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This deliverable represents third version of theSectoral Xills Srategy andintelligence
based on the gathered information throughout tHeur years of theproject ALBATTS

(schematically represented Figurel).

The dcument is composed dfvo main parts the first is the Sectoral Kills Srategy which
contains the general strategic stépstions that need to be followed to boost the overall
re-/up-skilling and skills development within the European battery sectorfoSatareas are
identified, each of them containinglist of steps andocus pointgtimeframe, targetgroups,

rationales and ALBATTS actioas example actionare specified)

The second part of the report focuses on t8ectoral Skills Intelligencen addition to the
general strategic steps/actions, a set of practical recommendations and considerations is
provided and mapped against the battery value chain and other areas of interest within the
battery value chain where specific target groups arentded. Data-oriented results
regarding skills needs and stavéthe-art provisionare provided as wellValue chain steps

and areas of interest are described in detail (scopéivities, processes), while providing

gualitative andquantitative data on skills and job roles needed are provided.

The following was updated in the second release of the report:
Information on the ALBATTS stakeholder network;
Updated Sectoral Key Steasd Sectoral Skills Strategy
Data on needed job roles and skills needs were updateidhlighted concepts based
on the workshops;
Information on the defined Job Roles;

Revision of the whole document.

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Prodaramme p * contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
g *  * may be made of the information contained therein.
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SECTORAL SKILLS INTELLIGENCE AND STRATEGY CONCEPT

Sectoral Skills Strategy

SECTORAL DEVELOPMENT, SECTORAL INTELLIGENCE' AND SECTORAL SKILLSTAND
COOPERATION AND NETWORKING RESOURCE HUB WORKFORCENEEDS

SECTORAL TRAINING OFFER AND NORMALISATION' AND

DELIVERY STANDARDISATION OF CONCEPTS FUIULIG Up U TUiIES

ACTIONS RATIONALE EXAMPLE IMPLEMENTATION TARGETGROUPS ' TIMEFRAME = ALBATTSACTIONS

D

Sectoral Skills Intelligence

STATE-OF-THE-ART OVERVIEW : SCOPE, PROCESSES, ACTIVITIES AND EXAMPLES

SKILLS AGENDA
COMPETENCE JOB ROLES

SOFT ACADEMIC TRANSVERSAL

WHITE-COLLAR BLUE-COLLAR GENERAL
CROSS-SECTORAL SECTOR SPECIFIC

PRACTICAL RECOMMENDATIONS AND'CONSIDERATIONS' : RE-SKILLEING AND UP-SKICLING
SPECIFIC TARGET GROUPS

PRODUCTION

[ 8 \
&5

CELLAND s MAINTENANCE

COMPONENTS
RAW MATERIALS E]g, LOGISTICS
AND PROCESSING | MANUFACTURING
% QUALITY

£+ OTHER ASPECTS

BATTERY

RECYCLING INTEGRATION,
MODULES AND
PACKS

OF BATTERIES REPAIRAND BATTERY

SECOND.LIFE OPERATION, @ STATIONARY
MAINTENANCE APPLICATIONS

MOBILE
ﬂ BATTERY
APPLICATIONS

DEFINED JOB ROLES FOR THE BATIERY SECTOR

DEVELOPED TRAINING COURSES FORTHE BATIERY SECTOR:

Figurel: Overall Sectoral Skills Intelligence and Strategy Concept
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This document representshe third and last release of theSectoral Kkills Srategy and
Intelligence and providesthe strategic steps to beaken by the sectoral stakeholders to

improve there-/up-skilling within the emerging European battery sector.

Battery production is scaling up rapidtythe sectoris moving from battery plants with
acapacity of 4.0 GWh/yto up to 40 GWh/y or even 80 GWh/y. Producing more batteries in
each plant results in much higher efficiendye demand is mainboosted by theneeds ofe-
mobility. It is also generating increased demanoim numerous other companies the value

chain encouraging efforts to establish and convert production capacities, and creating a need
for a supply of battery components ars#rvices suchsamaintenance, among other thiag

This transition of the whole ecosystem is influenced, not only, by several major trends, such
as: Green Transition and sustainability, digitalisation, new business models, or resiliency of the

value-chains and industdy

Stationary applications of batteries play essentialrole in the ecosystepmot only when it
comes toindustrial and private energy storage use cases,charging infrastructurehackup

systems for ITtelecommunicationsor others.

With this volume production of batterieand other mentioned trends need to be
accompanied with development akills and facilitation od competent workforcealong the
value chain which supports thesector's competitiveness, innovation, and overall
development This is where the sectoral skills strategy ahé project ALBATT&nsortium

(partnership and sectoral stakeholdensjth its analyses andecommendations come into

play.

Project ALBATT@\lliance for Batteries Technology, Training and $kés a blueprint for

sectoral cooperation on skills the battery sector lasting fofour years from 2019 to 2023

! DirectorateGeneral for Internal Policies of the Union (European Parliament), Brown, Flickenschild, Mazzi, Gasparotti, Panagiotidou,
Dingemanse, Bratzel. (2021, October 21). The future of the EU automotive sector. Retrieved November 20, 2022, from
https://op.europa.eu/en/publicationdetail/-/publication/56ff3240332e411ecbd8e-0laa75ed71al/languagen

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
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with 20 full partners from 10 European countri@ms tocontribute to the electrification of
transport, greerenergy,and environmental goals in Europe by gathering demand and supply

sides of competences in the battery value chain.

The maingoalsof the ALBATTS project are:
mobilize and coordinateritical players within the battery ecosystem
contribute to transport electrification and EU environmental goala significantvay;,
gather demand and supply sides of compet&scn the battery value chain
identify skills and job role needs throughout the whole battprgduction lifecycle

from cell production to battery systems in stationary and mobile applications

Project ALBATT®ithin the four years of implementationattracted 443 registeredsectoral
stakeholders an@ higher multiplying number of people interested to follow its activities and
by that contributing to the overall awareness of skills development in the European battery
sector.In addition, projectstakeholdershave registred to receiveregular newslettes with
news from the sectorup-to-date, state-of-the-art results of the projegtandinvitationsto
webinarsto discuss current topics of the ¥ep-skilling within the sector. Metrics and other
information about the project stakeholders can be foundANNEXB: Stakeholder Metrics

geographical metrics are visiblekigure2.

The European Commission support for the production of this publication does not constitute an endorsement of th~
* contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
* may be made of the information contained therein.
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Figure2: Project ALBATTS Stakeholders
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Gigawatt hour per year

Telecommunications offbgeneration

Workplace orgarzation method

Eight discipline problem solving

European Automobile Manufacturefsssociation
Automatic Guided Vehicles

Artificial Intelligence

Alliance for Batteries Technology, Training and Skills
Augmented Reality

Automotive Skills Alliance

Automotive Software Processmprovement and Capability
Battery Energy Storage System

Battery Electric Vehicle

Battery Management System

Behindthe-Meter Batteries

Battery Thermal Management System
ComputerAided Design

European Council for Motor Trades and Repairs
European Association of Automotive Suppliers
Carbon Dioxide

Corporate Social Responsibility

Drivers of Change

Depth of Discharge

Developmentand Research omnovative Vocational Education Skills
European Education and Culture Executive Agency
European Agricultural Fund for Rural Development
European Battery Alliance

European Commission

Electronic Control Unit
EuropeannnovationPartnership

European Globalisation Adjustment Fund for Displaced Workers

European Institute of Innovation and Technolagiaw Materials

European Qualifications Framework

EuropeanCommunity Action Scheme for the Mobility of University Students

(D3.13

The European Commission support for the production of this publication does not constitute an endorsement of th~

* may be made of the information contained therein.

contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi



ERDF
ERP
ESCO
ESF+
ESHK EaSI
ETIP
ETRMA
EU

EV
GHG
GWh
HE

HMI

HR

ICE

ICT

loT
IPCEI

JIT
JTF
KPI
LIB
LPG
MOOC
NFRD
PDSA
PFMEA
PfS
PhD
QMS
R&D
RORO
RRF
SME
SoC

With the support of the
Erasmus+ Programme
of the European Union

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

*

o

{nalpatts

Alliance for Batteries Technology, Training and Skills

European Regional Development Fund

Enterprise Resource Planning

European Skills/Competence, Qualificatipausd Occupations

European Social Fund+

European Social Fund+ and EU Programme for Employment and Social Innovatio
The European Technology and Innovation Platform

European Tyre and Rubber Manufacturers Association

European Union

Electric Vehicle

Greenhouse Gas

Gigawatt hour

Higher Education

Human Machine Interface

Human Resources

Internal Combustion Engine
Information Communication Technology
Internet of Things

Important Projects o€ommon European Interest
Information Technology

Just in Time

Just Transition Fund

Key Performance Indicator

Lithium-lon Battery

Liquified Petroleum Gas

Massive Online Open Course
TheNon-Financial Reporting Directive
PDSA

Process Failure Mode Effects Analysis
PlanDo-StudyAct

Doctor of Philosophy

Quality Management System
Research and Development
Rolton/Roltoff

Recovery and Resilience Facility
Small and Mediunsized Enterprises

State of Charge

(D3.13

The European Commission support for the production of this publication does not constitute an endorsement of th~

* may be made of the information contained therein.

contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi



fnalbatts (=

Alliance for Batteries Technology, Training and Skills

SoH X  State of Health
SPOC X Small Private Online Course
STEM X Science, Technology, Engineering, and Mathematics
SURE X Support to mitigatdJnemployment Risks in an Emergency
SW X Software
TQM X Total Quality Management
V2G X Vehicle to Grid
VET X Vocational Education and Training
VR X Virtual Reality
VRE X Variable Renewable Energy
VSBTUO X Technical University of Ostrava
WEEE X Waste Electrical and Electronic Equipment
WFD X EU Water Framework Directive
WP4 X Work Package 4
WP5 X Work Package 5
XR X Extended Reality
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Methodology

Thisdocument providesa Sectoral Xills Srategy and anoverall summary of thesectoral
Intelligencegathered. 1 is based ornthree streams of information, where different tootse

used: (1) desk researct{2) online survey andjualitative personalinterviews; and (3)
workshops. These three streams cover topics of sectoral intelligence that were defined as
follows: (1) stakeholders; (2) technologies; (3) drivers of change; (4) skills, compstand

job roles; (5) sector attractiveness; (6) education and training; (7) training delivery and
methods. For eacphase of thevalue chain within the battery sectpall toolswere used to

gather valuable information regarding the defined topics

Detailed Document Composition and Structure
The dcument is composedf two main parts:

Sectoral Skills Strategy

Sectoral Skills Intelligence
Sectoral Skills Strategjocuses on the provision of strategactionsto boost the skills
development of the European battery sectéys a result, thdollowing have beendentified

(Figure3):

NORMALISATION
AND STANDARDIDATION
OF CONCEPTS

ACTIONS WITH THE GOAL OF BOOSTING THE

DEVELOPMENT, COOPERATION AND

NETWORKING BY BRINGING VARIOUS

STAKEHOLDERS AND ENTITIES INTO

COLLECTIVE DISCUSSIONS ENCOURAGING THE SECTORAL

COOPERATION ON SKILLS RELATED ISSUES. DEVELOPMENT SECTORAL

COOPERATION TRAINING OFFER

AND NETWORKING AND DELIVERY

ACTIONS TO UNIFY THE SKILLS AND
JOB ROLES CONCEPTS AND ALIGN
COLLECTIVELY ON THE NORMALISED:!
FORMAT AND TAXONOMY.

» | ACTIONS WITH GOALS TO IDENTIFY,
ACTIONS TO SATISFY THE NEEDS IN ._El al b atts ANALYSE AND DEVELOP TRAINING
TERMS OF SKILLS AND WORKFORCE, e e e OFFER BASED ON THE SECTORAL
HOWTO IDENTIFY CORRECT NEEDS, NEEDS AND HOWTHIS SHOULD BE
COOPERATE AND PROVIDE CONCRET SECTORAL ) DELIVERED.

STEPS. SKILLS AND

WORKFORCE

NEEDS

FUNDING
OPPORTUNITIES

ACTIONS TO PROVIDE INFORMATION

ACTIONS TO CONTINUOUSLY PROVIDE SECTORAL ON THE FUNDING OPPORTUNITIES IN
UPDATED INTELLIGENCE AND OTHER INTELLIGENCE AND ~® " ORDER TO IMPLEMENT PROJECTS
MATERIALS THAT ARE WIDELY ACCESSIBLE RESOURCE HUB NEEDED AND PROMOTE

TO RELEVANT RECIPIENTS.

COOPERATION WITHIN THE SECTOR.

Figure3: Visualisation of Main Areas of General Strategic Steps

With the support of the o The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Programme contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi 168
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Eachaction, in addition, contains information on:

@ Target Groups
target groupsthat should be active within this action

TARGET

Description:Actions and recommendati@are relevant for the whole
European battery ecosystem and all actstakeholders.
WHOLE

ecosystem SCOpeAll target groups below.

Description:Actions and recommendaticare relevant for industrial

stakeholders
Scope Enterprisesricro, SMEs, LargeSectoral Associatia Technology

INDUSTRY . .
Centresand similar.

Description:Actions and recommendati@are relevant for training

.: I providers
" ScopeEntities active in training provision/definition and other related
PROVIDERS

areas includingacademia, industry, or othesubjects.

Description:Actions and recommendaticrare relevant for academia

’I ScopeEntities active itthe definition of curricula, teachingr training

This includes especially universities, high schools, and other entities m
ACADEMIA . . . .
active in prouwlingformal education or research.

,& Description:Actions and recommendati@are relevant for policymakers
i Scope:National, regional, or local authorities/policymakers

POLICY

MAKERS

L *,  Description:Actions and recommendatiarare relevant for European

* *

Xk Commission that should be involved.
*

commiesion ScopeEuropean Commission and related entities

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Prodaramme p * contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
g *  * may be made of the information contained therein.
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TIMEFRAME

Timeframe

indication on time dimension and how urgently the stakeholders should act

CONTINUOUS

Description:Actions should be considered in the long teand the
attention given should be continuous,g.,continuous analysis,

implementation, etc.

URGENT

Description:Actionsshould be considered urgently the short term, and

the attention given should have a highiority.

mElbatts
ACTIONS

ALBATTS Action

statement of the ALBATTS projecbnsortium and how the project is involved within this step

Provided as an example action

vi

ENDORSING

Description:raising awareness of certain actions or topics, overall
involvement in the issue on multiple levedad contribution tothe overall

improvement of the situation of considered areas of interest.

((:4

Description:actions and activities within certain topics or issues are with

the project plan scope and planned for future years of the project.

4oy

PARTICIPATING/
IMPLEMENTING

Description:the project is practically involved in the improvement or
implementation of changes aertaintopics and works towards the
improvement, this could be.g.,development of training material,

provision ofstate-of-the-art materials, orgamation of eventsor similar.

Q

ANALYSING

Description: The project is involved in the improvement or implementatiq
of certain topics or issues on a more theoretical basis, where possible
solutions, methodological approaeh or strategesare being analyed.

This can be reflected in the project outputs.

4

NOT IN SCOPE

Description:certain topics or issues are not being araly or implemented
by the project, but this fact is being acknowledged #melconsortium is

fully aware of it. This status may change in the future years optbgct.

With the support of the
Erasmus+ Programme
of the European Union
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Sectoral Skills Intelligengerovides insights into the statef-the-art and skills/job roles needs
of the specific areas of interest/trends identified and described abdweery area of
interest/trend is described fronthe perspective of thescope skills agenda and practical
recommendations and consideratiorss defined below:
Scope Descriptiondefinition of area borders; description of activities and processes
within the areg and overall description.
Skills Agendadata analysis of skills needs and demanded job roles/profiles based on
the job advertisementsind other informationcollected:

o Quantitative analysis providescharts and data visuahtion of the job
advertisements collecte@522) Demanded job roles are visumil by word
cloud based on the occurrence in relation to the skills’knowledaed skills
needs with thebar or pie chartsin three categories of competence:1)
academic; Z) crosssectoral specific; 3) sectorspecific (ANNEXA: Skills
Concept$. In addition, concepts endorsed by the stakeholders during the
interviews/workshops are highlighted within the chartgellow for 1
endorsement, dark orange for 2 endorsements)

o Qualitativeadditional supportive information that cannot be quantified, such
as expertiser additionalinformation from workshops or other sources.

Practical recommendations and considerationsa set of recommendations or
considerations for specific areas of interest, value chain steps, or trends covering
actions in terms of strengthening various competence;skéling/up-skilling on
specific topics; and others. Recommendations and consideratare supported by
mapping of concrete target groups and are defined as seen below:

o Target Groupsexamples ofpecific target groups that are influenced within

these areas of interest.

