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Classification of stationary energy storage systems

Home storage system (HSS) Industry scale storage (ISS) Utility scale storage (USS)

< 30 kWh 30—-1000+ kWh >1 MWh

Source: sonnen.de Source: nec.com Source: tesla.com
Self-consumption increase EV-Charge Peak shaving Spot market trading Frequency regulation
Behind-the-meter (BTM) Front-of-the-meter (FTM)
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Cé& | Storage — The next big Thing?

Kumulierte Kapazitat in MWh
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Energle-Speicher-Systeme
In welchem Marktbereich sehen
Sie die starkste
Umsatzentwicklung?

Industriesysteme fiir
Wiérme/Kélte
8%

E-Mobilitat/
Ladeinfrastruktur
30%

GroRspeicher

Heimspeicher
13%

Industriesysteme fiir Strom
und Leistung
25%

Quelle: 3EC

J. Figgener et al- The development of battery storage systems in Germany — A market review (status 2022) - ArXiv

B. Tepe et al. Stationare Batteriespeicher in Deutschland: Aktuelle Entwicklungen und Trends in 2021 — Energiewirtschaftliche Tagesfragen (BVES)
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A Regulatory constraints?
A Technical feasibility?

A Applications of choice?
A Battery life?

A Field demonstration?
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C & | Electricity Storage Systems

Lars Stephan
Policy & Market Development Manager

Fluence

An International Comparison of C&l
Business Cases- How to Uncover the

Value of Storage!
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An International Insight of C&l Business Cases
How to Uncover the Value of Storage



Fluence Is a global leader in energy storage products and
services and digital offerings for renewables & storage

FLUENCE ENERGY STORAGE & OS

(%) 4,250+ (®) 150+

TOTAL MW
30 2) 40+
[ X+ L]
Markets CONTROLS APPLICATIONS

FLUENCE SERVICE®

25+

OPERATING PROJECTS

@ 2.900+ MW

ASSETS UNDER MANAGEMENT

FLUENCE 1Q DIGITAL PLATFORM?)

5,070 ® 50%

Total MW of Al -optimized STORAGE REVENUE UPLIFT
Bidding of Renewables and THROUGH AUTOMATED
Storage BIDDING @

90%

PERCENT OF PERFECT
FORESIGHT®

(1) Fluence analysis: performed with one year of prices at HAAS_7_B11 price node and NP -15 AS trading zone in CAISO

(2) The maximum amount of revenue that an asset can generate with perfect knowledge of future market prices in the next 48 hours;
statistic calculated for customers located in Australia's NEM

(3) Deployed and contracted as of December 31, 2021

(4) Assets under management or contracted as of December 31, 2021

all

Confidential. Do not Distribute. © Fluence Energy, LLC. All rights reserved. | 8



- Zero-Emission Backup
Power System for
Datacenter

Google
St. Ghislain, Belgium
2.75 MW /5.5 MWh

SERVICE

A Zero-Emission Back-Up Power
A Demand Response Program

A Grid Support

IMPACT

A Supporting GoogHlrea
Energy Goal

A Market Optimization by Centrica




Generation profile, Germany, March 20 th 2022

Flexibility from C&l z a missed
opportunity?

A C&l storage is not widely developed in
Europe, as business cases are typically
based on customer specific requirements

A As the market design does not provide price
signals on energy cost or grid congestion to
consumers (except 819 StromNEV), the
power consumption of C&I customers is . R — P
widely unutilised

13.92

2
3 18.84 14.97
4

A Today, we see instances in which the
German power system could run on
renewables alone, but we miss the flexibility
to do so

Weekday Schedule
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Source: European Commission Source: BundesnetzagenturSMARD.de; www. openei.org © Fluence Eneray LLC. All rights reserved. | 10




Auction > Day-Ahead > 60min > FR > 04 April 2002
Last update: 03 April 2022 (13:44:01 CET/CEST)

