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E{ f Clomat Solar Thermal Power (STP) in a Global
Energy Context. ~ Sustainability

ENNOVACION Eregeious r. mmmmmmm
Tecnaid

In a global context with:

» Population growth (associated with the consumption of energy;
where of the 7000M that we are now, 1400M of people does not
have access to electricity)

 Economic development is closely linked (correlated) to
consumption of energy in general (and of electricity in particular)

» Perception that fossil fuels have begun its decline

« Arenewed concern about the environmental anthropogenic
impact and the potential catastrophes associated with some
energy sources,

» It seems inescapable the growing and significant deployment
of renewable energy (~ sustainability)

« Eg: The recent study by the Intergovernmental Panel on
Climate Change (IPCC), proposed scenarios to reach between
17% and 43% of renewable primary energy in 2030 (and
between 27% and 77% by 2050), with a maximum investment
associated with this development somewhat less than 1% of
annual world gross product.

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT

Slide 2



E.ﬁ: 2 i | Clomat : L
S (] The STP in a Global Context. ~ Sustainability

» In this context, the Solar Thermal Power (STP) may play a
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The STP in a Global Context.
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Necessity and opportunity.

» During 2008-2009, 140 of 300 GWe newly installed globally (IPCC data)
were Renewables and more than half of these were installed in developing
countries

» The IPCC offers a variety of scenarios in which the STP plays a relevant
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» Players which enter soon in the market can play with an advantage in
technology supply
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The STE in a Global Context.

E%ﬁ e e xﬂwwwm Competitiveness in cost as Challenge
. . . " m(':v$/ kva\!h Wscent,,, Kb
« The cost of STP electricity is d—
higher than conventional, although ~ S === e
in some scenarios it is almost B b
economically competitive. Ocum s o I .
e The costs depend on several B — ey
factors, such as: o e |
« Technical aspects: | ——
(Characteristics of technology) e
. . . . sioiuet: | | NI
* Regional variations in costs o
and resources T
e Economics (intereSt rates, Fuente:IPCC-Special Report on Renewable Energy Sources (2011)
etC .) . Figure 12. Solar and Nuclear Costs: The Historic Crossover
« The relative competitiveness is o —
distorted because the market T L
does not include externalities in e -
the costs of the conventional i g
electricity (as impacts on health, 1 o
i e ] i :
environment, etc:)_. A T
» The cost competitiveness has 5 o | e
references variables (eg: Nuclear O
VS FV) [+ SorPV B Tudesr == Salar Trndine = Rugisar Trendine |

. . . . ) Fuente: WorldWatch Inst.“Nuclear Status Report, 2011
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Solar Thermal Power.

Technology Options




E, FEm nEm %m Introduccion. SACS ~ “STE”

» Solar Thermal Power (STP) or Concentrating Solar Power (CSP) includes a range of
different technologies characterized by concentrating solar radiation and a Photo-Thermal

conversion.

» Concentrating solar radiation, CS, enables higher temperatures and / or energy fluxes,
reducing the costs of conversion (eg. In electricity) and increasing the thermal and

thermodynamic efficiencies.

» Many different types of systems are
possible, including combinations with
other renewable and non-renewable
technologies, but the most deployed
solar thermal power technologies are
distinguished by the shape of its
concentrator and receiver:

Linear absorber or line-focus
» Parabolic trough, PT
» Linear Fresnel, LF
“~Punctual” absorber or Point Focus (=>

)

» Central Receiver solar tower, CR
» Parabolic Dish or Dish-Stirling, DS

Sunlight
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TO0 to 120 bar *

Sunlight
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Sonlight Sefondary Refloctor
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nhshmhr Tube
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Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT

Slide 7



Solar thermal Power Plants .

E%ﬁi = | Slemst Technological options:
EINNOVAQION ~ Energéicas, Medioambieniales

STP - Line Focus

ij::é gi::} Curved

Mirror

Absorber
Tube Absorber Tube and

Re-concentrator\

Reflector

Solar Field
Piping

Parabolic Trough
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Solar thermal Power Plants .

E&&W i m%:m Technological options:

STP - “Point” Focus

Central
Receiver

Receiver/Engine

|

Central Receiver

HeIiostz;ts
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Principle of Solar Thermal Power Plants (STP)

STP use concentrated solar energy to raise the temperature of a
heat transfer fluid, and, optionally co-firing with other fuels (as
NG) or storage, to drive steam turbines, gas turbines or piston
engines, to deliver electricity or combined heat and power.

STP — Basic Components

Beam solar radiation

11

4 ~ Optical Concentration
% i Losses
i Concentrated Solar
\ | radiation
." ﬂl‘l Receiver
L osses 4+ Receiver
) ) Auxiliary Heat
(Optional) (Optional)
Heat  Auxiliary
Storage Heat LB
Storage
' ] Thermodynamic
Concentrating solar — e
| ¢ Waste heat
colectors l Mechanical energy to drive
an electricity generator

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
Slide 10
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E,gog, waso  Clemat The Solar Thermal Power enables multiple schemes of
: implementation

Concentrating

OPTION 1: Electricity Generation Solar Collector
Solar Only in flowing mode

(electricity is produced only when
there is DNI))

Thermal
Power Cycle

OPTION 2: Electricity Generation Concentrating Thermal
Solar Only with thermal storage Solar Energy
Collector Storage

(Heat storage allows to manage +

transients by clouds and demand
fitting)

Thermal Electricity

Power Cycle

OPTION 3: Electricity Generation with

e Fuel, c i
hybridization IR <o Collector
(Hibridization allows to manage ﬁ;’:‘::ﬁ
transient clouds and demand fitting) ]
Thermal Electricity
Power Cycle
OPTION 4. CO-generation of power Soncentrating I Thermal
. . olar Collector Energy
and heat (f.i. for desalinated I Storage
water) with hibridization
(Addressing two needs: electricity and Thermal Co. Electricity
water as in many coastal and desert Generation Thermal .
regions of MENA) Cycle Denermal  EE—— oy

Plant Water
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Which placements are feasible for STP?