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Prodaramme e i contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
g *  * may be made of the information contained therein.
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& PRODUCTION

CELL AND. Q\\., MAINTENANCE

COMPONENTS
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AND PROCESSING | MANUFACTURING

% QUALITY

(=) OTHER ASPECTS
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Figure4: Visualisation of the Main Areas of Interest

This generic structure applies to all identified areasntérest The only exceptions ar¢he
following:
Soft and Transversal Basic Competens@nalysed for the whole value chain
Trends, Factors, and Drivers of Change
o Does not contain skills agendad recommendatiosand considerations
Training, Education, RAJp-skilling

o Does not contain skills agenda

Skills Agenda Data Acquisition and Processing
The werall definition of thearea of interestirend/value chain stepss contained withirthe

skills agenda sectiondescribing and visualiing the needs in terms of skills and job roles,
whichcan be viewed from two perspectives (both perspectives represent limited wiethie

scope of collected daja

(1) Quantitative analysis:charts are based on the competence matffiar data collection)

which is being continuously updated in the project ALBATTS and contains the data

gathered from job advertisements and offers.
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Job advertisements were anagd and mapped to the corresponding value chain steps or
departments within the battery production facility. This enables to query job roles relevant

oA LISOATFAO INBFa 2F AYyiSNBad IyR 4SS gKAOK
20KSNJ aARSé¢ 6KSNB NBfSOFyid aiirtta INBE ARSyl(
set of job roles thaire composedof each of the skill mappirsganalyed, and by this

approach it is possible to develop the occurrence mesgror the job role and see which

is more occurring for the mapped skills SEhdorsement or identification of the concept

during the workshop, survey, or interview is accounted in the quantitative analysis by

highlighting the concept in the charts or results.

(2) Qualitative analysiscontainsS E LJSoNiflicis®@r information that cannot be quantified

and merged with the data used for the quantitative analysis. This contains mostly

workshop results, relevant reports or documeyas survey/interview results.

More information on the methodology can be found within tA&NEXA: Skills Concepts

where concrete definitions and structures are defined and described in more detail.
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Project ALBATTS

Thethird releaseof a

A) Sectoral Skills Strategy

Proposalson how to approach the Re/Up -skilling

to ensurethe development of theEuropean Battery Sector
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1 Sectoral Key Steps and Sectoral Skills Strategy

Sectoral key steps of theecondversion of theSectoral Skills Strategserve as a roadmap for

the skills agenda within thEBuropeanbattery sector, each of the steutlines the needed
actions for various target groups and processes to boost the competence development,
cooperation and reskilling and ugskilling of the workforce in the futurer in a specific
timeframe. Rationales and example implementationa formof project ALBATT&ction is

provided as wellThe gaphicvisualisatiorof the key steps is visiblén Figure5:

NORMALISATION
AND STANDARDISATION
OF CONCEPTS

SECTORAL
DEVELOPMENT SECTORAL
COOPERATION TRAINING OFFER
AND NETWORKING AND DELIVERY

fralpatts

arce dor Battores Tachnaicgy., Trarng

SECTORAL
SKILLS AND
WORKFORCE

NEEDS
FUNDING

OPPORTUNITIES

SECTORAL
INTELLIGENCE AND
RESOURCE HUB

Figure5: Visualisation of Main Areas of General Strategic Steps
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1.1 SECTORAIDEVELOPMENTCOOPERATIONAND NETWORKING
Definitions of arget groups, timeframe and ALBATTS actiorere provided in the

methodolog/ section

gj 1.11 Battery Application Stakeholder Cooperation
The cooperation between stationary and mobile battery application stakeholders and key pla

needs to bestrengthened

Rationale:to improve and speed up the work on the common topics not only within the skills|

employment.
.
@ {oﬁ ‘H: v"
TARGET INDUSTRY r'fawlﬂé'.?s ACADEMIA
D se
TIQ CONTINUOUS

&

ENDORSING

ALBATTS Bndorsingthis action by facilitating webinars and other events, wh
different stakeholders can network and cooperate further on different issues rel
to the battery applications and others, this is also connected to the direct involve
in the Automotive SKs Alliancg/ASA)where battery topics are being discussed w
broader partnership, mainly with the focus skills agenda in the automotiw@obility

sector and beyondrhrough ASA, the partnership has outreach and collaboration

InnoEnergy Skills Institute or BEPA.

gj 1.1.2 Overall Cooperation

The overall cooperation and specific cooperation models between various EU initiatives, proj

universities, VET provides, industry, companiesgions, municipalities, social partnerand other
subjects need to bestrengthened and implemented via PfS large scale partnership, such

Automotive Skills Alliance.

The European Commission support for the production of this publication does not constitute an endorsement of th~
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Rationale:to improve the linkage between the groups to boost the work on common topics not

within the skills agenda.

© C

WHOLE
TARGET ECOSYSTEM

1

TIMEFRAME CONTINUOUS

-mElbatts l«i
ACTIONS

ENDORSING

ALBATTS Bndorsingthis action by facilitating webinars and other events, wh
different stakeholders can network and cooperate further on different issues, th
also connected to the direct involvement in thutomotive Skills Alliance (AS/
where battery topics are being discussed with broader partnership, mainly witk

focus on skills agenda in the automotirebility sector and beyond.

gj 1.1.3 Academia/lndustry Cooperation
Cooperation between secondary, tertiary schools and industrgeds to bestrengthened

Rationale:to foster better approach to update of the training material and curricula in order to

skilled newcomers into the industry as well as better cooperation within theldiglearning
programmesdevelopment which may be applied within the private sector-glpling or reskilling on
the job).

© 2 b

TARGET INDUSTRY ACADEMIA

u.:.

TIMEFRAME CONTINUOUS

M

ENDORSING

ALBATTS ®mndorsingthis action by facilitating webinars and other events, wh

academic and industrial stakeholders can network and cooperate further on diff
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issues, this is also connected to the direct involvement irAtlimotive Skills Allianc
(ASA), where battery topics are being discussed with broader partnership, mainl

the focus on skills agenda in the automotivebility sector and beyond.

@ 114

Sector Attractiveness

There is a need to boost and foster the sector attractiveness

Rationale:in order toattract newcomergyoung scientists, job changers, blue and white colligts)

the industry to close the skills gaps as well as experienced workforce.

TARGET

TIMEFRAME

C

HOLE
ECOSYSTEM

CONTINUOUS

&

ENDORSING

ALBATTS @ndorsingthis action by facilitating webinars and other events relatec
the European battery ecosystem and overall raising the awareness of the impor
of skills development in the seatdt also concerns the participation on various eve
related to the battery sector or other where this need is presented by the prc

consortium.

gj 1.15 Importance of Skills Transition from the Related Sectors
Information and dataon how skills and competencecan be transferredfrom similar sectors (CE

vehicle production omprocess industry, etd.to the emerging battery sectoneedto be available and

accessible for the whole sector. This information needs to contain projections and scenarios o

current trends impact on the employment.

Rationale: so the employersregions or other stakeholdenmay benefit from the knowledge whe

onboarding new workforce. This would also help the sector to be prepared for the future implic;

of future trends.

D3.13
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WHOLE
ECOSYSTEM

(Fq @

WITHIN SCOPE PARTICIPATING/
AND PLANNED IMPLEMENTING
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Project ALBATTS iisiplementing an overall roadmap and strategy for the sk
development in the European battery sector (Sectoral Skills Intelligence and Stre
this also include overview of thiepact of various trends on the employment as w
asfuture scenariosALBATTS Partnership released a report and held webinar on

transition where these topics wer@nalysed

@ 1.1.6

Projects and initiatives

There is a need to boost, integrate, endorse and implement results and findings of

projectdinitiatives supporting the development of the European battery ecosystem and other iss

related to the staff and competence shortage or skills agenda development, such as (1) Eurg

Battery Alliance; (2) The European Skills Agenda and Pact for Skills; (3) Autan®kill Alliancé€ASA)

including relevant Blueprint Projects4f European Battery Innovatiog IPCEI(5) BEPAand other.

Rationale:so the sectoral stakeholders may benefit from the shared knowledge and future develof

is more efficient. This also concerns the elimination of the same work double funding.

TIMEFRAME

-mEbatts

ACTIONS

9;

ECOSYSTEM

CONTINUOUS URGENT

+ £2r

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS psirticipating and cooperating on the skills development iss

within different European Initiatives, such as ABle ASA has a strategic partners

D3.13
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collaboration withthe European Battery Alliance Academy since November .2

Some partners submitted successfully a proposal on training of VET teachers

battery sectorq CaBaT ¢ this is an example of sustainable approach.

gj 1.1.7 Information Sharing

Sharing of information is crucial for the development of tle@mpetence needs as well as the over:

European battery ecosystem.

Rationale:so the sectoral stakeholders may benefit from the shared knowledge and future develoy

is more efficient. This also concerns the elimination of the same work dduindng.

© C

WHOLE
TARGET ECOSYSTEM
(<
TIMEFRAME CONTINUOUS URGENT
D PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS ésdorsingthe information sharing and itselfmplementing this
action by organizing events, delivering outputs, and patrticipating in the bro

discussions on an overall level.

gj 1.1.8 Mobili zation of experts

Experts across the whole European battery value chain and ecosysterad to be attracted and

mobilizedincluding foreign experts bringinghuch-needed knowhow and experience

Rationale:to improve the overall expertise within the European batteegtor and to boost the researd

and development.

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
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TIMEFRAME URGENT

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTSasadorsingthis action by raising awareness of these issues w
various outputs and events that are being organizgduch as teachers forur
organised previously by ALBATTS and currently by the partnership of GaBla®’

supported by the Automotive Skills Alliance with the study visits events, not on

teachers

Ej 1.1.9 Future Scenarios

Future scenarios in terms of rskilling and upskilling, as well as sector developmenheed to be

developed

Rationale:so the employers may benefit from tHenowledge when onboarding new workforce. T

would also help the sector to be prepared for the future implications of future trends.

TARGET ECOSYSTEM
u.:.
TIMEFRAME CONTINUOUS

Q

ANALYSING

Project ALBATTS asialyzingthe future needs and influence of the trends on t

employment within the European battery sector.
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1.2 SECTORAL INTELLIGENCE AND RESOURCE HUB
Definitions of target groups, timeframeand ALBATTS actions are provided in the

methodology section.

Eﬁ 1.2.1 State-of-the-Art Information Sharing
Reliable stateof-the-art information needs to be providedto sectoral stakeholders and intereste

entities. Resources or knowledge hubs that grablic, reusableand easily accessible are needed.

Rationale:to improve the overall expertise within the European battery sector. It is beneficial fo

sectoral stakeholder to have and access to theadate state of the art.

TARGET ECOSYSTEM

W o

TIMEFRAME CONTINUOUS

& by

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS implementing this action by providing valuable staté-the-art
information via the project deliverables, organization of events, and others. This i

beingendorsedon the overall level.

Eﬁ 1.2.2 Continuous Update

Sectoral intelligenceneedsto be continuously updated.

Rationale:to enable development of the training and learning material which is coherent wit

current trends.

© C

WHOLE
TARGET ECOSYSTEM
u.-.
.o
TIMEFRAME CONTINUOUS
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Eon B L% 1 @

PARTICIPATING/
ENDORSING IMPLEMENTING

Via the project structure and the approach to the project deliverable, project ALB
isimplementingcontinuous updates of the statef-the-art by providing updated des
research and other deliverables covering relevant topics, this is leeithgrsedon the

overall level.

E%E 1.2.3 Open Discussion

A platform for collective discussion on the problematic and important topics of sectoral intellige

needs to be establishedith different stakeholders and experts involved.

Rationale:to discuss current problematic issues so it is possible to come up with more efficient sol

TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS
D w
ENDORSING TRPLEMERTING

Project ALBATTSimplementing the open discussion via the events that are be
organized as well as by participating within the PfS amwrotive Skills Alliancby

this, the open discussion is beiagdorsed

E%E 1.2.4 Recommendations and Considerations
There is a need for provision and sharing of practical recommendations or considerations td

sectoral stakeholders and players &xpand their knowledge anduel the discussion.

Rationale:so the good practices may be followed, which leads to improved sectoral developmsd

With the support of the R The European Commission support for the production of this publication does not constitute an endorsement of th~
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WHOLE
TARGET ECOSYSTEM
@I.Ill-
ese
TIMEFRAME CONTINUOUS

& oy

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTSimsplementingand providing recommendations and considerati
for the European battery sector. Project is agswlorsingthis on the higher level

within the Automotive Skills Alliangdor example.
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1.3 SECTORAISKILLS AND WORKFORCE MBS
Definitions of target groups, timeframe and ALBATTS actions are provided in the

methodology section.

£
QX 131 Skills and Workforce Shortage

—

Shortage of skilled workforce and consequent competence need to be addressed on all level

geographical national, regional, andocal level; (2) relevant proficiencg EQF33; (3) valuechain¢

from raw materials mining and processing to recycling. All types of competesicneed to be
addressed: (1) soft; (2) transversal; (3) cresctoral specific; (45ectorspecific orjob-specific; (5)

green and digital;

Rationale:so the right training and learning material which fits the needs may be developed.

© C

TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS
ENDORSING ANALYSING

Skills needs are beiramalyzedby the project ALBATTS against all mentioned met:

project is als@ndorsingand stressing the importance of this action.

QX P 132 Continuous Update
Sectoral skills and workforce need to be continuously tracked, updai@uad data publicly available.

Rationale:so the training offer is coherent with the current trends.

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
TIMEFRAME CONTINUOUS URGENT
With the support of the The European Commission support for the production of this publication does not constitute an endorsement of th~

contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi 168

Erasmus+ Programme may be made of the information contained therein.

of the European Union




{nalpatts (oo

Alliance for Batteries Technology, Training and Skills

-mEbatts
ACTIONS,

& Q

ENDORSING ANALYSING

Project ALBATTSasalyzingthe skills needs anendorsingthe continuous update by
providing upto-date stateof-the-art information. This is also supported by the Ion

term plan of sustaining and updating of the training offer within the Automotive $

Alliance after the project end.

£
QX @ 133 Future Technologies, Innovation ,and R&D

—

The skills neeed for new and innovative technologies and processesed to be identified which

concern research and development as wellhe availabilityof R&D infrastructure is also of hig

importance.

Rationale:so the right training offer may be developed.

© £ g e

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
(R
ﬂ .*“
TIMEFRAME CONTINUOUS URGENT

mEBlbatts |¢|
ACTIONS

ENDORSING ANALYSING

Project ALBATTS @nalyzing stressing, andendorsing the importance of new

technologies, innovation, and research and development by focusing on these

within the project outputs.

QX 134 New Battery Applications Competences

New competenees concerning forthcoming battery applications need to bentinuously identified

and considered; mobile, stationary, and other.

Rationale:so the right training offer may be developed.

With the support of the
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© Sl =
TARGET INDUSTRY PROVIDERS AcADEMIA
TIMEFRAME CONTINUOUS URGENT
ENDORSING ANALYSING
Project ALBATTSaisalyzing stressing, anéndorsingthe importance of new battery
applications and connected technologies and skills by focusing on these topics
the project outputs.
@a___@ 1.3.5 Strategy and Roadmap
Strategy and roadmap towards the skilling and upskilling within the Europearbattery system need
to be developed and continuously updated. Synergies between strategies within the battery and o
sectors should be proactively looked for.
Rationale:to advice the sectoral stakeholders on the highiel approach and actions towards the
/up-skilling within the European battery sector.
TARGET ECOSYSTEM
TIMEFRAME CONTINUOUS URGENT
Vi )
ENDORSING APTEMERTING
Project ALBATTSeadorsingthe development of the strategy and roadmap for t
European battery sector and overall skills agendanipiementingthe strategy and
roadmap with the future releases.
i n The European Commission support for the production of this publication does not constitute an endorsement of th~
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1.4 SECTORAL TRAINING OFFER AND DELIVERY
Definitions of target groupstimeframe, and ALBATTS actions are provided in the

methodology section.

f=l

aaa 141 Continuous Update

Sectoral training offer needs to be designed, developed, and continuously updated based o

sectoral needf industry.

Rationale:so the trainees ar@repared for their working life and their knowledge is according to

current trends.

© Ol =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
.hhh

ﬂ 9
TIMEFRAME CONTINUOUS URGENT

i

PARTICIPATING/
IMPLEMENTING

Project ALBATTS immplementing (Courses (projeealbatts.eu) training modules,

which will be continuously updated based on sectoral needs.

f=l

ada 142 Modular Training
There is a need to developp-to-date modular training, individual modulesand units based on thq

sectoral need®f industry and on micrelearning

Rationale:so it is possible to compose bigger training units based on specific needs of various

groups.
é ."
TARGET INDUSTRY P}wmggs ACADEMIA
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hllh

TIMEFRAME CONTINUOUS URGENT

g Q

PARTICIPATING/
IMPLEMENTING ANALYSING

Project ALBATTSimplementing training modules based on modular concepts &

analyzingthe best possible solutions for their delivery.

f=l

ada 143 Curricula
Curricula need to be updatedHigher Education, VE&pprenticeships, internships, lifelong learning

and others.

Rationale:to satisfy the demand and needs of industry and to facilitate the current trends.

