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Aplicacbes com concentracao solar

Jodo Farinha Mendes

UES- Unidade de Energia Solar

31 Outubro de 2013
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Padre José Manuel Gomes (Padre Himalaia) foi percursor a nivel
mundial no estudo e desenvolvimento de sistemas de alta

concentracao da radiacao solar

Com o equipamento exposto a que chamou Pireliéfero no
gual reclama ter atingido 3800°C, ganhou o Grande Premio
da Exposicao Universal de 1904 em St. Louis, USA.

Pensava utiliza-lo em aplicacbes como producdo de agua
potavel em climas desertos, producdo de vapor para
maquinas industriais, fusdo de materiais refractarios, e a
producéo de nitratos fertilizantes através da oxidacao do
azoto ambiente neste forno solar a essas elevadas

temperaturas.



Decreto -Lei n.° 39/2013 de 18 de margo
Diario da Republica, 1.2 série — N.° 54 — 18 de marco de 2013

Metas e calculo da energia proveniente de fontes renovaveis
Artigo 2.° - Metas nacionais

1 — Para o ano de 2020, a meta de utilizacdo de energia proveniente de fontes renovaveis no consumo
final bruto de energia € fixada em 31%.
2 — Sao fixadas as seguintes metas intercalares indicativas para a utilizacdo de energia renovavel no
consumo final bruto de energia:

a) Para os anos 2011 e 2012 — 22,6%;

b) Para os anos 2013 e 2014 — 23,7%;

c) Para os anos 2015 e 2016 — 25,2%; e

d) Para os anos 2017 e 2018 — 27,3%.
3 — Para 2020, a utilizac&o de energia proveniente de fontes renovaveis ho consumo energetico em todos
0s modos de transporte € fixada em 10% do consumo total de energia nos transportes.

Resolucédo do Conselho de Ministros n.° 20/2013
PARTE Il - Estratégia para as Energias Renovaveis - PNAER 2020
Diario da Republica, 1.2 série — N.° 70 — 10 de abril de 2013

2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PV 3 134 172 210 268 325 383 440 498 555 613 670
CcspP 0 0 0 0 12 34 34 34 34 34 34 50
Total 3 134 172 210 280 359 417 474 532 589 647 720

Estdo actualmente instalados cerca de 1 milh&o de colectores solares térmicos e até 2020 prevé -se que
estejam instalados cerca de 2.214.282 m2, o que corresponde a uma tcma de 11,5% entre 2010 e 2020.
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Direcc30-Geral de Energia e Geologia DESENVOLVIMENTO

Resultados PIP Solar (CSP)

Projectos seleccionados = Proposta preliminar
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Eg:-'ir;::.;. seps | Quinta Solar Alentec 1 1,5
Eﬁ‘;"gﬂ tugal | SO%arString 15
Selfenergy gedl‘;ﬂcﬂadaﬂén'ﬂica de 1
Bragalux Eﬂ?&;ﬂmm}émm de 15
Promotor CSP Tomre (5T) (MW)
- S:l}hnﬁ"l-:-e S;:"I;E“zmagﬁn - * Bragalux - 5M 1I§'.rr:|r.3}
ﬁmn:em Central Solar Témica de Moura 4 Energena - CP [Evora)

Martifer - CP {Evora)
Ramada - 5M [Ef-::raj

CSP Cilindro-Parabolico (CP)

Hyperion — 5M (Reguengos)

Energena LU Solar Termoelécirica de Evora 4
Abengea - 5T (Moura)
. . Instalag&o Solar Témica
Martifer Energia | o ncentrada de Evora 4 Tom - LF (Moura)
[ ——— CSP Fresnel Linear (LF) (MW) Selfenergy - SM (Silves)
. Efacec - 5T (Tavira)

Dalkia Cenfral de Concentracao Solar 4 ]

Térmica de Faro Dalkia - LF [Faro)
Tom Moura Fresnel (C5P) 4

Despacho n® 18838/2009 da DGEG, de 14 de Agosto para CSP: ° a®
4.5 MW Stirling + 24 MW+ 4 MW torre, parabolicos e fresnel linear LNEG



SOLAR TERMICO

Avaliacao do recurso solar

l 100 °C v 250 °C

[] =

Desenvolvimento de colectores e componentes

- N

Normalizacdo, ensaio e caracterizacdo de sistemas, colectores e componentes

____________ I O R

Armazenamento de energia :
""""""" W[

Concepcao e modelacao de sistemas
| |

Consultoria e Apoio as Politicas Publicas '

Formacao Profissional e Divulgacao .

_____________
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Recurso energia solar

Portugal disp0Oe de recurso solar excelente com uma
muito boa componente de Radiacao Solar Directa (DNI)

Mar Caribe
Elevado factor solar anual YN .
P r U;xiana
Atldntice
PV (Microgeneracéo): 1550 h/ano : ‘:ﬁ
PV (Centrais) : 2050 h/ano y =7 i |
CSP (c/armazenamento): 3300 h/ano a . .

CSP (s/armazenamento): 2850 h/ano E ‘

Desenhar para a Venezuela a Rede
de Estacdes de Monitorizacéo, fazer
a Aquisicéo e o Tratamento de Dados
anuais para Construcao dos Mapas
de Radiacéo Solar Directa e Global e
Avaliar o Potencial do Recurso Solar
%
op O
o®
LNEG




Formacao

Programa para curso de formagao em
PRODUCAO DE ELECTRICIDADE EM CENTRAIS TERMOSOLARES

» Principios basicos das centrais CSP - Inclui revisGes sobre nocdes basicas de radia¢do solar, introducdo a estrutura tipica das centrais
de concentracao e seus constituintes principais.

