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Josephgven Fraunhofer
(1787 — 1826)

e Physics and optics

* High scientific and precise
work combined with applied
application and innovative
products

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




Bridge between science and industry -

Fraunhofer Gesellschaft

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

e
< - —Z o

Gain added value by
using more innovative
products/processes

Technology and

capacity transfer

4 Z Fraunhofer

CHILE



Top ranking applied research center in Europe (@

Fraunhofer Gesellschaft

. -
i 74 Germany ") 26.600 andengineers

. — N
f 2 . 600 x';|;§/néuedug§f | More than 2 patents per day
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Sustainability as a Basis
Fraunhofer Gesellschaft

Improving quality of life
Increase political acceptance

Social

* Creation of new jobs

* Investing in the
economic technologies
of the future

Lowering carbon
footprint
Decrease local
environmental
pollution

Ecologic Economic
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World representation
Fraunhofer Gesellschaft
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Technology transfer to Latin-America ‘

Fraunhofer Chile Research

Our Vision is to be a referred organization in Chile
and Latin-America for technology insertion in
priority productive 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, supporting the
technology transfer and rising local
competitiveness and innovation.
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Focus according to Chile characteristics ‘

Fraunhofer Chile Research

T

Center for Solar Energy Technologies

y
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Centro de Biotecnologia de Sistemas

(CSB) — Systems Biotechnology Center (CSET)

* Innovation to face challenges in the * Innovation for the development of a
circular economy, food, aquaculture world-class solar industry
and sustainable agriculture e Fundedin 2014

* Funded in 2010 * Prof. Dr. Frank Dinter Executive

* Dr. Pilar Parada: Executive director and Director

General Manager of Fraunhofer Chile

\
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Center for Solar Energy Technologies
Fraunhofer Chile Research

&

The CSET was constituted in response to the call made by the Ministry of Energy and
the Ministry of Economy of Chile

Proyecto apoyado por Ministerio de

2B Eoen
CORFOY

Gotlerne 4o Onie

Subsidized by the Ministry
of Energy through the
Corporacion de Fomento
de la Produccion CORFO.

ER 3
imRats PONTIEICIA
W% UNIVERSIDAD
2\ FA5B)S/ CATOLICA
7 &y . .
A/ DECHILE

Co-founder and co-
executive partner. Solid
background in basic and

applied research.
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Co-founder partner.
Main European Solar
Energy Research Center
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SERC Chile 2013 - 2022

INTERN-
ATIONAL
COOPERATION
NETWORK

LOCAL
COOPERATION

TO@®@OO®®

The Solar Energy Research Center of Chile (SERC) was founded in 2008 and
is currently in its second phase focused on the integration 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
- Transfer Applied Research to Industry

° Chile: 100% Renewable Energy Matrix

/I \

e Contribute to making Chile an Energy Exporter

\
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Research lines ‘

FCR CSET

Photovoltaic Solar thermal New opportunltles

Photovoltaic technologies, Concentrated solar Economics models, Market
Concentrated photovoltaic thermal, Solar Heat for analysis, Green Hydrogen
Industrial Processes and Electromobility
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Concentrating principles for CSP

Line focused and point focused systems
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Parabolic trough is the most mature CSP technology today !!!

Fraunhofer
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Commercial Parabolic Trough plants
How does a trough plant with storage work? (SWF-File)

Die Komponenten Ein Parabolrinnen-Kraftwerk mit thermischem Speicher besteht im Wesentlichen aus drei
der Anlage Anlagenbereichen,
} dem Solarfeld mit Warmetrdgerireislauf,
(oo P dem Speichersystem und
| —— —— ’ P dem Kraftwerksblock mit Turbine, Generator und Kihlkreislauf.
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Central Receiver Systems are the new"
CcspP tgchnologx
-
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CSP with storage
how works a solar tower?

&y !nthe sunlight
= receiver, the salts
heat up and
descend to the hot
salts tank where
they are setored at
more than 500° C

Sunlight Salts are -
| pumped to

the top of o

the tower

Cold salts tank

.......