DEESPARA  DE CIENCIA Cento de Investigaciones
EINNOVAQION  Energeéiicas, Medioambientales
yTecnaidgicms

E Lo Clomet

Enoughsolar 4 start using maps of Direct Normal - J

resource Irradiation (Usualy estimated from

satellite)

2.  To elliminate sites with “typical” DNI
<1825 kWh/m2/year (or 5
KWh/m2/day) §

3. Exclussion of protected zones, e ot v B The rimary encrzy
water and urban zones 5 alin E

i : : « Potential in Europa

4.  To elliminate zones with terrains _ 5500 TWh P

tilted > 3% B - .
o o » Potential in North Africa almost

5.  To elliminate zones with sizes <5 infinite (~“solar mine®!)
km2.

6. Then, apply 2nd order criteria (land
costs, potential suport from

Feasibility of administrations in the zone, water
" E:I e echision oederin
easiblliity o access, electrical gaz network B o, it snd s uos
pOtent|a| 5 mm;y::‘t pchtin [Babure
access, roads access, etc. W o T o i
placement B sconcnphok ciusin fomis

I cicee s esciusion taalure
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Which placements are feasible for STP?

Pre-selection by combination of GIS (Geographical Information Systems),
Satellite data for DNI assessment, technology data, ...

e Tl 0

Topl o

o

(Source: DLR)
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Identification of Suitable Sites

North Africa - Solarthermal Electricity Generation Costs

Which placements are feasible for STP?

< 0, 10-ER0AE
0, 108 €5
 TO5 £
110 EMINE
115 65N
120 €5
125 %NS
130 E5Wh
0, 135 €A
0,40 €A
0, 145 A
0, 150 AW
> 0, M

i o i

e B

(Source: DLR)
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B Which placements are feasible for STP?

Classification of regions by the Annual Direct Normal Irradiation (DNI)

rwwmrsansanSEn

Excellent Good Acceptable Low
(>2200 kWh/m?2-a) (>2000 kWh/m?-a) (>1800 kWh/m?-a) (<1600 kWh/m?-a)
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The Potential of Brazil: Large areas of Brazil

with Solar Rad. Good to Excellent

B -60 5] =]
5 = | 1 5
Irradiagao
Direta
Normal
(Hpjre)
* Mapa
kWh/m?/anc
.|« Escala
- :S'J'EES com
altos niveis
de irradiagdo
srai (PI, BA, GO,
Siar Radiaion MG, SP, PR,
- MT. MS)
ém ; | + Areas com
+ valores altos
; m—eo-ts Oeste de SP,
e PR, SC e RS.
: j ﬁ: Annual Direct Normal Irradiation on Surfaces Tracki  ng continuously the
e T Sun in kWh/m3year
SWERA / NREL - jul 2006 Source: T.Viana (CEFET-RJ), Ruther (UFSC), F. Ram@EiNPE)
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The Potential (to deploy Mission Summary

R e, In the START Missio .
yieenaiges Conclusions
International Energy Agency (IEA) 2P | N ;r RENOVAI
Solar Power and Chemical Energy Systems dam:c- <Ica
% perodismn deios ener Qe TN Lunes, 22 agosto 2011
@ES Inicio Panorama Edlica Solar Bioenzrgia Otras fuentas Ahomt
’- 4 &hﬂpﬁ Agenda Empresas Empleo Consgjo asesor  Quienes somaos Suscribete

“=2 START Report 2/98

térmica
BRASIL
Solar mas biomasa con polémica

Miéreolzs, 10 agosta 2011
André Ramalho
La empresa brasilefia Braxenargy quiere competic en la préxima subasta de energia nuava, prevista para el 17y 12
de agosta, con dos plantas de energia solar pioneras en el pais. Los proyectos, localizados en el estado de Paraiba,
region Nordeste, prevén el uso de la energia solar durante el dia para calentar [a caldera de las plantas Corema | (30
MW) y Corema Il {20 MW). En momentos en que no hay sol, la idea es utilizar &l bagazo de la cafia de azicary la
biomasa de coco directamente al fuego de |a caldera para la generacion de energia.

Sin embargo, el avance del proyecto puede pagar por su
originalidad. Su participacion en la subasta depende de un
acuerdo con la Empresa de Investigacion Energética
(EPE), que vetd la participacion del proyecto en el
CONCUrso.

= 3 €'} & %

T R | 8L V1 et - D
START Mission to Brazil
——

m- Q natural.
{85 cepeL

EPE argumenta que las reglas de la subasta no preven la
participacion de [as plantas solares, ya gue, sostiene,
lirmita. la contratacién de los parques edlicos, biomasa,
pequenias centrales hidrosléetricas y termoel&ctricas a gas

ELETROBRAS SYSTEM . . . . .
Por su parte, Braxenergy arguye que la Agencia Nacional de Energia Eléctrica (Aneel) ha clasificado el proyecto
el IR aE € el T . . . . S
B et i i come biomasa, y que éste debe ser el marco que debe considerar EPE. La empresa apeld la decision en el
= = iz DLR

entendimiento de que su negocio es una central térmica. La apelacion esta pendiente de la decision final.

e ren A e e 2 ar mnary [ e [ LRI
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There Is a Complementarity among STP
Potential and Power Demand

EMNOVACION  Energeiicas, Medioambientales
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kL

3 o .-:E.:':} — - I.' ¥ .'. . P 4 - . ¥
35 Potential AT e, e~ |
T ] = " e o

il
1

= area required to cover the word elecinicity demand in
. 3030 {IEA] "

This
complemantarity
could be an
opportunity either
for local
development

using solar
technologies or/and
by “to export” solar
electricity ...
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Eﬁi% moeo  Clemat Potential of the Solar Thermal Power

ENNOVAQION  Energéicas, Medioambientales
yTecnaidgicms

Some curious Figures

v' The 90% of the electricity consumption in
the World could by supplied with Solar
Thermal Power Plants occupying an area of
300x300 km2 in desert zones

v' Electricity Transportation at distances of 3000
km by D.C. high Voltage only implies 10% of

losses
3000 km

v F.i.: Electricity dermand in whole Europe could
be covered by STPP installed in the North of
Africa (where there are > 20% higher solar
resource) with only this 10% of transmission
losses by a 800 kV D.C. and connection
through the Mediterranean Sea. (= proposal
of the Roma Club, TRMED y CSPMED)...

v" The Power Consumption in the EU, in 2005 was 3300 TWh, and the Technical Potential of STPP in Argelia with
DNI>1800kWh/m2-a) is about 169.440 TWh/afio (~50 times the EU Power demand)
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& EMNOVACION  Energeiicas, Medioambientales

E,ﬁo& v Clomak Potential of Solar power plants
- y Fecnaidgiom DeserteC Idea

DFSFRTHC—FIMENA
. | Concoentrating .
Ka_:"[ Solar Power L Hydro
£ Phntoamnitairs Rinmass
Wind E Geothermal

L5 collector areas
for electnicity

e o e o o e e ww S mm wm  mm mm —
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Current Deployment.

