_ R \ iR "
hﬁ ?L!.! il 1 -
Windows of opportunity in the Lithium-ion
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Martin Beuse, Abhishek Malhotra, Huiting Zhang, Wenying Zhu, Mattia Mader, Kate Lonergan,

Sebastian Sewerin, Tobias S. Schmidt — Energy Politics Group (EPG), ETH Zurich

EPG | Energy Politics Group 1



Agenda

Motivation: Europe's industrial policy efforts to catch-up in lithium-ion batteries 3
Manufacturing plant and patent data: Evolution of the industry's knowledge base 6
How to design successful policies to facilitate catching-up 11

Outlook for Europe 13

EPG | Energy Politics Group | 2



Agenda

Motivation: Europe's industrial policy efforts to catch-up in lithium-ion batteries 3
Manufacturing plant and patent data: Evolution of the industry's knowledge base 6
How to design successful policies to facilitate catching-up 11

Outlook for Europe 13

EPG | Energy Politics Group | 3



Opportunities arising in growing market. Europe wants to
capitalize on this and reduce the current dependency on Asia

Li-ion battery capacity forecast by application (GWh p.a.) )
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EU share of global value chain (2017)
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Raw Cathode Anode Electroyte Cell & pack
material manufacturing

Europe’s industry strategy on batteries

European Battery Alliance
launched to build a competitive
battery ecosystem, covering the
entire value chain

Strategic Action Plan published

DE pledged 1bn EUR for cell
manufacturing consortia

FR pledged 700mn EUR for cell
manufacturing consortia

First consortium (PSA/ Opel,
Total/Saft) picked by FR & DE —
receives 1.2bn EUR

Sources: Pillot, C. (2018). The rechargeable battery market and main trends 2017-2025; European Commission, Handelsblatt.com; Row=Rest of World
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Windows of opportunity for catching up can arise from three
key sources

: EPG battery policy
Policy e database

Catching-up
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and patent databases

Sources: Lee, K., & Malerba, F. (2017). Catch-up cycles and changes in industrial leadership: Windows of opportunity and responses of firms and countries in the evolution of sectoral
systems. Research Policy, 46(2), 338-351.; Landini, F., Lee, K., & Malerba, F. (2017). A history-friendly model of the successive changes in industrial leadership and the catch-up by
latecomers. Research Policy, 46(2), 431-446.
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Combining manufacturing plants and patent data provides
insights into catching-up processes in Li-ion batteries

Overview of datasets
(shares by geography — # of patents and cell production capacity in GWh) ) Comments

I Korea M china I Row Europe [l USA Japan

1 1 9 11 29 49 69 104 216 e EU & US with

strong patenting
activity, esp. early
on, but mostly labs
and start-ups,
rarely
commercialized at
scale

0 Japan first to

commercialize and
with continued
strong patent

position. Korea
first to catch-up

100% 80k

80%
60k
60%
40k

40%

20k
20%

0% Chinais rapidly

1975 1980 1985 1990 1995 2000 2005 2010 2015 2001200320052007200920112013201520172019 o . .
Increasing patent

Global patent dataset with 77,397 Global plants dataset (cells, packs and output. anq
Li-ion patent families cathode materials) with >600 entries capacity since
early 2000s

Sources: ETH Zurich, EPG databases
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Patent network analysis helps identifying most relevant
knowledge and enables further analysis of individual patents

Search Path Link Count (SPLC) method Description

Sub-networks can be extracted
4 which represent x% of total network
3 5 weight, i.e. the “critical” knowledge
and knowledge flows

3 0 These patents are then manually
coded to characterize them in terms
of product / process innovation,
different technology components (e.g.
cathode, anode) and different
applications (e.g. consumer
electronics, electric vehicles)

“Critical path”
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Three phases with differing focus of inventive activity can be
observed

Recurring product and
process innovation
across phases

Cell (System)

S W75 S
Cathode \ N&%ﬁ%}#&x 5

NS
Anode 0/ o After 2003, new
Electrolyte opportunities in
Separator peripheral components,
Battery pack (System) such as pack integration

and development of
EMS systems

Management system
Thermal control

Casing 0 Also, new cell formats,
as well as improved
anode, cathode and

electrolytes

Integration (System)

EMS

Power Convertor

. Product O Process O Combined
Innovation Innovation Innovation

Sources: ETH Zurich, EPG
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XEV in focus for Phase 3 —the targeted improvements in
service characteristics change with application

Phase 1 Phase 2 Phase 3
[ 90 X 4 L J
1970 1980 1990 2000 2010
None e Phase 1 and 2 focus on
. // consumer electronics.
Consumer electronics .
The accompanying cost
o reductions enabled new
Electric vehicles - . .
Energy/density, cost applications
Hybrid electric vehicles l/ 0 In Phase 3 is clearly
dominated by xEV, but
Grid applications even within this space
P q v lifeti patents can focus on
Medical devices ower-aensity, Hiretime different service

characteristics

Power tools

e

. Product O Process O Combined
Innovation Innovation Innovation

Sources: ETH Zurich, EPG
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Our global battery policy database shows strong policy

efforts in supporting Li-ion development across the globe

Complexity of product design

1) Interactions with downstream
activities

2) Transfer of human capital

3) Stable home market

Battery cells —
interdependence makes
all six factors relevant

1) Interactions with upstream
activities

2) Transfer of capital goods and
integration knowledge

3) Increasing demand

>

Complexity of manufacturing process

We identified 6 relevant
factors for catching-up
from innovation literature

We developed a global
database (>400 entries)
of policies to analyze how
policy mixes differ
between countries

Indicative findings show
that successful countries’
(JP, KR, CN) policy mixes
address all the 6
success factors

Sources: Beuse, M., et al. (2018). A “technology-smart” battery policy strategy for Europe. Science, https://doi.org/10.1126/science.aau2516 .; Malhotra, A. et al. (2019). The role of inter-
sectoral learning in knowledge development and diffusion: Case studies on three clean energy technologies. https://doi.org/10.1016/j.techfore.2019.04.018
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Outlook for Europe

It is generally possible to catch-up, as exemplified by the cases of Korea and China.

Policy interventions have played a major role in coordinating innovative activities and
ensuring long-term perspective.

Analysis of the industry’s knowledge base (patents, manufacturing plants) and supporting
policies provides insights in how new markets were created and technological windows of
opportunity leveraged.

For Europe to catch-up in battery cell manufacturing, policy could attract foreign market
leaders and foster collaboration and knowledge sharing along the supply chain.

At the same time fundamental and applied research consortia could be established to identify
future windows of opportunity that would warrant an attempt to build-up European-owned
manufacturing at scale.

A significant home market is a necessary condition to ensure a conducive innovation
environment.

Future windows of opportunity will be most successful when they are far away from the
current knowledge and capability base of incumbents and effect both design and
manufacturing of new cells.
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