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The first iteration of the reporintelligence in Mobile Battery Applicationsostly covers state

of the art of the traction battery use in the automotive sector with the focuspassenger

cars particularly on Battery Electric Vehicles (BEVs) and-iRlttybrid vehicles (PHEVS).
Driven mainly by the EU @@mission legislation ades volumes of these vehicles are expected

to boom. They require a significant battery capacity and thus have the biggest importance and
the highest economic potential for Europeithium-ion battery technologyis currently the
mainstream technology useith these vehicle types. The report also covers battery use in
vessels where a very interesting emission reduction potential carekgloited,and specific

know-how of partners associated in the project (Corvus) used.

In the following versions of the repip the information gathered will bedeepened and
focusedbased on the received feedback and further analysis. The intention of the authors is
also toextend the scope of thenext report iterationsto e.g. vans, heavy duty vehicles and
other mobile batteryapplications, such as rail, aviation, amyad machinery or devices for

city/ micro mobility- electric bikes, scooters, one/two wheelers.

Emerging conceptsoncerning battery technology and relevant impact on job roles, skills and

qualifications will edo be explored in the following deliverables in more detail.

Theauthors of the report are aware of itdmitations when it comes to scope and content.
Some chapters provide very detailed technical information, while other provide more general
overview. Following the feedback received, these issues will be addressed through further
desk research activities as well aa wiorkshops and surveys with the focusidantification

of skills and competenceseeded in the future
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This section of the report describesle of thedesk research in the ALBATIrSject context,
how it was executed and which methods and tools were used in order to gather all the
necessary information about theub-sectoral Intelligence in bbile Battery Applications
(IMBA) After the methodology methods are declared it is important to define the goals of the
report, thesemustbe aligned with the defined scope, topics of thieb sectoralntelligence
and overall approach to the execution of the desk researetoject Deliverable 3.1

Methodology Methods for Sectoral Intelligends solely focused othe methodology

This sub sectiomlescribesthe relation of the IMBA to the overall battery sector aritie

definedscope and how the data about siglectaal intelligence are going to be gathered.

As defined in project application ari2B.1], the overall battery sector was divided into 3 work

packagesn ALBATTS projeas seen irFigurel.

Work packagegFigurel):

WP3¢ Sectoral Intelligence
o Definition ofmethodology and overall approach.
o Provision of summarisation for overall sector and comparison between

applicatiorsin sub-sectors.

WPA4¢ Intelligence in Stationary and other Industrial Battery Applicatio(iSBA)
o Follonsthe same structure of work and rtteodology:.
o Provision of detailed insights and summarisation 84S

WP5¢ Intelligence in Mobile Battery ApplicationdMBA)
o Follonsthe same structure of work and methodolagy

o0 Provision of detailed insights and summarisatiothNdBA
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Screening of Skills
and Job Role
Needs in the

Sector

Currently Known Screening of
Technologies and Possible Future
Applications Technologies

Figurel Depiction of WP3 and WPR8 Relation

As mentioned above, whole sectoral intelligence will be composed from the findings of the
WP4 and WP5T herefore the scopeof the desk researcheeds to be definedor both sub

sectors

The geographical scope of the ssibctor is focusedn Europe especiallyon the EUandother

EEAcountries However, mputs to the project are not restricted by iggeographical scope.

Educational scope of the stdector was declared to be from EQF level Z.ttn this report
we do not include praippersecondary education (EQF3) andPhD education (EQF &he
report also covers th@nformalreskilling and lifelong education ftine workforce throughout

the whole battery life cycle.
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The scope of the IMBA:
1stiteration of the desk research report mainlyfocused orLiion traction battery
topicsrelevant to:
o Passenger cars

0 Vessels

Overlapsoccurred between IBAand IMBAwhen executing the researcince some of the
battery early and late value chain stageme very similar for both stationary and mobile
applications. That is why the following chapters were preparetddse cooperatiorbetween
WP4 and WP5

RawMaterials and Processing

Components and Cell Manufacturing

Module and Pack Manufacturing

Battery integration (partly)

SecondJse ofBatteries

Recycling
Education
Co-funded by the a* % The European Commission support for the production of this publication under the Grant
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The whole sectoral intelligence as well as each-sedior folbws the battery value chain
structure which was defined iB3.1 This suksection will briefly touch on the battery value
chain stepswith more detailed description to be found Chapter3. These stepsf battery
value chain are important when it comes to categorisation of the information wikighing
to be researched throughout the project. Of coursleere is always possibility of making

changes to the battery value chaimthe later stages bthe ALBATTS project.

Second Life Raw Materials and
Recycling Processing
Operation, Repair, Components and
and Maintenance Cell Manufacturing

Module and Pack

Battery Integration .
i 5 Manufacturing

Research and Development

Defined battery value chairfFigure2):
Raw materials and processing
o Primary material sourcing with emphasis on rare earths and scarce mgtals
the future, also integrationof the recycled materials coming from ewodHife
EVbatteriesinto the production stream
Components and cell manufacturing
o Battery componentscellmanufacturing methods
Module and pack manufacturing
o Creation of larger systems from battery cells and modules
Battery integration
o0 Integration of assembled battery modulesgetherwith Battery Management

System into the specific use cas&sch as passenger cars

Co-funded by the - The European Commission support for the production of this publication under the Grant
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Operation,repair, and maintenance
o Topics related to passenger cars and vessel technology, operegmair, and
maintenance topics including safety issues, charging and new emerging
services
Second life
0o AA TS | T e NattdridsTsed e. @ & an energy storage
Recycling
0 Reuse of the scarce materialaken from used batteries Ay f Ay S GA (K
SO2y 2 Yeiples. LiNdtshO to ensure compliance with current and

upcoming legislation and tavoid harming the environment.

Topics of sectoral intelligence which are going to be mapwétin the battery value chain
stepsneed to be definedo ensuresystematic work andomparability ofthe results of both
sub-sectors. This structure will alsmsure adaptation of the field research and mapping its
results to the same structureThis reportcovers adapted structure of topics of sectoral

intelligence based on thB3.1as seen below.

Topics of the sectoral intelligence:
Drivers of change
Major dakeholders
Technologies
Sector Attractiveness
Job roles and skills needs
Existing training andducation

Training methods

The sectoral intelligence topics listed above are associated with the battery value chain in two
different manners. Some topics have different associations thighbattery value chain than

others. Thiscan be separated into two different categories

Co-funded by the R The European Commission support for the production of this publication under the Grant
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Individual battery value chain step related topi¢gigure 3)
Major stakeholders
Technologies

Job roles and skills needs

o O o o

Drivers of change

Drivers of

Major Technologies Job Roles and

Stakeholders Skills

Figure3 Individual Battery Chain Step Related Topics

Overall batteryvalue chain related topicgFigure4)
0 Sector attractiveness
A In some caseshts can be also mapped to the individual steps
o Existing traininggualification,and education

o Training methods and approaches

Sector
Attractiveness

Existing
Training and
Education

Training
Methods

Figure4 Overall Battery Chain Related Topics
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AnExcel file was creatdzhsed on desk researohethodologyto classify and map information
into the declared structure of the corresponding topidéis will allowthe statisticd analysis
of the data, which will help with the choice @fhichdata willbe inputted into the final reports.
This structuredExcel file also allows data to besearcled, sorted, and worled with
collaborativelyia the online NextCloud applicatipmhich is used to store and share matesial

betweenthe project partners.

As mentionedpreviously this Excelffile is structured into worksheets based on the declared
topics of sectoral intelligence. Each topic is represetga separate worksheet withunique

structure.

The desk researckxcelfile also includes Virtual Library, which is essentially one of the
worksheets of thé€excefile used to collect all the sources and material that might be used for

analysis.

A competencdist was shared between the partreto classify their skills and competence.
Basedon their expertise and preference, they were assigned to the corresponding topics of
the sectoral intelligence for further analysiEhisallowed a very flexible division of work

between the partners.

Strategy of execution of the desk research activity was defioeelivergood qualitysectoral

intelligence.
Co-funded by the R The European Commission support for the production of this publication under the Grant
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Desk research process:
Assessment of partnegskills
Population of the Virtual Library
Declaration of index of the final report
Division of the sections between the partndrased on the assessed skills
Research activity based on the defined methodology
0 Mappingselectedinformation to the Desk Resedr Excel file
0 Writing the report
Continuous report revision and finalisation

Report delivery

Tohave a clear vision and understanding where the projgheading as well as the various

reports, we need to define understandable goals to guide tloekvofthe project partners.

As defined inD3.1, desk research is the opposite of field research. This does not mean that
there will not be any interaction between those two. Field research is a key part of the
researchsinceit will enable us to close the gaps which will be encountered in the desk
research. One of the goals of the desk research is to map the current state of the art of the
sub-sector which will be then used for the gap analy3tss will further lead to dedlration

and creation of the online survey and workshop events which are going to close as many gaps

as possible.

As mentionedoreviously this first iteration ofseveraldesk research reports should serve as
anoverview d the stateof-the-art of the subsector. This will help partners aride public to
understandthe current situation and help us to establish next steps in the project and for the

next iteration.
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Drivers of change are those factors which are key to transforming an industry. Specifically, a
literature review of available reports was undertakiercreate an overview of current Drivers

of Change and their relevance in the sector.

TheprocessstartedfP Y 'y AYOISNYyFf LINRP2SOG LI NIYySNAEQ
identified to concentrate the possible changing within: (i) the rise of new technologies, (ii)
climate goals, (iii) societal and structural changes and (iv) globalisation and the# nsev
players.

The literature review enabled the mapping of each initial macro area of the Drivers of Change
against wider research evidence and following the deslearch process, the initial categories

with several more specific Drivers of Change tdial as relevant to be validated were:

New technologies and business models
o Cybersecurity
0 Global technical harmonisatiostandardisationsand Plug & Play
o0 Smart Grid (B2X)
Climate goals, environmental and health challenges
o Circular value chain of theanufacturing process
o Electrification and green energy
o Improved charging/refuelling infrastructure
Structural changes
0 Acquisition of new skills / Continuous training
o Restructuring
Globalisation
0 Access to raw materials

o Global regulatory dialogue

Co-funded by the R The European Commission support for the production of this publication under the Grant
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During the deskesearch process the 4 macro areas with the initial 10 Drivers of Change have
been evaluated and compared with the analysed literature; this resulte@l main areas
() Climate goals, regulation and environmental challendgs Globalistion and (iii) New

technologies with a total of 9 specific Drivers of Change (see next chapter for details).

The desk research activity focused on 3 main aspects for each Driver of Change:
Occurrence indicating whether a Driver of Change was cited imlgsed reports
reviewed (if a specific Driver of Change is cited multiple times in the same report, the
occurrence is, in any case, 1; if in a report different Drivers of Change are cited, all of
them are counted and the occurrence per each of them is 1).

Importance an evaluation by the ALBATTS project partners, based on the context in
which the specific Driver of Change is discussed, focused on its possible status in the
future and on its direct implications on changes in the sector, using a rankingdfrom

to 5 (0 = not possible to evaluate, 1= not important, 5 very important).

Urgency a specific time frame (year), which can be noticed from the text of the
analysed document, in which the Driver of Change will become particularly necessary

or will make itsconsequence felt overwhelmingly.

In the European Green Dé4EGD), the European Commission stated that a 90% reduction in
transport emissions is needed by 2050 (compared to 1990) and that road transport needs to
mowve to zero emissions beyond 20Zmreach this objective, Europe will have to significantly
increase the uptake of zero emission technologies with a strong emphasis on battery electric
vehicles. Gradually, these will be accompanied by hydrogen poweredeghiAccording to

the EGD, the power sector will be based much more on renewable sources of energy. Batteries
can help with integrating renewables into the electricity grid. Development in other
technological areas, such as 5G (5G base stations hawer leigergy consumption and require

higher density than earlier generatiofsalso brings big opportunities for {bin) batteries.

! European Green Dedilttps://ec.europa.eu/info/strategy/priorities2019-2024/europeangreendeal _en 2019
2 https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf

3 https://www.spglobal.com/marketintelligence/en/newmsights/latestnewsheadlines/china821 7s-5¢
constructionturns-to-lithium-ion-batteriesfor-energystorage5847488((last accessed on 28.08.2020)
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This will require large amounts of batteries on the European market. According to the 3 GHG
scopes emissions:

1. batteries calld enable 30% of the required reductions in carbon emissions in the
transport and power sectors, provide access to electricity to 600 million people who
currently have no access, and create 10 million safe and sustainable jobs around the
world.

2. a circular responsible,and just battery value chain is one of the major nésm
RNAGSNB (2 NBFIEATS GKS wHc/ tFENR& ! ANBSYS
setting course

3. batteries directly avoid 0.4 Gt @@missions in transport and contribute to enalg
renewables as a reliable source of energy to displace cablsed energy production,
which will avoid 2.2 GEQ emissionsg together roughly 30% of required emission

reductions in these sectors until 2030.

Based on a World Economic Forum report, lladtery value chain will halve its GHG intensity
by 2030 at a net economic gain, reducing 0.1 Gt emissions within the battery value chain itself
and putting it on track to achieving neero emissions in 2080

Within this context, the European Commissjamoritises zero emission technologies also in
the recently published EU Industrial Strategy and the Circular Economy ActiétoPapport

the domestic production of sustainable batteries.

According to Bloomberg Electric Vehicle Outlook, EVs and éllelahicles will reduce road

CQ emissions by 2.57Gt a year by 204nd are set for much larger reductions thereafter.
Lithiunmion battery pack prices fell 87% from 2010 to 2019, with the volweghted average
hitting $156/kWh. Underlying material mes will play a larger role in the future, but the
introduction of new chemistries, new manufacturing techniques and simplified pack designs

will keep prices fallirfy

4 Greenhouse gas protocdlitps:/ghgprotocol.orgZ HnHA YR a2 2NR 902y2YAO C2 NYzY«
http://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery Value Chain_in_2030_Report.pdf

2019

5 https://www.carbontrust.com/resources/briefingvhat-are-scope3-emissiondast accessedn 28.08.2020

6 A Vision for a Sustainable Battery Value Chain in 2030, Global Battery Alliance, WEBc@8d€:d from:
http://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery Value_Chain_in_2030_Report.pdf

7 https://ec.europa.eu/environmentéirculareconomy/pdf/new_circular_economy_action_plan.p@020

8 Electric Vehicle Outlook 2020, Bloomberg, 202@tpé&://about.bnef.com/electrievehicleoutlook/) and

9 | wh . Battery tnnovéion Roadmap 2039 Ritps://www.eurobat.org/newspublications/press
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https://www.eurobat.org/news-publications/press-releases/442-eurobat-launches-the-battery-innovation-roadmap-2030-in-the-presence-of-european-commission-evp-frans-timmermans-and-mep-claudia-gamon

{nalpatts /

Alliance for Batteries Technology, Training and Skills

In preparation for the upcoming EU Battery Strategy, the Commission is planning egtdVis

by the end of 2020 the Directive (2006/66/EC) on Batteries to prioritise a circular economy
approach when it comes to addressing the recycling of batteries. This includes ensuring the
security of supply of raw materials, the reuse (where adequante) recycling of batteries, as

well as the high environmental and social values in the manufacturing process as ways to
promote a sustainable EU battery industry. Moreover, it will be extremely important to take
note of the emerging new jobs related to tldesmantling and recycling sector overall, as well

as the processing and the reincorporation of used active materials within new batteries (i.e.
when repurposing is economically proven to be better than recycling). The Commission is
currently also evaluatig the End of Life Vehicles Directive. As a follow up to this evaluation
one can assume that a revision of the ELV Directive is likely to have an impact also on the
batteries used for vehicles as it sets obligatory targets for reuse and recycling. Thld, sho
according to the Commission, be the path to build a sustainable battery industry in Europe.
The sourcing of certain raw materials such as cobalt and lithium that are crucial to the battery
value chain is impaired by human rights abuses, environméggadlation infringement and
business ethics violation. With a demand that is deemed to soar sileiby 2024 and in the
absence of early and stringent countermeasures, the issues stated above need to be taken
into consideratiof. Moreover, the battery recycling process could lead to new economy and
jobs inthe EU: it is important to distinguish the recycling of the whole battery pack and its
critical components. Dismantling and recycling can be two separate business models where
the dismantling might be handled at local level, creating new businesses opportunities, while
it would be better if the active materials were shipped for recycling by-tegh industries.

The automotive sector is a major European empléyand the convesion to EVs production

will have a strong impact on the workforce in the battery sector. The European Battery Alliance

has paved the way for building a sustainable battery industry that could create up to 4 million

9 https://www.greencarcongress.com/2020/07/200704
un.html?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+greencarcongress%2FTrBK+
%28Green+Car+Congress%{fast accessedn 28.08.2020)

10 According to ACEA&,7 million direct manufacturing jokznd 14.6 million indirect jobare providel by the EU
automotive sector https://www.acea.be/statistics/article/directautomotivemanufacturingjobs-in-eu-by-
country, https://www.acea.be/uploads/publications/ACEA_Pocket_Guide_2P2P1.pdf
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jobs in the EY.. While going through restcturing, European industry can benefit from an
increased demand for the production, installation, operation & maintenance of charging
points, public transport systems, batteries and other related infrastructure, resulting in a net
increase in employmenin the construction, electricity, services and most manufacturing
sectorg?. With the right enabling policies;mobility can also gradually replace the decreasing
jobs in manufacturing of diesel and petrol engines with new jobs and new skills required in
electric powertrain manufacturing and key supply chains such as batteries. Recent analysis by
the Platform for Electranobility'® (to update the existing job estimates in thenobility
ecosystem) shows that an additional 1.1 million jobs will be creat&dirope by 2030.

Overall, with a strong focus onraobility more than 200,000 net additional jobs by 2030 can
be created in the European econotfiy The demand for new skills and experience will equally
result in a fall in demand for other more traditionakilss. This implies a need for skills
restructuring that balances out existing skills mismatches which in turn, will require significant
investment in new technologies, production processes and in the reskilling and training of the
workforce.