Nowadays (2007-...) we are living a second

chance for commercial deployment of STP




-
THT GOBERNO MNSTENO Cm&
e ALITTLE HISTORY
a & EMNOVAQION  Energéiicas, Medioambientales

Tecnadgi

4 _ )
In the 80s we lost the train of

demonstration projects on a large
scale
\_

J

4 )

... We are now at a crossroads

with a large volume of plants

under construction but many
\doub’rs in the present and future Y,
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& The 1974 oll crisis prompted the development of a variety
E"“’@m W=l of CSP facilities for testing and evaluation of components
and demonstration of plant schemes

Central Solar

i 1- Receptor.
| 2- Campo Heliogtatos
% | 3-Torre.

L. | 4- Amacenamiento.
| 5- Generador Vapor.
6- Turbo Alternador.
G 7- Condensador.
8- Linea Héctrica.

SOLAR 2, Barstow, California, USA

NSTTF,Albuquerque, N.M., USA  WEIZMMAN, Rehovot, Israel THEMIS, Targassone, France EURELIOS, Adriano, Italy SUNSHINE, Nio, Japon
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E zmg e Clomat Seven Years Ago CSP and SolarPACES (IEA task)
were almost Declared Dead

EINNOVAQION  Energeéiicas, Medioambientales
yTecnaidgicms

REFaRT [ i |
WISSEN| e,  loday STP
i FLEMUNDOQ === makes Headlines

. = ~ ) on National

ELpuebln e Aleire e

i TITY e Newspaper
= Cover Pages

(Associated investments to
the projects in the actual
deployment represent

about 4000 M€/year)
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E T 2007: STP commercialization started and grows quickly
iIn Spain , Why in Spain?

In Spain we have specially favorable
" ) Abengoa destina 330 millonesa a mayor planta
condltlon_s,_for S_everal reasons. nmpi-..l;n Ia |)Id|1ta snldr de Seuills ermosolar del Ilﬂllillﬂ
« Administration support ( RD 436/ oo B =
2004 feed in tariff -> ~0.23 €/kWh,.. Satr Wit 4G

RD 661/2007 ~0.27 €/kWh,.. + EL MUND() Tkt

Europeané&regional incentives, etc.) WISS]ZP o i
. An rather Complete and Open M Elaeggﬁ:%aasﬂzly@ z?%‘zn:g}%i BrightSaurce

international facility for R&D&D
projects in Concentrating solar
Technologies (Plataforma Solar de
Almeria)

e Probably the highest solar resource ing

55555555555

FOR IMMEDIATE RELEASE: April 1, 2008

CONTACT: PG&E News Department (415) 973-5930
BrightSource Energy: Jane Dryden (408) 249-9608, jane@drydenmg.com:
Elie Bennett +972-54-476-6393, elie@Ilonestar.co.il (Israel for Luz 1)

PG&E SIGNS CONTRACTS WITH BRIGHTSOURCE ENERGY FOR UP TO 900
MEGAWATTS OF SOLAR THERMAL POWER

SAN FRANCISCO - Pacific Gas and Electric Company announced today that it has entered into a
series of contracts with BrightSource Energy, Inc. for renewable solar power. The first three contracts
are for a total of 500 megawatts (MW) of power to be supplied from three solar thermal electric

Jéiii{ (il

European side of the Mediterranean. M %zi‘:iiﬁl°f§$$f§§f§?;§“$§ . fphwiﬁ i d\lﬁmf'f R :
* The existence of a industrial sector : E . i
interested in this developments 'l' aliderar en Furopa

(ABENGOA, ACS, SENER,
IBERDROLA, ...ACCIONA,...)

» ...All this reasons together make
Feasible the construction of the
2500 MWe projected in the Spanish
Plan de Energias Renovables (2005-
2010)

nds mugiﬂwla:
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Besides, .. There is a Reactivation of

\, DEESPANA  DE CIENCIA

E :ﬁ- GOBERND ~ MMISTERIO Cmt . . 5
o R international interest on STP

» The industrial reactivation of STP
added another 1000 MW in 2007-

2010 to 354 in the late 80's. Glotal
> At Medium-term the deployment of 20 ;)% e
GWe by 2020 is seen as realistic. 16,000 - - m Sotiga
(The investment associated with this ~ ©® -
deployment would be around 80.000 - ; megyp
M €) e ) B
> By technology (of ~ 11 GWe with 3 10000 a_ Roece
different development in late 2010) = ™ o lorga ssounes
prevail PT with 5.6 GWe, followed by 7. y oscura v
CR systems projects total ~ 3.5 GWe o noche ncnie
. . ; 5,000 ermosola = B Algena
and Dish-Stirling with 1.6 GWe. The i 3 e
0.1 GWe of Fresnel channels are 800 £ g e
merely testimonials oo I sesion s
> In the U.S. Deployment is being P
o A D o N 4 & W I Spain
reactivated with projects supported by FEPPEELE SIS s
the U.S. Department of Interior SOURCE: “Global Concentrated Solar Power Markets and
amountlng (end 2010) UptO 4.5 GWe. Strategies: 2010-2025,” IHS Emerging Energy Research, April
» The STE is attracting interest in other 2010

regions such as MENA, China,
India, Australia, South Africa, ...

