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Executive Summary
The Implementation Plaonf the Temporary Working Group (TWG) orAction 7 comesat a crucial moment for
European Industry. Itscopeis batteries for emobility and stationaryenergy storage applications. Batteries are a
key enabling technology for botbhf these applicatiors. Ik is imperativethat European industrymastess the
development, manufacturing, application and recycling of advanced batteries to become competitive in the global
battery sector Already today, nomerous aspects of European society are directly impactelaiyery technology
from education to eonomics, from knowledge to environment and from business to resource security.

Action 7 has been developeih the context ofthe overarching principles defined in the "Clean EnergyAtb

Europeans”package which included legisldive proposals and facilitating measures for acceleratofgthe

necessary energy transitioand in the Delivering on lowemission mobility Communicationwhich announces
legislative proposal for new CO2 limitsr cars and calls for thereation of a panEuropean and crossectoral

battery ecosystem in Europe

In this context, the proposals for Research and Innovati®&l) activitiedssued by the TWG Action 7 are of high
importance and can play a key role in Buropean strategy on batteries The work presented in this
Implementation Plan is proposed as an input to R&ldimension of the European Battery Allianeghich in turn

is a key political initiative by the Commission established in the context ofehewed impetus of industry
engagement in the energy transitiomA review of the R&I actions at nation&uropean and International levels
hasrevealedthat Europehas astrong R&lbase in some areas such asterials. However competition in this
sectoris high, leaving no room for complacenciherefore augmented R&l is needed to keep up with the pace of
battery development and uptake around the world&l activitiesneeded to become competitive in the battery
sector have been definedby the TWGapplying a challenge based holistic approach. The main questhaat
guided the development of the planese: What can we achieve togetlzMWhich challenges came not solve
alone?

The poposals have been developed by a grouperpert stakeholdergrom industry, research and th&ember

Sates (including the SEPlan countries)They represenstakeholders from all segments thfe battery value chain

¢ battery materials cell and pack manufacturing, applicatisacyclingand second useR&l ativities are proposed

for e-mobility and stationary energy storage applicationddigh impact and high visibility R&I activities form
Hagship activities which ardirectly or indirectlyrelevant to both applications e-mobility and stationaryenergy
storage The TWG has also identified a number of issues related to market/market access and
education/training/knowledge, which cannot be addressed by R&l alone but which nevertheless need to be
addressed in &uropean initiative on batteries in order to ntethe ambitioustargets agreed in 2016 by key
European players, including industeaders to becomeglobally competitiven the battery sector.

The R&l activities have defined objectives according to milestoriégse milestones cover the period 2010
2030andare structured around 3 focus areas:

1) Material/Chemistry/Design + Recycling

2) Manufacturing



3) Application and Integration
The TWG has identified five Flagship R&! initiatidegships serve as projects illustrating how coordind®&d, at
national and EU level, can contribute to achievement of gigeeedtargets and entail activities of interest and
visible to the public at large. Flagships are:

1 MATERIALS FLAGSHi8vanced materials for batteries

1 MANUFACTURING FLAGSHtB-efficient production

1 FASTCHARGE FLAGSHDRvelopment of batteries with fast
charging capability

1 SECONSE FLAGSHIgconduseof EV batteries

1 RECYCLING FLAGSHighyield recycling

More than 40expertshave participated in the TWG tdefinethe R&l
activities neededto be competitive on the global markeThe TWG
considers the activities described in theplementation Plaras the
minimum required for achieving the targets agreed 2016 The
identified R&l activities andFlagships of this Implementatio Plan
representkey elements of aetailed technology roadmap for tailorefdture investmentsin battery technologies
under theauspices of the Europedattery Alliance.
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1. CONTEX

Traditionally the European Uniokl) has beerthe economic blockavingthe most ambitious energy and climate
policy. This is illustrated in th&Clean Energy foAll Europeansbackagéwhichincludeslegislative proposaland
facilitating measure$or accelerating thenecessary energy transitionAt the same timéU climate and transport
policy setew CQ emissions targets for the EU fleet of new passenger cars andteatselerate the transition
to low and zero emission vehicfesn the drive to (i) accommodatemore and more electric vehiclegYs) in the
transport sectorand (ii) integrate ever growing volumes o¥ariablerenewablesin the energy sector, batteries
have been identified as a key technology to enable both these objectives. Accordiiatigriesare included as
one of 10 keylean energy technologgctionsof the Strategic Energy Technology Plan ($Hany, havingpotential
to acceleratean energy system transformation through coordinatetttivities between SE¥Plan countries,
industry,research stakeholders and the European Commiésion

In the context of the SEPlankey action on batteriesambitious targetsto become competitive in the global
battery sector were agreed between stakeholders and-Blam countries and are recorded in a Declaration of
Intent (Dolf. The targets are differentiated into performance, t@sd manufacturing targets for lithiusion
batteries and future technologiésﬁor use in automotive and stationary storage applicatiofise Dol also identifies

a number of norguantifiable targets (safety, reduction in the use of critical materialsuced environmental
impact etc.) which should also be considered. Following agreement on the targets, the relevant R&I activities
required to deliver these targets we discussed and agreed between European stakehobdgrerts and their
finding are reportedn the current Implementation Plan on batteries.

Following the publication afhe renewed Industrial Policy Strate7gy| September 2017a stakeholder meeting to

kickstart industryled initiatives for a full battery value chain in the EU and to helfintpe possible public

intervention was held on 11 October 20{meetingchaired by Commissiovice-President~S¥62 @A 6 Ay OKI N
the Energy Union This event led to the establishment ofEuropean Battery Alliancevhich wastasked with

preparing a comprehensive roadmap on the future of batteries in Europe, including aspects related to the supply

chain, inveainent financing and engineering, trade issues, research and innovation, and others.

The work presented in this Battery Implementation Plan is proposed as an input to the research and innovation
dimension of the European Battery Alliance.

! COM(2016) 860 final

2 CoM(2017) 675 final

3Towards an Integrated Stegic Energy Technology (SET) Plan: Accelerating the European Energy System Transformation, C(2015) 6317.
4 Recent Commission initiatives recognising batteries as a policy area deserving particular attention are sufmmexrised &nd |.

° https://setis.ec.europa.eu/system/files/integrated.../action7_declaration_of_intent_0.pdf

6 The current state of the art of battery technologies and materials is describefhinetée

7 COM(2017) 479 final



2. BATTERY TEMPORARNORKING GROLU
In March 2017 a Member Staf{®1S)and industryled Temporary Working Groy@WG)was formed The TWG was
assigned the tasko prepare anlmplementation Plan identifying the Research and Innovation (R&I) activities
needed to achievéhe batery targetsagreed in the Dafor 2020 and 2030. More than 40 act8reepresenting the
full batteryé/alue chain and consisting of representatives from industry, research antdav& supported thevork
of the TWG.

The R&l needs identified by the TB\experts are presented in the current documewhich formsthe SETPIlan
BatteryImplementationPlan. The R&I activitieproposed by theTWGcover both emobility andstationaryenergy
storagesectors.

An overview of the necessary R&I activities isviifed in Section 3, which is in particular focused on Flagship
activitiesdirectly or indirectlyrelevant to both applicationse-mobility and stationary energy storage applications
The activities have been defined applying a challdoased holistic approach. The TWG has also identified a
number of issues related to marletarket accessind educatiotraining/knowledge,which should complement
R&lactivitiesin a European initiative on batteries in order to meet the targétset in the Dol and to belgpally
competitive.Where relevantR&I aspects related to marketarket accessand education/training/knowledgeare
integrated in the R&I activities proposed in thigéRensure that actions addressing market and education/training
are fully integratednto the proposed European R&l esgstem.These and othenon-R&l enablers areutlinedin
Sectiord describing mssfunctional activities.

3. R&I ACTIVITIESANDBATTERY FLAGSHII

The R&I activities proposed as part of this battery IP are structuradhariree focus areas covering:

1) Material/Chemistry/Design + Recycling

2) Manufacturing

3) Application and Integration
The table below summarises ten R&I Activities proposed by the B&Eh R&I Activity is described in detail in
Annex A.Eight R&l ativities are integrated and will contribute to a total of five Flagship initiatives which are
described in the next sections.

R&I Activity Flagship
Focus Area 1: Materi&Chemistry/Desigri+ Recycling
1.1 Advanced Lithiudon batteries for emobility Partof Materials Fagshp

1.2 Influence of Fast/Hyper charging of Li ion batteries on materials and bg Fastcharge kagship
degradation

1.3 Advancement of batteries fatationary energy storage (ESS) Part of Materials Rgshp

1.4 Beyond Li ion /ibased batteries for-enobility Part of Materials Rgshp

1.5 Develop circular economy and-Hettleneck availability of critical raw materials| Recycling legship

1.6 Lithium recovery from European geothermal brines and sustainable benefic
processes for indigenous hard rock occurrences of lithium

Focus Area 2: lsinufacturing

2.1 Foster development of materials processing techniques and components fq
industrialization compatible with present mass production lines Manufacturing Fagship

2.2 Foster development of cell and battery manufacturing equipment

Focus Area 3Application andintegration

3.1 Hybridisation of battery systems for stationary energy storage) (ESS

3.2Second use and smart integration into the grid Seconeluse Flagship

8 SeeAnnexBfor a list of the TWG members
®The Approdcand process for drafting IP and some key findings from the preparation of IP are deAoribed ih & G
10 The Dol targets are listedAnnexD.



A. ELAGSHIP ACTIVITIES

The TWG has identified five Flagship R&l initiatives. The flagships sgmaexss illustratinghow coordinated
R&| at national and EU levedancontribute to achievement oftte Doltargets and entail activitiesf interest and
visible to the public at largeThe flagshipsre designed to facilitate the
exchange of knowledgeand transfer of experimental results and
technolodes across all the value chain segments including materials,
manufacturing, application, secoatse and ecycling As such,the
flagships comprisall the strategic elementsecessaryto establish a
complete battery value circle in Europe, including a domestic faogde
battery cell manufacturing base which is compliant with the principles of
the circular economy. More elaborate details (description, expected
deliverables, timeline, indicative financing contribution, etc.) on each of
the flagships are available in the relevant R&I fiche(s) in this document
These flagships willbe used to monitor the achievanent of KPls
compared to the targets sets in the Dol

Flagship on advancednaterials for batteries. The scope of this flagship includes the development of battery
materials and technologies for both automotive applications (advani®ilm-ion and post Lion) and for
stationary energy storage applications (including but not limited to alternative ion based systems (Na, Mg or Al),
redox flow batteries and high temperature batteries). Therent performance of Lion batteries can & at least
doubled. For this purposa specific focus is to be placed on high voltage®\5Liion and all solid Libn systems

with a differentiation made for energy orientated applications, such as passengeiBtavs)light electric vehicles

(e.g. bkes, motorcycles)buses, trains and power orientategbplications, such as heavy duty vehiclegritime,
(P)HEVs, etddigher performance needs the gradual introduction of new generation batteries (pésh)based

on the development of a series of nehadvancedmaterials.At this stage thg@romisingtechnologiesncludeNa

ion, LS and metal (LFe or Znpir however issues related tpoor cycle life, low powedensity, low efficiencies

and limited safety need to be addressed through research.

For gationary energy storagehere is a need for significantly more research, to optimize power applications, such
as for frequency regulation, with a particular focus on lifetime. For energy applications, including home stationary
systems, storageduration and cost should be improvedBoth the optimisation of Lion batteries and the
innovation and development of nehi ion battery technologies (including often-salt batteries, redoxflow
batteries, metalair, lithium-sulfur, new ionbased systemsypecificaly designed with high cycle life, long calendar
life, optimised safety and low cost acensidered

| MANUFACTURING FLAGSHIP|

Flagship on ecefficient production Theshort-term focusof this flagship initiativeés the integration of closdo-
market materids into _mass production linesintensive developments required in orderto obtain new
O2YLRySyia 6KAOK IINB O2YLI GA6fS gAGK G2RIF&@Qa LINRRdzOG A ;
process parameters will bavestigated Similarly, hactive maerialsneed improvementgor better manufacturing
Environmental friendl processes will be enabled such as wdiasedelectrode coating. Thisaspectwill support

the early scalingip ofbattery cell manufacturindactories in Europe.

In paralle] a lorger-term focus on the development afew equipment for present and future cell chemistries
should be progressivdt should enableproduct differentiation by addressing specific market trends: flexibility
through equipment modularity, higher environmentafandards, and cost reduction through better production
efficiency. Research and development for equipment compatible with future technologies suchsabdatitate
batteriesis also a focus. Thaspectwill support the mediurrterm scalingup of cell manufacturingfactories in
Europe.Ecoadesign will be considered to advance battery recycling and second use; better knowledge on the
design of batteries will improve their dismantling, repurposing and recycling.




| FAST-CHARGE FLAGSHIP)|

Flagship onthe dewelopment of batteries with fast charging capability. The availability of higippower fast
charging stations enables lomtistance emobility and will convince more customers to opt for an electric vehicle.
Fast chargindacilities (superchargers 120 kW) ar@ready installed by Tesla in a wide network. Moreover,
European industry members have partnered to creatéamge electric vehicle fagtharging station network in
Europe with ultrafast chargers of 350 kWLo optimize batteries fofast charging, the #ects of very high €ates

need to be studiedlimiting factors determinedand eventually a complete overhaul of battergll components
(anodes, cathodes, current collectors, electrolytes and separator) and design will be needed for performance and
safdy improvemens. Activities under this flagship will be coordinated with thaergy Systems SPTan working

group, which isaddressing the impact of fast charging on the grid.

Flagship on secondse of EV batteries.Facilitating a seand-use for batteries the performanceof which have
dropped below that requiredpplication has many advantag&eir total lifetime is increased which reduces the
levelsed cost of electricity of the batteryln additionits environmental irpact is improvedas its lifetime is
extendedbefore it is recycled. The main challenges for a sustainable méwk&seconduset batteries concern
provision ofa reasonable guarantee of thentinued performance of batteries when they are reused either fo
E\s or for StationaryEnergyStorage Systems. Thisay be achievedthrough knowledge recorded on the battery
during its first lifetime. More generallgn Intelligent Life Long Battery Management System is neeBedigning
batteries which are optimisednticipatingbattery seconduse would encourage a second lifetime for the battery.
Determination of the type of tests necessary to assess battery reliability, safety and performatheeead of its
first use will be an area for researdbifferent micromarketsfor secondusecould be developed depending on the
level of performance in the batteries and corresponding needs for different application tppemrket study on
batteriesas a servicean be included in this flagship.

| RECYCLING FLAGSHIP|

Flagshp on High Yield Recyclind Fion battery recycling is not ydtlly mature, despite the facthat recycling

projects for such batteries have been ongoing for several yéas$challenges include, but are not limited to: 1)

reversed logisticsincluding development of low cost packaging for safand more efficient recycling, 2)

development ofan improved reversed logistics business mo8eDismantling of industrial batteries, prior to

NEOe Ot Aya:x AdSd NBY2@GAy3d WS & &dedirdcyciNg apadity Snd lavelsd 3 Q 6 K A C
environmental footprint4) Robust scalingip of metallurgical or chemical processdadustrial and commercial

processes already exisi recover Cu, Ni and Co (Co as a critical raw material is already fully recolatéarther

improvements of current processes increase the process efficiency and lower the environmental footparet

still possibleb) Desigiing cells for ease of disassembly and recyclabilitye performance of recycling will benefit

from integration of this activity into the battery design and manufacturing processes.

B. OTHER IMPORTANT RMTIVITIES

Ecofriendly lithium recovery from European geothermal brines and more environmentally sustainable
beneficiation processes for indigenous hard tooccurrences of lithium

In addition to R&I activities under the Flagship initiativeentioned above, further R&lI

focused on the recovery of lithium for the anticipated high volumes of traction batteries is3 ®
needed.Nowadays, to extract lithium from brinesuppliers mainly use a conventional
process based on natural evaporation, which preseatswumber of disadvantages I

(important surface required for evaporation, significant evaporation time, solid waste, ... .
production, low lithium recovery yield of about B0%) and will certainly not be feasible £ zs4
in Europe due to the climatelther solutions are being developed such as exirart



lithium from brine or the utilization of membrane electimlysis. These direct extraction processa® more
environmentally friently (less solid waste, smaller footprint, best yield leading to less brine pumpingmand

result in a higher profitability.

Hard rock occurrences of lithium in Europanl f 82 O2y iNRARO0dziS (2 AyONBIFaiAy3a 9! Qa
geothermal Licontaining brines are relatively scarce and their Li concentration is not high). Efforts should be
concentrated on more environmentally sustainable beneficiation processes.

Hybridisation of battery systems for stationary energy storage (ESS)
Use of batteies for stationary energy storage facilitates the integration
increased volumes of renewable energy sources into Europe's en
system. Bearing this in mind, and acknowledging tHadtteries for grid
connected stationary applications haw®mewhat different requirements
than those for the automotive sector, specific R&l needs for development of
batteries and hybridised systems for stationary applications were identifie
by the TWGThese R&I needs are in line with the intermediate findings gh
the BATSTORWproject, with focugson stationaryrechargeable batteries

and whichoffersa tenyearroadmap onR&land accompanying actions

This ImplementationPlan alsocovershybridisation of battery system®if ESSinceno single technology is able to
serve all the higlenergy and higipower needs With increasing penetration of variable renewable electricity
there is a need for highly efficient short term storage, where batteries will be of main importandepng term
(weeksseasonal) storage where fuel and heat storage are requirsthrage technologies in the stationary
applications sector will be required to perform multiple or bundieshctions such as a combination of load
levelling, frequency redation, provision ofbackup powerand providing hydrogen as fuel and as feedstock for
chemical industriesThe use of dual systems for energy storage applications can be advantageous in reducing cost,
improving performance, capacity factors, and safetywlawst batteries can be used to store large quantities of
energy i.e. providing energy, while a high power in/output can be adgeovided by systems such asidm
batteries or supercapacitors or neglectrochemical systems (e.g. flywheels). In addijtiategration of a battery

with an electrolyserd.g.Wo I i (i 2nbkésiuSeNafXtibe electrochemical similarities of these systemsanthus
provide a hybrid double use systemits improved battery performanceprovides short term hour/day/night
storageand, when the battery capacity is full, produce hydrogen as storable fuel or feedstotkefahemical
industry.

The development ofadvanced materials will enable optimal hybridisation of systems, their design, energy
management, safety and demonstratioAlso Cell and Stack design as well as Battery Management Systems will
need to be adjusted to the needs of hybridisation

The relevant worko be performed in energy storage related R&I activitig be coordinated withthe Energy
System SEPlan worlng group

4. CROSS FUNCTIONAL ACTIVITIESION-R&I ENABLER

Europe cannot overcome all of the challenges it faces to become competitive in the global battery sector through
R&l alone. While coordinated R&l activities are certainly essential to achieveethnological advancements
necessary to bring competitive products to the market, #echnological challengeBowever also need to be
considered in a Europeastrategy toensure they do not hinder competitiveness. In this sectiom-technological
chalkenges are identified and mitigating strategies are proposé&tiese challenges are primarily related to market
access and educational/lknowledge aspects. When specific challenges requiring R&l on market and education
issues were identified, correspondifg:l activities have beeitegrated in the R&I activities proposed in this IP to
ensure that actions addressing market and education/training are fully integrated into the proposed European R&lI
eco-system.