Apart from ervironmental concerns, also the aspect of novelty in mobility represents an
important factor for the attractiveness of the sector. As social media play an increasing role,
the reason why a buyer of a car wants to have an electric vehicle may have morevithdo

the coolness factor, sleek looks, high performance, and innovative features in terms of user
interface and experience etc. Other attractive elements might include easier operation and
maintenance of EV&

In a disruptive scenarté (the next years i bring such significant changes as electrification,

ILEIT InnoEnergy assessed that the European Battery Alliance have a potential of 400GWh of battery
production per year by 202%&BA, InnoEnergy 2019 Battery Materials Europe (Amsterdam presentation)
https://www. metalbulletin.com/events/presentations/E001854/battematerialseurope-
2019/a011t00000I5R1IEAV/d@y0900diego-paviakicinnovaenergyfe.html
2 EuropeOnPowering a new value chain in the automotive secffr18
https://download.dalicloud.com/fis/download/66a8abe211271fa0ec3e2b®&72c686f52f-4c0d-88fc-
51f9061126c5/Powering_a_new_value_chain_in_the automotive_sector

the job potential of transport_electrification.pdf
13 https://www.platformelectromobility.eu/2020/06/17/evenihow-canzero-emissionmobility-becomethe-
motor-of-europeangreenrecovery/(last accessed on 03.07.2020)
VI NNREA2Y t® Hamy X CdzSt Aitan fromalBilelfyifens tikdxooaMB Y | 26 GKS
15 https://newmotion.com/en/how-to-maintainan-ev/ (last accessed on 04.08.2020)
9f SOGNRO +SKAOfS hdzif 221 Hn HBadery Inffoaol RéatERE 20805 H N | Y F
https://www.eurobat.org/news-publications/presgeleases/44 2urobatlaunchesthe-battery-innovation
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shared mobility, vehicle connectivity, autonomous vehicles and the massive use of removable
energies) the changes and innovations create possible mavketsand design new value
chains and eventuallyistupt an existing market and value network, displacing established
marketleading firms, products, and alliances. It is necessary to analyse the Drivers of Change
to support the market into this business transitidn

Continuous education and training gpart of lifelong learning and may encompass any kind

of education (generalspecialised,or vocational, formal, or nonformal, etc.) and are
important for the employability of individuals. During a disruptive period, continuous training
becomes crucial natnly as part of the regular lifelong learning process but also to align skills
and competences to the new emerging needs. These activities also need to be supported by
actions to improve mobility and transferability of skills, linked to the developmerdrof
efficient apprenticeship market and encouragement of informal learning. As batteries are a
systemic enabler of a major shift to bring transportation and power to greenhouse gas
neutrality, this transformation will have a significant impact on the inis workforce and

the acquisition of new skills will be a key factor enabling employees to be equipped to deal
with these changes.

As previously mentioned, before the desk research analysis, the ALBATTS consortium
identified 4 macro areas to concentrata: (i) the rise of new technologies, (ii) climate goals,

(ii) societal and structural changes and (iv) globalisation and the rise of new players. Later,
during the analysis of the available literature sour@sacro area®f Drivers of Change with
anassessment on current availability intelligemekated to the Battery sector were identified

and confirmed:
Climate goalsiegulation,and environmental challenges
Globalisation

New technologies

The followingFigure 5 outlines the occurrence of the highlighted Drivers of Change (i.e.

roadmap2030in-the-presenceof-europeancommissiorevp-franstimmermansand-mep-claudiagamon

(last accessed on 08.07.2020)

" The innovator's solution: creating and saisting successful growth, Christensen, Clayton M Raynor, Michael
E, Harvard Business School Press, 2003
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Climate goals,
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Figure5

Each of the 3 macro areas then has different items for a total of 9 detailed Drivers of Change

emerged and mapped:

Climate goalsregulation,and environmental challenges

0 Reducing C&emissions from battery manufacturing

o Electrification and green energy

o Widespread charging/refuelling infrastructure
Globalisation

0 Access to raw materials

o Global regulatory dialogue

0 Restructuring

New technologies
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o Cybersecurity

o Global technical harmonisation and standardisations

o0 Smart Grid

Electrification and green energ

Global regulatory dialogue

Smart Grid

Restructuring

Access to raw material

Global technical harmonisation an
standardisations

Cybersecurity

Reducing CO2 emissions from batte
manufacturing

Improved charging/refuelling infrastructure

0% 10% 20% 30% 40%

Figure 6: Occurrence how much each Driver of Change is quoted related to all reports analysed

Figure6 outlines the ranking oéll 9 detailed Drivers of Change based on the occurrence point
2F GASG® a9 9/ ¢ w69 wDihelnadicited Ddver BI\&Radge, with 33%,
F2f{t26SR 060& aD[h.![ w9D![!¢hw, S5L![hD!9d& 2L

These 3 Drivers of Changsgpresent over 67% of the total.
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Reducing CO2 emissions from battery manufacturi
Access to raw material

Restructuring

Electrification and green energ

Global regulatory dialogue

Global technical harmonisation and standardisatio
Smart Grid

Cybersecurity

Improved charging/refuelling infrastructure

0 1 2 3

Figure7: Importance- how much each Driver of Change is evaluated important related to all reports analysed

4 5

The importance of point of view of the 9 detailed Drivers of Change is highlighkegure?.

lff 2F GKSY FINB AAYAfINI YR GKS RAFFSNBYyOS
Cwh a .1 ¢ce9ow, al!b!Cl!/ ¢! wLbDa I G VED n 0 I
/1" wDLbDKkwWO9C! 9[ [LbD LbCw! {¢w! /¢! wod HB¥BR ol
only 0,75. Therefore, this aspect could be a suitable topic to be evaluated in direct interaction

with stakeholders through a workshop and/or a survey.
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Access to raw materials

Cybersecurity

Reducing CO2 emissions from battery manufacturi

Global regulatory dialogue

Improved charging/refuelling infrastructure

Smart Grid

Restructuring

Global technical harmonisation and standardisatio

Electrification and green energ

2020 2025 2030 2035

The urgency of the analysed Drivers of Change is show&igure8® a! / / 9 { { ¢h w
al ¢o9wL! [ {a& KIFIA 0SSy 2dzif AySR la GKS Y2al dzNT
(according to the adopted deskB & S NOK YSiK2R2ft 238 (2 YIL (K
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Based on the methodology approach, this chapter presents the detailed descriptionclor ea
macro area and related Drivers of Change; the reports used for the wider literature review
were selected through an expert group, comprising partners of the ALBATTS project involved
in this task. Selection was based on practical experience and uspggiotilar reports by the
partners. This approach was supplemented with manual searches, further iterative
improvements in searches using keywords from selected papers, and further discussion to
validate the final set of reports. The reports are, for theshpart, those representing the
whole battery value chain and compiled by respected consultancy organisation or projects;
each Driver of Change title has a reference with the specific reports / documents where it has

been mentioned in the destesearch aalysis cited.
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Global and EU level commitments to decrease GHG emissions, stricter ;&n{S€lons
regulation, legislation and standards concerning recharging infrastructure and incentives at
EU, national, and regional level encourage EU industry to-gbepfforts to find viable
alternatives to current technologies that can reduce the: €Qissions in the run up to 2030

and beyond and facilitate the uptake of intermittent renewable energy sources by acting as a
flexibility solution. Batteries are one of the most important climate targets driver to
decarbonize road transportation and suppdhettransition to a renewable power system. The
process of managing the complete lifecycle of a product from concept to design, manufacture,
service and disposal of manufactured products supports a reduction in waste and pollution,
whilst at the same time qoviding opportunities for significant cost reductions and a need for

new skills in different areas.

Reducing CO2 emissions from battery manufactufigp2°
Since the production of batteries requires significant amounts of energy, increase in the
share ofrenewable energies and energy efficiency in the battery value chain would be a
major step for decreasing G@missions from battery production. Also, moving from a
linear to a circular value chain can improve both the environmental and the economic
footprint of batteries by getting more out of batteries in use, and by harvestingaéife
value from batteries.
Carbon footprint criteria could be a useful tool to increase transparency and provide the
NEBf SOFyld AYyTFT2NXIOGA2Y | 0 angacts. {t sp&cifically shouRidg Q &
based on where the battery and its key components such as cathodes are produced, as
well as by C&per kwh.

B UN report highlights urgent need to tackle impact of EV battery production boom,
https://www.greencarcongress.com/2020/07/20200704
un.html?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+greencarcongress%2FTrBK+
%BGreen+Car+Congress%2920

19 Batteries and hydrogen technology: keys for a clean energy future, IEA,
https://www.iea.org/articles/batteriesand-hydrogentechnologykeysfor-a-cleanenergyfuture, 2020

20 A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World Economic Forum, 2019)
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Electrification and green enerdy22,23,24,25,26,27,28,29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39

Batteries can fundamentally redu€&HG emissions in the transport and power sectors as
they are a systemic enabler of a major shift to bring transportation and power to
greenhouse gas neutrality playing an increasingly important role in three areas: (i)
electrification (ii) renewables as ieliable source of energy and (iii) a circular, responsible
and just battery value chain. For vehicle manufacturers, one of the most important drivers
for electrification of their production fleet is EU regulation (particularly Regulation (EU)
2019/631 s&ting CQ emission performance standards for new passenger cars and for new
light commercial vehicles for 2020/21 and 2025, 2030), as electrified vehicles can

significantly help the car manufacturers to meet their respective I€Quction targets.

Widespread charging/refuelling infrastructuré® 4
Demand for a widespread charging infrastructure is a key driver to boost the
commercialisation of a technology based on batteries. The easier the access to a reliable
and suitable (also in terms of charging speeeds) charging infrastructure is, the quicker
will be the development of such new technologies. Regulation can play an important role

here as well, for instance the planned revision of the Directive 2014/94/EU on the

2 Transformatiorin-energyutilities-and-resources (PricewaterhouseCoopers, 2019)

22Three ways batteeis could power change in the world (WEF 2019)

2 Three surprising resource implications from the rise of electric vehicles (McKinsey, 2018)

24 Secondife-E\tbatteries Thenewestvalue-pookin-energystorage (McKinsey, 2019)

25Renewable Energy and JapAnnual Review 2019 (IRENA 2019)

26 Ready for inspectiog the automotive aftermarket in 2030 (McKinsey, 2018)

27 powering an innovative battery value chain in Europe (EUROBAT 2018)

28 policy Recommendations German EU Presidency (EUROBAT 2020)

2New markets. Neventrants. New challenges. Battery electric vehicles (Deloitte, 2019)

30Making the future of mobility work (Deloitte, 2017)

3linteractive map: Electric vehicle incentives per country in Europe,
https://www.acea.be/statistics/article/interactivemap-electricvehicleincentivesper-country-in-europe, 2017
32 Greenhouse gas protocdittps://ghgprotocol.org, 2020

33 Five trends transforming the Automotive Industry (PwC, 2018)

34EBA, InnoEnergy 2019 Battery Materials Europe (Amsterdam presentation)

35 Decarbonisation Pathways (Eurelectric, 2018)

36 Carbon Neutrality in the Automotive Sectand its Effects for the Supply Chain
(https://www.thinkstep.com/blog/carbonrneutrality-automotive-sectorand-its-effectssupplychain 2019)
37Battery storage: The next disruptive technology in the power sector (McKinsey, 2017)

38Battery innovation roadmap 2030 (EUROBAT, 2020)

39 A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World Economic Forum, 2019)
40EV charging infrastriiere: a growing part of the electricity system (EBA250 2020)

41 Automotive revolutiong perspective towards 2030 (McKinsey, 2016)

Co-funded by the R The European Commission support for the production of this publication under the Grant
Erasmus+ Programme * “ Agreement NAG12675@ded not constitute an endorsement of the contents which
of the European Union T reflects the views only of the authors, and the Commission cannot be held responsible for

any use which may be made of the information contained therein.


https://www.acea.be/statistics/article/interactive-map-electric-vehicle-incentives-per-country-in-europe
https://www.thinkstep.com/blog/carbon-neutrality-automotive-sector-and-its-effects-supply-chain

{nalpatts /

Alliance for Batteries Technology, Training and Skills

deployment of alternative fuels infrésicture. To increase the comfort for customers,
innovative ways of vehicle charging (such as wireless charging or battery pack swapping)

are being investigated as well.

In 2018, only approximately 1% of the total global demand for EV bestevas supplied by
European companies. Over the next years, production in global markets is expected to grow
strongly and the EU production must completely change its position to create a competitive
advantage. This market represents a substanttalt sofar untapped potential opportunity

for European battery makers and carmakers, as well as for the European economy in general.
Currently, the ENbattery market is dominated by players from only three countries, all of
them in Asia: China, Japan, and Kof&amulating the European mining and refining industry

will be essential to provide the growing battery industry with sustainable raw mat&tials

42 platform for Electromobility, March 202bttps://www.platformelectromobility.eu/wp-
content/uploads/2018/02/Platforrrecommendationson-EuropeanBattery-Package.pdflast accessed on

28.08.2020)
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Access to raw materiafg 44 454647
In a disruptive scenario (with rapid increase in numbers of EVs, the regulatory push across
different European countries and they role incomplementing generatioof renewable
energy) activities linked to raw materials become critical, especially ifesoesources
(limited in terms of quantity or geographical presence) are necessary to produce key
components. From this point of view, the battery sector needs to come up with new
chemistries of batteries (e. g. lithiusulphur®), develop sourcing strategieto ensure a
stable supply of critical and key raw material (e.g. lithium, cobalt), also via recycling, to

insulate them from the risk of shortages and potential price spikes.

Global regulatory dialogu# 50 51 52 53 54,55, 56,57, 58, 59, 60, 61

The EU Single Market is a key element for the maintenance and increase of the EU
competitiveness and it is evident that such process cannot be put in place by social
partners or industry alone; the Commission and in general, Governments and public
administations will need to play a fundamental role in the elaboration of policies and
strategies, from which the battery sector could benefit. The process could be enabled by

timely policies, including the review of the Alternative Fuels Infrastructure Diredtiee

43 Lithium and cobalt: A tale of twcommodities (McKinsey, 2018)

4 Policy Recommendations German EU Presidency (EUROBAT 2020)

4 Three surprising resource implications from the rise of electric vehicles (McKinsey, 2018)

46 Transformatiorin-energyutilities-and-resources (PricewaterhouseCoopeP019)

47 UN report highlights urgent need to tackle impact of EV battery production boom,
https://www.greencarcongress.com/2020/07/20200704

un.html?utm_source=feedburner&utm medium=feed&utm campaign=Feed%3A+greencarcongress%?2FTrBK+
%28Green+Car+Congress%2@20

48 Example of a projechttps://www.vutbr.cz/en/rad/projects/detail/26436(last accessedn 28.08.2020)

9 ySg NBIdzZ Fi2NB FNIYSE2N] 2y oFdGSNRASa G2 NBIF OK 9 dzN
50 A Vision for a Sustainable Battery Value Chain in 208&insey World Economic Forum, 2019)

51 Battery innovation roadmap 2030 (EUROBAT, 2020)

52 Battery storage: The next disruptive technology in the power sector (McKinsey, 2017)

53 Decarbonisation Pathways (Eurelectric, 2018)

54 Driving CO2 emissions to zermdabeyond) with carbon capture, use, and storage (McKinsey, 2020)
SSEBA, InnoEnergy 2019 Battery Materials Europe (Amsterdam presentation)

56 Policy Recommendations German EU Presidency (EUROBAT 2020)

57 Powering an innovative battery value chain in Eur@gROBAT 2018)

58 Ready for inspectiog the automotive aftermarket in 2030 (McKinsey, 2018)

59 Secondife-EVthatteries Thenewestvalue-pookin-energystorage (McKinsey, 2019)

50 The future of distributed generation (PricewaterhouseCoopers, 2019)

61 Cleaner Cars from Cradle to Graw#ps://www.ucsusa.org/sites/default/files/attach/2015/11/CleaneZars
from-Cradleto-Gravefull-report.pdf, 2015
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Sustainable Battery package and the revision of the Energy Taxation Directive.

Restructuring? 62 64,65
The European battery sector is expected to undergo structural changes due to the
development of a zer@mission mobility and as a flexible faeaor of the intermittent
renewable energy sources. The industry, in particular SMEs, will need to assess and, if
necessary, redefine their position in the value chain as well as increase their capacity to
integrate digital technologies and circular econpntoncepts in their production

processes.

The need for urgent and intense actions against climate chasmgedely recognized and
batteries are an essential system for storing energy in electric vehicles and making renewable
energy a relble alternative source. Although batteries are therefore needed to help tackle
climate change, this cannot be achieved without a fundamental change in the way materials
are purchased and this technology is produced and used; these challenges can only be
addressed through collaborative efforts throughout the value chain, with important

investments in R&® and with profound changes in the current business model.

Cybersecurit§’ 68 69
By 2024, the number of connected devices will exceed 4 times that of thwd wo
populatior’®. Exponential growth of IoT devices connected to a network, cloud

infrastructures and the navigation and location information can compromise customer

52Transformatiorin-energyutilities-and-resources (PricewaterhouseCoopers, 2019)

53 New markets. New entrants. New challenges. Battery electric vehicles (Deloitte, 2019)

4a 22N OSKAOf Sa 3ISy SNI 5 newmlatadsows, https:/Adwacea Ye/piessE S& F2 NJ 9!
releases/article/motorvehiclesgenerate413-billion-in-taxesfor-eu-15-new-data-shows, 2018

5 Automakers are cutting 80,000 jobs globally as EV shift upends industry,
https://europe.autonews.com/automakers/automakeige-cutting-80000jobs-globally-ev-shift-upends
industry, 2019

66 https://battery2030.eu/research/ (last accessed on 28.08.2020)

87 The future of the Automotive Value Chajr2025 and beyond (Deloitte, 2017)

%8Sewring the future of mobility: Addressing cyber risk in-sgifing cars and beyond (Deloitte, 2017)

5 Forces of change: the future of mobility (Deloitte, 2017)

0 AgendaDigitale.ethttps://www.agendadigitale.eu/sicurezza/cybersecuritgr-iot-e-5¢-il-ruolo-strategicoe
deglistandard/, (last accessed on 06.08.2020)
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privacy and security, requiring providers to keep communications secure. This threat
lands@pe requires the industry to modify the security approach, aimed at guaranteeing
the internal one linked to the resilience of the infrastructures to cyatacks. loT are
expected to advance the battery management systems (BMS) by fully utilizing wireless
network and cloud support, resulting in providing significant value in cost reduction,
extended scalability, and greater visibility in the lithiom battery energy storage

systemg!,

Global technical harmonisation and standardisatiofdg® 4

The supplyhain structure within the sector will need to meet the challenges posed by the
introduction of new technology but also meet changing market conditions. Common
online platforms might connect supply and demand globally to increase the efficiency of
playersacross the supply chain; new standards and product harmonisations will also be
necessary to create scale economies and to satisfy a possible increasing request of white
label components and unbranded vehicles with also a standardisation of the dimetfision o
the product. Future advantages are likely to be linked to increased standardisation

between Member States and to achieving a leading role in regulation at the global level.