L: Solar Thermal Power, FETéllez, CIEMAT
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CSP World plant locations CS? 4
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CSP USA plant

locations

Aberigon Mo Sokn Project

Agun Cabenle
Apire Poser Tower Praject
Amargean Famn Seed Solor Energy Project 1
Amargoan Farmn Soad Saler Erergy Progact 2
Emmoon
Eig Ham
Ednck: Rack Hil
Eadeards Agda
Eouss
Enghtaour e BOE
Erightmource PIGiE & il 60, '
Erightsoume FEE B U E1. B8 Faimdde Hvbnd Gan-Solar
. Ll Erightsoune PGEE 7
; Lendfil Preject I E2. B8 Paio Verde
. 8 Eurnt Mounbain I 63, M Palamas
. 8 Calice Sclr Eneny Poject U 64, B Cuartesite
= Carnee CoahFred Hybrid I G5, W Ouortesite:
Demosiraicn Poj Il B, F!anuaﬁ
. B8 Corrlenrial i I ET. MiFice Fower Project
. M Covpote Sprre * U 4. S Fidgeoest
Coypote Spriges 2 Il 63, W Saguachs Solr
Cresesrit Cures Torooah) I 70, B Saguar Power Flar
Cromsoads 71, B San baquin Solor 1
Cervdera Vidlay U 72, 8 %an baquin Sdor 2
Eaglaal U 73, [ S Lun Valey
eSclyr 1 U 74, W8 Senta Terssa PMew Maxoo
eSola 2 Zur Poesr Towem
Ft irain Solar Power Project U 75, B EEGE|
Gkl Sun Fowesr Toser | U 7&. ZEGEI
Gaskd Sun Povesr Tower I U7, EEEGE
Geness Solar Erergy Frojsd I 78, BRIEGEIY
Harper Laks Solar Plonk U7 B EEGE
. B Horouokaln A, SIEGEV
. B Holark, Kesyhiol= Poimt uat. EEEGE
. B8 Hanizon a2 BIEGEWI
. B Harizen Aguda laz BEGEVI
Hual oo Yeley Solar Projec: lad. B Saratar
Hualnoai Veley Solar Fropc: a5 BEES|
Hyder Valley Soler Erengy V@G, B8 ZES Solar Ore
Irperal Valey Saar Project UaT. B8 ES- Solor2
hargah PCEE 2 U@aa. W Zierra SunToser
hanpah PEEE 1 Urag. B Sy Tough Jsmoratrrion
karpah S UG, G Solane
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Kimberlina 5 MW
Bakersfild, California

Sierra Sun Tower 5 MW
Lancaster, California

Red Rock 1 MW
Arizona
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OPERATIVAS

CONSTRUCCION AVANZADA

PREASIGNADAS

DEESPARA  DE CIENCIA Centio de Invesfigacionas
ENNOVAQION  Energéicas, Medioambientales
¥
Nombre de la Central Solar Localidad Potencia MW _Fase Provincia g
PS10 Sankicar is Mayar 11 Fase Sevilla Receplor central
ANDASOL 1 Aldeire 80 Fase Granata Ganales parabslicos
PS20 a Mayor 0 Fase Sevilla Receptor gentral
PUERTOLLAND IBERSOL 50 Fase 1 Ciucad Real Canales parabélicas
AUERTO ERRADO 1 14 Fase 1 Murcia Fresnel
LARISCA 50 Fase 1 Badsjoz GCanates paranolicos
ANDASOL 2 2 50 Fase Granacs Ganales paraholicos
EXTRESOL 1 Miguel Sesmero 50 Fase 1 oz s
SOLNOVAT r la Mayor ) Fase 1 ieviila. Canales i
SOLNOVA 3 Sanlicar I Mayor 50 Fase sovilla Canales
SOLNOVA 4 Sankicar la Mayor 50 Fase Sevilla Canales parabdlicas
LA FLORIDA Alvarada 50 Fase ladajoz Canales bl
MAJADAS Majadas 1] Fasa Céceres
LADEHESA La Garrovila 50 Fase Badajoz
PALMADEL RIO 1 Palma del Rio 50 Fase 1 Cérdoba
EXTRESOL-2 Tore de Miguel Sesmero 50 Fasa 2 Badajoz
MANGHASOL-1 Alcdzar da San Juan 50 Fasa 2 Ciudad Fieal
GEMASOLAR Fuantes de Andaiucia 17 Fase 2 Sewilla

NGEL
RADO 2

Al L
PALMA DEL RO |
HELIDENERGY 1

Solar Termoalectrica-14
Salar Termonlactrica-18

EN 2
SOLABEN A

oA Exiremanurs-2

sas de los Plnos
Emmadn

) 5
& el Ao

Cusnca

parabalicat
parabolicas
parabdlicas
pambolicat

jes parabdlicor
Canales parabdijca:

Canales

LAAFRICANA Fusnta Paimerm 50 Fass 1 Canales parablicot
=] Orellana 50 Fase 1 Canales parabdlico:
Morén de ka Frontera 50 Fase 2 Canales pe
Alcazar 80
Diivenza 50
Torma de Miguel Sesmero 50
Logrosan 50
Navalvillar de Pela 50
Navalvillar de Pela 50
Borges Blanques 22
Villanueva de la Seren 50
ograsin 0
Galseo 50 Canaies pal
Talaruhiag 50 Fasa 4 Ganales parabdlico:
Allgante 50 Fase 4 Canales parabdlico:
Puertoiiana 8 Fasa 4 isaos parabalicos
Puertollana 10 Fase 4 Discos parsbélicos
Pusdalana 10 Fase 4 Esc0s parshoboos
W PUIE P Puaruliang 10 Faza 4 Discos parabdicos
1O0MW PUERTOLLAND Puertoliana 10 Faga 4 Discos parabolicos
10MW PUERTOLLANO Puerioliano 10 Fase 4 Ciscos parabdboos
14 MW PUERTOLLANO Puertoliana 12 Fass4 Disces parabbbicos
ARENALES Morée de ta Frontara 50 Fase 4 Canales parabdlico
Total 60

LOCALIZACION DE CENTRALES SOLARES TERMOELECTRICAS EN ESPANA

PROTERMO

S L AR

Mayo, 2011 (STE-Espafia):

« 750 MWe operativos
« 881 MWe en construccion avanzada
e 842 MWe Preasignados

& Operativas

& Construcclén avanzada

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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STP with Parabolic Trough

(PT)




Eﬁ g e | Glomot Parabolic Trough Solar Power Plant.

yTecnaidgicms

COMMON VIEW

Absorber

Reflector

Solar Field
Piping

Power.Bléck:

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Parabolic Trough Collectors

GOBERNO  MINISTERID
DEESPANA  DE CIENCIA Oermode\ vesng iciones
ENNOVAQION  Energéicas, Medioambientales

yTecnaidgicms

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Different Drives

a) Electric b) hydraulic

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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GOBEANG  MINISTERID!
DEESPANA  DE CIENCIA
E NNOVACION Eneﬁiecq Medmrrmnm

Efﬁ Inter connections

7/2/1999 9:20pm

a) Flexible hoses b] ball joints

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Parabolic Trough Collectors

& EMNOVACION  Energeiicas, Medioambientales
¥ Tecnodgicas

-
THT GOBERNO MNSTENO Cm&
OWBaT DEESPANA  DE CIENCIA Cento de Investigaciones
[ ]

Absorber Tubes for PTCs

_ Glass pin to evacuate the air Vacuum between the glass cover Glass-to-Metal welding
l andthesteelpipe | e _
altttitih J TN
" Steel pipe with selective coating ‘ \Getter' to keep and maintain T
Glass cover the vacuum Expansion bellows

Schott's design

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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' 1 ey . B c T
ALBIASA SOLAR LS-3 EuroTrough Solargenix

..and many others...