1 http://www.batstorrproject.eu/


http://www.batstorm-project.eu/

A. MARKET ACCESS
To address the Dol targets on mdacturing and recycling volumes anket access issues were widely discussed by
the TWG Where appropriate intermediate recommendations of the BASTORM project were taken into account.
Keyoutcomes of the discussiorse as follows

i) Access to financeor upscaling production and large scale advanced battery production and deployment

European competitivenesis the battery sector hinges on the need for urgent
upscaling of cell production capacities based on the best currently available battery
technobgies. Current battery performance levek enable meeting present
requirements for emobility and stationanapplicationsHence currentechnologies
permit to step intothe market and get experience with mass productiamile the
research community and dustry work to further improve performances.

It is necessary toquickly proceed withthe first big plants using largely existing technologyThe following
resources could be mobilisefbr this purpose: EIB loans together with EFSI guarantees, commebziabyl
investmentsand regional aid by Member States. The lattesty also involve ERDF component, if investment takes
place in eligible regions. To succeed with mass produdtidhese large manufacturing plants is important for

EU industry player® agreeon alimited number of celstandardisedsizes. Similarly, theariety of cellchemistries
needed for addressingower (W)and energy (Wh) requirements should not be tadde. Standardisation will play
an important role here.

It is also important to join efforts to break through with manufacturing processes fomore advanced
technologes, based onthe ambitious targets set in theSETPlan batteries Do| possibly benefiting from flexible
State aid provisions applicable to Important Projects of ComiBoropean Interest (IPCEIg)t EUlevel, H2020
financing could be mobilised, together with other existing soppiools. Support through atPCEtould be made
conditional on improved recyclabilityeducedcarbon footprint of production and highgrerformance andsafety

of the products and the manufacturing procedsBilot platforms will help demonstrate the battery innovation at a
scale representative of the final application and to test it in a realamskthus advance the TRL level

In parallel, itis important to develop a strategy regarding intellectual property right issuesd to propose
support within the limits of EU Statsd rules, on how to hold process intellectual property

Product dfferentiation at system engineering level also needs suppoThis concerns, in particulaBattery
Management $stem (BMS)development (power electronics and software) to enhance system safety and/or cell
capacity utilisation, thus ensuring optimum performance and increased operational life of the cells in their
intended primary application. Evertlife EU industry is stronger at BMS level than at battery cell production level,
further R&lefforts are neededto keep pace with technological developmeimsthis field. Advanced BMS will also
improve the performane when the battery will be integrated if“use applications.

Appropriate incentives are also needetb support deployment Notably,for stationary applicationsit would
seem appropriate to encourage incentive schemes for investments in intermitterewable energy generation in
a way conducive for storage developmeather thanproceedng with separate support schemes for intermittent
renewables and for capacity adequadyor emobility, support measures can inclugeiblic procurement (CEV
directive)and lower car registration fees and annual taxXes low emission vehiclesn this respect, dvelopment
of business models for battery storage as a serstuauld be further pursueéhter aliawithin innovation projects
related to grid integration (alsprojects financed under Horizon 2020).

i) Establish an enabling regulatory framework for competitiveness in the batteries field

1 Harmonisation of safety requirementss an important driver to further boost battery markets through
increased customer acctgnce.Furthemore reatlife representative applicatiobbasedduty cycle standards,
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testing standards and performance certificatese to be developed and agreed upon. Currently there are no
standardized tests for state of charge and state of health egtona Work should be continued/intensified
in relevant standardization fora. Test facilities would have to be developed.

1 Inthe context of revision of the Batteries directive, it is important to aim at tightening recycling norms so that
maximum recovenof critical raw materialsis guaranteedfor exampletoday lithium recovery in particular is
hardly takes place as it is not economically attractive and is not necessary to ragatatory
requirementéz). Possibilities of enforcing declaration of environme impact of battery production for
battery producers and importers should be considered.

9 Harmonisationof the differentregulations concerning the transportation of dangerowgoodsto facilitate
second use of EV batteries.

1 Member States should coier removing barriers for storage expansio
within the contex of new rules resulting from the proposal for a new
Electricity Market Directive and Regulation take effect. Tlotbly concerns / :
removal of double grid feesvhich are badly affecting expansion of batter/
based stoage. In addition,advantages of storage should be taken intc
account in grid planningand possibilities for curtailment of renewable
electricity should be minimisedMember States should also be encouragecdxemptfrom taxation energy
losses from chargig/discharging batteries wherapplyingthe Energy TaxatiorDirective at national level.

1 Legislation on C@emission limitsshould be used as a tool to encouragenebility uptake by consumers.
Incentives to pomote sustainable mobility through improvedmassions standardand use of green yblic
procurementcan help emobility uptake. Enablers are needed at all levels (regional, national and European)
including thewidespread deployment of an alternative fuel infrastructurr charging (through national
policy frameworks).

1 Establishment of best practice for battery connection rulis providing different grid services would be
desirable Furthermore work should continue on interoperabilityissues at behindhe-meter level to
facilitate deployment ofbatteries in the residential sector (by continuing present smart gridated
standardisation work within CEN/CENELEC/ETSI).

1 Possibility of introducingCQ limits for "yellow machines"and other nonregulated sectors should be
carefully considered.

B. IMPROVED EDUCATION ANRQWLEDGE THROUGHAUE ENTIRE VALUE {DHA

The TWG stressed the need for improveducation and knowledge g\wucmon
throughout the entire value chain ihe EU is to succeed ithe oo

battery sector An ecosystem of cooperation betweeimdustry,

research and academia should be built covering the whole value
chain. A drong knowledge base is to be developemh all TRland !
MRL levels to facilitate training of researchers, prototypgRCEIRG
developers, demonstratrs and processes/productslesignersBelow R‘Zii'c‘ii‘né
there is a tentative list of measures needed to address the above
mentioned objective for a strong “Education, Research and

Innovation™ knowledge dse (urther details are provided in the

2itis enough to recover 50% of materials @bhibatteries in tersof weightand it can be done without recovering any lithium which is relatively
cheap and light.
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AnnexH). A holistic approach is proposed for (a) the update dfssknd training courses, (b) exchange of best
practices between professionals, disciplines and institutions, (c) cooperation between relevant stakeholders in the
market and (d) exchange of best practices on successful business models:

a) Training courses o batteriessuch adasic electrochemistry courses, applied courses for batteries, courses on
best practices in industry and laboratorjepurses on safety armburses on modelling efforts. Also courses on
business models dedicated to battery storage. Seheourses should be combined with research and training
activities in appropriate education and training environments, including online training. The education can be
provided for university students, students in a professional education, professiondiskilled workers in the
battery field. Some of concrete proposals include:

i. Design and implementation of master level programmes in the domain of energy storafee
modules can be taken as online courses MO®@sSPOC8and can lead to credits or micaegrees if
the student combines the online courses with projects and campus activities. The blended micro master
also becomes accessible to professional learners from industhiesn need to reskill orequiretraining
in energy storage technology and ajgptions. On the longer term, the combination of 3 or more micro
master modules and a project should lead to a new blended master programme in energy storage,
including the possibility to being offered as a remote programme supported by remote campuses.

ii. Professional online coursedncreasing renewable energy generation, growing electricity trade and
raising demands for stable energy supply from transmission and distribution networks require flexible
solutions and battery storage can provide this flexpilHowever, currently there is lack of knowledge
on the potential of energy storage, availability of battery storage solutions, their applications and
benefits for the grid. Additionally, there is a clear need for understanding of the economic viability
GKSANI AyaalrttriAazya FyR (GKS tS3aratlirAzy o06SKAYR ol
This course will bring together weddhown professionals and experts in the relevant fields, from both
industry and academia, to deliver higjuality professional training.

b) Guidelines on multidisciplinary approaches higher education and research programmes (particularly in
Master, Doctorate and Research Programmes) for renewable energy related programmes. These guidelines
should become a referar point for the upgrade of existing programmes or the generation of new ones. An
effective multidisciplinary approach should also include cooperation between faculties (e.g. chemistry,
mechanical engineering, industrial design etc.)

¢) Building an ecosystenof cooperation between academia and industifgr sharing knowledge and increasing
alAftfta 2F &addzRSyda FyR ¢2NISNAR f2y3a (GKS O02yOSLii 27
approach should consider realistic settings (e.g. labs) and aitiolisw of the batteries sector. Workshops
could facilitate interactions between academia and industry. Dissemination activities to a wider public (e.g.
citizens, professional categories such as firework, police,-sf&t SMEs etcshould also be cordéred.

d) Analysis of existing, and proposals for new, business and contracting models, considering organisational,
financial, legislative, social and technological barrierShis activity would contribute to optimising the
introduction of battery storage @plications in electrical transport and in static renewable electricity storage.
Gooperation with energy regulatorss also key.

13 Massive open online course
14 Small private online course
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5. MEMBER STATE SUPPORD R&I ACTIVITIE
Ten SEPlan Member States participating in the work of the Action 7 TWG weraestgd to provide an
indication of their intended support to the ten R&I Activities (through nationally funded research ' R, provision of
State Aid ' S' or through(ai/tri/n)lateral action (M)with other Member Statek Eight Member States replied and
their intended support and type of support for individual R&I activities is indicated in the Table below.

(biftrim)l
.. Action | Nationa| ateral
ACthlty planed |Researc| action | State Aid
Tot (YIN) (R) (M) () |AT|BE|DE ES FR]| IT [NO SH TR| UK
Overall support Y

Advanced Lithium-lon batteries for e-mobility 7 3 3 1 Y|Y|M|R|R|RI|Y
Influence of Fast/Hyper charging of Li ion 7 3 & 1
batteries on materials and battery degradation Y|Y|[M|R|R|[R]|Y
Advancement of batteries for stationary energy 7 3 3 1
storage (ESS) Y|Y|M|R|R|R|Y
Post Li ion for e- mobility 7 3 3 1 Y|Y|M|R|R|R|Y
Recycling of batteries (Li ion and Post Li ion) 7 3 3 1 Y|Y|[M|R|R|[R|Y
Lithium recovery from European geothermal 6 3 2 1
brines to supply the battery market Y|Y|M|R R|[Y

I Y Y I I
Foster development of cell and battery 6 3 1 2
manufacturing equipment Y|Y[S|S|R Y
Foster materials development for fast 7 3 2 2
industrialization compatible with present mass
production lines Y|Y|S|S|R|IR|Y

N Y Y Y Y I
Second use and smart integration into the Grid 6 3 2 1 Y|Y[S|R R[Y
Hybridisation of battery systems for stationary 5 3 1 1
energy storage (ESS) Y|Y|S]|R Y
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6. MEMBERSTATESUPPORTO NONR&I ACTIVITIE!

Similarly the table below illustrates an overview of FR&! activities identified by the TWG andetlsupport
indicated from MS related to (i) Market/Market Access and (ii) Educ&iknowledge value chain

(biftrifnjl
Actfvity action | National] ateral
planed |Research| action |5tate Aid
Tot ] (R ) (s) AT|BE|DE|ES|FR | IT [NO|SE | TR | UK
Overall support 1 Y
Market / Market Access
Non technological needs (Aid) 2 2 S S
Regulation and Standard 5 2 1 2 YIY| MR M
Education & knowledge value chain
Education & knowledge value chain 4 2 1 1 Y|IY|M R

At this point in time it is acknowledged that indication of support is indicative and does not represent a
commitment to finance any specific tagty. It is expected that such commitments from MS and industry will be
furnished in the followup to this Implementation Plan.

7. INDUSTRIAL SUPPORIO R&I ACTIVITIE
The table below illustrates the possible intentions and needs identified by somesadhtlustrial stakeholders at
this point in the definition of the activities. This is not a firm commitment, but is to be discussed and confirmed
depending on projects content and partners.

L B
E L
c L R U
S L | B S = =
Activity (¢} A T N C R
L B N H E A A A S
nb of \Y A Cc (6] E N U N M (0]
particip A S H P D E \% L | E L
ant Y F E S F L W T A T .
[ Materials, Chemistry, DesignandReeyeind [ [ [ [ [ [T ]
2 P/24/tbd
Advanced Lithium-lon batteries for e-mobility P P/tbd/tbd [P/tbd/tbd | P/36/1.15 | P/36/0.6 P/36/0.3| P/36/3 | P/tbd/tbd
Influence of Fast/Hyper charging of Li ion 6
batteries on r ials and battery P P/tbd/tbd [ P/tbd/tbd L/3Y/0.5| P/60/5 | P/tbd/tbd
Advancement of batteries for stationary 8
energy storage (ESS) P P/tbd/tbd | P/tbd/tbd | P/18/0.5 | P/tbd/tbd P/36/0.3 P/tbd/tbd P
Post Li ion for e- mobility 9 P P/tbd/tbd P/2.5/36 | P/tbd/tbd P/36/0.3| P/84/20 | P/tbd/tbd | P/24/tbd P
Recycling of batteries (Li ion and Post Li ion) 8 P P/tbd/tbd |  P/36/3 P/36/0.3| P/g84/2 | P/tbd/tbd | P/12/tbd P
Lithium recovery from European geothermal 2
brines to supply the battery market e B
Flagship MATERIALS 6 P(B,A1-2) P/Al1-6 | P/36/1.5 P P P
FlagshipFAST CHARGE 4 P(B,A1-2) P /Al1-2 P P
FlagshipRECYCLING tbd/tbd/tbd
Foster development of cell and battery 2
manufacturing equipment P/tbd/tbd | P/24/1.5
Foster materials development for fast 4
industrialization compatible with present maj P/12/tbd
production lines R P/tbd/thd P/24/2
FlagshipMANUFACTURING B(A4-5) thd
Second use and smart integration into the Gfid 6 P/tbd/tbd | P/36/0.2 P/36/1 | P/tbd/tbd P/60/10 P
Hybridisation of battery systems for stationa} 3
energy storage (ESS) P/tbd/thbd P/324/0.3 P
FlagshipSECOND USE 2 tbd P/36/0.2 B(A6) P

This table indicates the efforts requested by the industriaketelders to complement any type of actions they
have irhouse or at regional and national level. The way to read the figures is defined by the key below:
For the activities in which the stakeholder indicated intent to participate:

1 Therole: L = Leader & = Participant



1 ¢KS RdNIGA2Y F2NJI GKA& FOGA2Y O6Y2y(dK&O FyR GKS STF2N
For exampleP as participant / 18 (durationinmonth @1 0 G KS STFF2NI Ay ac0

When this concerns a Flagship, the rules are:
1 Taking part inthe Flagship is indicated by a P
1 If the industrial already have an activity from which we can build the Flagship, this is indicated by a B
1 Which activity from the list above is associated to the Flagship, B/fad Activity A1 and A2

For several actordt was not possible to complete this table due to time constraints. However they have indicated
to provide this information in the context of the EU Battery Alliance.

8. NEXT STEP
This IP and its associated R&l activities and flagship initiatives igatlaqgb of intense interactions and exchange
of knowledge between key European industrial players, MS representatives and research ditjied.opinions
on battery R&| needs from stakeholders across the complete battery value chain were consideteglvarttben
used to prepare the elaborated R&l activities described in this document.

Key elements of the agreed R&l priorities have been consensually selected and integrated to create a conceptual
circular structureof flagship initiatives. The ambitiontis translate this concept into a sustainable and competitive

EU battery value circle through which Europe will differentiate itself, not only through its performant and safe
products but also through the safe and sustainable processes preparing, remg@osl recycling these products.

Based on this joint visionoacrete pledges fronmEuropeanindustry and Member States anmgrgently required.
Europeneeds to step up to the challenge gkbal competiton is strong on batteryproduction and competitors
are heavily finaning targeted R&I programs in the field of battery technologwis IP is a blueprint for Europe's
battery R&I needs and can be considered and used, as a next stdpe hgwly formedEuropearBattery Alliance
for elaborating its R&trategic roadmap.

The Battery Alliancénitiative and ths battery Implementation Plan are mutually reinforcing, and provide the
battery sector with new opportunities and a powerful momentum. The Implementation Plan is in essence the
research and innation dimension of the Alliance; the identified research and innovation actions as well as the
proposed Flagshipsf this Implementation Plan represenhe key elements o technology roadmap for tailored
investments under the Battery Alliance. In itsruthe Alliance should provide detailed recommendationsand
commitment to the strategy to follow, i.e. which R&I priorities to focus amwithin which timeline,where to
cooperate at international level, and how to finance thetivities (industry, SET I&n countries, the European
Commission and/or the European Investment Bank). This goes in particular for the 5 Flagship activities proposed in
the Implementation Plan, as these are pivotal activities to achieving the targets of thiBI&E@actionin a
sustainable and competitivevay.

The R&I workstream ofBattery Allianceestablished in the context dhe Industrial Forunwill play a key rolein
"operationalisng’ the battery R&lactivities described in thifmplementation Planinter alia by promoting firm
joint commitmentsof Battery Alliancemembers to specificR&lactions. Srong involvement othe main SE-Plan
actorswill remain crucial for the successful implementat@md monitoring of the activities.
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ANNEXE:

ANNEX A Activity fiches

This section of the document describes the different fiches proposed bydtienX TWG. The TWG considers the
activities described in the Activity Fiches as the minimum required for achieving the targets agreed in the Dol.
When relevant, interfaces with other TWGs are identified in the fiches. @resk of activities has also &
realised with the TWG Action 4.

Activities developed by the stdroupAdvanced Materials, Chemistry,
Design and Recycling

OVERVIEW

Activity 11 Advanced Lithiurdon batteries for emobility

The specific focus is to be placed on the development gh hioltage 4.5V Lilon and all solid Hon with a
differentiation made for energy orientated applications, such as passenger cars, LEV, buses, trains and power
orientated applications, such as heavy duty vehiclasritime, (P)HEV&{c.

Activity 11 has been identified gzart of the Materials Ragshp.

Activity 1.2: Influence of Fast/Hyper charging of Li ion batteries on materials and battery degradation

The availability of higpower fast charging stations, enables ledigtance emobility and wil convince more and

more customers to opt for an electric vehicle. Fast charging pools (superchargers 120 kW) are already installed by
Tesla in a wide network. Moreover, large electric vehicle-¢asirging station networks in Europe, have partnered

to create new integrated alliances, and even partnerships have been made to install networks in Europe with ultra
fast chargers of 350 kW. To optimize batteries for hygearging, the effects of very highr@e charge, need to

be studied and eventually a conegpe overhaul of battery components (anodes, cathodes, current collectors,
electrolytes and separator) and design will be needed for performance and safety, improvement.

Activity1.2 has been identified asRastcharge Fagship.

Activity 1.3: Advancemat of batteries forstationary energy storage (ESS)

Following 2020 and 2030 energy objectives of the EU, renewable energy generation will contribute to a growing
share of the energy mix in Europe and will be central to the European energy supply. krallgeadmitted, that

RES successful deployment requires the integration of energy storage. There is a strong potential for the
development of battery storage solutions for a variety of power ranges and energy storage capacities (in
households as standalensystems or as utility grid connected assetdpwever,there remains a need for
significantly more research, in order to optimize power applications with a particular focus on lifetime, and to
improve storage times and cost for energy applicatidfar. sationary energy storage both the optimisation of Li

ion batteries and the innovation and development of nphi ion battery technologies specifically designed with
high cycle life, long calendar life, optimised safety and low cost are focused on.

