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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacidn General de la Plataforma Tecnoldgica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

8. Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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1. Informacion General de la Plataforma

= Coordinacion con el resto de Plataformas para aclarar la situacion administrativa de la convocatoria para el
siguiente periodo bianual.

= Reunidén de Coordinaciéon del CCPTE (Comité de Coordinacion de la Plataformas Tecnoldgicas del ambito
Energético) = Jornada CCPTE 2018

= Participacion en la Jornada del Congreso Genera 2018 —> Situacion y potencial térmico y eléctrico, jueves 14

de junio a las 16h, Sala N-115 del pabellén 8 de Feria de Madrid. CIEMAT, ADAYC, SOLAR CONCENTRA,
PROTERMOSOLAR

= Participacion en la Jornada de Presentacion de Iniciativas Tecnologicas Prioritarias, el 20 de Junio en Sevilla

Can la colaboracion die:

-_ E '- _. - B ‘E;Fl

|mpulso de Iniciativas Tecnolégicas Prioritarias
Primer foro de inversion para el desarrollo energético sostenible de
Andalucia.

incentivos publicos, inversion privada
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacidon termosolar. Espaina y EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

8. Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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2. Datos Generacion termosolar en Espafia
Datos generacion enero — mayo 2018

Lo Generacion
.,SOIar T.ermoeleCtrlca Aiho Termosolar en Espaiia
Curvade Generacion Medida Acumulada anual 2009 - 2018 2009 130 GWh
6.000 2010 692 GWh
2011 1.832 GWh
>-000 2012 3.444 GWh
4.000 2013 4.442 GWh
< 2014 4.959 GWh
= 3.000 2015 5.085 GWh
2.000 2016 5.071 GWh
2017 5.347 GWh
1.000 o _ e maeea 2018
_ 1= St N L L L o U Enero - Mayo 1.379 GWh
O K 1° R L O «© xO & @ @ @
& Y > O o> R > d Y O 0
& « o & v N\ 3 S R i&@ oo\. 4\0@ ‘6&6\
o 9
=@= 2009=== 2010=== 2011 === 2012=== 2013
0= 2014 =0 2015 ==o==2016 ==o== 2017 === 2018
Fuente:
RED 1
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2. Datos Generacion termosolar en Espafia

Comparativa mensual 2017 vs 2018
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Solar Térmoeléctrica- Comparativa degeneracion
2017vs 2018

ty=2017 =@=2018

Fuente:

esios

SISTEMA DE INFORMACION
DEL OFERADDR DEL SISTEMA

Comparando la generacion anual
desglosada mes a mes con la del
ano anterior, se observa como la
primavera de 2018 esta siendo
menos soleada que la de 2017
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2. Datos Generacion termosolar en Espaifia
Desglose de generacidon termosolar por provincias en el mes de MAYO

DESDE EL 01-05-2018 A LAS 00:00 HASTA EL 31-05-2018 A LAS 23:50

PRODUCCION
® = 133.690 mwh ® = 81.270 Mwnh ® = 56.320 Mwh Provincia MAYO 2018
> 40.880 Mwnh > 26.810 Mwh > 5.730 Mwh M (MWh)

- Badajoz 133.698 28%

= 4480 mwn | Sevilla 81.276 17%
Ciudad Real 27,959 16%

Cordoba 56.328 12%

: Caceres 46.360 10%

Granada 35.403 7%

Cadiz 26.813 6%

Alicante 9.151 2%

Lleida 5.734 1%

Murcia 4,487 1%
TOTAL 477.210 100%

.

Y COMPETITIVIDAD

OBIERNO MINISTERIO )
E ESPANA DE ECONOMIA, INDUSTRIA

05/06/ | e RED...  €SIOS

DE ESPAMNA SISTEMA DE INFORMAEION

AGENCIA
ESTATAI
EEEEEEEEEEEEEEEEEEEEE INVESTI

\L DE
STIGACION




"

< Solar 2. Datos Generacion termosolar en Espaia
A s
1N Concentra Complentariedad del recurso renovable en Espaia a nivel geografico

EOLICA
FOTOVOLTAICA

Generacion medida
de enero a mayo
por provincias
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’ - So|ar 2. Datos Generacion termosolar en Espana

”f‘ Concentra Desglose de generacidon de renovables de enero a mayo de 2018

ENERO-MAYO: Generacion medida Solar Térmica, Solar
Fotovoltaica, Edlica, Hidraulica (MWHh)
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2. Datos Generacion termosolar en Espana
Desglose de generacion de renovables de enero a mayo de 2018

ENERO-MAYO: Generacion medida Solar

térmica (MWHh)
2.000.000 _19%

1.500.000
1.000.000
500.000

2014 2015 2016 2017 Media 2018
2014/17

ENERO-MAYO: Generacion medida Edlica
Terrestre (MWh)

26.000.000 +4%
25.000.000
24.000.000
23.000.000
22.000.000
21.000.000
20.000.000
2014 2015 2016 2017 Media 2018
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ENERO-MAYO: Generacion medida Solar
fotovoltaica (MWh)
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ENERO-MAYO: Generacion medida
Hidraulica (MWh)
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2. Datos Generacion termosolar en USA

« Solar
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US' STE/CSP Plants generation over the last 6 years
500.000 4.000.000
450.000 3.500.000
400.000
3.000.000
350.000
300.000 2.500.000
L <
= 250.000 2.000.000 =
= >
200.000 1.500.000
150.000
1.000.000
100.000 ‘
50.000 ‘ / 500.000
0 0
01/12 01/13 01/14 01/15 01/16 01/17 01/18
= US STE/CSP Monthly Generation =S STE/CSP yearly cummulative Generation
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{ Sola r 2. Datos Generacion termosolar en USA
%  Concentra SEGS Plants. Net Electricity Generation

CSP SEGS Plants monthly generation over the last 4 years . _
NEXTera
30.000 700.000 ENERG @‘
600.000
25.000
: Plant |Tech| MW Start | Years to
A Year | date
500.000
20.000 SEGS Il | PT | 30 | 1985 33
- \ a \ 400.000 | | SEGSIV | PT | 30 | 1989 = 29
§ 15.000
/ 300.000 SEGSV | PT | 30 | 1989 29
10.000 SEGSVI | PT A 30 | 1989 29
200.000
4 =
b/~ SEGSVII| PT | 30 | 1989 29
>-000 | 4 100.000
f / \ll 4 SEGS VIl PT | 80 | 1989 29
J \ /
y N
0 0 SEGSIX | PT | 80 | 1990 | 28
01/12 01/13 01/14 01/15 01/16 01/17 01/18
—SEGS Il —SEGS IV SEGS V—SEGS VI—SEGS VII—SEGS VIl —SEGS IX=e—=SEGS Ill - IX Cum
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2. Datos Generacion termosolar en USA

< Solar

t% Concentra Nevada Solar one (NSO). Net Electricity Generation
CSP Plant NEVADA SOLAR monthly generation over the last 6 years
25.000 140.000 = Developer: %acciona
120.000 = HTF — Aceite Térmico
20.000 = NREL Estimated Electricity Generation
100.000 MWh/yr = 134.000
= Solar Field Aperture Area (m2)= 357.200
15:000 80.000 * Potencia Instalada = 72 MW
s » Almacenamiento = 0,5h
= 60.000 * Nevada, USA
10.000
40.000
5.000
20.000
0 0
01/12 01/13 01/14 01/15 01/16 01/17 01/18
—NSO Monthly Gen. ——NSO Yearly Cumulative Gen.
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2. Datos Generacion termosolar en USA

< Solar

tN  Concentra Solana Generating Station. Net Electricity Generation
CSP Plant SOLANA monthly generation over the last 4 years
140.000 800.000 = peveloper: \tlantica
Yield
700.000
120.000 * HTF — Aceite Térmico
600.000 = NREL Estimated Electricity Generation
100.000 MWh/yr = 944.000
500.000 = Solar Field Aperture Area (m2)=2.200.000
- 80000 = Potencia Instalada = 250 MW
S 400.000 .
s £0.000 = Almacenamiento = 6h
' 300.000 = Arizona, USA
40.000 /
K/ 200.000
20.000 / 100.000
0 0
3 S < S S &
) S S S ) S

—Solana Monthly Generation —Solana Yearly Cumulative Generation
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2. Datos Generacion termosolar en USA

Genesis Solar Energy Project. Net Electricity Generation
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CSP Plant GENESIS monthly generation over the last 4 years
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—Genesis Monthly Gen. —Genesis Yearly Cumulative Gen.
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= Developer: nexrera

ENERGY 2%

—
= HTF — Aceite Térmico
= NREL Estimated Electricity Generation
MWh/yr = 580.000

= Potencia Instalada =250 MW
= Almacenamiento = Oh
= (California, USA
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2. Datos Generacion termosolar en USA

Solar

' Concentra Ivanpah. Net Electricity Generation
CSP Plant IVANPAH monthly generation over the last 4 years ]
100.000 800.000 = Developer: _nrg”’
EnergyServices
90.000
ﬂ 700.000 = HTF - Vapor de agua
80.000 = NREL Estimated Electricity Generation
70,000 e0:000 MWh/yr = 1.080.000
500.000 = Solar Field Aperture Area (m2)=2.600.000
60.000 = Potencia Instalada = 377 MW
S 50.000 '\/ 400.000 = Almacenamiento = 0Oh
= |/ = California, USA
40.000 | 300.000
30.000
200.000
20.000 L
10.000 / 100.000
0 0
01/14 01/15 01/16 01/17 01/18
——I|vanpah monthly gen. ——Ilvanpah Yearly Cumulative Gen.
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2. Datos Generacion termosolar en USA

Mojave Solar Project. Net Electricity Generation

100.000

90.000

80.000

70.000

60.000

50.000

MWh

40.000

30.000

20.000

10.000

CSP Plant MOJAVE monthly generation over the last 3 years

/

01/16 01/17 01/18

——Mojave Monthly Gen.  ——Mojave Yearly Cumulative Gen.
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= Developer: —\tlantlca
Yield

= HTF — Aceite Térmico

= NREL Estimated Electricity Generation

MWh/yr = 600.000

= Potencia Instalada = 250 MW

= Almacenamiento = Oh

= (California, USA
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2. Datos Generacion termosolar en USA

< Solar

N Concentra Crescent Dunes Solar Energy Project (Tonopah). Net Electricity Generation
CSP Plant CRESCENT DUNES monthly generation over the last 2 years
35.000 140.000 = Developer: SOLARRESERVE
Energia solar con almacenamiento integrado. N
30.000 120.000 = HTF —Sales Fundidas
= NREL Estimated Electricity Generation
25.000 100.000 MWh/yr = 500.000
= Solar Field Aperture Area (m2)=1.200.000
_ 20.000 80.000 = Potencia Instalada = 110 MW
§ = Almacenamiento = 10h
15.000 60.000 = Nevada, USA
10.000 40.000
LINK A WEBCAM
5.000 20.000
http://www.earthcam.net/getim
age/hdplayer/hdplayer.php?p%5
0 0 b%5d=etlVODMc&a=1&aratio=tr
10/15 10/16 10/17 ue&r=300&label=3
—Crescent Dunes Monthly Gen. —Crescent dunes Yearly Cumulative Generation
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http://www.earthcam.net/getimage/hdplayer/hdplayer.php?p[]=etlV0DMc&a=1&aratio=true&r=300&label=3

AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
2. Presentacion de los datos actualizados de generacion termosolar. Espana y EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

8. Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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« Solar

r 1‘ Concentra - PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

05/06/2018

2 b\ %
Normalizacion del sector termosolar
5 de Junio 2018
Fabienne Sallaberry, CENER

e
CENER ;. ~Solar
- *#8  Concentra
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacion de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro
del marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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; & Solar

)
’f‘ Concentra - PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

&y Informe Técnico: Estudio Valor C5P en Espafia MRC
Cliente: Solar Concartra N mamaes o 1t it

INFORME TECNICO

Estudio de analisis de valor de las centrales

termosolares en Espana en 2025

Cliente:

PLATAFORMA TECNOLOGICA SOLAR CONCENTRA

Wi
: & Solar
"% Concentra
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MIRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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- Solar

J’
f‘ Concentra - PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

IMPACTO SUSTITUCION NUCLEAR POR
TERMOSOLAR EN EL ANO 2020

Presentacion
SOLAR CONCENTRA

Abril 2018

SIERIUEID

CONSULTORES

INVESTIGACION
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MIRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicidon del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacion de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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f‘ Concentra - PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

Co-funded by the
Erasmus+ Programme
of the European Union

. . ‘ ; «Solar
‘_4.‘3 Reunion GT Tecnologias de Concentracion | SOLAR CONCENTRA | 5/06/2018 .