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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E_ N Ciomat Some basic characteristics of the STP-PT

DEESPARA  DE CIENCIA Cento de Investigaciones
EMNOVACION  Energeiicos, Medioambientales
yTecnaidgicms

> Receiver line focus . 1-axis
tracking, limited to ~ 500 °C.
Solar Fluxes of 20-80 kW/m2.

» ~ 1km of receiver and PT
per MWe (for MS =1 and
width of 6 m).

» Conventional Rankine steam
cycle.

> Efficiency (annual) solar-
electricity conversion ~ 13-
15% (annual average)

» Capacity factor of ~ 20-50%

» PTis the most "mature" [~
70% of projects: 354 MW
operating in California since
1989 ... + IMWe in Arizona
(2006) + 64 MWe in Nevada
(2007) + 700 MWe in Spain in
April, 2011 + 70 MWe in
MENA + .. ]

» ~ 5000 MWe for 2014-15

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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DEESPARA  DE CIENCIA Cento de Investigaciona:

E%ﬁ Ko rcoen mﬁ';l'l'"?m'?; PT - “Solar’” Steam Power Plant

Simplified scheme of current solar power plants with PTCs (Parabolic Troughs Collectors)

(0]
395 °C Oil (Superheated Steam (104bar/380°F)

./ @ I ~ (Reheated Steam 17bar/3713C Preheater
S | \” Reheater

(295°C Oil) _

o]]

expansion vessel

Steam turbine

/!

/1

Condenser

J 1l
J !l

| Steam
igenerator
|

/1
Jl

Deaerato /I/'

/1

/1
J1

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Variation ISCC (Integrated Solar Combined Cycle)
plant = CSP scheme with World Bank support

Parabolic
Trough Field

100 MW Integrated
Solar Combined Cycle Gas turbine 60 MW
(ISCC) Power Plant

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
Slide 47



150 MW ISCC at Hassi R’'Mel 146 MW ISCC at Kuraymat

470 MW ISCC at Ain Beni Mathar 100 MW in Abu Dhabi

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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E e PT Technology Status

Kramer Junction SEGS Plant

> Learning Curve reactivated from the Mejoras
SEGS plants, with improvements in: 5001 E
» Decreased costs of O & M> 30% 400 A [ 4

from the first SEGS

* Reduced installation time and
commissioning,

» First impact by Economies of Scale

300 -

T
w

200 A1

N
O&M Cost (¢/kWh)

Total Output (GWh)

100 -

L]
[y

1992 1993 1994 1995 1996 1997 1998

Several ways to reduce the
electricity cost :

* New concepts of plant (as
direct steam generation, ..)

 New components

* More competence in the
supplies (mainly in the
receiver, ...)

DISS/PSA

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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DEESPARA  DE CIENCIA Cento de Investigaciones

-
TP GOBERNOD  MINISTERIO Cm&
s
TR
[ ]

e PT’'s New Developments and Innovations

v Direct Steam Generation (DSG) in the solar collectors to achieve

higher efficiencies and simplicity

DSG Plant

(' Steam at 104 bar/400 °Q

Steam turbine

(Steam at 104 bar/380 OQ
Qil at 395 °C Super-heater Steam turbine
Condenser .
§ Steam Generator )
Solar Field S "4
" A
= ‘ i

M

el

Auxili heat ifi

uxiliary heater -@P Degasifier \e\é
D— Re-heater A

3
: - _ \n _ 60\0
(Qil at 295 °C) Oil expansion tank

HTF Plant

Auxiliary heater

A 4 A 4 \\

- Condenser

~

a

Water at 114 bar / 200 °C

A

De-gasifier

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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E i fE Clomat Other lines of R & D for Cost Reduction in PT

ENNOVAQION  Energéicas, Medioambientales
yTecnaidgicms

Feasibility of new working fluids that have less maintenance than oil
currently used in thermal parabolic trough

Experimental Plant of PT with Gas as HTF , at PSA

Overview of the plant PT with gas test loop in operation

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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E{f’z, smm | Clomat Other lines of R & D for Cost Reduction in PT

Feasibility of new working fluids that have less maintenance than oil
currently used in thermal parabolic trough

Pilot plant at ENEA Casaccia (Ttaly) with as HTF

Overview of the solar field

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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DEESPANA  DE CIENCIA
EINNOVAQION ~ Energéicas, Medioambieniales
Tecnaidgicms

Eg. PT Plants CCP in operation
o Ciomot

—

SOLNOVA1, 3 and 4
e ,_“(+ PS 10 _and“|5$ 20)

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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DEESPARA  DE CIENCIA Cento de Investigaciones
EINNOVAQION  Energeéiicas, Medioambientales
yTecnaidgicms

Eg. PT Plants CCP in operation
E Lo Clomet

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Eg. PT Plants CCP in operation

A
e AV e Ty ma .,
v v

EXTRESOL 1

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Eg. PT Plants CCP in operation

CTS Puertollého

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Eg. PT Plants CCP in operation

DEESPARA  DE CIENCIA Cento de Investigaciones
ENNOVAQION  Energéicas, Medioambientales
yTecnaidgicms

E o e Clomat

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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LA FLORIDA, Alvarado

Investigaciones
ENNOVAQION  Energéicas, Medioambientales
yTecnaidgicms

GOBIEANO  MINISTERIO
i DEESPANA  DE CIENCIA

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT

Slide 58



STP with Linear Fresnel

Collectors




Linear Fresnel Concentrator

-
TP GOBERNOD  MINISTERIO Cm&
b2
a

. 'S DEESPANA  DE CIENCIA Cento de Investigaciones
&

EINNOVACION sre@}og;ﬁ?g;bﬁem“ (I n novatl O n for PTS ?)