> Optica de concentradores solares - Inclui a abordagem das razdes fisicas para a concentracdo e a formalizacdo da dptica de
concentradores parabdlicos, CPC, etc.

» Centrais CSP de receptor linear - Inclui a descricdo detalhada dos sistemas de captacdo de energia das centrais do tipo cilindro-
parabdlico e Fresnel linear

» Centrais CSP de receptor central -- Inclui a descricdo detalhada dos sistemas de captacdo de energia das centrais do tipo receptor
central e Stirling-dish

» Sistemas de armazenamento térmico - Inclui a abordagem dos diferentes tipos de armazenamento térmico actualmente em uso: sais
fundidos (thermocline e duplo tanque); depdsitos de cimento; etc.

» Bloco de poténcia - Introducdo aos blocos de poténcia de centrais CSP: ciclos de Rankine, ciclos de Brayton; ciclos de Rankine Organico
> Rejeicdo de calor em centrais de CSP - Introducdo aos métodos de rejeicdo de calor e seus problemas

» Aplicagoes secundarias - Introducdo as aplicacdes do solar de concentracdo que ndo a producdo de electricidade: sintese de
combustiveis solares, producdo de hidrogénio, dessalinizagado, etc.

» Simulagdo de centrais CSP - introducdo aos métodos de simulacdo e design de centrais CSP

» Potencial comercial e impacto de centrais CSP - Aspectos econdmicos das centrais solares termo-eléctricas e respectivo potencial de
evolucdo futura

> Actividades de I&D em tecnologias CSP - Abordagem ndo detalhada dos actuais focos de investigagdo e desenvolvimento na drea do
CSP. o ©




Competéncias desenvolvidas desde o inicio dos anos 80 no desenvolvimento de tecnologias
de converséao térmica da radiacao solar a baixa, média e alta temperatura

secagem solar

100°C

aguecimento de agua

cozinhas solares

arrefecimento solar

400°C

>1000°C

producéo de vapor industrial

power (Organic Rankine)

power (Steam Rankine)

materiais’ fusao/sublimacéao

pérodugéio de hidrogéniéo




Besides the most common applications at lower temperature levels, the particular competences
on the field of non-imaging optics allowed the development of different solar concentrators,
addressing the approach to solar applications at medium temperatures .....

CPC shaped evacuated tube Study of convection mitigation in

r non-evacuaied CPC
P Wer
50

Transparent Cover

Vacuum

Silver Mirror

Ahsorber heat pipe
with selective coating

./




Second Stage Concentrator
CPC Secondary Concentrator for Solar Power

ARDISS Project
Advanced receiver for direct steam generation

T>400°C Flux > 25 kW/m2

Asymmetric Compound Parabolic Concentrator
Asymmetric Elliptical Concentrator
Tailored Edge Ray Concentrator (TERC)

I
Primary focal line
Mirror

Absorber




.... and very high temperature levels.

TERC secondary concentrator for solar furnace (LNEG/PSA CIEMAT)

» Material Treatment
* TERC type secondary
* Aluminium reflector cooled with water
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Cilindro-Parabdlica

Centrais Solares Termicas. As tecnologias

Parabolic Central

troughs receiver Dish/engine
Power unit 30-80 MW 10200 MW 3-25 kW
Temperature a90°C 365 °C 7a30°C
operation
Annual capacity 235047 2077447 25%,
factor
Peak efficiency 20% 23% 29.4%,
Net annual 1 1-16%" 72007 12-25%
efficiency
Commercial Mature Early projects  Prototypes-demos
status
Technology risk Low Medium High
Thermal storage  Limited Yes Batteries
Hybrid schemes  Yes Yes Yes
Cost Winstalled
S per W 3492347 3.83-2.167 11.00-1.147
S per Wpeak® 349-1.13 2.09-0.787 1 1.00-0.967

@ Data interval for the period 2010-2025. * Without thermal storage.

: g =L g T :
: 3 4 - K.

Receptor central

s =
Disco parabdlico/Motor
S
Y
o®

LNEG



National power demand (MW)

vV VvV

32000

22000

Centrals SolaresTérmicas

Capacidade Unica em termos de integracao nas centrais convencionais

Com armazenamento térmico ou com apoio a fuel fossil as centrais solares dao
garantia de capacidade de abastecimento sem perturbacdes estocaticas da rede
Pode fornecer a poténcia de pico no Verao quando o0 vento e a &gua Sao escassos.
Proporciona aplicacOes a escala do MW.