Activity 1.3 has been identified gsart of the Materials Fagshp.
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Activity 1.4 Beyond Liion / Li based batteries for eobility

Current traction batteries are, to a large extent based on lithiom (Ltion) chemistry but their maximum energy
density willbe limited to approximately 350400 Wh/kg. Higher performance needs the gradual introduction of
new generation batteries (post Li lon) based on the development of a series of novel Advanced Matethats.

stage the technologies probably offering thest chances for success are-Na, Li S and metal (Li or Fe or Zajr

but depending on the system, performance issues generally include poor cycle life, low power, low efficiencies and
limited safety and they need to be addressed, through researchsahdions brought from TRL levels 4 to 7.

Activity 14 has been identified gzart of the Materials Ragshp.

Activity 1.5: Develop circular economy and deottleneck availability of critical raw materials

LHon battery recycling is not yet mature, déspthe fact recycling projects for such batteries have been ongoing
for several years. R&l Challenges include, but are not limited to: 1) reversed ldgidtiding development of low
cost packaging for safe reversed logistics and improved reversestitsgbusiness model Zyismantling of
industrial batteries, prior to recycling 3) Robust scaling of metallurgical or chemical prockshestrial and
commercial processes already exist recovering Cu, Ni and Co (Co as a critical raw material isfudlyeady
recovered) but improvements of current processes are still possibleedign of new cells for ease of disassembly
and recyclability.

Activity1.5 has been identified asRecycling Iegship.

Activity 1.6: Lithium recovery from European geothermhbtinesand sustainable beneficiation processes for
indigenous hard rock occurrences of lithium

Nowadays, to extract lithium from brines, suppliers mainly use a conventional process mostly based on natural
evaporation, which appears to be very long and prés major disadvantages (important surface required for
evaporation, significant evaporation time, solid waste production, low lithium recovery yield of abead%0 and

will certainly not be feasible in Europe due to the climate. But, other solutioesaing developed such as the
utilization of a solid material to extract lithium from brine or the utilization of membrane electrolysis. These new
processes of direegxtraction have, on one hand, the advantage to be environmentally friendlier (lessnssie,
smaller footprint, best yield leading less brine pumping) and, on the other hand, to result in a higher profitability.
Moreover, these processes are more versatile and much less dependent on evaporation than the conventional
process implying thaithium can be extracted from many types of lithium brines under various climatic conditions.
As many lithium resources are available in Europe (geothermal brines, oilfield brines), the use of these processes
allow to foresee a possible exploitation of Epean brines and could contribute to securing of lithium supply for

the battery market in Europe.

Crossfunctional activities andactivities Advanced Materials, Chemistry, Design and Recycling

In order to efficiently and consistently manage the activitiegarding the overall goal it has been identified 2
crossfunctional activities: Mrket and Education/Knowledge. Consistent indicators for technical progress,
technical performance, knowledge development and education criteria specifically related éatikidy Advanced
Materials, Chemistry, Design and Recydliiljbe developed and used as monitoring mechanism.

17



R&I Activity Fiché.1: Advancedithium-ion batteries for emobility
Activity Leader: Sulisroup Advanced Materials, Chemistry, Design a@Recycling

PRIORITM

Targets: high voltage 4:5V Lilon and all solid Llon Monitoring mechanism

All e-mobility segments: Proposd as part of theMaterials Flagship
- Energy oriented (E): passenger cars, LEV, buses, trains, - Aagships wilbe usedto monitor the
forklifts achievement oKPIs compared to the

- Power oriented (P): heavy dutynaritime, (P)HEV targets set in the Dol

Description:

One of the core priorities of the Energy Union strategy is to accelerate energy efficietiaiives and
decarbonisation of transport through Research and Innovation (R&l)}rimolility. Traction batteries are
considered a Key Enabling Technology in electric vehicle (EV) drive trains. Current traction batteries i
large extent, based onthiium-ion (Liion) chemistry which is expected to remain the technology of choice
many years come.

Current Liion batteries are not yet near their fundamental limits illustrated e.g. by their gravimetri
volumetric energy density, with current cédlvel stateof-the-art at 90235 Wh/kg & 206630 Wh/l and the
expected fundamental limits at 35000 Wh/kg & >750 Wh/I. Such drastic improvement of performance n
be achieved by, development of Advanced Materials covering cathode, anode, binders, sepe
electrolyte, current collectors and packaging materials to enable nedenlbatteries, with a particular focu:
on high voltage systems (465.0 V), or high capacity systems, or all solid configurations preferen
combined with higher voltage drigh specific capacity. Significant improvements in Advanced Materialt
required, in order to move beyond the staté the-art technologies currently used in commercial cells
electric vehicles. Such Advanced Materials could be based on, among,othecathodes composed of hig
capacity nickefich or Lirich NMC compounds, high voltage spinels or phosphates, 2) anodes bas
graphitesilicon composites or silicon alloys or lithium alloy or even lithium metal, 3) new oxidation res
electrolytes, which may include new polymer or ceramic / glassy materials, 4) ceramic coated membra
the separator, or interface layers at the cathode/electrolyte or anode/electrolyte interfa&sadditives or
materials modifications to improve safetg) electrode and cell design methods that maximise the aci
material content (energy density) in the cell without compromising power deyesitgt 7) Zerestrain materials
or other materials enabling high-Rates (>6) for high power applications.

In the altsolid configuration, high ionic conductivity over a broad temperature range (especially fo
temperature operation) is imperative, particularly for the key componesblid electrolyte which can bt
polymeric or inorganic by nature. Strategies and peares for cost competitive manufacturing of solid ste
batteries suitable for EV must be developed.

All developed Advanced Materials should be investigated for phenomena and problems at the interfe
the components of the battery cell, which are eft not well understood; tailoring of the morphology and/
composition of such interfaces should be also considered. Special consideration should be given tc
issues (such as thermal runaway). Knowledge on the ageing processes to understand cycerztat life
prospects, battery degradation and staté-health, should also be given attention. Production aspects sh¢
be considered during the prototyping phase, and should be reflected in the choice of materials. Last, |
least, elements of otular economy (access to raw materials and recycling) should be incorporated int
development of the Advanced Materials.

All developed Advanced Materials should be demonstrated in a representative and optimised large cell
(10 Ah or more in thdrame of the project).Output targets should be demonstrated at cell level in
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Consortium comprehending a European Battery Manufacturer and OEM -year4esearch and innovatio
program. Potential for upscaling and recyclability must be addressed idethelopment.

TRLResearch and Innovation Actionstigities should start at TRL 3 and achieve TRL 7 at the end of the
project (to be reevaluated over time).

Total budget required1on ae (2 ¢w[ T3 FRRAGAZ2YIft& wHnae G2

Indicative budget (MEuro) to
reach

TRL to be reached by

Activity #

TRL7 TRLO TRL7 TRLYO

Advanced Eion 5V track 2023 2025
1 batteries for e 100 20

mobility” ™ Solid state track 2028 2030

*Energy density: 350 Wh/kg
**20 MEuro is for advanced materials scalp while Manufacturing SuBroup should also evaluate needs for battery
integration phase.

Expected deliverables Timeline

Dol states: See above
1. For (E) at cell level:

by 2020: 350 Wh/kg, 750 Wh/I

by 2030: > or = 400 Wh/kg, > 750 Wh/I
2000 cycles at 80% DoD
fF o Mnan exkl?K

2. For (P) at cell level:

by 2020: 700 W/kg, 1500 W/l

by 2030: > 700 W/kg, >1500 W/I

f M ex1500Keycles

More deliverables can furthe be added for instance
characteristic of performance at low temperature (valu
to be determined)

Parties / Partners Implementation financing Indicative financing
(countries / stakeholders / EU) / funding instruments contribution
LYRdzAGNEX we¢hQaz ! OF RS

A typical consortium might be composed of EU MS y G2 wmn YAff
(nonrexhaustive list): project. About 8 Projects
- advanced materials EU producers may be expected lead by
- EU battery producer Industrial Companies
-EUOEMTierland2 . focussing for a) High

-9 w¢hQa YR | YAOSNAA voltage systems:
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development of generation
3b (fig.1 below)

b) alksolid-state Li
batteries: development of
generation 4 (fig.1 below)

Expected deliverables and impact :

¢ KS Yt IMaoiity i BriNdateries are based on the ones launched in the Dol: Key ActidoBilty from
the European Commission: as an example by 2020 reach at cell level 350 Wh/kg and 750 Wh/I reali
minimum 10 Ah cell configuration.

Theimpact upon achieving these KPI's would be a doubling of the EV driving range at equal cost for tr
OStftkLI O1 6SAIKG 2NI I pm>r OStf kLI Ol 6SAIKG KI
of the required materials and cell desigmsuld open strong manufacturing capabilities in Europe:

At present, optimised LIB cells of generatloand-2a represent the core technology for xEVs and for ES. (
the lead time from R&D on battery materials to their actual incorporation in large gcaduction of cells, thes
generationsg and incremental improvements to theguare expected to remain the chemistry of choice for
least the next 10 years. Because manufacturing capacity-bpilidr these chemistries is already ongoing in £
¢ particularly in Ching; it does not seem effective to spend significant efforts to establish a mass prodi
chain in Europe on cell chemistries up to and including generatiam Efforts for establishing manufacturir
capacity in Europe should hence ity target LIB cells of generatigth and beyond and should moreov
focus on the operations in the production chain which are critical to quality of thereddct, as they represer
areas where IP may confer competitive advantage. Furthermore, adyestgained in these productic
processes may be transferable to other emplications and thereby offer increased markeREF JREU
Competitiveness in Advanced -ldn Batteries for EMobility and Stationary Storage Applications;

Opportunities and Actbns¢ Steen, M., Lebedeva, N., Di Persio, F., BRwaatt, L. 2017

Generation 5 *  LifO: (Iithium-air)
Generation4  «  All-solid-state with lithium anode > 2025 ?
* Conversion materials (primarily lithium-sulphur)
Generation3b  « Cathode: HE-NCM, HVS (high-voltage spinel) ~2025
e  Anode: silicon/carbon
Generation3a  «  Cathode: NCM622 to NCMS11
o Anode:catbon (graphite) + silicon component (s-10%) | 2020
Generation2b  «  Cathode: NCM523 to NCM622 ]
* Anode: carbon
Generation2a « Cathode:NCM111
*  Anode: 100% carbon [ current
Generationl  « Cathode: LFP, NCA
*  Anode: 100% carbon
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Activity 1 focusses on generation 3b and 4 developments. (REFELRCompetitiveness in Advanceditn
Batteries for EMobility and Stationary Storage ApplicationsOpportunities and Adbns¢ Steen, M.,
Lebedeva, N., Di Persio, F., B&nett, L. 2017

Ongoing R&l Activities (Flagship activities or not): relevant to this new activity proposal
-sofaronlyonelargeo@2 Ay 3 LINRB2SOG NBtFGSR Il wnun aCA@S=+. ¢
The vision of this FiveVB projecta (12 LJdza K 9 dzNRB LISy Qa [AGKAdzY oF
leading role in the development and manufacturing of Lithium lon cells and materials to provide co:
performance competitive Lithium lon cells and batteries to European andENwopean Automotive Industry.
Partners: AVL List GmbH (AVL), Austria, 3M Germany GmbH (3M), Germany, Arkema France (ARF
Robert Bosch Gmbh (RB), Germany, UMICORE NV (UMI), Belgium, Kompetenzz &asuwrtuelle Fahrzeu
ForschungsgesellschafGmbH (ViF), Austria, Vrije Universiteit Brussels (VUB), Belgium, Zentrur
Sonnenenergie und WasserstoffForschung BadeWdurttemberg (ZSW), Germany, BMW Group (BM'
Germany, European CommissiqrDG JRC (JRC), The NetherlaRdsm 201505-01 to 201804-30, ongoing
project, Total cost: EUR 5 927 428EA3 contribution: EUR 5 673 272,50

- MONBASAfabrication of high voltage aflolid state l-ion batteries based on physical vapour depositi

processing methods used in mass production for microeleatsoand advanced glass industry.

From 201706-01 to 201805-31, ongoing project, Total cost: EUR 1 264 025, EU contribution: EUR 996 46!
- eCAIMAN:Electrolyte, Cathode and Anode Improvements for Mankear Nextgeneration Lithium lon
Batteries, Fron201505-01to 201804-30, ongoing project, Total cost: EUR 6 126 698,75, EU contribution:
EUR 5 807 244,50

- SUPER.ion: Surface Promoted Enhanced Transport ofohs, Fron2017-04-01to 201811-30, ongoing

project, Total cost: EUR 14D0, EU contributin: EUR 14800

- HSGLASSiIonHighly stable glasses applied for lithium ion battery electrolytes, R0h%08-01to 2017-07-

31, ongoing project, Total cost: EUR BD®, EU contribution: EUR 172 800

- IMAGE:The vision of IMAGE proposal is to contribtbesustainably develop the European ngsneration
rechargeable lithium battery cell integration as well as manufacturing competence and capability by cre

competitive and powerful producticriented research and development framework within Ewgop

From 201710-01 to 202109-30, ongoing project, Total cost: EUR5.000.000, EU contribution: EUR +/

5.000.000

- Increase energy densitymprovement of the energy density of batteries by R&D activities (BOSCH, Gernr

- Reduce the cost of batteeis: Improvement of the cost situation of batteries in order to reduce the Total (

of Ownership (TCO) of Battery Electric Vehicles (BOSCH, Germany).

- SoLiK.Li high conductivity ceramics for all solid state batteriessdlid-state lithium ion batteres based on

sputtered LLZO thin films (Salzburg University, Austria, EERA).2014 to 2017. Budget: EUR 701000.

- DianaBatt:Diagnostik zu Alterung, Sicherheit und Wiederverwertbarkeit veorién-Batterien.Represent the

electrochemical processes th#ake place to make improvements to the electrolyte and/or the material

combination (Technical University of Vienna, Austria, EERA). From 2016 to 2019. Budget: EUR: 227000.

- HighEnd2:Development of materials and processes for hggtergy Lithium ion éttery cells including new

cathodes, solid state electrolyte materials as well as Silicon (RWTH Aachen, Germany, ISEA).

From 01.10.2016 to 31.08.2020. Budget: EUR 8200000.

- Anodenalterung: Analysis of anode (graphite) aging depending on SOC and cycke t@ngprove aging
prediction and lifetime (RWTH Aachen, Germany, ISEA).

From 01.09.2013 to 31.08.2017. Budget: EUR 250000.

-SIBEC5 S@St 2LI)YSyid 2F O0AYRSNBRZ StSOGNRtedaSa |yR (
materials in Lion (including highvoltage Lion) batteries (IFE, Norway, EERA).

From 01.04.2016 to 01.04.2019. Budget: NOK 15 200 000.

- Siproco FobelibaUnderstanding and development of characterisation methods @faBbmaterials for Lion
batteries (e.qg. irsitu/in-operandostructural and chemical characterisation) (IFE, Norway, EERA).

From 02.01.2016 to 01.01.2018. Budget: NOK 10 900 000.

-MoZEESMobility Zero Emission Energy Systems; Norwegian Research Center on Zero Emission Energ)
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with focus on batteryand hydogen technology for transport applications (IFE, Norway, FME).

From 01.01.2016 to 01.01.2026. Budget: NOK 120 000 000.

-SafelLiLifeSafety aspects on-lan batteries. Life and Safety foribih batteries in Maritime conditions. An are
associated to the stomotive targets. Maritime battery systems have much in common with heavy road vet
From 01.08.2013 to 01.01.2017. Budget: EUR 2047632.

-SICANODAEH:i ion batteries. The project aims to establish Elkem as a vendor of silicon for the battery inc
Focus on overcoming Li trapping mechanisms related to excessive surface electrolyte interface (SEI) fo
The SiCAnode project aims to reduce these mechanisms to a level where a full cell, not just half cell,
cycled for >2000 cycles.

From 01.012016 to 01.01.2019. Budget: NOK 6 000 000.

-OXIPATHDevelop novel cathode materials and routes to prepare close to commercial electrodes for fi
battery demonstrators.

From 01.01.2017 to 01.01.2020. Budget: EUR 1175109.

-Next generation of lithium on batteries: Dynatec has a patent protected production method for silic
nanoparticles with very interesting properties. Together with IFE they will produce powders with diff
surface area, morphology, surface charge and size distribution. Borrede&rdas a unique competence
biopolymers that can be adapted to the different silicon surfaces used (IFE, Norway, NFR).

From 2015 to 2017. Budget: NOK 6 800 000.

-Metal hydrides for Liion battery anodes IFE, Norway, NFR

From 2015 to 2018. Budget: NOKO0O0 000.

-Product optimization of LFP/graphene composite cathoder@phene Batteries, Norway, NFR

From 01.03.2015. Budget: EUR 600000.

-Silicon product control for better Lion batteries (FE, Norway, NFR

From 2016 to 2018. Budget: NOK 10 900 000.

--Industrial scale silicorcarbon composites adapted to battery grade anode materigl{em, Norway, NBR
From 2016 to 2018. Budget: NOK 600000.

-Cenate:Centrifuge Nano Technology: Silicon Anodes faorLBatteries (Cenate AS, Norway, NFR).

From 2016 ® 2017. Budget: NOK 9 500 000.

-FELIZIAresearch on materials (sulfidic and oxidic solid state electrolytes) and cell concepts-$alid8tate
Batteries to increase energy density (BMW, Germany).

From 01.01.2016 to 01.12. 2018. Budget: EUR 12 600 000.

-Effiform: Liion: Process technologies to optimize formation process (BMW, Germany).

From 01.01.2016 to 01.12.2018. Budget: EUR 5000000.

-Produkt: Optimization of Sanodes and development of structured current collectors (BMW, Germany).
From 01.01.20160 01.12.2018. Budget: EUR 4800000.

