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This deliverable represents the first version of tBectoral Xills Srategy andintelligence
based on the gathered information throughout the fitsto years of the ALBATTS project
(schematically represented ifigure 1). Until 2023, this information will be updated in
subsequent releases (second and third), followiegdback receivednew findings and
recommendations stemming from differenALBATTS activities, such as desk research
webinars and other stakeholder interactions.

The dbcument 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 andocuspoints (timeframe, target groups

and ALBATTS actions are specifisdaddition to the general strategic steps/actions, a set of
practical recommendations and considerations are also provided, mapped against the battery
value chain and other areas of @rest within the battery value chain where specific target
groups are identified.

The second part of the report focuses on tBectoral Skills Intelligencand dataoriented
results regarding skills needs and statethe-art provision. Value chain stepsic areas of
interest are described in detail (scope, activities, processes), while providing qualitative and

guantitative data on skills and job roles needed are provided.
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CTORAL SKILLS INTELLIGENCE AND STRATEGY

Sectoral Skills Strategy

SECTORAL DEVELOPMENT, SECTORAL INTELLIGENCE AND SECTORAL SKILLSTAND
COOPERATION AND NETWORKING RESOURCE HUB WORKEORCE NEEDS
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DELIVERY STANDARDISATION OF CONCEPTS UL Ll

ACTIONS TARGET GROUPS TIMEFRAME ALBATTS ACTIONS

RECOMMENDATIONS" AND/CONSIDERATIONS : RE-SKILLING ANDUP-SKILLING
SPECIFICTARGET GROUPS

Sectoral Skills Intelligence

STATE-OF-THE-ART OVERVIEW : SCOPE, PROCESSES, ACTIVITIES AND EXAMPLES
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Figurel: Overall Sectoral Skills Intelligence and Stgy Concept
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This document representhe first release of thesectoral Skills Srategy and Intelligenceand
providesthe strategic steps to béakenby the sectoral stakeholders to improve the-fep-
skilling within the emerging&uropean battery sector.

Battery production is scaling up rapidiythe sectoris moving from battery plants with a
capacity of 410 GWh/yto up to 40 GWh/y or even 80 GWh/y. Producing more batteries in
each plant results in much highefficiency The demand is mainboosted by theneeds ofe-
mobility. It is also generating increased demanoim numerous other companids the value
chain encouraging efforts to establish and convert production capacities, and creating a need
for a suppy of battery components andervices such as maintenance, among other thing
Stationary applications of batteries play essentialrole in the ecosystepmot only when it
comes toindustrial and private energy storage use cases,charging infrastructre, backup
systems for ITtelecommunicationsor others.

With this volume production of batteries, it is important to focus on skills development and
facilitation of a competent workforcealong the value chajnwhich supports the sector's
competitiveness innovation, and overall developmenthis is where the sectoral skills
strategy andhe project ALBATT&nsortium (partnership and sectoral stakeholdexgth its

analyses andecommendations come into play.

Project ALBATT@\lliance fo Batteries Technology, Training and Skids a blueprint for
sectoral cooperation on skills the battery sector lasting fofour years from 2019 to 2023
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 maingoals of the ALBATTS project are:
mobilize and coordinateritical players within the battergcosystem
contribute to transport electrification and EU environmental goala significantvay;,

gather demand and supply sides of competesan the battery value chain
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identify skills and job role needs throughout the whole battery production Idkecy

from cell production to battery systems in stationary and mobile applications

Project ALBATT®vithin the two first years of implementationattracted 35 registered
sectoral stakeholders and higher multiplying number obeople interested to follow its
activities and by thatontributing to the overall awareness of skills development in the
European battery sectofn addition, poject stakeholdershave registred to receiveregular
newsletterswith news from the sectonp-to-date, state-of-the-art results of the projectand
invitations to webinarsto discuss current topics of the vep-skilling within the sector.
Metrics and other information about the project stakeholders can be foundANNEX D:

Stakeholder Metrics geographical metrics are visibleRigure2.

........

North Sea Denmark R gk

Figure2: Project ALBATTS Stakeholders
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ERDF X European Regional Development Fund
ERP X Enterprise Resource Planning
ESCO X European Skills/Competence, Qualificatioasd Occupations
ESF+ X European Social Fund+
ESFEaSI X European Social Fund+ and EU Programme for Employment and Social Innovatio
ETIP X The European Technology and Innovation Platform
ETRMA X European Tyre and Rubber Manufacturéssociation
EU X European Union
EV X Electric Vehicle
GHG X Greenhouse Gas
GWh X Gigawatt hour
HE X Higher Education
HMI X Human Machine Interface
HR X Human Resources
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ICT X Information Communicatioif echnology
loT X Internet of Things
IPCEI X Important Projects of Common European Interest
IT X Information Technology
JIT X Justin Time
JTF X Just Transition Fund
KPI X Key Performance Indicator
LIB X Lithiumlon Battery
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MOOC X Massive Online Open Course
NFRD X The NonrFinancial Reporting Directive
PDSA X PDSA
PFMEA X Process Failure Mode Effects Analysis
PfS X PlanDo-StudyAct
PhD X Doctor of Philosophy
QMS X Quality Management System
R&D X Research and Development
RORO X Rolton/Roltoff
RRF X Recovery and Resilience Facility
SME X Small and Mediunrsized Enterprises
SoC X State of Charge
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Methodology

Thisdocument provideshe first versionof a Sectoral Xills Srategy and anoverall summary

of the Sectoral Intelligence gathered. 1 is based orthree streams of information, where
different tools are used: (1) desk researct{2) online survey andjualitative personal
interviews; 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,
competendes, and job oles; (5) sector attractiveness; (6) education and training; (7) training
delivery and methods. For eaqthase of thevalue chain within the battery sectpall tools

were used to gather valuable information regarding the defined togidstrics related tathe

data collection and workshogttendance,or survey redemption can be found in tAdNNEX

A: Data Collection Metrics

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 sectéds 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 ._Iil al b a‘t‘t S ANALYSE AND DEVELOP TRAINING
TERMS OF SKILLS AND WORKFORCE, cdiJdllo OFFER BASED ON THE SECTORAL
HOWTO IDENTIFY CORRECT NEEDS, NEEDS AND HOWTHIS SHOULD BE
COOPERATE AND PROVIDE CONCRETE SECTORAL ‘ DELIVERED.

STEPS. SLILLS 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 Alliance for Batteries Technology, Training and Skills ALBARTigect number 61267&PP1-20191-SEEPPKABSAB

Erasmus+ Programme The European Commission's supportfoK S LINBE RdzOG A2y 2F (KA A& Llzoft A Ol6laessy 11
f the E g Uni s does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi

or the European Union Oryy2i 0S5 KSEtR NBALRYAA30f Seif@mtion gobtaindzhtiferein. KA OK YF& 0S8 YIRS




falbatts (=

Alliance for Batteries Technology, Training and Skills

Eachaction, in addition, contains information on:

TARGET

Target Groups
target groupsthat should be active within this action

9;

ECOSYSTEM

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

ScopeAll target groups below.

35

INDUSTRY

Description:Actions and recommendaticare relevant for industrial
stakeholders
ScopeEnterprisesrficro, SMEs, LargeSectoral AssociatignTechnology

Centresand similar.

Description:Actions and recommendati@are relevant for training

o : providers
Ema Scope Entities active in trainingrovision/definition and other related
PROVIDERS areas includingacademia, industry, or othesubjects.
Description:Actions and recommendaticrare relevant for academia
’I ScopeEntities active irthe definition of curricula, teachingr training
v This includes especially universities, high schools, and other entities m
ACADEMIA

active in prouwlingformal education or research.

,&.\ Description:Actions and recommendatiaare relevant for policymakers
Scope:National regional, or local authorities/gmymakers

POLICY

MAKERS

L *,  Description:Actions and recommendatiarare relevant for European

* * - - -

Xk Commission that should be involved.

*

commiesion ScopeEuropean Commission and related entities
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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, e.g. continuous analysis,

implementation, etc.

URGENT

Description:Actionsshould be considered urgently the short term, and

the attention given should have a highiority.

Elbatts
ACTIONS

ALBATTS Action

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

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 ofonsidered areas of interest.

(G

WITHIN SCOPE
AND PLANNED

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 projectis practically involved in the improvement or
implementation of changes akertaintopics and works towards the
improvement, this could be e.g. development of training material, provig

of state-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 approael or strategesare being analyed.

This can be reflected in the profeautputs.

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 of the proje
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The secondpart of the Sectoral Skills Strategyprovides concrete and practical
recommendations and considerati@that are mappedagainstthe setof areasof interest or

trendsidentified:

(-
f5%  PRODUCTION
% MAINTENANCE
CELLAND s [ MANTENANC
COMPONENTS
RAW MATERIALS ﬁ I, LOGISTICS
ANDPROCESSING | MANUFACTURING
% QUALITY
(F+s) OTHER ASPECTS

BATTERY \ )

RECYCLING INTEGRATION,

MODULES AND
PACKS

SECOND ! LIFE OPERATION, ( STATIONARY \
OF BATTERIES REPAIR AND BATTERY
MAINTENANCE APPLICATIONS

MOBILE

g BATTERY
APPLICATIONS
\ J

Figure4: Visualisation of the Main Agas of Interest

Recommendations and consideratiorase supported by mapping of concrete target groups
and are defined as seen below:
Recommendatios/Consideratiors: a set of recommendations/considerations for
specific areas of interest or tren@d®vering actions in terms of strengthening various
competence; reskilling/up-skilling on specific topics; and otlser
Target Groupsexamples ofspecific target groups that are influenced withimese

areas of interest

Sectoral Skills Intelligengarovides insights into the statef-the-art and skills/job roles needs

of the specific areas of interest/trends identified and described abdweery area of
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interest/trend is described fronthe perspective of thescopeand skills agendaas defined
below:
Scope Description:definition 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 collected. Demanded job roles are vigedlby word cloud
based on the occurrence in relation to the skills’knowledgeed skills needs
with the bar or pie chartsin five categories of competence: (1) soft; (2)
transversal; (3) academic; (4) cresectoral specific; (55ectorspecifit ANNEX
C: Skills Concepis

o Qualitativeadditional supportive information that cannot be quantified, such

as expertise and information from workshops or other sources.