The value of storage In providing

flexibility to our power system
A French day-ahead auction for April 4 t R /P/\
cleared above 2,7008a / ::::: / \

and 9 am, with a total volume of around 28

1,000.00 / \

GWh transacted 500.00 . \
o—o——o0——o0—o0—9°— 9 —oO0—o0——o0——o-

Supply/Demand curve of an auction shows I EEE .

that 500 MW / 2h would have reduced Hours

clearing price substantially, providing Auction > Day-Ahead > 60min > FR > 04 April 2002

Last update: 03 April 2022 (13:58:17 CET/CEST)

millions in savings to French consumers ——

3,000.00

Storage has a clear path to lower costs to i 2000 [/]\
- - =
consumers in a power system with @ 100000 ]
increased levels of price volatility 000 —
-1,000.00 T T T T T T T T
14,250.0 14,500.0 14,750.0 15,000.0 15,250.0 15,500.0 15,750.0 16,000.0 16,250.0
,_.N
4,000.0 6,000.0 8,000.0 10,000.0 12,000.0 14,000.0 16,000.0 18,000.0  20,000.0
MWh
=== Demand Curve === Supply Curve

Source: European Commission © Fluence Energy LLC. All rights reserved. | 11
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LARS STEPHAN

POLICY AND MARKET DEVELOPMENT MANAGER
MOBILE: +49 152 28802296

E-MAIL: LARS.STEPHAN@QFLUENCEENERGY.COM

Thank You
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Succes$actoran C&l Storage

May 2022

FranzJosef Feilmeier, CEO




hardware + software from one source
closed system
only manufacturer's own solutions
dependency & status quo fixation



hardware ¢ firmware ¢ software (apps)
open -source
external applications ¢ full flexibility
Independence & continuous improvement
standard & mass -produced hardware g individualization with apps



Zeitvariable Netzdienliche E-Auto Multiladepunkt Virtuelles
Stromtarife Beladung Ladestation Management Kraftwerk

Notstrom- .5G-Ready” Schwellwert-
versorgung Wirmepumpe steuerung

Lastspitzen- Blockheiz- Verbrauchs- Eigenverbrauchs-
Schnittstellen kappung kraftwerk zahler ‘aptimierung

OpenEMS = Open Energy Management System

Vig"lqrgtcvkpli

u{uvgo"gh"gpgt



1) Multi-Use & Open Energy Management

® C&lsystemsxpandtheir EMSfunctionsoverthe time
@ dusteringto biggersystem
@ Loadmanagemenbf wallboxesheatpumps &others
@ Peakshavingfor consumption& feedin
@ Timeof-usetariffs
@ Gridor powerquality support
@ Limitedbankabilityif only possible bystoragesystemor EMSsupplier

OpenEMS

05/2022 FranzJosef Feilmeier Success Factors in C&l Storage
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2) Scalability& Modularity

@ Startwith optimal sizingin power &capacity

® C&lsystemgyrowoverthe time

@ Capacityincrease

@ Powerincrease

@ Applicationsettingincrease

Serialextensionwithin the battery string
Parallelconnectionof severalstrings

Clusteringof severalhomogeneousnverter-battery-units

Clusteringof severalheterogeneousnverter-battery-units

05/2022 FranzJosef Feilmeier Success Factors in C&l Storage
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3) EVBatteries fenecon

® Classic 2ndfe approach

Nach ihrem Einsatz in Elektroautos werden Lithium-lonen-Batterien @ BOSCH
fur stationdare Anwendungen wiederverwendet. Technik fars Leben

—_—m @ High material &vorkforcecosts

Der S di Be i
Batterien dient 2um Baisplel @ Lowsalesprice

der Stabilisierung der Netze.

Am Ende des Lebenszyklus
eines Elektroautos ist der

Akku weiter wertvoll.
n n

&) BOSCH

3. Wiederverwendung

Die Batteriemodule werden zu stationaren
Stromspeichern zusammengeschaltet.

