 17 MW plant owned by Torrgsérisconstructidtis located in the province of Sewiile circular

field type equipped with a molten salt receiver and have a storag® bapegity of 1

The size of these ptamight be limited by the maximum distance of the last row of heliostats from the tower.

At this time, it is premature to already establish reliable cost/power ratios for this technology as the numb
operational or ongoing projects is small,Imdtibeitoo different from the parabolic trough plants. The land use is
slightly less effective in the case of solar tower plants.

On the other hand this technology does not require a flat land surface like a parabolic trough plant does. A f
advantge is the potential increase of the overall conversion efficiency (up to 20%) that can be achieved by ra
the working fluid temperature.

The commercial confidence in this tecisgplogggas more operational plants are being beoibhsewlieyt!

it will improve in the near future.

Hybridisation is feasible, but no commercial projects have been built so far.
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Size10KW to 100MW+

Several small scale installations in ope
utilityscale installations slated for constri
in 2010

Applications appropriate for bothsaéiliy
projects and staalbne distributed enel
projects

In this case the system consists of a solar concentrator in a dish structure that supports amaasray of curved
mirrors. The parabolic dish tracks the sun throughout the day and concentrates the radiation onto the heat abs
unit of a Stirling engine. The focused solar thermal energy is then congedity wegtittity. The
conversion proceswdlves a closed cycle, -affitiency solar Stirling engine using an internal working fluid
(usually Hydrogen or Helium) that is recycled through the engine. The working fluid is heated and pressurized
solar receiver, which in turn powerslthg &tigine.

The dish Stirling systems have decades of recorded operating history. For over 20 years, the Stirling Energy S
( SES) di sh has held the worl dbés edality etectrieitycapd im ec or
January@8, it achieved a new record of 31.25% efficiency rate.

Dish Stirling Systems are flexible in terms of size and scale of deployment. Owing to their modular design, th
capable of both srsakile distributed power output, and suitable foditgsgaleuprojects with thousands of

dishes arranged in a solar park (two ptaet&JB toiag over 1.4GW are slated to begin construction in 2010
using the Stirling Energy Systems (SES) technology).

This technology uses no water in the powerotopkeasess (either for steam generation or cooling) and the only
water needed is for the washing of the mirrors, a key differentiator from other solar thermal platforms. Dish S
technologies are furthermore attractive due to their high efficiedajaaxesign, which gives the systems
several key advantages, including a higher degree of slope tolerance and site flexibility, meaning it does not r
flat land, significantly reducing grading costs and environmental impact; higHityveustaviiéabact that

there is no singular point of failure and scheduled maintenance on the dishes can occur on individual units wh
others continue to generate power; andastl@i manufacture and deployment as a resuthmiuligbut

automotive style production and assembly.

Although certain Dish Stirling systems have been tested and proven for over two decades with no appreciable
the key performance criteria, there are currently-sualeitititgnts in operation, howegentr strategic
investments by established renewabl e energy compa
Stirling EBrgy Systems (SES), have sijnahewed interest and potential for accelerated commercial deployment
for utiligcde applications. Currently, there is a pilot plant running at the Sandia National Laboratories in N
Mexico in association using Stirling Energy Systems, and a 60 dish commercial installation (1.5MW) will be con
in Q4 2009 in Arizona.
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Current demo projects up to 6 MW
Larger plants under development (
150 MW)

Linear Fresnel collectors are line focusing systems like parabolic troughs with a similar power generation tech
and thus the same limitations. These systems are in a developing stage with the first demonstrators recently bt
opeated. The difference with parabolic troughs is the fixed absorber position above a field of horizontally mount
mirror stripes, collectively imidodlly tracked to the sun.

So far in Europefnlycommercial plants based on the Fresnéé@iadiging developed. Demonstration plants

in the several Mitalesare beinguiltin Europe and the USA&valuate and prove electricity generation costs, to

gain operation experience and eventually commercial confidence.

The EIB is participatingerPE1 project being built in Spain by Novatec BioSol.

STE Plants in the World

New generation plants, both in operation and under construction, are located mainly in Europe (Spain), in the
and in the MENA (Middle East and North Africa) countries.

Euope

Most of the plants are located in Spain, pilot plants already exist in Italy, FrancénafuchiG.eanzaiag. of
3,000 km2 (see the orange square on the magebeted YGSP plants (75 GW) could produce 250 TWh/Year,
almost the equivalerihefannual electricity of the whaotesula.
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The USA

MENA (Middle East and North Africa)

Thelntegrated Solar Combined Cycle System (ISCC$plants ithese countries are with smallstalee. The
plants in Mocco and Egypt are finamgadGEF(European Green Energy Ftimel)project in Adu Dhabi is
under development.
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