1S Kumbhar, T. Faika, D. Makwana, T. Kim and Y. Lee, "Cybersecurity for Battery Management Systems in Cyber
Physical Environments", 2018

2 Secondife-Ethatteries Thenewestvalue-pookin-energystorage (McKinsey, 2019)

7 Ready for inspectioq the automotive aftermarket in 2030 (McKinsey, 2018)

7 EUROBAT proposal for a notification, verification and validation system of batteries that become waste

(EUROBAT 2020)
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Smart G ridS, 76,77,78,79, 80,81, 82, 83, 84, 85, 86

Storage is one of the most importa smart grid components due to its key role in
complementing renewable energy generation. With the proper amount and type of
storage broadly deployed and optimally controlled, renewable generation can be
transformed from an energy source into a dispatcleadpeneration source. The smart grid,
with its many advanced communications and control features, will make it possible to
integrate the application of widely dispersed battery storage systems. Vehicles (vehicle
to-grid applications), houses and electricédvices will be connected, with digital
technologies changing the way data is transferred and utilised. These new communication

technologies have a key strategic importance in relation to changes in the sector.

More details aboustakeholders are provided in the respective chapters of the report in Section
3.

Raw materials and processing

The activities of the stakeholders involved in the process of mining and processing of raw
materials have an impact on the whole value chain affdct other stakeholders who need
batteries for their own products. Companies who need batteries in their products consider
mining and supply of raw materials as a reason for concern due to public scrutiny and potential
subsequent negative impactonthe & LJ- y @ Q& NB LIzl G A2y @

The environmental impact, the working conditions, as well as political factors related to

> Transformationin-energyutilities-and-resources (PricewaterhouseCoopers, 2019)

" The future @ distributed generation (PricewaterhouseCoopers, 2019)

7 Powering an innovative battery value chain in Europe (EUROBAT 2018)

8 POVEnNergyStorageDEG (Accenture, 2016)

| SNBUa | 2 6 L2y Ade t NAOSa {41 01 N 3L Ayaid
https://www.autoevolution.com/news/heres-how-ionity-pricesstackup-againstteslassuperchargetin-
europe-140457.htm| 2020

80 Energy Storage A key enabler of the Smart Grid (U.S. Department of Energy, Office of Electricity Delivery and
Energy Reliability by the National Energy Technology Laboratory, 2009)

81 Decarbonisation Pathways (Eurelectric, 2018)

82 CapturingValueManagingEnegy-Flexibility (Accenture, 2017)

83 Battery storage: The next disruptive technology in the power sector (McKinsey, 2017)

84 Battery innovation roadmap 2030 (EUROBAT, 2020)

85 Battery Energy Storage in the EU (EUROBAT 2020)

86 A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World Economic Forum, 2019)
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mining and processing the materials needed in battery manufacturing, are often considered
as challenges. This includes not only companies 3ot @lblic organizations and authorities
responsible for ecological and economical sustainability and human rights. Consequently,
these challenges related to certain raw materials encourage companies to take a more active
role in raw material extraction andffect their research and development on batteries and

enhance the recycling.

Components and cell manufacturing

A mass battery production in Europe is only starting to develop. The driving force behind that
is the need to satisfy rising demand from elgctvehicles manufacturers combined with
intensified efforts to store energy coming from conventional, but increasingly also renewable

sources. Big battery players are starting to build their mass battery production facilities with

outputs exceeding 1GWhni Europe, the s® f f SR aDA Il FI OG2NAS& dé

manufacturers currently come from Asia. There are also smadi@panies startingp appear

in Europe, which do not want to compete with large manufacturers, but focus instead on
Gy AOKS YI NapShatiedes to gdrmetiind? very specific customer needs. Battery
factories can bringnanyjobs, not only directly in the factories themselves, but also within

subcontractors.

Module and pack manufacturing

As for the mobile applications/automotive industrhe car manufacturers often opt for-n
house module and pack assembly trying to maximise the value they add to the vehicle.
Modules and packs are critical to determining @ Q& 1 S@& LIS NJF 2shichr sy O S
range and charging speed. Vehicle mantueers want to control the way in which the battery
pack space is being used and also how the battery optimal working temperature is achieved,
because it has strong implications regarding the safety of the battery and of the vehicle as

such.

Battery integration
Stakeholders that are active at this stage of the value chain specialize in production of battery

embedded systems like battery management system, battery thermal regulation systems and
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other components that are associated with battery intelligemsich also cover the
implementation of software needed. Since this is a crucial part of the whole battery system,
many companies that produce energy storage solutions want to manufacture their own
systems and components. The car manufacturers in Europeaagood example of this

tendency.

Operation,repair, and maintenance

Vehicle electrification affects a wide range of stakeholders. This includes, in the first place,
vehicle manufacturers who need to prepare EV production to be able to meet EeM@X30n
standards. Suppliers must update their portfolio to include new parts or components. Home,
as well as public or corporate charging infrastructure, will require massive investments in
charging stations, electricity infrastructure, as well as qualifiedqenel. It also brings about
opportunities to introduce brand new business concepts and services. Vehicle repair shops
must get ready for the new procedures and risks related to repairing the EVs.
Emergency/rescue services must be made aware of new safetgdures.

Electrification of vessels brings new challenges to producers and operators of the vessels,

including companies providing servicing and maintenance.

Second life

The list of interested parties is quite long and diverse. It ranges from batiedyvehicle
YIydzFl OGdZNBENRE o6Ff 0SNYIFGAGBS (G2 RANBOG NBOe Of A
cost, design of batteries with second life/use in mind), through repair and maintenance shops
to entities involved in stationary applications andecycling companies. As for
stationary/storage applications, second life of batteries could be an interesting area for
industrial plant operators, solar panel / wind farm developers, energy production and
distribution companies, charging infrastructure optrs or real estate owners and
households. In the future, refurbished batteries could be used in mobile applications, covering
for example norroad mobile machinery amicro mobilityvehicles (escooters, ebikes etc.),

thus important to manufacturers dhese vehicles, repair shops or battery swapping services.
As second life of batteries is still in its infancy, there are, therefore, huge opportunities for

research and education institutions, standardisation bodies or different public bodies and
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authorities (providing incentives and altering the legislation).

Recycling

The stakeholders for battery recycling involve all elements of the battery value chain. This is
important for the sustainability of the battery ecosystem but, also, for batteries to become
part of the circular economy. Only through the engagement of atlecit actors and business
newcomers, as well as through the creation of new business models, will such actors tackle
the challenge and opportunity that recycling brings about.

As there is a need for increased battery recycling capacity and new businesdsmoew
players, completely focused on the recycling of the batteries, are coming to the market. Their
main goal is to maximize the recovery of critical battery material fromoriibatteries in
asustainable economically soundand safe manner. Techragically, they may differ in the
applied processes and the level of the reclaimeaterial,but their goalis to achieve the right

balance between environmental performance and resource efficiency.

The projectALBATTSAlliance for Batteries Technology, Training and Skilaims at enabling

and guiding both industrial and educational stakeholders in the emerging European Batteries
ecosystem, towards the future competence needs and supply.

As a result, theALBATTS project needs stal@fi RS NAR Q Afsoid 2 ivideSrah§eyof
partners across the entire battery value chain (from raw materials to advanced materials, cells,

packs, systems, and esd-life management).

Who are the Stakeholders?

Battery cell manufacturingsector will play a central role in the@roject since cell
manufacturing is at the core of the strategic battery value chain and major breakthroughs are
necessary to curb current downsides.

End users in the automotive sectavill also have a very importamble in the project given

the fact that road transport will remain the largest battery mafedy far in the foreseeable

87 hitps://about.bnef.com/electricvehicleoutlook/, (last accessedn 28.08.2020)
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future. By 2030, passenger cars will account for the largest share (60 %) of global battery

demand, followed by the commercial vehiglegment with 23 %

According to Deloitte study, total EV sales growing from 2.5 million in 2020 to 11.2 million
in 2025, then reaching 31.1 million by 2030. EVs would secure approximately 32 per cent of

the total market share for new car saldsqure9)
Outlook for annual global passenger-car and light-duty vehicle sales, to 2030
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Other relevant application sectors mobile road and nomoad applications, other than
automotive (sightseeing trackless traifs airport buse¥®, forklifts, front loaders Automatic
Guided VehicleAGVs in automated container potfy stationary applications, waterborne,
airborne and rail transport.

Battery recycling sectowill help key phyers to establish a closddop and sustainable value

chain.

Finally, active involvement is needed from different sectors, backgrounds, and fields of

88http://www3.weforum.org/docs/WEF_A_Vision for_a_Sustainable Battery Value Chain_in_2030_Report.p
df (last accessedn 28.08.2020)
8%https://www?2.deloitte.com/us/en/insights/focus/futureof-mobility/electric-vehicletrends-2030.htm|  (last
accessean 28.08.2020)

90 https://www?2.deloitte.com/uk/en/insights/focus/futureof-mobility/electric-vehicletrends-2030.html (last
accessean 28.08.2020)

91 https://www.visiter-bordeaux.com/en/discoverintpordeaux/bordeausvisit-electrictouristic-train.html|
(lastaccessean 28.08.2020)

9 hitps://www.buslife.de/en/2015/10/germanrairport-electricbus, (lastaccessen 28.08.2020)

9 https://e.huawei.com/topic/leadingnew-ict-en/yangsharport-case.htmi, (lastaccessean 28.08.2020)
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expertise, including academic partnet$nfversities and research organizations

The analysis of the stor has been compiled based on the most relevant EUROSTAT indicators
relating to the economic structure, market dynamics and workforce within the 27 EU countries
in terms of:

V11110 Enterprisesnumber

V12110 Turnover or gross premiums writtemillion Euro

V16110 Persons employediumber
The analysis uséSUROSTAT data from 2Q1fe last year with full data available.

NACE* (Nomenclature of Economic Activities) is the European statistical classification of
economic activities. Statistics produced based on NACE are comparable at European level and,
in general, at world level in line with the United Nations' International &aad Industrial

Classification (ISIC).

The ALBATTS partners agredigiclaimerto define the scope of the project based on the
following NACE rev. 2 codes:

C2720Manufacture of batteries and accumulators

C2910Manufacture of motor vehicles

C2920Manufacure of bodies (coachwork) for motor vehicles; manufacture of
trailers and semitrailers

C2931Manufacture of electrical and electronic equipment for motor vehicles
C2932Manufacture of other parts and accessories for motor vehicles
C3011Building of shipand floating structures

C3012Building of pleasure and sporting boats

C3091Manufacture of motorcycles

E3812Collection of hazardous waste (collection of hazardous waste, such as used

9 https://ec.europa.eu/eurostat/web/naceev2/overview(last accessedn 28.08.2020)
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batteries)

E3832Recovery of sorted materials (recovery of materiatsrfrwaste streams... or
the separating and sorting of commingled recoverable materials.... shredding of
metal waste, enebf-life vehicles)

G4511Sale of cars and light motor vehicles

G4519Sale of other motor vehicles

G4520Maintenance and repair of motorehicles (electrical repairs, repair of motor
vehicle partg; battery)

G4531Wholesale trade of motor vehicle parts and accessories

G4532Retail trade of motor vehicle parts and accessories

G4540Sale, maintenance and repair of motorcycles and related @artlsaccessories

G4764wS G Af al S 2F &ALRNIAY3I SldALIYSYyld Ay

As some categories listed above have particular busiredated specificities (large number

of operators, low traceability of the business objects, insufficigolicing), on top of the
collected numbers, there are important additions that are not known but should somehow be
accounted for. In the case of some of the NACE co@d$Z0 Maintenance and repair of
motor vehicles- electrical repairs, repair of motovehicle partsg¢ battery; G4540 Sale,
maintenance and repair of motorcycles and related parts and accessBf84;2 Collection

of hazardous waste anB#3832 Recovery of sorted materials (recovery of materials from
waste streams... or the separating argbrting of commonly recoverable materials....
shredding of metal waste, eraf-life vehicles), the figures presented are probably lower due

to some unlawful activities, as suggested by several soipees’%8

% https://www.autoactu.com/actualites/prisofferme-et-fortes-amendespour-une-fraude-a-la-tva-sur-la-
vente-de-voituresd-occasion accessed on 06.08.2020

9 https://www.midilibre.fr/2019/10/10/nimesfraude-a-la-tva-dansle-milieu-automobilesuspectsdeferesa-
marseille,8470759.phmaccessed on 06.08.2020

9 https://www.lecese.fr/sites/default/files/pdf/Avis/2016/206 14 evitement_fiscal.pdfraccessed on
06.08.2020

%8 https://www.letelegramme.fr/morbihan/plumeleeperation-anti-fraude-dansune-casseauto-21-05-2015
10635922.phpaccessed on 06.08.2020
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EU27 887,904 6,456,071 2,241,981

Figurel0 Sector Dimension

Based on EUROSPAdata, the sector sizis shown irFigure10

According to the EUROSTAT database, the total numlmemgbaniegFigurell) carryingout
activities stipulated by the above mentioned NACE codes is over 880,000. AlImost two thirds
of them are involved in maintenance and repair of motor vehicles (G4520%,212.

In 2017, only 429 companies were involved in the production of batteries.

99 Source Eurostat, date of extraction 24.07.2020
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V12110 Turnover or V16110 Persons

NACE codevnll(} Enterprise gross premiums employed-
- number
written - million euro number
C2720 429 10,304.7 28,160
C29D 1,688 746,897.0 1,044,571
C2920 5,911 31,371.1 145,219
C2931 1,487 40,422.7 260,996
C2932 7,454 231,064.1 980,770
C3011 3,417 22,245.6 101,329
C3012 3,718 6,961.8 41,125
C3091 777 3,362.2 14,489
E3812 1,302 2,274.8 14,202
E3832 14,016 35,660.8 134,963
G4511 186,135 710,852.0 1,222,481
G4519 14,118 57,489.4 111,147
G4520 444,212 124,131.4 1,376,809
G4531 39,729 115,492.3 324,881
G4532 67,777 32,129.1 251,788
G4540 36,659 22,737.4 92,968
G4764 59,075 48,584.3 310,173
Total EU27 887,904 2,241980.7 6,456,071

(

D5.1

In terms of people employed~{gurel12), the activities analysed in this chapter includes over

6.4 million persons. The motor vehicle (C29) sector, together with ships and boats

manufacturing (C301),

account for over 2.4 millievhereas an important part of the

supplier's output (providing jobs to one and a quarter million people) goes towards the

assembly of new veh
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D5.1

\/

Together with the people working in the distribution, production of motor vehicles, ships, and

boats, it reabes 4.7 million jobs.

Themaintenance and repair of motor vehiclesector accounts for another 1.37 million jobs

that are divided between authorized dealerships and independent repairers.

1 600.000

V16110 - Persons employed - number
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Figurel2 NACE Sectors by Number of Persons Employed

As expected, the highest turnovéFigure13) is achieved by thenanufacturing of motor

vehiclessector with 778,3 billion EUR, followed by tbales of motor vehiclesector with

769,3 billion EUR.

Thebattery manufacturingsector only yielded a little over 10 billion EUR.
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Figure13NACE Sectors by Turnover

In terms of grossehicle productiort®, the EU leader is undoubtedly Germany with an output

of around 5.2 million unit§Figurel4).
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Figurel4 Motor Vehicle Production

The runnefup is Spain with almost 3 million units manufactured, followed by France (around

2.3 million units), Czechia (more than 1.4 million units) and Slovakia (slightly above 1 million

100 https://www.acea.be/uploads/publications/ACEA_Pocket Guide 2P2P1.pdf
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Froma productivity'°! perspective things are radically different from the previous graphic,

with Slovakia in the first place with 19@hicles/1.000 inhabitants, followed by Czechia with
127, Slovenia with 100, Germany with 62 and Spain witfFfurel5).

120
100
80
60
40
20
(8]

&
»
{6‘ <R Sy & & % <&

Motor vehicles production/1,000 inhabitants, by COUNTRY (2019)

< 2 2 >
& «., o Q;o

..\
g &

ES < RS

In terms of thenumber of companiestheir geographical distributionfigure16) andtheir

activity type, Germany leads lmattery production with around 80 companies, followed by

Italy and Poland.

Figurel5 Motor vehicle production/1000 inhabitants
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Figurel6 Top 10 countries by number of enterprises
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Slovakia is the home for most companimanufacturing motor vehiclesn Europe, followed
by Germany and Sweden.

With over 1400 companies, Italy is on top regarding the number of ecanomérators
involved inthe manufacture of parts and accessories for motor vehiglésllowed by
Germany and Poland.

In terms of netemployment (Figurel17), according to activity typeGermany is the biggest
player inbattery manufacturing vehicle manufacturing(556,000 people) angharts and

accessories manufacturing280,000 jobs).

V16110 - Persons employed - number / Top 10 countries
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With a steeply declining position (110,000 jobs), France is the runner up in motor vehicle
manufacturing whereas Romania is in the second position in parts and accessories for motor
vehicles with around 170,000 jobs.

Germany is once again leading therépean economic environment in terms tfrnover
(Figurel8), at least irbattery manufacturing, motor vehicle manufacturinEUR 400 billion)
andparts and accessories manufacturijground EUR 80 billion). France is runner up again

in motor vehicle mnufacturing (EUR 100 billion) and parts and accessories manufacturing

(around EUR 30 billion).
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Figurel8Top 10 countries by turnover

In terms ofnumber of companiesltaly leads irships and boats productioifFigure19) with
around 1,550 companies, followed by the Netherlands (1,100) and Poland (1,060).