This generic structure applies to all identified areas of inter@s only exceptions ar¢he
following:
Trends, Factors, and Drivers of Change
o Does not contain skills agendad recommendatiosand considerations
Training, Education, R&Jp-skilling

o Does not contain skills agenda

The werall definition of thearea of interestrend contains the skills agenda section
describngand visualingthe needs in terms of skills and job roleg)ichcan be viewed from
two perspectives (both perspectives represent limited viewthe scope of collected daja

(1) Quantitative analysis charts are based on the competence matrix which is being

continuously updated in the project ALBATTS and contains the data gathered from job
advertisements and offers.
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

With the support of the o Alliance for Batteries Technology, Training and Skills ALBARTgect number 6126 7&PP1-20191-SEEPPKASSAB
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set of job roles thaiare 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 set.

(2) Qualitative analysis:containsS E LJSoNificis®@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 o the methodology can be found within th®NNEX C: Skills Concepts

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

The first releaseof 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 the first version of thectoral Skills Strategserve as a roadmap for the
skills agenda within the battery sector, each of the steptlines the needed actions for
various target groups and processes to boost the competence deweot, cooperation and
re-skilling and ugskilling of the workforce in the futurer in aspecific timeframe
The gaphicvisualisatiorof the keysteps is visiblen Figure5:
NORMALISATION
AND STANDARDIDATION
OF CONCEPTS
SECTORAL
DEVELOPMENT SECTORAL
COOPERATION TRAINING OFFER
AND NETWORKING AND DELIVERY
SECTORAL
SKILLS AND
WORKFORCE
NEEDS
FUNDING
OPPORTUNITIES
SECTORAL
INTELLIGENCE AND
RESOURCE HUB
Figure5: Visualisation of Main Areas of General Strategic Steps
i N Alliance for Batteries Technology, Training and Skills ALBARTgect number 6126 7&PP1-20191-SEEPPKASSAB
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1.1 SECTORAIDEVELOPMENTCOOPERATIONAND NETWORKING
Definitions of arget groups, timeframe and ALBATTS actiorere provided in the

methodolog/ section

1. Battery Application Stakeholder Cooperation

The cooperation between stationary and mobile battery application stakeholders and key pla

needs to bestrengthened

Sl =

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
(3.
XX}
TIMEFRAME CONTINUOUS

M

ENDORSING

* Specific ALBATTS Actions are describdNINEX B: ALBATTS Project Actiolimss applies

to all recommendations and actions

2. Overall Cooperation

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

universities, VET provides, industry, companiesd othersubjects need to betrengthened

WHOLE
TARGET ECOSYSTEM
(R
TIMEFRAME CONTINUOUS

-HElbatts «
ACTIONS l i

ENDORSING
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3. Academia/Industry Cooperation

Cooperation between secondary, tertiary schools and industrgeds to bestrengthened.

© b

TARGET INDUSTRY ACADEMIA

TIMEFRAME CONTINUOUS

-HEDatts «
ACTIONS, l i

ENDORSING

4. Sector Attractiveness

There is a need to boost and foster the sectattractiveness

-mBElbatts
ACTIONS l“i
ENDORSING
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5. Roadmap orSkillsTransitionfrom the Related Sectors

A roadmap with proposalson how skills and competencecan be transferredfrom similar sectors
(such as chemical, pharmaceutical, manufacturimgocess industry, etg.to the emerging battery,

sectorneeds to be created

©

WHOLE
TARGET ECOSYSTEM
(R
TIMEFRAME CONTINUOUS
G
E/Datts ﬁ
ACTI
WITHIN SCOPE PARTICIPATING/
AND PLANNED IMPLEMENTING

Projects and initiatives

There is a need to boost, integrateendorse and implement results and findings of the projed
supporting the development of the European battery ecosystem and other issues related to the
and competence shortage or skills agenda development, such as (1) European Battery Alliand® {
European Skills Agenda and Pact for Skills; (3) Automotive Skill Alliance, including relevant initig
such as DRIVES and other Blueprint Projects; (4) Pact for ERIS; (5) European Battery Innovatio
¢ IPCEI; and other.

©

WHOLE
TARGET ECOSYSTEM
.-.u.
TIMEFRAME CONTINUOUS URGENT
ENDORSING MRTEIERTING
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7. Information Sharing

Sharing of information is crucial for the development of the competence needs as well as the o

European battery ecosystem.

©

WHOLE
TARGET ECOSYSTEM
(R
TIMEFRAME CONTINUOUS URGENT

on B K% 1 @

PARTICIPATING/
ENDORSING IMPLEMENTING

8. Mobilization of experts

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

mobilizedincluding foreign experts bringinghuch-needed knowhow and experience

© £ £

TARGET INDUSTRY PROVIDERS ACADEMIA
(< e

TIMEFRAME URGENT

ENDORSING
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9. Future Scenarios

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

developed
WHOLE
TARGET ECOSYSTEM
B
TIMEFRAME CONTINUOUS

(@

WITHIN SCOPE
AND PLANNED

-HElbatts
ACTIONS
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1.2 SECTORAL INTELLIGENCE AND RESOURCE HUB
Definitions of target groupstimeframe, and ALBATTS actions are provided in the

methodology section.

1. State-of-the-Art Information Sharing

Reliable stateof-the-art information needs to be providedto sectoral stakeholders and intereste

entities. Resources or knowledge hubisat are public, reusablgand easily accessible are needed.

©

WHOLE
TARGET ECOSYSTEM
(3.
XX}
TIMEFRAME CONTINUOUS
D PARTICIPATING/
ENDORSING IMPLEMENTING

* Specific ALBATTS Actions are describ@dNINEX B: ALBATTS Project Actjaghss applies

to all recommendations and actions

2. Continuous Update

Information needsto be continuously updated.

WHOLE
TARGET ECOSYSTEM

TIMEFRAME CONTINUOUS

mEbatts ﬁ
ACTIONS

PARTICIPATING/
ENDORSING IMPLEMENTING

<
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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.

©

WHOLE
TARGET ECOSYSTEM
(R
TIMEFRAME CONTINUOUS

i E/ @

PARTICIPATING/
ENDORSING IMPLEMENTING

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.

© C

OLE
TARGET ECOSYSTEM

TIMEFRAME CONTINUOUS

& i

PARTICIPATING/
ENDORSING IMPLEMENTING
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1.3 SECTORAISKILLS AND WORKFORCE MBS
Definitions of target groups, timeframeand ALBATTS actions are provided in the

methodology section.

1. Skills and Workforce Shortage

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

geographical national, regional, and local level; (2) relevant proficiengyEQF38; (3) valuechaing
from raw materials mining and processing to recyclingll types of competenées need to be
addressed: (1) soft; (2) transversal; (3) cresectoral specific; (4sectorspecific orjob-specific; (5)

green and digital;

© C

WHOLE
TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS

M

ENDORSING ANALYSING

* Specific ALBATTS Actions are describé&NINEX B: ALBATTS Project Actjdhs applies

to all recommendations and actions

2. Continuous Update

Sectoral skills and workforce need to be continuously tracked, updatead data publicly available.

2 g =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
i

TIMEFRAME CONTINUOUS URGENT

-mBlbatts

ACTIONS

Q

ENDORSING ANALYSING

<
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3. Future Technologies, Innovatigmand R&D

The skills neeckd for new and innovative technologies and processeeed to be identified which

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

importance.

@ Sl .
TARGET INDUSTRY PROVIDERS ACADEMIA
W O A

Tlm con‘r&mﬂ URGENT

ElDatts l“l
ACTIONS

ENDORSING ANALYSING

4. New Battery Applications Competences

New competenges concerning forthcoming battery applications need to be continuously identifi

and considered; mobile, stationary, and other.

© =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
h'lh
TIMEFRAME CONTINUOQUS URGENT
ENDORSING ANALYSING
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5. Strategy and Roadmap

Strategy and roadmap towards the fskilling and upskilling within the European battery system nee
to be developed and continuously updated. Synergies between strategies within the battery and o
sectors should be proactively looked for.

©

WHOLE
TARGET ECOSYSTEM
(R
TIMEFRAME CONTINUOUS URGENT

~ 2

PARTICIPATING/
ENDORSING IMPLEMENTING

With the support of the ey Alliance for Batteries Technology, Training and Skills ALBARTgect number 6126 7&PP1-20191-SEEPPKASSAB
Erasmus+ Programme o The European Commission's supportfoK § LINE RdzOG A2y 2F (KA A& Lzt A Ol6l2625y 28 il
of the Europeagn Union * does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi

ol Olyy2i 068 KSftR NBALRYAA3Of Seiffdration gobtaindzhittierein. KA OK Yl & 088 YIRS 2



Tualbatts (=

Alliance for Batteries Technology, Training and Skills

1.4 SECTORAL TRAINING OFFER AND DELIVERY
Definitions of target groups, timeframeand ALBATTS actions are provided in the

methodology section.

1. Continuous Update

Sectoral training offer needs to be designedeveloped, and continuously updated based on t

sectoral needof industry.

© Ol =

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
(3.
XX}
TIMEFRAME CONTINUOUS URGENT

i

PARTICIPATING/
IMPLEMENTING

* Specific ALBATTS Actions are describ@dNINEX B: ALBATTS Project Actjaghss applies

to all recommendations and actions

2. Modular Training

There is a need to develop wip-date modular training, individual modulesand units based on thq

sectoral needf industry.

