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The importance of Energy Storage for RES penetration

 Most RES are intermittent while energy demand is 24/7
1 Storage is the only solution to achieve 24/7 power production from RES
 Concentrated Solar Power — cost-effective in terms of storage integration
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SET Plan Initiative for Global Leadership in CSP /2017 - Priorities

Action 1: More efficient components — HTF, 5 4
receivers, reflecting surfaces

Action 2: Reliability of CSP plants 3 3
4q q

Action 4: Storage systems 5 5 I

____| | [ ___| | | | [ ___| | |
Action 5: Water consumption 1 1

Action 6: Weather forecasting 3 3

Integrated Roadmap Action Potential contribution | Potential contribution
Action 1: More efficient components — HTF, 5 4
receivers, reflecting surfaces

Action 2: Reliability of CSP plants 3 3
Action 3: Hybridization of CSP plants -

Action 4: Storage systems 5 5 I

Action 3: Hybridization of CSP plants

— — — —_— —_— || | | | | | | | |
Action 5: Water consumption 1 1
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Possibilities of storage technologies in CSP

Commercial

Sensible heat storage

Solar salt Ceramic materials
v ~0.7GJ/m3 v' 0.4-1 GJ/m3 (indicative)
v ~0.5 $/kg v <0.5 %/kg

v’ 280-560°C v 200-1000°C
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R&D

Latent heat Thermochemical
v >1GJ/m3 v Upto 10 GJ/m3
v" 500-800°C v' 500-1200°C

Challenging implementation

v' Phase changes, cyclic degradation,
fragmentation of R&D activities

v Integration of a (chemical) plant into a CSP one
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Examples of CSP plants with sensible heat storage

19.9 MW Gemasolar Plant, Seville, Spain 110 MW Cero Dominador, Atacama, Chile

———

v" Molten Salt storage @ 15 h v Molten Salt storage @ 17.5h
v’ 24 h/day for 36 consecutive days v' Connected to the grid in April 2021

v" On since 2011 & has exceeded expectations

Storage provides high added value to solar thermal electricity
111t is not about the cost/LCOE but about the value of kWh!!!
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Examples of thermochemical energy storage - SOCRATCES

Cao (s)
Ca0 (s)
caO | VT —
storage l
| | h 4
—— POWER CYCLE
CALCINER v N v | CARBONATOR
HEAT ‘ ' HEAT {
¢« —| Eexcuancer |4 — Ca(tZO:-/CaO L EXCHANGER (€— _ = | Q
| NETWORK ‘ storage ‘ NETWORK | 20 Oz5) > CaC
\ A - J IA - ’ . r — . v A |
|
CO2 TUR : _________________ y
.‘_. ) |
B e esadaaied CO: ; —
W " | storage g B
))' CcO CO2 (g)
T 2 a

https://socratces.eu

CaO) + CO,y) €> CaCO;; AH°, =+178 ki/mol

: ) 3 3
U CR[e==" 1 v ~2GJ/m |
/BioAzuL R X0 O v Storage cost < 12 €/kWh (project’s target) B

orizon 2020 programme
ion


https://socratces.eu/

SUSTAINABLE S’ CRATCES
d»”’ ENERGY WEEK
SOCRATCES & CSP

J\m.nr__l:_'_ln':g n E.;mze‘:iw| E RAN ET J OI NT EV E NT
/4 Csp

Examples of thermochemical energy storage - REDOX

MOX(S) <> Mox_l(s) + 0.5'02
v Co0;0,/Co0, Mn,_Fe,0,/Mn, Fe, O,, CaMnO,/CaMnO, s
v Upto ~1.5 GJ/m3

Honeycomb reactor/

Solar Cavit
y heat exchanger
e
CLLTTTEETTITE PN R .
—_— ;
H T.. N
: high Triddle-off
E Tmiddle on :
- Tlow off
—ﬁ/\/——. ............. i@ ......................
T A low-on Turbi
amb T urbine
; __ On-sun operation
Tamb .... Off sun operation

Tescari et al, 2017, Applied Energy, 189, 66-75

3 e’s F& -~ 1 Pilotsystem tested successfully @ Solar Tower Juelich
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Example of thermochemical energy storage - SULFUR

d Upto~10 GJ/m3

2 H,0 +3 S0,
7. =>2H,S0,+S
% O Potential for synergies with
S+1.50,+H,0
o ¥+ H,O = H,S0 . -y
( 2 il ~1000 °C the sulfuric acid industry
O Sulfur: An emerging solar

<200 °C (lig. phase)
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Thoughts for discussion
d Advancement of thermal storage is vital to CSP/CST — the value of kWh

 Limitations imposed by solar salt (T < 600°C) hold back next generation
high temperature CSP plants

d New emerging concepts:
= Particle receivers — 1000°C or higher

= Coupling with combined cycles: Air-Brayton or sCO, cycles — higher efficiency
* Thermochemistry as the next generation of storage

A clear roadmap for storage technologies in CSP/CST is needed
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Energy Storage Challenges

Thank you for your attention !!!

Dr. George Karagiannakis
CPERI-CERTH
E-mail: gkarag@certh.gr
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