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AGENDA

V' Introduction Team Battery Modules and Systems at
Fraunhofer Institute for Solar Energy Systems ISE

y' Lithium-lon-Batteries an overview
y" Chemistries and shapes

y' State of charge estimation

Yy Battery longevity

y' Battery system design
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Team Battery Modules and Systems
at Fraunhofer ISE

Testing of batteries (cells, modules, systems)

Lifetime and thermal optimization

Development of battery management systems (BMS)
Quality assurance for PV power plants with battery storage

Electrical, electrochemical and thermal modeling (SOC/SOH)

Optimization of operational management of battery systems
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Safety concepts
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Team Battery Modules and Systems
at Fraunhofer ISE
Battery testing and laboratory equipment
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Team Battery Modules and Systems
at Fraunhofer ISE
Cell Testing

max. current

cell example 2 Ah (18650)

_——
The JOSPEL project has received fundi ng%rﬁauhhefé'ur op
research and innovation programme under Grant Agreement n° 653851. ISE




Team Battery Modules and Systems
at Fraunhofer ISE
Battery testing and laboratory equipment

meter

6 . . . |
unhofer 1o - The JOSPEL project has received fundlng%rpraluhhbfé'urop

research and innovation programme under Grant Agreement n° 653851. ISE



Lithium-lon-Batteries an overview
Historical review

Yy 6. November 1780
Luigi Galvani
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[By The original uploader was Ohiostandard at English Wikipedia - Transferred from
en.wikipedia to Commons by Burpelson AFB using CommonsHelper., CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=11236033]
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Lithium-lon-Batteries an overview
Lithium ion (galvanic) cell

Yy Pro:
High energy density
No memory effect
Rechargeable
Long life expectancy
Low self-discharge
Yy Con:
Saftey

Sensible operating
conditions

i>3V S:Z
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discharge

[Axeon: Our Guide to Batteries. [ONLINE], URL:
http://mww.jmbatterysystems.com/JMBS/media/JMBS/Technology/Axeon-
Guide-to-Batteries-2nd-edition.pdf.]
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Lithium-lon-Batteries an overview
Properties

y" Voltage U [V]

Y Capacity C [Ah])
(== L) 1 R

Yy Current | [A]

Cathode voliage (V)
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[Don Tuite: Understanding The Factors In The Lithium-Battery Equation; Electronic Design; Jun 22, 2012 [ONLINE], URL:
http://electronicdesign.com/power/understanding-factors-lithium-battery-equation.]
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Chemistries and shapes
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[Li, J. a.0.: Life cycle tests and resistance characterization of Li-ion cells with Si-based composite anodes. AAB Conference
(26.-29. Januar 2015), Zentrum flir Sonnenenergie- und Wasserstoff-Forschung Baden-Wirttemberg, Mainz, 2015.]
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Chemistries and shapes

Lithium-nickel
cobalt-aluminum (NCA)

Specific energy

Lithium-nickel-
manganese-cobalt (NMC)

Specific energy

Cost Specific Cost

power

Specific Cost

power

Life span Safety Life span Safety Life span Safety
Performance Performance Performance
Lithium titanate Lithium-iron
(LTO) phosphate (LFP)
Specific energy Spedcific energy
Cost Specific Cost Specific
power power
Life span Safety Life span Safety
Performance Performance
Source: BCG research.

Note: The farther the colored shape extends along a given axis, the better the parformance along that dimension.

[Boston Consulting Group: https://www.bcg.com/documents/file36615.pdf 2010]
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+ve/ ve Terminals and Safety Vent

Metal Case

Chemistries and shapes
Shapes

Anode

Separator

y' Three different main shapes

+ve/-ve Terminals Cathode
+ve/-ve Ter:

Pressure Relief Vent

Metal Case

Anode
Aetallized Foil Pouch

Anode

Separator

Cathode
[Axeon: Our Guide to Batteries. [ONLINE], URL: http://www.jmbatterysystems.com/JMBS/media/JMBS/TeEﬁHb‘I’G’@y/Axeon-Guide-
to-Batteries-2nd-edition.pdf.]

Separator
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Chemistries and shapes
Methodical selection

Yy Benefit analysis
|dentification of important battery properties ( = decision criteria)

Database of 49 different battery cells (u.a. lifespan, energy density,

ma x i mum charge and discharge curre
Rating of the decision criteria

Weighting by the project partners
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Chemistries and shapes
Methodical selection
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