© £ g e
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TARGET INDUSTRY PROVIDERS ACADEMIA
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ﬂ 9
TIMEFRAME CONTINUOUS URGENT
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PARTICIPATING/
IMPLEMENTING ANALYSING
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3. Curricula

Curricula need to be updated tsatisfy the demand and needsf industry - Higher Education, VE

apprenticeships, internships, lifelong learningnd others.

© = ®

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
(R
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TIMEFRAME CONTINUOUS URGENT

ACTIONS @ Q

PARTICIPATING/
IMPLEMENTING ANALYSING

Education Requirements

Specific education requirements and skills fibre battery manufacturing industry need to be adopte
and developed.

© £ B e
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5. Interdisciplinary Education

Interdisciplinary education programmes for VET and HE should be rolledamutsingon STEM, digita
and green skillg adaptation of the curricula is needed.

© 0

TRAINING

TARGET PROVIDERS ACADEMIA
(R

ﬂ 9
TIMEFRAME CONTINUOUS URGENT

on B K% 1 Q

ENDORSING ANALYSING

6. Standardration

There is a need for atandardized approachto apprenticeship programmes, internshipgand overall

education programmes

© =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
h'lh
TIMEFRAME CONTINUOUS
-mBlbatts
ACTIONS l“i Q
ENDORSING ANALYSING
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7. Training Methods / ReJp-Skilling Instruments

Innovative and effective training methods need to bexplored and implemented as well as vario
re-/up-skilling instruments and tools: (1) workased learning (2) onrboarding training in factories;
(3) innovative and upto-date programs; (4) training by internal and external experts; (5) digital a
spedfic seminars for industry; (6) standarzikd online courses (MOOCs and SPOCSs); (7) traini

GNF AYSNET o6y0 | 00Saa 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 blended learning solutions; and (14) double degree education programime
addition, proper trainingmethods need to be selected for different target groups, e.g., bloe white-

collar workers, or mass rskilling or upskilling for the battery production or other parts of the

ecosystem.

W A

ACTIONS @ Q

PARTICIPATING/
IMPLEMENTING ANALYSING

8. Levels of Education

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

© i

TRAINING
TARGET PROVIDERS ACADEMIA
i
ﬂ 9
TIMEFRAME CONTINUOUS URGENT

non B K% Q

ENDORSING ANALYSING

1 What 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-basedlearning-wbl.
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9. Certifications and MicreCredentials

Training certification andhe micro-credential system should be introduced for the successful traing

¢ lightweight, coherent, easy to implementnd understand system needs to be put in place.

© 0
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TARGET INDUSTRY PROVIDERS ACADEMIA
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TIMEFRAME CONTINUOUS

on B K% 1 Q

ENDORSING ANALYSING

10. Learning Accounts

Introducing a learningaccount can boost the recognition and management of the learni

achievements.
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11.Languages

It is necessaryto facilitate training in various languages to increase accessibility. Mlittgual training
is essential especially for VET and lower levels of education. Ivitsl to identify different language

needs for different training and job positions.
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12.Learning Pathways

It is crucialto enable and provide clear and dynamic learning pathways from one job positio

another across different levels of proficiency, that are highly connected to the modulatityncepts of

the training offer.
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13.Training Providers

It is vital that various training providers across Europe aaetivated to boost the cooperation and

efficiency of the developed training solutions that will cover the most urgent future needs.
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1.5 NORMALISATION AND STANDARDISATION OF CONCEPTS
Definitions of target groupstimeframe, and ALBATTS actions are provided in the

methodology section.

1. Categorzation and Classification

There is a need for classification and categation of job roles, skills, and competence (concep

framework used on the EWwide level. There should be a common approach.
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2. Coherence

Gontinuous update and consistency of the concepts with the sectoral needs and intelligeng

assured.
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3. Available Tools and Instruments

It is essentialto take advantage of the existing instruments and databag&sSCO, DRIVES Framewd
or other national information hubs and databases related to competégs or job profiles concepts

of concepts that are aligned with widely used skills frameworks.
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4. Framework Interlinks

It is essentialto assure the coherence of the various concepts by developing a mapping appr
between the frameworks (ESCE@QFDRIVES Framework, othethis also concerns the exploratio

of the possibilities of certification or credential systems linkage.
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5. Reference Provision

It is crucialto develop a set of standarded and broadly accepted reference job profiles based on

needs of the battery ecosystem that are aligned and coherent with the widely used classificg

frameworks. This set needs to be publicly available and put into use by updating relevant knowl¢

hubs and databases.
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1.6 FUNDINGOPPORTUNITIES
A detailedoverview of the funding opportunities can be found in tAAINEXF Funding

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

methodology section.

1. Accessible Through Financial Intermediaries

Funding opportunitiesaccessible through financial intermediaries, such as (1) InvestEU; and (2) H

Skills and Education Guarantee Pilot;
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2. Accessible Through National Authorities

Funding opportunities accessiblarough national authorities, such as (1) Recovery and Resilie
Facility (RRF); (2) REAEU (Recovery Assistance for Cohesion and the Territories of Europe
European Social Fund Plus (ESF+ under shared management); (4) ERDF (European
Devebpment Fund); (5) Just Transition Fund (JTF); (6) Digital Europe Programme; (7) Erasmusg
MFF); and (8) European Agricultural Fund for Rural Development (EAFRD).
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4. Other Instruments

Funding opportunitiesare accessible through other instruments, such as (1) TED eTendering; a

Education, Audiovisualnd Culture Executive Agency (EACEA).
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This section coversecommendations and consideratisndentified and proposedby the
ALBATTS consortium. Recommendationsamsideratiors are mapped to the battery value
chain or areas of interest arqfoposeactionsto improve the re/up-skilling of the workforce

or point outto issues that need to be considered when it comes to the skills agenda of the
sector.

This sectiondllowsthe structure of the sectoral intelligence part ofahleport, sothese two

parts are interlinked.

Strengthening the awarenessehe critical raw materials questions for Europad
connected emerging trends

Development of new skills needand relevant training materiallor mining and
refining raw materials.

Organtation of expertworkshops and other events related to the skills needs within

the raw materials domaiand including key players, such as EIT RawMaterials.

Targetgroups. prospecting and mining companies, refinetiaad their white and bluecollar
workforce branch or@nizations and aithorities involved in exploration permits and mining

concessions

Recommendations and considerations for the value chain step of cells and components
manufacturing cover aspects of (1) production; (2) maintenance; (3) logistics; (4) quality; as

well as other aspects: purchasing, human resources, fingabesand digialization.

Strengthening of skills and competees related to battery production to provide
high level of understanding in the fields @fctrochemistry, electronics, mechanics,
process engineering, manufacturing technolagyutomation (with production

systems) and digitalzation in manufacturing
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In general, increase the ability to speak and understand foreign languages, particularly
English(in Northvolt, for example).

White-collar specific needs

0 Increasing competenes inproduction and material engineering, production
planning, production management, shift managemernrocess engineering,
cell design, machine learning and optigaition, modelling, and simulation

o Strengtheningthe focus onlarge-scale manufacturing undersanding of
chemical processeandquality, risk, and safety management

o Battery industry-related knowledge/skills: battery material, battery
chemistry, battery fluids, battery components, battery testing, defective
productsremoval

Bluecollarspecific needs

0 a! LIAGNBI Yé ¢ lidi@astrdg@riowl@dge to understand thisks,

envision thesafetyissues and howchemicalsbehave.

0 4526y aiNBI Y& indidrRadhing dndeystanding, 5S skilland
the ability totroubleshoot.

o Overall prodation 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)

Regardinghe increased levelsf productionautomationin the foreseeable futurgincrease

competenceconcerningdata analytics, maintenance, product process optimization

Target Groups Educational institutions, battery producergcruitment companieshead

hunters consultants.

Apart from the generalbattery-related education, strengthening the skills and
competencges to ensure understanding gktting up the production, preparing the

related structures, commissioning the machines, chemijcand mechaical
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assembly, automation experiencand mechanical understanding of the automated
systemscombined with understanding the relatesbftware and calibration.
Strengthening generdl and data analysis skilte cover future needs.

Battery skillsglso menioned in the context of Production)

oDry and clean roogmaintenance (including room contamination measurement)
Predictive and preventive maintenance

Diagnostics

Target Groups Educational institutions, battery producerggcruitment companieshead

hunters consultants.

All aspects of logistics when it comes to battery production should be considered:
Environmental priorities
Production facility construction logistic
Inbound logistics
Outbound logistics
International logistics planning
In-house logistics

Recyclindogistics

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

andthe abovementionedlogistics aspects.