.
*scnsssnnsns b e

il 2. Aufbereitung \

Die gebrauchten Batterie-
module werden getestet
und neu verdrahtet. &

Source: Bosch

05/2022 FranzJosef Feilmeier Success Factors in C&l Storage 20



fenecon

3) EVVBatteries

® Classic 2ndfe approach

Nach ihrem Einsatz in Elektroautos werden Lithium-lonen-Batterien @ BOSCH

fur stationare Anwendungen wiederverwendet. Tochnik fovs Leben E . H I g h m ate ri al &,VO rkfo rce COStS

4. Vermarktung
Der Strom aus diesen groBen . L I 1
1. Wiederverwertung Batterien dient zum Beispiel OW S a e Sp rl Ce
der Stabilisierung der Netze.
Am Ende des Lebenszyklus

oot e A8 - ® Fullkpackapproach

=N = .
O A " o sosc @ Decentralinverter concept
& @ I IRRRNNNNENT] 2896 cm

/ ' @ Solvechallenge®n softwareside

—— - v .

21
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fenecon

4) Rental Storage

@ Temporanpusinescasef C&lstorage
@ Avoidgrid extension& Peakshaving

@ Seasonagpeaksor applications

@ Events &onstructionsites

@ Purchasingneans

@ Budgeting & Funding

@ Capitalization& Depreciation
@ Service &Operations

@ Endof-Life & Recycling

05/2022 FranzJosef Feilmeier Success Factors in C&l Storage 22



4) Rental Storage fenecon
@ Rental Storage
@ Justpayamonthlyusefee
@ Includingall services
@ Perfectmatchwith 2ndlife
@ Understandothe yeard | tyfeRifecmof a storagesystem
80000 == s 100
60000 | = -~ \\
40000’ m.\ _ ’,—" 50
20000 e - e o ’,,"
o T'1 ~pEEE——
00:00 04:00 08:00 12:00 16:00 20:00 00:00
Summe Verbrauch Beladung Netz Entladung = = = Ladezustand
05/2022 FranzJosef Feilmeier Success Factors in C&l Storage 23
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Flexibility and large-scale storage solutions -
Industrial use cases and experiences

Bayernwerk Natur GmbH, Mathias Jakob
ees Munich - 10" May, 2022




Market Growth of battery storage systems in Germany

5 —
i Large scale 45
457 | . Commercial
s I Home storage

@ ISEA RWTH Aachen

L
N
|

[}
I

Battery capacity in GWh

-~
&n

D I

from 2017 2018 2019 2020 2021 Sum

Source: https://www.pv-magazine.de/2022/03/15/rekordjahr-im-speichermarkt-privathaushalte-tragen-2021-gesamtzubau-von-
rund-14-gigawattstunden/

Largest market share
and growth in field of
home storage systems
Commercial systems (30
kWh i 1 MWh) with
continuous market
growth

Year 2021: 900 systems
with 27 MW and

58 MWh installed

bayerrwerk



Battery applications in general and highlighted for industrial sites

‘TILNI

Peak shaving Atypical grid Intensive grid Abitrage- Portfolio- Self eMobility load
usage usage Trading optimization consumption management
N : . -
Grid-fee optimization AR Energy markets Z3 Low carbon technologies
Black start Congestion Reactive Short circuit Emergency UPS/power Micro grid
management power mgmt current power quality
% Grid services @ Security of supply

28 9 of 15 applications relevant for industrial sites bayerrwerk



Demand charges in grid fees are drivers for grid-fee optimization

v 170 07 Jahr 5/ € k1 2 FBERct/kWh

@ - 2010 65,11 0,51

>

<150 A 0.6 = 2011 62,45 0,49

< 05 ‘g 2012 71,02 0,55

- 130 1 = 2013 84.66 0,66

- 045 2014 92.04 0,6

To) 0 s

9 0.3 % 2015 92,7 0,5

> gp | - 2016 96,11 0,52

I 0.2 2

S o 2017 139,12 0,59

< 70 1 0.1 2018 129,92 0,41

é% o I . 2019 134,18 0,59
2010 2012 2014 2016 2018 2020 2020 144,97 0,47

Jahre Prices for medium voltage level grid customers of

BayernwerkNetzGmbH with power metering, more than
2.500 hours utilization per annum and yearly demand
charge