© £ |E e

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
(<

ﬂ 9
TIMEFRAME CONTINUOUS URGENT

g Q

PARTICIPATING/
IMPLEMENTING ANALYSING

Project ALBATTS #&nalyzing and implementing needed changes in curricula

facilitate the European battery ecosystem needs.

f=l

adda 144 Education Requirements
Specific educationand quality requirements and need to be adopted and develope&uch as

assessable competence units based on ECTS and EMEiples with learning outcomes approa¢

EQAVET quality criteria (system level); and peer learning

Rationale:to satisfy the employment needs of companies within the battery sector.
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© Ol =

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
u.'.
ﬂ .*“
TIMEFRAME CONTINUOUS URGENT

ENDORSING ANALYSING

Project ALBATTSedadorsingand analyzingpossible education requirements for tt

battery ecosystem.

e Interdisciplinary Education
Interdisciplinary education programmes for VET and HE should be rolledamutsingon STEM, digita

and green skills¢ adaptation of the curriculaand national/regional frameworksare needed.

Transversal skills and key competences need to be validated.

Rationale:so the students are prepared for the work within the battery industry which requires a

range of competence.

TARGET PROVIDERS ACADEMIA
(< ﬁ
TIMEFRAME CONTINUOUS URGENT
mElbatts
ACTIONS
ENDORSING ANALYSING

Project ALBATT Seisdorsingandanalyzingthe interdisciplinary education within th

European battery sector.

aaa 146 Standardi zation
There is a need for a standamid approachto apprenticeship programmes, internshipsind overall

education programmes

D3.13
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Rationale:so it istransferable and mappable. This enables the recognition of workers knowled

competences across different programmes.

© £ g ®

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
(S
ﬂ 9
TIMEFRAME CONTINUOUS

ElDatts l“l
ACTIONS

ENDORSING ANALYSING

Project ALBATTS émdorsing and analyzinghe standardization of education an

training within the European battery sector.

=)
aea 147 Training Methods / Re -Up-Skilling Instruments

Innovative, inclusive and effective training methods need to be exploretinplemented, and adapted
to initial education and up/re-skilling programsas well as various réup-skilling instruments and
tools: (1) workbased learning, (2) onboarding training in factories; (3) innovative and tp-date

programsbased on educational resource@) training by internal and external experts; (5) digital a
specific seminars for industry; (6) standamid online courses (MOOCs and SPOCSs); (7) traini

OGN AYSNET o6y0 | O00Saa G2 €SIENYAY3I Ay TN ard of
excellence and innovation; (10) specizdd training ceners with simulated training environment

AR/VR training, e.g. VR Labs; (11) adult education and learning programmes; (12) education tes
(13) flexible and kended learning solutions; and (14) double degree education programm@s)
adaptive learning (16) joint educational programs, including transnational learninign addition,

proper training methods need to beselected for different target groups, e.g., blu®r white-collar

workers, or mass reskilling or upskilling for the battery productionor other parts of the ecosystem

Rationale:so that the most efficient and suitable tools and instruments may be chosen by comg

or individuals.

© Ol =

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

2What is workbased learning (WBL)? What is Wé&&sed Learning (WBL)? (n.d.). Retrieved November 28, 2021, from
https://www.axcelerate.com.au/post/whats-work-basedlearningwbl.
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u.:.

TIMEFRAME CONTINUOUS URGENT

-mEbatts @ Q
ACTIONS

PARTICIPATING/
IMPLEMENTING ANALYSING

Project ALBATTSasalyzingpossible means of training delivery amdplementing
selected methods based on the different instruments, such as MO@@mptive

learning onsite training, and others.

=)

aaa 1438 Levels of Education

All relevantlevels of education need to be focused on bhend white-collar workers- EQF3-8

Rationale:since the battery sector needs workers across all levels of education.

© F

TRAINING

TARGET PROVIDERS ACADEMIA
u.:.
TIMEFRAME CONTINUOUS URGENT
-mEbatts
ACTIONS
ENDORSING ANALYSING

Project ALBATTSedadorsingthe importance of all levels of education aadalyzing
the different requirements and needs for specific levels of educaBooject ALBATT

is developing training for VET as well as HE level.

=)

aaa 149 Certifications and Micro -Credentials
Training certification andhe micro-credential system should batroduced for the successful trainee

¢ lightweight, coherent, easy to implementand understand system needs to be put in plagaicro
credentials should be awarded per training unithere is a need for one microredential specification

and standard such as connection to the Europass mien@dentials and certificate supplements
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Rationale:so the learners may prove their competences in more convenieytand everyone followg

one scheme which is coherent across the indudtrglso enables easier validation of the informal a

non-formal learning at the job.

© 2 *

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

TIMEFRAME CONTINUOUS

enon B K% @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATT Saisdorsingthe importance of certification and micraredentials for,

training recognition andisingthe Automotive Skills Alliance digital badges

aaa 1410 Learning Accounts
Introducing a learning account can boost the recognition and management of the lear

achievements.

Rationale:to track the progress of individuals which may be proven by micedentials for example.

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

TIMEFRAME CONTINUOUS

sl E @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS @sdorsingthe importance of learning accounts amdll usethe
learning accounts within the Automotive Skills Alliance SKlib system which

enables to store micro credentials and other progress of individuals
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@44 1411 Languages
It is necessaryto facilitate training in various languages. Muitingual training isessential especially

for VET and lower levels of education. It vital to identify different language needs for differen

training and job positions.

Rationale:to increase accessibility within the multicultural working environments.

© i

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
(R
ﬂ .*“
TIMEFRAME CONTINUOUS

enon B K% 1 @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTSedadorsingthe importance of multlingual training, mainly for the

lower levels of education, ardkvelopingthe training for technical English for batte

production

aaa 1412 Learning Pathways
It is crucialto enable and provide clear and dynamic learning pathwayghin the training courses

across different levels of proficiencfadaptive learning) that are highly connected to the modulari

concepts of the training offer.

Rationale:so the training offer may be targeted based on the needs of trainees.

© =
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TARGET INDUSTRY PROVIDERS ACADEMIA
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TIMEFRAME CONTINUOUS
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ENDORSING ANALYSING
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Project ALBATTSdsadorsingthe importance of the provision of learning pathwa

andimplementingan adaptive learning training content

f=l

&2& 1413  Training Providers
It is vital that various training providers across Europe aetivated

Rationale:to boost the cooperation and efficiency of the developed training solutions that will g

the most urgent future needs.

© i

TRAINING POLICY
TARGET PROVIDERS ACADEMIA MAKERS
(<
ﬂ 9
TIMEFRAME CONTINUOUS URGENT

&

ENDORSING

Project ALBATTS eésmdorsingthe importance of connecting training providers a
their cooperation by facilitating different events and being part of PfS implements

¢ Automotive Skills Alliander example.

=

aaa 1414 Competent Trainers and Tutors
It is vital that varioustraining providers across Europe are activated under the continuous train
GNF AYySNB LINPAINFYYS F2N) aSOiG2Nrf aijAffta dz

programmes, mobility and international forums.

Rationale:to boost the cooperation and efficiency of the developed training solutions that will
the most urgent future needs.
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Eon B L% 1 7

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS émdorsingthe importance of connecting training providers a
their cooperation by facilitating different events and being part of PfS implements
¢ Automotive Skills Alliance for example. ALBATTS isnademented a trainingthe

trainers battery forung BATTForum, where VET teachers across all Europe exc
good practices and learn about the battery seat@urrently this is run by the CaBa

consortiumwhich came from the ALBATTS partnerships
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1.5 NORMALISATION AND STANDARATION OF CONCEPTS
Definitions of target groups, timeframeand ALBATTS actions are provided in the

methodology section.

Categorization and Classification
There is a need for classificatipgranularity,and categorzation of job roles, skills, and competenc

(concepts) framework used on the Elide level

Rationale:so that there is a commoapproach,and it is possible to see coherences between the

profiles and skills/competences or knowledge.

WHOLE
TARGET ECOSYSTEM

W o

TIMEFRAME CONTINUOUS
ENDORSING ANALYSING

Project ALBATTS is stressing andorsingthe importance of categorization an
classification of competence concepts and to use the common taxonomy
frameworks areanalyzedand used, such as ESCO ASA Skillslub.

Coherence
Gontinuous update and consistency of the concepts with theectoral needs and intelligence |

assured.

Rationale:so that the defined concepts reflect the current sectoral needs.

TRAINING
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ACTIONS,
TRTIEATN
Project ALBATTS is assuring the coherency of the concepts within the battery
by implementingframeworks such as ESCO &®A Skillslub.
-------- » 153 Available Tools and Instruments
It is essentialto take advantage of the existing instruments and databag&SCOASA Skill$ub, or
other national information hubs and databases related to competéas or job profiles concept)f
concepts that are aligned with widely used skills frameworks.
Rationale:to have arup-to-date knowledge and not to use up the existing resources.
TARGET INDUSTRY r-ll.!w:g::s ACADEMIA
@)sen
TIMEFRAME CONTINUOUS
Eg'I"IONS V J Q
ENDORSING Tl:ﬂéﬂ;ﬁ:’ll:g' ANALYSING
Project ALBATT Sinsplementingframeworks such as ESCO &®A Skillsluband by
that endorsingtheir use.
-------- » 154 Framework Interlinks
It is essentialto assure the coherence of the various concepts by developing a mapping appr
between the frameworks (ESCO, EQISA Skill$lub, other); this also concerns the exploration of th
possibilities of certification or credential systems linkage.
Rationale:so that there is a possibility to interlink the various concepts with the coherent granula
TARGET INDUSTRY r-ll.!w:g::s ACADEMIA
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hllh

TIMEFRAME CONTINUOQUS
l\/| "y
ENDORSING APLEMENTING

Project ALBATT Sinsplementingframeworks such as ESCO &®)A KllsHuband by
that endorsingtheir use and linkage to other initiatives or those who implement i

well.

-------- 1.5.5 Reference Provision
It iscrucialto develop a set of standarded and broadly accepted reference job profiles based on f{

needs of the battery ecosystem that araligned and coherent with the widely used classificatiq
frameworks (such as ESCO, ASA SKilldb, European Core Profiles, and othefjhis set needs to b4
publicly available and put into use by updating relevant knowledge hubs and databatbis is not
only for the job profiles, but for the skills and competences as well, there should be a set of refer
competence, which are relevant for the battery sectqrtransversal competence (key competence
soft competence, STEM competence, digitwmpetence),crosssectoral technical, academic, sect(

specific and other.

Rationale:so that the sectoral stakeholders may use the profiles as a guidance on what is neede(

sector, to use them as a curricula or for a company onboarding, for example.

© = P i

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

a!lhll

TIMEFRAME CONTINUOUS

Eon B L% 1 @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS implementing and endorsing the reference provision of the
concepts by providing upp-date stateof-the-art and coherency with ESCO ABA
Skills Hub, project ALBATTS is also providing example battery sector rel
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occupational profiles as a referenae a form of Skills Card$Kills Cards (projec

albatts.eu).

1.6 FUNDINGOPPORTUNITIES

A detailedoverview of the funding opportunities can be found in tA&INEXD: Funding
Opportunities Summary

Definitions of target groups, timeframeand ALBATTS actions are provided in the

methodology section.

Q 1.6.1 Accessible Through Financial Intermediaries
Funding opportunities accessible through financial intermediaries, such as (1) InvestEU; and (2)

Skills and Education Guarantee Pilot;

© C
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Q 1.6.2 Accessible Through National Authorities
Funding opportunities accessible through national authorities, such as (1) Recovery and Resi

Facility (RRF); (2) REAEU (Recovery Assistance for Cohesion and Tteeritories of Europe); (3
European Social Fund Plus (ESF+ under shared management); (4) ERDF (European
Development Fund); (5) Just Transition Fund (JTF); (6) Digital Europe Programme; (7) Erasmu;
MFF); and (8) European Agricultural Fund foural Development (EAFRD).

© C

WHOLE
TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS

{mElbatts l«i
ACTIONS

ENDORSING

Q 1.6.3 Accessible Through European Commission
Funding opportunitiesare accessible through European Commission, such as (1) ESF+ EaSI Strj

European Globalisatioddjustment Fund (EGF); and (3) European Instrument for Temporary Sug

to Mitigate Unemployment Risks in an Emergency (SURE).

WHOLE
TARGET ECOSYSTEM

W O
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&

ENDORSING
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1.6.4 Discussion Platform
Provision of a platform for a discussion wiitakeholders and support of the project matching.

Rationale:to access and attract the needed funding and skilled workforce to manage the transit

the ecosystem.

©
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Project ALBATTS

B) Sectoral Skills Intelligence

Practical Recommendation/Considerations
and
Overall Stateof-the-Art and Skills Needs

for the Development of theEuropean Battery Sector
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Based on inputs from an ALBATTS project parex@erf meeting, a specific set dfends

concerningnew technologies waislentified:

Battery capacity/energydensity: i.e., electric vehicles with longer range are likely to
push climate goals forward;

Improved chargng performance:better and fastercharging tools help boost the use of
Battery Electric Vehicles (BEV);

Country independence:both in terms of batteryproduction and materials (e.g.,

fabrication of own cells);

Battery as a structurethis refers to being able to use any structure (foundation of
ahouse, chassis of a car, structure of an airplane) as a battery to reduce space, and

maintain the right weight or theentre of gravity;

Heat conversion into electrical energynvesting in processes to reconvert heat waste
(Heat waste ighermal energy that can be used for example to heat water and the
consequent steam causes rotation in a turbine that then turns the thermal energy into
kinetic energy that is then converted to electricity with a generatioto electrical

energy for the circularity of the process;
Safety:.especially regarding charging/recharging/ and discharging of batteries;

Energy accessible everywherenergy storage systems are key for the transition to
sustainable energy sources, helping to maintain (and grow) current energy

infrastructure stable and continuous everywhere.

Moreover, according tothe Fraunhofer repdf, the decarbordation of the sector and
investment into modest largscale production (with the importance of automation and
control of production processes, reduction of scrap and energy consump@oaiycular
economy with a focus on the sustainability of batteries is needed. As the demand for batteries

rises (demand is expected to be dominated by electromobility)is essentialto satisfy

2Oneto-one meeting with Professor Helena Braga, Engineering Physics Department, University of Porto (PT), 25/05/2021
4Thielmann, A., Neef, C., Hettesheimer, T., Ahlbrecht, K., Ebert, S. (2021). (rep.). Future Experts Needs in the Battefy Secto
RawMaterials; Fraunhofer. Retrieved frdrtips://eitrawmaterials.eu/wpcontent/uploads/2021/03/ElIiRawMaterialsFraunhoferReport
Battery-ExpertNeedsMarch-2021.pdf
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customer needs. It is not practicld transport batteries fromAsia, and therefore battery
production hotspots need to be developed in the EU and other nearby areas in the world.
Furthermore, this isa question ofEuropean control over itsar manufacturing sector and
consequently itsbattery production. There is a clear European interest in controlling the
guality of the batteries, the work conditions in the whole supply chaid the type of energy
used for battery production. With thdemand comeshe upscaling of productiojwhich leads

to a lower number of jobs per GWh. Solglate batteries, alternative chemistrieand the
mobility of the people should be taken into consideratidhere are considerable investments

in the EV revolution wheit comes to the drivers of change in the automotive induseyd.
Daimler, Volkswagen, or Fordgnergyintensive manufacturing and charging of EVs will
require renewable sources of energy to reduce their environmenighct.In addition, nany

cities andcountries have announced the phasing out of conventional vehicles (equypiled
ICES), hencthe reasonthe market share oEVs is increasin@ue to this increase, customer
requirements will have to be satisfied: (1) fast charging solutions and charging infrastructure

availability; (2) alternative battery exchanging and swappingn(@g extendedange of EVs.

The methodological approach adopted by ALBATTS project partners to have an overview of
the available literature regarding Drivers of Change (DoC) and how they irgltrenbattery

sector (.e.,those factors which are key to transforming an industry).