Battery technology and productionin the case ofquality-related positions in battery

production, it isvital to have skills and knowledge on battery technologies and related
manufacturing processesd associatecgtandards and legislation. Therefore, we recommend
providing education and traininig the following areas:

battery technologies, systems related demainent

battery production processes
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o0 electrode production, cell assembind pack formation
o battery system components
0 automated systems
0 high-volume production
raw materials (analysis)
material flows and inventory
battery testing and quality control

risk and safety procedures

Quality management systems and methodalthoughuniversal and not specifically battery

specific only, we recommend strengthening skills and knowledge related to quality
management systems and methods

Standards
Legislation
The Quality Management Systems, methqdsd related aspects/issueg1) Quality
systems such as 1SO 9001 and 14001, IATF16®Methods such as TQM, Kaizen,
PDSA, Six Sigma, Lean Manufactur@@pa { ! Q&4 6 a Sl adz2NBYSyd) {eais
Quality KPI's (5) Auditing (5a) eveloping and implementing quality control audit
plans (5b) evaluating production stageg¢5c) esting the composition appearance and
functionality of completed products(5d) dcumenting defects and suggesting
improvemerts; (5e) eporting, (6)Overall ontinuous improvement
Sampling
Training other employees on quality standards and procedures
Quiality control in production processes

o Quality Assurance inclues (1) Material and cell validation(2) Advanced

product qualityplanning (3)Production part approval process

Testing standards
Testing methods and meangl) Intrusive or norintrusive and destructive or nen
destructive (2) Testing infrastructurg(3) Application of the stateof-the-art methods
and devices(4)Postproduction quality check&s)Quality monitoring, (6) Cooperating

with research and development
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Supporting skills and knowledgdn addition to the abovewe recommend enhancing the

following: (1) Electrician, technician, and electengineerngrelated VET/higher education

(2) Laboratory work skills and experiend®) Planning and maintaining cleanrooms and dry
rooms (4) IT skills (5) Language skills (Englisti®) Teamworkskills (7) Complex problem
solving and process optimizatip(8) ERP systemg9) Lifelong learningf relevant skills and
knowledge; (10Understanding and complying with customer requirements and satisfgction
(11) developing, defining, and executing the qualification process and documentation for

Odza U 2feeflddr a

Target Groups Educational institutions, battery producers, recruitment companiesent

acquisition expertsconsultants

Strengtheningcompetendes related to battery specific purchasingurchasing skills, raw

materials, rawmaterial market, managing raw material deliveri@sazardous materialg
chemical safety and waste handlinglentifyingmarket requirements for documentation, raw
material related production equipment, battery production equipment, equipmeand tools
handling, mechanical engineering@n inspection 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 managemensocial responsibility, orientation in global politics
andmineral conflictcomplexitiescommunicaion (with suppliers), automation

Strengthenindanguage skills

Target Groupseducational institutions, producers and manufacturers in the battery value

chain, recruitment companiesalent acquisition expertsconsultants.
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Recruitment needs$ - HRrelated roles includge for example: (1) Recruiters (2) Office

managers and coordinatarg3) Training specialistg4) Training content developerg5) HR
coordinators (6)specialists

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

recommended.

Human resources specifidVe recommend paying attention to the followirnghowledge

when training and educating employees HRrelated positions in battery manufacturing
companies(1) Talent acquisition in general2) Human resources (managemen{) Labour
legislation is impo#nt to understand in the recruitment processesduding labor 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 humarresourcesrelated functions we
recommend the following:(1) Recruitment related skills are neede®) Training, both
organizing and providing & collaborationwith various teams and persons with adequate
technical background ah skills inside the organization (for example manufacturin@)
Process Improvement to continuously develop the HR mechanisms (talent acquisition and
beyond) (4) Change Managemerg Thepace of development in the battery industry is fast
and continuous.especially witha start-up; (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

Technologyindustry-specific It is beneficial to understand the industry where you are

recruiting and operating. We recommend paying attention to the follovkingwledgewhen
training and educating employees HR positions in battery manufacturing:
Manufacturing Engineering

Battery Industry

2 Northvolt interview, 28.5. 2021
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Process Industry

Other _supporting skills and knowledgeg(1l) Due to an increasing share of the potential

employees being from overseasrosscultural communication, relocation processesd
social integration are important(2) Supervisig, teamwork, networking, communication,
interpersona) and reporting skills(3) English and language skills in genef4) Coordination
and administration (5) Due to the increasing level of digitalizing and automation also in the
HR processes such asmaging volumes of applications the following skills are beneficial
analysis methods, artificial intelligenceas well as general IT skill§6) Problem

Solving/Troubleshooting

Target Groups Educational institutions, companies in battemyanufacturing, recruitment

companies, headhunters, consultantsgovernment employment agencies

Recruitment needs- sales/business development related roles inclufte example:

Key Account Manager

Business Development Manager

Senior DirectoBusiness 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 coordinator roles can

be relativelyjunior and freshly graduated.

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

knowledge of battery techndogies. Therefore, we recommend providing education and

training in the following areag1) Basic electrical engineering knowledd2) Understanding

3 Career. Northvolt. (2021, October 25). Retrieved August 5, 2021, Hiimrs//northvolt.com/career/.
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of battery systems including energy storages, design, and components as well as the related
industry, (3) Safety with batteries: functional and related proceduréd) Understanding
Product Quality Assurangé)Basic information of the potential target markets and industries

(for example automotive industyyaw materials market

With the technicalskills that are needed to support the sales department/functiomge
recommend the following:

Prototype and sample development

Standardzation

Battery cell structure

Understanding sustainability as one of the selling points

Business deslopment/sales we recommend paying attention to the followirgnowledge

when training and educating employees galesrelated 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 ecosyste(®) Strategy Development

(5) Legislation understanding thebattery-related legal framework of each market area (for
example EU, North Americaand the framework around setting up contracts (6)
Benchmarking ability to identify and apply best practices severalareas such as how to
operate in a specific market sector/are@’) crosscultural communication when selling to

foreign markets/cultures (both knowledge and skill)

With the businessdevelopment relatedskills, we recommendpaying attention to the
following: (1) Understanding the markets, their requirements, how they functiamd how to
operate in them (product, price, place, promoticegtc.), (2) Product Management(3) Sales
related skills (4) actual sales functions/measure$5) pricing mechanisms(6) contracts
(7)understanding purchasing mechanisms in the target markets (for exaaytie industry)
(8) interpersonal skills(9) negotiating- documentation skills (docuentation requirements
are high among target industries)10) Communication and interaction with customers$o
dzy RSNRGIF YR OdzaG2YSNJ ySSRa FyYyR NBIljdzZANBYSya

specifications)(11)building and managing partnerships
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Other supporting skills_and knowledge (1) Teamwork - Internal communication (2)

Leadership(3)Project Management(4) Presentation skills(5) Language skills (English is the
most important, but also other major market area related language skills recommeégn@d
ERP systems (SAS.), (7)Coordination

Target groups educational institutions, companies in battery manufacturing, recruitment

companies, heathunters, consultants

Overall digital skills should be focused when it comeéléosolume battery production
Concepts of traceability, digital twinr machine learning/artificial intelligence should
be considered as important

Modellingand simulation on different levetscells, packs, overall battery systems, etc.
Data analytics, ata science, big data

Automation

Target groupsbattery producersindustry,and academia in need of digital development and

mentioned concepts.

Srengthening competence in BMS developmémachieve development iefficiency,
predictable behavigrandrisk mitigation ¢ concern is a battery system safety
Understanding the battery systems topologies and components

Research and developmemwithin the BMS¢ concern is a battery system safety;
efficiency and more advanced featurelthe system;

Development of more efficieroC and SoH algorittsm

Battery integration and controt testing of integrated battery system within the
application

Development and improvement o framework forqualityassessment and assurance
Development and research on BTMSthermal management issues another

aspectsg (1) safety; (2) physical or mechanical performance; (3) durability; (4) ripple
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current; (5) accuracy of measuring instrunien(6) materials for fire resistance and
electronics packaging

Srengthening of cooperation between integrators, manufactutensd BMS suppliers
Development of competence within thetamdardization and framework for
integration processind procedure®f battery modules and whole systems

Overall digital skills

Targetgroups:. battery integrators BMS manufacturersand other system manufacturers

This section praeidesan overview otrends with an impact on the futurskills neededisted
in original reports of WP4 (stationary battery applications) and WP5 (mobile battery
applications) @ncrete recommendatioscan be found there

Sectoral Intelligence Definition for Stationary Applications of Batteries

Sectoral Intelligence Definition for Mobile Applications of Batteries

General Stationary Applications

Increased need for enerqgy storage with healty applications

The proliferation of battery energy storages commercially in public places

Growing competition irthe enerqy storage market

5G cellular network deploymengéxpansion obatteries in telecommunications

Commoditization of base stations

Grid and offgrid sysems and applications

Smart grid
Costefficiency

Decrease electricity costs by placing stationary battery systems

Safety

Create reqgulation and legislation on the topic of battery safety

Resiliency and/or Selsufficiency
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Increasing BESS use in military applications

Increasing use in offshore oil and gas applications + vessels

Base stations need batteries to support their power requirements

Provide electricity in remote places where centralized electricity is not sustainable

Transfer from leaghcid latteries to Liion batteries in cellular network base stations

Sustainability

Second life applications

Integration of battery systems with renewable energy sources, with the goal of

decarbonization

The need for sustainable and resilient base stations

EV Battery servicing, repair, and dismantling

Servicing, repair, and maintenance of electric vehicles and EV batteries

End of lifec dismantling of batteries

Adaptation of dealerships, servicend repair shops

EV customer needs and related services

Advising customers in dealerships, car rentals, and secondary market

Smart charging, fleet management, data sharing services

Charqging infrastructure design, installation, and maintenance

Rescue services, roadside assistance

Education in driving schosl

Autonomous driving, vehicle to grid

Autonomous driving

Vehicle to grid (V2G) concept

EV Testing, certification, type approval, roadworthiness tests

Testing of electric vehicles

Testing and certification of charqging infrastructure

Type approval of electric vehicles

Periodic roadworthinestests of electric vehicles
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Electrification of vessels

Servicingz remote diagnostics, repair, and maintenance of electric vehicles

Autonomous electrified vessels

Customer product design, consulting, fleet managemen

Good practices onaoperation and networking on second life application of batteqehis

may include various projects, some of them involving vehicle manufacturers, such as:
Nissan and Green Charge Network partnersqifeV batteries into BTM storage
systems irthe USA;
MercedesBengz; secondlife battery storage for a recycling plant in Germany;
Mercedes and Beijing Electric Vehicle partnersigignergy storage system based on
used EV batteries in China;
Hyundai Motor Company and UL partnership to explore the safe deployment of used

EV batteries for stationary energy storage in North America.

