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CSP with storage

The energy supply for the future
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•  Physics and op?cs

•  High scien?fic and precise 

work combined with applied 
applica?on and innova?ve 
products


•  Described the solar spectrum 
lines called “Fraunhofer’s 
lines”


Joseph von Fraunhofer 
(1787 – 1826)
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Bridge between science and industry 
Fraunhofer GesellschaW 


Since its founda?on in 1949 in Germany, FRAUNHOFER GESELLSCHAFT focused on 
applied research that leads to economic development and provide wide benefits for 
the society.


Fundamental research 
knowledge 


Gain added value by 
using more innova?ve 

products/processes


INDUSTRY
UNIVERSITY


Technology and 
capacity transfer
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Top ranking applied research center in Europe 
Fraunhofer GesellschaW 


74

Ins?tutes in 
Germany
 26.600
 Researchers 

and Engineers


2.600
 Millions euros 
yearly budget
$
 2
More than
 patents per day
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Sustainability as a Basis 
Fraunhofer GesellschaW 


•  Improving quality of life

•  Increase poli?cal acceptance


•  Crea?on of new jobs

•  Inves?ng in the 

economic technologies 
of the future


•  Lowering carbon 
footprint


•  Decrease local 
environmental 
pollu?on


Ecologic


Social


Economic
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World	representa-on	
Fraunhofer	Gesellscha4	

Salvador

Campinas


São Paulo
San?ago de Chile


Auckland


Bangalore


Jakarta


Singapore

Kuala Lumpur


Tokyo

Sendai
Seoul
Beijing


Ulsan

San José


Kirjat Bialik


Gothenburg

Glasgow


Dublin

Nijmegen


Brussels


Porto


Bolzano


Vienna
 Budapest

Graz


Enschede


Plymouth

East Lansing


Newark

Storrs


London
 Hamilton


Pretoria


Stockholm


Jerusalem


Brisbane


College Park


Ercolano
Brookline


São José dos Campos


Melbourne


Changwon


Moscow


Oppeln
Leiden


Dübendorf


Berkeley


Stellenbosch


p  8 Affiliates


n   15 Center


▪ 12 Project Center


▪ 10 ICON


▪ 6 Repr. Offices


▪ 7 Senior Advisor




Fraunhofer verde (28) 
23.156.125 

Fraunhofer azul (3) 
31.130.192 

Fraunhofer (20) 
253.195.0 

Fraunhofer (24) 
143.164.2 

Fraunhofer (32) 
76.99.111 

Fraunhofer (8) 
57.55.139 

Fraunhofer (35) 
0.110.146 

8


Technology transfer to La?n-America 
Fraunhofer Chile Research


Our Vision is to be a referred organiza?on in Chile 
and La?n-America for technology inser?on in 
priority produc?ve processes in the region.







Our Mission  is to connect science and technology 
realized in Chile and Germany with the specifics 
needs of the local industry, suppor?ng the 
t e c h n o l o g y t ra n s fe r a n d r i s i n g l o c a l 
compe??veness and innova?on.
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Focus according to Chile characteris?cs 
Fraunhofer Chile Research 


Centro de Biotecnología de Sistemas 
(CSB) – Systems Biotechnology Center


Center for Solar Energy Technologies 
(CSET)


•  Innova?on to face challenges in the 
circular economy, food, aquaculture 
and sustainable agriculture


•  Funded in 2010


•  Dr. Pilar Parada: Execu?ve director and 
General Manager of Fraunhofer Chile


•  Innova?on for the development of a 
world-class solar industry


•  Funded in 2014


•  Prof. Dr. Frank Dinter Execu?ve 
Director
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Center for Solar Energy Technologies  
Fraunhofer Chile Research







Subsidized by the Ministry 
of Energy through the 

Corporación de Fomento 
de la Producción CORFO.














Co-founder partner.

Main European Solar 

Energy Research Center















Co-founder and co-
execu?ve partner. Solid 
background in basic and 

applied research.