For the most part,the analysis ighose representing the whole battery value chain and
compiled by respected consultancy orgaations or projects. Complementing the literature
review, recent project resultsvere integrated as well as a oit@-one interview to eventually

validate such resultand, for this deskresearch process, the identified DoC wexealysed

5Survey Results for Battery Sector. (202itps://www.project-albatts.eu/Media/Publications/19/Publications 19 20210601 185540.pdf
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based onOccurrencé Importance€/, and Urgency. In detail the project grouped the

intelligence into 3 main Groups and 9 specific Drivers of Change:

Climate goals, regulation, and environmental challenges
Batteries are one of the most important climate targdts/ersto decarbonize road
transportation and support the transition to a renewable power system.

a. Reducing C&£emissions from battery manufacturingince the production of

batteries requires significant amounts of energy increase in the share of
renewable energies and energy efficiency in the battery value chain would be
asubstantialstep for decreasing G@missions from battery production.

b. Electrification and green energyatteries can fundamentally reduce GHG

emissions in the transport and power sectors as they are a systemic enabler of
a substantial shift to bring transportation and power to greenhouse gas
neutrality playing an increasingly important role.

c. Widespread charging/refueling infrastructure commercialzation  of

atechnology based on batteries. The easier the access to a reliable and suitable
charging infrastructure is, the quicker the development of such new
technologieswill occur
Globalization
globalzation is the process of interaction and integration among people,
companies, and governments worldwideBecause the modern world is
increasingly globalized, politi¢atrategic choices cannot be made without taking
into account the reactions of other world nations. Over the next years, production
in global markets for EV batteries is expected to grow strongly and the EU
production must completely change its positiond@ate a competitive advantage.

a. Access to raw materialsvith a rapid increase in numbers of EVs, activities

linked to raw materials become critical, especially if some resources (limited in

6 Indicating whether a Driver of Change was cited in analysed reports reviewed

7 An evaluation by the ALBATTS project partners, based on the context in which the specific Driver of Change is discesdeant ftscu
possible status in the future and on its direct implications on changes in the sector

8 A specific time frame (year), which can be noticed from the text of the analysed document, in which the Driver of Chéegemal

particularly necessary or will make its consequence felt overwhelmingly
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terms of quantity or geographical presence and almost abseiurope) are
necessary to produce key components.

b. Global regulatory dialoguethe European Commission will need to play

afundamental role in the elaboration of policies and strategies, from which the
battery sector could beneffrom a modernzation process of the EU legislation

on batteries. Batteries placed on the EU market should become sustainable,
high-performing, and saféhroughout theirlife cycle.

c. Restructuringthe European battery sector is expected to undergo structural
changes due to the development of a zemission mobility
paradigm/framework and as a flexible facilitator of the intermittent renewable
energy sources. The industry, in particular SMEs,nggld to assess and, if
necessary, redefine their position in the value chain as well as increase their
capacity to integrate digital technologies and circular economy concepts in
their production processes.

New technologies

The need for urgent and intense actions against climate chasgeidely

recognized and batteries are an essentigdem/element for storing energy in

electric vehicles and making renewable energy a reliable alternative source.

d. Cybersecuritythe exponential growth of 10T into BMS connected to a network,
cloud infrastructuresand the navigation and location information necessary to
optimize the smart grid infrastructure can compromise customer privacy and
security, requiring providers to keep communications secure. This threat
landscape requires the industry to modify the security appro&eiguarantee
the internal one linked to the resilience of the infrastructures to cyagacks.

e. Global technical harmomtion and standardation: the supply chain structure

within the sector will need to meet the challengésought aboutby the
introduction of new technologgnd meet changing market conditions.

f. Smart Gridstorage is one of the most important 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,
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renewable generation can be transformed from an energy source into

adispatchablegeneration source.

The deslkesearch intelligence was confirmed by a surtlegt validated the information
collected from two different perspectives, the application sdrtor answersonly for
stationary/other industrial applications, responses only for mobile application of battenies

responses by stakeholders that are active in both-settors.

The secondlJSNE LISOUGA GBS 2F (GKS Fylfeaira Aa (GKS Ay
comparison to education providers™ point of view, where the industrial stakeholders cover the
answers from companies, sectoral and industrial associations, and technotogyes

whereas answers from education providers cover educational institutions such as universities,

VET providers/Umbrella orgamtions, collegesor private education providers.

Based on the ALBATTS research, results are charactas follows

Globalisation New technologies Globalisation
13,33%

34,72% 25,00%

Climate goals, regulation
and environmental
challenges 40,28%

Climate goals, regulation
and environmental
challenges 41,67%

New technologies
45,00%
Figure6: DoC occurrence2020 desk research Figure7: DoC occurrence2021 desk research

Comparing theoccurrenceof the DoC in both desk researoéports (Figure6 and Figure7),
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Cybersecurity - Global regulatory dialogue -
Reducing CO2 emissions from... - Global technical harmonisation... -
Widespread charging/refuelling... . Cybersecurity .
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Figure9: Occurrence of DoC sutategories- 2021
desk research

Figure8: Occurrence of DoC sutategories- 2020
desk research

Comparing research analysis for each DoC-csuégory, Figure 8 and Figure 9 show
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Restructuring _ Global regulatory dialogue _
Electrification and green energy _ Restructuring _
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Smart Grid _ Access to raw materials _
Se— S—————
Widespread charging/refuelling... _ Global technical harmonisation and... _

5 0 1 2 3 1 5

(=]
[y
)
w
IS

Figurell: Importance of DoC subategories- 2021
desk research

FigurelO: Importance of DoC subategories- 2020
deskresearch

Whenanalysinghe importanceof each sukcategory in both researateports (Figure10and
Figurell0 = A0 A& SOARSYyDEARE HKR yia aTNEERYEzOAYHEG S ME YTy
GKS Y2ald AYLRNIFYy(d 6KAfS daavYl NI 3INRRE YR @
Global regulatory dialogue -

Restructuring -

Electrification and green energy _
Improved charging/refuelling... _

Access to raw materials .
Cybersecurity

Reducing CO2 emissions from... _

Global regulatory dialogue

Widespread charging/refuelling...

—

Restructuring

Global technical harmonisation... _

Access to raw materials

2035 2020 2025 2030 2035

Global technical harmonisation...

Electrification and green energy

2020 2025 2030

Figurel3: Importance of DoC subategories- 2021
desk research

Figurel2: Importance of DoC subategories- 2020
desk research

Lastly,Figurel2 and Figurel3analyseand compare theirgencyof each DoC subategories.
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most important and frequently quoted in the literature, is a challenge to be faced in the long

term (after 2030).

2.1.1 The Critical Raw Materials Act and The Net Zero Industry Act
Raw materials are essential for the manufacturing process of technologies, which are vital for

the green/digital transition. As three of the primary critical raw materials (lithium, cobalt,
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nickel) are fundamental for battery production, the diversification of the supply chain and the
internal recycling, processing and production of these resources are essential to comply with
future requests for this industry, which are expected to growhia tollowing years.

The Eurometaux Site estimates the future battery needs in the European Union in the context
of the green and digital transition. By 2050, the demand for the production of European
batteries is expected to reach up to 3500% of Europe's lithium consumpiatayt 330% of

cobalt, and more than 100% of nickel

Lithium (kt, LCE) Nickel (kt) Cobalt (kt)
861kt L 96.7 ki

384kt *103‘]
[+35357| +331%)

184kt

Y

23kt

2020 2050 2020 2050 2020 2050

-
Top transition uses (all battery metals): @: s @ Baltery storage
s?

Figurel4: Europe's metal needs until 2050. Battery metdldue: energy transition uses, grey: other uses)

According to the RECHARGE European industry association, recycling will be a crucial solution
to comply with future batteries requests, covering-40% of the metals needed for batteries

from 2040 onward¥.

The Critical Raw Materials Aét underlines the growing need to address the European
dependency on imported critical raw materials by diversifying the supply chain and securing
domestic production. In the regulation's document, many aspects are considered: the
economic one, as public amqgtivate financial investments are essential to secure a strong

value chaif?; the necessity to monitor the exploration of raw materials in the European

9Eurometaux Sitg SGFfa F2NJ /€SIy 9ySNHE® t I (Kgl & &nhtipd:/edrénfe@ik yuAnetalszdR LIS Qa3 NI &
energy/, 19 of June 2023.

0 RECHARGE Position Paparthe Critical Raw Materials Atdpvember 2022.

Available at: https://rechargebatteries.org/wpcontent/uploads/2022/11/RECHAR®@Eper CriticaRawMaterialsAct publie

consultation NovembeR022.pdf

1 European Commission Siteritical Raw Materials Adh https://single-marketeconomy.ec.europa.glaccessed June 152023.

2vi, pp. 89.
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Union's territory®, and the need to evaluate the environmental footprint during the
production of these sources to ensure that critical raw materials placed in the European Union

are as sustainable as possilfle

The Critical Raw Materials Act plays a vital role in the growth and sustainability of the battery
industry. Companies identified by European Member States that manufacture "strategic
technologies" (including batteries for energy storage aaaia@bility)'®> must perform every
two years®é:
An accurate mapping that shows where the strategic raw materials used during their
production process are extracted, processed or recycled;
A stress test of their supply chain of strategic raw materials, which consists of assessing
its vulnerability/security: the test consists of creating scenarios that could impact the

disruptions and their potential effects.

Finally, the Act further specifies that the Commission would encourage the recycling process
of these sources by introducing financial incentives (such as discounts, monetary rewards and
depositrefund systems). Member States will also play a focal rad@@ouraging the recovery

of raw materials from extractive waste

The European Commission proposed the Net Zero Industry iAckarch 2023%. As the
manufacturing industry is going to be more and more affected by the green and digital future
requirements, the main goal of this Act is to achieve a situation of resilience for what concerns
the availability of netzero technologies, which are d@he centre of the geostrategic
interests®. The objective is to ensure that by 2030, the Europemmnufacturing capacity

reaches at least 40% of the Union's annual deployment rféetlis recent years, energy

Blvi, p. 9.

¥ vi, p. 14.

15 regulation of the European Parliament and of the Council of thef March 2023, establishing a framework for ensuring a secure and
sustainable supply of critical raw materials and amending Regulations (EU) 168/2013, (EU) 2018/858, 2018/1724 and (BRX),201.9/1
23, p. 37.

16 |bidem.

7 vi, art. 25, p. 39.

18 European Commission Sit#he NetZero Industry Act: Accelerating the transition to climate neutralityhttps:/single-market
economy.ellaccessed June '222023.

19 regulation of the European Parliament and of the Council of the 16 of March 2028stablishing a framework of measures for
40 NBy 30 KSYy A y¥do tehiaNayy ploduats yabufiacturing ecosystem-@¢zb Industry Act023/0081, p. 2.

21yj, p. 12.andFES Germany Sie,K S YS& LINRP @A &AA2ya AY inivkvEjuselim@eéde e BtMarhP02B. Ly Rdza G NE ! O
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intensive industries have been suffering from the impacts of the energy crisis: such industries
will need access to netero technologies such as batteries, heat pumps, solar panels, and fuel

cells to remain competitive in the futurd.

The Net Zero Industry Act identifies different objectives that have to be addressed to
successfully scale up the manufacturing of green technologies, such as:

Necessity to make available all the information regarding the Net Zero Industry

project;

Guaranteed access to markets for these technologies;

Skillsenhancement;

Innovation in the field;

Creation of a Platform that ensures the exchange of best practices, information and

issues.

The Net Zero Industry Act is considered a big step forward for all the industries involved,
including the battery industd?. Batteries play a crucial role in the European Union's strategic
autonomy, and they are a fundamental part of this declaration. Given their role, they should
benefit from even faster permitting procedures, and support from additional crowd
investmentg®. This regulation strongly encourages battery manufacturers to "consolidate
their technology leadershig®. For battery technologies, European manufacturers are
encouraged to produce 90% of European battery demand (which translates to reaching a

European manufacturing capacity of 550 GWh by 2830)

Another fundamental point is assessing the future skills needed in the industries affected by
the Net Zero Industry Act Regulation. Member States will, therefore, need to identify the skills
needed, develop education and training programs, and financgipport the industries,

explicitly focusing on SM&s

2! lbidem.

21vi, p. 19.

21vi, p. 20.

24\vi, p. 22.

2 |bidem.

2% regulation of the European Parliament and of the Council of the 16 of March 20B28stablishing a framework of measures for
A0NBy3lKSyY A y¥elo tehadd@y pfouats yaBufacturing ecosystem-@ézb Industry ActR023/0081, p. 33.
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Many stakeholders in the battery industry consider both the Net Zero Industry and the Critical
Raw Materials Acts as "real game changers” for improving the competitiveness of the

European battery value cha&ih

Minerals are fundamental for battery production: lithium, cobalt, nickel, manganese and
graphite are, in fact, crucial for batteperformance, longevity and energy densityThe shift

to cleaner energy systems will increase the request for these minerals: the green and digital
transition will make the battery sector one of the fastggbwing segments, thus impacting

the request for these resourcés

The Critical Raw Materials Act mentions in various points the importance that mineral
mapping, geochemical campaigns and geoscientific datasets will have in the3futute
establishes that Member States should make available the information while exploring these
sources on their territor$t. The recovery of critical raw materials from extractive waste will
also have positive implications, such as revaluing mining sites, which will gain a new economic

value and a new industrialisation procéss

First of all, the regulation sets important objectives for what concerns the consumption of
mined strategic minerals:

10% of these should be sourced domestically;

The global supply chain should be diversified, as no more than 65% of the European

annual consumption of minerals should come from a single third cotfntry

27 Colthorpe A.Net Zero Industry Act makes Europe competitive in battery value chain, trade groups said;.energystorage.news21

March 2023.

28 |EA Site|n the transition to clean energy, critical minerals bring new challenges to energy senusityy.iea.org accessed 26June
2023.

29 |bidem.

30 regulation of the EuropeaRarliament and of the Council of the @6March 2023, establishing a framework for ensuring a secure and
sustainable supply of critical raw materials and amending Regulations (EU) 168/2013, (EU) 2018/858, 2018/1724 and (B20,2019/1

31 bidem.

32 bidem.

33EIU SiteEU acts to secure access to critical raw materiilsitps://www.eiu.com/n/eu-actsto-secureaccesgo-criticatraw-materials/,

17 March 2023.
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The European regulation towards bettachieving minerals, including their processing,
recycling and extraction, is considered very ambitious for different reasons. First, the EU will
face several challenges in achieving its objectives because of howhiengvestigation of
existing mines brings. Second, European countries have different levels of mines in their
territories: it is estimated that Portugal, Sweden and Finlanel the most likely locations for

new mines, but all three are likely to face theivn legislative barriefé.

Circularity refers to the sharing, leasing, reusing, repairing, refurbishing, and recycling of
existing materials angroducts as long as possible to extend the latter's*lif@he main
advantage of achieving a circular economy is to optimise the resources, reduce the
consumption of raw materials, and recover waste, thus reaching a consumption model that
ensures sustainable growth over tiffeln this frameworkgnsuring a longer life cycle for

batteries is fundamental.

In December 2022, the Council and the European Parliament reached a general provision on
new rules towards a sustainable, circular, European battery supply chaiepresenting a
crucial and revolutionary step to ensure the circularity of battefieghe life cycle of batteries

is supposed to be more sustainable in the future thanks to this first agreement, which covers
the entire battery life cycle, from design to eiodHife.

The proposal will apply to all types of batteries sold in the European Union's territory (portable
batteries, SLI batteries, light means of transport, and batteries providing power for wheeled
vehicles, such as electric scooters and bBiReOne of the main goals is a mandatory

requirement for a minimum percentage of recycled contént

34EIU SiteEU acts to secure access to critical raw matetiilsttps://www.eiu.com/n/eu-actsto-secureaccesgo-criticatraw-materials/,

17 March 2023

35 European Parliamen€ircular economy: definition, importance and benefitsyww.europarl.europa.ep24May 2023.

36 Repsol SiteWhat is circular economy and why is it importantwww.repsol.com accessed July 272023.

37 European Council, Council of the European Union Bitegraphicg Towards a sustainable, circular, European battery supply cimain,
www.consilium.europa.euaccessed Xlof July, 2023.

38 Ibidem.

39European ParliamenBatteries: deal on new EU rules for design, production and waste treatimentyv.europarl.europa.ep9 December
2022.

40 European Council, Council of the European Union Siancil and Parliament strike provisional deal to create a sustainable life cycle for
batteries,in www.consilium.europa.eu9 December 2022.
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In June 2023, the proposal was finally adopted by the European Council, permanently
replacing the battery directive of 200% This regulation covers the sustainability criteria
mentioned above, reconfirming the necessity to recycle a minimum of the battery content.
The regulation also sets labelling requirements with implementing a "battery passport”, which
will be introduced in 2027. The Battery Passport will be essential to specify the materials'
chemistry, origin, and state of health, thus representing a powedal to track batteries
throughout their life cycle and supporting the establishment of life extension anebétite

treatment system&.

Given the new European requirements, many repercussions are expected for the battery
manufacturing industry: implementing new methods that can more easily lead to battery
recycling will indeed be very common. For example, the "design for recycling” pnedkess
imply a careful selection of materials for new battery chemistries and an improvement for
existing ones to facilitate their future recyclitigThe design for recycling (also defined as-eco
design) will comprehend the application and study of methodologies. One of them is the Life
Cycle Assessment (LCA), an analysis that allows the evaluation of the environmental impact of

a product throughoutts life cycle.

In this context, the theme of circularity also appears in the Critical Raw Materidfs Foe
document's text specifies that the Act should contain measures to increase the circularity and
sustainability of the critical raw materials (among which are substances that are essential to
produce batteries: recycling measures are encouraged, as they are fundamental to

achieving a circular economy in the context of the green transftion

Similarly,the Net Zero Industry Actaims atreaching a circular system among its main

objectived’. In the Act, the evaluation of possible regro solutions must consider different

41 European Council Sit€ouncil adopts new regulation on batteries and waste batteinesyvw.consilium.europa.eu10 July 2023.