Targetgroups: Stakeholdersghat areactive inthe implementation of second life apphtions,

policy makers.

Recruitmentneedsaccording to the ALBATTS project findinigg most extensiveecruitment

challenges currentlgoncernthe hiring of engineers and researchers. In the -sgt phase of
recycling plants, most staff are universegglucated whitecollar employeesHowever, fter a
plant becomes more established, the share of btwdar employees with vocational

education increasge

Recyting technology and processeswith the battery recyclingrelated positions, it is

important to know battery technologies and recycling processéshemical/physical)
themselves. Thereforet, is recommendedo provideeducation and training in the followin

areas:(1) Environmental management and circular economy conce{&sBattery design
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Battery components: Cell, anode, cathode, electrobste Precursor design, Electrode design,
Separator design(3) Battery material (material science) Battery fluids and chemistry
(Lithiunmrion) and other materials and their propertie§4)Vehicle and other battery systems
(5) Material flow including procurement(6) Battery testers (7) Recycling knowledge to
enable developing recycling programs Recyling processes and technologieR&D

Automation (8)Production Planning

In terms ofa 1 Arfedds i the battery recycling processélse following should be paid
attention to: (1) Logistics including battery collectipn(2) Battery Removal
(3) Chaacterization Techniques (4) Cell Structure and evaluation (5) Battery
Charge/Discharge(6) Battery Dismantle (7) Equipment and Tools Handlinge¢ycling
related) (8) Automation (9) Material Operation & Handling10) Supply/Material Planning

(11)Hazardous materials, waste handlind.2)Chemical/physical recycling processes

Environment and legalRegarding environmental legislatiom is important to understand

related national and EU directives. We have also discovered the importance of safety.
Therefore, we recommend providing education and training in the followoyvledgeareas:
Promotion and training of sustainability
Safety
o Safety Procedures
o Functional Safety
0 Hazardous Materials
Legislation
0 Related EU/national directives

o BatteryPassport

The relatedskillsfall into the following areas:
EnsumgPublic Safety

WasteManagement_egislatbn

Resourceselated and supportingskills

Strategies for battery collection, methods, and systems
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Language skills (English)

Target groups. educational institutions, government agencies, companieghi@ battery

recycling business, recruitment companies, héaahters, consultants

Lower education recommendations:

Support horizontal European initiatives, bugs Pf§ ASA, EBA Academy) & Battery
Network

Develop battery/electromobility profiled adult education and training programmes
Promote simulated training environments

Promote flexible modular, and more blended learning solutions from institutional
providers

Identify education programmes and courses from new or untraditional providers

Higher education recommendations:

Communication between academia and industry to identify the concrete needs
Interdisciplinary programmes in cooperation between academia and industry
Internships and other platforms for excharggeetween academia and industry,
Curricula adapted for battg experts in electrochemistry, production, and applications
Specialied and differentiated online courses ICTs to enhance the education process,
Supply of preparation and upskilling courses preceding onboard training in the
industry,

Reskilling solutionfor experts from the IGEand other relevant industries,

Training and praate infrastructure (pilot plants, labs, simulations),

Trainthe-trainer / teach the teacher programs,

Publidy availablanformation about the sector,

Education testbeds,

European standardied options for national courses or programs.

Cooperation on attractiveness for the sector
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Strengtheningof competenges relevant to electrochemistry particularly those
related to characterization techniques, cellvaluation and validation, electrolyte
development, thermal management, cell design, battery components, lithiiom

battery chemistry, battery designandbattery materials.

Target groups. vehicle manufacturers, battery producers, technology companiesP R&

institutions.
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Project ALBATTS

Sectoral Skills Intelligence

Overall Stateof-the-Art and Skills Needs

for the Development of theEuropean Battery Sector

With the support of the Ly Alliance for Batteries Technology, Training and Skills ALBARTitgect number 61267&PP1-20191-SEEPPKABSAB

* T The European Commission's supportfoK S LINER RdzOiG A2y 2F GKA A& Llzot A Ol6l26ssy i
Erasmus+ Programme * * . . . o
of the European Union EAGPLE does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi

Oryyz2i 085 KStR NBALR2YAaA30t Seiff@mlioh gobtaindzhti®ereis.KA OK YI & 05 YIRS 2



falbatts (=

Alliance for Batteries Technology, Training and Skills

Based on inputs from an ALBATpISject partner expert 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 strtue (foundation of
ahouse, chassis of a car, structure of an airplane) as a battery to reduce space, and

maintain the right weight or the cest of gravity;

Heat conversion into electrical energynvesting in processes to reconvert heat waste
(Heat wase is thermal 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 he 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 growjrenti energy

infrastructure stable and continuous everywhere.

Moreover, according tothe Fraunhofer repdP, 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 batteriesasded. As the demand for batteries

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

‘Oneto-one meeting with Professor Helena Braga, Engineering &hpsipartment, University of Porto (PT), 25/05/2021
5Thielmann, 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 develed 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
quality of the batteriesthe work conditions in the whole supply chaand the type of energy
used for battery production. With thdemand comeshe upscaling of productigriwhich leads

to a lower number of jobs per GWh. Solglate batteries, alternative chemistrieand the
mobility of the people should be taken into consideratidimere are considerable investments
in the EV revolution wheit comes to the drivers of change in the automotive induseyd.
Daimler, Volkswagen, or Fordgnergyintensive manufacturing and chging of EVs will
require renewable sources of energy to reduce their environmenighct.In addition, nany
cities and countries have announced the phasing out of conventional vehicles (eqwihed
ICESs), hencthe reasonthe market share oEVs is in@asing Due 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.

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

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 resulfsvere integrated as well as a o#t@-one interview toeventually
validate such resultand, for this deskresearch process, the identified DoC were apady
based onOccurrencé, Importance®, and Urgency. In detail the project grouped the

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

6Survey Results for Battery Sector. (2021ifps://www.project-albatts.eu/Media/Publications/19/Publications 19 20210601 185540.pdf

7 Indicating whether a Driver of Change was cited in analygeort®reviewed

8 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

9 A specific timdrame (year), which can be noticed from the text of the analysed document, in which the Driver of Change will become

particularly necessary or will make its consequence felt overwhelmingly
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Climate goals, regulation, and environmental challenges
Batteries are one of the most important climate targets drsterdecarbonize road
transportation and support the transition to a renewable power system.

a. Reducing C&£emissions from battery manufaating: since 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 greenhougms
neutrality playing an increasingly important role.

c. Widespread charging/refueling infrastructurecommercialzation of a

technology based on batteries. The easier the access to a reliable and suitable
charging infrastructure is, the quicker the developmh of such new
technologieswill occur
Globaliation
globalzation is the process of interaction and integration among people,
companies, and governments worldwideBecause the modern world is
increasingly globalized, politi¢atrategic choices cannotebmade 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 position to create a competitive aidg

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
terms of quantity or geographical presence and almost abseiEurope) are
necessary to ppduce key components.

b. Global regulatory dialoguethe European Commission will need to play a

fundamental 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.
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c. Restructuringthe European battery sector is expected to undergo structural
changes due to the development of a zemission maobility
paradigm/framework and as a flexible facilitator of the intermittent renewable
energy sources. The industry, in particular SMEs, will need to assess and, if
necessary, redefine their position in the value chain as well as increase their
capacity tointegrate 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 essentigkem/element for storing energyin

electric vehicles and making renewable energy a reliable alternative source.

d. Cybersecuritythe exponential growth of 0T 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 setuapproachto guarantee
the internal one linked to the resilience of the infrastructures to cyatacks.

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 badly deployed and optimally controlled,
renewable generation can be transformed from an energy source into a

dispatchable generation source.

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

responses by stakeholders that are active in both-settors.
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The ®cond perspective of the andla A a Aa GKS AyRdzaIONRFE &adl 1
comparison to education providers™ point of view, where the industrial stakeholders cover the
answers from companies, sectoral and industrial associations, and technologgrscent
whereas answers fromdeication 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 researoports (Figure6 and Figure7),
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Smart Grid _ Access to raw materials _
Restructuring - Smart Grid _
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Global technical harmonisation... - Improved charging/refuelling... _
Cybersecurity - Global regulatory dialogue -
Reducing CO2 emissions from... - Global technical harmonisation... -
Widespread charging/refuelling... . Cybersecurity .
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Figure8: Occurrence of DoC sutategories- 2020 Figure9: Occurrence of Do6ub-categories- 2021
desk research desk research

Comparing research analysis for each DoC-cségory, Figure 8 and Figure 9 show
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Reducing CO2 emissions from... _ Reducing CO2 emissions from... _
Access to raw materials _ Smart Grid _
Restructuring _ Global regulatory dialogue _
Electrification and green energy _ Restructuring _
Global regulatory dialogue _ Electrification and green energy _
Global technical harmonisation and... _ Improved charging/refuelling... _
Smart Grid _ Access to raw materials _
Cybersecurity _ Cybersecurity _
Widespread charging/refuelling... _ Global technical harmonisation and... _
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Figurell: Importance of DoC subategories- 2021
desk research

FigurelO: Importance of DoC subategories- 2020
desk research

When analying theimportanceof each sukcategory in both researateports (Figure10and
Figurelld) > A0 A& SOARSYOSR GKIFG GNBRdAzOAY3a / hu SY.
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Access to raw materials . Global regulatory dialogue -

Cybersecurity _ Restructuring -
Reducing CO2 emissions from... _ Electrification and green energy _
Global regulatory dialogue _ Improved charging/refuelling... _
Widespread charging/refuelling... _ Smart Grid _
smartcrd - | —

Restructuring _ Global technical harmonisation... _

Global technical harmonisation... _ Access to raw materials _

Electrification and green energy _ Reducing CO2 emissions from... _

2020 2025 2030 2035 2020 2025 2030 2035

Figurel3: Importance of DoC subategories- 2021
desk research

Figurel2: Importance of DoC subategories- 2020
desk research

Lastly,Figurel2 and Figurel3 analye and compare therrgencyof 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).