*#+%  Concentra
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

8. Monitoreo del sector de las baterias.

9. Ruegosy Preguntas.
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“ So|a r 7. Actualizacion del sector a nivel internacional
tN  Concentra Presentacion informe 2030 - Protermosolar

Presentacion Informe Protermosolar
»  PONENTE: Luis Crespo, Presidente

3 er s oves dsy S l._, /[\A\ P\)

FECHA: martes 19 de junio de 2018, 16:30h

LUGAR: Auditorio - CUATRECASAS, Calle de Almagro, 9, 28010 Madrid.

OTRO MIX DE GENERACION ES POSIBLE (Y DESFABLE)

4 »
NS

—— N — 85%

Lo que olvidaron otros estudios .... _ generacion [

ﬁz\? renovable =
Las centrales termosolares, despachadas 340
complementariamente a la fotovoltaica, pueden
reducir el respaldo convencional de forma
competitiva y convertir a la energia solar en el
pilar de generacion en Esparia 2030.

*Proyecciones basadas en datos reales
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http://www.protermosolar.com/invitacion-presentacion-informe-protermosolar/

7. Actualizacion del sector a nivel internacional
Congreso CSP - Madrid

= With a 12 year legacy, CSP’s #1 conference will be taking place on 13th-14th November in Madrid having previously
been in Seville

= Key Points for the 2018 programme:

= 24/7 Renewables Systems

= Concentrated Solar Heat (CSH):

= Energy storage as a service:

= LCOE Optimisation:

= Synergy with China:

= Technical, Operational and O&M insights

Keen to participate as a speaker/sponsor/exhibitor/attendee? Then get in touch today via paul@newenergyupdate.com

http://helioscsp.com/develop-cost-efficient-csp-csh-and-thermal-energy-storage-to-meet-grid-

and-industrial-demand/ PROTERMO
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PICTURES OF PROJECT
DEVOPMENT

http://helioscsp.com/progres

s-of-chinas-first-batch-of-
concentrated-solar-power-
demonstration-projects/
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1 Progress of first batch of CSP demonstrations
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1 Progress of first batch of CSP demonstrations
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1.2 Implementation & adjustment

Bi#it1e4, SRIER
51.014GW.,

After adjustment, 16
projects are included in
China’s first batch of
CSP demonstration,
with 1.014 GW capacity
in total.
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R71, 464MW; FER/R2
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1.2 Implementation & adjustment
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be 8 in Gansu in Inner Mongolia
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v Concentra Mercados
= Delingha 50MW Parabolic Trough Pr?ducuserv',ce compar,'y b
Basic engineering TSK Energy Solution
Concentrated Solar Power plant to be Solar field detailed engineering TSK Energy Solution
completed this spring Technology Provider of Euro Trough  Schlaich Bergermann Partner
Feasibility study NWEPDI Northwest Electric Power Design Institute
. . Owner’s Engineer AF Consult
) V\.“Fh total |nve.stm¢.ent of .RMB 1'9_38 Solar field EPC Beijing Shouhang IHW Energy Saving & SEPCOII
billion, the project is equipped with 9 HTF&TES EPC Shandong Sunway Petrochemical Engineering Co., Ltd
hours molten salt thermal energy Power block EPC NWEPDI Northwest Electric Power Design Institute
storage. Once completed, CGN Solar Reflector Rioglass
Delingha 50MW parabolic trough CSP Receiver tube Rioglass
plant will be the first commerecial e Solutia
parabolic trough project, and the first Sodlum nltrqte Xinjiang Nitre Potash Co., Ltd.
. . . . . Potassium nitrate Wentong
operational pilot CSP project in China HTF pump &
Molten Salt pump Sulzer
Turbine Dongfang Turbine
Oil-water heat exchanger Harbin Turbine
Molten-Salt heat exchanger Wuxi Chemical Equipment, Co., Ltd

http://helioscsp.com/delingha-50mw-parabolic-trough-concentrated-solar-power-plant-to-be-completed-this-spring/
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http://helioscsp.com/delingha-50mw-parabolic-trough-concentrated-solar-power-plant-to-be-completed-this-spring/

- * 7. Actualizacion del sector a nivel internacional
« Solar
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= El proyecto, denominado Hami, tendra una extensiéon de 75
hectareas y contara con 15.000 paneles que sumaran una potencia
instalada de 50 megavatios (MW). El presupuesto total de la
inversion asciende a 90 millones de euros.

= La planta, cuya construccion comenzo en septiembre del 2017, se
trata de un proyecto termoeléctrico de receptor central (una torre de
200 metros de altura) con ocho horas de almacenamiento gracias a
la utilizacion de sales liguidas como elemento calotransportador.

= El campo solar, que convertira la radiacion del sol en energia térmica,
contara con heliostatos (espejos méviles controlados
informaticamente) con tecnologia Stellio.

= El promotor del proyecto Hami es la empresa publica China Energy,
qgue confid el campo solar y el receptor de la torre a una sociedad del
grupo estatal Dongfang Electric que, a su vez, optd por la tecnologia
Stellio.

http://helioscsp.com/delingha-50mw-parabolic-trough-concentrated-solar-power-plant-to-be-completed-this-spring/ R O T E R M O 2,
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= &= ESTATAL DE
INVESTIGACION

05/06/2018 GT Tecnologias de Concentracion 34 S |_ A R



http://helioscsp.com/delingha-50mw-parabolic-trough-concentrated-solar-power-plant-to-be-completed-this-spring/

7. Actualizacion del sector a nivel internacional
Mercados - Dubai

= Masdar celebrates 5th anniversary of Shams 1 Concentrated Solar Power plant

= Shams Power Company, the developer, owner and operator of the UAE’s first large-scale concentrated solar power
project, Shams 1, is celebrating five years of uninterrupted electricity generation at the plant

= Masdar, Abu Dhabi Future Energy Company, has an 80 per cent stake in Shams Power, while Total, the world’s fourth-
ranked international oil & gas company, owns 20 per cent

= To date, the project has achieved a net production of 972,352.33 megawatt-hours (Mwh), enough electricity to
power nearly 110,000 homes for one year while displacing more than 720,000 metric tons of carbon dioxide. That is
the equivalent of saving more than 360 million kilos of coal.

= “CSP technology is now widely accepted as a proven technology for large-scale power generation, while Shams 1, a
landmark in the Al Dhafra region, has demonstrated the economic, technical and environmental advantages of
deploying large-scale solar thermal power in the UAE,” Al Ali said. “Such investments build knowledge, experience
and skills, stimulating job growth and activity in other areas of the economy.”

http://helioscsp.com/masdar-celebrates-5th-anniversary-of-shams-1-concentrated-solar-power-plant/

PROTERMO
05/06/2018 GT Tecnologias de Concentracion 35 S |_ A R

DE ESPANA DE ECONOMIA, INDUSTRIA
Y COMPETITIVIDAD Py
ESTATAL

vvvvvvvvvvvv

= ¥ GOBIERNO MINISTERIO I



http://helioscsp.com/masdar-celebrates-5th-anniversary-of-shams-1-concentrated-solar-power-plant/

7. Actualizacion del sector a nivel internacional
Mercados - Dubai

= Construction has begun on the 700 MW fourth phase of the Mohammed bin Rashid Al Maktoum Solar Park, which
will consist of three 200 MW parabolic trough fields and a 100 MW tower.

= |ndustrial and Commercial Bank of China (ICBC) has been mandated as lead arranger for a USS1.5 billion senior loan
to help finance the fourth phase of the Mohamed bin Rashid Solar Park in Dubai. ICBC will be joined on the syndicate
by Bank of China and Agricultural Bank of China. Also providing funding to the project are China Minsheng Bank
and the Silk Road Fund.

= Total project cost is estimated at 14.2 billion dirham (US$3.87 billion).

= Once complete in 2020, the fourth phase will feature the world’s largest solar tower (260m) and largest energy
storage capacity (15 hours from the tower system, plus 11 hours from the parabolic trough system). It will provide
clean energy to more than 270,000 households in Dubai, and will cover a total area of 43 square kilometres. The
levelized cost of electricity will be $73/MWh.

= Shanghai Electric will be responsible for the construction and a wholly-owned subsidiary of ACWA Power will be in
charge of the operation of the project.

