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The Fraunhofer-Gesellschaft
At a Glance

€2.8 billion
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Fraunhofer ISE
At a Glance

Directors:
Prof. Dr. Hans-Martin Henning
Prof. Dr. Andreas Bett

Staff: ca. 1250
Budget 2020: €104.8 million (preliminary)
Established: 1981

Photovoltaics

Energy Efficient Buildings

Solar Thermal Power Plants
and Industrial Processes

Hydrogen Technologies and
Electrical Energy Storage

Power Electronics, Grids
and Smart Systems
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Fraunhofer ISE
Scope of Our Work

Materials

New devices
Proof-of-principle
Simulation and modeling

Methods

6

© Fraunhofer ISE
FHG-SK: ISE-INTERNAL

m Equipment
m Process technology
m Transfer to industrial scale

m Proof-of-concept

> Implementation ‘
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System design
Monitoring
Demonstration

Testing and certification

Quality assurance
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Department Electrical Energy Storage
Overview - Research, Development and Services

Battery Cell Technology
materials, architecture,
production

- Development and characterization
of materials and battery cells

- Development of process
technologies

- Aqueous systems for stationary
energy storage

- Lithium ion battery cells

- Solid state battery cells

- Technical and economical analysis

- Life cycle analysis

Battery Engineering
from cells to systems

ﬂ Battery management

Modules v w v
N

Cells ‘

- Cell formation

- Cell and system characterization

- Ageing and performance scrutiny

- System design and engineering

- Thermal management

- Battery management

- Algorithms for state estimation
and life time prediction

- Optimized charging and operating
control strategies

System

Module

Applied Storage Systems
system design, integration
and quality assurance

TestLab Batteries
electrical, thermal,
mechanical testing

- Realization of lighthouse projects
- Business case development

- Consulting during complete life
cycle of storage projects

- System modelling, analysis and
optimized system design

- Simulation based storage sizing
- Energy management systems

- Technical due diligence: Site
inspection, testing and monitoring

- Ageing: calendric and cyclic

- Safety: components and systems
including functional safety

- Reliability: consideration of
operating conditions and system
behavior with aged components

- Performance: efficiency and
effectiveness

- End-of-line quality control for cell
production
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Stationary battery storage — Mission
Batteries Europe: Strategic Research Agenda - Extract

BATTERIES EUROPE

- EUROPEAN TECHNOLOGY
S AND INNOVATION PLATFORM

« Everything we can electrify will be electrified »

= =] &

A

TRANSPORT 3 16%

Contribution o
batteries

%A~ POWER

e
to global GHG
) ) reductions -4
/7 4
u o8
- A
il
% 4 Source: EU Publications Office; PEL Netherlards Environmental
o 0 % Assessment Agency, 2018: IEA, [RENA, UN Statistics Division, Workd Bank ==
o 4 Group, WHO, 2019; Wardd Economic Forum, Global Battery Alliance

’,

Source: E. Sheridan: Batteries Europe, European Technology and Innovation Platform — Overview of Strategic Research Agenda, Batteries Europe Webinar, 28t of October 2020.
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Stationary battery storage — Market developments
Prognosis for global cumulative deployments

GWh

3,000
Other

2,500 :
EV charging

2,000 B Commercial
Residential
1,500 ® Distribution

® Transmission

1,000 u . . = Energy shifting
m | |
500 o m Peaking capacity
== . I I " Ancillary services
0 - == e e B A II

2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Source: BloombergNEF, 2019.
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Stationary battery storage — Market size Germany
Revenue distribution energy storage industry* in Germany 2019 (in million €)

2 5.5 Mrd. EUR

Pumpspeicher
] Heimspeicher 1.900
] GrofR3batteriespeicher
] Industriespeicher
[ ] Warmespeicher**
M riG
B FE

Bl | adeinfrastruktur mit Speichern

Umsatzverteilung

2018 2019*

] GroRbatteriespeicher B Industrie- & Gewerbespeicher
* vorlaufig

* Umsatz von in Deutschland ansassigen Unternehmen im In- und Ausland;
Werte sind teilweise noch vorlaufig
** inkl. Kraftwerkswéarmespeicher und Warmepumpen Source: BVES Branchenanalyse 2020, 12.3.2020
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Stationary battery storage — Market segments

Provision of services to
three stakeholder groups

Source: F. Garrett, The Economics of Battery Energy
Storage, Rocky Mountain Institute, September 2015.
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Stationary battery storage — possible Revenues on Storage Applications
and most important Revenues for Commercial and Industrial Applications

~
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Restoration Reserve

Energy Cost Management
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Stationary battery storage — possible Revenues on Storage Applications
and most important Revenues for Commercial and Industrial Applications
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Source: EASE Energy Storage Applications Summary,
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Most important Revenues for Commercial and Industrial Applications
End-User Peak Shaving

End-User Peak Shaving

M Goal: Reduction of demand / grid charges 6 O
(Netzentgelte) (StromNEV §19) e e . ke
B 4 Options: .