LEC without st t
== National power demand 4 without storage system

Heat from collector field
Heat to power cycle 3 0.9
z \
8
S 0.8
[T1]
250 =
N 07
[}
b Zg 13 hrs storage
200 ; 0.6
Heat to storage E—
150 'E 0.5 T T T T T
@ 0.2 0.3 0.4 0.5 0.6 0.7 0.8
E Annual Capacity Factor
=
100 L Levelised electricity cost for a solar tower plant
o with two-tank molten salt storage in California (USA)
% (Libby et al., 2009).
o &
50 & 0.
%a®
< o
0 2 4 6 8 10 12 14 16 18 20 22 24 v LnEG

Time of day



Factores de Capacidade

B TES
m Back-up firing
B Fossil steam generation

CSP - solar only O Solar

CSP with 15% back-up firing

CSP with 8 h TES and |
15% back-up firing %
CSP with 16 h TES and | %
15% back-up firing ////////
CSP with 16 h TES 15% back-up | %
firing and fossil steam generation //// /A

Solar augmentation of
coal firing power

ISCC Solar augmentation of
gas fired power

0 10 20 30 40 50 60 70 80 90 100
Annual capacity factor (%)

Achievable capacity factors for different CSP storage and hybrid
concepts (© Martin Schlecht, Suntrace, 2011). ....



GHG emissions
(g CO2z equiv/ikWh)

Emissao de Gases com Efeito de Estufa
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Greenhouse gas emissions of different electricity generating
technologies (source: CASES project www.feem-project.net/cases).
HO: heavy oil; LO: light oil; HC: hard coal; IGCC: integrated gasification
combined cycle; NGCC: natural gas combined cycle; NG: natural gas;
GT: gas turbine; ROR: run of river; PV: photovoltaic.



Impactes Socio-Econdmicos

0 Human health impacts 2 Environmental impacts O Radiological impacts O Global warming impacts
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External costs of different electricity generating technologies (source: authors’ elaboration using CASES project data,

www.feem-project.net/cases).



Concentrating Solar Collector Field

Thermal Energy
Storage (optional)

Solar Heat

Fuel

Power Block Electricity
~ Process Heat

Principle of a concentrating solar power system for

electricity generation or for the combined generation
of heat and power.




Central de Torre de Baixa Poténcia (100 kWe)

Sistema AORA - Modular, electricidade e calor de processo

No Alentejo (Evora) : 4 MW com 40 mdédulos de 100 kWe
UES efectua estudos sobre o potencial impacto de reflexdes especulares e difusas (glint e glare) produzidas pela central

Aplicacdes residenciais e servicos

Aplicacdes Industriais
e Industria Alimentar
e Industria Textil
e Industria Quimica

Processos
e Processos de Secagem
e Evaporacao
e Pasteurizacdo
e Esterilizacdo

e Limpeza e Lavagem ®e
e Aquecimento geral em processos : ®
o®
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Diagrama da Central GEMASOLAR

RECENER SALT 565" L
280°C
. === COLD SALT HOT SALT

BT E STORAGE TANK
I" |_
g I

STORAGE TANK

-

e

Uy STEAM
HELIDSTAT FIELD GENERATOR

TURBINE
GENERATOR

Caracteristicas:
Poténcia electrica: 19.9 MWe SUBSTATION

Producap eléctrica anual: 110 GWh/year

Campo solar: 2,650 heliostatos em 185 hectares

Sistema de Armazenamento: o tanque com sais fundidos permite geracao ..’.
independente de electricidade até 15 horas



lvanpah Solar Electric Generating System

California Mojave Desert, 64 km SW of Las Vegas
Homes Served : 140,000 (peak hours)

CO2 emissions reduction > 400,000 tons per year.
3,500 acres (1,420 ha)




CTAER - Central Solar de Geometria Variable na
Plataforma Solar de Almeria (PSA)




VALLE 1 & VALLE 2,

MAIN FEATURES PER PLANT (@

S

Key technologies: SENERtrough collectors and molten
salts storage system

* Nameplate power of 50 MW

* Thermal storage without sunlight
up to 7.5 hours

* Energy production of 170 GWh/year

Sunlight

OPERATION PROCESS (@)

Parabaolic trough
collector plants

Sun radiation ’ﬂ"_- ;.f“— —°— — —

concentrates on a V 4 L 8 ;
central tube where / . ¥y .
the thermal oil / i ¢

circulates \}i ; / 3 /

/ /

Gentral absorbing Loops. Rows of parabolic
tube. The thermal shape mirrors that

Location:

San José del Valle (Cadiz, Spain)

O

Torresal Eneroy

reinventing solar power

SOLARFIELD (@

150 paraliel loops with four series
connected collectors

Each solar field
consists of 624 units of
SENERtrough collectors

11| Electrical
(-\-‘a-'-_-,\\ network

N
5 ./'\
N S

o

— 7 Electrical
B ﬂail transformer
ij .

Heat exchanger
Between oil and salts

Thermal oil N :
R i o
/ Turbine 4%
Tank 1 il ' e — g Tty
@O Codsals =i = :\__‘ w“ 0 ﬁ “
: Condensed ; 4 '
water i l_i

: = el - l
£k e L The steam moves the
SRR 0 ==

it turbine and the generator
Heat that produces the energy
exchanger

Oil  Cold salts Hot salls Steam

LNEG
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N9. CLFR-EM: Linear Fresnel Technology
o - Etendue Matched

Catedra BES

e A new terhnnlnnv inr*rnasing by about
ple LFR In solar

(CRIM, A5 —
technology . , °fe



Centrais hibridas com biomassa

Gas Turbine

| Fossil / Biomass
Pressurized bl

4 MW, L | Receiver

Wi

Solar field: 5418 m? Hybrid Solar/Fossil (or biogas)
(101 heliestats) System with recuperated gas cycle

View of the Themis facilitv and scheme of the Pegase system.




Combined
cycle plant

Centrais hibridas

§@|N

Gas
turbine Steam cycle

Solar air preheating system (from [27], with permission).