Rising prices due to expansion of distributed renewable energies K
and roll-out of electric vehicles bayerrwer



7000h

Project peak shaving by intensive grid usage Iin dairy industry

Intensive grid usage

2
\Y

Peak shaving

Overview battery-hybrid- Battery system scale- Genset bayerrwerk

system block



Voltage dip operation mode

High Speed Switch /

» o /
Battery pmm— Bypass
1 MWh PCS
(Virtual Generator)
2 MVA

S
Customer

UPS / power
quality

The customer can be decoupled
from the public grid by a high-
speed switch

When disconnecting,

the battery takes the load and
provides the demand to the
customer

After the voltage dip the battery
system resynchronizes to the
public grid

In case of maintenance or
failure a bypass is used

bayerrwerk



Micro grid operation mode

Battery C‘_“

1 MWh PCS

(Virtual Generator)

2 MVA

Bypass

@ 2 x 0.85 MW

Customer

0y

Micro grid

While longer down-times
the CHP units start-up

The CHPs synchronize
to the battery

The CHPs and the
battery build a local
micro grid

Power can be provided
as long as the gas supply
of the city lasts

When the grid is back
online the micro grid
resynchronizes

bayerrwerk



Clean voltage micro grid

Battery system power 2 MW and capacity 1 MWh UPS / power
lit

Line-interactive wiring for high efficiency R

Detection of faults by ultra fast switching from grid support to virtual generator mode D—Dgl

For longer take outs of the public grids battery builds local micro grid with two
850 kW CHP units Micro grid

. bayerrwerk



Outlook electric mobility and battery storage at commercial sites

34

Power grid capacity map for

Need for charging infrastructure at commercial sites for customers, loads in the Netherlands!

employees and fleets growth with uptake of electric mobility

|l n case of high demand charges prices
can be pressuring when installing large number of charging points

e.g. 20 charging points x 11 kW52. 2%
without active load management

In case the transformer capacity is not sufficient an expensive transformer
extension next to rising grid charges may be needed

In some European countries there is already an extensive congestion problem

B Structural congestion; new

at the power grid, where new requests are not honored requasts not honored

. : . . ) ) _ I Pre-announcement of
Commercial and industrial sites face capacity challenges by extending charging structural congestion
infrastructure, this will raise demand for decentralized storage systems Scarcity risk; adjusted

guotation regime in place

Note: Congestion map applies to three-phase connections at 3x80 Amperes

Sources: 1 Dutch Network Operators Association baye rnue rk



Bayernwerk Natur a full service solutions provider

Technology and supplier independent
Comprehensive solutions Hybrid systems
Design g Technical analysis

Finanancing and contract modells

Energymanagement

Disassembly

Single partner for the whole life cycle

35

Installation § Electrotechnical integration

bayerrwerk



Contact

Bayernwerk Natur GmbH

Carl-von-Linde Stral3e 38

85716 UnterschleilRheim

Fon: +49 /89 52 08 41 30

Mail: bayernwerk-natur@bayernwerk.de
Web: www.bayernwerk-natur.de

Mathias Jakob
Head of Sales B2B & Solution Development

Fon: +49 /941 201 70 67
Mail: mathias.jakob@bayernwerk.de

bayerrwerk
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Analysis of C & | Storage Systems
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Challenge 1: Increasing Energy Prices and Volatility

Strompreis Futures (EUR/MWHh) 250
220 + 400%

200
200

150

180

160 + 500%

100

50
5 - ]

Strom Gas

Euro/MWh

140

120

100

80 M Durchschnitt 2010-2021 = Aktuell

60
Okt. 21 Nov.21 Dez.21 Jan.22 Feb.22 Mrz.22 Apr.22

EEX Phelix Base 2023 EEX Phelix Base 2024 —— EEX Phelix Base 2025

N O

raLVRdzauNJ\SauNEYLJNJB Aas z EI'-FN #7\33 9\
FHGSK: ISENTERNAL {iNRBYZ DI dzy R | H {GAO wﬁl,o er Na& G«