The CSET was cons?tuted in response to the call made by the Ministry of Energy and 
the Ministry of Economy of Chile
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SERC Chile 2013 - 2022 

RED	DE		
COOPERACIÓN	

INTER-	
NACIONAL		

RED	DE	
	COOPERACIÓN	
NACIONAL	

LOCAL	
COOPERATION	
NETWORK	

INTERN-	
ATIONAL	

COOPERATION	
NETWORK	

The	Solar	Energy	Research	Center	of	Chile	(SERC)	was	founded	in	2008	and	
is	currently	in	its	second	phase	focused	on	the	integra>on	of	solar	energy	
into	interconnected	electrical	systems	and	also	has	a	line	of	research	for	

storage.	
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Our goals 
FCR CSET


Implement Fraunhofer Model in Chile

à Transfer Applied Research to Industry
1


Chile: 100% Renewable Energy Matrix
2


Contribute to making Chile an Energy Exporter
3
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Research lines 
FCR CSET


Photovoltaic
 Solar thermal
 New opportuni?es


Photovoltaic technologies, 
Concentrated photovoltaic


Concentrated solar 
thermal, Solar Heat for 
Industrial Processes 


Economics models, Market 
analysis, Green Hydrogen 
and Electromobility 
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Content


1
 Fraunhofer


CSP with storage
2
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Concentra?ng principles for CSP

Line focused and point focused systems


2D	Op>cs	
(Line	Focus)	

3D	Op>cs		
(Point	Focus)	
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CSP	with	storage		
Parabolic	trough	is	the	most	mature	CSP	technology	today	!!!	
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 Commercial Parabolic Trough plants

How does a trough plant with storage work?   (SWF-File)
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CSP	with	storage	
Central	Receiver	Systems	are	the	new	

	 	 	 	 	 		CSP	technology	
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CSP	–	dispachable	energy	on	demand	

First	loop	(solar)	
									Charging	the	storage	
system	with		565°C	

Second	loop	(power	
genera-on)	
									Discharging	the	storage	
for	electricity	produc>on	
	
	Instead	of	using	fossil	fuels	in	
a	burner	the	heat	collected	
from	the	sun	is	the	heat	
source	

CSP	with	storage		
how	works	a	solar	tower?	
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CSP	with	storage	
In	Spain	49	CSP	plants	in	opera-on	(2300	MW)	
17	CSP	plants	with	7.5	h	storage	and	1	with	15h	storage	

Source: Protermosolar 

Type	/	Technology	 Number	of	
Plants		

Capacity	
(MW)	

Storage		
(MWh)	

50	MW	Trough	without	storage	 27	 1350	 0	
50	MW	Trough	with	storage	>	7h	 17	 850	 6500	

Towers	with	sat.	steam	receiver	 2	 31	 31	
Tower	with	molten	salt	receiver	and	
storage	>	15h	 1	 20	 300	

Fresnel	linear	reflectors		 1	 30	 0	
Hybrid	Parabolic	trough	with	Biomass	 1	 22	 0	
TOTAL	 49	 2303	 6831	
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CSP	with	storage	
	Andasol	3:	Technical	data	

Solar	field	

Size	of	solar	field		 497	040	m²	

No.	of	parabolic	mirrors		 204	288	mirrors	(each	collector	is	12m	
long	and	6m	wide	and	has	28	mirrors)	

No.	of	receivers	(Dewar	tubes)	 21,888	tubes,	each	4m	long		

No.	of	sensors		 608	units		

Annual	direct	normal	irradia>on	(DNI)	 2	136	kWh/m²a	

Al>tude	above	sea	level	 1	100	m	

Thermal	storage		

Storage	capacity	of	heat	store		 28	500	t	salt,	7.5	full	load	hours		

Power	plant	output		

Turbine	output		 49.9	MW	

Annual	opera>ng	hours		 approx.	4	000	full	load	hours		

Forecast	gross	electricity	generated		 approx.	200	GWh/a	

Es>mated	service	life		 At	least	40	years		
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Source: DLR
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CSP	with	storage	
	Andasol	3:	24	h/d	Opera-on	
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CSP	with	storage	
	Andasol	3:	last	day	with	vala-le	irradia-on	
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CSP	with	storage	
Andasol	3:	dispachability	with	high	PV	electricity	produc-on	
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CSP	with	storage	
Andasol	3:	Photo	of	the	plant	from	storage	
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CSP with storage 
Electricity production 24/7 

CSP	=	Concentra-ng	Solar	Power	
•  Using	direct	radia>on	for	concentra>ng	to	generate	high	

tempertures	onto	the	receivers	
•  CSP	plants	produce	electricity	between	20	and	300	MW	
•  24/7	produc>on	is	possible	because	of	the	integrated	

thermal	storage	system	

CSP	plants	need:	
•  High	direct	radia>on	
•  Nearly	flat	landscape	
•  Nearby	access	to	electricity	high	or	medium	voltage	grid	
•  Water	for	cleaning	the	mirrors	similar	as	PV	cleaning	

and	also	water	for	the	water/steam	cycle	
•  About	1000	persons	work	on	such	a	plant	at	the	same	>me	

during	construc>on	phase	
•  The	construc>on	phase	lasts	about	2	years	
•  Many	suppliers	and	service	providers	are	needed	aberwards	
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CSP	with	storage	
Market	worldwide	

