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Global stationary energy storage forecast
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The energy transition is built on batteries
~400GW @ 1.2 TWh!
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Source: data published 2022 by BloombergNEF (majority of depicted energy storage systems are battery storage systems, no pumped hydro storage included)
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https://about.bnef.com/blog/global-energy-storage-market-to-grow-15-fold-by-2030/

Overview — Battery storage systems

Markets

Home Industrial Large-scale
storage storage storage Electric vehicles
(< 30 kWh) (30 — 1,000 kWh) (> 1,000 kWh)

4\ =

3 14.06.2023 | Jan Figgener m o s ‘ RWTH
Chair for Electrochemical Energy Conversion and Storage Systems Dives



The battery storage market in Germany by the end of 2022

Battery energy in MWh
m Home storage 000 y % 2,495 6,968
0 52% growth, 220,000 new systems ’ B Large-scale storage (above 1 MWh) -
0 650,000 systems in total 6.000 B Industrial storage (30 kWh to 1 MWh) 1,204
0 75% of new PV systems with storage | Home storage (up to 30 kWh) 269
0 2022 mean system: 9 kWh /5.5 kW _ 500
= 1,389
> [
m Industrial / commercial storage S 4,000
(@)
0 24% growth, 1,200 new systems % 996
: 3,000 —
o 4,000 systems in total > 5 495
0 2022 mean system: 70 kWh /35 kW 603
@ 2,000 .
540
m Large-scale storage ooy | 945
O 910% grOVVth, 47 new SyStemS | - Source: based on Figgener et al., “The development of battery
. storage systems in Germany: A market review (status 2023)”
0 150 systems in total 0
1 2022 mean system: 10 MWh / 9 MW Until 2017 2018 2019 2020 2021 2022 Sum
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https://www.researchgate.net/publication/369479477_The_development_of_battery_storage_systems_in_Germany_A_market_review_status_2023

Large-scale storage above 1 MWh in Germany

m First, large-scale storage was mainly

driven by ancillary services with a
strong focus on frequency
containment reserve

Now, hew use cases emerge
o0 RE integration

o Grid booster

o Industrial energy supply

o Multi-use

o Others

Battery energy in MWh

1,600 1~

Minimum installations
in the next 2-3 years

Large-scale battery energy in MWh

B Ancillary services v
. 1,414
1.400 - Grid booster +910%
Industrial energy supply
i i 467 1,204
1200 - W RE integration
B Multi-use .
1.000 - B Others .
800 - 46
922 ——
600 | s1
202 1N
w ! I
200 - . .
Source: based on Figgener et al., “The development of battery
storage systems in Germany: A market review (status 2023)”
o ===
Until 2017 2018 2019 2020 2021 2022 Sum Plan
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https://www.researchgate.net/publication/369479477_The_development_of_battery_storage_systems_in_Germany_A_market_review_status_2023

Electric vehicles account for the largest share in Germany

80 - .
m Compared to 39 GWh of pumped- Battery energy in GWh i -
hydro storage in Germany, stationary 70 | Electric vehicles
battery storage already offers Bl stationary storage
significant flexibility potential of 7 GWh 60 -
=
. . O 50 -
m But: Electric vehicles account for about £ .
90% of the 72 GWh battery energy (the 2 .| o — -
same ratio is true for the world) S
8 30 -
. . 0
m This flexibility needs to be unlocked 12
. 20 A
through vehicle-to-X technology and
regulation 1 | 4
2 ,,,,,,, |
3 =
(Lo |
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Source: based on Figgener et al., “The development of battery
storage systems in Germany: A market review (status 2023)”
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And the future is even bigger

m Under the assumption of a mean
battery energy of around 70 kWh per
EV, the 2030 fleet with 15 million EVs
will have 1 TWh of battery energy

m If only a small share is connected to
the grid, this already offers great
flexibility for the energy system

m Again: This flexibility needs to be
unlocked through vehicle-to-X
technology and regulation

2022 & EV 2030: Figgener et al., “The development of battery
storage systems in Germany: A market review (status 2023)”
BSS 2030: Wille-Haussmann et al. “Batteriespeicher an
ehemaligen Kraftwerksstandorten”
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https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Fraunhofer-ISE-Batteriespeicher-an-ehemaligen-Kraftwerkstandorten.pdf