DIHK, 2022 ISE



Challenge 2: Increasing ElectriBglquirementsn an HavilyLoaded
Industrial Distribution Grid

Increasing (power & energy) demarwhused by change (or extension) of
the commercial use case or energy carrier

Sector couplingncrease peak load demanaf the MV Ring in this
industrial distribution grid

Existing locatlectricalinfrastructure is not sufficienfor the new use
case

Cost and time intensive efforto extend the transformer capacity

Distribution Grid capacitys already heavily

loaded

Strategic goal to reduce ext. dependencies and,CO

FHGSK: ISENTERNAL

ISIN o)

Z Fraunhofer

ISE



The Solution: PY¢ Battery Green Energy Supply
Most Important Revenues for C&l ApplicatiengdewFhGISE

|
3 8 L d N . i !
Fraguency Containment Frequency Stability of Continuity of Transmission Grid Reactive Power
. e End-User Peak Shaving p i ) .
Reseryve Weak GCrids Energy Supply Uparade Deferral Compensation
b J A - LB J ) J o\
™ i 'S N\ - . - N\ I i 5
Automatic Frequency i Time-of-Use Limitation of ) )
i Black Start : Contingency Grid Support Cross Sectoral Storage
Restoration Reserve Energy Cost Management Upstream Disturbances
" . \ J - A/ \ J h A
il il ) V p r~ " -~ \
Manual Frequency . Particular Requirements Compensation Power Oscillation
Restoration Resery Voltage Support i - 3 e 9y Transmission Support )
s e in Power-Quality of the Reactive Power | Damping
b \ J - \_ y \ J
™ L N I B -
) _ imisi 2 i Grid
Replacement Reserve Mew Ancillary Services aximising Self-Production/ Angular Stability
| Consumption of Electricity | \ Upgrade Deferral -
\, S - = o e, -
] ) "\
Load Following ) Ancillary Services RES
Arbitrage
= = Support
A o
i k' k! ‘ i
Distribution Grid Dynamic Local Reactive Powar o ) _
) ) } Electricity Supply Capacity Capacity Firming
Upgrade Deferral Voltage Control Compensation |
L™ F A & L A
r W ) ) i N ) 1
Contingency Support to Conventional RES Curtailment
o Intentional Islanding Cross Sectoral Storage Ceneration Minimisation
Crid Support ! ,
L= -y " .
-~ B
Seasonal Arbitrage

Source: EASE Energy Storage Applications Summary, Brussel

FHGSK: ISENTERNAL June 2020 ﬁ Fraunhofer

ISE
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Project ANLEIBARnforderungen zutestungsbewertung gewerblicher und industrieller
(G&l)Bateriespeichersysteme

Efficiency guideline for home storage systems and preliminary standard/OBEQ

Partner: VDE Renewables 200enable comparative assessment and support investment decisions

D K E PN Transfer to C&l Storage

VDE DIN
(= BVES Differencesto consider

Energy Storage System

— oy
~ Fraunhofer
ISE

Applications more diverse than with home storage, mutie scenarios will be
standart

Installationconditionsdiffer widelyin industrialcontext

Duration: 01.09.202% 31.08.2023 Safety requirements to be assessed differently due to size and environmen

Much higherinvestandeconomic impact of system failure or mal function
significantly higher

(still) Projectspecific planning of storage system instead of standard produc

Fundedby BMWK
within the framework of the WIPANO funding
guideline

Integration into local SCADA / EMS required / production data sensitivity

Supported by:

| i, ~ Fraunhofer

ISE

\
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Project ANLEIBARnforderungen zutestungsbewertung gewerblicher und industrieller
(G&l)Bateriespeichersysteme

Efficiency guideline for home storage systems and preliminary standard/OBEQ

Partner: VDE Renewables 200enable comparative assessment and support investment decisions
DKE - ——— Tansferio G Srage —
VDE DN i L
(= BVES
= s
~ Fraunhofer Research on Stakehold
ISE alreadyexisting Worl?sr?o OSN(iatrh Simulation &
national and eEs Ingustr modellingof
international vestor Y technical
norms standards : ; parameters
Duration: 01.09.202& 31.08.2023 and publications Insurances