- PT 20152017 AdP ENENISEDefinition of test proceduresageing second life, safety). Rechargeable batteries;

predicting their degradation and failure whilst improving their durability and reliabiktpgm October2015 to

September 2018, ogoing project, total cost: not disclosed (meaning that this is apwiect of the main project

G9ySNHBHe {i(i2N)r3IS {eadsSvya F2NJ 0KS 9f SOGNRO {eaidSyésx GKS

Development, Ital. (ENEA)

- PT 201582017 AdP RSIMISENew testing procedures specifically devoted to quantify performances and lifecycle

of batteries for different applications, power or energy intensive. From March 2015 to February 26j@ngn

project, total cost: notdisclosed (meaning that this is a suBN2 2SO0 2F | YI Ay LINRB2SO0 &
G§SOKy2ft 2342848 F2NJ GKS 9ftSOGNRO {eaidsSyvyés GKS Gz2aGlt 022

Development, Italy(ENEA)
- PT 20182017 AdP ENEMISEG { | FS[GRG KRATdzY . I GGSNASa¢e¢ d® ORdzZNAyYy 3

PSKAOT

redundant safety systems are in fault, behavior under crash and mechanical abuse, behavior in fire, the rescue

analysis and the ways of operation in emergency conditions (fire extinguishmengwacuation). From October
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2015 to September 2018, total cost: not disclosed (meaning that this is-aBuB 2 SO0 2F GKS YIF Ay LIN
a2zoAfAdeésds GKS G2aGltf O2ai 2F 6KAOK Aa 9ENEANPTAAPAANO0Z

Name Desciption Timeline Location/Part = Budget
y

FiveVB Most relevant EU projectin TWG = From 20150501to  EU (see 5.9 Me
scope 201804-30 above)

Others: see

above for more

details

Gaps

Lack of knowledge; lack of tools
More in depth knowledge needed on materials ageing, thermal and safety properties, interfaces, upscalir
manufacturing
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R&l Activity Fiché.2- Influence offast/hyper charging of Li ion batteries or

materials and battery degradation
Activity Leader: Sulisroup Advanced Materials, Chemistry, Desigh and Recycling

PRIORIT2

t NBaSyd {9¢ tfly YtLQa FT2NJ Fl &G  Monitoring mechanism

minutes by 2030. However, debate has started for hyper fasthiarging in = Proposd as part of a Fast

less than 5 minutes using newly developed 350 kW charging stations. R chargeFlagship- Hagships will

fast / slow charging is further to be determined be usedto monitorthe
achievement oKPIs comparec
to the targets set in the Dol

Description Audi, BMW, Daimler, Ford, and Porsche plan to work together to create a European netw
hyper fast charging stations (300+ kW) that can recharge batteries in minutes. An initial targetsite40dtas
been set, and construction is expected to start in 2017. Sites will be chosen along highways anc
transportation routes throughout the EU. The new network will use the Combined Charging System
standard for battery charging, which ised in BMW, VW, GM, and newest electric vehicles.

Safety and battery performance are the priority considerations in this activity.

Depending on the battery capacity (89 kWh) this corresponds with recharge times <5 to 15 min
very high @Gates. To ofimize batteries for hypecharging, such effects of very highd@e charge need to
be studied and eventually a complete overhaul of battery components (anodes, cathodes, ¢
collectors, electrolytes and separator) will be needed for performance, dwgment of battery
degradation and safety (less flammable). In addition, changes to the battery design and constructi
expected to be necessary, to facilitate good heat dissipation.

This action presents crossitting issues and requires the fulfilmeof tasks including development of

1. New battery materials design (electrodes, electrolytes, separators and current collectors)
excellent kinetic characteristics, high safety, strong chemical bonds and excellent th
performance.

To save the energyensity needed for BEV applications (>300 Wh/kg) an/  gaphite layer
to achieve an acceptable fast charging behaviour, the design of

electrodes especially of the anode has to be modified. For the hi ——9e- A4
energy density, the thickness and the loading are very importal o
therefore a thinner anode leads to a better fast charging behaviour buttf—ke’c# e ©
a lower energy density. The key for fast charging is the limitiFignLi

transport through the anode and SEI. To highelohitransport for fast  fa<@@aiagaten (%]
charging thick electrodes (800um can be adjusted with higher

porosity, optimized pore structure (high tortuosity) or by another *q ¢

graphite particle and additives for a betterlbn conductivity. Another /
parameter for improving the Hon transport is the improvement of the
Liconductivity of the SEI. This can be done with additives.

Ly GKS FTANRG adSLIE GKS 20SNIff LISNF2NXIyOS 27
be determined depending on material parameters. For example, ma&teCdepending on thickrss and
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energy density.
2. Control of battery interfaces that will allow fast kinetics and heat dissipation.

3. New cell design, module and pack design with inbuilt optimized thermal management and
mechanisms.

4. Design of suitable charging stat®omcluding charge cables and power electronics, which will
actively cooled through liquid cooling.

This is also a research topic of the G\2018 call.

KPI levels expected

TRL to be reached by

Activity

‘ 2020 2022

‘ 5 Fast/Hyper chargingfd._irion 2025 2030
battery

‘ 2030~ 2035

Lead KPI; Charging tim&2 min,” 12 min and 5 min.

¢c2GFt 06dzRAISG NBIjdzA NBRY nnae (2 NBIFIOK ¢w[ T2 IR
(indicatively)

Indicative budget

TRL to be reached by

Activity (MEuro) to reach
TRL9 TRL7 TRL9
‘ 2020 2022 ‘
5 Fast/Hyper charging of-Li 202E" 2030 40 10
ion battery
‘ 2030~ 2035
Expected deliverables Timeline

- Understand and measure effect of high C cleafgp to 10C) on current ani See above
advanced Li lon cells

- Evaluate progress on fast/hyper chargers: from existing 120 kW to futu

+300 kW

- Propose measures to mitigate cell degradation: material changes, therr
management.

- Benchmark with international stuels

Parties / Partners Implementation financing / = Indicative financing
(countries / stakeholders / EU)  funding instruments contribution
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A typical consortium might be EU/ MS c U2 vy YAfttAzZ2yYy
composed of (in a neaxhaustive

list):

- advanced materials Epfoducers

- EU battery producer

-EU OEM Tier 1 and 2

- Charger producer

-9! we¢hQa FyR !y)

Ongoing R&l Activities (Flagship activities or not): relevant to this new activity proposal: very little
going related research in EU

- CONCEPTCONductive fast Charge system for Electric buses in Public Transpoom201608-
01to 201807-31, ongoing project Total cost: EUR 2 115 297,50 EU contribution: EUR 1 480 708,25

- LASER4SURIgser nane and micre structuration of current collector for rechargeable batteries wi
enhanced electrode adhesion, currerdte cambility and lifetime. From 201I0-01 to 20260930,
ongoing project, Total cost: EUR 4,077,750.00, EU contribution: EUR 4,077,750.00.

- Mobicus: Development of innovative systems for the management of electric vehicle batteries
intelligent charging tations with the objective of prolonging the lifetime of the batteries (EDF, Frar
MOdeling of Batteries Including the coupling between Calendar and USage dgieiagcial support of
Conseil Général des Yvelines, CR Nord Pas de Calais, BPIBtrdgeteEUR 4 300 000.

-Organic Redox Flow Battert N2 2S00 Qa 202S00GAGS Aa G2 RSOSH
potential use in electric vehicles with fast recharge by electrolyte swapping (IMDEA Energy Institute
EERAY-rom 2016 to 2018Budget: EUR 500 000.

PT 20182017 AdPENEMISEG { | FSi& 2F [AGKAdzY . FGGSNASac¢d o
redundant safety systems are in fault, the behavior under crash and mechanical abuse, the behavior
conditions, the rescueralysis and the ways of operation in emergency conditions (fire extinguishmen
and evacuation). From October 2015 to September 2018, total cost: not disclosed (meaning that this
subLINEP 2S0G 2F GKS YIFAY LINR2SO0 chhi9BEUR QIDINIO), Mistdy 6f A
Economic Development, Italy.

Name Description Timeline Location/Party Budget
Mobicus | Most relevant project to the 20142017 16 partners, Renault, n o
scope of TWG activity 2 95CX

Gaps real fast charging impact drattery materials, battery safety and battery life has not been studiec
thoroughly yet.
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R&l Activity Fiché.3: Advancement of batteries for stationary energy stora
Activity Leader: Sulsroup Advanced Materials, Chemistry, Design and Recycling

PRIORITY: 2

Targets: Monitoring mechanism
- optimise Li lon battery for ESS Proposed as part of theMaterials
- develop and optimise other battery chemistries for same Flagship- Hagships wilbe usedo
target monitor the achievement oKPlIs

compared to the targets set in the Dol

(focus on cycle and calendar life, cycle cost and volumetr
energy density, power density)

Optimization of Liion batteries for low cost, high safety and long cycle life stationary energy stor:
requires he development of Advanced Materials for electrodes (cathode, anode, current collect
electrolytes, binders and optimized packaging materials. These Advanced Materials shall lead to imj
stationary Liion batteries with well specified KPIs for eggrand power density, extended lifetime ant
AAAYAFAOLIYGte AYLINROSR O2aid oGl NBSGH OeOf SolidStatei |
developments by polymer or solid electrolytes may lead to higher safety levels. A particular focu
stationary energy storage by Li lon batteries is to prolong the cycle and calendar life of the systems,
beyond the materials properties will also be strongly driven by the attainment of stable interfaces. Ag
characteristics of the materials né¢o be determined and improved. Modeling activities are to be include:

Innovation in nonLi ion battery technologiesdeals with the creation and advancement of new storac
solutions compared to the current systems. The wide range of new candidate systeers among others
metal-air, lithium-sulfur, new ionbased systems (Na, Mg or Al), redox flow batteries (including Vanad
free systems)high temperature batteries (N&IC}, Solidoxide Feair, liquid metal batteries), advanced leac
acid batteries. dvanced Materials developed herein can cover cathodes, anodes, current collec
catalysts, electrolytes, separators that are obtained from abundant low cost and widely distributed soL
Similar cycled2 a i Yt L A& G NBSIGSafety and ageing ch@ragbedskics df khe Matadid
need to be determined and improved. Modeling activities are to be included.

The cell development needs to be accompanied by appropriated sensing, monitoramgyalhmanagement
and safety systems. Output targets should be demonstrated at cell level in a Consortium comprehel
European Battery Manufacturer and OEM in gear research and innovation program. Potential
upscaling and recyclability must bedzdssed in the development.

SET PlarAction 4 'Increase the resilience and security of the energy systéhwWG 4 will propose a
broader research activity on storage, including ndmattery technologies. Specific focus will be on intra
week and seasonal modulation needs. Contact will be kept to ensure complementarity and avoid overle

TRLResearch and Innovation Actionstigities should start at TRL 3 and achieve TRL 7 at the end of the
project.

¢201t 0dzRISTH NEIOA NIBAHY TpSn laReRAGIZA 2NIS f £ &8 mp ae F:

1) Lilon: development novel materials and 10Ah cell design with focus on >10000 cycles and
Fndnpekl2KkOeOfs

2) b2y [A L2yY OK2A0Sa (42 o06S YIRS 2y |y AY helimet f
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Indicative budget

TRL to be reached by

Activity (MEuro) to reach
#
TRL7 TRL9 TRL7 TRL9
2020 2022
3 Batteries for ESS ] 50 15
2025 2028
Lead KPI; # cycle& 000 and 10 000.
Expected deliverables Timeline
By 2020:30005000 @ Of S&axX wmp &SI NARX Seeabove
750 Whl/l
By203omnd®nnn O8O0t S&ax Hn &SI N
Wh/l
Parties / Partners Implementation financing /  Indicative
(countries / stakeholders / EU) funding instruments financing
contribution
typical consortium might be composed of (in a pon| EU/MS 6 to 8 million
exhaustive list): € LISNJ I

- advanced materials EU producers

- EU battery producer

- EU grid operators, TSO and DSO

-9 we¢ehQa FYyR ! YADBSNEALG
_______________________________________________________________________________________________________________________’

Ongoing R&l ActivitiegFlagship activities or not): relevant to this new activity proposal

- ALION: HIGH SPECIFIC ENERGY ALUMININMRECHARGEABLE DECENTRALIZED ELE
GENERATION SOUREESN201506-01to 201905-31, ongoing project, Total cost: EUR 7 223 551,25
contribution: EUR 7 223 551,25

- HiPerBat: Hunting for high performance energy storage in batteries, FE&4301-01to 201712-31,
ongoing project, Total cost: EUR 1 438, EU contribution: EUR 1 4838

- ZAS:Zinc Air Secondary innovative nanotech lmhgatteries for efficient energy storage, Fr&@1506-
01to 201805-31, ongoing projectTotal cost: EUR 6 614 553,75, EU contribution: EUR 6 614 553,75
-HELISHigh energy lithium sulphur cells and batteries, F201506-01to 201905-31, ongoing projet,
Total cost: EUR 7 9852, EU contribution: EUR 7 974 352

- NAIADESNalon Battery Demonstration for Electric Storage, F20i501-01to 201812-31, ongoing
project, Total cost: EUR 6 492 262, 50 EU contribution: EUR 6 492 262

- ALISE Advanced Lktium Sulphur battery for E¥fom 201506-01to 201905-31, ongoing project, tota
cost EUR 899 233EU contribution EUR 899 233;ZnRBatteries¢ Development of a rechargeable ziat
module, From 2016 2018 ongoing project. Total cost: Not discloskutlustry project EDF, France

-Eair¢ Development of advanced materials for reversible air electrodes for ra@tdlatteries, from 2014
2017 ongoing project., Total cost: 1,923 391f@uded from ANR

- Flowbox - Novel Cost Effective Energy StorageuBah for Renewable Integration and Infrastructul
Deferral. Development et demonstration of a novel flow battery storagetal cost: Not disclosed. Industi
project EDF and partners.

- Energy Keeper(flow battery) ¢H2020 -http://www.energykeeper.eu/ - the project is focussed ol
designing, developing and testing a novel, scalable, sustainable and cost competitive flow battery be
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organic redox active materials. A 100kW redox flow battery with a capacity of 350 kWh will be const
and equipped withan interoperable Battery Management System enabling plug and play integration i
Smart Grid.

- BAOBAB (acidbase battery) -H2020 - https://ec.europa.eu/inea/en/horizor2020/projects/h2020
energy/storage/baobabThe goal of the BAoBab project is tovad®p a novel, environmentaHfyiendly
acid/base battery for storing energy.

- PT 20182017 AdP CNRIISE The project is focused on the tests of lithium ion battery for renewe
energy storage applications. From 2042019 ongoing project, Total cost;4D0 000, Ministry of Economi
Development, Italy

- PT 20182017 AdP CNRIISEThe project foresees the development of materials, device research
prototype of Low Temperature Metalir (Feair) batteries. From 201¢ 2019 ongoing project, Total cos
Noat disclosed, Ministry of Economic Development, Italy

Batteries2020:The project aims to improve performance, lifetime and total cost of ownership of batte
for EVs by the simultaneous development of hjgrforming and durable cells, reliable lifetinpeediction,
understanding ageing phenomena and assessment of second life in renewable energy appli€ation
2013to 2016 Total cost:8 398 72¢ EU contribution :5 866 84¢

SIRBATTthe project studies the importance of the stability of interfacesthie life of batteries, focusec
mainly on stationary applicationsrom2013¢2016 Total cost4 415 23@ XU contribution:3 144 71¢€
-New Energy Storage Systerfor utility scale grid storage and maritime propulsion systems (War
Norway AS, NorwayNFR)Budget: EUR 1 500 000.

-PT 201582017 AdP CNRIISE: The project foresees the development of materials, device research
prototype of Low Temperature Metalir (Feair) batteries (Ministry of Economic Development, Italy, EEI
From 2017 to 201Budget: Under negotiation.

-PT 2018017 AdP CNIISE:The project foresees the development of materials, device research
prototype of high temperature solid oxide Metair (Feair) batteries (Ministry of Economic Developmel
Italy, EERAFrom 20170 2019. Budget: Under negotiation.

-PT 201582017 AdP CNRIISE:The project foresees the development of materials, device research
prototype of materials, device research and prototype of Zebra batteries (Ministry of Ecor
Development, Italy, EERAYom 2017 to 2019. Budget: Under negotiation.

Low Cost Vanadium Redox Flow BattetyN2 2S00 Qa 2062S0GA @GS Aa G2 LI
cost, long duration and high recyclability (IMDEA Energy Institute, Spain, EERA).

From 2015 to 2018.Wiget EUR 1 000 000.

ADMIREAdvanced Materials for Mpn Rechargeable Batteries (SINTEF, Norway, NFR).

C20dzaY /FTiK2RS YIFIGSNAIfA FyR St SOGNRtfe&diSé CNR
-Liquid Metal Battery:Liquid Metal Battery. New concept low cosembrane free liquid metal battery fo
large scale stationary energy storage (SINTEF, Norw@ayh 2014 to 2018. Budget: EUR 873 516.
-Membrane free liquid metal batteries for grid scale energy stora@¢TNU, NFR).

From 2014 to 2018. Budget: EUR 900 000.

-PT 20122017 AdP CNRRIISE/ bwQa F OGABAGASE 2y &0l GA2Yy | NB
vanadium redox flow battery (VRFB) technologies; (ii) development and prototype Low Temperature
air (Feair) batteries; (iii) tests of lithium ion ki@ry for renewable ESS. From 2016 to 2018going
activities, total cost: not discovered (meaning that these activities arepsajects of the main project
G{AaGSYA StSGIGNROKAYAOA LIS Noftwhidch GORIZR @808 00B) iiistre o !
Economic Development, Italy.

- PT 20182017 AdP RSHISE Prototype of a BMS for Lithium batteries, with the objective of an optil
charge balance among cells, increasing the overall battery performance. From March 2015 to Februa
- Ongoing project, total cost: not disclosed (meaning that this is a-mufject of a main project
G5S@St2LIYSyd FyR 2LISNIGA2Y 2F RA &G NAEOR 20900.000
Ministry of Economic Development, Italy.
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-PT 20182017 AdPRSEMISEw{ 9 Q& | OGA @A GASaA 2y adGlGA2yl NB 2
Sodium lon batteries, with high specific capacity and long lifetime, (i) new, planar configu
electrochemical cells for Sodiultickel Chloride batteries, in ordero tincrease power density, (iii
innovative solid electrolytes formulations for Nickel Chloride batteries, with the objective to deci
internal resistance, by improving ionic conduction, increasing mechanical strength and decreasing thi
(iv) preliminary studies on Liquid metal batteries for stationary applications, (v) new testing proce
devoted to quantify performances and lifecycle of distinct batteries for different applications, pow:
energy intensive. March 2015 to February 2018n-going activities, total cost: not discovered (meani
that these activitiesare subJNE 2S5 0G & 2F GKS YIAYy LINRB2SOG a{ G2l
{eadsSyesz GKS {2 {BUR5.00@0A), MhiStry éf Edordikic Desielofimenly.|t

- PT 2012017 AdP RSHISE Development of innovative equipment for Vehicle To Home (V
applications. The equipment will allow to exploit a battery pack both for vehicle operation and for ¢
storage in domestic applications. From March 2015 tbr&ary 2018- Ongoing project, total cost: no
disclosed (meaning that thisisasuBNE 2S04 2F | Yl Ay LINRB2SOG a9of:
EUR 6.000.000), Ministry of Economic Development.

-9y St a[ I NBS {OFfS bpdiRdEmrRtaly, welB Sdage sydemsehsthéeh inste
to mitigate intermittency in renewable energy production and to study a new centralized/decentra
solution for voltage regulation and increase of the hosting capacity. From tgomg progct, total cost:
not discovered, Enel Italy. (to be confirmed by Enel).

-9y St a{ (2N) IS Adtérags system YighdithidnBoyiteries has been installed at Ventot
island, not connected to the national grid, for the purpose of optimizing2heJS NI G A 2y 21
fueled), taking the control of frequency and voltage during-load hours. From to, ogoing project, total
cost: not discovered, Enel Italy. (to be confirmed by Enel).