Secondary concentrator Window Air inlet
~
" I
>
—>» R |
—
5
/-" i ,1{\‘{&'@\\@& ...
- TEAGEEN & @
Absorber Air outlet ..

REFOS Receiver module (from [27], with permission). LnEq



Figure 6: CSP Integration with Copper Electro-Winning

Extraction Stripping

Electro-
winning

Copper
Cathodes

CSPTODAY | CSP Industrial Applications Guide: Mining 2013 | www.csptoday.com/sevilla ® 8



Combustivels Solares

A conversao de energia solar em combustiveis quimicos é um método atractivo para o
armazenamento de energia solar bem como para a sua transformag¢ao num vector
energético com maiores similitudes aos existentes actualmente

H,O-spiitting - e Decarbonization

Solar Energy

g

Sol: Solar 1 [ '

Solar Thermochemical Electricity Solar Solar Solar
. [ Gasification

Source: P Solar Fuels (Hydrogen, Syngas) | LAEG



CSP@LNEG

Materiais

Sistemas e
componentes

Combustiveis
solares

STAGE-
STE

op®
STAGE-  “e°
st WG



CSP@LNEG

No ambito do FP7 o LNEG participa em 3 projectos relacionados
com CSP:

\ Optimization of a Thermal energy Storage system
tp'rs with integrated Steam Generator (2011 — 2014)

o

EU SOLARIS The European Solar Research Infrastructure For
— Concentrated Solar Power (2012 — 2016)

STAGE-STE Scientific and Technological Alliance for
(2014 — 2018) Guaranteeing the European Excellence
Concentrating Solar Thermal Energy



energy Storage system with integrated steam
SEVENTH FRAMEWORK y generator

PROGRAMME

| i The OPTS Project : OPtimization of a Thermal

Projecto Colaborativo do 7° Programa Quadro
ENERGY.2011.2.5-1: Thermal energy storage for CSP plants

Coordenador : Dr. Fabrizio Fabrizi
Parceiros : ENEA, CEA, CNRS, FRAUNHOFER, WEIZMANN, CREF-Cyl,

ANSALDO, CIEMAT, ENEL, LNEG

Objectivo: Desenvolvimento e estudo de
um novo conceito para o0 subsistema
“Armazenamento  Térmico/Gerador de
Vapor” de centrais solares de grande
dimenséao para producao de electricidade

i I\_\.l




CSP

The OPTS Project : OPtimization of a Thermal
m energy Storage system with integrated steam
generator

4

SEVENTH FRAMEWORK
PROGRAMME

The design, optimization and cost-benefit assessment
for a full-scale TES-SG system (12.5 MW, /50MW,,)
will be done in the framework of the OPTS Project
coupled with a CSP (tower or trough) plant.

SOLAR FIELD MSTES SG_BACK-UP BLOCK POWER BLOCK

&

{m

STEAM
TURBINE

MS STORAGE

L

[

i

3

STEAM

f, CONDENSER
SOLAR | MS BACKUP
COLLECTOR GAS FIRED STEAM
HEATER MS ' GENERATOR
PUMP PUMP
bowuncary reglon
th B wre ‘
s S .00.
Ue®
®
Schematic of a MS CSP plant with stratifying TES_SG system LnECI

(including MS backup gas fired heater)



SEVENTH FRAMEWORK -
PROGRAMME ﬁ

o
(7p]
Z”ﬁg}l’s

Coordenacado e Gestdo de Projecto (WP1)

Estudo do uso de sais fundidos como fluido de transferéncia ou
armazenamento de calor e a sua compatibilidade com outros
materiais (WP2)

Sistema TES-SG em escala Sistema TES-SG em escala

natural: reduzida:
Analise, modelacao,
simulac3do e design (WP3)

Andlise, modelacao,
simulac3do e design (WP4)

Construcdo e comissionamento da seccdo de teste e integragao
numa central solar termoeléctrica existente (WP5)

Ensaios experimentais, analise de resultados e validacao de
modelos e codigos (WP6)

Disseminacao de resultados (WP7)

Incluindo da andlise técnico-econémica do sistema TES- SG (WP8)

The OPTS Project : OPtimization of a Thermal
energy Storage system with integrated steam

generator

Actividades do LNEG:

WP2 - Estudo dos fendmenos de
corrosao dos materiais constituintes do
deposito que estejam em contacto com
os sais fundidos

WP3 - Analise, modelacao e
simulacaGo de um depdsito de
armazenamento de energia térmica
(TES) do tipo thermocline com
enchimento interno.

WP3 - Avaliacao do impacto da
utilizacdo de diferentes tipologias®de
TES no comportamento, estratég?a%o.e
desempenho das centrais CSP  LNEG



| — — .
SEVENTH FRAMEWORK -
PROGRAMME ﬁ

Coordenacado e Gestdo de Projecto (WP1)

Estudo do uso de sais fundidos como fluido de transferéncia ou
armazenamento de calor e a sua compatibilidade com outros
materiais (WP2)

Sistema TES-SG em escala Sistema TES-SG em escala
natural: reduzida:
Analise, modelacao, Andlise, modelacao,
simulac3do e design (WP3) simulac3do e design (WP4)

Construcdo e comissionamento da seccdo de teste e integragao
numa central solar termoeléctrica existente (WP5)

Ensaios experimentais, analise de resultados e validacao de
modelos e codigos (WP6)