Italy leads irmotorcycle manufacturingfollowed by Spia and the Netherlands.

V11110 - Enterprises- number/ Top 10 countries
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Figure1l9Top 10 Countries by Number of Enterprises

In terms ofnet employment(Figure20), Italy is the biggest player with 25,500 people followed
by Poland and the Netherlands with 11,500 each.
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Figure20 Top 10 countries by persons employed
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Figure21Top 10 Countries by Enterprises

Regardingecycling activitiesn Europe, in terms of registerambmpanies Chyba! Nenalezen
RNE 2 2 fRdldadei dre almost the same as above, in a slightly different configuration:
Italy is in $ position incollection of hazardous waste 350 companies and #2 in recovery of
sorted materals ¢ 2,800 economic operators whereas France Ssirlrecovery of sorted
materials ¢ around 4,800 economic operators and Czechia'{sr2collection of hazardous

waste¢ 200 companies).
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Also in therecycling sectobut in terms ofpeople hired Figure22), Italyand France share the
first 2 positons: Italy is in % position incollection of hazardous waste around 3.000 jobs
and #2 in recovery of sorted materiad25,000 people whereas France ¥ i collection of

hazardous waste around 2,000 jobs and #1 iacovery of sorted materialg around 53,000

people).

Figure

Top 10 countries by number of employees
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At national level, the highest performing countries in termstwfover (Figure 23) on

recyclingactivities were Italy (#1 in collection of hazardous wastound EUR 800 million

Figure23 Top 10 countries by turnover

D5.1

\/

and #2 in recovery of sorted materiaisEUR 8,4 billion) and France (#2 in collection of
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hazardous waste around EUR 500 million and #1 in recovery of sorted mategial®und
EUR 11.7 billion).

As presented ifrigure24, the sale, mainenance and repair of motor vehiclegpresents an
important turnover generator, hence the attention granted to it in the current analysis.
Regarding theumber of enterprisesnvolved at national level, it is noteworthy that Germany

is in B position in terms of sales of motor vehicles (40,000 companies), followed by France
(25,000), and the Netherlands (23,000). In terms of maintenance and repair of motor vehicles,
Italy takes the lead with 70,000 companies, followed by Poland (58,000)rande<52,000).

V11110 - Enterprises - number/ Top 10 countries
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Italy leads again in sale, maintenance, and repair of motorcycles, followed by France and
Germany.

In the same three categories (sales of motor vehiclesinteaance and repair of motor
vehicles and sale, maintenance and repair of motorcycles), ktetins of personnelFigure

25), the absolute leader is Germany (435,000 people in G451 / 300,000 in G4520 / 25,000 in
G4540).

In 2nd and 3 place, France and ltaly are taking turns in the three categories: Frant&ns 2
G451 with 190.000 people ané & both G4520 (170,000) and &40 (15,000). ltaly takes®3
position in G451 with 100,000 jobs and th¥ glace twice (G452 195,000 jobs) and G4540

¢ 20,000 jobs).
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Figure25Top 10 countries by persons employed
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Figure26 Top 10 countries by turnover

Germany and France also take turns in terms of the same three categories, this time between

the first two positions regarding theirnover (Figure26).

Germany takes the cake gales of motor vehiclesvith close to EUR 200 billion and settles
for runner up position irmaintenance and repair of motor vehiclgEUR 25 billion) and sale,

maintenance and repair of motorcyclg®&UR 5 billion).
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France gets the" position in G451 with EUR 135 billion and leads the other 2 categories with
around EUR 28 billion (maintenance and repair of motor vehicles) and EUR 6 billion (sale,

maintenance, and repair of motorcycle).

If we analge the share oEMEstheir consistent presence in the total number is noteworthy,
as theyare the backbone of Europe's econormfys could be seeim the Figure26), mostof

the companies are from the SME area, having less than 250 employees.

- SME (0 - 249 pers), | >250 persons employed, -
NACE_R2 Indicator (in EUZ?p ) p Uy ploy % SME in total
C272 11110 - Enterprises - number 281 17 94.3%
12110 - Turnover or gross premiums written - million euro 708.4 1,547.9 31.4%
16110 - Persons employed - number 2,893 4,232 40.6%
C291 11110 - Enterprises - number 1,444 125 92.0%
12110 - Turnover or gross premiums written - million euro 3,125.9 581,315.2 0.5%)
16110 - Persons employed - number 16,446 921,153 1.8%
C292 11110 - Enterprises - number 5,323 82 98.5%
12110 - Turnover or gross premiums written - million euro 15,200.5 12,117.5 55.6%
16110 - Persons employed - number 85,317 37,617 69.4%
C293 11110 - Enterprises - number 7,120 877 89.0%
12110 - Turnover or gross premiums written - million euro 45,347.5] 160,885.0 22.0%
16110 - Persons employed - number 197,547 867,621 18.5%)
C301 11110 - Enterprises - number 6,229 65 99.0%
12110 - Turnover or gross premiums written - million euro 8,337.4 16,226.1 33.9%
16110 - Persons employed - number 48,508] 56,073 46.4%
C309 11110 - Enterprises - number 2,677.0| 29.0 98.9%
12110 - Turnover or gross premiums written - million euro 4,466.7 2,870.2 60.9%
16110 - Persons employed - number 24,164.0| 12,144.0| 66.6%
E381 11110 - Enterprises - number 12,945 240 98.2%
12110 - Turnover or gross premiums written - million euro 18,234 .4 14,281.8 56.1%
16110 - Persons employed - number 182,910 194,250 48.5%
E383 11110 - Enterprises - number 16,501] 34 99.8%
12110 - Turnover or gross premiums written - million euro 32,302.2] 7,040.4] 82.1%
16110 - Persons employed - number 115,766 38,586 75.0%
G45 11110 - Enterprises - number 795,359 728 99.9%
12110 - Turnover or gross premiums written - million euro 807,750.0| 313,797.8| 72.0%
16110 - Persons employed - number 2,924,166 457,141| 86.5%

In the field ofbattery manufacturers the first position is taken by Italy (64 companies),
followed by Poland (57) and Germany (44).

A large disparity can be observed in thember of smalmedium enterprises(Figure28)
manufacturing batteries and agmulators (around 200 overall with 60 in Italy and 50 in
Poland), the ones manufacturing motor vehicles (around 1,500 overall with 240 in Slovakia,
190 in Sweden and 180 in Germany), the ones manufacturing trailerstiseleis and bodies

for motor vehides (around 5,000 overall with 1,050 in Germany, 950 in France and 750 in
Spain) and the ones manufacturing parts and electronic equipment for motor vehicles (more

than 6,000 overall with 1,360 in Italy, 950 in Germany and 800 in Spain).
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Figure28 Top 10 countries by SMEs number

In terms ofemployment (Figure29), the disparity is similar to the previous figure on numbe

of SMEs. A mere 2,500 people work in the battery manufacturing SMESs in Europe whereas the

SMEs manufacturing motor vehicles keep more than 15,000 people busy.

The SMEs manufacturing trailers, semailers and bodies for motor vehicles provide a living

to around 80,000 people across Europe. The SMEs manufacturing parts and electronic

equipment for motor vehicles are leading in terms of employment with around 200,000 jobs.
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Figure29 Top 10 countries by SMEs number of persons employed
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In terms of theeconomic impact ofSMEs(Figure30/ K& ol H b Syl f S1),$h¢ T RN
isparity between the abovementioned sectors can again be observed. Battery manufacturing,

with Italy in top position, yields a sheer turnover of less than EUR 500 million whereas the
remaining sectors, with Germany in top position, generates an overall turnover of around EUR

60 billion (EUR 2.4 billion in motor vehicle manufacturing, EUR 15 billion in trailers, semi
trailers and bodies for motor vehicles manufacturing and a hefty EURll&n in parts and

electronic equipment for motor vehicles manufacturing).

Regarding thenumber of SMEs(Figure 31) involved in manufacturing ships floating
structures and pleasure/sporting boats, in comparison with SMEs buifdotgrcycles the
statistics show lItaly is number one in both sectors with 1,300 SMEs in boating (out of a total

of around 6,000) and 820 in motorcycling (out of more thes0R).
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Figure31 Top 10 countries by SMEs numbers
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Figure32Top 10 countries by SMEs number of persons employed

Italy is also leading in terms of joldsidure32) in SMEs involved in manufacturing of ships,
floating structures and pleasure/sporting boats, as well as the SMEs building motorcycles.
With more than 13,000 jobs in ships and boats mawtdring, Italy provides almost twice as

many jobs in the sector as the runnep ¢ the Netherlands with around 6,700 jobs, and the
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third placed countryg Poland with 6,000 workplaces. In motorcycling manufacturing, Italian

SMEs offer more than twice asamy jobs as the runner upPoland (8,400 vs. 3,800).

Things change slightly in terms of turno{&igure33) of the SMEs involved in ships/boats
manufacturing where the Netherlands takes the lead over Italy (runner up) with a little bit
above EUR 2.5 billion.

Italy keeps its lead in motorcycteanufacturing turnover with a hefty EUR 1.8 billion, more
than three times as much compared to the runner ¢pweden, with slightly less than EUR
500 million.
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Just to have a very goddok over the situation in the recycling industry, the following graphs
(Figure34 Top 10 countries by SMEs turnokégure 34, Figure 35, Figure36) comparethe
spread and the strength of the SMEs involved in motor vehicle modorcycle sale,

maintenance and repair sectors with the SMEs involved in collection of hazardous waste and

recycling.
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Figure34 Top 10 countries by SMEs turnover
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Figure35Top 10 countries by SMEwmimber of persons employed

In terms of people employed, the best performing country, which is once again Italy, counts a

mere 70,000 jobs in collection of hazardous waste and recycling whereas the SMEs involved

in motor vehicle and motorcycle sale, maintace and repair sectors provide around 750,000

jobs in Germany alone (the #1).
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Figure36 Top 10 countries by SMEs turnover
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Figure37: LIB value chain

The chapter focuses on the raw materials needed for LithinmBatteries (LIB) with NCA or
NMC cathodes as these are the most important technologies currenthghgsed. Cobalt,
Natural Graphite and Silicon are classified as critical by the European Commission. Lithium,
Nickel and Manganese are essential as well, also considering the demand is increasing.
Lithiumis the most electropositive element in naturejstrelatively lightweight compared to
other metals such as Nickel and Cadmium. Lithium is extracted by mining from brine or
through hard rock Lithium processing. Lithium Carbonate is mostly used by the EV industry,
mainly in cathodes. With NMC cathodes mayvhigher Nickel proportions, the production of
Lithium hydroxide is expected to exceed that of Lithium Carbonate.

Cobaltprovides LIBs chemical and thermal stability with high energy density. It is recovered
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through different processes involving ore cemntrate by roasting, solvent extraction,
electrolysispr bioleaching. Producers seek to substitute Cobalt, as it is a costly mineral and is
sourced mainly from confliaidden parts of the world.

Nickel conducts heat and electricity and delivers highergy density with low costs. This
potential Cobalt replacement is mined as lateritic andsilfidic ores. Lateritic ores are
processed in electric reduction furnaces followed by hydrometallurgical treatment. With
sulfidic ores, flash smelting is commdallowed by metallurgical processes.

Manganesecan improve a cathode in LIBs in various ways and can be a cheap alternative to
Cobalt and Nickel. Manganese is commonly found as oxide and hydroxide in soils. Its mining
is frequently an open pit operatiorRure manganese is produced through hydrometallurgy
and electrolysis.

Graphite, both natural and synthetic, is used for anodes due to being safe and reliable as an
active material. It has sufficient energy density for mobile applications. Natural graphite
mined in opeRcast quarries where it can exist as flakes, veins and crystal formations. When
refined, graphite flakes are rounded to spherical units followed by thermal or acid purification.
Siliconis an alternative to graphite as an active materiahinanode. It is preferably mined
from pure quartz. After mining and sorting, reduction of quartz with carbon is conducted in a

reduction furnace followed by oxidative refining, casting, crystallization and crushing.

Seveal types of LIBs are used today. These are divided according to the composition of the
cathode material. Each composition differs slightly in parameters such as voltage, operation
life, capacity, etc.

Presently, batteries account for up to 50% of the tatast of an EV. Moreover, out of all cost
associated with LIBs, material costs are the most significant: considering only the separator
(3%), the electrolyte (1%), the current collectors (3%), the anode materials (8%) and the
cathode materials (26%), 41%total battery cost is reached already, with the most significant
contribution owing to the cathode material.

The manufacturing process includes the preparation of active materials, the production of
electrodes and the assembly of batteries. The posiglextrode is formed by depositing

acathode material on an aluminium foil and the negative electrode is formed by depositing
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an anodematerial on a copper foil (for Graphite). A separator is inserted between these foils
and at the edges. The separator is a plastic, porous film that separates the anode from the
cathode but allows electrolyte to flowlhe structure is filled with electrolyté&lectrolyte is a
solution of lithium salts and is used in a battery to enable the fdd electrons from the anode

to the cathode. Then the battery is assembled into the desired shape.

Three shapes are used: cylindrical, prismatic and paeth. These variations in shape of the

cells bring about differences in terms of capacity, thermahagement, integration, etc.

. BMS slave Placing of power ;
Cell stacking Mggg;r:]lcal %nggéttiﬁbs welding to the and comunication » " {aeasrtameter
9 9 module cables

oDepends on battery «Permanent or
geometry detachable

Figure38 Battery module assembly process

For stationary and mobile applications such as EVs, LIBs are used in the form of a pack. This
pack consists of several blocksattery modules, battery management system (BMS) master,

and thermal regulation system. Design possibilities of the pack arrangement include series
and parallel stacking of modules.

One of the main concerns regarding the incorporation of LIBs is itsenhesk of thermal
runaway and explosion. This leads to the important role the BMS and thermal regulation
system have for the module and pack assembly, together accounting for 24% of the total
battery cost. Each battery module requires the simultaneostaifation of a BMS master and

its thermal regulation system, significantly increasing the total volume occupied by the pack.

This step covers the stage between the module and pack manufacturing and operation, repair,
and maintenancghases of the battery value chain. Integration process varies mostly based

on the application type: either stationary (base stations, power grid, industrial applications,

Co-funded by the i The European Commission support for the production of this publication under the Grant
Erasmus+ Programme < Agreement NE12675Qide$ not constitute an endorsement of the contents which
of the European Union T reflects the views only of the authors, and the Commission cannot be held responsible for S7

any use which may be made of the information contained therein.



{nalpatts /

Alliance for Batteries Technology, Training and Skills

etc.) or mobile (cars, ships, etc.).

Generic integration process covers tlenfiguration of cells and battery pack and its
integration with embedded systems like battery management systems and thermal regulation
system which prolong the battery life. This integration step also covers the hardware needed
(wiring, sensors, etc.) a@nthe proper enclosure. The last step, before the battery goes into

service, is the check for compliance with the safety standards which requires proper testing.

The first iteration of the report focuses on battery apptions in passenger cars and vessels.

Mass market uptake of electric vehicles (EVS) is strongly driven by the EEmMX3ion
legislation (Regulation (EU) 2019/631), with targets in 2020/21 and 2025/2030. This means
that, now, the number ofEVs in operation in the EU let alone the ones needing repair and
maintenance is rather limited, hence the relevant market is in its infancy.

The mainstream technology today is Lithium Nickel Manganese Cobalt Oxide (NMC) or Lithium
Iron Phosphate (LFP), WdhNMC and solidtate technologies are among the most promising

for the future.

Electrification of the vehicle fleet brings abaéveralchallenges and opportunities, including

new possible services and thus also the need for new job roles and qualifcalhese are
related, for example, to EV charging, monitoring and managing battery state of charge and
health or to safety issues aiming at reducing or eliminating hazards that an electric vehicle
equipped with a large higholtage battery,could wreakon its environment while parked or

in motion.

Repair workshops need to get ready for the challenges ahead. Electric vehicles are easier to
maintain compared to ICEs as they do not require for example regular engine/gearbox oll
change or oil/air/fuel filter replacement. This means a losBusiness tmoverfor the repair
workshops. On the other hand, some works on EVs require extra skills and education, including

a combination of car mechanic and high voltage qualifications.

Maritime sector also needs to reduce its &d air pollutants ensisions such as NOx. This,
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together with the technological development and other drivers, leads to a progressive
hybridisation and electrification of the vessel fleet.

The dominant technology today is lead, both flooded and sealed, homh technologiesNNMC

and LFP) are penetrating this market. Ssligte electrolyte batteries are a new technology
with great potential.

Also,in the case of vessels, attention must be paid to safety issues and potential negative
thermal events.

Servicing of the electrifiedessels by qualified personnel can be done in docks, by the crew at
the sea or, since vessels travel at distant locations, remotely. To carry out any repair or
maintenance operation, the personnel must have at least a basic understanding of high
voltage naritime applications. As for new skills, data analytics, remote guidance and support,
digital tools and software for remote operations are among the highly demanded ones when

talking about service engineers.

Battery secondise disseminationables to mitigate C{emissions and decrease an overall
demand for branehew batteries production, thus decrease the impact on environment by the
extraction of minerals and the whole battery production chain. Repurposing retired electric
vehicle (EV) bédries provides a potential way to also reduce EV cost. Embedded in stationary
energy storage systems, second life EV batteries could unlock the energy storage market and
generate synergic value for the energy sector.

EV batteries can be nesed in statioary applications to facilitate integration of renewable
sources of energy to grid, effrid stationary to backip power for remote consumers etc. or

for single households to manage demand peaks and regulate power flow. In the future, second
life batteriescan be used also in mobile applications, for instance innoad machinery or
micro mobility devices.

Currently, there are still significant challenges in exploiting the expected volume of
decommissioned batteries. These include a lack of standardizgéparally, and specifically

in communication protocols. There are also technical barriers associated with the variations
of battery cells, shapes, chemistriesapacities,and sizes used by different vehicle
manufacturers, in addition to data accessibiligjated challenges.