-PT 20152017 AdP ENEMISE9 b 9! Qa | O A & diokadea (i) R&D ordlithitusulpriy dulphur
ion, sodiumion, industrial preseries cells/stack on pilot production lines for lithidom batteries; (ii)
Definition of test proceduresa@leing second life, safetystudies on storage systems integrateith energy
production and or consumption systemSctober 2015 to September 2018, -going activities, total cost
not discovered (meaning that these activities are4ubl2 2S04 a 2F GKS YIF Ay L®
F2N GKS 9t SO0 A& of wiich is BUR B00DI)SMinistryiiof Economic Development,

BALANCHIncreasing penetration of renewable power, alternative fuels and grid flexibility by-uexter
electrochemical processes), Grant 731224, ongoing ECRIA project 1/62020K MM K H A1 M Z
GAGK HdPpae 9/ TFdzyRAYy IO

Name Description Timeline Location/Party = Budget
Several projects (see | By far largest part devoted to several several bbace
above) non- Li lon battery

technologies but their
breakthrough is not yet
realized mainly because of
technical shortcomings

Gaps
Lack of fundamental knowledge; lack of tools
Stable interfaces



R&I Activity Fiché.4:Post Li ion for e mobility
Activity Leader: Sulssroup Advanced Materials, Chentig, Design and Recycling

PRIORITY: 2

All eemobility segments: Monitoring mechanism

- Energy oriented (E): passenger cars, LEV, buses, trains, forklifts Proposd as part of the

t26SNJ 2NASYGSR 6t 0Y KSI @& Rdziéz Materials Flagship Fagships
will be usedto monitor the
achievement oKPIs compared
to the targets set in the Dol

One of the core priorities of the Energy Union strategy is to speed up energy efficiency and decarbonis
transport through Research and Innovation (Ri&lEmobility. Traction batteries are considered a Key Enab
Technology in electric vehicle (EV) drive trains. Current traction batteries are to a large extent based on
ion (L#ion) chemistry which is expected to remain the technology of @éhdar still many years but thei
maximum energy density will be limited to approximately 3800 Wh/kg.Higher performance needs the
gradual introduction of new generation batteries (post Li lon) based on the development of a series of n
Advanced Mateials.

The wide range of new candidate systems covers among others -@ietdithium-sulphur, new iorbased
systems (Na, Mg or Al). Advanced Materials developed herein shall cover cathodes, anodes, elec
separators, binders and packaging materidanufacturing for such Advanced Materials should be develc
and their scalingip in environmental processes:Niobility covers the wide range of applications: passen
cars, buses, trains, heavy duty, forkliftsaritime, etc.

At this stage, the tdmologies offering the best chances of success ar¢oNaL S and metal (Li or Fe or Zr
air, but depending on the system, performance issues including poor cycle life, low power, low efficienci
limited safety need to be addressed and solutiomrsught from TRL levels 3 to 7. Research activities
dependent on the particular system addressed, but typically could include; Naion, new cathode anc
anode advanced materials; for$j electrode materials migration and dissolution of the polysides, as well
as stable, higltapacity anodes (like-hietal or Si); for Metalir, improved electrolyte/separator combination
to reduce dendrite growth for Li (or Zn) metal anodes, porous cathode, use of catalysts, energy gap rec
In general, reearch and innovation will be needed for advanced material coatings and the development ¢
ceramic/ polymer/ hybrid structures with high conductivity and low impedance andflaonmable, stable anc
conductive electrolytes. Methodologies for largeale new materials manufacturing processe
environmentally friendly, need to be developed to reduce the battery system cost. Taking into accou
rather fundamental character of most of the technical drawbacks of the -hbdbn systems, a goo
understanding of the cell reactions (cathode, anode...) is required. The cell development needs
accompanied by appropriated sensing, monitoring, thermal management and safety systems.

Output targets should be demonstrated at cell level in a Consortium compréhg a European Batter
Manufacturer and OEM in aykar research and innovation program. Potential for upscaling and recycla
must be addressed in the development.

Interactions possible with Action 4/TWG 4 Smart energy systeStorage and with Gren Vehicles 2018

TRLResearch and Innovation Actionstigities should start at TRL 3 and achieve TRL 7 at the end of the
project.
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Total budget required:
.* GO ni | _[]1b NLF 1& [~~cncih[ffs +/ GO il NI
Indicative budget

TRL to be reached by

Activity (MEuro) to reach
#
TRL7 TRL9 TRL7 TRL9
4 Beyond Lion baggd E)atterles for 2030 2035 40 15
e-mobility™
#Propose a selection of pmising candidates.
"Energy density: 400 Whkg.
Expected deliverables Timeline

1. For (E) at cell level: by 2030: > or = 400 Wh/kg, > 750 V| See above
Hnnn OedfsSa |4 ym: 5253
2. For (P) at cell level: by 2030: > 700 W/kg, >1500 W/I

Parties/ Partners Implementationfinancing /  Indicative financing
(countries / stakeholders / EU) funding instruments contribution
A typical consortium might be composed ¢ EU/MS 6y YATftAZ2Y ¢

- advanced materials EU producers

- EU battery producer

-EU OEM Tier 1 and 2

-EURAQa YR ! YABSNHEA

. ____________________________________________________________________________________________________________________________a
Ongoing R&l Activities (Flagship activities or not): relevant to this new activity proposal

- FunLAB:Fundamental breakthroughs in Lithiu&ir Batteries, Fronl2014-04-25to 2018-04-24, ongoing
project,
Total cost: EUR 1@DO EU contribution: EUR 1000

- ALISEAdvanced Lithium Sulphur battery for XxEV, F2ih506-01to 201905-31, ongoing projectTotal
cost:
EUR 6 89233, EU contribution: EUR 6 8293

-HELISHigh energy lithium sulphur cells and batteries, F20i506-01to 2019-05-31, ongoing project,
Total cost: EUR 7 9852 EU contribution: EUR 7 974 352

- Image Horizon2020 can be added as well

- PT 20182017 AdP ENEMISEResearch and development of lithiusalphur, sulphwion, sodiumion,

realization of mdustrial preseries cells/stack on pilot production lines for lithiiom batteries. October
2015 to September 2018, egoing project, total cost: not discovered (meaning that this is amaject of
GKS YFAY LINP2S5OG 69y SNER O ({BNIGIBS ¢{z8 &iKSY &l 2T2 NJ

Ministry of Economic Development, Italy.

-PT 201582017 AdP RSRISEW{ 9 Q& I OGAQ@AGASa 2y OStt | OGABS
Sodium lon batteries, with high specific capacé#tgd long lifetime, (ii) innovative solid electrolyte
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formulations for Nickel Chloride batteries, with the objective to decrease internal resistance, by impi
ionic conduction, increasing mechanical strength and decreasing thickness. From March Fxlsuary
2018- On-going activities, total cost: not discovered (meaning that these activities arg@mjbcts of the
YEAY LINRB2SOG a{G2NI3IS YIFIGSNAIt& YR (SOKyz2{BUR
5.000.000), Ministry of Bnomic Development, Italy.

Name Description Timeline Location/Party Budget
See above Beyond Li lon technologies are several several bb ace
mostly studied for ESS and not yet
for e-mobility
Gaps

Lack of knowledge; lack of tools
[ SR Yt L QaealizétBor eémbbNiy F N2 Y
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R&l Activity Fiche 1.Recycling of batteries (Lion and Post Lion)
Activity Leader: Sulisroup Advanced Materials

PRIORITY: 2
Develop circular economy and deottleneck availability of Monitoring mechanism
critical raw materials Proposd as a Recyclinglagship- Hagships

will be usedto monitor the achievement of
KPIs compared to the targets set in the Do

According to the EU batteries directive (BD), collected batteries have to be recycled. The BD makes ardis
between portable batteries and industrial batteries. For portable batteries, a collection target of 45% has |
put forward. For industrial batteries (including XEV batteries), no collection target is set, but industrial batt
may not be landfilledhor incinerated and hence the only edHife option (after possible ™ use) is recycling.

1. Recycling of current battery configurations particularly for Li ion:
Although recycling projects for-lan batteries have been ongoing for several yeargibattery
recycling is not mature. R&I Challenges include but are not limited to:

Reverse logisticstoday, due to the small volumes of EoL industrial batteries, reversed logistics is expensi
addition, safety and regulatory issues increase costs (@digpackaging, shipping companies being reluctant
ship used batteries). Related research topics include both the development of Low cost packaging for saf
reversed logistics and Improved reversed logistics business model.

Dismantling:Large batterie© I yy 2 G Ldzi Ay d2 | YSGFtf dzNBAOIf LINE
NEO&OfS LINIAQ YR aAl S NBRAzOGA2Yy Ay 2NRSNI (2 1
recycling capacity and has a lower environmental footprint. Digtivey of industrial batteries, prior to
YSGIFtfdzNBAOIt NBOBOtAYy3I OFYy 6S AYLNROSR® 5AaYly
volumes of a broad variety of industrial batteries.

Recycling of new pack materials (carbon reinforsgdthetic fibres) is a challenge. The BD requires a recyclil
efficiency of 50 % (ration between recycled battery materials and input materials). As the casing is consic
part of the battery, the weight of the casing and the recycled casing materialgcluded in the calculation.

Robust scaling of metallurgical or chemical processEse metallurgical or chemicegcyclingprocesses of
Y20AtAGEe oFGGSNASE A& OdNNByidfe 2LISNI GA2y T 2ty
the worldwide extensive transition to-mobility, upscaling recycling to economically more viable capacity w
0S SaasSyidAl t o wm5000000tdnd o hatteBies @ Be rédyicldd; 0@ O00G,electric buses equals :
000 tons of batteries.d cope with these volumes, existing battery recycling processes will have te be re
engineered and automated.
The upscaling will also have to take into account the EHS aspects.
a. Volatile organic carbons: in combination with halogenated compounds (Cl anskB)on
dioxin formation. Efficient gas treatment and fire risk control is needed
b. Final (waste) fraction: how to deal with final waste fractions (waste to landfill, slag).
Evolving battery chemistry is less an issue. In the medium term, recyclers gt &i and Li as anoc
material (maybe also some Ti). These elements can be handled in actual flowsheets. For the fore
future, the cathode materials will be combinations of Co, Ni, Mn, Al: all elements that are already pre:
02RI&Qa Iadistial SndJcdnéngrcial processes already exist recovering Cu, Ni and Co (C
critical raw material is already fully recovered) but improvements of current processes are still po
Alternative recovery methods which could compete with existeahnologymay still be developed.
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2. Design of new cells for ease of disassembly and recyclability

Next generation batteries will have-idetal anode. Although imetal can be recycled in existing processes, L
metal poses specific safety issues (fifjais should be put odesign and reference dimension standards
(less than 5 dimensions) and references can be advantageous in reducing costs. Development of bar coc
linked to the type of batteries and raw materials included should be developed for amiaptl recycling
approach.The final cost of recycling will depend on the process developed and the value of constituents c
battery.

TRLResearch and Innovation Actionstigities should start at TRL 5 and achieve TRL 7 at the end of the
project.

Total budget required:

1/ GO il NLF 1 "Fc Cih [h” jimn Fc Cih#& [~"cr
“Liion

" Post Lion

N TRL to be reachec Indicative budget
Activit by (MEuro) to reach

y #

TRLY7 TRL9 TRLY7 TRL9

‘ 2025 50 ‘
5 Recycling ] 2030 25
‘ 2030 25 ‘
“Liion
" Post Lion
Expected deliverables Timeline
2020: Collection rate70%, recycling efficiency 50%, economi¢ See above
breakeven
2030: Collection rate 85%, recycling efficiency 50%, economi
viable
Parties / Partners Implementation financing / funding Indicative
(countries / stakeholders / EU) instruments financing
A typical consortium might be composed of (in a EU/MS contribution
non-exhaustive list): c 2 y s
- EU battery recyclers project

- EU battery producer
-EU OEM Tier 1 and 2
-9 we¢hQa YR ! YADSNREA

. ______________________________________________________________________________________________________________________________aaa
Ongoing R&I Activities (Flagship activities or not): relevant to this new activity proposal

-CloseWEEElntegrated solutions for prgrocessing electronic equipment, closing the loop of pc
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consuner highgrade plastics, and advanced recovery of critical raw materials antimony and graphite

From201412-01to 201811-30, ongoing project, Total cost: EUR 5 919 277,50 EU contribution: E
890660

- REECYCLERare Earth Element reCYCLing with LownifldrEmissions, Fro201307-01to 201806-30,
ongoing project, Total cost: EUR 2 8%, EU contribution: EUR 2 2555

- REE4EUintegrated high temperature electrolysis (HTE) and lon Liquid Extraction (ILE) for a strol
independent European Ratearth Elements Supply Chain, Fr2@1510-01to 201909-30, ongoing project,
EUR 9 063 772,50, EU contribution: EUR 7 522 490,63

- ProSUM: Prospecting Secondary raw materials in the Urban mine and Mining waste, Zot501-
01to 201712-31, ongoing projet, Total cost: EUR 3 704 327,57, EU contribution: EUR 3 051 577,57

Name Description Timeline Location/Party = Budget

See list of relevant projects provided
above

Gaps

Reversed logistics, scaling of robust processes, new designs..
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R&l ActivityFichel.6: Lithium recovery from European geothermal brine

and sustainable beneficiation processes for indigenous hard rock occurr
of lithium
Activity Leader: Sulisroup Advanced Materials, Chemistry, Desigh and Recycling

PRIORITY: 3

Targets Monitoring mechanism
- Supply the European battery market | to be agreed
with lithium recovered from European
brines
- Using direct extraction processes
implemented on existing wells to avoid
opening of new mines

Description:

Lithium is a strategic meta&specially for batteries manufacturing for electric vehicles, for which the world\
demand is constantly increasing. The major part of lithium is currently recovered from brines kittihan
Trianglelocated in South America. Europe does not prodliteum from brines but many projects are beir
developed and European geothermal resources represent a significant potential for lithium extraction.

Nowadays, to extract lithium from brines, suppliers mainly use a conventional process mostly basedrah
evaporation which appears to be very long and presents major disadvantages (important surface requi
evaporation, significant evaporation time, solid waste production, low lithium recovery yield of abautBR
and will certainly not be feasli® in Europe due to the climate. But, other solutions are being developed su
the utilization of a solid material to extract lithium from brine or the utilization of membrane electrolysis. T
new processes of diregxtraction have, on one hand, trelvantage to be environmentally friendlier (less sc
waste, smaller footprint, best yield leading less brine pumping) and, on the other hand, to result in a
profitability. Moreover, these processes are more versatile and much less dependentparation than the
conventional process implying that lithium can be extracted from many types of lithium brines under v
climatic conditions. As many lithium resources are available in Europe (geothermal brines, oilfield brine
use of these proesses allow to foresee a possible exploitation of European brines and could contrib
securing of lithium supply for the battery market in Europe.

In additont NR NR O] 2O0O0dzNNBy O0S&a 2F tAGKAdZY Ay 9 dzZ\sRoplp
(especially as geothermaltdntaining brines are relatively scarce and their Li concentration is not high). E
should be concentrated on more environmentally sustainable beneficiation processes.

TRLResearch and Innovation Actions: aities should start at TRL 3 and achieve TRlatthe end of the
project (to be reevaluated over time).

The concept of direct extraction to recover lithium from brines is currently implemented by some Europea
industrials orsalarsin South America. BuEuropean brines are very different from other ones in terms of
pressure and temperature mainly. Studies need to be performed to adapt these new processes and
technologies to European brines (from TRL 3 to reach TRL 5). Trials at pilot scales aregbsarynén
implement processes and technologies on existing wells on the European soil (from TRL 5 to TRL 7).
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Total budget required10-H n

these processes on experimentalindustrial existing wells in Europe.

Expected deliverables

Timeline

a €) to dldvaoP new direct extraction processes and technologies and to t

1 Mapping and identification of interestin¢ 20182020

European geothermal
lithium content

resources in terms

be too late.

1 Adaptation of direct extraction processe

and technologies to European brines

1 Upscding: trials at demonstrator scale o
existing geothermal wells to extract lithium fror

brine

More deliverables can further be added.

Parties / Partners

ERAMET
metallurgical
(French
University
Environmental
oLx[ 00X

(French  mining
company),
RTO/Institutional),
(Belgium),
Research
{G2NBy3e

BRGI
Ger
Swedis
Institut

Implementation financhg /
funding instruments

Possiby:

- EITRaw Materials the

European Institute o
Technology on Ray
Materials)

- H2020 programs

- ERAMIN
- Other national
European  call

commitments

or
for

Projects needs to be implemented before 2@i2Bot

Indicative financing
contribution

~90% of the total budget (max
pacedv

70% to 100% of the total
0dzR3ASG O6YFE wmn
30% to 50% of the budget (ma
onnYeo
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Ongoing R&l Activities (Flagship activities or not): relevant to this new activity proposal

Several European companies such as ERAMES already developed direct extraction processes to ext
lithium from brines in Argentina. But none of them are currently adapted to European brines, very differ
Argentina than in France or Germany for instance, in terms of pressure and teraper&rocesses must b
adapted to each specific geothermal resource. It will also be necessary to study hydrogeology on resel
fractured rocks. This is indeed very important since this technique allows estimating the real poten
extraction oflithium from geothermal brines.

The lithium demand and supply being critical and very high on the European political agenda, R&D proj
being developed such as the WATER+Li project and the EuGeLi projects submitted respectively to the
Materials and the ERMIN 2 call for commitment. Results are expected in the coming months.

Europe has now the opportunity to become a supplier in lithium and to secure its own supply, mainly 1
battery market but, in order to reach this goal, more R&D ke performed.

To illustrate the fact that these topics are new and there is still a need for technology developments, ¢
European starups are now on the market, proposing business models based on lithium recovery
European brines:

o Geolith
o Adionics
o Ajelis.

The Lithium extraction from geothermal brines is already actively developed in the US by Cali
Companies such as Simbol and EnergySource Minerals: experience shows that Li levels in the pump
need to show concentrations >200 ppin the UK activity is deployed by Cornish Lithium Limited.

Name Description Timeline Location/Party  Budget

So far no oryoing H2020 project on ik
topic.

Gaps

¢KS (80Ky2t238 yS8SRa (2 068 FdNI K S Melivedudes and statiRg |
with the assessment of Li concentrations in existing geothermal installations: candidates for such asses
are locations in a.o France, Italy, Germany and Belgium.
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Activities developed by the stdroupManufacturing

OVERYEW

Activity 2.1: Foster development of materials processing techniques and components for fast
industrialization compatible with present mass production lines

This activity has a shetérm objective: it focusses on the integration of cldsemarket maerials into mass
production lines. Intensive development must be doneotmtain new components which are compatible with
G§2RIF&Q& LINE R dzOlédwiekgfrods ipdpkddiuSghipatible process parameters will be searched. It also
considers inactive mat@ls not mentioned in the activities of the Materials sgibup. One important objective is

to enable environmental friendlier processes such as whteed coating. This activity will overall support the
early scalingup of factories in Europe.

Activity 2.2: Foster development of cell and battery manufacturing equipment

By contrast, this fiche focusses on developing new equipment for present and future cell chemistries. Its main
objective is to enable differentiation by addressing specific market trefidsibility by equipment modularity,
higher environmental standards, and cost reduction through better production efficiency. Research and
development for equipment compatible with future technologies such asditl state is also a focus. This activity

will overall support the mediurerm scalingup of factories in Europe.

Ecoefficient production througtctivities 2.1 an®.2 has been identified asManufacturing Fagship topic.