Disseminacao de resultados (WP7)

Incluindo da andlise técnico-econémica do sistema TES- SG (WP8)

o The OPTS Project : OPtimization of a Thermal
O m energy Storage system with integrated steam

generator

Actividades do LNEG:

WP5 — Acompanhamento do processo
de comissionamento da seccédo de
teste

WP6 — Participacdo nos ensaios
experimentais, analise de resultados e
validacdo de modelos

a%e
Iy .:
LNEG



EUSOLARS ~ S9BFR .=

— A WNDALUCIA

The European Research infrastructure
Toi Concenated Solar Power

EU-SOLARIS PROPOSAL

Call FP7- INFRASTRUCTURE-2012-1
Construction of new Research Infrastructures (or mayor upgrade)-

Preparatory Phase
Topic: INFRA-2012-2.2.1: EU-SOLARIS- The European SOLAR Research

Infrastructures for Concentrated Solar Power




EU SOLARIS

Consortium

CERTH/CPERIL "
|I’ m lll'l
i

L} " aB
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SEVENTH FRAMEWORK

7 EU SOLARIS  The EU-SOLARIS Project : The European

PROGRAMME

Research Infrastructure for Concentrated

Solar Power

Projecto Colaborativo e Accédo de Coordenacao e Suporte do 7° Programa Quadro
INFRA-2012-2.2.1: The European Research Infrastructure for Concentrated Solar

Power

Coordenador : Dr. Luis Crespo

Parceiros : CTAER, CIEMAT-PSA,MINECO, Cyl, ESTELA, CNRS, DLR, APTL,
CRES, ENEA, WEIZMANN, LNEG, U. EVORA, GUNAM, SELCUK U.

Objectivo: Incluido no roadmap
de 2010 do ESFRI o EU-
SOLARIS pretende criar uma
infraestrutura Unica, distribuida,
de 1&DT para a
termoelectricidade solar (STE),
definindo um enquadramento
legal comum, uma gestao
unificada e um ponto de acesso
unico para utilizadores.

. Central Receivar Systems

. Parabolic irough [acililies

. Diracl Steam Gensralion

. Rarabplic Dishes

. Solar fur

. Sollar dextosificalion facility

. MED solar desalination nlant

1
2
3
4
2
B
7
8

9. Linear Frasnal collacior
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SEVENTH FRAMEWORK
PROGRAMME

The EU-SOLARIS Project : The European
Research Infrastructure for Concentrated

Solar Power

-

WP8: MANAGEMENT

N

Este projecto FP7 representa

/‘

//

WP6: DISSEMINATION & OUTREACH & TRAINING

WP Distributed
Facility Activity &
Logistical Work

WP4: Innovation &
contact with
industry

WP3: Capacity
building & EU-
SLARIS services

<>

e

WP2: Legal status & ¢ 3 WP1: Governance &
users access rules Financial issues
WP7: Technical
design of STE RI
> and research

activities

a fase preparatéria do
projecto de implementacao
desta infraestrutura e incide
sobre 0s seguintes aspectos:

~

- Governacao e estatuto
legal,

- Sustentabilidade
financeira e interaccao
com a industria;

- Mecanismos de
cooperacao em projectos
de 1&DT;

- Servigos e

infraestruturas:

- Comunicacao mternae
disseminacéao. LI



EU SOLARIS The STAGE-STE Project : The European
s — ] Research Infrastructure for Concentrated
T i Solar Power

Objectivos: Envolver os principais institutos de investigacao europeus que possuem
actividades relevantes e reconhecidas na area do solar termoeléctrico (STE) numa
estrutura de investigacéao integrada de forma a atingir os seguintes objectivos:

a) Converter o consorcio numa instituicdo de referéncia para a investigacao europeia
da energia solar térmica de concentracdo, criando uma nova entidade com uma
estrutura de governacao efectiva;

b) Melhorar a cooperacao entre as diferentes instituices europeias de investigacao
de forma a criar valor acrescentado;

c) Sincronizar os diferentes programas nacionais de investigacao, por forma a evitar
duplicacdes e a alcancar resultados melhores e mais céleres;

d) Acelerar a transferéncia de conhecimento para a industria, com vista a _
manutencao e fortalecimento da corrente lideranca industrial europeia em STE; ,



The STAGE-STE Project : The European
Research Infrastructure for Concentrated
e Solar Power

Objectivos: Envolver os principais institutos de investigacao europeus que possuem
actividades relevantes e reconhecidas na area do solar termoeléctrico (STE) numa
estrutura de investigacéao integrada de forma a atingir os seguintes objectivos:

e) Expandir as actividades conjuntas de investigacao entre os centros de
investigacao, oferecendo aos investigadores e a industria um leque compreensivo de
capacidades de investigacao, adicionando valor as tecnologias inovadoras e
motivadas pelas necessidades da industria;

f) Estabelecer a associacao europeia de referéncia para a promocao e coordenacao
internacional na investigacdo em STE.