3.1.1 Legislation
One of the Drivers of Change is legislation as well, more information on these ¢ssubs

found in the project ALBATTS outputs, specifigalyclicking on the links below)

EU Framework

Battery Passport

Additional resources may be found in th®NNEX E: Relevant Resources on Battery

Legislation
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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 dependencendAsa, Australiaand the
American continents is very higAccording tothe lastEUraw materials criticality listrom
2020, 74% of all battery raw materials originate in China, Latin AmamckAfrica and this
trend is expected toproliferate with increagd European demand for expanding cell
production. Only aluminum, manganese, copper, aitkelare not listed as directly critical

for European supplgFigure14).1°
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

Figurel4 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, egfthing facilities) and a very high level
of recyclingt? 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.

10 Critical Raw Materials List 2020. Raw Materials Informatiore8ygin.d.). Retrieved November 28, 2021, from
https://rmis.jrc.ec.europa.eu/?page=criist-2020-294f6

1 European Commission, Joint Research Centre): Bobba, S., Carrara, S., Hui@slead), Mathieux, 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

12 Sustainable supply of raw materials from EU Sources. Internal Market, Industry, Entrepreneurship and SMEs. (n.d.) NRetiabed
28, 2021 from https://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 ad 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 Europan 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 substashdetls

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 arelonge, and plans for new mines are
controversialn the orecarrying 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 companiesrefineries,

etc., but there arecontacts with some companies in this sector and with Ea¥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 in the battery industr and probably the same kind of upskilling

13 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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needed elsewhere. Howevek. BATTS hasggestedhat EIT Raw Materiagsrange an expert
workshop together to map up the skills needs in this part of the value chaththey are

positivethereabout

WHITE-COLLAR
pa

PURCHASING ROLES IN GENERAL
CONTINUOUS IMPROYEMENTS TEAM ROLES

ROLES WITH METHODOLOGY DEVELOPMENT BLUEPRINT DATA SCIENTIST PRODUCTION CONTROL COORDINATOR
PURCHASING ROLES - RAW MATERIALS MATERIAL EXPERT/SCIENTIST
BLUE-COLLAR QUALITY CONTROL ENGINEER
PLANNER lgEASINRLEYa M szﬁgc?alﬁ] CTION ENGINEER MATERIALS DESIGNER
Al
OPERATOR C UPCTREAN SAFETY SPECIALITLocALZstioN sneciauist MATERIAL ENGINEER CATHODE

BATTERY LEAD COMMODITY DELIVERY ENGINEER
SUPPLY CHAIN MANAGER FOR RAW MATERIALS ELECTROLYTE ENGINEER

AUTOMATION / PROCESS OPERATOR

OPERATOR
MAINTENANCE PERSONNEL CELL MATERIAL ENGINEER PRODUCTION ENGINEER

METROLOGIST CLEAN ROOM MANAGER QUALITY ENGINEERS - GENERAL |SO INTERNAL AUDITOR

CELL MATERIALS ENGINEERING TECHNICIAN
INSTRUMENT TECHNICIAN  DOcuMeNT controL speciatist  CLEAN ROOM SPECIALISTMANUFACTURING ENGINEER, LI-ION ENGINEER

PURCHASING SPECIALIST

SENIOR PLANNER auaury Technician INSPECTION ENGINEER CONTROLS ENGINEER = QUALITY ENGINEER

COMPLIANCE ENGINEER LOGISTICS DEVELOPER  LOGISTICS BUSINESS ANALYsT INTERNAL LOGISTICS MANAGER

rurcuasina cooromator SAFETY MANAGER SENIOR CATHODE ENGINEER

fvalbatts S & PROCESSING

Figurel5: Raw Materials and Processingob Roles Analysis

Figurel5shows the occurrence analysis of the job roles for #he materials and processing.
Bluecollar workers observetiave expertise in:processand machineoperation; material
planning; calibration and instruments; material engineeringand othes. White-collar
workershaveexpertise inmaterial engineering (cathde, anodes, electrolytes); production
control; audits; inspections and quality; supply chain management; productiand othes.
In addition, @neric job roles are active incontinuous improvement; methodology

development; purchasing; logistics and otker
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RAW MATERIALS AND PROCESSING — SECTOR SPECIFIC COMPETENCE

Battery Material 19,98%

Lithium-ion Chemistry 17,46%

Characterization Techniques 10,16%
Cell Design 8,48%
Battery Components 7,89%
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Figure 16 represents selected, the most occurrirggcor-specific competence for raw

materials and processing

With the support of the o Alliance for Batteries Technology, Training and Skills ALBARTgect number 6126 7&PP1-20191-SEEPPKASSAB
* The European Commission's supportfoK § LINE RdzOG A2y 2F (KA A& Lzt A Ol6l2625y 67 il
does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi

Erasmus+ Programme -: b
of the European Union el Olyy2i 068 KStR NBaLRYAA3Gt Seiff@matioh godtaindziti®reis. KA OK YE& 68 YIRS 2



albatts >

Alliance for Batteries Technology, Training and Skills

RAW MATERIALS AND PROCESSING — CROSS-SECTORAL SPECIFIC COMPETENCE

Inspect Quality of Product / Sampling 6,96%
Product Quality Assurance 5,94%
Process Improvement
Analysis Methods 5,7%
Risk Management
Equipment and Tools Handling 4,65%
Safety Procedures 4,57%
Manufacturing Engineering
Equipment Maintenance 4,28%
Cost Estimates 4,21%
Requirements EWET
Manufacturing Methods/Procedures
Product Testing 3,44%
Optimisation Skills
Production Processes

Data Analysis/Science 3,06%
Environment Knowledge X
Analyse Test Data Skills
Audits s
Project Management 2,89%
Performance Prediction/Validation 2,86%
Supply/Material Planning 2,84%
Training Provision 2,79%
Lean Process
Automation
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Figurel7. Raw Materials and Processingrosssectoral Specific Competence

Figurel7 represents selected, the most occurringpsssectoral specificompetence for raw

materials and processing
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RAW MATERIALS AND PROCESSING — GENERIC TRANSVERSAL COMPETENCE
Computer Literacy / Office 15,17%

Reporting 14,3%

Health and Safety Standards 11,9%
Planning/Scheduling 11,24%
Written 10,43%
Customers/Stakeholders 10,21%
Documentation 9,72%
Strategy Development 4,09%

Meet Deadlines 4,04%

Coordination Skills 3,38%

Analytical 3,06%
Prioritisation Skills 1,53%

Administration

E
8
2
g

16%

Figurel8: Raw Materials and Processingseneric Transversal Competence

Figure 18 represents selected, the most occurriggneric transversatompetence for raw

materials and processing

RAW MATERIALS AND PROCESSING — ACADEMIC COMPETENCE
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Figure19: Raw Materials and Processingicademic Competence
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Figure19 represerns selected, the most occurrirgcademiccompetence for raw materials
and processing

RAW MATERIALS AND PROCESSING - SOFT COMPETENCE

Adaptation
6,55%

Leadership
2,88%

Presentation
5,46%

Learning
4,68%

Figure20: Raw Materials and Processingsoft Competence

Figure 20 represents selected, the most occurrisgft competence for raw materials and

processing
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Components and cell manufacturistepfollowsthe raw materials ad 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 futher below. Areas of interest covered are as follots

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.

TheLIN2 RdzOG A2y RSLI NIYSyYyd OFy ©6S RAGARSR Ayl?2
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 tak 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, pharmd, maper plants. The control
NE2Y 2LISNI G42NBRQ Gl aja AyOfdzRS Y2yAG2NRAy3

the machines' pressure, temperature, and speed.

1 Mainly based on the set of interviews done with the Northvolt, which is the signifisanrce of information
for the following section.
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2) d! R2 gy Pprodudidn ¥ection that involves the other production steps such as
electrode maufacturing, cell assembly (depending on battery desigmrismatic,

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

Significant parts of the production process (particularly until the cells are sealed) are
performed inclean and dry roomsn a dustproof and low humidity environmeimplying
considerable investment and operating costs.

Automated proceses, automatic material handling devices, AGVs (Automatic Guided
Vehicles), Big Data analytics, ahd loT are being emplogeto allow economies of scale,
optimize the processesand increase qualityyield,and throughput. Théevel of automation

in battery production carbe expectedto increase from the ramypip phase to thenaturity of a
factory.

In the increasingompetition among the battery producs, scalingof the production is highly
desirable as it can significantly reduce the investments and running costs.

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

and save considerable time and costs.

Future battery technologiesuch as solidtate posgly replacing LIB technology will have a
significant impact on some battery manufacturing processes and would require the possibility
of a flexible adaptation of the production line.