Crossfunctional activities andactivities Manufacturing

In order to eficiently and consistently manage the activities regarding the overall goal it has been identified 2
crossfunctional activities: Mrket and Education/Knowledge. Consistent indicators for technical progress,
technical performance, knowledge development atdlication criteria specifically related to the activity
Manufacturing will be developed and used as monitoring mechanism.
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R&I Activity Fich@.1:Foster development of materials processing techniq

and components for fast industrialization compatillgh present mass
production lines
Activity Leader: Suli>roup Manufacturing

PRIORITY: 1

Targets: al to a6, b1 & b2, c1 & c2 Monitoring mechansm:

By 2022: Proposd as part of the Manufacturingrlagship-
Production:Reach > 5GWh/a in Europe Hagships wilbe usedto monitor the achievement of
Energytargets from Issue paper KPIs compared to the targets set in the Dol

Mix: 500¢ 1500 W/kdr (1/5 at-20°C)m n~ & S| N Monitor if the 3 milestones are reached on time.
(>4000cycles) , EUCAR letelt n

Power >120Wh/kg, 100@Q 2000 W/kdr (1/5 at-

20°C), 1500 W/, 10C, 8 year(s15000 cycles @10C

OKI NBESU > EWGAR tewe #nK =

Stationary:n ®npe k2 Kk O8 0f Sx t

UY bt9 w2FRYFLI 6HnamMcO

Y x5a! . FGGSNE LINERdAzO

Description:

Quickly reaching mass production (>>GWjhdf performant Lion cells and solid state batteries in Europe,
following Circular Economy principles, is of paramount importance to push the industry forward. As statec
the renewed EU Industrial Policy Strategy (COM(2017) 479 final), for the Elddmrcompetitive in the €
mobility field"it will be necessary to fill missing links in relevant value chains. This is why investment in be
is of strategic importanceThis fiche thence focusses on shtetm activities having a direct impact onreent
pilot and production lineby 2022.The deadlings postponed from 2020 to 2022 as R&l projects run at least
years. The projects responding to this activity fiche will require financial support for soalingyond R&I. The
consortia shall receessupport to approach private and public financing solutions, such as IPCEI.

A focus on shorterm targets requires investigatingrocessing of clos¢o-market materialsandcell
componentsas well as not.iHon materialscompatible with typical cell assetvly lines Unlike the fiches

! ROl yichdatteripsoreY2 0 Af Aeéé | yR alF RGIyOSYSyid 2F ol G
targeting electrochemical performance, this fiche concerns materials improvemeptdoessability new
recipesandnon-active components not listed in the other fiches.

Regarding toxicity and legislation, it should also take into consideration-idérelectrode manufacturing, i.e.
with water-based slurry mixing. Water during the mixing process has anegfigible ifluence on active and
inactive materials.

As stated in the introduction of this implementation plan, the Dol of Action 7 considers KPIs only for-ener
oriented applications. Considering the SH&an Roadmap on Materials, it is necessary to considemériet in
its whole diversity, i.e. energytensive and poweintensive applications where electrochemical energy stor
can be a solution. For this reason, this fiche considers both edetgysive (e.g. 2.a) as well as povietensive
materials (e.g2.b). As described in the Dol, reaching all KPI targets concurrently is hard to achieve. There
should be a diversity of projects, not only focusing on energy density, so that all scenarios are addressed

This activity should focus on the following topibat not limited to:

1. Improvement of active and inactive materials to better manufacturing:
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a. Surface modification of active materials for watsased processing: e.g. Higjickel NMC
materials (811, 622 or 532), 5V materials (lithium cobalt phosphate, LiNkI€gthode materials

b. 558St2LIYSyiG 2F OdaNNByid 02ttt SO02NEQ YI G§SNA
adherence properties, or with higher conduction properties. This includes surface modificatio
doping of standard Al/Cu foils. The collestenust have mechanical properties compatible with
G2RFreQa tftAySao

c. Development of reliable watecompatible binders, such as modified PVdF,-B&sed, Acrylic
based, Alginates, CMaased or any other solution. Considering recyclability of the future batte
is of advantage, e.g. enabling easy dissolving of the used electrodes.

d. High voltage electrolytes (no gassing) and electrolytes for siticaphite composite electrodes
with good wettability properties and no toxic additives (e.g. no Propane Sultolee}rdtytes for
lithium metal working at room temperature.

e. Quasisolia il 1S St SOGNRte@GS gKAOK OFy o6S 02F (Sl
can increase safety. Consider-sgalability of the process with marginal machine change.

2. Redpes development:

a. Scalable recipes of Graphite/Silicon blending as anode material for high energy cells providir
adequate cycle stability

b. Scalable recipes of new anode materials for high power cellszergstrain materials like
Titanium dioxide (Tig).

c. Scalable recipes using Cobfafte cathode materials such as meurtietal lithium phosphates and
spinel structures to reduce dependency to raw materials

d. Recipes for higher loading (thick electrodes, or loading > 3.5 mAh/cm?2) without loss in power
performance.

e. Highsafety separators which are thinner (< 15um) and cheaper enabling EUGARS £ XK
ASLI NF 2N F2Af Ydzald KI @S YSOKFYAOIf LINRLIS

3. / Stf RSaAady Ayy20FiAz2y O02YLI GA6fS gAGK G2RI&C

a. Increase safety by design enaigiEUCAR S @St XX n b

b. increase recyclability without endangering integrity.

For all activities (1, 2and 3), ndiA 2y OKSYAaGNASa O2YLI GA0fS 6AGK
1 Recipes with N#on based active materials compatible withtod Qa LINE R f Ay Sa o
1 wSOALISa 2F [AGKAdzy aSilt t2te@YSNIolFlaSR OS¢t
! Recipesoftsorlbdonc{ o6l aSR OSftta O2YLJ GA0fS 6AGK G2F

It is suggested to invest in 5 large consortia where all actors of the valire afeaparticipating and where at
least one member has a pilot line for materials synthesig-activity 1) or for cell assemblguyb-activities 2 and
3). The pilot line should be scalable in order to reach MRLS.

New IP and recipe knotwvow produced by ths Action must be quickly exploitable yet only within the EU. Acc
to the pool of knowledge (licensing) should be available to all companies investing in a manufacturing line
within the EU and associated countries, with prime access to members of thertianéfter a delay of [X]
years, licensing is opened for all.

TRLAs the important target is manufacturing, we will use Manufacturing Readiness Levels.
55S@St2LIYSyili akKz2dZ R F20dza 2y YFGSNRFfa O2YLauldAoft
reach MRL 10 by 2020; while materials MRL should all reach 8 by 2022 (7 is pilot line, 8 is low rate prodt
All materials must be above TRL6 today and reach TRL9 by 2022.

Cell assembling equipmeniRL 9 today, MRL 10 by 202&¢ady availabléoday at equipmentmanufacturers)
Materials developmentMRL 5 today, to MRL 8 by 2022 (pjjodduction at materials manufacturer

Recipe developmentRL 5 to 7 today, to MRL 8 by 2022 (pilot productiboell manufactureyx

Cell designTRL6 today, TR 2022 (pilot production atell manufacturey
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Totalo dzZRI S NI |j dzediBréjectp, b prajects) n

Stakeholders:

materials and components manufacturers + associated RTOs (for synthesis process & pilot lines) 80%
Cell assemblers + associated RTf@sipe & assembly process) 15%

System assemblers + associated RTOs (testing and demonstration) 5%

Expected deliverables Timeline
1. Reach TRLS (recipes tested and demonstrated Project Month (start project Month 0)
2. Reach MRLY7 (pilot line) M12
3. Reach MRLS8 (low rate production) M24
M48
Parties / Partners Implementation financing /  Indicative financing
(countries / stakeholders / EU) funding instruments contribution
Materials and components manufacturel
Cell assemblers TBD TBD

Module/System assemblers
OEMs & utilities
RTOs

TBD

Ongoing R&l Activities (Flagship activities or not): relevant to this new activity proposal

Sintbat (H2020)Silicon based materials and new processing technologies for improved litbiui
batteries http://www.sintbat.eu/project.html From 2016:03-01 to 2020:02-29, ongoing project
Total cost:EUR 9 755 886,25 EU contributi@lJR 8 334 786,2high energy materials coate(
with aqueous proce3s

eCAIMAN: Electrolyte, Cathodeand Anode Improvements for Markeear Nextgeneration Lithium lon
Batteries, Fron201505-01to 201804-30, ongoing project, Total cost: EUR 6 126 698,75, EU contribution
EUR 5 807 244,50

FiveVB(H2020): 5V materials/electrolyt&rom 20150501 to 201804-30, ongoing project, Total cos
EUR 5 927 428, contribution: EUR 5 673 272,50

Name Description Timeline Location/Party = Budget

A list of relevant projects is provided
above
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Gaps

Lack of awareness; lack of knowledge; lack of tools

R&l Activity Fiche2.2:foster development of cell and battery manufacturing

equipment
Activity Leader: Sulisroup Manufacturing

PRIORIT:2

Targets: bl & b2, c1 & c2 Monitoring mechanism

Reduce manufacturing cost Proposd as part of the Manufacturindgrlagship-
Meet market demand Hagships wilbe usedto monitor the achievement of
2022: 5GWh/dMRLS8) KPIs compared to the targets set in the Dol

2030: 50GWh/dMRL9) Monitor if the 3 milestones are reached on time.
Description:

Materials are the biggestbst factor. Massscaling production is a vital step to reduce this cost share by incree
the order book. Improvements of production machines and techniques can be a significant solution for gro
addressing different needs of the market in the dimsen of applicability of the cells (mobility, stationary, othel
environment and cost itself. As stated in the renewed EU Industrial Policy Strategy (COM(2017) 479 final),
EU to remain competitive in the-mobility field 'it will be necessary téill missing links in relevant value chains.
This is why investment in batteries is of strategic importanééiile the fiche titledx C2 & 1 SNJ RS @S ¢
materials processing techniques and components for fast industrialization compatible with pressnt ma
LINE R dzO (i fogugseston sh@tErma development of recipes and chemical processes, this fiche considers
equipmentdevelopment for a longer period: from 2022 to 2030. It is essential to develop equipment for nex
generation chemistries using lesstical materials but also for enabling recyclability. Technological advancem
and standardization will also need to be addressed after 2030, so projects extending beyond this point are
welcome.

Market requirements are the following:
1. Application: Flexild cell design (dimensions) and cell chemistry (performance)
2. Environment: Free from toxic materials, in particular NMP, to stay resistant to present and future E
environmental regulations.
3. Cost: reduce it by increasing production speed, and reducingtseger energy consumption.

Activities to address this issue are hereafter listed. Some of them are inspird®MA Battery production
roadmapand KLIB proposal for funding programsn They were then enhanced by TWG members. Note no
deadline is set for 2020 as it is too early. Earliest deadlines are set for 2022.

1. Differentiation potential to respond to market (automotive and stationary) needs:

a. from notching to cell assembling, agtalifferent cell designs (similar to paper production witl
ISO 216). Modularity with 3 cell sizes, constant €b<2025

b. from mixing to cell assembling, accept different materials for flexible cell performance (cha
foil+ coating thickness, cost efféatness for change from high power to high energy materia
Modularity with 4 cell compositions, constant c@st 2025

c. From powder to cell: pilot line for adlolid-state production using inorganic electrolyte (oxide,
phosphate class). Adolid-state wil both increase energy density and safety (could impact
charging rate)C 2025
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Work addressing this sudictivity must consider subctivities relating to alsolid-state cells
from other fiches.

Intelligent housing productions: increase production speedety and energy density with new
cell+module design produced-ime. > 100 housings / min + new safety functi@h2022
Production of cells with minimum global warming potential (GWP), cumulative energy dem
(CED), eutrophication potential (EP) antilatLCA measures. This sattivity is directly linked
to sub-activities 4.d and 4.f. Other solutions are welcome.

2. Reduce cost by accelerating electrode manufacturing:

a.

b.

Enable doublesided coating in one process step for all electrodes while keeping good
adherence.C 2022

Improve mixing methods and/or machines to halve mixing time (smtinuous to consider).
C 2022; Establish, improve and optimize continues and highly viscose electrode paste
production technologies

Improve coating dyes to enable highrhogeneity and high production throughput (foils of lar
width up to 2 m or more to be coated with multiple stripes of-0,35 m each). Variance in
thickness << 0.5 pi8 2022

Improve coating machines/methods to accept thin sheet and thick coatingsefdrgsion
coating). Current collectors between 6 to 10|n2022

Minimum solvent content formulation (based on paste extrusion and extrusion drying; mac
development) and dry coating of electrodes, such as with electrostatic deposition and ther
fusion development of dry blending and structuring of active material, binder and functione
additives.

3. Reduce cost, improve quality with efficient cell assembly:

a.

b.
c.

Cutting/slitting/notching with lasers with no contamination. This will reduce investment, allc
for modularity, potentially reduce wast€& 2022

Accelerate stacking/winding via new process approaches. > 600 layeiG/raip22

Enable stacking/coating of gike electrolyte inline. In addition, polymeelectrolyte
membrane can be directly prepared torelectrode surfacesC 2025

Pouch cell housing sealing: increase mechanical stability, no leakage while enable easier
recycling by designC 2022

Improve electrolyte filling methods or machines: increase speed while keeping 100% wettil
the cell. GsecC 2025

Improve and accelerate formation (material and process approaches), ageing, sorting with
methods. Formation+sorting< 2 hours. Halving ageing tine€030

Better contact bonds (tab welding) for higher currefits2022

Development of new imestigation methods to improve cell quality (e.gsitu characterisation
methods for electrolyte filling)

4. Increase overall quality of the cells and cell production:

a.

b.

International standards for quality control methods on powder, suspension, electrodeealhd
level for mechanical, structural, electrical

Increase robustness as well as defect prevention and, therefore, decrease overall costs du
deep knowledge of parameter influence in each process step and their interdependency.
Directly linked to sufactivity 4.e

Longterm forecasting with simple quality tests; correlation of physical properties of
intermediates with functional/electrochemical cell performance parameters. Guaranteed
service lifeC 2025

Improving C@footprint and overall ecological lence (e.g. by reducing/eliminating the need
clean rooms and drying rooms, with watleased processing or closed assembly lines (mini
environments))C 2022

Standardization for digitalization of equipment across the whole production chain (Indusjry
to increase quality and reduce rejects. standards and smart data; incl. identification-of key
parameters and tracking strategies for failures identification across the production chain wi
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high impact on electrochemical cell propertiés 2025

f. Intra-Euopean/International standards for environmental regulation of cell production and t
Suggest a new legal framework for cell acquisition and recycling within Europe considering
standards.

Each funded project should involve all actors of the vahgrg of which one member plans to host a scalable
pilot line to demonstrate the new technologies.

At least one project should consider future technologies (e.g.-stéitk) and at least one project should conside
current technology (e.g. liquid electgak, coating).

TRL:
Cell assembling equipment:
In all case, TRL7 should be reached forpttasluction process.

¢c20Ft 0dzRAS{ HhripaiacidBRrojects)a € 6 n

Stakeholders:

materials and components manufacturers + associated RTOs (materials compatibility with new produdfion)
%

Manufacturers of battery production equipment + associated RTB0%0

Cell asemblers + associated RTOs (assembly procz8%)

System assemblers + associated RTOs (testing and demonstré&ién)

Expected deliverables Timeline
1 Production process demonstrated individua Project Month (start = project Month 0)
in laboratory (TRL4) 1. M18
f Finished pilot line to test new techna@s in 2. M36
nearreal conditions (TRL5 to 6) 3. M42

91 All production process demonstrated togethi
in operational environment (TRL7)

Parties / Partners Implementation financing / Indicative financing
(countries / stakeholders / EU) funding instruments contribution
Materials and component manufacturers = TBD TBD

Equipment manufacturers
Electrode & cell manufacturers
System (battery) manufacturers
End users (OEMs & utilities)
RTOs

Ongoing R&I Activities (Flagshiptagties or not): relevant to this new activity proposal

MarsEV project (EU funding: FP7 Theme GC.NMP.2010132017)Y AV i SANIfiA P F¢ 2-B
electrolyte in the cell assembling process.

Image Manufacturing of beyond dion batteries, From201711-01 to 202104-30, ongoing project, Total cost
EUR 4,948,026.25 EU contribution: EUR 4,948,026.25
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Name Description

A list of two relevant projects is provided
above

Timeline

Location/Party

Budget

Gaps

Lack of awareness; lack of knowledigek of tools

47



Activities developed by the stdroupApplication and Integration

OVERVIEW

Activity 3.1: Hybridisationof battery systems for stationary energy storage (BS8ns to develop the
optimal battery system based on hybridisatidrhisis stiongly linked with the activities related to materials and
chemistry.Based on the battolyser concephis activity will have a strong focus on integration of and
electrochemical system next to the battelgey challenges are on the design of the cell stagk, and the
development of the Battery Management System.

Activity 3.2: Second use and smart integration into the Gradims to optimise the reuse of a battery in itd 2
life thanks to a better knowledge about its previous lifetime. Such better gteeanf performance will be also
made possible thanks to a design of batteries that consider from the beginning the cd¥difet For this activity
the development of an advanced BMS will ensure the capitalisation of the knowledge on the batterpgiitsl
life.

Activity 3.2 has been identified as®econeuse Fagship

Crossfunctional activities andactivities Application and Integration

In order to efficiently and consistently manage the activities regarding the overall goal it has been ideéhtifie
crossfunctional activities: Mrket and Education/Knowledge. Consistent indicators for technical progress,
technical performance, knowledge development and education criteria specifically related to the activity
Application and Integration will be delped and used as monitoring mechanism.

R&l Activity Fich8.1: Hybridisation of battery systems for stationary ener

storage (ESS):
Activity Leader: Sulisroup Application & Integration
PRIORITY: 3

Optimisation of power/energy requirementsina | Monitoring mechanism
stationary energy storage system by the
combination of different technologies.

No single technology is able to serve all the keglergy and higipower needs. Higlenergy applications
require storage devices to discharge theireegy at rated power for longer than one hour and hjgbwer
applications often need storage to discharge all their energy within an hour, or often a much shorter ti
addition, storage technologies in the stationaapplications sector will be require perform multiple or
bundled applications, such as a combination of load levelling, frequency regulation and backup powel

This topic should be developed in coordination with Action 4 of the SET B&aling with EnergySystem.

The use of dual systems for engrgtorage applications can be advantageous in reducing cost, impre
performance, capacity factors, and safety. Low cost batteries can be used to store large quantities of
i.e. providing energy, while a high power in/output can be added providedsystems such as Li ic
batteries or supercapacitors (EC) or nefectrochemical systems (e.g. flywheels). In addition integratiol
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aNiCS oF0dGSNE 6AGK Fy FEl1FrtfAyS StSOGNREtE@&aSNI o
improved battey performance and, when the battery capacity is full, with competitive and switch
electrolyser to produce hydrogen as storable fuel or feedstock for chemical industry.

Two approaches may be developed to this:

Twinning of two distinct systems:Such asby two electrochemical systems e.g. batteries a
supercapacitors combined or such as by an electrochemical system with another energy storage tecl
(higher level of complexity)

Internal hybrids (materials challenge and cell design issuegen to rovel concepts from the material
challenge, and the cell and stack point of view. The battolyser concept is such internal hybrid: all
battery electrode material becomes water splitting catalyst, providing both spontaneous overcl
protection and lgh efficiency electrolysis surface.