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

Second loop (power
generation)

—— Discharging the storage
for electricity production

Instead of using fossil fuels in
a burner the heat collected
from the sun is the heat
source
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CSP with storage
In Spain 49 CSP plants in operation (2300 MW)
17 CSP plants with 7.5 h storage and 1 with 15h storage

Ty Techoloy e | o’ | e

% - 50 MW Trough without storage 27 1350 0

o oY ool 50 MW Trough with storage > 7h 17 850 6500
s : e ° Towers with sat. steam receiver 2 31 31

Eg::: * - ':ttlv:aegrem;it;\sr:olten salt receiver and 1 20 300
o* Fresnel linear reflectors 1 30 0
Hybrid Parabolic trough with Biomass 1 22 0

In operation under construction Planned TOTAL 49 2303 6831

Source: Protermosolar =
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CSP with storage
Andasol 3: Technical data

Solar field
Size of solar field

No. of parabolic mirrors

No. of receivers (Dewar tubes)

No. of sensors

Annual direct normal irradiation (DNI)
Altitude above sea level

Thermal storage

497 040 m?

204 288 mirrors (each collector is 12m
long and 6m wide and has 28 mirrors)

21,888 tubes, each 4m long
608 units

2 136 kWh/m?a

1100 m

Storage capacity of heat store

28 500 t salt, 7.5 full load hours

Power plant output
Turbine output
Annual operating hours
Forecast gross electricity generated

Estimated service life

49.9 MW
approx. 4 000 full load hours
approx. 200 GWh/a

\
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Power [MW]

CSP with storage
Andasol 3: 24 h/d Operation
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CSP with storage
Andasol 3: last day with valatile irradiation
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CSP with storage
Andasol 3: dispachability with high PV electricity production
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CSP with storage
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CSP with storage

Electricity production 24/7 T AT
CSP = Concentrating Solar Power ;.,

CSP plants need:

Using direct radiation for concentrating to generate high
tempertures onto the receivers

CSP plants produce electricity between 20 and 300 MW
24/7 production is possible because of the integrated
thermal storage system

High direct radiation

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 time
during construction phase

The construFﬁon phase I'asts abqut 2 years = Eraunhofer
Many suppliers and service providers are needed afterwards cHILE

\



Direct Normal Irradiation (DNI)
Chile Mainlands

CSP with storage
Market worldwide

Anca
lquique

Antofagast

Contracted / under
construction

6 SGWe Installed

capacity

750, 2% 50% 50% -

Parabolic Trough Tower Rancagua
Parabolic Trough T ? "‘1
| ConoepoOn. '."‘

70% With storage 100% With storage

China 1 GW - Morocco 0.7 GW

Runrage aneal sam percd 19952013 o _on
00 00 2200 2600

200 3000 3600 300 K
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CSP with storage
Market worldwide

CANADA -1 MW

USA - 1740 MW

MEXICO - 14 MW
<

y

WORLDWIDE - 9267 MW

1592

CHILE - 1210 MW
6128

SPAIN - 2304 MW .

MOROCCO - 530 MW

Technology
Collaboration

Programme
by 1€Q

= OPERATIONAL

EUROPE - 96 MW
14

N
. MENA - 1280 MW
&

910 Y

SOUTH AFRICA - 700 MW

m‘m
/ SolarPACES

Solar Power & Chemical Energy Systems
http:/ fwww.nrel gav/csp/salarpaces/

® UNDER CONSTRUCTION ™ DEVELOPMENT  Last updated December 2020

CHINA - 1034 MW

INDIA - NOMW 5“.529

THAILAND -5 sz's

v."

AUSTRALIA - 152,5 MW v

25
1@
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CSP with storage - The technology for the future
Chile has the best solar radiation all over the world

Y

Concentrated solar
power

29

1180

GW

Solar photovoltaic

The potential of solar energy in the north

of Chile is great
* Photovoltaic (PV) and
* Concentrated Solar Power (CSP)

This combination is the oportunity
for large scale, cheap and reliable
electricity production in the future !