42 ALBATTS Deliverable DB4ftery Manufacturing2021, p. 23.

4 CIC Energigune Site,Recycling of Lithiuron Batteries: the way for a sustainable energy transitioim
https://cicenergigune.com/en/blog/recyclintithium-ion-batteriessustainableenergytransition, 25 May 2021.

44 See above paragraph, 2.1: Critical Raw Materials Act.

s regulation of the European Parliament and of the Council of the 16 of March 2023, establishing a framework for ensutirgy andec
sustainable supply of critical raw materials and amending Regulations (EU) 168/2013, (EU) 2018/858, 2018/1724 and1&2(), 2019
par. 3.

“61vi, p. 12, par. 42.

“47regulation of the European Parliament and of the Council of the 16 of March 882&tablishing a framework of measures for
A0NBy3lKSyY A y¥elo tehadd@)y pfouats yaBufacturing ecosystem-@éeb Industry Actp023/0081, p. 2.
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factors that are fundamental to achieving circularity, suct? e durability and reliability of
the solution, the ease of repair and maintenance, the ease of upgrading and refurbishment,

the ease and quality of recycling, and the consumption of energy, water, and other resources.

As the European framework is directed towards a circular system, the battery industry will see
a promotion of battery recycling and reuse, leading to the need to develop more skills and
knowledge on the battery ecosystem. Different job roles will aristhism context, such as
battery engineer, data scientist, analyst, data engineer/architect, software engineer and
software architect®. An up/reskilling process is also necessary to ensure the workers' safety,

as handling batteries can lead to different hazard levels.

The desk research and data analyses of the ALBATTS project have regularly produced an
update of the main Drivers of Change in the sector, encompassing both mobile battery
applications and stationary & industrial applicatiéhs Therefore, A forwardooking
perspective is of utmost importance to understand the future dynamics of the sector in light

of the recent regulatory evolution at the EU level.

The driver of "globalisation” has+gained progressive importance for this desk research, as
the EU will have to increase its competitive advantage by, for example, improving the sourcing
of critical raw materials for batteries. The climate goals, reguhatand environmental
challenges remain significant in percentage (47%), as companies must commit to extensive

decarbonisation and true sustainability.

“8vi, p. 24.

4 ALBATTS Workshop of the 27th of January 2023.

50Release 1 is available attps://www.project-albatts.eu/Media/Publications/5/Publications 5 20201106 123821.pdf
Release 2 is available attps://www.project-albatts.eu/Media/Publications/23/Publications 23 20210920 83914.pdf
Release 3 is available &ttps://www.project-albatts.eu/Media/Publications/68/Publications 68 20220912 82848.pdf
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Globalisation
32%

Climate goals, regulation
and environmental
challenges
47%

Figurel5: DoC occurrence desk research Release 4

Regarding each DoC subcategory, as announced by the Critical Raw Materials Act and
reiterated by the International Energy Agency, the increase in battery demand drives the
demand for critical materia®&. It is, therefore, evident how the subcategory "access to raw
materials" within the DoC "globalisation" has increased in occurrence in the literature
compared to the projections of the first desk research (Relea% Release 2 already

evidenced this trenep.

2030 is a year where ambitious targets must be met across the battery value chain. From the
first desk research of the ALBATTS project until now, all Drivers of Change identified continue
to remain significant, and the outlook for the sector from todayiu2030 shall allow proper
skills and jobs forecasting and anticipation processes (this is the core of the ALBATTS project).
As a way forward and guidance for future research and implementation strategies, the
primary needs to be addressed by the sector from a fegel perspective can be summarised
below (considering that they are strictly interrelated):
Holistic sustainability The battery sector is critical to achieving climate neutrality, and
the decarbonisation targets are to be met by the EU. To do this, fundamental is having
a holistic approach that, besides focusing on energy efficiency and emissions
reduction, can achiev a truly positive environmental impact, such as safeguarding

biodiversity and protecting natural habitats and land. At the same time, the social

51International Energy Agency Sieends in batteriesn https://www.iea.org/reports/globatev-outlook-2023/trendsin-batteries 2023.
52Please see page 26 of Release 1 availablgtas://www.project-

albatts.eu/Media/Publications/5/Publications 5 20201106 123821.pdf

53Please see page 19 of Release 2, availabletas://www.project-

albatts.eu/Media/Publications/23/Publications 23 20210920 83914.pdf
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dimension of sustainability shall be considered: health, safetytrifaile standards,
human rights, and inclusive dialogdéare critical.

Resilience:n light of the recent regulatory evolutions, achieving a resilient battery
value chain means focusing on strategic partnerships. Fundamental is EU public
funding and investment support and desking financing tools for strategic projects
outside the EUd secure the CRM supply to the EUAt the same time, ensuring
constantdata availability and transparency for compliance with legal requirements in
the form of "Track and trace "is critical.

Circularity. adopting a circular business model is expectetidca key factor for the
future of the batteryindustry. The transformation from a linear battery value chain to
a circular one will bring significant environmental benefits and enormous economic
potential to open the door to various opportunities. A circular business model can
increase the entire vakl chain resilience and mitigate risks (e.g., battery waste

disposal). Again, crossdustry collaboration and partnerships are essential.

Additional resources may be found in tr®NNEXC Relevant Resources on Battery

Legislation

54McKinsey & Company Sitgattery 2030: Resilient, sustainable, and circutavyww.mckinsey.com16 January 2023.

55 RECHARGE Position Paperthe Critical Raw Materials Atdpvember 2022,

Available athttps://rechargebatteries.org/wpcontent/uploads/2022/11/RECHAR®Eper_CriticaRawMaterialsAct public
consultation NovembeR022.pdf
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The role of raw materials in the growth of the European battery value chain isjsawell
known, quite criticalAbattery cell producer cannot functian a competitive marketvithout

or with too expensive raw material3he level of dependencensia, Australiaand the
American continents is very high. According to the last EU raw materials criticality list from
2020, 74% of allbattery raw materials originate in China, Latin Amerarad Africa and this
trend is expected toproliferate with increased European demand for expanding cell
production. Onlyaluminium manganese, copper, amickelare not listed as directly critical

for European supplgFigure16).5®
et @) olemlla - @ U
Smmn .. ) e B r — Mangmese T_ als
e ey desil :ﬁ..lumir.li.tl;.m MC ad LMD batte

Titaniwm: in future anode matenza o — pounds in MMC, NCA batteries
I @ Niobium in future anode and
mprove stahility and energy density @ Critical Raw Material

Figurel6 Critical raw materials for Europe (in red.

There are, however, many European initiatives on the policy level to remediate this situation,
by new European sourcing (mines, concentrator, and refining facilities) and a very high level
of recycling®® At present, a European cell producer typically gets raw materials through:

1) import from companies on other continents,

2) new European sourcing as a desirable alternative to remediate the situation,

3) recycling operations to take care of the raw materials used optimally.

56 Critical Raw Materials List 2020. Raw Materials Information System. (n.d.). Retrieved November 28, 2021, from
https://rmis.jrc.ec.europa.eu/?page=criist-2020-294f6

57 European Commission, Joint Research Centre): Bobba, S., Carrara, S., Huisrdeagdy, Ktathieux, F., Pavel, C.{ead) (2020) Critical
Raw Materials for Strategic Technologies and Sectors in theAEdresight Study.
https://rmis.jrc.ec.europa.eu/uploads/CRMs_for_Strategic Technologies and Sectors in the EU 2020.pdf

58 Sustainable supply of raw materials from EU Sources. Internal Market, Industry, Entrepreneurship and SMEs. (n.d.) Neeeimbed
28, 2021, fromhttps://ec.europa.eu/growth/sectors/rawmaterials/policystrategy/sustainablesupplyeu_en
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The raw material phases of the value chain thus consist of the following three optional sets of
steps, often in combination:
a) For importing raw materials from other continents
Overview and review of sourcing and buying options (price, quality, traceability, due
diligence, political aspects, dependability, etc.)
Procurement, negotiatiorand buying process
Delivery contracts or trade, emwnership of mines and refineries, etc
b) For new European sourcing
Prospecting, mining concession, mining operations, concentrating
Refining of concentrated ore into raw materials
c) For sourcing from recycling, the options and alternative steps are
Recycling as part of cell production, to regain from substandard cells

Recycling of used/collected batteries

Problems withb) are beginning to show in Europe. Cell producers want European raw
materials produced as close to the cell plant as possible. However, the national processes for
prospecting permits and mining concessions prelonged andplans for new mines are
controversial in the ore&arrying regions in Europe. People want mining to happen elsewhere

and have many democratic means to make their voices heard and slow down the process.

ALBATTS$roject doesnot have among the projecipartners, mining companies, refineries,
etc., but there arecontacts with some companies in this sector and withEEaW Materials
Mining and refining companies traditionally take care of the most needeadngareskilling in
house, and processes are highly autoredi Howevernot manyof them are working with

the neededvirginraw materials andthere are not manypen mines in Europe. So, we can
draw general conclusions concerning skills for handling risks of relevant raw materials,
orientation on their use inle battery industry, and probably the same kind of upskilling

needed elsewhere.

59 Definitions and methodology are described in the methodology section, this is covering the development of the analyshstiapter.
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Yellowhighlighted rowsg concept was endorsed/mentioned during the workshop/interview by the participants
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Figurel7. Raw Materials and Processingob Roles AnalysisBlue Collars

Figurel7 shows the occurrence analysis of the job roles for the raw materials and processing.
Bluecollar workers observethave expertisein processand machineoperation; material
planning and handling calibration, maintenanceand instruments; material engineering
safety and othes. White-collar workershave expertise in material engineeringscience
(cathode, anodes, electrolytes); production control; audits; inspections and quality; supply
chain management; productioflmanufacturing, maintenanceand othes.

Lithium-ion Chemistry [ D 15,92%
Battery Material [ 15,56 %
Battery (System) Components [ 9,53%
Cell Design [ 9,41%
Battery Chemistry [ 8,44%
Characterisation Techniques  F e 7,00%
Battery Design [ D 5,61%
Cathode [ 4,28%
Vehicle (Battery) Systems [T 2,90%
Battery Fluids [ 2,77%
Battery System [ 2,65%
Electrolyte Development [0 1,99%
Electrolyte [N 1,00%
Electrolyte Formulation [0 1,99%
Energy Storage [ 1,81%
Electrode Design [0 1,75%
Anode [1,27%
Separator Design 1) 0,90%
Cell Structure 000 0,78%
Precursor Design [0 0,72%
Electrolyte Mixing 000 0,66%
Battery Industry 000 0,60%
Battery Development 1110 0,54%
4% 8% 12% 16%

Figurel8: Raw Materials and ProcessingectorSpecific Competence

Figure 18 represents selected, the most occurrirggctorspecific competence for raw

materials and processing

Yellowhighlighted rowsg concept was endorsed/mentioned during therkshop/interview by the participants
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10,31%
9,73%
7,34%
7,08%
6,41%
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5,06%
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4,58%
4,34%
4,13%
4,04%
3,9%
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Figurel9: Raw Materials and Processin@rosssectoral Specific Knowledge

Yellow-highlighted rowsgq concept was endorsed/mentioned during the workshop/interview by pheticipants
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58

Operate Machines

Monitoring (Machine/System Operations)

8,56%
7,71%
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Figure20: Raw Materials and Processin@rosssectoral Specific Skills

Figure 20 and Figure 19 represents selected, the most occurring creggtoral specific

competence for raw materials and processing

Yellow-highlighted rowsg concept was endorsed/mentioned during the workshop/interview by the participants
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Chemical Engineering 14,98%
Material Science 14,25%

Mechanical Engineering

12,92%

Industrial Engineering 12,47%

Electrochemistry 11,75%
Electrical Engineering (systems) 11,08%
Engineering 7,29%

Ci Sci /1TM

Statistics
Physics
Electricity 2,23%

Mathematics 1,5%

Polymer Science - 0,84%
4% 8% 12% 16%

Figure21: Raw Materials and Processinghcademic Competence

Figure21 represents selected, the most occurring academic competence for raw materials

and processing.

Strengthening the awareness on the critical raw materials questions for Europe and
connected emerging trends.

Development of new skills needs (and relevant training material) for mining and
refining raw material$or both white and blue collar workers

Manpower is required in mining, concentrator and chemical plants, maintenance,
laboratories, logistics, and supportive/administrative functions.

Basic education required includes process, chemical, mechanical, electricity, and

automation engineering as well as geology and chemistry.

Target groupsprospecting and mining companies, refineries, and their wiaitel bluecollar
workforce; branch organizations; and authorities involved in exploration permits and mining

concessions.
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Components and cell manufacturisgepfollowsthe raw materials and processing value chain
step andconcerrs the manufacturing and development of different components for battery
cells andhe production of cells.
This section describes the Gigafactory perspective. Different departments and thaiarele
described further belowAreas of interest covered are as folloifis

Production and Maintenance

Logistics

Quality

Other departments and Aspects, specifically: purchasing, human resources, finance,

salesand digitalzation

Aproduction departmentperforms one of the key activities of aibn battery manufacturing

company. It can be consideredralume departmentdue to having a relatively high number

of employees when compared to the other departments.

¢KS LINPRdAzOGAZ2Y RSLI NIYSYG OFy 06S RAGARSR Ay
LINE RdzOG A 2 y ¢  LJhouBe obbtsburéed: R2y S Ay
1) a! y  dzLJa prodisction ghat prepares the input electrode materials. This
production phase, wherehemicalprocesses take place, requires a lower number of
employees than the following downstream production phase. Managing the processes
is done froma control roomthat is not unlike what can be seen, for example, in the
modern process industries such as chemical, pharma, and paper plants. The control
NE2Y 2LISNI G42NBRQ Gl aja AyOfdzRS Y2yAG2NRAy3

the machines' pressure, temperat) and speed.

2) d! R2 gy produdidn gection that involves the other production steps such as
electrode manufacturing, cell assembly (depending on battery designsmatic,

pouch, cylindrical) that is the moktbor-intensivepart, and cell finishing.

60 Mainly based on the set of interviews done with the Northvolt, which is the significant source of information for therfglmetion.
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Significant parts of the production process (particularly until the cells are sealed) are
performed inclean and dry roomsn a dustproof and low humidity environmeirnplying
considerable investment and operating costs.

Automated proceses, automatic material handling devices, AGVs (Automatic Guided
Vehicles), Big Data analytics, &hd 10T are being employed to allow economies of scale,
optimize the processesand increase qualityyield,and throughput. Théevel of automation

in battery production carbe expectedto increase from the rampip phase to thematurity of
afactory.

In the increasing competition among the battery prodigescalingof the production is highly
desirable as it can significantly reduce the investments and running costs.

The battery producers strive to achieve a lean productiprocesswith fewer stepsand
occupyinglower surfaces Possible batterymanufacturing innovationsinclude e. g. dry
electrode manufacturing thanks to which it would be possible to skip sepavdliction steps

and save considerable time and costs.

Future battery technologiessuch as solidtate batteries will have asignificant impact on
some battery manufacturing processes and would require the possibility of a flexible
adaptation of the production line.

In the production department, the white (engineers, managers) and bhgellar ratios

(technicians, operators) can be approximateby2D %- 80-85 % (in Northvolt, for example).

Maintenance:The battery production line is a very complex system, and the manufacturing
needs speciatonditions- the dry and clean rooms, for example, need periodic maintenance.
Software maintenance needs to be carried out as well. Companies are trying to introduce
preventive maintenanceconcepts aiming to prevent failures during production and outages.
Within predictive maintenanceparts of the line should monitor themselves and predict when
interventionswill be needed. Considering starp companiesthe importance of maintenance

personnel is especially significant when setting up all the machiloegithe production lines.

The white and bluecollar ratios are approximately 580 (in Northvolt, for example).
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Blue collars (mechanical technicians, electricians, instrument technjciand

warehouse technicians)

White collars (engineers: maintenance, mechanical, electrical, automation, industrial

etc. and managers in upstream/downstream production)

Yellow-highlighted rowsgq concept was endorsed/mentioned during therkshop/interview by the participants

Figure22: Production and Maintenance Job Role Analysis | Blueollar
Figure 22 shows the occurrence analysis of the bkalar job roles for production and
maintenance, with the expertisen battery assembly quality; machine/process operation;

calibration;and othess.