In the scope of actions we can envisage with the-Bl&m point of view, different focus have to be made
order to offer solutions on the market:

Focus has to be put on the development of Advanced Matertal€nableoptimal hybridisation of systems
their design, energy management, safety and demonstration. The development of new Advanced Mz
for the battery system has been sufficiently dealt with in the Activities proposed
Material/Chemistry/Design. Advancerhaterials developments in the context of hybridisation aim
address new Advanced Materials for including a second electrochemical system next to the batte
study of nonelectrochemical systems is out of scope. Internal hybrids (e.g. hybrid tapawitorsg Li lon
and EC, battery and electrolyser) may also be developed based on the use of novel materials.

Focus has to be put on the development of Cell and Stack desigee the hybrid characteristics require
modified electrode layout that accomodates the necessary charge transports. For instance a hy
battery and super capacitor will require different dimensioning of the battery and capacitor mats
sections of the electrodes. A hybrid alkaline battery and electrolyser also requiresaditer battery
electrode, electrolyte and gas separation when compared to a normal battery and alkaline electrolyse

Focus has to be put on the development of Advanced Battery Management Systnte the hybrid
system will have different high power cdplities and potential limits during use. For instance a hyt
capacitor and battery will have much higher power handling capabilities that need to be accommc
than normal batteries. A battolyser has different power, thermal management, and appliezhtmd
demands than a normal battery since e.g. overcharge with higher applied cell potentials is a
(electrolysis) and also higher temperatures are allowed without thermal runaway or unwanted elect
decomposition risks.

Yt LQa o0& H2080respectively aslfofflorRs:

Advanced materials for Li C supercapacitors
Gravimetric

_ 35 Wh / kg 40 Wh / kg 50 Wh / kg
energy density
Power density 10 kW [ kg 12 kW / kg 15 kW / kg
Cycle life 1M cycles 1.5M cycles 2M cycles
Temperature

. -20°C,+70°C -40 °C,+90°C -40 °C,+90°C

window
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Battolyser, a hybrid battery and electrolyser

Volumetric energy density | 120 Wh/L 180 Wh/L 250 Wh/L

Power density 40 WI/L 90 WIL 125 W/L

Cycle life 10000 15000 20000

Temperature window 0°C, 60°C 0°C, 70°C 0°C, 80°C
Pilot/demo/TRL-8 price | 5000Eu per 5kWH 1000Eu per 5kWh an{ 400Eu per 5kWh an
targets and 1.5kW (pilot) 1.75kW (demo) 2.5kW (TRB)

The activity will produce several deliverables:
1 Study of new materials for hybridisation of systems
1 Study of componentnd system design specific to hybrid systems
1 Study of the Advanced BMS for hybrid systems

TRLResearch and Innovation Actionstiaities should start at TRL 3 and achieve TRL 7 at the end of thi
project.

Total budget requied 25a €

Expected deliverables Timeline

Studies and components
1 Study of new materials for hybridisation of systems (each 2
product families being developed in parallel)
2018 for ' elements, then incremental study up to 2027 i
line withthe KPI based roadmap
1 Study of components and system design specific to hybrid
systems (each 2 product families being developed in paralle
2018 for overall system design and incremental developm
up to 2030
1 Study of the Advanced BMS fo/brid systems
From 2019, development of model and component of a
generic BMS for hybrid systems

Large demo scale in 2023 (500MWh/175MW)
Timing depends mostly on availability of sufficient renewables
which curtailment should be preveatt; this drives the large sca
storage market (according to industry).

Parties / Partners Implementation financing / Indicative financing
(countries / stakeholders / EU) funding instruments contribution

Note: during the working sessions a
strong bcus was made on the Battolyse
as case of hybridisation. Nevertheless
other hybrid systems will be investigate
in order to satisfy the different needs.




Parties that will implement Battolyser:

- Utilities and renewable power providel
requiring short tem (secondsours)
stationary storage as well as seasonal
storage in hydrogen fuel; providing
better grid stability, the reduction of

National science organisations
local government
organisations, EU funding from
e.g. Fast Track to Innovation,
H2020 funds for large
demonstrations. Companies of

curtailment (loss of 1GEu last year in | the different sectors indicated.
Germany, source: EWEA ), and the abi
to guarantee security of renewable
power sipply.

- Automotive sector requires stationary
batteries next to EV fast charge station:
as well as hydrogen electrolysers for
(hybrid) hydrogen transport.

- Chemical industries that need £0O
emission reduction via electrification an
clean hydrogen asédstock, or for
chemical processes.

Battolyser:

- 25MEu for R&D

- 5MEu for each
5MWh/1.5MW pilot near EV
fast charge stations or small
chemical plant.

- 100 MEu for first 500
MWh/175 MW demonstration
near wind/solar park and
chemical plant. (going down
to 40 MEu for 50th 500
MWh/250 MW battolyser
plant)

b _________________________________________________________________________________________________________________________________________________|
Ongoing R&I Activities (Flagship activities or not): relevant to this new activity proposal

ONLINE project: hybrid system development using supercapacitors and NAS batteries

{! LINP2SOGY { dzLJSNDIF LJa «

PT 20152017 AdP ENEMISEStudies on hybrid storage systems.

[ ¢! b

blFrbA/tHX

From October 2015 to September 2018,-guing project, total cost: not disclosed (meaning that this i

subLINP 2SO0G 2F GKS YIAYy LINRB2SOi
EUR 4.800.000Ministry of Economic Development, Italy.

G99y SNHE®&

{G2N 3S

SMILES projeetsimulation technologies to model and simulated Batteries, Grid, RES, HEAT and other

sources.

Battolyser project, 201-2022. Dutch Science Foundation (NWO/TTW), TU Delft and industriigoarin

electricity, energy, chemistry, and automotive sectors.

Name Description Timeline  Location/Party  Budget
| A list of relevant projects is provided
above
Gaps

Lack of awareness; lack of knowledge; lack of tools
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R&I Activity Fich8.2: Seond use and smart integration into the Grid
Activity Leader: Sulisroup Application & Integration

PRIORITY: 2

Targets: Monitoring mechanism

Proposd as Secotruse Flagship- Hagships wilbe used
Reduce the Levelised Cost of Stored Energy (LCOI to monitor the achievement oKPIs compared to the
EV batteries by enabling theiPse targets set in the Dol

Description:
Facilitating a second life for aged batteries once their performances have dropped below that required |
their initial applcation has many advantages: their total lifetime is increased which reduces the LCOE of
battery and its environmental impact is improved since its lifetime is increased before it is recycled or si
buried. The main challenges for a sustainable méarke2 ¥ ™ §S¢ a W NB G2 2FFSENI |
the future performance of batteries when they are reused either for EV or for Stationary Storage Systen
This can be done through knowledge recorded on the battery during its first lifetime. Dreslgmtteries
which are also optimised for dUse would also help to encourage a second lifetime for the battery. OE!
will then be able to determine the right level of performance he can offer for tii&ifa with a certain level of
guarantee. A nevmarket for used batteries can therefore be envisaged if sufficient guarantees on their fi
performance can be obtained. Perhaps different miorarket could be developed depending on the level ¢
performance in the batteries and corresponding needsdiffierent application types.

Today, the performance of the battery at its end of life in /ife is not sufficiently established/documentet
and a high level of risk needs to be accepted when the battery is reused in its second application. We ¢
imagine that depending on the reuse application (e.g.: frequency regulation, peak shifting, lower range
etc.), different levels of performance will be required. Depending on the application of these, it can be
imagined that the battery module mither used as is or that it is reconditioned.

The case of”? use could also be the opportunity to define specific regulations that will encourage their re
or efficient recycling.

Topicsfor thisactivity are:

Market and battery performance charactsaition for the 2% use
1%'life of batteries and interconnection to the electricity grid (V2G)
Application of 2 life batteries to Stationary Market

Intelligent Life Long Battery Management System

= =4 —a -1

Market and battery performance characterisation for thd2use

- Benchmark : Commercialdon cells and batteries :

The activity suggest a paper study of commercidbricells, regarding their production, their design (size
OF LI OAles @2t 01 3SZIX0T GKSANI OKSYAaliNRI YR (KSE

- A preliminary techniceeconomic study to better quantify second life criteria:

A preliminary techniceeconomic study should take place to still envision the interest to ugenlbattery for
a second life, regarding the-ioin battery price, the expected disassembly cost, thpeeted performances.

This preliminary study will help to determine the 2nd battery life criteria (cells or modules level disasst
YAYAYdzY LISNF2NYIyOSas Dawaknd&ian offheQype of tBsks ha@cds€aty lioAass
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battery reliabilty, safety and performance at end of its first use will be an area for research.
A chapter of this study will be related to the use of the batteries in 2nd life without any modification.

In this specific case, from the results of projects, it appears ¢éeenomy done on disassembly

counterbalanced by the necessity to develop specific power convertors and power management syst
dialog with the existing BMS of the battery. The advantage of such solution (apart from the lower price
benefit of the high level of safety of the EV Battery. Removing the regulatory barriers to promote the 1
second life batteries is an important issue an example, evolution of the different regulations concernil
transportation of dangerous material will be ressary (the battery moving in the car is not considered ¢
dangerous material but the same battery carried in a truck comes under the ADR regulation with high
transfer). This point will be addressed by the study.

In this study, it will be intera@ig to have a feedback of second life existing battery demonstrators like
ELSA H2020 project. Elsa Project identifies 6 energy storage markets and 6 pilot installations in
resemble all important use cases for small and medium storage solutforsimple modular concept fo
buildings or grid applications is used, based on EV second life batteries whose price is ¥ of a new
hiKSNJ AYLRNIFYyGd FaasSaavySyida 2y aSO2yR fATFTS I NX
Use Apptlation of Automotive Batteries: Ageing of-lah Battery Cells in Automotive and Gsdale
PLILIX AOF GA2Y&ad YR a902y2YAO0 Al aRiyA TaNI 0T A2502y
during the 30th Electric Vehicle Symposium from 91dOctober 2017 in Stuttgart, Germany.

An analysis with the key stakeholders in the value chain will be developed in order to find the bt

oriented criteria (like reduction of total cost of ownership), Key stakeholders are car manufacturers, iye:
utility companies, recyclers, etc.

The study will have to clearly define the context for standardisation related to 2nd life (interface, evall
criteria, design, traceability, handling, etc.), which should be included in the initial productibe bhttery.

- Most promising batteries : comparison of the first and the second life, regarding applications :

Tests protocols: Protocols will be established, depending on the filais2 application. It will be interestin
to have quick tests protocollhe objective will be to determine criteria to select as soon as possible the
promising batteries (several levels of expected performances, depending on the application).

Aging tests (including calendar one to anticipate the intermediate storagk)bei performed on most
promising batteries: Electrochemical and abusive tests will be coupled withnpadém analysis to correlate
Lion batteries degradations with electrical performances.

Models will be developed to better understand and anticipaiéoh battery performances regarding tode
and next generation tion batteries.

1% life of batteries and interconnection to the electricity grid (V2G)

During long time parking, vehicle batterie§'dza S0 O2dz R 0SS dzA SR (i 2 ribitiok O
INAR Ay ¢Sttt ARSYGATASR LRAydGa FyR GAYSA T2NJ
G2 GKS t2¢ LR2SNIIYR GAYS NBIjdZANBRE (KS&a$S +uD
without significant effect on battery life and vehicle range. On the contrary, they should bring an income
0KS @SKAOt SQa 26y SN

t
¢

Challenge is in today set of applicable standards that are in force for the 2 sectors. A study will have for
objective to identify a convergence roawdp from the current situation. Different barriers prevent for the us
of batteries of EV in electricity networks.

Proposals for either update and/or creation of a shared set of standard will be developed. If necessary
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evolutions of existing standards wiké proposed.

Application of 2 life batteries to Stationary Market

In energy storage applications lithivion batteries have not fully realized the same economies of scale as
EV applications due to the lower degree of vertical integration alongtbduction chain. Second use could
help energy storage operators to achieve a positive business case.

To get more knowledge and experience from the use of such battery for the stationary market, a set of
demonstration or lighthouse projects will be propasdéemonstration of relevance for this use will help the
different categories of actors (energy providers, cell manufacturers, energy consumers, citizens, etc) to
the interest for such application.

Intelligent Life Long Battery Management System

Ge characteristics and better knowledge about the battery and its components will improve not only its
performance but also its efficiency when integrated and used, when reused, when de
manufactured/recycling. The development of a standard platform (fumeti@rchitecture, generic interfaces

generic services, models) will be developed.

TRL:
X58Y2yaidN: GAz2y

al Ny Si4 dzLdak 1 S

Products are at TRL 7 to 9 and system is starting at TRL 6 and end at TRL8

Total budget required
15 MEu

Expected delierables

TBD

Parties / Partners
(countries / stakeholders / EU)

Equipment manufeturers
System (battery) manufacturers
End users (OEMs & utilities)
RTOs

Timeline

Project Month (start = project Month 0)
TBD

Implementation financing / Indicative financing contribution
funding instruments

54



Ongoing R&l Activities (Flagship activities or not): relevant to this new activity proposal

ProjectUEX2AADEME, SNAM, GIYES, CEGrenoble)

ProjectB2T(Région MidiPyrénéesSNAM, CEMidi-Pyrénées, CEINES)

PT 20152017 AdP ENEMISEDefinition of test procedures (ageingecond life safety). Project steps
(i) definition of battery cells pielp criteria from the 1st application (automotive), (ii) development
procedurs for the characterization of the residual performances, (iii) electrical and the
characterization of kLion battery cells, (iv) experimental valuation of second life based
charge/discharge profiles which are typical of stationary applicationsnfdels to estimate battery
life and/or optimal dimensioning for second life applications, realization of a demonstrator be
module built with selected cells. From October 2015 to September 204 project, total cost:
not disclosed (meaning thahis is a sULINR 2SO0 2F (GKS YIAYy LINR2S!
9t SOGNRO {eaidsSyvyézr (G(KS Gzart Oz2ait 2F o6KAOK
(ENEA)

A AdP RSBIISE

A ENEL, COBAT, CLABE.US, ITKENRagreement to define theehsibility of an optimized process fi
the upcycling of endife accumulators coming from electric and hybrid vehicles. Project scof
definition of the best practice for a safe storage of the exhausted batteries and the recovery
residual enery, (ii) planning of an automated line for the-denufacturing of endife batteries and re
manufacturing of second life batteries for storage applications, (iii) planning of the treatment
unused cells. Ggoing project, total cost non disclosed ifidential project).

To o I>

Possible flagship

V  Flagship on secondseof EV batteries Optimum reuse of endof-first-life XEV batteries or of
materials recycled from them

The main target/product of thdlagshipis the realization of an experimental facility pilot scale (capacity: :
battery/day, 4 MWhe/year) which, included in a pselection step (object itself of research and developmen
this Project), allows the renanufacturing of automotive batteries or their #ese (as it is) in stationar
applicatons. Through the development of an-tward and na-intrusive monitoring system, able to be used
any type of electric vehicle, and of not destructive, highly automated analysis techniques to check batten
and single cells when the pack is decomssioned, theflagshipis aimed to support the relz8 S 2 F & ¢
battery systems in stationary applications, such as:

A V2G (Vehicle To Grid) systems, in parking and/or pphi@te interchange areas, through the
realization of power/energy buffer to tease the grid from input/output load fluctuations due to the
charging stations.

A Ultra fast charging stations and hetides of local public transport services, which need very high
power (many hundred kW).

A Home storage products.

A Industrial applications.

Seconduse flagshigs aimed to demonstrate the technic§lO2y 2 YA O FSFaAA0At AGR
auto motive batteries by the means of:

A The analysis and definition of innovative business models (the fact that a lot of used EV batterie
doSay Qi 3Jdzr NI yiSS GKFG LIS2LX S gAtt ol yld G2
LI N RAIYad 903d aASO2yR tAFS ai2Nr3IS RSOSt 2L

A The development and implementation of ITS hardware and softwarén@ogies, with relevant
impact on smart and efficient managing of the combined system between battery, vehicle and b
YIAYGSYylFyOSkadzoaldAldziAzy &lhédvalhateSunctichal safetg, kdkayili
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and life of automotive battry systems.

A ¢KS RS@OSt 2 LIVSIYNRE Fi SER0FAFY I LINRPOSRAzNBaX KA IKI
classify and address them to-use (as it is) or renanufacturing or recycling of components ani
materials.

A The realization of the prototype of testing bench with capacity of 1 battery/day for tr
characterization of exhausted batteries.

Theflagshipg At f Ay Of dzZRS GKS 10 RSY2yadN}GA2Yy 2F aas$s
GeLAOLE OeldfsSa 27 ITOGSIt ONKIINTRS: NBNEE S RSdRNB&@A UKy Ry 1
until the endof-life condition.

Theflagshipis 4 years long, incluig a first significant experimental step; in addition to ENEA (PCU Divi
STMA and SPCT Laboratories), Lithops, R&Edrch on Energetic System) and University of Pisa (and o
will be involved.

Enel (the main Italian utility), COBAT (the main Italian consortium for collecting and recycling exh
batteries), Clas®©nlus (a neprofit environmentalist associatign ITIACNR (the Institute for Industrie
Technology and Automation of the National Research Center) and the Department of Mechanical Engine
the Politecnico di Milano declare their interest in this project, considering theilgaing activity (seabove) to
design an automated line to smanufacture EV batteries and reuse them repacked for other specific purpo:

Toyota Italia has also been consulted. It confirms a strong interest and attention on second life: Toyota
deals with it relatingo hybrid and electric vehicles of its own fleet, mostly fueled by NiMH batteries and,
f SaaSN) SEGSyiGs tAGKAdZY 6 GOGSNASED ¢KS YIFGGSNI A2

Total budget required MH ae 6n &SI NARO

Name Description Timeline Location/Party Budget

A list of relevant projects is provided abov,

Gaps

Lack of knowledge on products.
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ANNEX B Members of the TWG

The TWG is composed of a set of members representative of the battery value chain, considering the
recommendations of the SEPlan as maximum number of members.

From a set of 20 Industrials + Research + 10 Member States, thanks to the dissemination efforts, new
members have participated to the TWG.

France, Umicoréthrough EMIRI (Energy Materials Inthisl Research Initiatiye European energy

Research Alliance (especially SINTEF), battery producer Leclanché and European Platform of Universities
in Energy Research & Education accepted to offer a special effort in elaborating proposals and
consolidating stakeholder and MS cdbtrtions.

Qa(\-\es Austria
N
O
- o H
@° e S Belgium
S Qe a2 e
g W i
Cagge @ # 0‘\(\9 e e 00 Estonia
o e 29 >
o o b 2 ” & » 0 %° w2 | France
T e e e ‘éﬂe&q o eeco“ @edc’
Germany
SAFT EDF W
SOLVAY BOSCH UNIPER DAIMLER BOUYGUES Italy
BASF LECLANCHE ENEL BMW VALDI
invited
(invited) PEC VATTENFALL SCANIA Norway
UMICORE AVL RENAULT NISSAN Spain
M+W Group NORTHVOLT
LITHOPS BLUE SOLUTIONS Sweden
EUA-EPUA MEET RS2E FRAUNHOFER KLiB Turkey
United Kingdom
ISEA Aachen KIC InnoEnergy EUROBAT
EERA

ANNEX € Policy context leading to Action 7 of the Integrated Sdan
As one of the European priorities, the Energy Union Strategpuilt on the ambition to achieve a fundamental
O2a0nSFFSOGADBS (NI yaF2NNIGAZ2Y 2F 9dz2NRPLISU&E SySNHe adeadas
to more flexible, more decentralized, more integrated and therefore smarter, more susteirsddure and
competitive ways of delivering energy to European citizens and companies.