“ Fraunhofer

CHILE
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CSP with storage - The technology for the future

Today 5 GW coal plants .
27 Plants ,
24 Mio t. CO, em|5|ons in 201’ L

ﬂ"'

T

{?‘/5!{

/'b

f@ t0 2024t be Pl Wown 1 GW
40

to be shut down, remaining 4 GW-

q-
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CSP with storage - The technology for the future
CSP technology is the best substitute for coal fired power stations

Phase 1: Pilot integration of molten salt storage in existing coal plant — proof of concept n,,,nq1rip = 40%
(Y S s

Steam Turbine

Power p» Heat Storage == Heatto ) * Generator

to Heat Power Molten Salt — — —
Reheater Steam drum Superheater
- [v)
4 * r]cycle 42%’

Reheater
A Condenser
Economiser
4B  Electric Moiten Saft (Preheater)
m Heater Superheater 1 | Sppp— aaas
- up to 5502C =
I 1 Flue gas -------1-4-
= f [— 0, > 1 i
sall] rIPtH_95 A’ Molten Salt h Cooling Tower
e Evaporator Ambient air i
5 Alr Cooling Water Supply
preheater
Fan D t
Molten Salt eaerator
@ Cold Salt Tanks Preheater
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CSP with storage
200 MW Noor 2 prabolic trough plant with 6 hour storage in Morocco

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

oA '“h;“fﬂk"‘f*fN‘»' i

il!""l’,'_rll-!l(-ny.;,..

Fraunhofer
CHILE




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



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

_ ‘ Water treatment
Storage tanks \ Cooling tower plant

\

~ Fraunhofer

Source: Abengoa CHILE



Value of CSP with storage

Additional benefits:
Flexible and predictable electricity generation

// ( /
\\\ ,,.// \ g / \\
Avoidance of production Generation of solar power Shifting of power generation to 24 h/d continuous production
interruptions resulting from the decoupled from weather periods of highest demand capability
intermittency of solar radiation conditions and time

\

~ Fraunhofer
CHILE



Value of CSP with storage

Additional benefits:
Flexible and predictable electricity generation

Support for power quality Contribution to system flexibility
supporting the integration of other RE
sources

\
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CSP with storage
proven technology

Solar field

Thermal Energ

Source:DLR 2
RTINS i v

Thermal Energy [po "o ]

|
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CSP with storage
Cerro Dominador in Chile

ile |

Ch

> Power: 110 MW with 17.5 h storage

]

, Antofagasta

> Location: Maria Elena

tion

for 24h produc
> 50 000 tm salts

> Combined with 100 MW PV plant

> 1 484 000 m? heliostat field
> Commission date: 2021
> EPC: Abengoa + Acciona

Frunhofer

CHILE



CSP with storage
Cerro Dominador in Chile

_— 100%

——— Construccion
eae 4 finalizda
' [ Jrcitohy ol
O Lrenasa
° 'l?er;gbas con aguas
° Recta final para el
5 comisionamiento
e DS @ 10600 Heliostatos
H mmmnard instalad
o
: O
- DOMINADO = 7 —
“ CONCENTRATED SOLAR POWER - - B==
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CSP with storage
Cerro Dominador Project Likana Solar

PROYECTOS

Likana Solar

Caléma

El proyecto esta ubicado en la localidad de

Calama, contempla la construccién de '

3 torres con un almacenamiento - San pedro
2 " e Atacama

de energia de 12 horas y tendra /

una potencia instalada de 450- | : S

600 MW, o que la posiciona como una de las Proyecto
. , Likana Solar
centrales renovables con mayor capacidad del
mundo. 3
7 Aniofagasta

Cada torre ser4 hasta 200 MW, por tanto AT Nombre: Likana Solar
se proyecta una generacién de energia anual Ubicacién:  Calama
neta prevista de unos 2 400 GW h /ano Tecnologia: Concentracién Solar de Potencia

: = Potencia: 600 MW

Reducciéon de mas de 1,2 millones

_—
de ton de CO2 al afio ~ Fraunhofer
CHILE
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CSP with storage
Situation with PV and CSP

- H 1 1 1 PROTERMO
RED ' @&sjos PV Gene!'atlon in Spain S L AR
Gl O isPAN ST 88 inreeuscan Cumulative per hour 2020 /

These gaps must be fulfilled every day

o00 CSP CSP
Modulada Modulada
6 1x200 MW 1x200 MW

o0 01 02 03 o4 05 06 o7 o8 o9 110 11 12 13 1 15 16 17 18 19 20 21 22 23 12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

There is not only one solution for energy transition. Both solar technologies including
storage will contribute to a secured electricity production of Chile in future. Z Fraunhofer

CHILE




Contact:
Prof. Dr. Frank Dinter

frank.dinter@fraunhofer.cl
www.fraunhofer.cl