Yellowhighlighted rowsgq concept wasendorsed/mentioned during the workshop/interview by the participants
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Figure23: Production and Maintenance Job Role Analysis | Whiteollar

Figure 23 shows the occurrence analysis of the bkalar job roles for production and
maintenance, with the expertisen battery assembly; quality; machine/process operation;

calibration; as well athe occurrence analysis of the whitellar job roles for production and

maintenance

51 Definitions and methodologgredescribed in the methodology section, this is covering the development of the analysis within this chapter.
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Figure24: Production and Maintenance SectorSpecific Competence

Figure24 represents selected, the most occurriagctorspecific competence for production

and maintenance
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Yellowhighlighted rowsg concept was endorsed/mentioned during the workshop/interview by the participants

Orangehighlighted rowsq concept was endorsed/mentioned during the workshop/interview by the participants more than once
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Figure25: Production and Maintenance Crosssectoral Specifitnowledge
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Figure26: Production and Maintenance Crosssectoral Specific Skills

Figure25 and Figure26 represents selected, the most occurring cregstoral competence

for production and maintenance
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17,03%
16,17%
13,27%
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Figure27: Production and Maintenance Academic Competence

Figure27 represents selected the most occurring academic competence for production and

maintenance: chemistry; mechanical engineering; electrical engineering; electrochemistry;

and othes.

4.1.2 Practical Recommendations and Considerations

Production:

Strengthening of skills and competencies related to battery production to provide
a high level of understanding in the fieldse&ctrochemistry, electronics, mechanics,

process engineering, manufacturing technologwutomation (with production

systems) battery assemblyand digitalization in manufacturing

D3,13

In general, increase the ability to speak and understand foreign languages, particularly

English(in Northvolt, for example).

White-collar specific needs

o Increasing competencies production and material engineering, production
planning, production management, shift management, process engineering,
cell design, machine learning and optimization, modelling, and simulation.

o Strengthening the focus omargescale manufacturing understanding of

chemical processeandquality, risk, and safety management
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o Battery industryrelated knowledge/skills: battery material, battery
chemistry, battery fluids, battery components, battery testing, defective
products removal

Blue-collar specific needs:

0 a! LIAGNBI Yé ¢ lidi@strdg@riowl@dge to understand thisks,
envision the safety issuegnd howchemicalsbehave.

0 A4526YyYailNBI Yéc intdaRemaeine Audgrstanding high speed

mechanical assembly5S skillsand the ability tatroubleshoot.

o Overall production system understanding.
o Knowledge/skillsmaterial handling, Clean/Dry Room Procedure/Validation,
Inspect Quality of Product / Sampling, material pressing, electrode process,
fine mechanics, HMI (Human Machine Interface)
Regarding the increased levels of production automation in the foreseeable future, increased

competence concernindata analytics, maintenance, product process optimization

Target GroupsEducational institutions, battery producergcruitment companies, head

hunters, consultants.

Maintenance
Apart from the general batteryelated education, strengthening the skills and
competencies to ensure understanding s#tting up the production, preparing the
related structures, commissioning the machines, chemical, and mechanical
assembly, automation experience, and mechanical understanding of the automated
systemscombined with understanding the relatesbftware and calibration.
Strengthening generdl and data analysis skilte cover future needs.
Battery skills (also mentioned in the context of Production)
G5NE YR Of Sty NR2Y¢ YIAYGSylyoOoS o0AyOf dzRA

Predictive and preventive maintenance

Diagnostics
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Target Groups Educational institutions, battery producersgcruitment companies, head

hunters, consultants.

This chapter studies the skills and competencies needed with various equipment and
machines used in battery production. Navigating a complex production environment demands
a diverse skill set. From technical expertise in equipment operation to payingtiatieto
detail, operators play a pivotal role in ensuring productivity and quality. The fusion of safety
compliance, troubleshooting, and a commitment to continuous improvement forms the

backbone of successful manufacturing operations.

Europe's electrode manufacturing, crucial for automotive, energy storage, and renewables,
thrives in Germany, France, the UK, Italy, and Sweden. Driven by EV demand, the region aims
to bolster its battery industry with Ebacked R&D, reducing import reliee Stringent
environmental regulations shape sustainable practices, and the supply chain integrates
domestic and global raw material sourcing, including importing precursors. Automation and

digitisation enhance efficiency and quality standards in Eurogéactrode manufacturing.

Mixing equipment (e.g., Planetary Mixerand Ball Mills) in electrode manufacturing, the
significance of mixing equipment, particularly planetary mixers and ball mifiggh. Planetary
mixers featuring a rotating, stationary container and agitator, are widely employed for
electrode paste and slurry productioifhey efficiently blend highiscosity materials across
various batch sizes. Ball mills, characimtiby rotating drums filled with grinding media, are

often utilised for powder blending and refimg processes.

Coating equipment (e.g., slot dies, doctor blades, roll coatezasuresprecise and uniform
coatings to electrode materials. Slot dies are used in controlled coating applications, offering
advantages like high uniformity and adjustable thickn&gsrking in tandem with slot dies,
Doctor bladesnaintain coating thickness consistency. Roll coaterssiaglirollers for uniform

coatings, are suitable for higlblume production.
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Drying equipment (e.g. ovens, vacuum dryers$ a vital component inelectrode
manufacturing, ensuring electrode dryin@vens provide a controlled environment with
adjustable temperature settings and timers, catering to batch and continuous production
requirements. Vacuum dryers excel in removing moisture at lower temperatures and reduced
pressure, preserving the propees of sensitive electrode materials. Essential considerations
with drying equipment include capacity, temperature control, energy efiicye and specific

requirements forprocessing electrode materials

Slitting equipment (e.qg. slitters, rewindersare designed to slit large rolls of materials like
metal foils or coated substrateand employ razor blades or rotary knives for precision cuts.
Criticalfeatures of slitters for electrode manufacturing include width and diameter capacity,
accuracy, speed and productivity, automation and control, and safety features. Rewinders
complement slitters by rewinding slit electrode materials into smaller roltaiia for further
processing or packaging. Factors to sider for rewinding equipment encompass roll
diameter and width capacity, tension control for maintaining material integrity, core handling
to support appropriate core sizes, and automation features for efficient roll changeovers and

material handling.

Electrode stacking equipment (e.g. stacking machinesptegral to the lithiumion battery
electrode manufacturing procesandthe equipment for stacking electrodes is crucial. These
machines involveneticulously stacking and alignimgmerous layers of anode and cathode
materials, along with separators, to construct the electrode structure.él@etrode stacking

process's precision significantly influences the battery's performance andyjualit

General Skills Associated with All Equipment Categories:
Technical Knowledge:
o Understand principles, operation, and maintenance of equipment.
o Familiarse with specific machine modelfynctionalities, programming, and

troubleshooting.

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Prodaramme e i contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
g *  * may be made of the information contained therein.

of the European Union




fnalbatts (=

Alliance for Batteries Technology, Training and Skills

Equipment Operation and Calibration
0 Set up equipment correctly, ensuring proper calibration for accurate
dispensing.
o Knowledge of calibrating sensors, nozzles, valves, and other components.
Materials Handling:
o Proficiency in handling various materials used in the assembly process.
o Knowledge of material properties, storage requirements, and proper handling
techniques.
Programming and Machine Operation:
o Competence in programming machines for specific tasks.
o0 Adjust settings and optire¢ performance for different product requirements.
Quiality Control:
0 Attention to detail and focus on quality control measures.
o Implement quality checks at various assembly stages and take corrective
actions.
Problem Solving and Troubleshooting:
o ldentify and resolve technical issues during the assembly process.
0 Troubleshoot problems with machines, materials, or components.
Safety Awareness:
o Comply with safety protocols and regulations.
0 Understand potential hazards and takecessary precautions.
Communication and Collaboration:
o Effective communication with team members and stakeholders.
o Collaborate to streamline workflows, share knowledge, and address
challenges.
Time Management:
o Efficiently manage time to meet production targets and deadlines.
0 Prioritise tasks and optinse machine use for maximum productivity.
Continuous Learning:
o Stay updated with advancements in technology and industry trends.

0 Seek opportunities for professional development.
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Equipment Categonspecific Skills:
Mixing equipment (e.g., Planetary Mixers, Ball Mills):
o0 Ability to handle higkviscosity materials.
0 Troubleshooting skills for operational issues.
o Compliance with environmental regulations.
Coating Equipment (e.g., Slot Dies, Doctor Blades, Roll Coaters):
o Proficient in adjusting coating parameters.
0 Mechanical aptitude for routine maintenance.
o Recordkeeping skills for production data.
Drying equipment (e.g., Ovens, Vacuum Dryers):
0 Analytical thinking for troubleshooting.
o0 Adaptability to changing priorities.
o Documentation skills for equipment operation.
Slitting Equipment (e.g., Slitters, Rewinders):
o0 Handeye coordination for precise adjustments.
o Quality consciousness for maintaining standards.
0 Adaptability to changing productiaRquirements.
Electrode Stacking Equipment (e.g., Stacking Machines):
0 Mechanical aptitude for routine maintenance.
o Recordkeeping skills for production data.

0 Adaptability to changing production requirements.

The European cell assembly industry is witnessing significant growth, particularly in the
automotive sector, where it is crucial for electric vehicle (EV) battery production. Ongoing
European research and development focus on enhancing cell assembly technology's
performance, energgensity, safety, and sustainabylitThe establishment of Gigafactories by
significant industry players emphasas comprehensive production, covering the entire

battery-making process, including cell assembly.
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Cell stacking equipmentncompasses machinery or devices specifically engineered to
automateindividual cells or batteries' organised and efficient stackifgdely utilsed in the
production and assembly of battery packs, these machines plagu@al role in various

applications, including electric vehicles, portable electronics, and energy storage systems.

Tab welding equipment (ultrasonic welders, laser welderspys an essentialrole in the
battery cell assembly. Ultrasonic welders are extensively used, especiatignuafacturing
lithium-ion batteries for electric vehicles (EVs) and various equipment, offering a reliable and
efficient method for joining battery cell components. Laser welding technology is employed
in battery production for cell assembly, uifig a highenergy laser beam to generate locatil

heat that melts and fuses materials. Laserldees are particularly useful for combining

components such as battery tabs, terminals, and busbars.

Winding Machinesare essential in the cell assembly process for battery technology,
specifically for manufacturing battery cells. These devices are crafted to precisely wind and
assemble the electrode components, separators, and current collectors into a streamlined cell
arrangement.

Electrolyte Filling equipment (vacuum filling machines, injection filling machinp&ys a
specialsed role in battery production, specifically for adding electrodyte battery cells.
Electrolytes, crucial for supplying the ionic conductivity essential for electrochemical reactions
inside cells, argrecisely and effectively filled into battery cells through these machines.
Similarly, electrolyte injection filling machines are employed in battery cell assembly to ensure
accurate and efficient filling obattery cells with the electrolyte solution. These devices
provide precise control over the amount and distribution of the electrolyte, ensuring optimal

performance and security of the battery cells.

Sealing Equipmentis utilised in the battery manufacturing processedtl sealers are
specialsed machinery crucial for ensuring airtightand secure enclosure during battery cell
assembly. This technique, widely adopted in the battery production industry, invosieg

heat sealers to create a dependable and kpasof seal for battery cells.

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Prodaramme e i contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
g *  * may be made of the information contained therein.

of the European Union




fnalbatts (=

Alliance for Batteries Technology, Training and Skills

A aimping machineis utilised in battery cell assembla crimping machine ia specialsed
machinery crucial for establishing electrical and mechanical connections among various parts
of a battery cell during the manufacturing process. This technique, widely adopted in the
battery manufacturing industry, involves crimping machines to contechinals, tabs, or

connectors to the electrodes, creating a reliable and-tesistance electrical channel.

Formation equipment battery cyclers, or formation equipment, anategral in battery
production, facilitating the initial charging and discharging cycles needed to condition and
activate cells. These machines, comprised of components like a cestbmower supply,
control system for parameter adjustment, and data acquisition for quality assurance, ensure
consistent and efficient formation. Safety featurgaarantee secure operation, including
temperature sensors and emergency shutdown mechanigfesmation equipment enabge
automated processes, quality control througlatd collection, and flexibility for different

battery types.

Voltage/current testing equipmentis used for measuring electrical systems, ensuring
efficiency and safety. The Digital Multimeter (DMM) is a versatile tool for measuring voltage,
current, and resistance in maintenance and troubleshooting. Clamp meters offeénuasive
current measuremenby clamping around conductors. Power analysers providéepth
electrical power analysis. Oscilloscopes display graphical representations of electrical
waveforms for analysis. Programmable power supplies regulate eoltagl current for
testing electronic equipment in various applications. Current shunts precision resistors

measuring high current levels, are applied in power distribution and industrial machinery.

General Skills Associated with All Equipment Categories:
Technical KnowledgeUnderstand the principles, operation, and maintenance of
specific equipment used in battery assembly, including machine models,
functionalities, and troubleshooting.
Equipment Setup and CalibrationAbility to set up and calibrate machinery for

accurate and precise operations, adjusting parameters as needed.
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Material Handling:Proficient in handling relevant components, understanding their
properties, dimensions, and proper handling techniques to maintain quality.

Quality Control: Attention to detail for implementing and ensuring quality control
measures at various stages of the assembly process.

Troubleshooting:ldentify and resolve technical issues promptly, whether related to
the machinery, parameters, or materials.

Safety AwarenessComply with safety protocols, understand potential hazards, and
take necessary precautions for a secure working environment.

Communication and CollaboratioriEffectively communicate with team members and
stakeholders, fostering collaboration for streamlined workflows.

Time ManagementEfficiently manage time, priorge tasks, and optinse machinery
use to meet production targets and deadlines.

Continuous LearningStay updated on technological advancements and industry

trends, seeking opportunities for professional development.

Equipment Categonspecific Skills:
Cell Stacking Equipment
o Stacking TechniguesCompetence in various stacking techniques, manual or
automated, based on machine and application requirements.
Tab Welding Equipment (Ultrasonic Welders, Laser Welders)
o Welding TechniquesProficiency in different welding techniques, such as
ultrasonic or laser welding, depending on the machine and application.
Winding Machines:
0 Mechanical Aptitude:Basic understanding of mechanical systems for routine
maintenance and issue troubleshooting.
o Handeye Coordination:Good manual dexterity and coordination for precise
material handling and adjustments.
Electrolyte Filling Equipment (Vacuum Filling Machines, Injection Filling Machines):
o Programming and System Operatio@ompetence in programming the filling
system for specific tasks and adjusting settings for optimal performance.

Sealing Equipment:
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0 Mechanical Aptitude:Basic understanding of mechanical systems for routine
maintenance and issue troubleshooting.
Crimping Machine:
o Handeye CoordinationGood manual dexterity and coordination for handling
wires or cables and making precise adjustments.
Formation Equipment:
o Data Analysis Skill&®roficiency in data acquisition, interpretation, and analysis
for comprehensive testing evaluations.
Voltage/Current Testing Equipment
Test Setup and Configuratiombility to set up testing equipment, configure measurements,

and adhere to safety protocols for live circuits.

What we know at this stage about-iand outbound logistics for cell factories and logistics

inside a battery cell Gigafactory is outlined below.

Environmental priorities:A European Gigafactory must follow the existing regulations and be

able to face upcoming environmental regulations. The, @&@tprint for battery cell
production must be reduced to more acceptable levels by optimgi

Local sourcing of raw materials

Fossilfree means of transport

Shorter and fewer transports of raw materials and other production inputs

Use of green recyclable energy in all phases of production

Raw material percentage coming from recycling of batteries

Traceability of all raw materials and other production inputs

Vertically integration with long production lines, for more control over the production.
Forexample, Northvolt aims at reducing £©otprint to only 20% of present cell production

CQ levels by mainstream Asian cell manufacturers by 2030.
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Inbound logistics:A cell gigafactory needs considerable volumes of raw materials and other

supplies every da¥.The production scale also means that disturbances in material inputs and
supplies are very expensive and must be avoided as best possible. One strategy is to have
suppliers and subcontractors placed nearby witheir production or warehousing. A
Gigafactory is big enough to demand close production and warehousing locations from
SaaSydAlf adzZJJ ASNRAR® ¢ KA an-imar Sk RMAILIE NS yOK | A LIL

warehouse is on the road and supplies are siggabto arrive just when needed.

Outbound logisticsAs inthe example from Northvolt, the 16 GWh battery production in the

first two lines to be commissioned (of 60 GWh to be ready by 2025) will result in 85,000 tons

of Lilon batteries per year in cylindrical and prismatic formats to be shipped out. Thus, the
volume of inbound supplies is about double the outbound product volumes. The main

OGN yaLR2NIa ogAff 0S o0& NIAfgle FyR asit 0 NI
(Skelleftehamn) 11 km from the site, wherparticularsection of the harbor is being prepared

for Northvolt. The plans for the near future are to run this link with EV autonomous trucks on

a separate road as a demonstration project. At full production in 2025, about 900 trucks will
f2FR YR dzyf 2F R S@SNE Rl & | ice evefySt mn@dsliTked 2 £ U

situation will be similar for other gigafactories, but solutions will vary due to local conditions.

For international logistics planningexpertise is needed and can be outsourced or be done in
house, but control over the environmental and economic priorities must be maintained.
Northvolt, as being our pilot example here, has contracted the Swedish logistic company. The
cooperating shipping company is Wallenius SOL, which will for Northvolttivaveew LPG

driven special R®O ships.