= Spain’s Abengoa and U.S. developer BrightSource are the respective technology providers for the parabolic trough
and central tower plants, bringing decades of CSP industry experience to the project

http://analysis.newenergyupdate.com/csp-today/china-backed-4bn-csp-project-set-financial-close-

august?utm_campaign=NEP%20CSP%2002MAY18%20Newsletter%202&utm_medium=email&utm_

source=Eloqua&elqTrackld=ecf7e406898f4574bff035892c6f2aeb&elq=80bef507d34546€2997599d
http://helioscsp.com/shanghai-electric-analyzes-dubai-700mw-concentrated-solar-power-project/ bdf4c9e48&elqaid=36231&elgat=1&elqCampaignld=18913

http://helioscsp.com/icbc-leads-us1-5-billion-loan-for-dubai-concentrated-solar-power-project/ Ceann | R
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http://helioscsp.com/shanghai-electric-analyzes-dubai-700mw-concentrated-solar-power-project/
http://helioscsp.com/icbc-leads-us1-5-billion-loan-for-dubai-concentrated-solar-power-project/
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= 7. Actualizacion del sector a nivel internacional
Mercados - Dubai
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http://helioscsp.com/shanghai-electric-analyzes-dubai-700mw-concentrated-solar-power-project/

= 7. Actualizacion del sector a nivel internacional
Mercados - Dubai

= Paddy Padmanathan, CEO of ACWA Power

= The USD7.3cents Kw/h tariff came as a big surprise to the industry due to the relatively low solar resource [Direct
Normal Irradiation]. ‘We were equally surprised during the last week of preparation of the DEWA CSP tender,
shocked in fact, that it had come down so much to the level it had. And now that we are in it, and we can see the
numbers, the breakdown of each component... | can tell you this is not a one time price, this is where it is going’

= ‘Take that same plant and move it somewhere else, say in Chile, Uppington or even certain areas of Saudi Arabia, just
because of the higher solar resource available there — and considering the same or similar credit condition; which
would definitely be for KSA — the number for this very same project would be more like USS5.9ct Kw/h. It’s shocking!
This is for stable, unsubsidised, fixed electricity cost going forward’

= ‘Right now, in this region, CSP is the cheapest dispatchable technology. If you take CSP like this and blend it with
PV and wind that together should be able to run at 5cts kW/h 24h-renewables. Average energy prices here are 8
cents at the moment, so it’s a win-win’

= “24-hour dispatchable cost competitive solar energy that this project will deliver is not just a monumental step
forward in achieving the goals of Dubai’s Clean Energy Strategy but is also possibly the most significant contribution
to accelerating the energy revolution across the world. The investment of $750 Million ACWA Power is making into
this project is also the single largest investment we are making in any project.”

https://www.linkedin.com/pulse/interview-paddy-padmanathan-ceo-acwa-power-part-ii- _
bel%C3%A9n-gallego/?published=t PROTERMO
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= 7. Actualizacion del sector a nivel internacional
Mercados - Dubai

= DEWA to tender 300-MW concentrated solar power (CSP) by the start of 2019

= Dubai Electricity and Water Authority will tender a 300 megawatt concentrated solar
power (CSP) plant for the Mohammed bin Rashid Al Maktoum Solar Park before the first
quarter of 2019 as the UAE looks to meet 7 per cent of its power needs from the sun by
2020, according to its utilities chief.

http://helioscsp.com/the-concentrated-solar-power-facility-in-mohammed-bin-rashid-al-maktoum-solar-park-will-raise-csp-capacity-to-

1000-mw-by-2020/
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http://helioscsp.com/the-concentrated-solar-power-facility-in-mohammed-bin-rashid-al-maktoum-solar-park-will-raise-csp-capacity-to-1000-mw-by-2020/

7. Actualizacion del sector a nivel internacional
Mercados - Kuwait

=  Kuwait 1st Concentrated Solar Power plant 50MW Shagaya solar completed this year

= Shagaya 50MW concentrated solar power (CSP) plant in under the Phase One of 2GW Kuwait Shagaya Renewable
Park. As Mr. Oliver Baudson, Managing Director of TSK-Flagsol Engineering talks to CSP Focus, “the CSP project is now
under construction, and will be fully completed by the end of this year, when Kuwait will have the 1st commercial
CSP plant operate.”

= Developed by Kuwait Institute for Scientific Research (KISR), the Shagaya 50MW CSP project signed EPC contract (USD
$385 million) with a consortium consisting of Spanish EPC company TSK and Kuwait’s Kharafi National in 2015. It takes
parabolic trough CSP technology, and has 9 hours molten salt thermal electricity storage.

= Three Phases of the 2GW Shagaya RE Master Plan:
Phase 1: 70 MW of RE capacity (50 MW CSP, 10 MW PV and 10 MW Wind);
Phase 2: 930MW, extension of the plant to a total of 1,000 MW installed RE capacity (CSP, CPV, PV and/or wind);
Phase 3: 1000MW, extension of the plant to a total of 2,000 MW installed RE capacity (CSP, CPV, PV and/or wind).

= Expected Technology Distribution of the 2GW Shagaya RE Master Plan:
CSP- Parabolic Trough: 750 MW
CSP- Solar Tower: 400 MW
PV: 700MW
Wind: 150MW.

http://helioscsp.com/kuwait-1st-csp-plant-50mw-shagaya-solar-completed-this-year/ PROTERMO
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7. Actualizacion del sector a nivel internacional
Mercados - USA

= DOE announces $105.5 million in funding to advance solar energy technologies

= U.S. Secretary of Energy Rick Perry announced up to $105.5 million to support America’s continued leadership in
energy innovation through solar technology. Under the Department of Energy’s (DOE’s) Solar Energy Technologies
Office (SETO), DOE will fund about 70 projects to advance both solar PV and concentrating solar thermal power (CSP)
technologies, as well as facilitate the secure integration of those technologies into the nation’s electricity grid.
Funding will also support efforts that prepare the workforce for the solar industry’s future needs.

= TOPIC 2: Concentrating Solar Power (CSP) Research and Development (up to $24 million, ~21 projects)

= These projects pursue innovative CSP concepts and technology solutions that enable the solar industry to reach DOE’s
2030 levelized cost of electricity (LCOE) targets for CSP, including $0.05 per kilowatt-hour for systems with greater
than 12 hours of onsite storage. Research in CSP will focus on advancing elements found in CSP subsystem:s,
including collectors and thermal transport systems for advanced power cycles, while pursuing new methods for
introducing innovation to CSP research.

http://helioscsp.com/doe-announces-105-5-million-in-funding-to-advance-solar-energy-technologies/ PROTERMO
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7. Actualizacion del sector a nivel internacional
Mercados - USA

= DOE Announces $72M For Next-Gen Concentrated Solar Power Research

= The U.S. Department of Energy (DOE) announced $72 million for new projects to advance high-temperature
concentrated solar power (CSP) technologies. These projects will extend previous research on high-temperature
components, develop them into integrated assemblies, and test these components and systems through a wide range
of operational conditions.

= The high-temperature thermal systems targeted by this program seek to achieve at least 700 °C, which would boost
the efficiency and lower the cost of the electricity. If successful, these projects will lower the cost of a CSP system by
approximately $0.02 per kilowatt-hour, which is 40 percent of the way to the office’s 2030 cost goals of $0.05 per
kilowatt-hour (kWh) for baseload CSP plants

http://helioscsp.com/doe-announces-72m-for-next-gen-concentrated-solar-power-research/ PROTERMO
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7. Actualizacion del sector a nivel internacional
* * Mercados - Australia

= o
s * *

=  Concentrated Solar Power could be commercial viable within decade in Australia

= Last year, ARENA issued a request of information (RFIl) to explore the potential for solar thermal to be rolled out in
the country and it received 31 responses in total.

= ARENA said that the responses received in the RFI will inform it in the preparation of a strategy to support CST in the
country including the possibility of providing funding for CST projects

= The responses also highlighted that CST could help in addressing the country’s energy storage and dispatchability
needs by offering a reliable, responsive and flexible electricity generation at any time of day and night.

= ARENA CEO Ivor Frischknecht said: “While still not cost-competitive with other forms of new-build power generation,
the ability to store energy and be able to dispatch renewable energy at any time will be of increasing value, and this
information shows there is strong support for CST.”

=  “We are now considering funding opportunities to assist in creating a pathway for CST to become commercially
viable in Australia in the coming years.”

http://helioscsp.com/concentrated-solar-power-could-be-commercial-viable-within-decade-in-australia/ PROTERMO
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- 7. Actualizacidon del sector a nivel internacional
Mercados - Marruecos

= Morocco to start full operation of largest concentrated solar power complex in October

=  Morocco will fully switch on the Noor Ouarzazate complex, the world’s largest solar power plant, in October, said the
Moroccan Agency for Sustainable Energy

= After launching its first stage in February 2016, the remaining three phases of the complex will become operational by
October, said Mustapha Bakkoury, managing director of the agency at a working session on the country’s renewable
energy

= The second and the fourth phase of the complex will start service as of mid 2018, while the third stage will be
launched in October, Bakkoury said.

= These steps will make Noor Ouarzazate the largest multi-technological solar production site in the world with a
capacity of 580 megawatts.

= The plant represents a critical step in the Moroccan Solar Energy Program, which aims to generate 42 percent of its
electrical power from renewable energy by 2020, and 52 percent by 203

http://helioscsp.com/morocco-to-start-full-operation-of-largest-concentrated-solar-power-complex-in-october/

PROT ERMO

05/06/2018 GT Tecnologias de Concentracion 44 S |_ A R

DE ESPANA DE ECONOMIA, INDUSTRIA
Y COMPETITIVIDAD PR
ESTATAL DE

uuuuuuuuuuuu

= ¥ GOBIERNO MINISTERIO )I



http://helioscsp.com/morocco-to-start-full-operation-of-largest-concentrated-solar-power-complex-in-october/

- 7. Actualizacidon del sector a nivel internacional
Mercados - Marruecos

The first phase of Noor Midelt is expected to consist of two 400MW hybrid concentrated solar power (CSP) and

photovoltaic (PV) plants. For each project, 150 to 190 MW would be provided by CSP with minimum of 5 hours
storage.

The Moroccan Agency for Sustainable Energy (MASEN) officially announced three groups have answered the tender,

and the next-step commercial bidding is expected to open around the middle of 2018 and the final result will be
confirmed by the end of this year.

» ACWA Power Consortium: International Company for Water and Power Projects, General Electric Company

> EDF Energies Nouvelles Consortium: EDF Energies Nouvelles, Abu Dhabi Future Energy Co. PJSC — Masdar, Green of Africa,
Sener Ingeneria Y Sistemas

» ENGIE Consortium: International Power S.A (Engie) , Nareva Holding S.A., SolarReserve LLC, Solaire Direct S.A.S

Hybrid PV/CSP
C ; First phase: 2 Hybrid
power plants (Y400 MW per Plant)

http://helioscsp.com/edf-talk-on-morocco-800-mw-noor-midelt-concentrated-solar-powerpv-hybrid-solar-project/
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}‘ 6. Actualizacidon del sector a nivel internacional
7 Mercados — S.Africa

= La central termosolar desarrollada por Sener y Acciona en Sudafrica se conecta a la red

= Sener y Acciona Industrial han logrado la conexion de la central termosolar Kathu, de
100 Mw, a la linea de distribucion de 132 kV de Eskom el 23 de febrero de 2018. Los
principales transformadores, asi como los auxiliares, han sido energizados, lo que
representa un hito para las actividades de puesta en marcha de la central.

http://helioscsp.com/kathu-solar-park-concentrated-solar-power-plant-synchronises-to-eskoms-grid/ PROTERMO
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}‘ 6. Actualizacidon del sector a nivel internacional
7 Mercados - S.Africa

= SolarReserve, ACWA ink PPA for 100-MW S African CSP park

= SolarReserve and Saudi Arabia's ACWA Power have sealed the power purchase agreement (PPA) for their 100-MW Redstone
concentrating solar power (CSP) project in South Africa

= The 20-year contract was signed with South African utility Eskom after being postponed several times. The project itself was
selected within the 3.5 bid window under South Africa’s Renewable Energy Independent Power Producer Procurement Programme
(REIPPPP).

