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Established Renewables
« Solar Energy

« Wind Energy

* Inverter

» Tracker

Energy Storage+Efficiency
* Energy Storage

» E-Mobility

» Energy Efficiency

Innovative Technologies
» Bio Energy

Fuel Cells

Decontamination

Water Treatment

Recycling
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Energy Storage System Cover & E-Mobility Munich RE =
Warranty types

Product warranty Performance warranty

Repair/replace system
components of the
covered system in case
of failure

Repair/replace/extend
battery modules to
achieve warranted
performance

*this warranty is binary oriented, *this warranty can have various levels
meaning that components either work in terms of capacity (e.g. 70%/80%).
or fail (i.e. do not fulfill datasheet spec)
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Battery Performance
Energy Storage System (ESS) Performance Warranty Cover

Capacity over time (72 months)
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Warranty Schemes Munich RE

= Age: maximum number of warranted years

= Determination of failure: manufacturers sole discretion,

e.g. measurement procedure at authorized partner
= Remedies: battery repair/replacement to reach warranted level
= Exclusions: misuse, proper charging, accident, external influence, racing, etc.

» Restrictions: regular inspections (e.g. certification status)
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Challenges of Fast Innovation Cycles
Lithium-ion cell operating window
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SEI - Solid Electrolyte Interphase
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General Battery Degradation Aspects Munich RE =

Battery ageing

Cyclic ageing Calendric ageing
Dependent on: Dependent on:
= Cell chemistry / Additives / Geometry = Cell chemistry / Additives / Geometry
= Forming / SEI buildout / Binning = Duration at High State of Charge
= Depth of Discharge / C-Rates / Throughput = QOperating temperature distribution
= Homogeneity of cell quality / balancing / temp. = Reversibility of effects
= QOperating temperature distribution / excursions = Undesired side reactions

= Internal resistance stability / Cooling capacity
= Use case (Driving style + Charging behaviour)
= BMS controls / measures / tolerances
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Battery Failure Modes and Mechanisms Munich RE =
Unattended Operations over many years with minimum maintenance effort

« Temperature management fail / cooling capacity insufficient / inhomogeneities.
« Battery voltage or current control functions fail.

« Short-circuit in control or diagnostic cabling.

« Overcharge / deep-discharge / ground faults.

» Dirt accumulation without cleaning / minimum distance insufficient.

» Missing charge control during extended battery storage periods.

* Protection mechanisms not verified sufficiently.

» Loss of BMS function does not shut down subsystems into a safe state.

« Software updates not harmonized across subsystems.
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Quality Criteria

« Design and production certified on the basis of the
latest qualification standards

« Functional safety verified in design and installation
« Continuous monitoring and reporting

* Installation and maintenance according to manuals
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Contact & Disclaimer Munich RE

Further information and contact at: http://www.munichre.com/battery

© 2020 Munchener Rickversicherungs-Gesellschaft Aktiengesellschaft in Minchen
("Munich Re"). All rights reserved.

The content of this presentation (including, without limitation, text, pictures, graphics, as well as the arrangement thereof) is
protected under copyright law and other protective legislation. These materials or any portions thereof may be used solely for
personal and non-commercial purposes. Any other use requires Munich Re’s prior written approval.

Munich Re has used its discretion, best judgement and every reasonable effort in compiling the information and components
contained in this presentation. It may not be held liable, however, for the completeness, correctness, topicality and technical
accuracy of any information contained herein. Munich Re assumes no liability with regard to updating the information or other
content provided in this presentation or to adapting this to conform with future events or developments.

This presentation contains forward-looking statements that are based on current assumptions and forecasts of the
management of Munich Re. Known and unknown risks, uncertainties and other factors could lead to material differences
between the forward-looking statements given here and the actual development, in particular the results, financial situation
and performance of our Company. The Company assumes no liability to update these forward-looking statements or to
conform them to future events or developments.
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