Absorbef tube

Receiver pipe

Rotation axes

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Linear Fresnel

bt e e Basic Characteristics

> Line focus receiver. 1-axis
tracking , limited to ~ 350 °C.
Solar Fluxes of 10-40 kW/m2.

» Conventional Rankine steam
cycle.

» Efficiency (annual) solar-
electricity conversion ~ 9-12%
(annual average)

» Capacity factor ~ 20-30%

» Best occupation of land and
cheaper than PT but lower
concentrator optical efficiency.

» 2 MWe in Spain (Aug, 2011) +
5 MWe in USA + projects for

70 MWe in the pipeline + ...
~ 100 MWe for 2014-15

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT 61
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Eﬁ ot :’?ﬁim S, Ej.: 1 MW-thermal CLFR Demonstration, Australia

1.2 megawatt of
(peak) thermal
power.

Construction of
additional 12
segments for 15
MW-th completed
by end of 2006.

Will be connected
to steam turbine of
2,000 MW coal-
fired power plant.

Source: Solar Heat and Power

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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. Puerto Errado (Spain): 2 MWe in Operation

GOBERNO ~ MNISTERIO Cw 5
L e + ...70MWe under construction)

yTecnaidgicms

e

4
e o S
A 3

-
¥

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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B 4 GOBERNO  MANSTEND C
N CHRST DEESPANA  DECIENCIA
4 ENNOVACION

STP with Central Recelver




Central Receiver Solar Power Plant, CR

Tower

Heliostat field _
Power Conversion

System

Heat Storage
s g ﬂT"tﬁ' TUMRR L= oo e e geas sy u

A

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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Central Receiver Solar Power Plant, CR

Eurelios en Adrano (ltalia

Two axes tracking is required. HTF
Temperatures between 250°C- 1100
°C. Solar Fluxes of 300-1000 kW/m2

First Commercial Power Plant  (in
the world) inaugurated in March 2007,
in Seville (Solucar-PS10),

Cycles Rankine, Brayton and
Combined

Numerous systems , including
extensive testing of Solar One and
the PSA, have demonstrated the
potential of power towers.

Mean Annual efficiencies (solar to

electricity): 13-16%

Capacity factors up to ~70% (in

Spain and upto 85 % with highest

DNI)

Ongoing projects of plants:

—  ~300 MW in Spain (50 MWe in

operation : PS10, PS20, Gemasolar)

- ...2,500 MWe in USA. (eSolar,
Brightsource, Rocketdine, Solar
Reserve) (5 MWe en operacion)

— 100 MWe in Sudafrica ¢,?
— 50 MWe in MENA ¢?

Sandia (EE.UU)

Weitzman (Israel)

Solar Two

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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E e Central Receiver Solar Power Plant, CR

» Learning Curve reactivated with PS10,
PS20, eSolar, Gemasolar, ...

« Although the maturity is considered lower
than in PT, the greater potential in
efficiency and cost reduction  of CR
plants tends to balance the deployment of
CR and PT plants.

« Three preferred technology options
Water-Steam (saturated, superheated, ...),
Molten Salts and air (atmospheric or
presurized).

Eurelios en Adrano (ltalia)

Sunshine-Nio; Japén

Project Country | Power | Heat Transfer Storage media Beginning
(MW ) Fluid operation
S5PS Spain 05 Liquid Sodium Sodium 1081 | W Seero el NN 0 By
EURELIOS ltaly 1 Steam Nitrate Salt/Water 1981
SUNSHINE Japan 1 Steam Nitrate Salt/Water 1981
Solar One USA. 10 Steam Oil/Rock 1982 -
CESA1 Spain i Steam Nitrate Salt fgg7 | Sandia (EE.UU)
MSEE/Cat B USA 1 Nitrate Salt Nitrate Salt 1983
THEMIS France 29 Hitech Salt Hitech Salt 1984 Weitzman (Isragl)
SPP-5 Russia 5 Steam Water/Steam 1986 b
TSA Spain 1 Air Ceramic 1993
Solar Two USA. 10 Nitrate Salt Nitrate Salt 1996
Consolar Israel 0.5 Pressurized Air Fossil Hybrid 2001
Solgate” + | Spain 03 Pressurized air Fossil Hybrid 2002
PS10* « « | Span 10 =AmSteam Ceramic 2683 Sept 2006
Solar Tres® = * | Spain 15 Nitrate Salt Nitrate Salt 260T 2008
* Projects under development.
" Thermal
PS20* [Span | 20 | ArSieam | Ceramic [ 2008 | Solar One

Solar Two

Slide 67
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| sy Cmg CR Power Towers:
Status

. Heliostat performance is
excellent and well-established
. Actual reference:

ey . Sizes ~ 120 m2

e ey — . Specific Cost: ~200
_l‘ » - €/m2

o L

« Reducing costs is a priority for

2 Y | the profitability.

ATS-150

SAIC-170

. Receiver pe
demonstrate
. Lifetime and
. Advanced sy
temperatures
(superheateg ; -

-
salts : 500-6 E— - - i —
g | Sma elosTaT (7.3 m2) of B'f"gh ' ]
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CR Power Towers:

Status

. Heat Storage found a good solution when
molten salts are used,; reasonable
solution when using air and is pending for
improvements when using water steam
as HTF.,

« Costs reduction should achieve values <
~20 €/kKWh.

£

Charaina { Cizchanaing TSA
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DEESPARA  DE CIENCIA
EINNOVAQION ~ Energéicas, Medioambieniales

e PS 10 and PS 20
sowucar #PS10

Sanlucar Solar Project

E_ I somat CR: First Commercial Power Plants.