Inhouse logisticsEuropean cell gigafactories will be highly automaiadludingas expected

internal factory logistics. In an Industry 4.0 environment, many activities are coordinated by
the generated data streams from the production. The distribution of materials for replenishing

machines with input materials will often be done byetmachines ordering the material

62 Environmental Impact Statemerifeknisk beskrivning Northvolt &t G 1 1 F R Fyf NIAyAy I FINJ ad2NB{f AT LINE
Northvolt. Link:https://docs.google.com/viewer?url=https%3A%2F%2Fwww.nexi.go.jp%2Fenvironment%2Finfo%2Fpdf%2F18
028 EIA2.pdAccessed on 24.06.2021
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themselves. Electric drivéess trucks willun and charge themselves by inductive charging
and find their wayaround with sensors and augmented reality. The warehouses will be highly
automated as well. For Northvolt, this automation will also to some degree include the harbor
11km away with its Northvoltledicated warehouses. Automatic trucks are planned todlav
back and forth with input materials one way and batteries on the return.

The speed ofhe production line exceeds a meter per secéhdind the transfer of material

to the next stage of production is automated.

Recycling logisticsAn essentialsourceof new battery materials will be recycled batteries,

both substandard batteries directly from the production line and collected eldrLbatteries.
Northvolt plans to source 50% of its raw material from decommissioned batteries in®2030.
The recycling of batteries from the productiaideally recycled close to the factory, while
collected scrap batteries can be processed into new materials in many places. The transport
of old Lilon batteries to processing demands security arrangements, as dedicated
containers®® Fires caused by shecircuiting thermal runaways are not uncommon in the

collection of batteries for recycling.

The work with logistics will be demanding, governed by environmental regulations and

concerns, and require a deep understanding of the systems and safety issues around them.

63BatteryBits. (2021, November 18). Battery Manufacturing Basics from catl's cell production line (part 1). Medium. RetriewgnbN24,
2021, fromhttps://medium.com/batterybits/batterymanufacturingbasicsfrom-catlsceltproductionline-part-1-d6bb6aa0b499

pSga OKFG 6AGK t S S Nbttps/idirad.seRnKEl/ndotiyE VK- @Rt ciir s&n-blir-defen-ny-fabrik-i-umeahar-
kan-du-lasachatteni-efterhand/jv91k7ylAccessed on 24.11.2021

65 Container for lithiurdion batteries DENIOS. DENIOS. (n.d.). Retrieved November 28, 202iitfriamwvww.denios.co.uk/shop/cleaning
and-wastedisposal/containeffor-lithium-ion-batteries/.

66 Definitions and methodlogy are described in the methodology section, this is covering the development of

the analysis within this chapter.
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BLUE-COLLAR

LoaisTics BUsINEss ANALYsT LOGISTICS MANAGER
CELL ASSEMBLY PROCESS ENGINEER

OPERATOR Loaistics pevetorR — SHIFT LEAD MATERIALS MANAGER
PLANNER materiac experisseeciaust  PLANNING AND LOGISTICS MANAGER
MATERIAL PLANNER PRODUCTION MANAGER CELL ASSEMBLY

MATERIAL HANDLER PRODUCTION MANAGER DOWNSTREAM
SENIOR PLANNER "™ nternaL LoGIsTIcs MaNaGER PRODUCTION ENGINEER

SH'FT LEAD BATTERY MATERIALS ENGINEER AUTOMAHON ENGINEER
AUTOMATION/PROCESS OPERATOR LOCALISATION SPECIALIST  INVENTORY & RECEIVING SPECIALIST
BATTERY PRODUCTION TECHNICIAN ENERGY STORAGE PRINCIPAL ENGINEER PROCESS ENGINEER

PURCHASING ROLES-EQUIPMENT LEAN MANUFACTURING ENGINEER

BATTERY CELL CONDITIONING PROCESS DEVELOPMENT EXPERT

BATTERY MATERIALS ENGINEER HIGH DENSITY ANODES

{albatts G LOGISTICS AND PURCHASING - JOB ROLE ANALYSIS

Figure28: Logistics and Purchasingob Role Analysis | White Collars

Figure28 shows the occurrence analysis of the job roles for the logistics-&Ill& workers
observed have expertise in material handling; process operation; planning; inventory
management and othes. White-collar workers have expertise in planning; logistics;
automation; production; supply chain management; process engineerirapd othes.

Generic job roles are active purchasing and othes.

Battery Material 46,54%
Lithium-ion Chemistry
Battery Chemistry
Anode

Cathode

Battery Formation

Battery Fluids

12,5% 25% 37,5% 50%

Figure29: Logisticaand Purchasing SectorSpecific Competence

Figure29represents selected, the most occurrisgctorspecific competence for logistics
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Manufacturing Engineering 9,88%
Lean Process 8,48%
Logistics 7,78%
Product Quality Assurance 6,69%
Safety Procedures 6,54%
Volume Production 6,07%
Maintenance Processes (Repair, Replace, Inspect, Service) 5,45%
Production Processes 521%
Maintenance Management 4,59%
Analysis Methods (root cause) 4,44%
Manufacturing Methods/Procedures 3,89%
Risk Management/Mitigation 3,5%
Automation 3,35%
Project Management 3,19%
Legislation 2,88%
Business 2,8%
Production Technology 2,72%
Preventive/Predictive Maintenance 2,1%
Process Industry 2,02%
Hazardous Materials 1,79%
Electrical Regulations 1,56%
Diagnostics (Performance Prediction/Validation) 1,4%
Innovation 1,32%
Data Analysis/Science 1,17%
Environment 1,17%
2,5% 5% 7,5% 10%
Figure30: Logisticaand Purchasing Crosssectoral Specifi&nowledge
Process Improvement (Engineering) 10,7%
Inspect Quality of Product / Sampling 7.87%
Material Operation & Handling 7,19%
Supervising 6,13%
Supply/Material Planning 5,83%
Cost Estimates 5,22%
Equipment Maintenance (Repair) 4,69%
Equipment and Tools Handling 4,62%
Inventory Management/Ordering 4,54%
Optimization 4,54%
Develop/Ensure Conformity to Specifications 3,79%
Requirements Engineering 3,48%
58 3,41%
Production Planning 3,33%
Product Line Maintenance 2,95%
Training Provision 2,8%
Audits 2,65%
Analyse Test Data 2,42%
Waste Legislative 2,27%
Prototype Development 2,2%
(Automated) Product Testing 1,97%
Market Requirements 1,82%
Machine Learning 1,51%
Remove Defective Product 1,21%
Equipment Development 1,21%
Models/Modelling/Diagrams/Schematics 1,14%
Standards/isation 1,14%
2,75% 5,5% 8,25% 1%
Figure31: Logistics and Purchasing@rosssectoral Specific Skills
Figure 30 and Figure 31 represents selected, the most occurring cresgtoral specific

competence for logistics
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Industrial Engineering 19,28%

15,36%
13,25%
11,75%
11,14%
9,94%

Material Science

Mechanical Engineering

Electric Engineering (Systems)

Chemical Engineering

Electrochemistry

Engineering 6,93%

4,22%
3,01%
3,01%
2,11%

5% 10% 15% 20%

Physics

Electricity

Computer Science/ IT Management

Mathematics

Figure32: Logisticaand Purchasing Academic Competence

Figure32represents selected, the most occurring academic competence for logistics

Skills related to automated transport and logistic planning will be in high demamdi,
knowledge on handling hazardous goods, especially in recycling. The job roles meinte
white-collar positions such degistics developers, logistics business analyastsl those who
G2N)] GAGK O2YLIX AlFLYyOS gAGK t23AaGA0ad alye
computer scienceand similar.Bluecollar workers are needed in positions asaterial
handlers, forklift and truck drivers, warehouse technicianeventory controllersetc.

The development is expected to bring such skill needsrakerstanding automatic flow,
automatically guided vehicles, warehouse automatizati@amd warehousing loT, Industry

4.0, etc.

4.3.2 Practical Recommendations and Considerations
All aspects of logistics when it comes to battery production should be considered:

Environmentapriorities

Production facility construction logistics
Inbound logistics

Outbound logistics

International logistics planning
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In-house logistics

Recycling logistics

Target Groupsbattery producers, battery plants, stakeholders active within the logistics field,

and the abovementioned logistics aspects.

Quality asped can be approached from different perspectivéhis section describes the

quality within the Gigafactory functions, quality management systenas well as audits.

Quiality is monitored throughout the entire manufacturing process in a Gigafactory. This can
be executed, for example, by several teams that function for various purposes. These teams
may include Quality Control, Construction Quality, Quality Postproduction, Customer

Quiality®’, Continuous Improvement Teafh

The Quality Management Systems, QMS, in a Gigafactory require many specialists who have
responsibilities that mighinvolve
development and improvement of a Quality Control Plan fdohibatteries production
execution of PFMERrocess Failure Mode Effects Analysis and-higihareas elimination
monitoring of quality data using statistical process contratlentify gaps in the assembly
process
creation and updating of Pareto charts to identify and quantify quality issues
troubleshooting and root causing (e,.§D)

providing support for successful implementation of standards and continuous certification

67 Northvolt. Customer Quality Engineer: Northvolt. Jobylon. Retrieved June 14, 202htfpeniemp.jobylon.com/jobs/19142northvolt-
customerquality-engineer/.
68 Northvolt interview, 28.5. 2021
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Continuous Improvement Methodologies The goal of an internal audit is to ensure that
records are in place to confirm complianegth the processes and to find problems and
weaknesses that would otherwise stay hid@&many Gigafactories use several types of QMS
such as the following one$QM {Total Quality ManagemehtKaizen, PDSAIan, Do, Study,
Acf), Six Sigma(measurable metrics),Lean Manufacturing (minimizing waste with
simultaneous maximization of productivity)

Staff and recruitment’® Northvolt case is used as an analog for the staff structure in the

overall quality function in Gigafactories in this subchapter.

The quality team consists of engineers and technicians. The engimeses normally
experienced personnelwith EB.2 NJ YI 4G SNR&a RS3INBS SRdzOF GA2Yy I f
in such job roles aQuality Control Engineers, Analytical Chemists, Technical Writers,
Customer Quality EngineersQuality Management Specialistand Supplier Quality
Engineers

Technicians often come from educational backgrounds of high school or vocational levels.
They perform quality controls within the manufacturing labs and often work in shifts,
following the production planning.

Training and upskilling of the quality staff are provided with an extensive internal training

program. Additionally, the learning while in the job method is being applied.

Challenging to find skills and competencies, and positions that are difficult to fill:

Cleanroom managerand specialists who can support building the cleanrooms
Researchersvith laboratory experience, especially with batteries
Methodology development expertgwith battery backgrounds)

Quiality engineergwith battery backgrounds)

The future staff developmentthe personneheedto stay on track and upskill themselves

along with the development of battery technology. This implies continuous intdifeking

learning Furthermore, with the new technologies and increasing production volumes, there

69 What is the ISO 9001 standard? A straightforward overview. 9001Academy. (2021, November 8). Retrieved November 28, 2021, from
https://advisera.com/9001academy/whét-iso-9001/.
70 Northvolt interview, 28.05. 2021
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is a need tanvestigateautomated systemsand material flows and in the quality control
process. The importance of automation comes from the fact that it is impossible to operate
similarly to a standard research laboratory since there is a need to take many quality samples

(thousands). Consequently, technology is needed to help to proceswvdhkt volumes of
samples and stay scalable.

QUALITY ENGINEERS - GENERAL
BATTERY MATERIALS ENGINEER QUALITY ENGINEER
BATTERY MATERIALS ENGINEER HIGH DENSITY ANODES
BATTERY CELL CONDITIONING PROCESS DEVELOPMENT EXPERT
CLEANROOM SPECIALIST ~ SAFETY SPECIALIST AUTOMATION ENGINEER

BATTERY TEST ENGINEER EQUIPMENT ENGINEER
PerFORMANCE ENGINEER PROCESS QUALITY ENGINEER

QUALITY TECHNICIAN  RELIABILITY TECHNICIAN MANAGER OF BATTERY MAINTENANCE

AUTOMATION/PROCESS OPERATOR DOCUMENT CONTROL SPECIALIST CELL TEST ENGINEER
CALIBRATION TECHNICIAN BATTERY CELL SIMULATION ENGINEER

LITHIUM MAINTENANCE TECHNICIAN

INDUSTRIAL CLEANER  SHIFT LEAD METROLOGIST SHIFT LEADS MATERIALS MANAGER ~ PROCESS ENGINEER TEST ENGINEER
RESEARCHER QUALITY CONTROL ENGINEER

THERMAL HYBRID BATTERY SIMULATION MASTERAND PRODUCTI ON ENG I N EER
PROCESS & TEST ENGINEER - BATTERY TECHNOLOGY

ISO INTERNAL AUDITOR ELECTRICAL TEST ENGINEER
ADHESIVE & LEAK TESTING ENGINEER ~ SAFETY MANAGER

SUPPLIER QUALITY ENGINEER CLEANROOM MANAGER ~ ANALYTICAL CHEMIST

fralbatts QUALITY- JOB ROLE ANALYSIS

Figure33: Quality- Job Role AnalysisWhite Collars

Figure33 shows the occurrence analysis of the job roles for the quality.-Bidiar workers
observed are having expertise itesting; automation and process operationguality;
calibration; document control; battery analysjsand othes. White-collar workers are having
expertise in:testing; test automation; automation; quality; process improvement and

engineering; simulation; auditsand othes. Generic job roles are active igeneral roles
different types of quality.

"1 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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Analysis Methods (root cause) 11,51%
Product Quality Assurance 8,03%
Data Analysis/Science 7,07%
Automation 6,83%
Diagnostics (Performance Prediction/Validation) 6,71%
Manufacturing Engineering 5,64%
Safety Procedures 5,52%
Project Management 5,04%
General Programming Languages 4,20%
Agile 3,60%
Risk Management/Mittigation 3,60%
Manufacturing Methods/Procedures 3,48%
Production Processes 2,64%
Volume Production 2,52%
Maintenance Processes (Repair, Replace, Inspect, Service) 2,52%
Electrical Regulations 2,40%
Electrical Testing Methods 2,16%
Mechatronics 2,16%
Production Technology 2,04%
Automotive Development Prc 1,92%
(Battery SoC, SoH) Algorithms 1,80%
Environment 1,68%
Electrical Assets 1,68%
Preventive/Predictive Maintenance 1,56%
Lean Process 1,32%
Process Industry 1,20%
High Voltage 1,20%
3% 6% 9% 12%
Figure34: Quality - Crosssectoral Specifiknowledge
(Automated) Product Testing 9,1%
Process Improvement (Engineering) 7,05%
Analyse Test Data 6,85%
Inspect Quality of Product / Sampling 6,26%
Audits 6,16%
Requirements Engineering 4,21%
Equipment and Tools Handling 4,11%
Models/Modelling/Diagrams/Schematics 3,33%
Develop/Ensure Conformity to Specifications 3,33%
Gap/Failure Analysis 3,13%
Standards/isation 2,94%
Clean/Dry Room Procedure/Validation 2,94%
Automotive 2,84%
Supervising 2,64%
Remove Defective Product 2,64%
Training Provision 2,64%
Optimization 2,64%
Cost Estimates 2,35%
Inventory Management/Ordering 2,35%
Equipment Maintenance (Repair) 2,25%
(Process) Control Systems 2,05%
Calibration 1,96%
Waste Legislative 1,86%
Product Development 1,86%
Validation / Verification 1,66%
Monitoring (Machine/System Operations) 1,37%
Electrical Assembly 1,37%
58 1,27%
Product Design 1,27%
Supply/Material Planning 1,17%
Prototype Development 1,17%
Measure Electrical Characteristics 1,08%
Simulation Methods 1,08%
Thermal Analysis 1,08%
2,5% 5% 7,5% 10%

13

-

Figure35: Quality- Crosssectoral Specific Skills

Figure 34 and Figure 35 represents selected, the most occurring creggtoral specific

competence for quality
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Engineering

Electrical Engineering (systems)
Chemical Engineering 11,56%
Electrochemistry

Material Science

Mechanical Engineering
Industrial Engineering
Computer Science / IT Management
Physics

Electricity

RnD

Mathematics

Statistics

16,58%

4,5% 9% 13,5% 18%

Figure36: Quality- Academic Competence

Figure36 represents selected, the most occurring academic competence for quality

Battery technology and productionin the case of qualityelated positions in battery

production, it is vital to have skills and knowledge on battery technologies and related
manufacturing processes and associated standards and legislation. Therefore, we recommend
providing education andraining in the following areas:

battery technologies, systems related development

battery production processes

o

electrode production, cell assembly, and pack formation

o

battery system components
0 automated systems
0 highrvolume production

raw materials (analysis)

material flows andnventory

battery testing and quality control

risk and safety procedurefazard analysis

Quality management systems and methodalthough universal and not specifically battery

specific only, we recommend strengthening skills and knowledge relatedjuiality
management systems and methods:
Standards

Legislation
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The Quality Management Systems, methods, and related aspects/iss(igsQuality
systems such as 1ISO 9001 and 14001, IATF16949; (2) Methods such as TQM, Kaizen,
t5{!S {AE {A3YlLZ [Sty alydzZFlI OlGdzNAYy3IT 600
Quality KPI's; (5) Auditing: (5a) developing and implementing quality contral aud
plans; (5b) evaluating production stages; (5c) testing the composition appearance and
functionality of completed products; (5d) documenting defects and suggesting
improvements; (5e) regrting; (6) Overall continuous improvement
Sampling
Training other employees on quality standards and procedures
Quiality control in production processes

o Quality Assurance includeg(l) Material and cell validation; (2) Advanced

product quality planning; (3) Production part approval process.