The Energy Union Strategy recognises that an innovatioven transition to a low carbon economy requires
technological leadership and development of industrial pretthn capabilities/technology supply chains across

Europe and that this transition offers great opportunities for growth and job creation. The Strategy's fifth

dimension puts Research and Innovation (R&I) and Competitiveness at the heart of the Energiy Gniler to

increase energy efficiency, decarbonise transport and develop energy storage solutions for increased integration of
renewables.

15 . .
global materials technology and recycling group
16 A Framework Strategy for a Resilient Enerigy Wiith a Forwa#looking Climate Change Policy, @) 80.
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In 2015 the Commission adopted the Communication for an Integrated Strategic Energy TechnoldgyTR&n
Integrated SE-Plan is the first R&l deliverable on which the fifth dimension of the Energy Union will be built to
accelerate Europe's energy system transformation. The Communication defines the European research and
innovation strategy for the coming years ahighlights areas where the EU needs to strengthen cooperation with
SET Plan countries and stakeholders to bring new, efficient anetaogietitive lowcarbon technologies to the
market faster. Ten key actions are identified with potential to accelefa¢echergy system transformation

through coordinated or joint investments between SB&an countries, industry and research stakeholders and the
European Commission. These key actions were selected based on an assessment of the energy system's needs,
their importance for the energy system transformation and their potential to create growth and jobs in the EU.
Among these 10 key actions, Action 7 has the objectiBeitome competitive in the global battery sector to

drive emobility and energy storage fonard.

Activities under Action 7

In a first phasea Commissioted processesulted in the identification of ambitious targets deemed necessary to
become competitive in the battery sector. These targets were subsequently agreed between stakeholders and
FETFPlan countries in a consultative process and are recorded in the Action 7 Declaration o]1B(|ﬁle|)tpublished

in July 2016. The targets are differentiated into performance, cost and manufacturing targets for-idmium
batteries and future technolgies specifically for use in automotive and stationary storage applications. The Dol
also identifies a number of nequantifiable targets (safety, reduction in the use of critical materials, reduced
environmental impact etc.) which should be consideasavell. The Dol further expresses the agreement

between Action 7 stakeholders to put forward their best efforts in a coordinated way between public and private
sectors, and to jointly address all relevant issues to attain the agreed targets.

In March 2017 Member State (MS) and industigd Temporary Working Group (TWG) was formed and assigned

the taskof identifyingthe R&I activities needed to achieve the targets outlined in the Dol bearing in mind
potentialities for joint and/or coordinated actions ameays in which the EU and national research and innovation
programs could be leveraged. The TWG was also asked to identify the contributions of the private sector, research
organizations, and universities and to identify all issues of a technological;esmmiomic, regulatory or other

nature that may be of relevance in achieving the targets.

The Action 7 TWG comprises more than 40 a&?prepresenting the full value chain of batteries and battery
production systems and consisting of representatives findustry, research and MS. The members of the TWG
have shared their vision and proposals on how to develop a competitive European battery manufacturing
ecosystem. The findings of the TWG are summarised in this document which forms an Implementatton Plan
address current technical and n@echnical barriers to competitiveness and contains proposals for specific R&I
activities (including flagships) to be carried out by private stakeholders and Member States to achieve the targets
stipulated in the Dol.

Recent batteryrelated policy developments in the EU and the role of Action 7

As important as they are, evolutionary and/or disruptive technology improvements achieved through R&l, are not
sufficient to drive EU competitiveness in the battery sector. Coitipehess in this sector also hinges on having a
stable and secure battery manufacturing base. The global market potential is huge and definitely justifies efforts to
establish and safeguard a competitive position for EU industry to serve both domestixpod markets. The

lack of a domestic cell manufacturing base makes the EU dependent on the supply of foreign battery technology,
but also prevents EU industry from gaining a share in the quickly expanding global market for batteries in transport
and stdionary storage applications. And, over time, the current EU capabilities irguiglity R&I at worldwide

level will decline and compromise the ability for Europe to compete for and catch the market of the next
generation of batteries.

17 Towards an Integrated Strategic Energy Technology (SET) Plan: Accelerating the European Energy System C(a0s&)r68tion,
18 https://setis.ec.europa.eu/system/files/integrated.../action7_declaration_of intent_0.pdf
19 seepnnexB for details
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The November 2016l€an Energy for All Europeans Communicafitays out a comprehensive strategy for the EU

to boost private investment in clean energy innovation. In the Accelerating Clean Energy Innovation
Communicatioff, published at the same time, the Commission anrmaehits intention to focus future funding
available under Horizon 2020 on four interconnected strategic priorities. The Action 7 TWG has defined activities
that contribute directly to three of them, namely:

1. Electremobility: the rapid development and depiment of the nextgeneration electric vehicles based
on advanced battery designs and new powertrains, associated with innovative recharging infrastructures
and associated business models and services are key elements of futucardoan mobility

2. Developim affordable and integrated energy storage solutions: EU needs to accelerate the full integration
of storage devices into the energy system, at domestic, commercial and grid scale.

3. Decarbonising the EU building stock by 2050: buildings represent 40%afehgy demand, and once
renovated and upgraded accordingly, they can ensure a key energy storage capacity.

Moreover, as part of its Mobility Package Communicafdrom May 2017, the Commissiaonfirmsbatteries as

a keyenabling technology for electrimobility and for achieving Energy Union objectives. Furthermore the
absence of a complete domestic battery value chain (in particular a mass battery cell production capacity) in the
EU is recognised. Accordingly, and given the growing strategic infarbstteries, the Commission expressed its
intention to support industryled initiatives to develop a full battery value chain in the EU for batteries for mobility
and nonmobility applications (energy storage). To this end the Commission committed gauptés work with
stakeholders (including the work under the Strategic Energy Technology Plan) to support an iteglstityative

and develop support measures for research, development and manufacturing of the next generation of battery
cells and battey packs in the EU. The Commission also pledged promotion of an integrated European battery eco
system in support of electric mobility and energy storage addressing the issue of scarce resources and battery
recycling, which will help facilitate the emerganof new circular economy business models for the automotive
industry.

Most recently in the renewed Industrial Policy Stratégypublished in September 2017, the Commission
announced the strategic importance of investment in batteries and the intertodmold a stakeholder meeting to

kickstart industryled initiatives for a full battery value chain in the EU and to help optimise possible public
intervention. During the subsequent stakeholder meeting, chaired by CommissichJNGB & A R S yifichagé T 6 2 OA 6
of the Energy Unianthe urgency for concerted European action was emphasized and a European Battery Alliance

was established, tasked with preparing a comprehensive roadmap on the future of batteries in Europe, including
aspects related to the supphhain, investment financing and engineering, trade issues, research and innovation,

and others. The work of Action 7 TWG was identified as a potential input to the research and innovation aspect.

Coordination and financing of battery R&I activities in implementation Plan

To support the competitiveness of the European battery sector, the Action 7 IP encourages investments at all
stages of the battery innovation chain. Such investments should be done in a coordinated way to leverage
European public angbrivate investments, to cover the expected higbst of R&l and the cost of upscaling of
YIEydzZFF OGdzNAYy3I LINRPOSaasSa (G2 Yl aa LINd Raedlbatdrigs. Fradl theS F 2 NJ
Commission side, strong coordination between the instruments dealing with R&l has been setup, and R&l
programmes for the remainder of Horizda2020have been revised and updateth addition, the Commission has

suggested investigating the appropriateness of the Projects of Common European Interest (IPCEI) tool for
supporting certain R&I activities identified this IP to gather public support for large, innovative projects which
contribute to European economic growth, jobs and competitiveness.

20 »ClearEnergy for all Europea@®M(2016) 860 final

2 "Accelerating transition to a learbon competite economyCOM(2016) 763

22 An agenda for a socially fair transition towards clean, competitive and connected mobil@yD(2017) 177
23 "Investing in a smart, innovative and sustainable IndG8M{(2017) 479 final
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ANNEX D Targetsand piorities (from the Declaration of Intent)
a) Performancedargets

Successful deployment of daties for automotive applications requires meeting a number of performance
criteria. It is acknowledged that it may be difficult to achieve some targets concurrently, e.g. gravimetric versus
volumetric energy density, gravimetric energy density versusdaarge time or energy versus power demand

at cell level). Furthermore, some performance parameters are affected by use conditions (e.g. battery cycle life
may strongly be strongly affected by the frequency of fast recharge). Such interdependenciesonbed t
considered.

Tablea

Current

(2014/ 2015) 2020 2030

Performance targets for automotive applications unless otherwise indicated

1 Gravimetricenergy density [Wh/kg]
pack level 85-135 235 > 250
cell level 90-235 350 > 400
2 Volumetric eergy dersity [Wh/I]
pack level 95220 500 > 500
cell level 200630 750 > 750
3 Gravimetricpower density [W/kg]
pack level 330400 470 > 470
cell level 700 > 700
4 Volumetric mpwer density [W/I]
pack level 350550 1.000 >1.000
** cell level 1.500 >1.500
5 Fast recharge time [min]
30 22 12
7oy k: n{h/o
6 Battery life time(at normal ambient temperature)
[C(Z:i//gllisli]fe‘or BEV***to 80% DOD 1.000 2000
Cycle lifdfor Stationaryto 80% 1000:3000 30005000 10000
DOD [cycles]
Calendar lifdyears] 8-10 15 20
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*: PostLithium ion technologies are assumed relevant in this time frame
**: May also be relevant to stationary applications
*** Cycle life for PHEV must be bigger

b) Cost targets

The medium term target date for cost targets is s&t2022 (as opposed to 2020) to allow more time for these
targets to be met.

Tableb
Current
TARGETS (2014/ 2015) 2022 2030
Costtarget
1 Batterypackcostfor automotive
applicationge/kWh] 180-285 %0 S
2 Cost for stationary applications
requiring deep discharge cycle 0,1 0,05
[e/kWh/cycle]
¢) Manufacturing targets
Tablec
Current
TARGETS (2014/ 2015) 2020 2030
Manufacturing targets
1 Automotive (Lion and next
generation posiithium) battery 5 S0
. . 5
cell production in EU 015¢0,20 (50%of the05M |  (50%of the2M EVs
[GWhiyearf* (% supportingEU EVs witt20 kWh) with 50 kwh)

PHEVBEV production)

2 *Utility Storage(Lon and next
generation posiithium) battery 0,07¢ 0,1C 2.2 10
cell prodiction in EU [GWh/year]

3 Recycling

** Battery collectiotake back

45% (8pt 2016) 70% 85%
rate

24 Two assumptions were madehen defining this target value, based on projectedaf sales for PHEV+BEV2020 and 20300f 2.5M and 10M vehicles
respectively: (dhe percentage for EU OEMs production of PHEM$B&3(sned to be maintained at the current level of 20% for both @@ith an average energy
capacity of 20 kWh) and 2030 (with an average eneaggcity of 50 kwWh); (BU battery manufacturers will supply half of the cells neede¢def@HEY+BE$
produedby EU OEMs

25 Figures provided by Saft Group SA
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Recycling efficiency
50% 50% 50%
(by average weight)

Not economically

Economy of recycling viable

Break een Economically viable

4 Second Life Not developed Developed Fully established

* Theenergy storagecapacityin GWh depends strongly on the implementation rate of intermittent renewable electricity
sources and market models behind those.

** These targes are based on numbers defined in Directive 2006/66/EC. This Directive is being revised and targets should be
consistent with the revised Directive.

In addition to the targets above, there are other requirements for which it is more difficult to set Stahdrets.

Such requirements include enhanced safety through risk mitigation as well as increased efficiency, reduction in the
use of critical materials, reduced environmental impact and implementation ofiEsign (energy savings and

solvent reduction)dr advanced battery materials/components manufacturing processes. Furthermore,
interoperability, system integration at pack level, standardization, regulations, workforce and education are
important.

ANNEX E State of the art

Known as an energy storagewice thanks to high energy density and low-skicharge, a battery is considered a
device which directly transforms the chemical energy inside the active materials to electric energy through a redox
reaction between anode and cathode electrodes. Thedenig always a reducing agent with high coulombic

capacity (Ah/g) presenting a good conductivity, ease of production and low cost. The cathode uses an oxidizing
agent (commonly metallic oxides) which is stable in electrolyte medium. The batteries arerdato two

families: primary batteries (nerechargeable) and secondary battery (rechargeable).

The first class of batteries are commonly used when the applications require a lightweight power source or a
freedom of utility power such as utility metieig, measure equipment, medical devices, military light system for
soldiers, data loggers and a wide variety of other applications.

The energy densities of secondary batteries are generally lower than the primary ones, however the secondary
batteries carbe charged, discharged in to a load and recharged many times. In this faroly batteries have
certain advantages over other chemistries thanks to their high gravimetric and volumetric energy density,-low self

250 Lithium
= 200
%
= Lithium-lon
= 150 -
& Alkaline-MnOz
©
i Alkaline-MnOz
© 100 4 High
kS Performance Ni-MH
L
Leclanché
& g Lead-Acid N-Gd
Leclanché D |:| D
0 T l:l T T T B T T T T

1946 1955 1965 1985 1005 1940 1955 1885 2000

discharge rate and the absence of memefiect. Primary Batteries Secandary Batteries

Advances in battery performance for portable applicatighsden et al., 2001)
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Liion batteries in their context

LHon batteries are characterized by rapid technological advances, in particular in materials, cell designs, and
system architecttes. Nowadays, large attention is being paid to the development of batteries for the automobile
industry to reduce the environmental impact associated to energy used for mobility. The automotive industry is
one of the most important economic sectors in &pe, representing 10% of European employment in
manufacturing. The electric vehicle (EV) market development is accelerating, driven by stricter emission
regulations and lower battery cost. The value in EV supply is dominated by the battery pack, whicttsafaro

about 40% of the EV cost. Furthermore, battery cell materials and battery cell manufacturing represent together
about half of the battery pack cost. Therefore, battery materials, cells and packs play a major role in the EV value
chain.

Europe carstill forge its place in the battery world, considering the complete and strong European battery value
chain, from R&D laboratories, pilot platforms, to major industrial materials providers, battery manufacturers,
OEMSs: The only way to maintain its leadgpsin the automotive industry is to develop an industrial ecosystem
covering the whole EV value chain (from battery materials to battery cells, battery packs and EVs). European
companies in the EV value chain will be able to innovate and gain a compeityge only if the full industrial
ecosystem is localized in Europe. While there are strong European industrial companies in the upstream (battery
material manufacturing) and downstream (car manufacturing) of the value chain, there is today no European
player positioned in the largscale manufacturing of battery cells for EV applications. This is a serious
disadvantage for the entire European automotive industry, in particular if compared to the current situation in
Asia.

Battery technology also plays a joarole in other strategic industrial sectors, notably energy storage systems
(ESS). The emergence of a wdddding European battery cell industry will positively affect the competitiveness of
energy storage service providers in Europe. There are ssgngrgies in terms of battery cell technology between
the EV and ESS applications, which can lead to cost reduction by benefiting from economy of scale.

A focus on LIB technologies:

1 The cell level

Today commercial 4idn cells: five active cathode matelsaare commonly used in commercialidn cells. LCO
(LiCo0O2) is the historical active cathode material. This high energy material can be unstable and is often used for
portable applications. NMC (Li[NixMnyCo0z]O2) is the successor of LCO with nickel rajah@sa substituting

cobalt to lower the cost. More and more applications are replacing LCO by this versatile material. NCA
(Li[NixMnCoyAlz]O2) offers the highest energy density for a lamellar material, but its safety is lower than that of
NMC. LMO (LiMn249) is a cheap active material, but offers lower energy density than NMC and is often blended
gAGK AG (2 AYLINRGS LISNF2NXYIyOSe® [Ct oOo[ACSthn0o A& GKS
interesting for safety, but the energy density isitguwery low (the lowest). Chinese automakers are changing their
strategy and move to higher energy density batteries (to improve the vehicle auton@syegative active
material, graphite is mainly used. This historical material allows high energy yleasd even high power
applications. LT5Oy, is suitable for high power applications but its energy density is very low.

Next generation L-ion cells, postLiion and post Li cells: For Shewrm 2020, Lirich (irich = L+ ,M1,O0
(0<x<1/3;M=Mn,NZ X0 YIFGSNRAIf& NS OdiNNBylute 2yS 2F GKS o0Sad
materials represent the best solution for the anodenétal anode should also be considered again (even though

suitable method(s) to mitigate hazardous reacti@ighe Limetal/electrolyte interface need to be developed). On

the long term (> BLO years) the availability and price of cobalt will be a major issue and research and development

will enable a technology change towards materials with lower Co contetitaintimeframe. This will affect the

cathode materials first, on the long run alternative technologies need to be developed with more sustainable
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compositions and systems which can replace lithium based batteries in certain markets to relieve pressure als
from the Li availability situation.

The Naion technology is similar to-ian (the Li+ ion is replaced by a Na+ ion), improving safety, reducing cost, and
could replace kLion for high power application (stationary storage and hybrid cars). {temg 2030, conventional

LHon could be substituted by lithiursulfur offering 5 to 7 times the energy density. Unfortunately problems
concerning the electrolyte, mechanical changes on the sulfur cathode material remain still unsolved.-ibhe Na
technology is imilar to Liion (the Li+ ion is replaced by a Na+ ion), improving safety, reducing cost, and could
replace Lion for high power application (stationary storage and hybrid cars). {temg 2030, conventional {ion

could be substituted by lithiursulfur dfering 5 to 7 times the energy density. Unfortunately problems concerning
the electrolyte, mechanical changes on the sulfur cathode material and cycle life remain still unsolved. By 2040,
lithium-air could theoretically reach the energy density of gasolt there is still a long way to go to proof of
concept

Other cells technologies are in different states of maturity. WhileidWiabatteries have reached prototype cell
fabrication, the first Mg batteries have been announced for commercialization in ZBGINDA), and first
prototypic MgS pouch cells with 20 Ah format are currently developed in Germany. Reversible Zn air amdl Al
Caion cells offer a sustainable chemistry and very high theoretical energy densities but are still new, at low TRL
levels ad need to be further developed.

1 The battery system level

A battery system consists of an assembly of cells connected in series and/or parallel to obtain the capacity and the
voltage needed for the application. The cells and the system have a specifjn tiesptimise heat dissipation. To
control the whole battery system, a battery management system (BMS) monitors and limits voltage, current, and
temperature, whereas the overall architecture (a cooling system can be used) offers the best environniégi for
performance and high safety. For a given cell chemistry and format, operational performance improvement
measures target the overall mechanical, thermal and electrical architecture.

ANNEX F Approach and process for draftirthe ImplementationPlan

In discussing the scope of the IPwdsagreed from the outset to focus on challenges that could be best addressed
and solved by exploiting and benefitting from the European context. In this respect, the need for establishing
synergies between R&l actoasong the full battery value chain to establish a strong European battery ecosystem
covering battery development, battery production systems and battery recycling serves as the guiding principle for
the IP and for establishing TWG membership.

Complyingwith this guiding principle ite TWG memberg;volved in the development of thErepresent key
actors inall segments of the overall battery value chdsee Annex A)
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