Steam
40 bar, 250°C

Solar receiver
Drum F_
WL | s -

X

Emplacement Sanlicar M. (Sevilla), Lat 37.4°, Lon 6.23°
Nominal Pow er 11.02MWe
Tower Height 100m

Receiver Technology | Saturated Steam
Receiver Geometry Cavity180°, 4 Pannels5m x 12m

Heliostats 624 @ 121m?2

Thermal Storage Technology | Water/Steam
Thermal Storage Capacity 15MWh, 50min @ 50% Rate
Steam Cycle 40bar 250°C, 2 Pressures

Vista aérea de las Plantas PS- Electric Generation | 6.3kV, 50Hz -> 66kV, 50Hz

Land 60Has

Annual Electricity Production 23.0GWh
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CR — Plants in OPERACION

e e
" ""11_ 11}‘\ Y ATEA L L
‘ / \
¥ i {'Hn, T wd -. ity

PS10Y PS20 en Sanlucar la Mayor, Sevilla
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SOLUCAR PS10

GOBIEANO  MINISTERIO

FEEEBAKIA  RE SiEsie Fanbn e Inustinasinna:

Heliostats Aiming Tests

il 7



SOLUCAR PS10

Fanbn e Inustinasinna:

Concentrated Solar Flux




PS20. Already in Commercial application
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Alpine Sun Tower: Planta de 92 MWe de eSolar en

] eI California

Natienal Renewable Enargy Laboratory
Concentrating Solar Power: Projects

Alpine SunTower Project Overview
This page provides information an Alpine SunTower, a corcentrating

solar power (5P praject, with data srganized by background, 'm?"* B ; R ST

partelpants, Snd p plint configuration. Pacific Gos ond Electrie Comtiriry: Unilmd Stas
Company has entered into an agreemant with Apine SunTower, LLC, &

subsidiary of NAG Energy, for 92 megawatts of renewable, solar Location:  Lancaster,
thiermal poiwer. The Alplne SunTowsr profect Testures eSoar's m Vi
modular, scalsb'e solar thermal techaslogy and is schedulsd for AR P A Sl
competion v 2612, Dwner{s}

Technology! Fower tower
Turkine
CapaEy Ner SiM AW >
Status: Under development

Start Year: 0132

cofrections, Or comments?

Status Date: Hovember &, 2009
Background

Techrology: Power bower
Status: Under developmeant
Coaunley United States

City: Lancaster

Slate: Califainia

Region: Antelope Valley
Electricity Generation: 192,000 MWhfye
Start Production: 2012

PRASTariff Date: Jume 35, 2009
Participants

Drevedopersj: HRG Energy
Gefeation Offtsker]s): Pacific Ges B Electyic (PGRE)
Plant Configuration

Solar Field

Heliostal Manufscturer: eSalar

Power Block

Turbine Capacity {MNet): 92.0 MW
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lvanpah: 440 MWe (de Brightsource ~Luz?2) en

California

MNational Renewable Energy Laboratory
Concentrating Solar Power: Projects

Ivanpah Solar Electric Generating Station

This pege provides information on Ivanpah Solar Electric Generating
Statlon , & concentraking solar power (CSP) project, with data
organized by backgreund, participants, and power plant configuration.

Status Date: December 17, 2009

Background

Technology: Power Lower

Slatus: Under development

Country: Unlted States

Cley: Primm, NV

Stake: California

County: San Bernardino, CA .
Lat/Long Location: 35733 .57 North, 115527 30.977 West
Land. Area: 4,073 acres

Solar Resource: 2,717 kWh/m Yyr

Source of Solar Resource:

Electricity Generation:

NREL Solar Pawer Prospector
1,079,232 MWh/yr (Expected/Manned)

Contact(s): Andy Tayhor
Company: BrightSource Energy
Break Ground: January 2010

Start Production: October 2013
Construction Job-Yesrs: 1E96

Annual OEM Jobs: 90

Tarlfl Period: 20 o 25 years
Project Type: Commercial Plant
Participants

Developer]s): BrightSource Engrgy
EFC Contractor: Bechlal Engineeting

Generation Offtaker{s}):

Plant Configuration
Solar Field

Hellastat Soiar-Field Aperturs

Pacific Gas & Electric; Southern California
Edison

Area: 2,295,960 m =
¥ of Helipatats: 214,000
Hellostat Aperture Area: 1408m=
Tower Height: 453 It

Project Owerview
Project Name: Iwvanpak Sciar
Electric Generating
 Station (Tvarpah)
Country:

Location:

owner[s} |

Technology:

Turbine fet- 440.0 MW
Capacity: Gross: 468.0 MW

Status: Uinder development

Fower tower

Start Year:. 7011

Do you have more infermation,
corrections; of comments?

Recalvar Manufacturer:
Recelver Type:
Heat-Transfer Fluld Type:
Recelver Inlet Temp:
Receivar Outlet Temp:
Recelver Temp. Difference:

Power Block

Turbine Capaclty (Grogs
Turbine Capacity [Net)
Turbine Description:
Output Type!

Coolng Method:
Annual Solar-bo-Electricity
Efficiency (Gross):
Fossll Backup Type:

Biley Power

Solar receiver steam gensrator
Waler

4B0°F

1050°F
570°F

4GE.0 MW
440.0 MW

per unit; net ks 110 MW per unit

TELRNT R

FIGURE 1.3-4

CLOSE-UP OF IVANPAH 1

Ak ROLLR L ECTRA: GERERATHG BYETEM
T T CHEMHILL —




CR: First Commercial Power Plants.

" i CEZIEEES, Solar Tres / GEMASOLAR

Datos Técnicos

Superficie Refiectants del Campo de Heliostatos 264325 m?
Numero de heliostatos 2750
Superficie Total del Campo de Helidstatos 14231 Ha

Potencia Térmica del Receptor 120 MWt

HOT SALT

STOR&GE TANK
120m

namignto Témico 15 horas

17T MWe

16 MVt

HELIOSTAT FIELD

TUREINE "
GENERATD) [l

IRRL. irecia anual soore Helisstatos 2082 kiWhim?

SOLAR TRES
Energia anual vendida 105368 MWhe

Produccion a partir de GM 15%

SUBSTATION

Factor de Capacidad 1%

= Solar Tres Project partially financed by the European Commission (with 5 M€; Contract
No. NNE5/2001/369; with a consortium SENER, CIEMAT, ALSTOM-SIEMENS, SAINT

GOBAIN y GHERSA.
= Sener & Ciemat (with a budget of 6 M€) validated the receiver Technology

» TORRESOL promotes the GEMASOLAR Power plant (budget ~240 M€)
Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
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GOBEANG  MINISTENO Ciamot o

Invesfigaciones
ENNOIAOON | o Voo Torresol Energy

0. Construcién puesta en marcha de GEMASOLAR

reinyenring solar power

Construccion Abril 2009
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DEESPARA  DE CIENCIA Cento de Investigaciones

ERNOVAGON | oot e Torresol Energy

yTecnaidgicms

ﬁ o oo Cromat o

reinyenring solar power

6. Construccion y puesta en marcha de GEMASOLAR
Construccion Mayo 2009

s | Y

0 0 07y
L LB 1!!..]2:':