6.5
 GWe
 Installed 
capacity


75%

Parabolic Trough


25%

Tower


1.5
  GWe


Contracted / under 
construc?on


50%

Parabolic Trough
 Tower


China 1 GW - Morocco 0.7 GW





50%


70%
 With storage
 100%
 With storage
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CSP	with	storage	
Market	worldwide	
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CSP with storage – The technology for the future 
Chile has the best solar radiation all over the world 

The	poten-al	of	solar	energy	in	the	north	
of	Chile	is	great	
•  Photovoltaic	(PV)	and		
•  Concentrated	Solar	Power	(CSP)	

	
	
	
	
	

This	combina-on	is	the	oportunity	
for	large	scale,	cheap	and	reliable	
electricity	produc-on	in	the	future	!		

29
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▪ 25 GW baseload power in South Africa


▪ Mostly covered by coal-fired power sta?ons

					Today		5	GW	coal	plants	
						27	Plants		
						24	Mio	t.	CO2	emisions	in	2017	
							
	
	

•  2019	to	2024	to	be	shut	down			1	GW	
•  2040	to	be	shut	down	remaining	4	GW	

CSP with storage – The technology for the future 

CSP technology is the best substitute for coal fired power stations 
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We	start	with	an	
exis-ng	coal	plant	
And	add	a	power	to	heat	
molten	salt	storage	system	

Phase	1:	Pilot	integra-on	of	molten	salt	storage	in	exis-ng	coal	plant	–	proof	of	concept	ηroundtrip	= 40%	 


ηPtH=95% 


ηcycle=42% 


source: DLR-GIZ-Fraunhofer 

CSP with storage – The technology for the future 
CSP technology is the best substitute for coal fired power stations 
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CSP with storage 
200 MW Noor 2 prabolic trough plant with 6 hour storage in Morocco  

Source:	Acwa	
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CSP	with	storage	
Noor	3:	World	largest	CSP	Tower	150	MW	with	7.5	h	of	storage	in	Morocco	



Fraunhofer verde (28) 
23.156.125 

Fraunhofer azul (3) 
31.130.192 

Fraunhofer (20) 
253.195.0 

Fraunhofer (24) 
143.164.2 

Fraunhofer (32) 
76.99.111 

Fraunhofer (8) 
57.55.139 

Fraunhofer (35) 
0.110.146 

Source:	Abengoa	

CSP	with	storage	
Solana:	world	larges	parabolic	trough	plant	(Arizona)	280	MW	6	hours	storage	
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CSP	with	storage	
Solana:	world	larges	parabolic	trough	plant	(Arizona)	280	MW	6	hours	storage	
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Value of CSP with storage

Addi?onal benefits:

Flexible and predictable electricity genera?on


Avoidance of production 
interruptions resulting from the 
intermittency of solar radiation


Generation of solar power 
decoupled from weather 

conditions and time


Shifting of power generation to 
periods of highest demand


24 h/d continuous production 
capability
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Value of CSP with storage

Addi?onal benefits:

Flexible and predictable electricity genera?on


Regulation and frequency response
 Support for power quality
 Contribution to system flexibility 
supporting the integration of other RE 

sources
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CSP	with	storage	
proven	technology	

The	main	advantage	of	CSP	technology	against	other	RES	as	PV	or	wind	power	is	the	capability	
to	provide	dispatch-able	power	by	storing	solar	energy	through	thermal	energy	storage.	

Flexible and 
predictable 
electricity 
production 
on demand


Source:DLR




Fraunhofer verde (28) 
23.156.125 

Fraunhofer azul (3) 
31.130.192 

Fraunhofer (20) 
253.195.0 

Fraunhofer (24) 
143.164.2 

Fraunhofer (32) 
76.99.111 

Fraunhofer (8) 
57.55.139 

Fraunhofer (35) 
0.110.146 

CSP with storage 
Cerro Dominador in Chile 

> 	Loca>on:	Maria	Elena,	Antofagasta,	Chile	
> 	Power:	110	MW		with	17.5	h	storage		
	for	24h	produc-on	

> 		50	000	tm	salts	
> 	1	484	000	m2	heliostat	field	
> 	Commission	date:	2021	
> 	Combined	with	100	MW	PV	plant	
> 	EPC:	Abengoa	+	Acciona	
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CSP with storage 
Cerro Dominador in Chile 
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CSP with storage 
Cerro Dominador Project Likana Solar 
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CSP with storage 
Situation with PV and CSP 

There is not only one solu?on for energy transi?on. Both solar technologies including 
storage will contribute to a secured electricity produc?on of Chile in future.
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