= The Redstone CSP park will be located in Postmasburg, near Kimberley in the Northern Cape province and is expected to generate
enough electricity for over 200,000 South African homes per year, feeding power to the national grid for up to 17 hours daily. It will
include 12 hours of full-load energy storage thanks to SolarReserve’s molten salt energy storage technology in a tower configuration

= The US firm will supply the molten salt receiver, as well as the heliostat collector field controls and tracking system for the project

= Due to fully integrated thermal energy storage, the facility will provide power on-demand, just like conventional coal, oil, nuclear
or natural gas-fired power plants, but without harmful emissions or hazardous materials, and without any fuel cost or foreign
exchange risk,” said SolarReserve’s CEO Kevin Smith

= |n 2015, South Africa awarded a consortium led by SolarReserve and ACWA Power the Redstone project, at a tariff of $124/MWHh.
But in 2016, state utility Eskom — which had been facing ongoing financial difficulties —announced that it was postponing signing of

the PPA
http://helioscsp.com/south-africas-redstone-concentrated-solar-power-project-gets-power-purchase-agreement/
https://renewablesnow.com/news/solarreserve-acwa-ink-ppa-for-100-mw-s-african-csp-park-607799/ PROTERMO )I
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}‘ 6. Actualizacidon del sector a nivel internacional
7 Mercados - S.Africa

= Eskom explores the ground for energy storage adoption

= South African utility Eskom Holdings SOC Ltd has launched a request for information (RFI) to identify energy storage
technologies for multipurpose applications

= Eskom has come to the conclusion that, without energy storage, it will not be able to integrate the planned levels of
renewable energy into the grid

= Through this RFI, the company seeks to identify all industry role players and stakeholders, available technology and
solution options. The process will also shed light on any possible localisation and job creation opportunities.

=  The company will use this information when making decisions on how to apply suitable storage technologies
throughout its network in order to alleviate network capacity constraints, lower peak demand and facilitate the
integration of independent power producers (IPPs).

https://renewablesnow.com/news/eskom-explores-the-ground-for-energy-storage-adoption-610527/
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}‘ 6. Actualizacidon del sector a nivel internacional
7 Mercados - S.Africa

= Abengoa, IDC and PIC inaugurate Xina Solar One, their third concentrated solar power plant in South Africa

= XiNa Solar One, with a capacity of 100 MW, provides clean, sustainable and dispatchable electrical energy to 95 000 South African
households, especially in peak hours, thanks to its 52 hours storage system.

= According to Joaquin Fernandez de Piérola, CEO of Abengoa, the launch of XiNa Solar One represents “a decisive milestone for
renewable energy in South Africa and consolidates the presence of Abengoa in the country, where it has been operating since 2009”.

=  “We are very proud of Kaxu, Khi and XiNa Solar One, which contribute 250MW of renewable energy to the national generation. This
is a huge milestone in relation to the country’s energy needs, using local clean resources, and we are excited at the prospect of
participating in new projects,” Mr Fernandez de Pierola explained

Lenders Syndicate:

= Xina Solar One Shareholders:

L]

Industrial Development Corporation (IDC)
¢ Development Bank of Southern Africa (DBSA)

Abengoa Group Company (Xina Ltd) 40% o African Development Bank
Industrial Development Corporation (IDC) 20% ¢ Rand Merchant Bank (RMB)
Xina Community Trust (RF) (Pty) Ltd 20% e Nedbank

Public Investment Corporation (GEPF) 20% * ABSA

L

International Finance Corporation (IFC)

http://helioscsp.com/abengoa-idc-and-pic-inaugurate-xina-solar-one-their-third-concentrated-solar-power-
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6. Actualizacion del sector a nivel internacional
Mercados - Chile

d

= Cerro Dominador Closes $758 Million Financing For The First Concentrated Solar Power Plant in Latin America

= Cerro Dominador, a Chilean company owned by investment funds managed by EIG Global Energy Partners (“EIG”), announced today
the signing of the financing for its Concentrated Solar Power plant (CSP) located in the Atacama desert, in Chile. This milestone will
allow the company to finalize the construction of the first combined CSP and photovoltaic project in Latin America, with a total of
210 MW of capacity. The plant will supply clean, reliable energy to the national interconnected system in Chile, selling most of its
power under 15-year power purchase agreements awarded at the end of 2014.

= The $758 million financing has been subscribed by a group of international financial institutions and the contribution of local banks.
Among the financial entities involved are: Natixis, Deutsche Bank, Société Générale, ABN AMRO, Santander, Commerzbank and
BTG Pactual as well as other institutional investors

= Thisis another significant milestone in our plan to build the first CSP project in Latin America. Chile has one of the best locations to
harness solar energy and this technology is ideally placed to bring solutions to the country by providing clean, reliable power
operating 24 hours a day. We are meeting the commitments made and are excited to be contributing to Chile’s energy agenda”, said
Fernando Gonzalez, Cerro Dominador, CEO.

= Abengoa se alia con Acciona para ejecutar la segunda fase de una instalacion solar en Chile. Ambas levantaran una planta
termosolar de 110 MW

http://hazenergia.gba.es/IMAG/2018-05-22/E C 00 20180522-0082 V2.PDF
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6. Actualizacion del sector a nivel internacional
Mercados

= Brasil instalara una central termosolar de pruebas

= La empresa brasilefia Eletrosul probara la tecnologia termosolar o de concentracidon de energia solar (CSP) a través de un proyecto
de 250 kW en la ciudad de Caputera, informo la compaiiia, que esta controlada por el grupo estatal de energia Eletrobras.

= El proyecto BRL-16.5 millones (USD 4.4m / EUR 3.8m) cuenta con el respaldo del Programa de Investigacion y Desarrollo del
regulador brasilefio del sector eléctrico, Aneel, La termosolar construira en terrenos provistos por el municipio de Laguna. Sera
entregado por Eudora Energia y Facto Energy, con el inicio de las obras planificadas para el préximo aio.

= Eletrosul operara y mantendra la termosolar, pero podria ser transferida a una institucion educativa y de investigacion en el
futuro. La instalacion utilizara concentradores parabdlicos y alimentara energia a la red de distribucién local. La duracion del
proyecto, incluidos los estudios, es de tres afios.

PROTERMO
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7. Actualizacién del sector a nivel internacional
Mercados - Libia

= Libya’s Misurata Free Zone (MFZ) has sighed a memorandum of understanding with consultancy iQ
Power to develop integrated CSP and PV projects with up to 300 MW total capacity

= MFZ, has shown its desire to develop a solar energy industry, according to a iQ Power. As its partner, iQ
Power, an American company established with the sole purpose of developing renewable energy in the
Middle East & North Africa, is studying how CSP, PV, or hybrid can best be utilized and optimized given
the need for reliable and continuous power.

= |t has also expressed its interest in constructing a seawater desalination plant utilizing in part or in whole
solar energy as its source of energy to meet the growing needs of the city of Misurata.

http://helioscsp.com/libya-plans-300-mw-in-concentrated-solar-power-and-pv-projects/ PROTERMO
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sy 7. Actualizacion del sector a nivel internacional
Mercados — Arabia Saudi

—_——

= Saudi Arabia and SoftBank Group Corp. sighed a memorandum of understanding to build a $200 billion solar power
development that’s exponentially larger than any other project.

= The deal is the latest in a number of eye-popping announcements from Saudi Arabia promising to scale up its access
to renewables. While the kingdom has for years sought to get a foothold in clean energy, it’s was only in 2017 that
ministers moved forward with the first projects, collecting bids for a 300-megawatt plant in October.

= At 200 gigawatts, the Softbank project planned for the Saudi desert would be about 100 times larger than the next
biggest proposed development

= |If built, the development would almost triple Saudi Arabia’s electricity generation capacity, which stood at 77
gigawatts in 2016, according to BNEF data.

= Saudi Arabia has unveiled plans to transform its solar power production, in line with the Vision 2030 strategy to
diversify the country’s economy and end its reliance on oil.

= Under the Solar Power Project Plan 2030, the Kingdom expects to produce 200 gigawatts of the solar power by
2030, acccording to the SPA

https://www.bloomberg.com/news/articles/2018-03-28/saudi-arabia-softbank-ink-deal-on-200-billion-solar-project

http://helioscsp.com/saudi-arabia-to-become-major-solar-power-exporter-under-new-plan/
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7. Actualizacion del sector a nivel internacional
Mercados - Grecia

i

= EIB ponders support for Concentrated Solar Power storage project in Greece

= The European Investment Bank (EIB) is considering extending financing for a 50-MW concentrated solar power
(CSP) project with an energy storage component in Greece

= The lender did not disclose the amount it would lend, nor the total value of the multi-tower CSP project. The
company behind it is a joint venture between UK-based Nur Energie Ltd and Greek oil and energy firm Motor Oil
Hellas (FRA:MHZ). The two have earlier announced plans to build a CSP park with molten salt storage on the island of
Crete.

http://helioscsp.com/eib-ponders-support-for-concentrated-solar-power-storage-project-in-
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H 6. Actualizacion del sector a nivel internacional
H Mercados - Dinamarca

= Dinamarca: Organic Rankine Cycle. CSP + Biomass. Heat & Power

= |naugurated by the Danish Minister of Energy, Utilities and Climate, Mr. Lars Christian Lilleholt, the 45 million EUR
investment is now ready to produce both sustainable power and heat with the help of an advanced solar energy
system from Danish renewable energy specialist, Aalborg CSP A/S.

= Replacing natural gas with renewable energy sources is a natural step in Denmark’s green energy transition where
most district heating plants typically switch to solar or biomass. However, combining several energy technologies to
produce both heat and power is certainly a proof of innovative thinking which recently led to the realization of an
ambitious green energy project in the town of Brgnderslev.

= The system is the first combined heat and power (CHP) plant in Denmark, but also in the whole world to integrate
concentrated solar power (CSP) and a biomass boiler while also using Organic Rankine Cycle (ORC) to turn the
energy into district heating and electricity.

= Utilizing benefits of these innovative technologies enables the district heating plant (Brgnderslev Forsyning) to

achieve record energy efficiency, lower energy prices and a future-proof solution that is no longer dependent on
fluctuating fossil fuel prices. Clean energy also means the reduction of more than 25,000 CO, annually.

http://helioscsp.com/aalborg-csp-solar-system-supports-renewable-energy-system-

inaugurated-in-denmark/ PROTERMO
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‘i : Solar 7. Actualizacion del sector a nivel internacional
'8  Concentra Mercados
» SAHEL g

Algeria

= El Banco Africano de Desarrollo, el Fondo Verde para el Clima
(GCF) y el fondo de inversion Africa50 han firmado una carta de
intenciones para colaborar en el programa Desert to Power del
banco en el marco de la reunidon anual de este celebrada en
Busan, CoreA

= El programa Desert to Power, iniciado por el Banco, tiene como Al o GEES """&e,.;g;:uﬁzcan
objetivo desarrollar 10.000 MW de energia solar en toda la ‘ i i
region del Sahel. Esta destinado a proporcionar electricidad
generada por energia solar a 250 millones de personas, incluidos
90 millones a través de soluciones fuera de la red, lo que
permitira el desarrollo de la agricultura y otras actividades
econdmicas

https://elperiodicodelaenergia.com/el-programa-desert-to-power-desarrollara-10-000-megavatios-de-energia-

solar-en-el-sahel/
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7. Actualizacion del sector a nivel internacional
Hitos Empresariales

= Spain’s Torresol Energy celebrates ten years of concentrated solar power generation

= Collaborative Masdar and SENER backed solar company has paved way for development of more efficient
concentrated solar power (CSP) technologies.