In the production department, tle white- (engineers, managers) and btaellar ratios

(technicians, operators) can be approximately2l@%- 80-90% (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 examep 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 maintenance parts of the lie should monitor themselves and predict when
interventionswill be needed. Considering starp companies, the importance of maintenance
personnel is especially significant when setting up all the machiloegithe production lines.
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The white and bluecollar ratios are approximately 580 (in Northvolt, for example).
Blue collars (mechanical technicians, electricians, instrument technjciang
warehouse technicians)
White collars (engineers: maintenance, mechanical, electrical, automation, industrial

etc. and managers in upstream/downstream production)

BLUE-COLLAR

SHIFT MANAGER UPSTREAM  DIRECT LINE INTERNSHIP

BATTERY ASSEMBLER
SENIOR ELECTRONICS ENGINEERING TECHNICIAN AUTOMATION/PROCESS OPERATOR

CLEANING TECHNICIAN

CALIBRATION TECHNICIAN  MACHINE OPERATOR AUTOMOTIVE BATTERY TECHNICIAN
ELECTRICIAN ASSEMBLER INSTRUMENT TECHNICIAN
BATTERY STACKER PROCESS OPERATOR UPSTREAM FACILITY TECHNICIAN

SHIFT MANAGER ENTRY LEVEL MANUFACTURING ASSOCIATE
MATERIAL PLANNER PRODUCTION ASSEMBLY OPERATOR

{valbatts "m

Figure21: Production and Maintenance Job Role AnalysisBlue-collar
Figure 21 shows the occurrence analysis of tiue-collar job roles forproduction and
maintenance, with the expertise in: battery assemlidyality; machine/process operation;

calibration;and othess.

15 Defintions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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PRODUCTION MANAGER DOWNSTREAM
FORMATION MAINTENANCE ENGINEER CELL MODULE ELECTRICAL ENGINEER FIELD SERVICE ENGINEER (MICROGRIDS & BEES)

UPSTREAM PRODUCTION ENGINEER

SR. CATHODE ENGINEER TEST AUTOMATION ENGINEER TOP CAP ENGINEER
CELL MODULE MECHANICAL ENGINEER o\ pprpain/paTTERY DEVELOPMENT SOFTWARE/MODELING ENGINEER LEAD EQUIPMENT ENGINEER

MATERIAL ENGINEER CATHODE INVENTORY TEAM SPECIALIST
MECHANICAL CELL DESIGN ENGINEER

ENERGY ENGINEERING TECHNIcian  ELECTRICAL ENGINEER (PV) PRODUCTION CONTROL COORDINATOR
ELECTRICAL ENGINEER HYBRID VEHICLES AUTOMATION ENGINEER  BATTERY ENGINEER

ceLL MECHANICAL ENGINEER ENGINEERING TECHNICULNPRODUCTION ENGINEER
MECHANICAL BATTERY DESIGN ENGINEER DEVELOPMENT ENGINEER - HIGH-VOLTAGE STORAGE COMPONENTS

PROCESS & TEST ENGINEER - BATTERY TECHNOLOGY

BATTERY DESIGN SENIOR CELL TEST ENGINEER ELECTROLYTE ENGINEER

LEAN MANUFACTURING ENGINEER ~ BATTERY REPAIRENCINEER  BATTERY MATERIALS ENGINEER

BATTERY MATERIALS ENGINEER HIGH DENSITY ANODES CELL ENGINEER  StNIOR ELECTRIC DISTRIBUTION SYSTEMS & CHARGING c ONTROLS ENGINEER

ELECTRICAL ENGINEER - EV BATTERY DEV. CELL SIMULATION ENGINEER PRODUCTION MANAGER CELL ASSEMBLY

PRODUCT MANAGER CELL ASSEMBLY BATTERY CELL DEVELOPER - ENERGY FUNCTIONS ENERGY ENGINEER ELECTRICAL ENGINEER (BMS)
SENIOR BATTERY SYSTEMS ENGINEER - INNOYATION CELL MODULE SIMULATION ENGINEER

CELL ASSEMBLY PROCESS ENGINEER SENIOR/STAFF BATTERY ENGINEER
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Figure22: Production and Maintenance Job Role AnalysisWhite -collar

Figure 22 shows the occurrencanalysisof the white-collar job roles forproduction and

maintenance

PRODUCTION AND MAINTENANCE - SECTOR SPECIFIC COMPETENCE

Lithium-ion Chemistry 11,02%
Battery Components 10,59%
Battery Material 9,75%
Batery Design 8,9%
Cell Design 8,05%
Characterization Techniques 6,78%
Battery Chemistry 6,78%
Battery System 6,36%
BMS 4,66%
Battery Fluids 3,81%
Vehicle Battery Systems 3,81%
Cell Assembly Methods 3,39%
Battery Dismantle 2,54%
Assemble Batteries 2,54%
Battery Charge/Discharge 2,54%
Battery Industry 2,54%
Electrolyte Development 1,69%
Battery Repair 1,27%
Battery Formation
Cell Structure
Electrolyte Formulation [U
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Figure23: Production and Maintenance SectorSpecificCompetence

Figure23represents selected, the most occurriagctorspecific competence fquroduction

and maintenance
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PRODUCTION AND MAINTENANCE - CROSS-SECTORAL SPECIFIC COMPETENCE

Inspect Quality of Product / Sampling 11,03%
Process Improvement 9,35%
Product Testing 9,11%
Analyse Test Data 6,95%
Product Design 6,95%
Optimisation 6,24%
Equipment Maintenance 5,76%
Requirements Engineering 5,76%
Cost Estimates 5,28%
Equipment and Tools Handling 5,28%
Develop/Ensure Comformity to Specification 5,04%
Supervising 4,8%
Training Provision 4,08%

3,36%

£
H

Models
Remove Defective Products 2,88%
2,4%

‘Gap/Failure Analysis 2,4%

o
>
o
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12%

Figure24: Production and Maintenance Crosssectoral Specific Competence

Figure24 represents selected, the most occurring creegstoral competence for production

and maintenance

With the support of the N Alliance for Batteries Technology, Training and Skills ALBARTigect number 61267&PP1-20191-SEEPPKABSAB

Erasmus+ Programme T The European Commission's supportfoK S LINBE RdzOG A2y 2F (KA A& Llzoft A Ol6laessy 75 il
f the E 9 Uni e does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi

or the European Union Obyy2i 0S5 KSEtR NBALRYA&A30f Seiff@mition gobtaindzitiferein. KA OK YF& 08 YFRS 2

* 4



albatts >

Alliance for Batteries Technology, Training and Skills

PRODUCTION AND MAINTENANCE - GENERIC TRANSVERSAL COMPETENCE
Health and Safety Standards 14,84%
Reporting 14,45%
Documentation 13,28%
Customers/Stakeholders 12,89%
Written Skills 10,16%
Computer Literacy 9,77%
Meet Deadlines 8,2%
Planning/Scheduling 7,81%
Analytical
Strategy Development 2,73%

Coordination 2,34%

12% 16%

o
ES
a8
ES
2

Figure25: Production and Maintenance Generic Transversal Competence

Figure 25 represents selected, the most occurrirgeneric transversatompetence for

production and maintenance
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PRODUCTION AND MAINTENANCE - ACADEMIC COMPETENCE

16%

12%

8%

4%

Figure26: Production and Maintenance Academic Competence

Figure26 represents selected the most occurriagademiccompetence for production and
maintenance:chemistry; mechanical engineering; electrical eegirng; electrochemistry;

and othes.

Alliance for Batteries Technology, Training and Skills ALBARTgect number 6126 7&PP1-20191-SEEPPKASSAB
The European Commission's supportfoK S LINBE RdzOG A2y 2F (KA A& Llzoft A Ol6laessy 77 il
does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi

Olyy2i 068 KSftR NBALRYAA3Of Seiffdration gobtaindzhittierein. KA OK Yl & 088 YIRS 2

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




Tualbatts (=

Alliance for Batteries Technology, Training and Skills

PRODUCTION AND MAINTENANCE - SOFT COMPETENCE

Interpersonal
4%

Presentation
4%
Leadership
5%

Learning
5%

Adaptation
8%

Communication
22%

Teamwork
30%

Problem Solving
23%

Figure27: Production and Maintenance Soft Competence

Figure 27 represents selected, the most occurrirsgpft competence for production and

maintenance

5.2 LOGISTICS

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

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, @G&tprint for battery cell

production mustbe reduced to more acceptable levels by optinmng
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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 naterial 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 £f0otprint to only 20% of present cell production

CQ levels by mainstream Asian cell manufacturers by 2030.

Inbound logistics:A cell gigafactory needs considerable volumes of raw materials and other

supplies every day.The production scale also means th&tdrbances 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 prditinc and warehousing locations from
SaaSydAlf adzZJJ ASNAR® ¢ KA an-GMar Sk RMAAIE NS yOK | A LIL

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

Outbound logisticsAs inthe example from Nrthvolt, 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 spplies is about double the outbound product volumes. The main

OGN yaLR2NIa oAff 0S o0& NIAftgle 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 2R S@SNER Rl & 4 (GKS eNIh&d2ft i

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

16 Environmental Impact Statemerifeknisk beskrivning Northvolt Ett G 1 1 F R Fyf NIIy Ay 3 T Ninjdnbaevid | | t A 3 LINR
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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For international logistics planningexpertise is needed and can be outsourced or be done in
house, but control over the environmental and ecomo 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 Northvolt have two new LPG

driven special RRO ships.

Inhouse logisticsEuropean cell gigafactories will be highly automatadludingas expected

internal factory logistics. In an Industry 4.0 environment, mactvaies are coordinated by

the generateddata streamdgrom the production. The distributionfanaterials for replenishing
machines with input materials will often be done by the machines ordering the material
themselves. Electric drivédess trucks willun and charge themselves by inductive charging
and find their wayaround with sensors and augmted 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 to travel
back and forth with inputaterials one way and batteries on the return.

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

to the next stage of production is automated.

Recycling logisticsAn essentialsourceof new battery materials wilbe 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 arrangememis, dedicated
containers!® Fires caused by shecircuiting thermal runaways are not uncommon in the

collection of batteries for recycling.

