Electrochemical Energy Storage — A System’s Perspective

“The Role of Electrochemical Energy Storage in the Energy Transition”

Kickoff POF IV

Karl-Kién Cao, Hans Christian Gils, Manuel Wetzel
German Aerospace Center
Institute of Networked Energy Systems

2. July 2021

i DLR



DLR.de « Chart 2 > Electrochemical Energy Storage — A System’s Perspective> Cao > July 2021

Which systems?

/1€C morrow

NoV
DLR e



DLR.de + Chart 3 > Electrochemical Energy Storage — A System’s Perspective> Cao > July 2021

Energy Systems Analysis at DLR

| Energy Meteorology Energy Systems Modelling
: .'-"‘ --‘ . .‘.' ] \:. .‘ l/, /

Scenarios and..
10logy Assessment

— &




DLR.de + Chart4 > Electrochemical Energy Storage — A System’s Perspective> Cao > July 2021

Energy Systems Analysis at DLR: An example
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Modeling scenarios of future energy systems
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Key findings

Electrochemical storage...

1.

2
3.
4

... is for short-term load-balancing
... Is particularly important in PV dominated systems

... IS one option among many for load-balancing

. ... poses challenges due to life-cycle based GHG emissions of PV-battery systems
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Short-term load-balancing
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Short-term load-balancing

Battery storage operation in Iberia Installed storage @80% RE power supply
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Sources: Cebulla, Felix (2017) Storage demand in highly renewable energy scenarios for Europe :
The influence of methodology and data assumptions in model-based assessments. Dissertation;
Moser, M., Gils, H.C., Pivaro, G. (2020) A sensitivity analysis on large-scale electrical energy storage requirements in Europe under consideration of innovative storage technologies, Journal of Cleaner
Prodyction, 269, 122261, https://doi.org/10.1016/j.jclepro.2020.122261
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Short-term (battery) storage: important in PV-dominated systems

Installed capacity of LI-batteries Installed capacity of photovoltaics
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Installed battery storage in >30 energy scenarios of Europe
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A matter of costs
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Load-balancing by mobile and stationary battery applications

Temporally resolved availability of e-vehicles Results from German energy scenarios
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__doi: 10.3390/en13051093.

DLR



DLR.de * Chart 16 > Electrochemical Energy Storage — A System’s Perspective> Cao > July 2021

Hydrogen reconversion (gas turbine) == QOpen cycle gas turbine

Hydro reservoir == Concentrated solar power
. . PV rooftop Wind offshore
GHG I’edUC’[Ion from a ||fe'CyC|e ww Hydro run-of river mm Li-ion battery
. -+ Transmission grid (lines) = Transmission grid (cables)
p ers p eCt Ive Combined cycle gas turbine
Nuclear
.. .. . .. PV open ground
From minimal GHG to minimal cost (a) and the differences between these minima (b) == Wind onshore
Pumped hydro storage
(a) (b)
3000 450 1000 200
A00 +
2500 500 130
350
oy — I 100 —
Eznuo 300 £ E 0 E
> E e — s g
£ 250 ~ 2 —
8 1500 E ‘e -500 0 c
S 200 B % 2
o 0
2 1000 150 E g -1000 =0 g
3 m o ]
£ 100 F [ 100 G
500 v 1500 =
-2000
0 0 -200
47 58 69 80 91 103 114 125 136 148 159 170 181 193 204 215 226 238 249 260
Life cycle GHG emissions (Mt) 2500 et 250

Source: Junne, Tobias und Cao, Karl-Kien und Miskiw, Kim Kira und Hottenroth, Heidi und Naegler, Tobias (2021) Considering Life Cycle Greenhouse Gas Emissions in Power System
Expansion Planning for Europe and North Africa Using Multi-Objective Optimization. Energies, 14. Multidisciplinary Digital Publishing Institute (MDPI). doi: 10.3390/en14051301.

DLR



DLR.de * Chart17 > Electrochemical Energy Storage — A System’s Perspective> Cao > July 2021

Key findings
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... is for short-term load-balancing
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... IS one option among many for load-balancing

. ... poses challenges due to life-cycle based GHG emissions of PV-battery systems
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Thank you!

Dr. Karl-Kién Cao
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