= |n the ten years since it was established through a collaboration between Masdar, Abu Dhabi’s renewable energy
company, and SENER, the Spanish engineering and technology specialist, Torresol Energy has steadily pursued its
mission to improve the competitiveness of large-scale concentrated solar power (CSP) plants.

= Since 2008, the 60/40 joint venture between SENER and Masdar has demonstrated that the technology behind its
three plants in southern Spain (Gemasolar, Valle 1 and Valle 2) can deliver affordable, reliable, carbon-free energy
straight to the electricity grid 24 hours a day.

= Gemasolar, located in Fuentes de Andalucia, is the world’s first and only utility-scale solar power plant to combine a
central tower receiver system and molten salt storage technology, enabling power generation 24 hours a day.

= The Valle 1 and Valle 2 plants in San José del Valle use parabolic trough collectors to drive an electricity turbine with
the heat of the sun, while also producing constant power thanks to a molten salt storage system.

http://helioscsp.com/spains-torresol-energy-celebrates-ten-years-of-concentrated-solar-power-

generation/
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7. Actualizacion del sector a nivel internacional
Mercados — M&A (Merger & Acquisitions)

= Acciona cierra la venta de sus plantas termosolares en Espaifa a ContourGlobal

= Acciona ha cerrado la venta a la compaiiia britanica ContourGlobal de sus cinco plantas termosolares en Espaia, que
suman una potencia conjunta de 250 megavatios, por un minimo de 1.093 millones de euros, ha comunicado la
constructora a la Comision Nacional del Mercado de Valores (CNMV)

» Laventa de los activos termosolares en Espana (Palma del Rio 1 y I, en Cordoba; Majadas, en Caceres; y Alvarado y
Orellana, en Badajoz)

https://www.elconfidencial.com/ultima-hora-en-vivo/2018-05-11/acciona-cierra-la-venta-de-sus-plantas-termosolares-en-espana-a-contourglobal 1516179/
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7. Actualizacion del sector a nivel internacional
Mercados — M&A (Merger & Acquisitions)

= Elfondo | Squared Capital, propietario de T-Solar (la antigua filial fotovoltaica de Isolux), ha cerrado la compra del
negocio termosolar de la sociedad que el empresario gallego Manuel Jove tiene junto con Iberedlicay el fondo
Infrared:

= T Solar tiene hoy en dia presencia en seis paises y cuenta con 386 MW de potencia repartidos en 48 plantas.
Concretamente, en ltalia, Estados Unidos, Peru, India y Japdén, aunque la mayor parte de la cartera (161 MW) se sitda
en Espana.

=  Grupo T-Solar ha sido asesorado por Banco Santander, la consultora Ernst & Young, Enzen y el despacho de abogados
Pérez-Llorca en esta operacion

http://helionoticias.es/el-fondo-i-squared-compra-la-termosolar-de-manuel-jove-por-500-

millones/ PROTERMO
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7. Actualizacion del sector a nivel internacional
Tecnologia CSP - Desalacion

When to combine thermal desalination with CSP

Initially solar thermal energy was proposed as best suited to thermal desalination processes, which essentially use heat to evaporate
water. However, the heat for thermal desalination is necessarily located at the site of the desalination plant, which creates a challenge.

“There are two problems with CSP-based cogeneration plants for simultaneous generation of electricity and thermal desalination of
seawater: salt air corrosion, and that DNI at the coast is not so good as inland. So there’s a penalty in electricity and fresh water costs.
The best option for this scenario is siting the CSP plant inland, away from the saline ambient effects, and the Reverse Osmosis plant at
the coast,” he noted.

Today’s predominant desalination technology uses a process where only electricity is used, sending power round the clock to pump
water through a series of membranes to extract the fresh water through Reverse Osmosis (RO).

“In most of the world, for desalination applications at industrial scale, a CSP plant coupled to an RO plant which uses electricity for the
power plant would be a better option than coupling it with thermal desalination,”

“RO is more efficient when you have what we call “non-difficult” water, like in the Mediterranean Sea, in North Africa, and even in the
Red Sea where salinity is a little bit higher,” “For example in the Mediterranean Sea the salinity is only 35 grams per liter (g/L) and you
don’t have the problem of changing conditions that could damage the membranes.”

The specific energy consumption depends on the salinity of the water. The higher the salinity the higher the specific energy consumption:
“For example, at the top efficiency, here in Spain with around 34 to 35 g/L salinity the typical specific energy consumption that each RO
module needs is around 3 kWh per cubic meter of freshwater produced.”

“But the Middle East with higher salinity, 40 to 45 g/L, has higher electricity consumption, because you need a higher pressure, so
typically they need up to 4.5 kWh per cubic meter.

http://helioscsp.com/the-challenges-and-potential-rewards-of-transitioning-to-concentrated-solarcpewerito-desdlinat
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7. Actualizacion del sector a nivel internacional
Tecnologia / 1+D

= Masdar Institute Research Successfully Proves UAE Desert Sand Can Store Concentrated Solar Power up
to 1000°C

= Desert sand from the UAE could be used in concentrated solar power (CSP) facilities to store thermal
energy up to 1000°C

= The research project called ‘Sandstock’ has been seeking to develop a sustainable and low-cost gravity-fed
solar receiver and storage system, using sand particles as the heat collector, heat transfer and thermal
energy storage media

= The next step of the project is to test an improved prototype at the pre-commercial scale at the Masdar
Institute Solar Platform (MISP) using the beam down concentrator, potentially in collaboration with an
industrial partner.

http://helioscsp.com/masdar-institute-research-successfully-proves-uae-desert-sand-can- _
store-concentrated-solar-power-up-to-1000c/ PROTERMO

05/06/2018 GT Tecnologias de Concentracion 61 S |_ A R

= ¥ GOBIERNO MINISTERIO I

—\» DE ESPANA DE ECONOMIA, INDUSTRIA
Y COMPETITIVIDAD AGECI
ESTATAI

vvvvvvvvvvvv



http://helioscsp.com/masdar-institute-research-successfully-proves-uae-desert-sand-can-store-concentrated-solar-power-up-to-1000c/

7. Actualizacion del sector a nivel internacional
Tecnologia - Almacenamiento

= La termosolar es tras la gran hidraulica la tecnologia lider mundial en almacenamiento para generacidn eléctrica
renovable

= Por ello, Espana es lider mundial en almacenamiento de energia renovable

= Espaia es lider mundial en almacenamiento de energia en las nuevas tecnologias renovables gracias a la termosolar
gue, tras la gran hidraulica, es la tecnologia lider en almacenamiento para generacion eléctrica renovable, segun los
datos Global Energy Storage del DOE (Department of Energy de EE UU), que ha analizado Protermosolar.

= Las centrales termosolares con almacenamiento en Espana cuentan con 6.850 MWh de capacidad de
almacenamiento eléctrico en 18 instalaciones. Tras Espaia, contando tecnologias de baterias y de centrales
termosolares, figuran EE UU, con 5.200 MWh, Sudafrica, con 2.600 MWh, y China con 1.000 MWh. A nivel mundial, la
capacidad de almacenamiento de centrales termosolares en operacidn y en construccion asciende a 22.150 MWh,_,
mientras que el resto de tecnologias, incluyendo baterias, estan en un escalon muy inferior, ya que todas ellas
agrupadas llegan tan solo a 6.600MWh,_

= El analisis sefala también que la tecnologia de sales fundidas para fines de generacion eléctrica, esta, a nivel mundial,
muy por encima al de otras alternativas como, por ejemplo, las baterias

https://www.elconfidencial.com/ultima-hora-en-vivo/2018-04-23/el-almacenamiento-de-termosolares-en-espana-supera-al-de-eeuu-segun-
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7. Actualizacion del sector a nivel internacional
Tecnologia - Almacenamiento

=  Molten salt storage 33 times cheaper than lithium-ion batteries

= Fact sheets created by the German Energy Storage Association, or BVES for short, show that molten salt tanks are
around 33 times less expensive than electric batteries when it comes to storing a kilowatt-hour in them

= A BVES fact sheet published in July 2017 lists capital costs of 25 EUR/kWh,, stored in a molten salt tank (see the
attached document in German), with the caveat that these specific costs very much depend on the temperature
difference and the method of operation, be it direct or indirect via heat exchangers. The figures on the fact sheet
range from EUR 25 to 70 EUR/kWh,,.. The first six demonstration systems which involved large-scale lithium-ion
batteries and were set up by energy supplier STEAG cost 833 EUR/kWh,, (see the table below).

= “The costs in euros per kilowatt-hour also depend on the storage temperature, as this temperature has an influence
over how much energy is stored, given the same initial capital expenditures. For example, storing heat at 550 °C
could double the storage capacity compared to heat at 400 °C, which means that the costs per kilowatt-hour will be

cut in half”
Storage technology Capital costs per kWh capacity Source of information
Molten salt 25 to 70 EUR/KWhth BVES (file attached below)
Lithium-ion battery 1,400 EUR/KWhel (EUR 390,000 for 280 kWh) BVES (file attached below)
Lithium-ion battery (pilot project)833 EUR/kWhel (EUR 100 million for 120 MWh)German Aerospace Center
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7. Actualizacion del sector a nivel internacional
Tecnologia - Almacenamiento

= REslag, Energy Storage for Concentrated Solar Power

= RESLAG is a European project that develops solutions for the valorisation of steel slag through 4 eco-innovative
industrial alternative applications that will be proved in 4 large scale demonstration pilots

= Slag as Thermal Energy Storage system feedstock for Concentrated Solar Power applications.

= RESLAG project aims to remove the constrains that current storage technologies for Concentrated Solar Power
application have. Two different Thermal Energy Storage concepts will be validated to define new storage systems
based in new materials and fluids that will facilitate the integration of the renewable energies in the electric grid.

= Pilot a: Thermal Energy Storage system using air as heat transfer fluid (HTF) (led by DLR)

The objective of the pilot a is to demonstrate the viability of air and steel slag to obtain an effective storage at higher
temperature (8302C) for solar central receiver systems.

= Pilot b: Thermal Energy Storage system using molten salt as heat transfer fluid (HTF) (led by ENEA)

The key point of this technology is the replacement of the molten salt for low-cost steel slag, obtaining more cost-
effective and efficient systems.

This pilot will consist in developing a storage tank system operating in the typical molten salt temperature range
(approx. 300-560 2C), in which molten salt is partially replaced by steel slag as energy storage material.

http://helioscsp.com/reslag-energy-storage-for-concentrated-solar-power/
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>y So|a r 7. Actualizacion del sector a nivel internacional

t8  Concentra Tecnologia / Uso de Agua
Average Water Consumption Factors (gal/MWh)
= \Water use in Cooling Tower and Dry Cooled Systems
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Source: Macknick et al. (forthcoming)

http://helioscsp.com/water-use-in-concentrated-solar-power-plants/
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7. Actualizacion del sector a nivel internacional

Mercados — Reduccion de costes

Figure ES.2 The levelised cost of electricity for projects ankd global weighted average values for CSP, solar PV,
onshore and offshore wind, 2010-2022
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Source: IRENA Renewable Cost Database and Auctions Database.