7 STAGE-STE

Scientific and Technological Alliance for Guaranteeing

the European Excellence in Concentrating Solar
Thermal Energy

Projecto Colaborativo e Accdo de Coordenacao e Suporte do 7° Programa Quadro
ENERGY.2013.10.1.10: Integrated Research Programme in the field of Concentrated

Solar Power

Coordenador : Dr. Julian Blanco

Parceiros : CIEMAT-PSA, DLR, PSI, CNRS, FRAUNHOFER-ISE, ENEA,
ETH, CEA, Cyl, LNEG, CTAER, CNR, CENER, TECN, U. EVORA, IMDEA,
CRAN, TKN, UNIPA, CRS4, INESC-ID, IST,

. KSU, UNAM, SUN,
CSERS, CSIRO, USP, IEECAS, UDC, UCAM, FBK

» Estao envolvidos os principais institutos de investigacao europeus que
possuem actividades relevantes e reconhecidas na area do solar
termoeléctrico (STE), havendo 8 parceiros industriais .10 parceiros n&ao ,
europeus.



EERA CSP-JP

IJJ -'Il,".'n

""“J*f“ ~BEmis=s proposal preparation to Call
. Coordinating energy research FP7-2013-ENERGY-IRP
for alow Carbon Europe STAGE-STE

Scientific and Technological Alliance for Guaranteeing
the European Excellence in Concentrating Solar
Thermal Energy

WP1 Overall programme coordination
WpP2 Integrating activities to lay the foundations for long-lasting research cooperation
WP3 Enhancement of CSP Research Facilities cooperation
WP4 Training Activities
WP5 Relationship with the industry / Transfer of Knowledge
WP6 International Cooperation
B) COLLABORATIVE PROJECT (CP)ACTWITIES
WP7 Thermal Energy Storage for CSP Plants
WP8 Materials to Solar Receivers and CSP Components
WP9 Solar Fuels
WP10 CSP plus Desalination ....
®
WwP11 Line-Focus Solar Concentrating Technologies ..

WP12 Point focusing CSP technologies LN EC]



2013 FCT INFRAESTRUTURAS

National Research Infrastructure on
Solar Energy Concentration

(INIESC)

Action Plan

The 6 years Action Plan (AP) defined for INIESC is built around 8 strategic areas (A), each of them
oriented to the development of innovative solutions tackling identified needs of both the industry and
the market. The AP includes also transversal topics related to training and dissemination activities.

A1 - Solar concentrators for thermal conversion of solar radiation (Leader: Univ. Evora)

A2 - Standardized methods and experimental testing of solar concentrators (Leader: Univ. Evora)
A3 - Solar Energy Storage (Leader: Univ. Evora)

A4 - Solar fuels (Leader: Dulce Boavida, LNEG-UTCAE)

A5 - Applications and system demonstration (Leader: Pedro Azevedo, LNEG-UES)

A6 - Solar materials and components (Leader: Fernando Oliveira, LNEG-UES)

A7 - Promotion and dissemination (Leader: Jodo Farinha Mendes, LNEG-UES) Q‘QQ
; [ )
A8 - Training and Capacity building (Leader: Univ. Evora) QQ



Synthesis of carbides (Ti, Ta, Mo, W) using solar radiation
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21 artigos em revistas cientificas
9 comunicacdes em conferéncias :




Fresnel lens small solar furnace in 1ST

Average solar radiation flux = 800 W m™2

Concentration Factor in 1 cm? focal area = 8000
Flux in the 1 cm? focal area = 8000 x 800 W m2 = 6,4 MW m

Dimensions of the lens: 790 mm x 1040 mm
Thickness of the lens : 3 mm
Focal distance : f= 1000 mm



Equipamentos estratégicos para as actividades de 1&D da UES

Equipamento Localizagéo
Calorimetro de reaccdo - RC1 /Mettler UB - Edif. K2
Toledo)
Condutividade térmica, materiais isolantes Edif. C
(Anacon)
Condutividade térmica, materiais Edif. C
condutores (Netzsch)
Granulometro (CILAS 1064) UEE - Edif C
Prensa unidirecional 15 t (Carver) UES - Edif. C
GCA 1500 °C, alto vacuo/atmosfera UES - Edif. C
controlada
Microdurémetro (Shimadzu) LMR - Edif E

HPLC - Cromatografia Liquida de Alta

UES - Edif. Solar

Toledo)

Equipamento Localizagéo

Microscépio Eletronico de Varrimento .
o UES - Edif. C

SEM-FEG (Philips) '
Revest_lmento, _vanos metais, por UES - Edif. C
sputtering (Emitech)
Mlc_roscoplo Gtico com camara digital LMR - Edif E
(Zeiss Axiovert)
Microssonda electronica JEOL JXA 8500 LGM - Porto
Difratometro de Rx (Rigaku) LMR - Edif E
Fluorescéncia de RX (Spectrace) UEE - Edif. C
Espectrofotometro FTIR - Perkin Elmer |UTCAE - Edif. E
Espectrofotometro UV-Vis - UTCAE - Edif. E
Andlise Térmica Diferencial TG/DTA .
1600 °C (Setaram) UES - Edif. €
Andlise Térmica TG/DSC SETARAM
SetSys 16/18, com espectrometro de UTCAE - Edif. J
massa associado.
Calorimetro de varrimento diferencial - .
DSC Metht UB - Edif. K2
Calorimetro de reaccao - RC1 /Mettler UB - Edif. K2

Eficiéncia (escala analitica/preparativa) XXI
Simulador Solar (Oriel) + fonte de .

. .. . ES - Edif.
alimentacéo digital (Keithley) UES - Edif. G
Sistema de pulverizagdo catodica reactiva
DC pulsada com auxilio de campo UES - Edif. G

magnético.