Fundedby BMWK identify key tech. parameter and meas. Instructions as
within the framework of the WIPANO funding results for
guideline < Int. Standard __> < VDESPEC >

Supported by:

o | Coviy ~ Fraunhofer

"
and Climate Action
ISE

\

» Ol



Project ANLEIBATResultdrom BVES Workshdpom 26.4.2022:
Most Important Revenues for Commercial and Industrial Applications

Main Revenuegprimary Appliations) of C&l Storage eigenuerbruuchsuptum|erun
Systems lastspitzenkappung
T ersatzstromfunktion
power quality 115 14
2836 213
| 222/
d

netzanschlussverg r:':'nﬁerung

Supporte: d by:
Source: Results ANLEIBAT Workshop, 26.04 2022, ONLINE, —
Federal Mini ; ;
5 * f:rdgc:?gnomcs‘:ﬁr\yf_fairs FHGSK: ISENTERNAL (mainly BVES & DKE Audience) ﬁ Fra u n hofer
te Act
ISE



Project ANLEIBATResultdrom BVES Workshdpom 26.4.2022:
Priorisationof Most Important Commercial and Industrial Applications

2 End-User PeakShaving

1 Maximising Self-Production /-
Consumption of Electricity

3 Continuity of Energy Supply

4 Time-of-Use EnergyCost
Management

29 Frequency Containment
Reserve

 Arbitrage eigenverbrauchso ptlmlerun lastspitzenkappung

5 omf
7 Compensation of reactive ersatzstromfunkt IJH

power power quality
6 Particular Requirements in 3
Power Quality E B 36 1
12 System Electricity Supply

22 Investment Deferral 2 2 7
Capacity 2 9

16 20
5 Limitation of Upstream -
Disturbances netzanschlussvergréBerung

1.

2.

3.

4.

S.

6. I
7.

8. [

o. NN

0. .

11213

—

—
.—\.

Supported by:
Source: Results ANLEIBAT Workshop, 26.04 2022, ONLINE,

Federal M
B | e e s FHGSK: ISENTERNAL (mainly BVES & DKE Audience) % Fraun hOfer

and Climate Action
ISE
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Project ANLEIBATResultdrom BVES Workshdpom 26.4.2022:
Most Important Secondary C&l Applications
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Project ANLEIBATResultdrom BVES Workshdpom 26.4.2022:

GroupApplicationdo ldentify Technical Key Parameters

Application
MaximisingSelfProduction fConsumption of Electricity

1
2 EndUser PealShaving

3 Continuity of Energy Supply

4 Timeof-Use Energy Cost Management

6 Particular Requirements in Power Quality
5 Limitation of Upstream Disturbances

7

Compensation of reactive power
29 FrequencyContainment Reserve

11 Arbitrage
22 InvestmenbDeferral

16 & 23 Reactive Power Compensation

29 FrequencyContainment Reserve

11 Arbitrage

28 VoltageSupport

31 Manual Frequency Restoration Reserve
8 Support to Conventional Generation

9 Storage Servicésr RES Support

Supported by:

Source: Results ANLEIBAT Workshop, 26.04 2022, ONLINE,
60 % Federal Ministry (mainly BVES & DKE Audience)

for Economic Affairs
and Climate Action

Leistungsanwendung P/E>1

Leistungsanwendung P/E>1

1 Maximising Self-Production /-Consumption oféilectricity

2 End-User Peak Shaving

3 Continuity of Energy Supply

2

4 Time-of-Use Energy Cost Management
23

5 Limitation of U%trecl Disturbances

6 Particular Requirements in Power Quality

7 Compﬁnsotion of reactive power

22 Investment Deferral

29 Frequency Containment Reserve
ﬂ
11 Arbitrage

28 Voltage Sugport

16 & 23 Reactive Power Compensation (UNB / VNB)
31 Manual Frequengy estoration Reserve