Note: Each circle represents an individual project or an auction result where there was a single clearing price at auction. The centre of
the circle is the value for the cost of each project on the Y axis. The thick lines are the global weighted average LCOE, or auction
values, by year. For the LCOE data, the real WACC is 7.5% for OECD countries and China, and 10% for the rest of the world. The band
represents the fossil fuel-fired power generation cost range.

Source: IRENA - Renewable Power Generation Costs in 2017
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“Recently, very low bids for CSP projects have been
announced. Examples include the USD 0.073/kWh (+
0.061 €/kWh*) bid announced by the Dubai Electricity
and Water Authority (DEWA) for a 700 MW plant at the
Mohammed bin Rashid Al Maktoum Solar Park (DEWA,
2017) and the Port Augusta CSP project in Australia, at
around USD 0.06/kWh (+ 0.049 €/kWh**) .”

“If the auction results for Dubai and South Australia are
factored in, then for the period 2010-2022 the learning
rate*** could reach 30%.”

*Fecha de adjudicacion del contrato: 09/2017. Tipo de Cambio
EUR-USD=1,19

**Fecha de adjudicacion del contrato: 01/2018. Tipo de Cambio
EUR-USD = 1,22

“***|earning rates for technologies are the average
percentage cost or price reduction that occurs for every
doubling in cumulative installed capacity of that
technology”
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7. Actualizacion del sector a nivel internacional
Mercados — Reduccion de costes

. Solar
* Concentra

- L] -

Falling Prices for CSP Plants with Molten Salt
The prices for electricity from concentrated solar power (CSP) plants with
maolten salt energy storage have dropped by more than half since
SolarReserve started developing its Crescent Dunes plant in 2009, 5ome
recent bids to build new plants show the price trajectory.
CSP MOLTEN SALT TOWER PROJECTS

CAPACITY/ DATE
PROJECT/LOCATION DEVELOFPER(S) STATUS POWER PRICE PRICED
Crescent Dunes SolarReserve 110 MW 13.5¢/ 2009
Tenopah, Nevada foperating) .

kWh

Noor Il ACWA Power, 150 MW 15¢ 2014
Ouarzazate, Sener {under /
Morocco construction) kWh
Redstone SolarReserve, 100 MW 12.4¢/ 2015
Postmasburg, ACWA Power {preferred
South Africa bidder) kWh
MER Solar ACWA Power, 100 MW* 7.3¢/ 2m7
Park Phase 4 Shanghai (construction *
Dubai, UAE Electric to begin 2018) kWh
Aurora SolarReserve 150 MW 66/ 2017
Port Augusta, {construction kWh
South Australia to begin 2018)
Copiapo SolarReserve 260 MW 2017
Copiapa, Chile {pending bid) E‘S\.ﬁ.{
Power price is based on the power purchase agreement (PPA) signed by the developer for power from the praject;
it may not reflect other sources of project income such as the sale of environmental credits or excess power,
"PPA for this project covers a mix of trough and CSP tower facilities.

https://insideclimatenews.org/news/16012018/csp-concentrated-solar-

molten-salt-storage-24-hour-renewable-energy-crescent-dunes-nevada
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7. Actualizacion del sector a nivel internacional
Mercados — Reduccion de costes

=  Concentrated Solar Power capex costs fall by almost half

= New Energy Update’s latest analysis of 16 CSP projects with investment decisions since 2016 shows that capital expenditures
(capex) were between $3,910/kW and $6,355/kW. Energy storage capacities range from six to 16 hours. In comparison, the capex
of plants installed from 2013 to 2015 ranged from $6,050/kW to 12,600/kW, for plants with four to eight hours’ storage, according
to a study by the International Renewable Energy Agency’s (IRENA). Capex for plants with more than eight hours’ storage was
between $7,300/kW and 11,300/kW, IRENA said, while costs for plants without storage were generally lower

= The emergence of towers with thermal energy storage is one of the main drivers for capex reductions. Until recently, parabolic
trough (PT) was the dominant technology in CSP, but more than half of capacity approved for construction since 2016 is based on
tower technology

= Developers can assume towers will perform better than trough above 30 degrees latitude (in the Northern Hemisphere, which
passes through Texas, southern Morocco, Israel, and the Chinese provinces around the Yangtze River basin), because towers require
less mirror surface and less investment for the same yield

= Andrea Lovato, global head of renewables development at ACWA Power, said the trough and tower portions of the DEWA project
would cost a similar amount in terms of capex dollars-per-kW. Tower plants are more efficient and cheaper to build that PT in higher
DNI countries like South Africa, Chile, and Australia

= The three lowest-cost Chinese projects on New Energy Update’s list have six to nine hours’ energy storage, against estimated capex
between $3,910/kW and $4,304/kW. In comparison, Zhongyang Zhangjiakou’s 64 MW parabolic trough project — which will set a
new world record with 16 hours’ storage — has an announced $4,500/kW capital expenditure

http://helioscsp.com/concentrated-solar-power-capex-costs-fall-by-almost-half/
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7. Actualizacion del sector a nivel internacional
Mercados — Reduccion de costes

= As Concentrated Solar Power bids fall to record lows, prices seen diverging between different regions

= As CEO of Solar Reserve, the company which submitted the (unsuccessful) sub-$50 bid in Chile and the
(successful) S63/MWh bid in Australia, Kevin Smith is well-placed to comment on the reasons for these
record-low CSP prices. He named four factors:
» labor costs;
» size, in which projects with multiple towers afford economies of scale;

> solar resource, where the higher direct normal irradiance in places such as Chile’s Atacama desert helps to more
efficiently capture and convert sunlight into energy;

» and economic and political stability, where eliminating currency risk makes debt and equity financing less
expensive.

Smith said: “It is important to keep in mind that these CSP-with-energy storage projects are delivering both energy
generation and energy storage, at a combined price. Thus, a more accurate cost comparison would be to evaluate
CSP with energy storage versus PV plus batteries, or PV plus natural gas peaking plants that are required to back up
intermittent generation during cloudy periods and peak usage hours in the evening.”

http://helioscsp.com/as-concentrated-solar-power-bids-fall-to-record-lows-prices-seen-diverging-between-different-regions/
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= Los récords establecidos en el sector oL Global Solar Defiation (US $/MWh)
de la energia en 2017, con una con '
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6. Actualizacion del sector a nivel internacional
Mercados Edlica

= Sj bien la reciente disminucion de
los costos de la edlica no ha sido
tan universalmente estelar como
la solar, principalmente porque la
edlica es un sector mas maduro, su
tendencia a la baja de precios en
2016y 2017 ha sido importante,
particularmente en paises con las
condiciones y politicas mas
favorables.
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7. Actualizacion del sector a nivel internacional
Mercados FV y Edlica

= Las espectaculares caidas de los costes de solar, edlica y almacenamiento ponen en aprietos a los combustibles fosiles

= “El carbdn y el gas estan viendo amenazada su posicion dominante en el mix de generacion eléctrica mundial como resultado de
las espectaculares reducciones de los costes, no solo de las tecnologias edlicas y solares, sino también del almacenamiento en
baterias”, dice el informe de BNEF.

» Elinforme sefiala que el coste de la energia solar cayé un 77% hasta un promedio mundial de referencia de 70 délares / MWh en los
ultimos siete afios, mientras que el coste de la edlica cayd un 38% hasta un promedio mundial de referencia de 55 S / MWh.

. . , . .. Wind vs coal and CCGT Utility-scale PV vs coal and CCGT
= El precio de referencia para las baterias de ion-litio
también ha caido casi un 80% desde 1.000 S/ kWh en LCOE (8MWh, 2017 real) LCOE ($/MWh, 2017 real)
140 140
2010 d 209 S / kWh en 2017- O“Shojrt:«.
120 il 120
= Elsiguiente grafico muestra los calculos de BNEF para 100 100
los costes de energia en China proyectados hasta 2040. 80 80
CCGT CCGT

Compara los costes de generacion de los ciclos <

combinados de gas (CCGT), carbdn, parques edlicos y ) . ; H
U 08 40

energia fotovoltaica, y lo que sugiere es que el carbdn

se quedara detras de las principales fuentes de energia
renovables en la proxima década 0 e 0

20182020 2025 2030 2035 2040 20182020 2025 2030 2035 2040

20 20

Source: Bioomberg New Energy Finance Source: Bioomberg New Energy Finance
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

. Actualizacion del sector a nivel internacional.

8. Monitoreo del sector de las baterias.

. Ruegos y Preguntas.
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8. Monitoreo del sector de las baterias
Baterias — Inversion de capital

= Lainversion de capital riesgo en almacenamiento se multiplica por cinco en el primer trimestre de 2018

= El sector del almacenamiento esta en plena ebullicion, tanto para los expertos en energia como para los inversores.
Mientras que el emparejamiento de baterias y energia renovable estd comenzando a competir con las plantas de gas
natural en mercados avanzados como California, los inversores también estdn comenzando a apostar fuerte por los
fabricantes de baterias.

= Como ultima evidencia de esta ultima tendencia, el ultimo informe trimestral sobre el mercado de almacenamiento,
la red inteligente y la financiacion de la eficiencia de Mercom Capital destaca que las inversiones de capital de riesgo
en compaiias de baterias se multiplicaron por cinco en el primer trimestre del afio, al alcanzar los 299 millones de
dolares frente a los 58 millones invertidos en el mismo periodo del afio pasado.

https://elperiodicodelaenergia.com/la-inversion-de-capital-riesgo-en-almacenamiento-se-multiplica-por-cinco-en-el-primer-trimestre-de-2018/
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8. Monitoreo del sector de las baterias
Baterias — Posicionamiento empresarial

= March 27 - Electricite de France SA (EPA:EDF) today unveiled an Electricity Storage Plan, under which it aims to
develop 10 GW of electricity storage globally by 2035

= EDF's ambition is to become the European leader in electricity storage. It said it is stepping up its efforts in the field
as storage will play a key role in the energy transition, together with energy efficiency, nuclear and renewables.

= The company targets all electricity storage markets. It wants to be the number one in the residential sector in France
and Europe with its self-consumption services involving batteries. Africa is also a priority market, where its objective
is to create a portfolio of 1.2 million off-grid customers by 2035 with local partnerships.