CSP@LNEG

Participacao do LNEG em redes internacionais no ambito do
CSP:

,ﬁEER’A {

% Coordlnatlng energy research

for a low Carbon Europe

» European Energy Research Alliance Concentrated Solar Power
Joint Program (EERA JP-CSP)

» European Industrial Iniciative on solar energy - Concentrating
solar power

» |IEA SHC IA - Solar Heating and Cooling (Task 46, 49, ...)

. o9
» [Solarpaces - Solar Power And Chemical Energy Systems] .. @
(participacao desejavel mas ainda nao concretizada) ..

LNEG



EUROPEAN ENERGY RESEARCH
:é EEM ALLIANCE

Concentrating Solar Power Joint Programme

SUB-PROGRAMME 1: Concentrated Solar Power plus Desalination (CSP+D)

SUB-PROGRAMME 2: Thermal Energy Storage for CSP plants (TES)

SUB-PROGRAMME 3: Solar Thermochemical Production of Fuels (STPF)

SUB-PROGRAMME 4: Accelerated Aging of Materials (AAM)




EUROPEAN ENERGY RESEARCH ALLIANCE

QEERA
T R Concentrating Solar Power Joint Programme
SUB-PROGRAMME 1: POWER GENERATION AND DESALINATION
(CSP+DES)

= Optimizing heat extraction in different CSP technologies to drive desalination
processes.

= Reducing cooling requirements of solar power cycle without penalizing cycle
thermodynamic and exergy efficiency.

= Energy and exergy optimization of combined power and seawater desalination
processes.

= Desalination technologies optimization to better matching solar power cycles
conditions.

SUB-PROGRAMME 2: THERMAL ENERGY STORAGE (TES)

» Review of the state-of-the-art on Heat Transfer Fluids (HTFs) and Heat Storage Media
(HSMs), to identify potential improvements.

= Analysis, modelling and simulation of the new solutions (two-tanks and one-tank MS
TES), to verify and validate the application of new mixtures and materials, and the @ﬁ%
performance and reliability of new apparatus and procedures of management. @’@@

= To realize small-scale test apparatus in order to perform experimental tests for the new-(;
concepts and solutions proposed under real solar irradiation conditions. |



Concentrating Solar Power Joint Programme

SUB-PROGRAMME 3: SOLAR THERMOCHEMICAL PRODUCTION OF

FUELS
= Survey of Solar Thermochemical Processes

= Environmental and Economic Assessment

= Main Technological Challenges

= Development and Optimization of Research Infrastructure
»= Dissemination of Results

= Potential Future Activities

SUB-PROGRAMME 4: ACCELERATED AGING OF MATERIALS

= Review of existing methodology for accelerated aging

= Accelerated aging of reflectors

= Accelerated aging of high temperature absorbers (HTA)
= Development of diagnostics

» Development of empirical models ops
» Data base of exposed probes ®




IMPLEMENTINIG PLAN OF THE EUROPEAN SOLAR THERMAL
ELECTRICITY INDUSTRY INITIATIVE (STE-EII)

ESTELA’s PROPOSAL 24/02/2010

i, www.estelasolar.eu

TECHNOLOGY OBJECTIVES 2010 -2020 NN

ﬁ.- Increase efficiency and reduce generation costs
To improve the conversion efficiency and cost at system le
as the reliability, efficiency and cost of individual components

2.- Increase dispatchability
To develop and improve thermal energy storage, as well as
hybridisation of the power plants with natural gas and potentially

\_ with biomass J

3.- Improve the environmental footprint
To reduce the cooling water consumption through innovative
cycles, by developing dry cooling systems and optimising land use
To demonstrate CSP-specific water desalination processes

4.- Longer term R&D
To work on advanced components, concepts and systems

57

[WE still keep the budget estimation for the STE-Ell during the 2010-2020 period]

Cost reduction between 35-50% was expected by the year 2020,
in comparison with 2010 prices .



Desafios

Aumento da eficiéncia e reducao dos custos de
construcéo, operacdo e manutencao (reducao do LCOE)

Melhorar a despachabilidade

Melhorar o perfil ambiental

Envolvem diversas areas do conhecimento, desde a
engenharia dos materiais a termodinamica, passando pela
mecanica de fluidos e transferéncia de calor, Optica,
Instrumentacao e aquisicao de dados, controlo, modelacao
numérica e computacional, etc.



Desafios

Aumento da eficiéncia e reducao dos custos de
construcao, operacao e manutencao (reducao do LCOE)

HEAT TRAMSFER ALUIDS
MIRRORS Low melfing temperature mixtures

OTHERS
B ol s Selective coating recelvers
Light reflectivas surfoces R ycLicd with beftar opfical properties
Antisolling coatings Direct steam generation with high

Hiah ﬂﬁﬂdl pressure absorber fubes
= v
B - High working
ternper atures

Mew storage concept
Improve confrol, prediction
and operation fools




Desafios

Aumento da eficiéncia e reducao dos custos de
construcao, operacao e manutencao (reducao do LCOE)

PARABOLIC TROUGH COLLECTORS

Research topics to be investigated to reach
objective 1 for parabelic trough collectors

4
P O HEAT TRAMSFER FLUID
'y - Usa of compressed gases
oy, [CO,, N, air..

- Direct sleam generafion
- Molien salt + auxiliary heating

COLLECTORS RECEIVER TUBES

- Scoleup effect - Betier opiimal siability of the selective coafings

- Better collector design and manufocture - Designs with vocuum, without welds or ...