[ 1 | I [ \ ||
!. i | il ‘ !'ﬂl QI‘IPL } 'I I'
"T'.' .ff il 3 s RIBHURL 2 8 lllif' ik '“ l

2 dias mas tarde —
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GOBEANG  MINISTENO Ciamot o

Invesfigaciones
ENNOIAOON | o Voo Torresol Energy

0. Construcién puesta en marcha de GEMASOLAR

Construccion Junio 2009

reinyenring solar power
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GOBEANG  MINISTENO C.ﬂlﬂot o

Invesfigaciones
ERNOVAGON | oot e Torresol Energy

reinyenring solar power

Construccion Octubre 2009

— T . N .
e g R e I'I' h—_— - 3] 1 .
e L - "1t T €.
=8 f i L ’
J a |
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ENNOIAOON | o Voo Torresol Energy

0. Construcién puesta en marcha de GEMASOLAR
Construccion Mayo 2010

reinyenring solar power
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Clemar o

Torresol Energy

reinventing solar power
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EMOMGON gl Yo Torresol Energy

6. Construccion y puesta en marcha de GEMASOLAR

Construccion Mayo 2010
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ENNOIAOON | o Voo Torresol Energy

reinyenring solar power
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Torresol Energy

reinyenring solar power
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DEESPARA  DE CIENCIA Cento de Investigaciones

ENNOTAGON | negtcs Neckarbaros Torresol Energy

N *gh ® GOBEWNO  MNKTEND C’mlmt c
B 5
L) -

y Tecnoldgicas

reinuenring solar power

6. Construccion y puesta en marcha de GEMASOLAR
Puesta en Marcha 2011
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Invesfigaciones
e Torresol Energy

0. Construcic’)n puesta en marcha de GEMASOLAR
Puesta en Marcha 2011

reinyenring solar power

2011/04/15
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CR: New Developments and Innovations:
Atmospheric Air

G1 K2 G2

Internal air
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T GOBEAND  MINISTENO
'O DEESPANA  DE CIENCIA
EINNOVACION

Dish -Stirling




GOBERNG  MINISTERIO Cn’vamnE . g . .
E%ﬁ B Stirling Parabolic Dishes

%Mv% Receptor /Motor

Reflector

Concentrator

Typical Dish-Stirling System (e.g.: WG Associates,1  0-kWe)
Solarized Stirling engine
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Eﬁ B Clomo® DS, Technology Status and Challenges

- The variety of designs dish-concentrator
(continuous or faceted paraboloid +
support structure, ..) and receiver-
engines have demonstrated high
efficiency (29.5% record solar-
electricity)

« The durability of the engine-receiver
requires improvements

SAIC/STM

= The high installation costs
(~11000 €/kWe) and the
lack of feasible (heat /
electricity) storage makes
DS compete in an scenario
favorable to PV and CPF

SBP/Solo
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o mowe  Cromab Stirling Parabolic Dishes
o e Basic Characteristics

= Two axes tracking. Parabolic
mirror Dish as concentrator.
Temps. Of 600 °C -800 °C.
Solar Fluxes: 500-3000
kW/m?2.

= Stirling Cycle is the standard
but Brayton cycles are feasible
for the future

= Large variety of concentrator Disco Australiano (400 m2
designs; High efficiency y 90 kWel)
demonstrated (up-to 30 % peak
and 20-22% annual average)

= A Commercial plant under
construction in Spain (~1 MW)

= |t allows Distributed Power
Generation, with units of 3-25
Kwe

= Projects in pipeline:
= Spain: ~0.1 +1 MWe
= EEUU: 800 MW (SCE -
20,000 Dishes) + 300 MW

con SDG&E — 12,000
dishes)??

MDAC ('83-'88) Boeing/SES
('98-'99)

Advanco ('82-'85)

M SBP/Almeria
('88-'99)

Cummins
('89-'96)
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Eﬁ e g Clomet New Developments on DS

Infinia Corp., EEUU

3 kWe

Free piston

Low maintenance (10 years?)

Just few prototypes in
operation

Starting the fabrication
High spectation about the costs

YV VVVYY
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DEESPARA  DE CIENCIA Centio de Invesfigacionas
EINNOVAQION  Energeions, Medioambientales
¥

E GOBEAND ~ MINISTERIO Fomnt

New Developments on DS

NB%PD&hrﬁh@"'ﬂfgaokWé (@EKEBUU)
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Cost of Solar Thermal Electricity?




E%ﬁ o | Clomat COST REDUCTION

yTecnaidgicms

IS THE MAIN ISSUE

Sale price [cE/KWh] 20 years financing
45

What brings the cost down? 401 Current ESTELA estimations

= Innovation in systems and components 1 — v, span

307

. . 100 kwh/m?2 DNI (Spain)
= Improving production technology 25 mm
i 9¢ betwe
. o« 20 €n 294 )
= Increasing the overall efficiency /a"ds/ocosneducnonpe
I'Year

157 _N

= Enlarging the number of operation hours 12' G
. 7 3%/a cost reduction
= Bigger power blocks o
. Year 2010 2015 2020 2025
= Reducing the O & M costs N
- Learning curve in construction 01 Potential scenario
. 357 with breakthroughs
= Economies of scale 50
257

207
Current Investment costs in Spain for a 50 MW plant 1
*4.000 €/kW without storage / 2000 h/year

*6.000 €/kW with 7 hours storage / 3600 h/ year

157
107
5_

7
Year 2010 2015 2020 2025
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] eI What brings the cost down?

« Economies of scale Cost and el’ﬁmen
= |mplementation of improvements

major technological
improvements

100%
90%
B80%
T0%
60%
50%
40%
2012 2015 2020 2025
e i i -
Validated proven Conservative outlook
improvement measures

Estimated tanff Main drivers for
- reductions D tanff reduction

Federal University of Santa Catarina. Florianopolis, Aug. 2011: Solar Thermal Power, F.Téllez, CIEMAT
Slide 100



..From the Plataforma Solar de Almeria (PSA), we will continue

E %ﬁ P = ot trying to contribute to sustainability by "R&D in potential industrial
e applications of concentrating solar thermal energy and solar
photochemistry”

[ ——
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WWW.psa.es

Felix.tellez@ciemat.es