= EDFis also doubling its investment in research into storage for the power system to EUR 70 million for the 2018-
2020 period. In addition, EDF Nouveaux Business will spend EUR 15 million in the next two years, a third of its
budget, on projects and start-ups related to electricity storage and flexibility.

https://www.elconfidencial.com/ultima-hora-en-vivo/2018-03-27/edf-pondra-8-000-millones-de-euros-hasta-2035-en-capacidad-de-almacenamiento 1478490/

https://renewablesnow.com/news/edf-unveils-10-gw-electricity-storage-plan-606657/?utm_source=Renewables+Now_subscribers+and+newsletter&utm_campaign=09ael7e5ch-

Renewables_Now_The_Daily_Newsletter_15_06_15_2017&utm_medium=email&utm_term=0_990771841c-09ael7e5cb-259620073
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https://www.elconfidencial.com/ultima-hora-en-vivo/2018-03-27/edf-pondra-8-000-millones-de-euros-hasta-2035-en-capacidad-de-almacenamiento_1478490/

8. Monitoreo del sector de las baterias
Baterias — Posicionamiento empresarial

= Siemens Gamesa apuesta por los proyectos hibridos de edlica y solar con almacenamiento

= Siemens Gamesa, el principal fabricante de turbinas del mundo quiere ir mas alla de la edlica y apostar por los sistemas hibridos
con energia solar y almacenamiento. El director de Tecnologia de la compaiia, Antonio de la Torre Quiralte, le dijo a GTM que
Siemens Gamesa sigue comprometida con el mercado edlico. Sin embargo, esta cada vez mas interesada en otras tecnologias para
reducir la intermitencia de la energia renovable

=  “Tras la fusion hace aproximadamente un afio, nos dimos cuenta de que nuestras dos antiguas empresas estaban bastante
interesadas en resolver el problema de las energias renovables, que es la discontinuidad”,

= También dijo que Siemens Gamesa estda mirando mas alla de las capacidades actuales de almacenamiento de baterias a escala de
companias eléctricas, que normalmente funcionan con decenas de megavatios-hora, a niveles de almacenamiento de gigavatios-
hora.

= Las baterias seguiran siendo la tecnologia de eleccion de la compaiiia para los sistemas hibridos independientes y fuera de la red,
gue exigen capacidades de almacenamiento de entre 500 kilovatios-hora y 50 megavatios-hora para el equilibrio de |a planta edlica 'y
fotovoltaica en tierra.

= La multinacional hispano alemana ha anunciado hoy que construira un "proyecto edlico pionero en Australia", que asocia un
parque con 58 aerogeneradores (194 megavatios de potencia en total) con una bateria de iones de litio (de 20 MW / 34 MWh).

https://elperiodicodelaenergia.com/siemens-gamesa-apuesta-por-los-proyectos-hibridos-de-eolica-y-solar-con-
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https://elperiodicodelaenergia.com/siemens-gamesa-apuesta-por-los-proyectos-hibridos-de-eolica-y-solar-con-almacenamiento/

8. Monitoreo del sector de las baterias
Baterias — Posicionamiento empresarial

= La espainola Cox Energy apuesta por el almacenamiento para sus plantas fotovoltaicas

= Al menos una de las ofertas ganadoras en la ultima subasta de energia renovable de Chile combina almacenamiento con energia
solar. Se trata de la espafiola Cox Energy, que gané 140 gigavatios / hora de generacidn a un precio de 34,40 délares por
megavatio-hora. La compafia contempla suministrar energia por la noche como parte de su oferta, a pesar de que planea cubrir la
demanda con energia fotovoltaica.

* La compaiia desarrollara almacenamiento tanto en el proyecto ganador de 140 GWh en la ultima subasta chilena, como en el
proyecto logrado en la subasta de agosto de 2016 por un total de 264 GWh de energia solar.

= La oferta de Cox Energy, cercana al resultado promedio de la subasta récord de 32,50 ddlares /MWh, es considerada por los
analistas de GTM como “un movimiento audaz”. La compaiia presumiblemente esta apostando a que los costos de la solar mas
almacenamiento caigan lo suficiente como para hacer dinero en sus proyectos cuando entren en operacion en 2022 y 2024. La
oferta mas baja en la subasta de Chile fue de 21,48 ddlares el megavatio-hora.

= Cox Energy tendrd que tener en cuenta el coste de almacenamiento. Lazard calcula que el costo de capital de la tecnologia podria
reducirse en un 36% durante los proximos cinco ainos. La apuesta de Cox Energy es clara y seguro que habrd tenido en cuenta la
expectativa de reduccion de costes de estas tecnologias para los préximos anos, ya que los compromisos con el gobierno chileno
para empezar a producir electricidad solar las 24 horas del dia son para el 2022 y el 202

https://www.energias-renovables.com/eolica/siemens-gamesa-almacenara-en-una-megabateria-tesla-
20180410?utm campaign=newsletterEnergiasRenovables&utm medium=boletinClick&utm source=Boletin-Energias-Renovables-+2018-04-12

https://elperiodicodelaenergia.com/la-espanola-cox-energy-apuesta-por-el-almacenamiento-para-sus-plantas-
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http://www.coxenergy.com/es/home
https://elperiodicodelaenergia.com/la-espanola-cox-energy-apuesta-por-el-almacenamiento-para-sus-plantas-fotovoltaicas/
https://www.energias-renovables.com/eolica/siemens-gamesa-almacenara-en-una-megabateria-tesla-20180410?utm_campaign=newsletterEnergiasRenovables&utm_medium=boletinClick&utm_source=Boletin-Energias-Renovables-+2018-04-12

8. Monitoreo del sector de las baterias
Baterias — Posicionamiento empresarial

= Endesa invierte 220 millones para adaptar la térmica de As Pontes a la normativa de emisiones

= Borja Prado también ha aprovechado su intervencion para anunciar que, dentro del "compromiso" de Endesa con la
innovacion, invertira 11,5 millones de euros para desarrollar en As Pontes un proyecto pionero de almacenamiento
de energia eléctrica, a través de la instalacion de una bateria de iones de litio de 20 MW de potenciay de 11,7
MW!/h de capacidad, la mayor de este tipo en Espafia hasta el momento".

http://www.europapress.es/economia/noticia-endesa-invierte-220-millones-adaptar-termica-as-pontes-normativa-emisiones-20180313175635.html
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http://www.europapress.es/economia/noticia-endesa-invierte-220-millones-adaptar-termica-as-pontes-normativa-emisiones-20180313175635.html

8. Monitoreo del sector de las baterias
Baterias — Posicionamiento empresarial

= General Electric: lanza una bateria de 4 MWh que se instala en la mitad de tiempo

= General Electric (GE) ha lanzado un producto de almacenamiento de energia en contenedores con una ventaja competitiva: el
tiempo de instalacion. El sistema de reserva, denominado ‘Reservoir’, de 1,2 megavatios y 4 megavatios hora (MWh) marca una
nueva etapa en el mercado estandarizado de baterias a gran escala

= Normalmente, los sistemas de baterias en contenedores se envian sin las celdas de la bateria en el interior, debido a problemas de
peso, seguridad o calidad. GE rechazé la tendencia al disenar una caja que puede viajar con las baterias ensambladas pero
desconectadas. El técnico puede encender el interruptor en destino para volver a conectar el circuito eléctrico y hacer que el
sistema vuelva a funcionar.

= Eso podria reducir el tiempo de instalacion a la mitad, dijo Gebhardt, porque elimina la instalacidon de la bateria que requiere
mucho tiempo in situ. Este parece ser el primer disefio de bateria a gran escala con esta capacidad

https://elperiodicodelaenergia.com/punetazo-en-la-mesa-de-general-electric-en-almacenamiento-lanza-una-bateria-de-4-mwh-que-se-instala-en-la-
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https://elperiodicodelaenergia.com/punetazo-en-la-mesa-de-general-electric-en-almacenamiento-lanza-una-bateria-de-4-mwh-que-se-instala-en-la-mitad-de-tiempo/

8. Monitoreo del sector de las baterias
Baterias — Proyectos — USA

= Florida Power & Light Company has unveiled a solar-plus-storage system that is believed to be the first in the
country to fully integrate battery technology with a major solar power plant in a way that increases the plant's
overall energy output

= By incorporating this new technology into the FPL Citrus Solar Energy Center, a solar power plant that was built in 2016, FPL expects
to increase the amount of solar energy that the plant can deliver to the electric grid by more than 500,000 KWh a year

=  The new system features a 4,000-KW/16,000-KWh storage capacity comprised of multiple batteries integrated into the operations
of the FPL Citrus Solar Energy Center. In addition to enabling the plant to provide more solar energy to the grid, the battery system
is capable of storing the energy and dispatching it to the grid at a later time.

=  Currently, NextEra Energy companies operate approximately 130 MW of batteries with more than 100 MWh of storage capacity.

https://www.renewableenergymagazine.com/energy saving/fpl-unveils-new-solarplusstorage-system-
20180212?2utm campaignh=newsletterRenewableEnergyMagazine&utm medium=newsletterClick&utm source=Solar+newsletter+2018-02-13
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https://www.renewableenergymagazine.com/energy_saving/fpl-unveils-new-solarplusstorage-system-20180212?utm_campaign=newsletterRenewableEnergyMagazine&utm_medium=newsletterClick&utm_source=Solar+newsletter+2018-02-13

8. Monitoreo del sector de las baterias
Baterias — Proyectos — USA

= NV Energy energy has announced plans for over 1GW of new solar capacity
and 100MW of energy storage in the US state of Nevada

= The more then S2bn investment will see the company source electrity from
six new photovoltaic projects that are scheduled to come online by the end

of 2021

http://renews.biz/111325/nv-eyes-1gw-nevada-solar-surge/

=@ ¥ GOBIERNO MINISTERIO
T DEESPANA  DE ECONOMIA, INDUSTRIA
i Y COMPETITIVIDAD o
= ESTATAI
uuuuuuuuuuuu

05/06/2018 GT Tecnologias de Concentracion 81 S |_ A R



http://renews.biz/111325/nv-eyes-1gw-nevada-solar-surge/

8. Monitoreo del sector de las baterias
Baterias — Proyectos - Australia

05/06/2018 GT Tecnologias de Concentracion 82 S [_ A R

Tesla and Fluence to supply 55MW/80MWh of battery storage to Victoria, with one solar farm retrofit

Tesla and Fluence are to supply Victoria’s first two large-scale, grid-connected energy storage batteries, one of
which will be connected to an existing solar farm.

The Australian Renewable Energy Agency (ARENA) will match the AU$25 million by the Victorian Government to
jointly fund the lithium-ion battery projects as part of the Victorian energy storage initiative. Both projects are
aimed at helping to ease constraints on transmission lines in Western Victoria where energy generation from existing
wind and solar farms is being curtailed

Half the funding will go towards a 25MW/50MWh battery co-located and integrated with the 60MW Gannawarra
Solar Farm, near Kerang. The battery will be supplied by Tesla and then owned by Edify Energy and its partner
Wirsol. It will show how existing PV projects can be successfully retrofitted with battery storage

The other half of the funding will go to a consortia led by Spotless Sustainability Services for a 30MW/30MWHh grid-
connected battery at a terminal station in Warrenheip, Ballarat. Fluence, which was launched jointly by global
engineering giant Siemens and energy storage system integrator and developer AES last year, will supply the battery,
which will then be owned by AusNet

https://www.pv-tech.org/news/tesla-and-fluence-to-supply-55mw-80mwh-of-battery-storage-to-victoria-with
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https://www.energy-storage.news/news/tesla-makes-good-on-100-day-battery-promise-sells-boring-hats
https://www.energy-storage.news/news/aes-and-siemens-energy-storage-jv-fluence-launches-solar-plus-storage-platf
https://www.energy-storage.news/news/siemens-and-aes-form-energy-storage-jv-fluence-aimed-at-160-countries
https://www.pv-tech.org/news/tesla-and-fluence-to-supply-55mw-80mwh-of-battery-storage-to-victoria-with

8. Monitoreo del sector de las baterias
Baterias — Proyectos - Australia

=  SIMEC ZEN Energy plans 120-MW battery in S Australia

= The South Australian government will help finance a new 120 MW/140 MWh energy storage project by SIMEC ZEN
Energy, which is even bigger than the one completed in the state by Tesla** Inc (NASDAQ:TSLA).