Exclusive number on battery storage installations
In Germany until the end of May 2023

m In 2023, the battery storage market
shows good growth

m Home storage growth was
iIncentivized by the removal of VAT

m Find the latest numbers daily on

www.battery-charts.de

Energy in MWh

Power in MW

Preliminary analysis: Numbers will increase slightly due to delayed registrations.
Source: www.battery-charts.de according to Figgener et al., The development of battery storage systems in Germany: A market review (status 2023)
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Find more information on the market development in our report

m Methodology

o Evaluation and combination of all public databases
on stationary and mobile storage systems

0 Industry interviews
o Monitoring of subsidy programs

The development of battery storage systems in
Germany: A market review (status 2023)
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Abstract - The market for battery storage systems (BS5) has been
growing rapidly for years and will multiply in the foture. This fast
growth lead:s to a lack of information regarding current

With this ion of our previows works, we
contribute key figures for model parametrization and political
decision-making and depict the market development in Germany,
one of the leading storage markets worldwide. In empirical analyses,
we evaluate and combine all major public databases on mational
stationary and mobile storage as well as our databases from subsidy
programs and extend the insights by literature research amd
bilateral industry exchange. In comparizon to 2021, the market for
home storage systems (HSS) grew by 5294 in terms of battery energy
in 2022 and is by far the largest stationary storage market in
Germany. We estimate that about 220,000 HS5 (1.9 GWh/ 1.2 GW)
were installed solely in 2022. The emerging market for industrial
storage systems (IS5) grew by 2409 in 2022, with a total of 1,200 IS5
(0.08 GWh/ 0.04 GW) installed. The market for large-scale storage
systems (LSS) increased strongly by 910% with 47 LSS (0.47 GWh
/0,43 GW) commizsioned. The electric vehicle (EV) market zrew
with 693,000 new EV (27 GWh / 43 GW (DC) / 4.5 GW (AC)) by
34% in terms of battery energy. The number of EV per charging
point grew from 9 in 2017 to 23 in 2022. System BSS prices increased
significantly in 2022 and were estimated at 1,200 €kX'Wh for HS5.
LS5 prices ranged on average from 310 €LWh to 465 €LWh. In
comparison, if the 2022 BEV prices for the whale vehicle are simply
divided by their battery emergy, the mean specific BEV system
prices range from 300 €1LWh for medinm to 1,240 €Wh for oxury
cars. In total, we estimate that over 650,000 stationary BSS with a
battery energy of 7.0 GWh with an inverter power of 4.3 GW and
1,878,000 EV with a battery energy of 65 GWh and a DC charging
power of 91 GW (12 GW AC) were operated in Germany by the end
of 2022, The cumulative battery emergy of abomt T2 GWh is
therefore nearly twice the 38 GWh of nationally installed pumped
hydro storage demonstrating the enormous flexibility potential of
battery storage for the energy system.

Index Terms — battery storage, charging infrastructure, electric
vehicles, energy storage, market development, prices

This preprint was originally uploaded on arxiv
htps.:ddoi org/10.485 50 arXiv. 2203. 06762,
under the license CC-BT 4.0

1. INTRODUCTION
This paper is an update of our existing peer-reviewed works
[1-4] and extends large parts of the previous analyses.

In current forecasts on the development of the global battery
market, everyome agrees: it is going steeply upwards.

Nevertheless, the differ v from each other
and change over time, which is due to different funwe SCenanes,
hanging regulatory, litical circumstances, and a lack of

transparently zccessible Lnfmmzuun as a study on the European
storage market explicitly pomts out [5]. To understand the market
dynamics, we can have z look at the past: A 2017 study predicted
the cunmlative stationary battery world installations for the year
2030 to renge between around 100 GWh and 420 GWh
depending on the scenanc [6]. Another 2017 study estimated

Table 1. Abbreviations sorted alphaberically.

Abbreviation | Description
aFFR ix‘nmn‘n’ Mﬂ'm re.,.nmrmn reserve
ADdC
BEV
B35
cP L
[« Charging station (for electric vehicles)
B Ditabase
EFR Energy-to-power (ratio}
¥ Electric vehicle
CP Fast ef ing point (for electric vehicles)
FCR Freguency containmens reserve
FMTA {Garman) Federal Motor Tranzport Authorigy
FN4 (rarman) Federal Network Agency
H55 Home storage system
ISE4 f’f"’?‘hrﬂ &rPaqumr:ram\c. and Electrical Drives
155 o
LSS
PHEV P!gg—m ﬂl brid electric vehicle
Fid Fhotovoltaic
S0C
Is0
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