35 Black Start

13 RES Curtailment Mi imis%tion

22 Investment Deferrc:h

—— 21

\

~ Fraunhofer

ISE

Energieanwendung P/E<1

Energieanwendung P/E<1



Alternative Battery Technologies
Metal-lon (2 main Chemistries: Sodiwhon, Zinelon)

~15 a 100 2
i Intercalation chemistry simile §10 80 ¢
A Advantages: lithium-ion T o0 &
'%0.5 5mA cm’ 40 é
A High lowcost potential ($50/kWh) § | g
A Nonflammable and safe o T "R " I (L
. . Cycle number
A Nontoxic
A System modularity and flexibility Automation and reproducibility "
(QS)
A Disadvantages
A still limited cycle life Further increase Cycle stability
(~ 1000 cycles at 100% DOD)
A Capacity degradation at highrates
A Low energy density (48/h/L)
. . . . 2
A not (yet) suitable for mobile applications 2
» | i
and Research
[1] Zeng et al Towarda Reversible Mn4+/Mn2+ Red®eactiorand Dendritert C NB S % yNedmyb2SRIZqNbDYEZn/MNnO2 —
61 Batteriesvia Salt Anion Chemistrpdv. Energy Mate202Q 10, 1904163, doi:10.1002/aenm.201904163 7; Fraunhofer

[2] © Fraunhofer from WELTSPEICHERYInZIB Project, funded by BMBF ISE



Alternative Battery Technologies

— Promising new chemistries under

A Most common chemistries research e.g. Hydrogehased or
organic (lignin) RFB and more
Vanadium (1.3L..4 V)

A (e.g.FhGICT:SonarRedox
A Alklron (1.2 V)
A

Zincbromine (1.8 V)

A Advantages Reduction of stack costs by: — 2
. . ow Batteries
- increase of power density sorety
A High cycle life at deep discharging >400mW/cm? f
(Up to 20,000 CyCIGS) - Intcrekase Zut()tl.’natlon 0] Cycle Life - Cost
A Nonflammable and high electrolyte safety > PrOGHEHON O
A Cost competitive for long discharge durations (w§)
Specific Energy Energy Density
A D|Sadvantage5 hOIIStIC approach- USe Of m  Current flow batteries Future flow batteries [2]
electrolyte as heat

A Cost optimization still required, material still costly storage (KIT: BiFlow)

A Sensitive to extreme operating temperatures

A Still at a low energy density compared to lithitiom
62 [1] First Flow Energy Solutions % FraunhOfer

[2] Tyson, Bloch, Newcomb, adiledar Breakthrough Batteries: Powering the Era of Clean Electrific®iocky Mountain Institut2019d K& G LIYK K 66 6 DN & @ NBA Nk S & NB ISE (| K NI
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#1 Market Status, Policy and Politics

#2 Application Tasks and Profitability Trends

#3 Hardware and Storage Technology Trends
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# 1 Market growth, Policy and Politics
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I Industriespeicher (30 - 1.000 kWh)

I Heimspeicher (bis 30 kWh)
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=BVES

Energle-Speicher-Systeme
In welchem Marktbereich sehen
Sie die starkste
Umsatzentwicklung?

Industriesysteme fiir
Warme/Kalte
8%

E-Mobilitat/
Ladeinfrastruktur
30%

GroRspeicher

Heimspeicher
13%

Industriesysteme fiir Strom
und Leistung
25%

Quelle: 3EC

J. Figgener et al- The development of battery storage systems in Germany — A market review (status 2022) - ArXiv
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#2 Application Tasks and Profitability Trends
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#3 Hardware and Storage Technology Trends 5 TUT

Cost increase

600% Battery & Storage System System Coupling

Lithium carbonate price

400%
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%021 2022 Mar Cell Module Pack
CATL goes all in on next-gen sodium-ion operations AndSuppy Chain Hansgemert
EV batteries How the War in Ukraine Is
Chinese company looks to industrialize alternative to lithium-ion cells in 2023 Fu rther Disru pting Global
Supply Chains

by David Simchi-Levi and Pierre Haren
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