Jahresleistungspreissystem

Perfor_mance !Dric_e: Shaving occasional peak 1 > 2500 h ? [ ormmmme | s
Ioads In 15 Mln. Intervals e E I»&rheitsprei's Leistungspreis | Arbeitspreis
HIZ Cent/kWh €/kWa Cent/kWh
Perform. Price Classification: Increase of full- e T T
load hours over 2500h |
Atypical grid usage: Reduction of power / \‘—L

consumption during high load hours

Energy-intensive Consumer: > 10 GWh/a
and min. 7000h full-load hours

N o wWwonmowomMmowWwoe Mo nomoMWoWmDWwonowon oW o
dagtTedestTndgatTado T ndaFndoFT0daFTod TN
= T R S S B S P = S e B R S-S - O B S S RPN VR
5228283288555 3553=20832223252522Z2a&RA888G

15 Sources:

- Netzentgelte durch batt. Speicher, EDF RE, R. Schuster, 2019 % Frau N hOfer

- Netzzugangsentgelte Strom, Preisblatt, bnNETZE GmbH, 2020 ISE
- Faktenpapier Atypische Netznutzung, DIHK, 2015.
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Most important Revenues for Commercial and Industrial Applications
Grid Upgrade / CAPEX Deferral

Crid
Upgrade Deferral

B Goal: Reduction / Deferral of capex intensive

. Installierte Leistung >4MW
Investments
20kv 400v 873 kWp N
B - Priif- und
® For example: () encuickungszentrum
. . 790 VA A ,Haidhaus”
Deferral of grid (MV Ring / Transformator) !
extension e.g. due to production extension, !
new machinery or e-mobility charging !
infrastructure ;
Often in combination with integration of swz i1 MWhspeicher [§] uae o .
renewable energies (see next slide) S R | | =
== ! I —
o |
l - i
[ I
16 Source: =

- Picture : Vermessungsamt Freiburg % Frau n hOfer
- Graph: Fraunhofer ISE ISE



Most important Revenues for Commercial and Industrial Applications
Maximize Self-Production / Self-Consumption
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B Goal: Maximize self-consumption in combination
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From PV Grid Parity to Battery Parity
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Sources:
- Picture : Vermessungsamt Freiburg
- GTAI (2019) The Energy Storage

Market in Germany
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Most important Revenues for Commercial and Industrial Applications
Continuity of Energy Supply / UPS

" Continuity of
Energy Supply

M  Goal: Secure continuity of supply by an UPS
(Uninterruptable Power Supply) Service

m E.G. for
IT infrastructure
Critical production processes

Work safety / fire prevention
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Recently submitted review paper on Energy Storage Systems Applications

@ Springer

CLURRENT
SUSTAINABLE/
REREWABLE
EMERGY

REPORTS

Current Sustainable/Renewable Energy Reports

Review of Stationary Energy Storage Systems
Applications, their Placement and Techno-Economic
Potential
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Success factors for battery storage product and project evaluation

- Component and
system level

- Functional safety

%r.
-~
o
<,
%
L

- Component and
Total cost of system level

ownership - Operating conditions

- Performance
- System efficiency

- System effectiveness

21 Source: Fraunhofer ISE, Germany
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Secure Quality Assurance in all Life Cycle Phases
for a successful energy storage project

Project Idea

Case analysis and

Recycling
evaluation

Dismantling / Planning & Design

Renaturation End of
Life (EOL)
De-Commissioning Engineering

. Operation

Re-Powering Procurement

Operation, Maintenance Constructi
& Monitoring onsiruction
Commiissioning
Source: Fraunhofer ISE, Germany
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Energy Storage Project Life Cycles
supporting quality assurance services at Fraunhofer ISE

Development

CONSULTING:

(Pre-)feasibility study
Project design
FMEA / FMECA

|

o

|

B Technology consulting
B Modelling / simulation
o

Environmental Stress and
Site assessment

B Techno-economic analysis
and assessments

Execution

CONSULTING:

B Independent & owners
engineering services

B Basic/detail engineering
design & review

B HSE & safety assessment

B Installation, workmanship
and reliability of EPC work

B Equipment benchmark,
selection and testing

} | Operation |

CONSULTING:

B Independent & owners
engineering services

B Project (re)commissioning
supervision & assessment

B Grid compliance testing

B Spare part and O&M
monitoring & optimization

B Quality monitoring

B Re-powering assessment

End of Life

CONSULTING: *

B Independent & owners
engineering services

B Project de-commissioning
supervision & assessment

B Renaturation supervision

m Lifecycle & TCO
verification

B Recycling

*+in Cooperation with
other Fraunhofer Institutes

* in Preparation with VDE Renewables

24
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Energy Storage Project Life Cycles
supporting quality assurance services at Fraunhofer ISE

Development Execution Operation End of Life
INDEPENDENT & CERTIFIED* INDEPENDENT & CERTIFIED* INDEPENDENT & CERTIFIED* INDEPENDENT & CERTIFIED*
B Design approval B Equipment certification B Project (re)commissioning B De-commissioning
. and acceptance testing
m Site approval m EPC work
B O&M quality / performance
B (Tech.) due diligence B (Tech.) due diligence g yip
* in Preparation with VDE Renewables
25
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Conclusions

Large-scale system integration of fluctuating renewable energies and (fast) charging stations for the
transport sector require decoupling of production and consumption

Due to continuously falling prices, new business cases are developing

Energy storage market is continuously (and fast) growing

Revenue stacking allow promising business cases

Choosing the right applications is the key for successful integration of storage

Considering the key factors (Safety, Reliability, Performance, Aging) secure a proper operation and a
successful investment

Appropriate and holistic quality assurance measures have to consider all these topics

27
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