- Better solar field confrol without lower H,, parmeaficn ® @
- Auionomous drive units and local controls [wireless| - Cheaper interconnecting elements ..

LNEG



Desafios

Aumento da eficiéncia e reducao dos custos de
construcao, operacao e manutencao (reducao do LCOE)

CENTRAL RECEIVERS RECEIVER

) - Advanced high temperature receiver [direct absonplion]
Research topics fo be |”"'E5_hgm&d to reach - Mew engineered maierials [ceramic ubes|
objective 1 for central receivers

HEAT TRAMNSFER FLUID
- Malten sal for supercrifical
steam cycles

- Air and CO; as primary fluids
- Direct superheaied sieam
- Parficle receiver sysiems

‘{/f - /;l" HELIQSTAT FIELD

MNEW COMVERSION - Muliipke smal iowers configuralion
CYCLES AND SYSTEMS . - Reliable wiraless
- Brayion cydles | [.-ﬁ ] heliosiat control systems
- Combined cycles and - - - Optimised heliostat field

supercrilical steam cycles - Improve drive mechanisms ...
- Hybridisation with biomass - Autonomous drive unifs ® @
- Secondary conceniraiors and local controls (wireless) ..

LNEG



Desafios

Aumento da eficiéncia e reducao dos custos de
construcao, operacao e manutencao (reducao do LCOE)

LINEAR FRESNEL REFLECTORS CONTROL AND DESIGN
] ) - Befier iracking options

Research fopics fo be invesfigated to reach - Hybridisation of tower and Frasnel technologies
objective 1 for linear Fresnel reflectors

RECEIVERS

- Evacuaied tubular recaivers

b - Mew generation of
nonevacuated tubular recaivers
MIRRORS

- Second stoge conceniralion
- Thin films on curved support surfoces

HEAT TRAMNSFER FLUID

- Superheaied direct sieam generation ®
- Miolten salfs only @

- Pressurised CO, ar air in nonevacualed receivers @ ..

LNEG



Desafios

Aumento da eficiéncia e reducao dos custos de
construcao, operacao e manutencao (reducao do LCOE)

PARABOLIC DISHES DISPATCHABILTY

: ] - Electromechanical and thermal storage
Research fopics to be investigated fo reach objective 1 _ Allemaiive enengy source [biomass|
for parabolic dishes in the raceiver

GAS TURBINES
- Hybridisation with
nalural gas or biogas

- Combinafion of dish

turbine with CAES
syslems
STIRLING ENGIME
RESEWEES. _ T‘?"‘:‘ - Kinematic engine
- Reflux recaivers { L*[ o less component failures
against the lower o less H, leakage
thermal inertia o Mass production
SYSTEM COMPONENTS - Free piston engine
- Synargies with car manufadiuring industry o Betler control and design of linear
- Improved fracking system generator



Desafios

Integracéao de
energia solar
via CSP:

Melhorar a
despachabilidade

 Em centrais
termoeléctricas
(Integrated Solar
Combined Cicle)

* Hibridacao com
biomassa e biogas



Desafios

Melhorar o perfil ambiental

Reducao do consumo de

y CSP + Dessalinizacéo

— Diagram of the CSPHMED/SWCC system

> = turbine o

- _,@:
@ S Winter
g
PH =

circulation pumps

N cold salt l ::H
fank /= == [ [~ |
Sl J&o] Joo] Joo] b
Main HTF Emé i e ‘I'mm! ‘I' EEEEEE l’“m-—l Distilla
TOTo —me, i
I';E;er :S:pf:ﬂs - iloc"r?'?: :115"3 e
HTF VERSUS TECHNICAL, ENVIRONMENTAL AND
ECONOMIC CHARACTERISTICS
10 50il pollufion - T o
Ap I I Cagao de fl U I dOS Upper thermal limit Water pollution Ma, K M3
W L, Ma, KMS]

W Ca, Na, K [MS3)

B Hitech M3 with nifrite ...
| Rus)

mHO ® ..
W MNa, KMS + nanop

Toxicity to human €O; + pancp Ln Eq

B H,O + nancp
presence

de transferéncia de
calor com menor i apere =
impacte ambiental Frecaing tomperond

Air pollution

Cost



CSP — Umaareacom enorme potencial de incorporacao nacional.

e aproducao de heliostatos,

e aproducao de sistemas primarios de concentracao linear,
parabadlicos ou planos,

e aproducao de sistemas secundarios de concentracao linear
e pontual;

e aproducao de receptores para sistemas de concentracao
linear e pontual;

e aproducao do subsistema de armazenamento;

e 0S componentes mecanicos, eléctricos e electronicos
associados as centrais térmicas;

e aproducao do software de controle (subsistemas e
sistema global)

e aengenharia associada ao desenho, construcao e
manutencao de centrais térmicas



SOLAR THERMAL ELECTRICITY

GIC RESEARCH
NDA 2020-2025

esteeal

European Solar Thermal
Electricity Association

DIRECTORATE GENERAL FOR RESEARCH & INNOVATION
\DIRECTDRATE GENERAL FOR ENERGY
t"--‘-JC)II‘NIT RESEARCH CENTRE

%EU ROPEAN COMMISSION

1l

SET Plan Secretariat @

DRAFT OUTLINE FOR THE INTEGRATED ROADMAP LﬂEQ
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