= The storage facility will be located at Port Augusta and will be connected to a new solar park that will be installed at
Whyalla steelworks. GFG Alliance of steel entrepreneur Sanjeev Gupta in 2017 acquired the steelworks and also took
a majority stake in Australia-based ZEN Energy. The latter and GFG’s energy division SIMEC Energy formed SIMEC ZEN
Energy

= ZEN Energy last year announced plans for a gigawatt of “dispatchable renewable generation” projects in South
Australia, including up to 680 MW of solar capacity, some energy storage and demand response. More specifically, it
then targeted a 100MW/100MWh battery storage facility at Port Augusta, but SIMEC ZEN Energy is now expanding
the plan

= **A 100MW/129MWh lithium ion battery facility by Tesla was completed near the end of 2017 in South Australia. The
system works together with French group Neoen's 315-MW Hornsdale wind farm.

https://renewablesnow.com/news/simec-zen-energy-plans-
120-mw-battery-in-s-australia-605518/
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https://renewablesnow.com/news/simec-zen-energy-plans-120-mw-battery-in-s-australia-605518/

8. Monitoreo del sector de las baterias
Baterias — Proyectos - Australia

= S Australia's water utility to cut costs with 152 MW solar, 35 MWh storage

= SA Water, the water and sewage services provider in the state of South Australia, plans to install 152 MW
of solar power capacity and 35 MWh of storage in two years to cut its costs.

https://renewablesnow.com/news/s-australias-water-utility-to-cut-costs-with-152-mw-solar-35-mwh-storage-609956/
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https://renewablesnow.com/news/s-australias-water-utility-to-cut-costs-with-152-mw-solar-35-mwh-storage-609956/

8. Monitoreo del sector de las baterias
Baterias — Proyectos - Japon

THE 15 LARGEST JAPANESE SOLAR PV + STORAGE PROJECTS

The overviews presented below showcase the 15 centralised PV+storage projects, operational or under
construction (some soon to be operational) as per beginning of 2018. The current cumulative capacity of the
top 6 operational PV+storage plants in Japan is 44.3 MW. Whereas the estimated cumulative capacity of
the PV+storage pipeline is 120 MW.

https://solarassetmanagement.asia/news/2018/4/11/landscape-of-the-japanese-pvstorage-market-featuring-the-top-15-pvstorage-
projects?utm source=solarplaza&utm medium=asia-newsletter&utm campaign=topl5storage
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https://solarassetmanagement.asia/news/2018/4/11/landscape-of-the-japanese-pvstorage-market-featuring-the-top-15-pvstorage-projects?utm_source=solarplaza&utm_medium=asia-newsletter&utm_campaign=top15storage

8. Monitoreo del sector de las baterias
Baterias — Proyectos - Libano

= Lebanon issues Eol call for 300-MWop solar, storage tender

= The government of Lebanon has issued a call for expression of interest (Eol) for three large-scale solar
projects of up to 300 MWop in total, coupled with energy storage capacity

= The deadline for submitting Eols is July 12. A Request for Proposals (RFP) will be the next step in the
competitive selection

= According to the tender announcement on LCEC’s website, the capacity of each project should be at least
70 MWp and up to 100 MWp, whereas the energy storage facility, with a capacity of 70 MW, should be
able to store 70 MWh of power, regardless of the solar park’s size.

https://renewablesnow.com/news/lebanon-issues-eoi-call-for-300-mwp-solar-storage-tender-608582/?utm_source=Renewables+Now_subscribers+and+newsletter&utm_campaign=9e6230b51e-
Renewables_Now_The_Daily_Newsletter_15_06_15_2017&utm_medium=email&utm_term=0_990771841c-9e6230b51e-259620073
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8. Monitoreo del sector de las baterias
Baterias — Mercados

= Las ventas de baterias para almacenamiento de energias renovables se disparan en todo el mundo

= Afo récord. La consultora IHS Markit valora asi el afio 2017, doce meses a lo largo de los cuales el mundo ha conectado a sus redes
eléctricas mas soluciones de almacenamiento de energia que nunca antes: 1.900 megavatios (crecimiento del 53% sobre el
registrado en el aflo 2016). La region de Asia-Pacifico ha sido la mas activa del mundo, capitaneada por una peninsula (Corea del
Sur), un archipiélago (Japon) y una isla-continente (Australia). En 2017, los tres mayores mercados nacionales de baterias del
mundo (entre los tres han sumado mads de la mitad de las instalaciones de almacenamiento del planeta) han sido Corea del Sur,
Estados Unidos y Japdn.

= Segun el analista de IHS Julian Jansen, las tendencias del mercado 2018 son cuatro
1. Los proyectos de "sistema solar mas bateria" suponen mas del 40% del total de la cartera de proyectos de gran escala, lo que
anuncia el potencial futuro de este segmento del mercado;

= 2. el segmento de "bateria tras contador" supondra mas de la mitad de las instalaciones anuales a partir del afio 2023. Corea del Sur
y Canada emergieron como mercados clave para los sistemas de almacenammiento comercial e industrial en 2017;

= 3. el almacenamiento de energia en baterias esta compitiendo ya con las centrales térmicas de gas en California como sistema de
respaldo, lo que esta propiciando una mejora significativa de las perspectivas de almacenamiento de energia a gran escala en ese
estado;

= 4. los nuevos objetivos de despliegue de sistemas de almacenamiento de energia, y la inclusidon del almacenamiento en los planes
energéticos de los Estados Unidos, estan llamados a impulsar el crecimiento del mercado en numerosos estados de la Union.

https://www.energias-renovables.com/ahorro/las-ventas-de-baterias-para-almacenamiento-de-

20180417?2utm campaign=newsletterEnergiasRenovables&utm medium=boletinClick&utm source=BoIetin-Energias?ngovab‘rle[s-ﬁ%;Bm-l
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https://www.energias-renovables.com/ahorro/las-ventas-de-baterias-para-almacenamiento-de-20180417?utm_campaign=newsletterEnergiasRenovables&utm_medium=boletinClick&utm_source=Boletin-Energias-Renovables-+2018-04-19
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MR Concentra Baterias — Costes

4. Utility-Scale BESS cost trends
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48 Concentra Baterias — Costes

6. Utility-Scale PV with BESS. A simplified case study *
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8. Monitoreo del sector de las baterias
Baterias — Costes

= Los precios de las baterias de ion-litio podrian aumentar un 4% por la subida del cobalto

= Un aumento del 26% en el precio del cobalto durante el primer trimestre del afio podria tener graves consecuencias en los precios
para los fabricantes de baterias de ion-litio, advierten los expertos de la firma taiwanesa de analisis de datos EnergyTrend.

= el costo del cobalto ha llegado a 95 $ / kg, frente a solo 32 $ / kg a principios de 2017, un afio en el que el precio experimenté un
aumento del 114%. EnergyTrend dice que el alto coste del cobalto, del que la mitad del suministro mundial proviene de la inestable
Republica Democratica del Congo, continuara dando quebraderos de cabeza a las industrias de almacenamiento estacionarioy
vehiculos eléctricos, que estan apoyando su futuro crecimiento en la caida de los precios de las baterias de ion-litio.

= El gerente de investigacion senior de EnergyTrend, Duff Lu, dijo que el aumento en los precios del cobalto esta “influenciado por la
especulacion a corto plazo en el mercado”, lo que sugiere que los precios podrian bajar en el futuro cercano. Los costos del cobalto
dependen actualmente del lado de la oferta, en lugar de la oferta y la demanda,

= Eluso de cobalto permite que los fabricantes de baterias aumenten la densidad energética de sus productos, y aungue las
alternativas nuevas y de proxima generacion estan cada vez mas disponibles, muchas de las futuras proyecciones de reduccion de
precios se hicieron sobre la base de costos de materia prima mas baratos que los actuales

= Una solucidn alternativa es que los fabricantes de sistemas de baterias aceleren el desarrollo de materiales de nueva generacion
en sus baterias. Los productos con una mayor proporcion de niquel, 6xido de silicio o materiales de catodo se pueden producir
utilizando menos cobalto, mientras que las soluciones de polimeros mezclados como NMC y LCO (donde tales componentes se
mezclan con los materiales de anodo de las baterias de ion-litio) pueden entregar alrededor de un 20% de densidad de energia mas
baja, pero representa un desarrollo tecnolégico en la direccion correcta,
https://elperiodicodelaenergia.com/los-precios-de-las-baterias-de-ion-litio-podrian-aumentar-un-4-por-la-
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https://www.energytrend.com/
https://elperiodicodelaenergia.com/los-precios-de-las-baterias-de-ion-litio-podrian-aumentar-un-4-por-la-subida-del-cobalto/

8. Monitoreo del sector de las baterias
PV - rendimiento/degradacion

= SunFields, unico distribuidor oficial de SunPower en Espaia. Sus paneles pasan por ser los mas
eficientes del mercado, gracias a una tecnologia que ha logrado fabricar médulos de hasta un 22% de

eficiencia (hablamos de mddulos que se comercializan) y una garantia de 25 afios de producto y
rendimiento.

= |3s células SunPower se depositan sobre una base de cobre resistente y de maxima durabilidad, mientras
que las células convencionales tienen sus contactos impresos directamente sobre la célula (como
serigrafiar una imagen en una camiseta). Justamente por eso, los paneles SunPower de la serie X tienen
una degradacion maxima anual del -0,25%, por lo que su rendimiento es del 92% a los 25 afos, cuando
lo convencional en el resto de fabricantes es del 85%. Eso se traduce en mucha mas energia producida a
lo largo de la vida util del panel.

https://www.energias-renovables.com/fotovoltaica/sunfields-unico-distribuidor-oficial-en-espana-de-
20180418?utm campaign=newsletterERSolar&utm medium=boletinClick&utm source=Boletin-Solar+2018-05-01
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AGENDA

- PLATAFORMA TECNOLOGICA DE ENERGIA SOLAR DE CONCENTRACION

1. Informacion General de la Plataforma Tecnologica.
. Presentacion de los datos actualizados de generacion termosolar. Espanay EE.UU.

3. Presentacion de la situacion de Normalizacion del sector termosolar, tanto normas AENOR/UNE como IEC -
PSA

. Presentacién de resultados del Estudio de Valor de CSP/STE contratado al consorcio ADAYC + MRC dentro del
marco de subcontrataciones de Solar Concentra. ADAYC + MRC

. Presentacion del estudio “Impacto Sustitucion Nuclear por Termosolar en el ano 2020” — SERLED
CONSULTORES

. Presentacion del Proyecto Europeo — Solar CV. Definicion del Curriculum Europeo para el Operador del
Campo Solar en Energia Termosolar, creacién de una plataforma de formacion e-learning (incluyendo un e-
simulador) - AGENEX

7. Actualizacion del sector a nivel internacional.

8. Monitoreo del sector de las baterias.

9. Ruegos y Preguntas.
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Muchas gracias

diegocrespo@protermosolar.com
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solarconcentra@protermosolar.com
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