Furthermore, before proceeding to the integration phase, a decision on either direct
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redeployment or reconfiguration of batteries is to be made. Cell quality selection process is to

0S aONMHziAYAT SREZ O2y aA R GunlityyodEputlis expected @ithNi@ thed,  { 2 |
latter option. Overall, a greater degree of certification would help to allow a complete
assessment of the residual energy capacity of a battery pack at the end of the first life; to allow

a more optimized design ohe full battery system for a stationary application; to enable
developers and integrators of secoiite batteries to provide product warranties to their
customers etc. Challenges might also reside in the final integration of second life batteries,

the replacement,or the capacity expansion that prompt for cooling, safety, hence BMS perfect

compliance.

According to the Strategic Action Plan on Batteries, the whole cycle of sustainable battery
production has been revised, although recycling andse phases are still to be developed.

Even though the EU has been lacking substantial regulations on sustainable battery recycling,

I a2aliSYFGAO @GAaArzy Aa 2y (GKS g4ibneBatiérg)nad S Ay i
production and leverage Eoly{lR 2 F [ AFS0 o0F GGSNARASAQ YIFGSNRAI
The recycling technologies ofibn batteries can be divided into two types, Direct and Indirect
methods. Depending on whether a cathode is broken down to different elements, the former

one appears to be more cost efféa and energy conservative. There are different techniques

G2 YSGlfta NBOtFYlIGA2Y Ay (GKS [L.&aQ NBOeOf Ay3
recovery.

The most innovative recycling technologies have been elaborated in this reporte\Rretri

¢ SOKy2t23ASasx wSOdzLlet +FftAo6lFdz !'11dzASNI YR |
through bringing higher automation degree of the recycling processes and avoiding cathode/
anode materials mixing. There is a special attention drawn to Aklkuseess, which shows

the lowest energy consumption and fire risks with a high level of recycling efficiency, but
agofl O1 Ylraaé¢d Aa (G2 o6S 2060FAYSR o6& | GKANR L
clear advantages, as it uses mechanical prangssoupled with hydrometallurgical

operations, which renders low losses and embraces strong circular economy principles.
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As stated in the project applicatiot LI} NIy SNE gAff RS&aA3Iy NRIRY
synchronization othe demand; the new needs for competence, on the enterprise side, with
0KS addzlllX & 2F SRdzOFGA2y yR GNIAy®Ry3 aSNBAOS

The desk research report is a first part of the basis for the alposetioned
roadmap/blueprint and itvill deliver important data on which the other two parts (survey and

workshops) will be based, as mentioned in the methodoleggtion 1

This section will further describe the focus and approach to this research topic along with the

main findings.

The focus of this topic of sectoral intelligence is to gather valuable data on current and future
job roles, competencies, skills, and knowledge needs, and thealted stateof-the-art, to

better understand the current situation of the fastmerging battery sector.

To better understand the current situation of the sector, the ALBATTS partnership carried out
a desk research study analysing the attractiveness of the battery sector by focusing on target
groups which include primarilgotential newcomersto the sector (je. students or young
people at the beginning of their professional career); but also workers from other sectors who
are eventuallyconsideringentering this growing sector. Through this research, the aim was
to answer the following questions:

a) Is the battey sector attractive for the abovmentioned target groups?

b) ! NB GKS@ gl NBE 2F (KS oFGGSNE aSOoi2NRna Lk
¢KS ydzYoSNAE FTNRBY GKS 22NIR 902y2YAO C2NMzy:z |
2019 Report, are encouraging. If tgeowing global battery demand is matched with sound

collaborative actions, the battery sector could create 10 million safe and sustainable jobs and

102 project applicabn
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$150 billion of economic value in a fair value chain by 2830n the umbrella of such
collaborative actios, the full exploiting the battery sector potential, increasing its
attractivenessand helping to create relevambmpetencies and training schemes that match
new job roles and requirements are key.

As reported by the European Battery Alliance (EBA2B1@®) of the top priority actions for the
future is developing and strengtheningséilled workforcein all parts of the battery value
chain and making Europattractive for world class experts. To do this, it is imperative to
attract talents with lighthouserojects for cell manufacturing and other relevant activities.
Sufficient human capital with key skills are missing in Europe, especially in the field of applied

process desigi*.

From the results of the desk research (published papers, reports, and articles), there is no
evidence about a proper and specific battery energy seétor i (i NI O i. Xrengfor& R F S O €
order to better understand the attractiveness of the battery sectbe ALBATTS project has

taken a much broader perspective through the analysis and consideration of its main areas of

application as peFigure39.

1032 9 C H Threebways batteries could power change in the wioBdps://www.weforum.org/agenda/2019/09/three
wayshbatteriescould-power-the-world/
104 EBA250 Priority Actionkitps://www.eba250.com/actiongorojects/priority-actions/
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Eledric vehicles are considered as an important step for clean energy transition, boosting
innovation, digitalization and decarbonization. The general trend is-gegear increase in

first registrations, as shown for example by ACEA stati$fi&uch interest in EVs requires a
skilled workforce and ability to attract talents towards this growing sector. There is no doubt
that electric vehicles and their potential are today an object of interest for many people,
especially the youth. Young peopdee in fact attracted by the driving force behind the

electrification of transport, namely, the concept of sustainabifity

However,the shift to EV manufacturift§f requires a substantial investment in new talents
both from OEMs and new entrants (starpsin particular).OEMs must look for a workforce
that is broader and deeper in terms of knowledge. Mskilled engineers, who are as
comfortable with chemistry as they are withelectrical and mechanical engineeringre
required, but this is a challengense now they are scarce (and they demand higher wages).
In addition, another challenge in the difficulty to attract such mskiled engineers or
graduates in science, technology, engineergny] mathematics altogether is the fact that
such people arencreasingly attracted to statips. To address this issue, OEMs invest in
talents capable of designinguilding, and integrating battery cells. Various platforms and
business models are being set up to find new ideas and talents, and not only in thefwoadu
part of the value chai®® The demand for skilled workforce concerns not only university
educated people, but also those with EQF level educai®F 4b). The ability to keep the
current employees will be of great importance as well. Therefore, vagtalification

programs are carried out by OEN%and other stakeholders such as vehicle dealerships.

Another application of the battery sector representing an object of interest that is attracting
YIye GFfSyda Aa a3aINBSy SySNHeéex¢é¢ gKSNB ol GaSN

of green energy storageYoung peopleare increasingly concerned abioenvironmental

105 hitps://www.acea.be/uploads/publications/ACEA Pocket Guide 2P2P1.pdfaccessed®8.08.2020

04 2 /53 wnmt GCAGS GNBYRAE (NI yahfRMM-amaFities do/Sitesdedail 22018 3S L y R dz
03/pwc-five-trendstransformingthe-automotive-industry.compressed. pdf

058t 2A008% H /marlets.  BldéwS gentrants.  New  challenges. BattS NB St SOGNRO BSK A
https://www?2.deloitte.com/content/dam/Deloitte/uk/Documents/manufacturing/deloitteik-battery-electricvehicles.pdf

108 For exanple https://skodaautodigilab.com/
1o%https://www.volkswagernewsroom.com/en/presseleasss/transformationcontinuingapacezwickaucarfactory-to-
produceonly-electricmodelsin-future-6154accesse@®8.08.2020
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difficult, dangerous,and harmful to society, while considering jobs in green energy more
appealing®®. The green energy sector employed rilion people at the end of 201@8vith

solar photovoltaic panels being the top employét) Although many young people are
interested in pursuing studies and making a career in the green energy sector, the main issue

here is that, at EU level especiallyore work should be done on providing a more systemic

skills base. In fact, managing skills and technicasazific skills are a greater concern than
AK2NIF3Sa 2F aySgé INBSYy ajArttao

To conclude, when taken in isolation, it is still not possible tartfeoutline if and to what
extent the battery energy sector is attractive. However, findings from our desk research show
that when taking a broader perspective by analysing its main areas of application, it is possible
to measure as well as to boostthé il 4 SNBE &aSOdG2NRa | GGNF OGABSySa
youth are increasingly attracted to new ways of generating and using enerckle the
biggest climate challenges and contribute to achieving sustainability goals. Therefore, it is
imperative toshow that batteries are the key enablers and accelerators to achieve such goals,
through their impact on areas such as smart mobility; secgreen,and affordable energy;

as well as circular economy. Therefore, young people should be aware that puasceneer

in such sector will allow them to contribute and make a direct impact on sustainability issues.
Moreover, a more irdepth analysis of the sector attractiveness will be provided through the

next steps of the project interactions with stakeholders.

All the job roles found were mapped to the battery value chain steps for further identification
of the gaps. A spreadsheet template was used to achieve trackable work for all involved

partners. This approach resedl in structured data collection.

Job Rolgcurrent or future)

1109 37 iowwdo wedegeneratell K A & 3 S viebvNd-oifi an@ gk Etps://assets.ey.com/content/dam/esites/ey
com/en_gl/topics/oitand-gas/eyhow-do-we-regeneratethis-generationsview-of-oil-and-gas.pdf

UYRENA, HAMGp awSySgslot S 9y SNEHe&¢ Ahnyidk ReWdwo a 20%£9%
https://www.irena.org/publications/2019/Jun/Renevide-Energyand-JobsAnnuatReview2019

Co-funded by the R The European Commission support for the production of this publication under the Grant
Erasmus+ Programme * * Agreement NAG12675@ded not constitute an endorsement of the contents which
of the European Union T reflects the views only of the authors, and the Commission cannot be held responsible for

any use which may be made of the information contained therein.


https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/oil-and-gas/ey-how-do-we-regenerate-this-generations-view-of-oil-and-gas.pdf
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/oil-and-gas/ey-how-do-we-regenerate-this-generations-view-of-oil-and-gas.pdf
https://www.irena.org/publications/2019/Jun/Renewable-Energy-and-Jobs-Annual-Review-2019

{nalpatts

Alliance for Batteries Technology, Training and Skills

Name
Application (stationary or mobile)
Category (corresponding with the ISCO classification level?& II
Description
Mapping*3to the battery value chain
A Job role was assigned to tieerresponding battery value chain.
Responsibilities
Qualification needed with EQ® mapping
Actively offered or demanded
A Information about demand or offer of the job role.
Competences
A Skills and knowledge required.
Other relevant information
ESCO mapping

Information source

This generic template is very well suited for partners who can easily map the job

advertisements, or any other data found in the various reports. It enables structured approach

to the research and systematic work as well as backtradkitige source of information.

This structured data collection can then be easily mapped to the job role classification

framework described below.

Job Role Classification Framework:

Name (Mandatory)

12 Glossary:International standard classification of occupations (ISCO). (n.d.). Retrieved August 04, 2020, from
https://ec.europa.eu/eurostat/statistics

explained/index.php/Glossary:International _standard_classification_of occupations (ISCO)

113 An operation that associates each element of a given set (the domain) with one or more elements
of a second set (the range).

114 European qualifications framework (EQF). (2020, April 27). Retrieved August 04, 2020, from
https://www.cedefop.europa.eu/en/eventsand-projects/projects/europeargualificationsframeworkeqf
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Description (Mandatory)
Work Context'® (Optional)
ESCO Mpping (Mandatory)
0 Mapping to existing ESCO occupations
o M: N mapping!® One job role to more occupations in ESCO and vice versa,
one or more job roles to one occupation in ESCO.
ISCO Mapping (Optional)
o Level I ISCO Mapping
o Level Il ISCO Mapping
CompetenciegMandatory)
o List of competencies/skills on desired level
A Mapped to ESCO existing competence/skill
o List of knowledge necessary
A Mapped to ESCO existing competence/skill
EQF Level (Mandatory)
Other Parameters (Optional)

o Battery value chain mapping

Classifiation framework described above coheres well with the ESCO and enables

identification among the different European skill agendas.

For this desk research report, project partners decided to look for various job advertisements

available on thenternet relevant to the battery sector. The deliverable 6.1 which was done

in WP6 was also used as a reference to better understand what are the possible job roles that
could be described in more detail. Some of the information also comes from the sapbith

are publicly available on the internet. Synthesis of this data leads to the list of job roles, skills,
and knowledge for each value chain step. Occurrence of required skills and knowledge is

depicted in charts.

115Work Context. (2020, March 07). Retrieved August 04, 2020, from
https://ec.europaeu/esco/portal/escopedia/Work _context
116 hitps://en.wikipedia.org/wiki/Manyto-many (data_modellast accessedn 28.08.2020
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Main findings are described in modetail in the sections that relate to the specific value chain
steps. Each section contains list of the found job roles and statistics about the skills and

knowledge that were found.

Although the EU countries have national educations systemsk:thiepean Commission has
high ambitions concerning their responsiveness to economic development needs, and
continuously works with soft policy, such as the Bologna process, or in this case, the education
blueprint for the development of education and tramg methods and approaches, for the fast

development of the batteries and-mobility sector in Europe.

The education and training methods and approaches used vary between the academic
university sector and vocational education; methods also vary witiesd sectors. However,
many of the same methods and approaches are used, but with varying blends, emphasis
patterns and objectives. Universities work with advanced generalist education, and vocational
institutes closer to actual application and work marké€lTs (Information and Communication
Technologies) no longer constitute new methods by themselves, but they refresh the old and
develop innovation in education, and training access and flexibility -iswddrated education

has become the new normal. Weesent a timebased social perspective that can be used for
analysis and classification when working further in desk research with analysing what is going

on and what needs to be done.

ALBATTS deliverable 6.1 constituted a collection of European exanf@eisting education

and training in the batteryand emobility sector, from EQF (European Qualification System)
4 (upper secondary school, gymnasium) to EQHnasterlevel education), and found
interesting examples all over, but with concentrationtbe masters level, which is important

for development jobs in industry. For vocational educatorEQF level-8 to start and thrive,

job offers and opportunities in actual industries mustailableclose in time. This work will
continue with desktop esearch, surveys and workshops in WP3, 4 and 5, but also by
networking with other initiatives (such as the European Battery Alliance, BatteriesEurope,

Battery2030+, EITInnoEnergy, EIT Raw Materials.) and educational institutions.
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Lithiumiion batteries (LIBs) currently dominate the battery market in mobile applications
(mainly automotive) and are gaining increasing relevance in stationary (grid) applications.
Lithium is relatively lightweight, compared to other metals such as NacietiCadmium. The

couple LYLi* (3.05 V) has the highest possible voltage among the known raw materials, as
Lithium is the most electropositive element found in nattifeSince Sony started using this

type of battery in 1991, LIBs have been under the sgiatlas the main researched topic of

the energy storage systems (ESS) which has led to several significant improvements.

Presently, the main challenges to overcome are:

() reducing or, if possible, eliminating the use of Cobalt, which has the mosatstipply

chain of all the main constituents of LIB's positive electrode active materials, thus reducing

cost and supply instability (Cobalt 1t Fnined in the Democratic Republic of Congo);
QAYONBlFaAy3d [L. Qa 2O0SN¥pMIBEATS 080t S IFyR Sy
(3) decreasing the inherent safety risks such as thermal runaway that may lead to fire and
explosions.

The first and second challenges are closely related to tailoring chemistries for positive

St SOGUNRRSAQ | OGAGS YI (v& Bldctrotled active Siatdial Wil Bel S NI
NEFSNNBR (2 a aOFI(iK2RSé¢ FT2NJ AAYLE AFAOFIGAZY X

the positive electrodes are cathodes while discharging, and anodes while charging.

Mining and supply of raw materials concern manufacturing companies, especially those
involved in upstream battery cell. Furthermore, general consciousness about environmental
impact, fair working conditions and political factors, associated with each raterral, create

new avenues for developing new battery cell technologies, but also identifies current and
future challenges such as recycling. These problems also concern public organizations and

Global/European authorities, which are responsible for prtingecological and economical

117 Julien, C., et alLithium Batteries: Science and Tedogy. 2015: Springer International Publishing.
118Goodenough, J.B. and Y. Kidhallenges for Rechargeable Li Battei@semistry of Materials, 20122(3): p.

587-603.
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sustainability, beside guaranteeing that working conditions in raw material supplying
countries comply with fundamental human rights.

Major international companies selling end consumer products, such askm@Wn EVs
manufadurers¢ Tesla, Nissan, and othersre subject of public scrutiny. This fact reinforces
GKSANI  OGABS NRES Ay NI¥g¢ YFEGSNARAEFfaQ SEGNF OG.
well as unfair working conditions, may arise from these activities.

Thus,a list of stakeholders taking part in raw material mining, supply and processing may be

identified as follows:

Mining and mineral refiningompanies.

Batterymanufacturers.

Vehiclemanufacturers.

Researchnstitutions.

Educationinstitutions.

Recyclingompanies.

Energy/Natural resources regulation and fismathorities.
Environmental norprofit organizations (NGQs

International organizations (UNESCO, UN, etc) and Eurdpstinitions.

Local authoritieshunicipalities.

The European @nmission (EC) list of Critical raw materials (CRM) from 2017 lists Cobalt,
naturalgraphite,and Silicon as critical for battery productidtf. In this critical assessment, a
balance between the economic importance and the supply risk is constantly adallise
2018 Report on Raw Materials for Battery Applicatiomgntions Nickel and Lithium as
GSaasPuXIIdKS wnmy 9/ O2YYdzyAOF A2y @9 dz2NRBLIS 2

to increase the overview and knowledge on battery raw materials, whitie ibackground of

19 hitps://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:52017DC0d80accessedn 28.08.2020
L2https://ec.europa.eu/transport/sites/transport/filesBrd-mobility-pack/swd20180245.pdast accessedn

28.08.2020
Co-funded by the Ty The European Commission support for the production of this publication under the Grant
Erasmus+ Programme T Agreement NE12675@de8 not constitute an endorsement of the contents which
of the European Union T reflects the views only of the authors, and the Commission cannot be held responsible for

any use which may be made of the information contained therein.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52017DC0490
https://ec.europa.eu/transport/sites/transport/files/3rd-mobility-pack/swd20180245.pdf

{nalpatts D/ss

Alliance for Batteries Technology, Training and Skills

numerous reports, as the review of the 2017 list of CRMand JRC Science for policy
reports 1?2 123 Moreover, Nickel and Manganese are the most common metals employed to
complement and decrease the amount of Cobalt which highlights¥dghii I £ 8 Q A Y LJ2 NI |

future cathode technologies.

Limiting this study to the most important battery technologies currently being used, which are
going to be identified in subsequent subchapters, the focus will be on critical raw alateri
needed for LIBs with NMC and NCA cathodes (lithiated compounds containing Nickel, Cobalt,
Oxygen and Manganese or Aluminium, respectively. These compounds incorporate raw
materials that are now in limited supply and extra demand due to the recent sargattery

production for EVs.