Testing standards
Testing methods and meangl) Intrusive or nofintrusive and destructive or nen
destructive; (2) Testing infrastructure; (3) Application of the sttéhe-art methods
and devices; (4) Postproduction quality checks; (5) Quality monitoring; (6) Cooperating

with research and develapent

Supporting skills and knowledgdn addition to the above, we recommend enhancing the

following: (1) Electrician, technician, and electric engineereigted VET/higher education;

(2) Laboratory work skills and experience; (3) Planning and maintaining cleanrooms and dry
rooms; (4) IT sks; (5) Language skills (English); (6) Teamwork skills; (7) Complex problem
solving and process optimization; (8) ERP systems; (9) Lifelong learning of relevant skills and
knowledge; (10) Understanding and complying witistomer requirements and satisfaction;

(11) developing, defining, and executing the qualification process and documentation for
Odzali 2 YSNNa FSSRol O o

Target GroupsEducational institutions, battery producers, recruitment companiesent

acquisition expertsconsultants
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This section describes other aspects of battery manufacturing, mainly the purchasing, human

resources, financesalesand digitalzation with its respective departments and needs.

This department deals with purchasing in different areas such as materials, equipment,
services, construction, and infrastructure or purchasing dedicated to a specific priégct.
example, in the case of Northvplihey also have a localization team within the purchasing
department responsible for attracting suppliers to locate their facilities nearby. This team
works in tandem with local or regional authorities and rsefuppliers to navigate in the

process of establishing themselves in the proximityhef battery manufacturing plant.

Skills agendaMost of thosedealing withpurchasing are white collars working @sinagers,
material engineers, purchasing coordinators, purchasing specialists, category managers,
raw material specialistsprocurement analystetc. Master's degrees in purchasing, logistics,
sourcingisamong the ideal education backgrounds.

Partial quantitative analysis is doneaint with the logistics department isection4.3.1

Practical Recommendations and Considerations:

Strengthening competencies related to battery specific purchasipgrchasing skills, raw
materials, raw material market, managing raw matedaliveries (hazardous materiafs
chemical safety and waste handling), identifying market requirements for documentation, raw
material related production equipment, battery production equipment, equipment, and tools
handling, mechanical engineering, an pastion of product quality/sampling, process
improvement and product testing.

Strengthening knowledgebattery materialsthe global trendsanalysis methods, production
processes, safety procedures, business processes, product quality assurance, laws and
regulations,environmental managementsocial responsibility, orientation in global politics
andmineral conflictcomplexitiescommunication(with suppliers), automation

Strengthenindanguage skills.
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Target Groupseducational institutions, producers and manufacturers in the battery value

chain, recruitment companies, talent acquisition experts, consultants.

Like other industrial and manufacturing companies, the human resources department in
aGigafactory can deal with various issues including recruitment, headhunting, retention of
workers, brand/talent attraction issues, personal development, work contracts, payrolls,
workplace issuedabourlaw, and may also be dealing with trade unions.

It administrates personal data of the employees, deals with relocation (visas, migration,
K2dzaAy3ds aoOKz22fasxs aFSSt |G KoAbsBdingahdNBidN] Y a v =
(virtual, onthe-job, internships turned to employment), etc. Women might be the dominating

gender within the humamesources department.

Skills agendatn terms of job roles and required skjlés industry background is less critical.
Employees do not need to have battery education or backgrowviile experience in
recruitment andthe attracting potential new employees are valued. Creativitye ability to

get used toquick thinking in the fastgrowing industry, quick adaptation to the starp
situation inthe case of some of the Gigafactories are also valued qualities.

Regarding the nature of the workforce and the expected speed of the organizational growth
in upcoming Gigafactoriesadditional resources working with migration, relocation,
onboarding, and integration can be expected to be needed compared to already established
industries.

Since most of the employees joining the industry lHeknecessary experience, the internal
technical training team is of the highest importantbey need experience in building up
training strategies, setting up training, and operational knowledge of a broad range of training
methodologies)As employees of the Gigafactories are being recruited from various coyntries
crosscultural communication skills are required from the human resources personnel.

With the increasing number of people being hired into newly b@ijafactories, Al can be
introduced to the recruitment processes, helping to handle the workload, e. gpq@@essing

of job applications.
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Practical Recommendations arfdonsiderations

Recruitment need® - HRrelated roles include, for example: (1) Recruiters; (2) Office
managers and coordinators; (3) Training specialists; (4) Training content developers; (5) HR
coordinators; (6) specialists.

For the HR employees, industry background is less critical, and they do not need to have
battery education. However, technical production and industry understanding is

recommended.

Human resources specifide recommend paying attention to the followirdghowledge

when training and educating employees on-tated positions in battery manufacturing
companies: (1Yalent acquisition in general; (2) Human resources (management); (3) Labour
legislation is important to understand in the recruitment processes (including labour unions);
(4) Understanding general employee wellbeing related issues such as health and safety

standards; (5) HR strategy development, benchmarking best practices.

With the skills that are needed to support the human resoureetated functions we
recommend the following: (1) Recruitment related skills are needed; (2) Training, both
organizing and providing & collaboration with various teams and persons with adequate
technical lackground and skills inside the organization (for example manufacturing); (3)
Process Improvement to continuously develop the HR mechanisms (talent acquisition and
beyond); (4) Change Managementhe pace of development in the battery indiysis fast

and continuous, especially with a stanp; (5) Sales and marketing skills (including social
media) are required to sell and promote a company to potential employees and to support

the recruitment processes.

Technology/industryspecific It is beneficial to understand the industry where you are

recruiting and operating. We recommend paying attention to the follovkngwledgewhen

training and educating employees on HR positions in battery manufacturing:
Manufacturing Engineering

Battery Industry

72Northvolt interview, 28.5. 2021

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
Erasmus+ Prodaramme p * contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi
g *  * may be made of the information contained therein.

of the European Union




fnalbatts (=

Alliance for Batteries Technology, Training and Skills

Process Industry

Other supporting skills and knowledge(l) Due to an increasing share of the potential
employees being from overseas, cra@sstural communication, relocation processes, and
social integration are important; (2) Supervising, teamwork, networking, communication,
interpersonal, and reporting slst (3) English and language skills in general; (4) Coordination
and administration; (5) Due to the increasing level of digitalizing and automation also in the
HR processes such as managing volumes of applicatiorfsltbeing skills are beneficial
analysis methods, artificial intelligence as well as general IT skills; (6) Problem

Solving/Troubleshooting.

Target Groups Educational institutions, companies in battery manufacturing, recruitment

companies, heathunters, consultants, government employment agencies.

A finance department in Gigafactories is like those in other companies in other fields of
business. Characteristic to the battery manufacturers is that most of them are in augtart

early stage. Raising capital is needed to finance building and devglagompany, including

all its functions from R&D to business development, recruitment, buying materials, ramping
up production, etc. Therefore, they may have regular huge investment rounds occurring even
more than once per year. Due to those reasons fimancial departments in battery

manufacturing companies are bigger than in a stgrtor earlystage company in general.

Skills agendaDepending on the position, the education requirements include a degree in: (1)

accounting; (2) business; (3) finance; (4) controlling; (5) economics or similar.

Having sveral years of work experience is preferred. Occasionally, experience beyond finance
YIed 685 NBIddANBR® C2NJ SEFYLX ST Ay (GKS 1yl feé
manufacturing business experience from a technical environmeetjsired.
Skills required in a financial department include experience with:

ERP systems,

Microsoft Office tools
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Business intelligence solutions

Experience and willingness to work in teaars needed. Additionally, good communication
skills, flexibility, sense of quality, calo attitude, ability to cope with higipressure
international environmentsand willingness to take new challenges are desired skills and
abilities. Battery manufacturing is a fastoving business, thus requiring a high level of energy
and enthusiasm.
Examples of Finance related roles:

Business Controller

Tax Manager

Financial Controller

Accountant

Project Controller

Analytics and Performance Manager

In the case of battery manufacturers and using Northvolt as an analog battery manufacturer

start-up here, generally, the sales as a functibave evolved from attempting to find

w

customers into business development. Intbase2 T b2 NI K@2f 1 Qa S| NI &

Qx

creating strategic partnerships, finding, and approaching connections. However, these days it
is not uncommon for customers t@ome to battery manufacturersbecause ofthe
development of the past five years.

What is characteristic of a sales department of a battery manufacturer is the emphasis on
building partnerships with customersDepending on their products and field of business,
each customer wants their battery cells to behave differently and unique§onsequently,
ahigh engineering involvement is needed in these teams, if compared to many other
industries. There are dedicated engineers involved with the sales processes. They, for

example, work with the sample development.
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Skills Agendaln the case of Northvolt key account teams, withZ% members in different

roles, have been formed around the customers. The roles include, for exaeiejcal sales
managers,key account managers, technical project managerastomer service manager,

and coordinators Key account managers collaborate internally with cell designer teams.

¢ SOKYAOIt LINRP2SOG YIFIyF3aSNR faz2 62N] ¢6A0K Odz
documentation requirements that are high among target industries.

Most of the sales staff do hawengineering background, but there are also those with pure
business background with experience from automotive or any other target industry.

Regarding the future development of sales and the related roles, it can be assumed that the

importance of having and managing relationships will never disappear

Practical Recommendations and Considerations:

Recruitment need$’ - sales/business development related roles include, for example:

Key Account Manager

Business Development Manager

Senior Director Business Development

Lead Application Engineer

Sales & Customer Support Specialist
The usually recruited staff members have a technical background and previous experience.
For example, existing relationships and krb@w about navigating within the target
industries are challenging to find. On the other hand, those working in coordinales can

be relatively junior and freshly graduated.

Battery technology:with salesrelated positions, it is important to have at least basic

knowledge of battery technologies. Therefore, we recommend providing education and
training in the following areas: (1) Basic electrical engineering knowledge; (2) Understanding
of battery systems including energy storages, design, and components as well astbd rel
industry; (3) Safety with batteries: functional and related procedures; (4) Understanding
Product Quality Assurance; (5) Basic information of the padétarget markets and industries

(for example automotive industry, raw materials market).

73 Career. Northvolt. (2021, October 25). Retrieved August 5, 2021, Htmst//northvolt.com/career/.
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With the technicalskills that are needed to support the sales department/functions, we
recommend the following:

Prototype and sample development

Standardization

Battery cell structure

Understanding sustainability as one of the selling points

Business development/salesve recommend paying attention to the followidgnowledge

when training and educating employees to salelated positions in battery manufacturing
companies: (1) Market trends; (2) Understanding business management (how to do business
in the battery ecosystem); (3) Value chain and overall ecosystem; (4) Stiaeglopment;

(5) Legislation understanding the batteryelated legal framework of each market area (for
example EU, North America) and the framework around setting optracts; (6)
Benchmarking ability to identify and apply best practices in several areas such as how to
operate in a specific market sector/area; (7) crogtural communication when selling to

foreign markets/cultures (both knowledge and skill).

With the business development relateskills, we recommend paying attention to the

following: (1) Understanding the markets, their requirements, how they function, and how to
operate in them (product, price, place, promotion, etc.); (2) Product Management; (3) Sales
related skills; (4) actual saleanictions/measures; (5) pricing mechanisms; (6) contracts;

(7) understanding purchasing mechanisms in the target markets (for example, auto industry);

(8) interpersonal skills; (9) negotiatinglocumentation skills (documentation requirements

are high amag target industries); (10) Communication and interaction with custoréos

dzy RSNRGIF YR Odzaid2YSNJ ySSRa FyYyR NBIljdzZANBYSya

specifications); (11) building and managing partnerships.

Other_supporting skills_and knowledge(1) Teamwork- Internal communication; (2)

Leadership; (3) Project Management; (4) Presentation skills; (5) Language skills (English is the

With the support of the N The European Commission support for the production of this publication does not constitute an endorsement of th~
* contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi

+ ; ) . .
Erasmus+ Programme * * may be made of the information contained therein.

of the European Union




fnalbatts (=

Alliance for Batteries Technology, Training and Skills

most important, but also other major market area related language skills recommended); (6)
ERP systems (SAP, etc.); (7) Coordination.

Target groups educational institutions, companies in battery manufacturing, recruitment

companies, headhunters, consultants.

Digitalzation and automatization of the Gigafactory ecosystem and other aspects of battery
manufacturingare being considered and developed by various battery producers or research
institutes, such athe Fraunhofer institute.

Overall improvement in production times or energy consumptisimproved with the
addition of cutting down the human resources by implementing medcadioin, automation,
digitalization, 10T and cloudbased service concepts.

Digitalzation can improve and optiree the scrap management and overall production chain.
Otheressentialspects are: (1) traceability concepts of manufacturing data, which enables to
track the production more efficiently and development of digital twin; (2) digital twin is
amodel based on the production data and represent characteristics of the physical product
which will sefadapt and due to the machine learning/deep learning which is being
implemented this leads tothe establishment of predictive maintenancé3) modellingand
simulation throughout the whole manufacturing process, thisade to the life cycle

optimization.

Skills_Agenda:Battery manufacturers and new Gigafactories are expected to leverage

digitalization and may have dedicated digitalizing teammse name and setup vary from
company to company. These teams support production and related traceability by working
with the software used in various machines, integration, cloud management and data
handling, and general IT support. The automatization ofesyst in different levels and
functions such as production, quality, logistics, human resources will require personnel, not
exduding bluecollared, to be more and more IT skilleddata science, physical/machine
learningmodellingof battery manufacturing system and other experience will be requihed
addition, earlier mentioned application of Digital Twins and Virtual Reality for training and

education further emphasizes theeed for IT/digital skills In terms of staff and talent, there
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is a substantial need for IT skilled people in various levels from production floor operators to
engineers, etcSoftware developersand engineersare generally very much in demand. For
example, in maintenance, the teams responsible for maintaining the machines must do it

together with maintaining software systems.

Practical Recommendations and Considerations:

Overall digital skills should be focused when it comes to the volume battery production
Concepts of traceability, digital twin, or machine learning/artificial intelligence should
be considered as important

Modelling and simulation on different leveisells, packs, overall battery systems, etc.
Data analytics, data science, big data

Automation

Target groupsbattery producers, industry, and academia in need of digital development and

mentioned concepts.
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Battery integration covers the processpack compilation, where the pack usually consists of
several blocks of battery modules, battery management systeand other systems, for
example thermal regulation systems.

This part of the value chain concerns different aspects such as: (1) testing and validation

of line testing and other related testsfunctional testing, performance testing, connection
scanning, electrical testing, calibration, part cherkg) electronics packaging (electrical
insulation, mechanical links, and oth@ptimization in terms of heat transfer); or (3) safety
aspects and risk mitigation (related mainly to the thermal runaway and explosion), which is
being assured by BMS, where different topologies may be implemented to keep the battery
within the safety operatiomregion in terms of voltage, current, and temperature during the
charge, discharge, arsbme instanceat open circuitFurthermore, regardinghe BMS, other
features and functions are observed and implemented: (1) monitoring of voltage; (2)
contacta control; (3) isolation monitoring; (4) temperature measurement and control; (5)
state of charge, healtht Y R 2 1 KSNJ YSUNRO&AQ YSIada2NBYSyiGao
A different perspectivecan be taken ora more general level, where different integration
processes can be described for various battery applicatioinem cell to complete battery

system and how it is connected to the application (EV or stationary battery system).

Example ofthe automotive integration process:

Integration of cells intdhe battery module
Integration of the battery modules with an electronic unit
Integration of the batterynto the car
In parallel:
o ECU SW component integration; ECU SW integration; ECU target system
integration; ECU system qualification.
o Consideration and assessment on Automotive SPICE and 1SO26262 and other
standards.

Example otthe maritime integration process:

Assembly of the battery modules

Assembly of pack controller
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Integration into vessel

Example of stationary applications integration process:

Assembly of battery modules
Assembly of battery racks
Integration ina proper enclosure

Integration with power conversion system and grid interface

Figure37: Battery Integration, Modules and Packslob Role Analysis | Blue Collars

Figure37 shows the occurrence analysis of the job roles for the battery integratmdules,
and packs. Blueollar workers observed are having expertiaebattery analysis; testing;
quality; and othes. White-collar workers are having expertism testing; software
development; modelling, battery systems; battery management systems; validation;

electrical engineering; desigrand othes.

74 Definitions and methodologgredescribed in the methodology section, this is covering the development of the analysis within this chapter.
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