Based orDrivers of Changand the most relevant technologies, the short list for addressing

raw materials included:ithium, Cobalt Nickel Manganese Graphiteand Silicon

Lithium is a highly reactive metal.ritay ignite in the presence of moisture and/or air, and it

is an electrical conductor (10" S/m). It is often transported in mineral oil to keep it
LINE 0 SOGSR FNRBY AN FYR gFGSN® ¢KA&a YSiOlFtQa
Instead, it is found in the composition of minerals, spodumene and petalite. There are two
distinct technques for extracting both minerals: mining from brine (salt lakes) and hard rock

Lithium processing (pegmatite deposit8f1?> The EU import reliance thereof is 869%.

2Ihttps://op.europa.eu/en/publicationdetail/-/publication/08fdab5t9766-11e7-b92d-01aa75ed71lalast
accessean 28.08.2020
2https://publications.jrc.eceuropa.eu/repository/bitstream/JRC112285/jrc112285 Cobaltlpdf accessed
on 28.08.2020
3ttps://publications.jrc.ec.europa.eu/repository/bitstream/JRE5010/kjla28534enn.pdfast accessedn
28.08.2020

124 hitps://www.chemicool.com/elements/ithiumhtml last accessedn 28.08.2020
https://www.sgs.com/~/media/Global/Documents/Flyers%20and%20L eafletsi8BBNA109Hard-Rock
Lithium-ProcessindEN11.pdf last accessedn 28.08.2020

6 ttps://op.europa.eu/en/publicationdetail/-/publication/08fdab5t9766-11e7-b92d-0laa75ed71al  last
accessean 28.08.2020
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Deposits

The biggest known global deposits for brine mining are located in the Southcdaméiithium

Triangle (Chile, Argentina, Bolivia) and Canada. Australia, China and USA have the biggest
hard-rock deposits in the worlfd’”and smaller deposits of both mining sources are to be found

in many countries, often in combination with hard rock coppening. Seawater also contains
Lithium in small concentrations (0.17 parts per millidhbut presently, its extraction is not
economically viable. Lithium is a common component oftsa#om polymetallic nodules as

well, for which harvesting is highly mwoversial, due to damage caused by current mining
methods being employetf?® In all, global Lithium deposits are considered enough in supply

for at least this century, especially if efficient recycling technologies develop. In Europe, most

of the additiona prospecting for Lithium can be motivated by the lack of interest therefore.

In the recent past, Lithium has simply not been so much in focus during explorations. So far,
2yte lFoz2dzi m: 2F (GKS 62NI RQa (20l thiunRdsdeldsa A G a
F2N) YIye @SIFENE® ¢KS o0A3 .2t AQBALY RSERaeAlGa |0
interesting for both European and Chinese compafiié$?, but it is more expensive to exploit

than the reserves in other parts of the Lithium triangknce they are chemically more
complex and the high altitude with lower temperatures makes drying processes st&wer.

China encountered similar problems with its big Lithium deposits in Tibet.

Deposits in Europe
Portugal has the largest producing Littmumines in Europe, in the Guarda area, Northern

Portugal, near the border with Spain, run by Grupo Mota Feltffigand other deposits are

2Mttps://www.statista.com/statistics/268790/countriesvith-the-largestLithiumreservesworldwide/ last
accessean 28.08.2020
28ttps://stockhead.com.au/resources/Lithiufftom-seawaterits-possiblebut-is-it-worth-pursuing/ last
accessean 28.08.2020

129 hitps://www.nature.com/articles/d41586019-0075 7%y last accessedn 28.08.2020

130 hitps://www.saltworkconsultants.com/saladi-uyuni/ last accessedn 28.08.2020

131 https://www.mining.com/web/boliviapickschinesepartner-2-3b-Lithium-project/ last accessedn
28.08.2020

132 https://www.dw.com/en/boliviascrapsjoint-Lithium-project-with-germancompany/a5110087Jast
accessean 28.08.2020

133 https://dialogochino.net/en/extractiveindustries/35423boliviarethinkshow-to-industrializeits-Lithium:
amid-politicaktransition/ last accessedn 28.08.2020

134 https://www.scmp.com/news/china/science/article/3010200/chirmackscheapLithium-production
electriccar-breakthroughlast accessedn 28.08.2020

135 hitp:// Lithiumtoday/Lithiumrsupplyby-countriesLithium-supplyportugal/ last accessedn 28.08.2020
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https://www.dw.com/en/bolivia-scraps-joint-lithium-project-with-german-company/a-51100873
https://dialogochino.net/en/extractive-industries/35423-bolivia-rethinks-how-to-industrialize-its-lithium-amid-political-transition/
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under development3® Another promising deposit is located in the Krusne Hory mountains,

Czech Republic, near the bordeitlwGermany:3’ Besides this, there are Lithium deposits in
Mid-Finland (Ostrobothnia) which the company Keliber Oy plans to mine and then refine into
Lithium hydroxide in Kokkof#[ A (i KA dzY K@ RNBEARS A& 0O2YY2yf e
composition, besids some more recently developed cathodes. These deposits, together with
20KSNJ aYFffSNI 9dzNRLISIHY RSLI2airdaz INB yz2ia 02y

this metal.

Production

The brine exploitation is done by pumping up salt from undergroungdnd this in enormous

ponds and harvesting Lithium Carbonate which can be sold directly. In hard rockifjrang

Lithium concentrate is produced that must be refined into Lithium Carbonate or Lithium
Hydroxide. Lithium Carbonate is the most widely usetth&EV industry, mainly in cathodes,

but recent market trends for Lrich NMC cathodes containing higher proportions of Nickel is
AKAFAOAYI [AGKAdMZYQa RSYlIYRXZ gA0GK LINRRdAzOGAZ2Y 2
of Lithium Carbonate by the secohdlf of the 2020s decad¥® The reason for this already

observed increasing demand for Lithium Hydroxide is the need to enhance-Natkaktive

O iK2RSaQ OKSYAOlIt adlroAatadeo

Refining

The recovery of Lithium from brine is more expensive than mininglabim from hard rock,

while refining from brine is less expensive, as Lithium Carbonate from-dpidxdine is directly
sellable. It is the other way around for hard rock mining: expensive refining processes are

needed turn the concentrate to Lithium Canate and further to Carbon Hydroxide.

136 https://blog.energybrainpool.com/en/ighere-enoughLithiumto-feed-the-needfor-batteries/ last
accessean 28.08.2020

137 https://www.mpo.cz/cz/rozcestnik/premedia/tiskovezpravy/tezbalithia-na-cinovcibudev-ceskychrukou-
-cezziskabl-procert-ve-spolecnostigeomet-253714/lastaccessed on 30.08.2020

138 hitps://www.keliber.fi/en/ last accessedn 28.08.2020

139 https://www.sgs.com/~/media/Global/Documents/Flyers%20and%20L eafletsi8BENA109HardRock
Lithium-ProcessindEN11.pd last accessedn 28.08.2020

140 Media, A. (2019). ‘Lithium hydroxide demand to overtake Carbonate: AABC." 2020, from
https://www.argusmedia.com/e n/news/1836977-Lithium-hydroxide-demand-to-overtake- Carbonate-aabc.
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Considering total cost after refining, present day technologies render recovery of Lithium from

brine the least expensive alternative.

Trade and logistics

The price of Lithium is considered low at the pre3¢rand demand is weak, due to Covid 19
pandemic, reported by Albemarle and Livent in a Roskill regdmowever, after the
SELISOGSR NBO2OSNE FTNBY GKS LI YRSYAOI [ AlKAdzy
factories resume (full capacity) productioaround 20222023. This will enable more
investmentsg when the shortage becomes a fact. Nonetheless, a big problem for European
battery value chain nowadays is that, although there are some deposits for mining in Europe’s

soil, the refining processes amheaper in China, leading to mass transportation of ore
concentrates into this country, for refiningk Y R Ay ONBF aAy3 GKAA& O2dzyi
manufacturing Llon cells. A big part of Australian Lithium concentrates is also refined in

China, whee there are both cheap labour and innovative technology available.

Politics and environment

The biggest three producers of Lithium are Albemidf{extracting from Chile and Nevada,
US), Sociedad Quimica y Minera de Chile and FMC (now renamed“®metéxtracting from
Argentina). China is very strong in the market with companies as Lithium Tiangji, Lithium
Ganfeng. The strength comes both directly via own mining (fifth in the world), and via refining
companies importing ores and concentrates. Chinesepzaones are important shareholders

in big Australian Lithium producers as well (as in Talisri&h).

41 Us$ 7,25 per kg Lithium Carbonate on London Stock Exchangdug 6th, 2020
https://www.Ime.com/Metals/Minor-metals/Lithium-prices#tabindex=0

142 https://roskill.com/newsLithiumralbemarleandlivent-highlicht-continuedLithiummarketweaknessn-g2-
2020/ last accessedn 28.08.2020

143 https://www.scmp.com/news/china/scienceficle/3010200/chinacrackscheapLithium-production
electriccarbreakthroughlast accessedn 28.08.2020

144 hitps://www.albemarle.com/businessekithiumlast accessedn 28.08.2020

145 https://www.prnewswire.com/newsreleases/fmes-Lithiumbusinesgo-be-namedlivent-corporation
888859582.htmlast accessedn 28.08.2020
146 https://investingnews.com/daily/resourc@vesting/batterymetalsinvestingLithiuminvesting/top-

Lithiumproducers/last acessedn 28.08.2020

Co-funded by the S The European Commission support for the production of this publication under the Grant
Erasmus+ Programme * “ Agreement NAG12675@ded not constitute an endorsement of the contents which 73
of the European Union T reflects the views only of the authors, and the Commission cannot be held responsible for

any use which may be made of the information contained therein.


https://www.lme.com/Metals/Minor-metals/Lithium-prices#tabIndex=0
https://roskill.com/news/lithium-albemarle-and-livent-highlight-continued-lithium-market-weakness-in-q2-2020/
https://roskill.com/news/lithium-albemarle-and-livent-highlight-continued-lithium-market-weakness-in-q2-2020/
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Development and trends
Some new Lithium mining projectése inMexico, Australia and the U%.There are plans to

exploit Lithium from clay as wett®

Recyting

Lithium is considered difficult and expensive to recycle and, at low market prices, it is not
worthy to be done and that happens presently. Lithium from old batteries might end up as
landfill in Europevhile other parts of the batteries, that are more economically advantageous

to recycle, would eventuallge-join the value chain. It may be necessary to develop special
processes for each cell chemistoyachieve viable recycling of Lithium. Northvolt intends to

recycle substandard batteries from production directly at site and take the materials back in

the procesg; besides using other recycled Lithium. The company American Manganese claims

that their nev ReCycLiCo procééxr YI {1 Sa [ AGKAdzY f1aid F2NBISNE

Cobalt is a metal with high melting point but with low electrical and thermal conductivity. It is
toxic by skin contact!®® 51 This metal is mainly used for whitewares and technical
applications, sah as in the aircraft industry (superalloys), in tools (cemented carbides) and in
electronics, as well as in cancer radioactive treatment. It is in high demand for high power and
high-density batteries, namely LIBs, for which Cobalt enables chemical anthdahstability

(so the cathode will not overheat or catch fitf&) The EC import reliance was 32%n 2017

but has since then increased and will continue to do so with the boost of battery production.

147 https://www.mining-technology.com/features/togten-biggestLithiunmrmines/last accessedn 28.08.2020
148 https://seekingalpha.com/article/420568lbok-Lithium-clay-projectslast accessedn 28.08.2020

149 https://americanmanganeseinc.contast accessedn 28.08.2020

150 hitps://www.chemicool.com/elementsCobalthtml last accessedn 28.08.2020

151 https://pubs.usgs.gov/of/2017/1155/0fr20171155.pdf

152 Li, M., & Lu, J. (2020).Cobalt in Lithiumion batteries. Science, 367(6481), 9980.
http://pibmub.com/pdf/979.full.pdf
53ttps://op.europa.eu/en/publicationdetail/-/publication/08fdab5t9766-11e7-b92d-0laa75ed71lal  last
accessean 28.08.2020
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Deposits

Cobalt findings are, to a high extent, geaghically concentrated in the African Copper Belt

and there, within the DRC, the Democratic Republic of Congo (Congo, capidioghasa)
GKAOK 2¢ya | 02dzi KIfF Z2%Otherkbl depdsitdiarR Reated]iny 2 6 Y
Australia, about 17% alfll known deposits, with remaining sites shattered over the globe and

often exploited as cgroduct of Copper and Nickel miniAgy.

Deposits in Europe

In Europe, there are deposits of Cobalt in Finland (with four working mines and a large deposit
in Talvivaara, currently unexploited but restartifi§)) and some other (probably smaltef)
deposits in an early stage of development or exploration in Poland, Germany, Italy, Cyprus,
Slovakia, Austria and Czech RepulBfi©ther unquantified sources of Cobalteaold Copper

and Nickel waste heaps that can beexploited by bioleaching processes like the one in

Kasese, Uganda.

Production

Cobalt is mined from several ores: Cobalt arseriickel Cobalt sulphideCopper Cobalt

sulphide, Copper Cobalt oxidend Nickel Cobalt laterite ores. This is done both in ordinary
YAYySa F2fft2Ay3a SIFOK O02dzyiNEQAa YAYyAy3d O2RSa
conditions. An estimated 35.000 children work in privately owned artisanal Cobalt mines,

often without any potection, which indicates another kind of miniftf.The biggest Cobalt

producing companies often also produce Nickel and Copper. The five largest companies
producing Cobalt are Glencore PLC, China Molybdenum, The Fleurette Group, NYSE VALE and

154 hitps://www.statista.com/statistics/264930/globaCobaltreserves/last accessedn 28.08.2020

155 https://pubs.usgs.gov/of/2017/1155/0fr20171155.ptHst accesseadn 28.08.2020

156 hitps://im -mining.com/2018/08/22/formettalvivaaraNicketmine-reboundterrafame/ last accessedon
28.08.2020

1571t is only possibléo clearly evaluate the dimensions after exploitation works have started.

158 Alves Dias P., Blagoeva D., Pavel C., Arvanitidi®baljt demandsupply balances in the transition to electric
mobility, EUR 29381 EN, Publications Office of the European Unigembourg, 2018, ISBN 99879-94311%

9, doi:10.2760/97710, JRC112285.
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc182 L obaltpdf

159 https://www.raconteur.net/businessnnovation/responsiblebusiness2019/Cobaltminingthumantrights
last accessedn 28.08.2Q0
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Gecamines SAX these, all but VALE have their major operations or all operations, in the DRC.

VALE also operates in Canada and New Caledéhia.

Refining

Cobalt is recovered from these ores by different processes for each concentrate, including
roasting, solvent exaction, electrolysis, among others. In the DRC, this is domaity ways

that disregard environmental protection and health regulations. Cobalt can also be bioleached
in a more environmentally friendly but slower way, as in the KCCL plant in Ugandg, usin
copper mining waste heaps as resouté€®2China is strong in the Cobalt refinery sector, but
European projects are on the way. The Belgian metal recycler Umicore, with some Cobalt
processing in Belgium, has bought the Kokkola plant in Finland from tied{@a Freeport
Cobalt (who will continue to run the operations) and are about to start Cobalt processing and

battery precursor production in Nysa, Poland, as weéil.

Trade and logistics

The price of Cobalt has soared 180% in two years and developmsteejs and volatil&®,

The price of Cobalt on London Metal Exchange (presently at $33 per kilogram) waé-at a

month low in June 2020, due to pandenmmelated factors. The supply of Cobalt is generally
considered reliable than other metals. Shortages, tbgetwith reports of production
O2yRAGA2Yy & Ay GKS 5w/ aGAYdZ 4GS Ayy20FGA2Yy A
Cobalt from battery production altogether. A Roskill market report summary expresses hopes
GKIG adKS /201t 0 YSKR] SKIAS FFo O8YaAaSNRRAEGRK 2y

160 http://www.centuryCobalt.com/Cobaltast accessedn 28.08.2020

¥ NRPOK20GX {®X 5dz2NF yOS>Z ad +d3 + A fNoSefirgydidng Bioledshiag oR Q1 dz3 dz8
sulphide ores: application for the simulation of the bioleaching/gravity section of the K&sdmsdtCompany Ltd

process plantMinerals Bgineering, 17(2), 25360.

162 https://youtu.be/CCzDIv38gAA Youtube documentary from the FP6 Biomiesearchproject, see from

22.30.last accessedn 28.08.2020

163 https://www.umicore.com/en/media/press/umicorgo-acquireCobaltrefinery-and-cathodeprecursor
operationsin-finland/ last accessedn 28.08.2020

164 https://www.forbes.com/sites/greatspeculations/2018/02/27/thevorlds-Cobaltsupplyis-in-jeopardy/

165 https://roskill.com/marketreport/ Cobalt last accessedn 28.08.2020
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Politics and environment

/20l fG KF-a 0SSy OFftfSR Gof22R YSGlté YR aO2?
the DRC areinquestionably highly unsatisfactory. Companies selling Cobalt often guarantee
child-free labour under fair conditions, but the Cobalt produced in artisanal mines finds
reliable distribution channels anyway. Apple, Google, Dell, Microsoft and Tesla éewad

involved in a lawsuit against Congolese families and human rights advocates concerning child
labour with many casualties and serious injuries when mining Cobalt for the supply chains of

US corporations became precarious and fatarhis is somethingompanies buying Cobalt

desperately try to avoid.

Development and trends

¢tKS @OSNEA2Z2Y 2F ¢Safl Qa az2RSft o (G2 0SS LINERdAzO!
Cobalt in its batterieg using Lithium iron phosphate (LFP) batteries from CATL in$feaui

¢ Saft | QaeleyiSde baRdwkEchemistAf® (from Maxwell technologies) is expectéal

contain just a small quantity of Cobalt. In-lbn chemistries, the use of Cobalt has been
NERdzOSR YR ftAYAGSR (2 | LILINE E horckliciemistries:it 2 F |
can be substituted (but not totally replaced) by Nickel, which is less expensive and is

integrated in stable supply chains.

Recycling
Cobalt can be recycled to a high degree, but these processes, often involving acids, bring about
environmental hurdles. There is much optimism, though; some stakeholders hope that Cobalt

gAtf LINPOS A0aStF (2 o8 |y aAYyFAYyAGSt & NBOeO

86 ttps://www.theguardian.com/globabevelopment/2019/dec/16/appleand-googlenamedin-us-lawsuit
over-congolesechild-Cobaltminingdeathslast accessedn 28.08.2020
6ttps://www.futurecar.com/3972/TeslaWinsApprovaito-UseCobaltFreeBatteriesin-its-Chinamade-
Model-3 last accessedn 28.08.2020

168 hitps://electrek.co/2020/05/05/teslamillion-mile-battery-lessCobalthigherenergy-density/ last accessed
on 28.08.2020

169 https://globemetal.com/5key-benefitsof-recyclingCoball last accessedn 28.08.2020
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Nickel has considerable strengths, does not corrode easily and conducts heat and
electricity' %, It has been used in batteries for a long time, as in NiCd and NiMH batteries, and

now in Lilon batteries. It helps delivering higher energy density and lowering the cost as it can

be successfully used as a partial replacement for Cadbalthe EU import riéance for Nickel

2017 was listed at 599, higher than for Cobalt.

Deposits

Some of the global Nickel deposits are believed to have their origin in meteorites, as in Canada
(11% of world reserves). The biggest deposits are in Australia (30%), followedwy N

/' ft SR2YyAL o6mMp20X [/ FYFRI 6MM:0 YR wdzaaAiAl 613

Nickel content, which is, of course, unavailable.

Deposits in Europe

Finland, Greece, France (in New Caledonia, a French overseas territory) and Spain prospect
for Nickel'3 y R SELJX 2N} GA2y G a0OFltS A& 2y3I2Ay3a A
Talvivaara, Northern Finland, is a bioheapleaching plant using natural bacteria. It is now run

by Finnish Terafame, as the Talviva8akamo corporation went bankrupt 2013 after an

environmental disaster, a bioleaching fluid leakage into a nearby lake sy$téfp.

Production

Nickel is mined from lateritic ores as garnierite (in Australia and New Caledonia), -and Ni
sulfidic ores as pentlandite (in Canada, Rus$i&)lhe biggest producers during 2018 were
VALE (Headquarter in Brazil), Norilsk Nickel (Russia), Jinchuan Group Lteb#&€hiha

10 Habashi F. (2013icke| Physical and Chemical Pesties. In: Kretsinger R.H., Uversky V.N., Permyakov E.A.
(eds) Encyclopedia of Metalloproteins. Springer, New Yorkythy¥://doi.org/10.1007/9781-461415336 338
171 https://www. Nickelnstitute.org/aboutNickel Nicketin-batterieslast accessedn 28.08.2020

172 https://op.europa.eu/en/publicationdetail/-/publication/08fdab5t9766-11e7-b92d-01aa75ed71al last
accessean 28.08.2020

173 https://www.oma.on.ca/en/multimedialibrary/resourcedickelntheEuropeanUnionPDF.pdést accessed
on 28.08.2020

174 hitps://www.mining.com/finlandinks-266-million-dealrevitalizeeuropeslargestNicketmine/ last accessed
on 28.08.2020

175 http://www.nuclear-heritage.net/index.php/Talvivaara_mine:_environmental disaster_in_Finlarldst
accessean 28.08.2020

176 hitps://mineralseducationcoalition.org/ements/Nickel last accessedn 28.08.2020
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Glencore, BHP Billiton, Sumitomo Metal Mining (Japan), Sherrit International Corp (Canada),

Framet (France), Anglo American anthda Recource¥’

Refining

Lateric ores are processed in electric reduction furnaces (producing Nickel oxide), followed by
hydrometallurgical treatment, often with ammonia. Sulfidic ores have a higher energy content
and flash smelting from ore concentest is common, producing Nickel matte (the principal
metal extracted before a final pyrometallurgical reduction proces3$).Then different
metallurgical processes follow to produce almost pure Nickel (with the Mond process) or to

produce Nickel salts’®

Trade and logistics

In August of 2020, Nickel had a spot price on London Metal Exchange of $14,15 per kilogram.
Roskill latest market report on Nickel forecasts that the use of this metal in batteries will grow
from 3¢4% of the total Nickel demand, to aboub20% of the demand, which will affect

prices!eo

Politics

The trade has been irregular due to-G8ina trade wars, but the price is on the way up due

to increased demand from China. According to Amnesty International, Nickel mines in some
developing countes, such as Guatemala and the Philippines, have very unsatisfactory
working conditions yet states and corporations try to capitalise on the Nickel demand without
AONHzLX Sad bAO|1 St A& a2YSGAYSAa RAaOdzaEBSR I a
Cobalt because most of the mining of this metal is being done in appropriate working

conditions.

Development and trends

77 https://www.thebalance.com/thel0-biggestNicketproducers2339731last accessedn 28.08.2020
8ttps://www.ifc.org/wps/wecm/connect/5cb00df9e2c1-4b92-a585

6bef08d8a5de/Nickel PPAH.pdf?MOD=AJPERES&CVID4astRictessedn 28.08.2020

17 http://metalpedia.asianmetal.com/metallickelextraction.shtmillast accessedn 28.08.2020

180 hitps://ro skill.com/marketreport/Nickel last accessedn 28.08.2020
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According to the Nickel Institute, Nickel is tHeriost common element on earth, with about
600 million-ton deposits available for land and sea mining. So far, about 60 million tons were
depleted. However, production capacity will be critical. EV production is rising the demand for

Nickel considerably.

Recycling
Nickel is recycled to a high extent; preserghout 68% is recycle!

Manganese is a metal, commonly found as oxide and hydroxide in'8ditsLilon batteries,
it can improve the cathode in different ways and can, at least to some extent, be a very cheap

alternative to Cobalt and Nick&® The EU import reliance in 2017 was listed at 89%.

Deposits
South Africa holds the biggest known reserves of manganese, followed by Ukraine, Brazil,

Australia,and Indial®®

Deposits in Europe
In the Czech Republic, the Chvaletice Manganese Projeatlapeed by European Manganese
Inc, is aiming at taking advantage from tailing piles originated from earlier mining, which

maintain high manganese contet

181 https://www.recyclingtoday.com/article/drivineNicketscraprecovery/last accessedn 28.08.2020

182 https://www.lenntech.com/periodic/elements/mn.htm#ixzz6Uz2fZH&Et accessedn 28.08.2020
8https://www.chemistryworld.com/news/manganesmakeovetrfor-Lithium-ion-batteries/3008886.article
last accessedn 28.08.2020
8ttps://op.europa.eu/en/publicationdetail/-/publication/08fdab5t9766-11e7b92d-01aa75ed71al  last
accessean 28.08.2020
Bnttps://investingnews.com/daily/resourcénvesting/batterymetalsinvesting/manganese
investing/manganeseeserves/last accessedn 28.08.2020

186 hitps://www.mn25.ca/chvaleticeprojectlast accessedn 28.08.2020
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Production.Manganese mining is often an open pit soil operation with heavy earth machines.
In Ukraine and in South Africa, there are also underground mines, often explored through the

room-and-pillar method*®’

Refining
From a concentrate, the manganese in a purenfas retrieved by hydrometallurgy and

electrolysis. Ferroand silicomanganese are produced by smeltiff).

Trade and logistics

Manganese is sold and delivered in many forms, from ores and concentrates to oxides or pure
metal. The price is considered l@amd stable.

wS3IIFNRAY3I GKS LREAGAOCAE YR (KS SYy@ANRBYYSyYG:
mining and refining processes can have environmental consequences and too much

manganese exposure has its risks.

Recycling

Manganese is recycldtom scrap and can also be bioleacH&?.

Carbon in the structural form of graphite is a mineral used in anodeslam lbatteries, in its
both natural and synthetic forms. It is safe and reliable as active material of anode, with
sufficientenergy density for higllensity and mobile applicatiord8° The EU import reliance

for natural graphite was listed in 2017 as 99%.

187 https://mineralseducationcoalition.org/mineraidatabase/manganeseéast accessedn 28.08.2020

188 hitps://www.britannica.com/technology/manganesgrocessindast accessedn 28.08.2020

189 Ghosh, S., Mohanty, S., Akcil, A., SukiB,,l& Das, A. P. (2016). A greener approach for resource recycling:
Manganese bioleaching. Chemosphere, 154-628.

190 | ampeOnnerud, C., Shi, J., Onnerud, P., Chamberlain, R., & Barnett, B. (2001). Benchmark study on high
performingCarbonanode materials. Journal of power sources, 97,-138.

191 https://op.europa.eu/en/publicationdetail/-/publication/08fdab5{9766-11e7-b92d-0laa7®d7lal last
accessean 28.08.2020
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Deposits

¢dzNJ S& Kla (KS ¢g2NXIRQa f€FNBSad yI (dzNY € 3 NJ
Mozambique and Tanzant& Turkey is increasing production, but owns, just as China does,

a lot of the less attractive amorphous type of natural graph#¥eCrystalline, vein and flake

graphite has a higher price, but hifflake graphite can be too expensive for some applications.

Battery producers seem to have different preferences.

Deposits in Europe
Norway, Czech Republic, and Austria have some natural graphite reserves and exploration

reported to be of high quality:®*

Production

Natural graphite is mostly mined in quarries whegraphite in flakes, veins and crystal
formations are found and less underground where lower quality amorphous lump graphite is
common. China is, by far, the largest graphite producer in the world, with a reported
production of 63000 tons, in 2018, whé the runner up, Brazil, produced 980 tons and
Canada 4000 tons°>The biggest companies are China Carbon Graphite Group in China and

Syrah Resources in Brazil.

Refining
Graphite flakes are rounded into spherical units and then go through a thesmakid
purification. China producers often use the acid method, which is considered less

environmentally friendly%

192 https://www.statista.com/statistics/267367/reservesf-graphiteby-country/ last accessedn 28.08.2020
9%ttp://www.indmin.com/events/download.ashx/document/speaker/6517/a0ID000000X0jN5SMAJ/Presentati
onlast accessedn 28.08.2020

194 http://www.indmin.com/downloads/IM%20MAPS/GraphiteWallchart2018980x650PRINThighreslasif
accessean 28.08.2020
9nttps://investingnews.com/daily/resourcénvesting/batterymetalsinvesting/graphiteinvesting/top-
graphiteproducingcountrieschinaindia-brazitcanada/lastaccessean 28.08.2020

19 https://www.batteryminerals.com/ourbusiness/sphericaljraphiteprocess/last accessedn 28.08.2020
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Politics and environment

China is the biggest producing country and dominates the market. Reports suggest the country
is also interestd in increasing imports from Africa and other locations and stockpile graphite,
probably to secure supply for battery cell production and as a preparation for higher price

levels. 197

Recycling
Presently, graphite is not significantly recy¢®dbut reliabé methods seem to be under

development!®°200

Silicon is a grey sernonductive metalloid. Silicon is seldom found in the elementary form in
nature butis the second most abundant element in the earth's crust (behind oxygen). In
batteries, it is an kernative to graphite as active material in the ano#&The EU import

reliance is 64%2

Deposits
Silicon is a widespread globally, but elementary silicon is very rare. It is preferably mined from
very pure quartz. Additionally, silicon exists in minessh as silica, feldspar and migca

major components of quartz and sandstone rocks.

197 https://stockhead.com.au/resources/chinagaphiteimports-are-now-up-2000-over-the-last18-months/
last accessedn 28.08.2020

198 hitps://www.semcaCarboncom/blog/3-reasonsgraphiterecyclingis-better-than-disposallast accessedn
28.08.2020

9Moradi, B., & Botte, G. G. (2016). Recycling aplite anodes for the next generation lothiumion batteries.
Journal of Applied Electrochemistry, 46(2), 41218.

Ww2GKSNYStES {dX 9@GSNIT I adr YIayliaoOKSSs:r Woer vAis
recycling from spenttithiunmion batteries. ChemSusChem, 9(24), 33484.

201 Ashuri, M., He, Q., & Shaw, L. L. (2016). Silicon as a potential anode materiadridpdtteries: where size,
geometry and structure mattetNanoscale, 8(1), 7403.

202 hitps://op.europa.eu/en/publicationdetail/-/publication/08fdab5f9766-11e7b92d-01aa75ed71al last
accessean 28.08.2020
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Production

China stands presently for about 65% of global Silicon production, followed by Russia, Brazil
and USA. In Europe, the Euroalliages SHMetal Committee wiose member companies are

from Bosnia Hercegovina (B.S.1. d.0.0), Norway (Elkem), Spain (Ferroatlantica), Norway (Fesil),
France (Ferropem), Germany (RW Silicium) and Northern Macedonia (Jugétrdatiares

a total production of about 33000 tonnes/yearln Iceland, the PCC Bai&licon company

Of FAYa (2 KI@S GKS g2NIRQa Y2a(02SYy@PGANRYYSyYy Gl

Refining

After mining and sorting, reduction of quartz with Carbon takes place at high temperatures in
a reduction furnace. The metalks ifurther processed by oxidative refining, casting,
crystallization and crushing. The biggest five companies selling refined products are Dow
Corning, Wacker, Shin Etsu and Blue Zfar.

208 hitp://www.euroalliages.com/web/silicon_metal%20committee/1011306087/1ist1187970111/f1. htiasbt
accessean 28.08.2020

204 https://www.pcc.is/ last accessedn 28.08.2020
205https://www.metalbulletin.com/events/download.ashx/document/speaker/7230/a0@D0O0X0jzwMAB/Pr
esentationlast accessedn 28.08.2020
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Politics and environment
According to sources, China has a historynafeasing production and dumping prices of

Silicon, making production in other countries more difficdét.

Recycling
Silicon is usually not recycled and no technologies for recycling Silicon used in batteries have
been successfully implemented, but theage methods for recycling silicon wafers from

scrapped solar panef§’!

Very few relevant job advertisements were found in the desk research in comparison with
other value chain steps. This must be compensated by workshops and simtbgsfuture.
Listed job roles are not specific to mobile or stationary application but to the whole battery

sector.

For materials preparation, handling, and management, advertisements conce®apuly
Chain ManagersManufacturing EngineersProduction Engineersand Battery Materials
Engineers High Density Anode®r Cathodes Material EngineerdMaterial Plannersand
Handlerswere found.Operator and Machine Operatorjobs are associated with this value
chain step. They operate machines and do all thecedures (material combining, slurry

mixing, coating, etc.) to produce materials needed for next value chain steps.

These processes are accompanied and supportedChlbration Technicians, Controls
Engineers, Equipment Engineers, Maintenance EnginertsMetrologistswho calibrate the
equipment and assure that all the machines are performing as expegtatt. Leadersare
also presentQuality and Compliance Engineeverify and manage the quality of products

andProcess Engineerseek continuouprocess improvement.

Safety Specialistand Managersas well a3SO Internal Auditor@ssure the safety standards

208 hitps://www.crmalliance.eu/silicormetal last accessedn 28.08.2020
207 https://www.chemistryworld.com/news/abright-future-for-siliconsolarceltrecycling/9160.article last
accessean 28.08.2020
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and requirements are met.

Skills and knowledge required in relevant advertisements:

Raw Materials and Processing SKILLS Occurence

conform with production requirements 1,53%
ensure compliance with waste legislative regulations 1,53%
develop product design 1,53%
perform product testing 1,53%
analyse test data 1,53%
supervise staff 1,53%
conduct workplace audits 1,53%
prepare presentation material 1,84%
written skills 1,84%
inspect quality of product 2,76%
equipment and tools handling 2,76%
follow reporting procedures 2,76%
use technical documentation; observe documents 3,07%
problem solving & troubleshoot 4,29%
use microsoft office 4,91%

0,00% 1,00% 2,00% 3,00% 4,00% 5,00% 6,00%

Skills

Skills occurrences for raw materials and processing, which are based on the researched job
advertisements, are shown Figure40. Usage of Microsoft Office was the most frequent skill

in the researched offers as well as problem solving and troubleshooting, document
management and observation and follow up of reportirmggedures. Inspection of product

quality and equipment and tools handling are also being requested.

Co-funded by the S The European Commission support for the production of this publication under the Grant
Erasmus+ Programme x * Agreement NAG12675@ded not constitute an endorsement of the contents which 36
of the European Union *x reflects the views only of the authors, and the Commission cannot be held responsible for

any use which may be made of the information contained therein.



{nalpatts

Alliance for Batteries Technology, Training and Skills

Raw Materials and Processing KNOWLEDGE Occurence

computer programming 1,23%
electrochemistry 1,23%
chemistry 1,53%
gather data; inspect data; process data 1,53%
project management 1,53%
risk management 1,84%
battery chemistry 2,15%
manufacturing and processing 2,15%
battery material 2,15%
materials science 2,76%
English 2,76%
health and safety in the workplace 3,07%
analysis methods 3,07%
teamwork principles 3,07%
communication 4,91%

0,00% 1,00% 2,00% 3,00% 4,00% 5,00% 6,00%

Knowledge

Knowledge occurrences for raw materials and processing stiown in Figure 41.

Communication and teamwork principles are on the top positions as well as health and safety

in the workplace and analysis methodi4aterials science and battery material are required in

this stage of the production as well as battery chemistry associated with general chemistry

and electrochemistry knowledge.

Due to the high pressure t@duce greenhouse gases (GhG), fossil fuel combustion technology

is being abandoned. EVs and battery storage for storing green energy are beginning to expand.

Consequently, big players in the field of batteries are building their Gigafactories in Europe.

Most of these producers come from Asia, which means that Europe is dependent on their

production. Most of these projects are sponsored by theZ4R%°

28 ttps://www.eib.org/en/press/all/2020088-electricvehiclebattery-productionin-europe-getsboost
thanksto-eib-loanof-eur480-million-to-lg-chemwroclawenergyin-polandaccessed 28.08.2020
2Mnttps://www.eib.org/en/press/all/2020208-europeanbackingfor-northvolt-s-battery-gigafactoryin-
swedenaccessed 28.08.2020
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Most European manufacturers tend to focus on specialized production on a smaller scale.

Because they canm@ompete on price or production volunté®

LG Chem

LG Chem is planning to open their Gigafactory in Wroclaw by 2022. It will be one of the biggest
factories in Europe with production 70 GWh per year. The company wants to employ about
6000 fulltime workersby the end of 202211212

CATL

CATL is building the first European factory in Germany. The factory should start producing
batteries in 2022 and the production capacity will be 14 GWh. It is planned to expand
production up to 24 GWh in the future. The factawill offer about 2000 jobs. The factory

produces batteries for BMW, V\aimler,and Volvo?213

Northvolt

b2NIK@g2fad 2¢6ya || DAILFTFIFOU2NE Ay { indéXRFGSH
The aim of the factory is to produce 32 GWh per year by 2024 and increase the capacity to 40
GWh in the future. The factory is to provide about 2,500 jobs. Northvolt plans to build more
LIB battery factories in the future. The condition for the locationeath factory is the
possibility of power supply by renewable energy sources. The factory produces batteries for

BMW and VW?214 215

AMTE
AMTE in partnership with Britishvolt, plans to build a Gigafactory in Wales. The factory should

2nttps://www.reuters.com/article/usclimate-changeeu-batteriesinsight/europeanbattery-makerspower-
up-for-a-greenrecoveryidUSKCN2590kitcessed 28.08.2020
2Uhttps://www.ebrd.com/news/2019/Igchembattery-gigafactoryin-polandto-be-poweredby-ebrd.html
accessed 28.08.2020
2https://www.electrive.com/2020/04/24/Igchemsecuresehalf-a-billion-for-polish-factory-expansion/
accessed 28.08.2020

2B https://www.electrive.com/2019/10/19/catistarts-buildingbattery-plant-in-germany/accessed 28.08.2020
2https://www.electrive.com/2019/02/26/northvoltto-build-32-gwh-battery-plant-in-sweden/ accessed
28.08.2020

25 ttps://northvolt.com/production accessed 28.08.2020
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be operational by the red of 2023. Total production should be between 30 and 35 GWh. The
factory should employ about 3,500 employees. At the same time, another 10,000 to 15,000
jobs should be created by the suppliéts.

SAFT

SAFT is building its first Gigafactory in the Hal&&rance region and its second in
Kaiserslautern, Germany. The French factory should be in operation in 2023 with a production
of 8 GWh and an expansion to 24 GWh. The German factory will open in 2024 with the same
production as the French factory. The oakrgoal is to reach 48 GWh in 2030. The main
battery production will be for PSA.

FREYR

The Norwegian company FREYR is starting to build a fast track facility for LIB production in Mo
Industrial Park in Northern Norway (Mdrana) in autumn of 2020 froduce 2GWh energy
storage annually. Partners are the Norwegian Technical University (NTNU) and SINTEF, a large
Norwegian research Institute. EIT Innoenergy supports the project. The pilot plant will be
followed by a scaledp facility for 32GWh energy @tage per annum by 2025, also in

Northern Norway?’

Tesla
Tesla is building its newest Gigafactory near Berlin. The Gigafactory will contain a giemt line
produce EVs (first will be Model Y), but also a large line for the production of new Tesla

batteries. Giga Berlin should by open in July 2821.

vw
The VW Group plans to produce more than 50 EV models, so they want to be partially

independent of battery suppliers. They want to open the factory in Salzgitter at the turn of

216 hitps://www.electrive.com/2020/06/15/britishvoltamte-planninguk-battery-plant/ accessed 28.08.2020
217 https://news.cision.com/freyr/r/freyradvanceghe-developmentof-its-initial-site-for-norway---s-first-

battery-celtfacility,c3183404last accessed on 30.082020)

218 hitps://www.teslarati.com/teslagigafactoryberlin-2m-vehiclesper-yearmedia/ accessed 28.08.2020
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2023/2024. Their target is pragtion 16 GWh and then expand in the next years up to 24
GWh. The factory is being built in cooperation with Northvat.

SK innovation

SK innovation is building two factories in Hungary. The first should be in operation this year
(2020) and should prodec7,5 GWh of batteries. The second will be completed in 2022 and
will produce 10 GWh. The factory produces batteries for Hyumimler,and VW22°

Verkor
The French company Verkor plans to open its gigafactory in France. Their goal is to produce
16 GWh ad then expand to 50 GWh in line with market growth. The factory will directly

provide more than 2,000 jobs and thousands more in the supply ¢fain.

Samsung SDI

Samsung built the first battery factory in 2018. It is located near Budapest in Hungary.
Production is about 2,5 GWh. They are building the second Hungarian Gigafactory. The factory
will be in operation in 2021 and will produce 7,5 GWh. The factory produces batteries for
BMW,VW,and Volvo trucks???

InoBat

Slovak startup, which has the support@EZ Group, Wildcat Discovery Technology and

etc., built a factory in Voderady, Slovakia. Production should start in 2021 with a volume of
100 MWh per year. The company deals with specialized batteries according to the needs of
individual customers. Theysa plan to build a factory with a production of 10 GWh. The
factory should open in 20243

2nttps://www.electrive.com/2020/05/09/volkswagetuilds-battery-factory-in-salzgitter/ accessed
28.08.2020

220 hitps://insideevs.com/news/392140/sknnovationnew-battery-plantsus-hungary/accessed 28.08.2020
221 hitp://verkor.com/#partnersaccessed 28.08.2020
22https://www.automotive-ig.com/electricselectronics/articles/topfive-ev-battery-factoriesin-europe
accessed 28.08.2020

223 hitps://tech.eu/brief/inobat-funding/ accessed 28.08.2020
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The differenttechnologies that effectively allow for the full replacement of Cobalt without

loss of performance are still to be adopted, and batteries using Lithium Cobalt oxide (NMC,
NCA) dominate the EV battery industry with an increasing market share of nearly 26%9j

according toFigure43. The same could be stated about LIB applications in Grid Storage
Technologies (GSTSs).

LG A& y2GSg2NIKe GKIFG airAyoOS GKS OFGK2RS (&L
lower capacity than the graphitic anode and is the most expensive material of a LIB, it has
0SSy GKS GIFINBSG 2F AyidSyasS Nifie &eaNlbatdry G KS  (

performance
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In recent years, scientific and technological progress in batteries has been largely motivated
by the automotiveindustry and, specifically, by small vehicles for urban transportation.
Nevertheless, electric mobility is also associated with recent trends of aerial and maritime
applications as well askikes, electric motorcycles, and others.

According to the EuropeaCommissioft, shippingaccounts for 2 3% of global greenhouse

gas (GHG) emissions, with a forecasted increase o250% by 2053’. However, maritime
applications have a market share of less than 1% of the total LIBs market, whdsedi
batteries ae the most widely used battery type for maritime applicati#®sThe difficulty in
implementing electric solutions on ships is mainly related to their higher power density and
cycle and calendar life demands, as well as safety requirements. Neverthekessintiver of

ships with batteries installed, or on order, more than doubled from 2018 (150 ships) to 2020
(314), which constitutes a major leap on the market, indicating that LIBs are reaching an
interesting level of maturit28 nad?®

Airbus, Boeing, and NASA have targetadtraft electrification as a crucialesearch and

224 Jurgens, JThis is why NCm is the preferable cathode material-fonlbatteries 2019.

225 KrannichSolarGermany (2020). LG Chem ESS cell  Available at:
https://www.youtube.com/watch?v=CUORGPnwYYA&feature=emb (diteessed: 23 July 2020).

226 Commission, ECommission publishes information on CO2 emissions from maritime tran2po@& [cited
2020; Available from: https://ec.europa.eu/clima/news/commissiepublishesinformation-co2-emissions
maritime-transport_en

221 Commission, BEReducing emissions from the shipping sec2®20 [cited 2020; Available from:
https://ec.europa.eu/clima/policies/transport/shipping_en

228Helgesen, S.H., Sondre afdAarseth LanglElectrical Energy Storager®hips 2020: Norway.
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development topic to address. One thing all current aircle¥iel projects have in common,
as is the case of maritime and automobile applications, is the choiceiaf batteries for
energy storage due to their unmatchable energy density nwvb@mpared with other batteries

in the market.

Electric vehiclegEVS) are becoming serious alternatives to internal combustion engine (ICE)
vehicles. According to the International Energy Agency, electric vehicles account for 2.6% of
global car sales in 2019, with an estimated increase to 3% in°Z2020Bs represent a
AAIAYATFAOLIYG YIFEN]SG aKFENB 2F GKS ol GGSNARSE T2
electroactivity, since this type of highower vehicles have substantially high voltage
requirements in the range of 406 800 V. Therefore, LIBs allow fos$ebatteries to be

associated in series to match the latter voltages, consequently reducing the internal resistance

of the batteries leading to lower heat losses, and smaller size components, thus reducing

weight and cost.

As forHybrid electric vehiclegHEV), more options are available, sinceM batteries can

power this type of vehicle, due to their reduced specific energy and power requirements when
compared to EVs. With even less energy, power, and cycle life requirements, ICE vehicles still
havePbacid batteriesA ya it €t t SR 2¢Ay3a (2 GKA&a GSOKy2f238

substitutior?*° given their recycling rate of practically 100%.

Nickel Metal Hydride (NMH) batteries main advantages considering their applicability in
mobile applications such as HEVs, are:

(1) the high energy density (5075 Wh/kg) and power, compared to-8d batteries and Rb
acid

(2) relatively long cycle life (20092500 cycles

(3) wide-operation temperaturerange (30 to 7040);

22%Wheeler, EElectric vehicles to set new market share record in 2B86rgy 2020 [cited 2020; Available from:
https://www.spglobal.com/marketintelligence/en/newmsights/latestnewsheadlines/electrievehiclesto-
setnew-marketsharerecord-in-2020-59050766

230 Energy, UB.D.o.Batteries for Hybrid and pldgy Electric Vehicledlternative Fuels Data Center
2020 [cited 2020; Available frorttps://afdc.energy.gov/vehicles/electric_batteries.html
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(4) good charging properties, namely, good charge retention and rapid recharge capg&bility

(5) low maintenance requireents’3123% these batteries do not suffer from being fully
discharged.

The maindisadvantagesre:
(1) relatively low energy density when compared witlBs

(2)increased cost, in comparison with-Rbid batterie$3232,

CtKS 2@0SNYXftf O2YLI NRazy o0SGsSSy |R@GFyill3Sa
performance between those of Piid and Lion. In the past, its costffectiveness in respect

of LIBtechnology led to its usage imild hybrid and fulthybrid vehicles. However, the
continuous improvement of LIBs has attenuated cost differences between both technologies,
making LIBs the most attractive choice for HEB¥&* having surpassed MiIH batterie€

market share in this type of vehicles in the second half of the 2010s decade.

From what was previously mentioned, it can be stated that LIBs dominate the global market.
The cathode exhibits some of the most determinahtu@cteristics of batteries used in
commercially available electric automobiles. Furthermaie passenger vehiclesold in the
European market use batteries with cathodes contain@Gapalt. Tesla and Panasonic have
developed battery cells with LithimNickelCobaltAluminium oxide (NCA as the cathode

and all models sold by Tesla on the European market have batteries based on this system. On
the other hand, the vast majority of car manufacturers incorporate batteries Wittkel
ManganeseCobaltoxide & the cathode type, with a clear tendency for the NMC622 ratio

(LiNb.eMno2C 202) which reduces the Cobalt content. LG Chem, a world leader on the

231 Abdin, Z. and K.R. Khalilpo@hapter 4- Single and Polystorage Technologies for RenewBaded Hybrid
Energy System Polygeneration with Polystorage for Chemical and Energy,HuBs Khalilpour, Editor. 2019,
Academic Press. p. 7I81.

Z2Fan, X.et al.,Battery Technologies for Grdbvel Larg&cale Electrical Energy Storafi@nsactions
of Tianjin University, 202@6(2): p. 92103.

2330agana, AHybrids, Pludns and Electric Cars: Which Batteries Are Bkt8 [cited 2020; Available
from: https://www.autoevolution.com/news/hybridgplugins-and-electriccarswhat-batteriesare-
best104634.html

234 Halvorson, BLithiumion vs. nickeimetal hydride: Toyota still likes both for its hybrig®18 [cited
2020; Available fromhttps://www.greencarreports.com/news/1120320 _lithiusion-vs-nicketmetal
hydride-toyota-still-likesboth-for-its-hybrids
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number of NMC batteries soff, shows a clear strategy for reducing cobalt content that
consists of develdpg new cathodes with more favourable ratios (reducing the Cobalt content
while maintaining or enhancing the performance). The company is focusing on developing
NMC811(LiNb.sMno.1Cm.102) and NMC712L([Nb.7Mno.1Ca.202) and NCA chemistries for the

nextgeneration of electric vehiclé&s.

Lithium-Iron-Phosphate (LFP)atteries exhibit several advantages that enable their
application despite their low energy density, namely, mobile motorhd#iaad vehicles with

low range and performance requiremefts suchas garbage trucks and electric road
sweepersThese cells provide high cycle life and reduced risk of thermal run&izgyve no

toxic components, low internal resistance, and highd handling capability’. Chinese

company CATL is the main responsible for developing this type of cathode, supplying several

car manufacturers from its native country. In 2015, LFP batteriee we most popular for

plugin hybrid electric vehicles (PHEVs) and*EVBut over the last five years, NMC has
surpassed this type of cathodeoth in market share and research interest.

InTablel> [ L. &aQ OF §K2RS {(eéLlSa IINBE O2YLI NBR® [ Ct
which thermal runavay occurs, as well as the highest number of cycles withstand before
degradation. However, plateau voltage (optimum operational voltage) is significantly lower
F2N) GKAA (GelLS 2F OFGK2RS:E GKS YIAYy NBlFazy 7
preseida (0KS KAIKSad O0eotsS tAFS [ FUGSNIGKS [Ct Q&

capacity.

2%5Kane, M.LG Chem Is Now The Biggest xEV Battery Maker By Capa2ily

236City, S.THE STATE OF EV BATTERIES: LG CHEM, SK INNOVATI(MMATESILE IMPROVEMENTRO.

237 Miao, Y., et al.Current Lidon Battery Technologies in Electric Vehicles and Opportunities for Advancements.
Energies, 2019.

2% Home, A.Column: Tesla's reluctant commitment to cobalt a warning to oth&rsdly Home2020,Reuters.
ZIMAHAMMAD A., H., et aBtateof-the-Art and Energy Management System of Lithilom Batteries in Electric
VehicleIEEE Access, 2018.
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Experimental

Formula Capacity Plateau Thermal Cycle life
Cathode type (general) 3 voltage runaway (No. of
9 (mAh.g") (V vs LYLI*) oc/ 0 cyclesy*!
Cut off@2 ¥
Lithium Nickel -Cobalt-
Aluminum oxide LiNiCoAIO » 175 4.335 150 500
(NCA)
Lithium -Manganese .
Oxide (LMO) LiMn 204 120-130 4.33.8 250 300- 700
Lithium Nickel -
Manganese-Cobalt LiNiMnCoO » 150 4.33.7 210 1000- 2000
oxide (NMC)
Lithium Cobalt Oxide :
LiCoO 150 4.33.8 -
(LCO) iCoO> 150 500- 1000
Lithium "{EEPF;hOSphate LiFePO, 160-170 33 270 >2000

Other chemistries, such as LithitManganese oxide (LMO), were more significant in the first

generation of some EV vehicles, such asNhssan Leaf and Chevy B&#3, but it seems that

their usage and representativity is decreasing, as these and other manufacturers currently opt

for the cathodes mentioned before.

240\/pltage at whichhe capacity is determined.

241 gignificantly dependent on specific application and envirenmSome cathodes reach cycle lives far greater than the
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Alliance for Batteries Technology, Training and Skills

Range,
Ratios (R) or No. of cells Specific  Energy combined
Cathode type Cell designation Manufacturer (series, EV Model Energy  (usable) (WLTP
(S) parallel) (Wh/kg) (kWh) values)
(km)
Lithium Nickel - . TeslaModel S 102.4
Cobalt- 18650 (S) Panasonic 8256 (s96P86) T\ Model X 162 (98.4) 593, 487
Aluminum
oxide 2170 (S) Panasonic 4416 (s96p46) Tesla Model 3 168 80.5 (76) 530
(NCA)
CUEIU Citroen Zero
Manganese Yuasa 80 (LEV50 battery) 107 14.5 150
Oxide (LMO) 2
Nissan 288 Nissan Leaf e+ 62 385
Peugeot e208
532 (R) CATL 216 (s108p2) Opel Corsa-e 140 50 (46) 349, 336
ENVISION .
AESC 192 (s96p2) Nissan Leaf 130 39.5 (36) 270
333 (R) Samsung SDI 264 (s88p3) Vo'kzv(";acﬁf” 103 35.8 (32) ot
721 (R) LG Chem 192(s96p2) Renault ZOE 168 54.7 (52) 394
Samsung SDI 96 (s96p1) BMWi3 152 42.2 (37.9) 293-303
SK Innovation 294 (s98p3) Kia e-Soul 148 67.5(64) 451,454
P Kia e-Niro ' '
Volkswagen e-
Lithium Nickel - Up, Seat Mii
Mangancee 168 (s84p2) Electric. Skoda 148 36.8 (32.3) 2568273
Cobalt oxide CITIGOe iV
(NMC) Hyundai lonig
176 (s88p2) Electric 112.4  40.4 (38.3) 310
622 (R) .
Hyundai Kona
294 (s98p3) Electric 149 67.5 (64) 447
LG Chem
384 (s96pa)  MercedesBenz 4, 85 (80) 417
EQC
396 (s198p2) Porsche Taycan 148 93.4(83.7) 3330407
Jaguar FPace 149 90 (84.7) 470
432 (s108p4) .
Ao 55 136 95(86.5) 402
quattro
288(s96p3) Chevrolet Bolt 143 68 417
Lithium -Cobalt
Oxide LG Chem 96 SmartForwo 106 564 176 (17.2) 1205135
electric
(LCO)
IRIDIUM E -
Elektrofahrzeu MOBIL
Lithi ge Stuttgart (electric mobile 908120 106 400
ithium -Iron home
Phosphate )
(LFP) Tesla Model 3
Al (Chinese market) 4D o LY
BYD Blade 102 BYD Han EV 65 506
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