"BatteryBits. (2021, November 18). Battery Manufacturing Basics from catl's cell production line (part 1). Medium. Rétrievelder 24,
2021, fromhttps://medium.com/batterybits/batterymanufacturingbasicsfrom-catlsceltproductionline-part-1-d6bb6aa0b499
BpSga OKFG ¢AdK t S S NBttpsl/ihirad. senkEl/ndotiy OV @he fcirl§an-blir-deden-ny-fabrik-i-umeahar-
kan-du-lasachattenri-efterhand/jv91k7ylAccessed on 24.11.2021

19 Container for lithiurdion batteries DENIOS. DENIOS. (n.d.). Retrieved November 28, 2024t firmmwww.denios.co.uk/shop/cleaning
and-waste-disposal/containeifor-lithium-ion-batteries/.
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The work with logistics will be demanding, governed by environmental regulations and

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

BLUE-COLLAR WHITE-COLLAR
BATTERY CELL CONDITIONING PROCESS DEVELOPMENT EXPERT

INTERN

LOGISTICS DEVELOPER TEST AUTOMATION ENGINEER oo o DINATOR
CATEGORY MANAGER
AUTOMATION/PROCESS OPERATOR
PLANNER S5 s aman
PURCHASING SPECIALIST
PURCHASING ROLES IN GENERAL
PURCHASING ROLES-RAW MATERIALS ENERGY STORAGE PRINCIPAL ENGINEER  LOGISTICS BUSINESS aNaLYST
PURCHASING ROLES-EQUIPMENT LOCALIZATION SPECIALIST

LOGISTICS EXPERT
BATTERY MATERIALS ENGINEER

Walbatts ASING |
Figure28: Logisticsand Purchasing Job Role Analysis
Figure28 shows the occurrence analysis of the job roles for the logistics-d&ill&r 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 engineering; andsotBeneric

job roles are active irpurchasing and other

20 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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LOGISTICS AND PURCHASING - SECTOR SPECIFIC COMPETENCE

Battery Material 34,78%
Lithium-ion Chemistry

Volume Production

Battery Chemistry 10,87%

Battery Components

Battery Fluids

Battery System

Battery Industry

10% 20% 30% 40%

Figure29: Logisticsand Purchasing SectorSpecific Competence

Figure29represents selected, the most occurrisgctorspecific comptence for logistics
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LOGISTICS AND PURCHASING - CROSS-SECTORAL SPECIFIC COMPETENCE

Process Improvement 5,57%
Inspect Quality of Product / Sampling 4,99%
Automation 4,69%
Market Requirements 4,4%
Manufacturing Engineering
Analysis Methods 3,81%
Logistics 3,81%
Lean Process
Optimization 3,23%
Requirements Engineering
Supply/Material Planning
Cost Estimates
Material Operation and Planning
Product Quality Assurance

Safety Procedures
Product Testing 2,60%
Analyse Test Data [ EETY
Eqgipment and Tools Handling [ £
Equipment Maintenance e EED
Kaizen I ESTY
Maintenance Processes [ EETY
Production Procedures [ =D
Project Management [IEEED
Risk Management [ EETD
Supervising [T EED
Develop/Ensure Conformity to Specification IR 1
ss I
Inventory Management [ 51
Six Sigma
Audits
Manufacturing Methods/Procedures
Data Analysis [N
Product Design
Business
Legislation 1,47%
Models
Purchasing
0% 1,5% 3% 4,5% 6%

Figure30: Logisticsand Purchasing Crosssectoral Specific Competence

Figure 30 represents selected, the most occurrimgosssectoral specificompetence for

logistics
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LOGISTICS AND PURCHASING - CROSS-SECTORAL SPECIFIC COMPETENCE

Process Improvement 5,57%
Inspect Quality of Product / Sampling 4,99%
Automation 4,69%
Market Requirements 4,4%
Manufacturing Engineering
Analysis Methods 3,81%
Logistics 3,81%
Lean Process
Optimization 3,23%
Requirements Engineering
Supply/Material Planning
Cost Estimates
Material Operation and Planning
Product Quality Assurance

Safety Procedures
Product Testing 2,60%
Analyse Test Data [ EETY
Eqgipment and Tools Handling [ £
Equipment Maintenance e EED
Kaizen I ESTY
Maintenance Processes [ EETY
Production Procedures [ =D
Project Management [IEEED
Risk Management [ EETD
Supervising [T EED
Develop/Ensure Conformity to Specification IR 1
ss I
Inventory Management [ 51
Six Sigma
Audits
Manufacturing Methods/Procedures
Data Analysis [N
Product Design
Business
Legislation 1,47%
Models
Purchasing
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Figure31: Logisticsand Purchasing Generic Transversal Competence

Figure 31 represents selected, the most occurrirgeneric transversatompetence for

logistics
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LOGISTICS AND PURCHASING - ACADEMIC COMPETENCE
22%

16,5%

11%

5,5%

0%

Figure32: Logisticsand Purchasing Academic Competence

Figure32represents selected, the most occurriagademiacompetence for logistics
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LOGISTICS AND PURCHASING - SOFT COMPETENCE

Physical
2%
Interpersonal
4%
Learning

B Problem Solving/Troubleshoo
Presentation 24%
6%

Leadership
7%

Communication
24%

Teamwork
20%

Figure33: Logisticsand Purchasing Soft Competence

Figure33represents selected, the most occurriagft competence for logistics

Skills related to automated transport and logistic planning will be in high denmamd,
knowledge on handling hazardogsods, especially in recycling. The job roles incladely
white-collar positions such dsgistics developers, logistics business analysiisd those who
G2N] BAGK O2YLIX ALYy OS gA0K f23radtradad alye
computer sciace, and similar.Bluecollar workers are needed in positions asaterial

handlers, forklift and truck drivers, warehouse techniciaretc.
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The development is expected to bring such skill needarakerstanding automatic flow,

automatically guided vehicls, warehouse automatization, 10T, Industry 4.6tc.

Quality asped can be approached from different perspectivéhis section describes the

guality 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 nclude Quality Control, Construction Quality, Quality Postproduction, Customer

Quality??, Continuous Improvement Teath

The Quality Management Systems, QMS, in a Gigafactory require many specialists who have
responsibilities that might involve
development and improvement of a Quality Control Plan fdohibatteries production
execution of PFMERrocess Failure Mode Effects Analysis and-higihareas elimination
monitoring of quality data usingtatistical process control to identify gaps in the assembly
process
creation and updating of Pareto charts to identify and quantify quality issues
troubleshooting and root causin@.g, 8D)

providing support for successful implementation of standards@mtinuouscertification

Continuous Improvement Methodologies The goal of an internal audit is to ensure that

records are in place to confirm complianeath the processes and to find problems and

21 Northvolt. Customer Quality Engineer: Northvolt. Jobylon. Retrieved June 14, 202htfpeniemp.jobylon.com/jobs/19142northvolt-
customerquality-engineer/.
22 Northvolt interview, 28.5. 2021

With the support of the o Alliance for Batteries Technology, Training and Skills -ALEgAHfmfﬁect number 6126 7EPP1-20191-SEEPPKABSAB
Erasmus+ Programme :' ': The European Commission's supportfoK S LINER RdzOiG A2y 2F GKA A& Llzot A Ol6l26ssy

fthe E Uni * does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi o
of the European Union * Obyyz2i 068 KStR NBALI2Y&A30( Seiffamatioh gobtaindzitifereis. KA OK YF& 08 YIRS


https://emp.jobylon.com/jobs/19142-northvolt-customer-quality-engineer/
https://emp.jobylon.com/jobs/19142-northvolt-customer-quality-engineer/

falbatts (=

Alliance for Batteries Technology, Training and Skills

weaknesses that would otherwise stay hidd&émMany Gigafactories use several types of QMS
such as the following one3(M (Total Quality ManagemehtKaizen, PDSAlan, 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 theffsséructure in the

overall quality function in Gigafactes in this subchapter.

The quality team consists of engineers and technicians. The engieses normally
experienced personnelwith EB.2 NJ Y| 4G SND& RSIANBS SRdzOlorii A 2 y I f§
in such job roles aQuality Control Engineers, Analytical Chemists, Technical Writers,
Customer Quality Engineerand Supplier Quality Engineers

Technicians often come from educational backgrounds of high school or vocational levels.
They perform gality 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 rhed 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)

Quality engineergwith battery backgrounds)

The future staff developmentthe personnel neeslto stay on track and upskill themselves

alongwith the development of battery technology. This implies continuous intelifedbng
learning Furthermore, with the new technologies and increasing production volumes, there
is a need tanvestigateautomated systemsand material flows andin 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

23 What is the ISO 9001 standard? A straightforward overview. 9001Academy. (2021, November 8). Retrieved NoverdBgr 26(m2
https://advisera.com/9001academy/whét-iso-9001/.
24 Northvolt interview, 28.05. 2021
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(thousands). Consequently, technology is needed to help tress the vast volumes of

samples and stay scalable.

GENERIC WHITE-COLLA
:I GENERAL QUALITY ROLE WHITE-COLLAR

CUSTOMER QUALITY TEAM ROLES
CONSTRUCTION QUALITY TEAM ROLES QUALITY ENGINEER

ROLES WITH METROLOGY DEVELOPMENT RESEARCHER

QUALITY MANAGEMENT SYSTEM TEAM ROLES SUPPLIER QUALITY ENGINEER BATTERY MATERIALS ENGINEER

QUALITY POSTPRODUCTION TEAM ROLES SAFETY MANAGER

CONTINUOUS IMPROYEMENTS TEAM ROLES

QUALITY CONTROL TEAM ROLES BATTERY REPAIR ENGINEER

ELECTRICAL/BATTERY STORAGE INSPECTOR
BLUECOLLAR MECHANICAL SUPERVISOR
AUTOMOTIVE SAFETY PERFORMANCE ENGINEER THERMAL HYBRID BATTERY SIMULATION MASTERAND
TECHNICAL PRODUCT MANAGER

QUALITY TECHNICIAN POWER ELECTRONICS HIGH POWER CHARGING INTERN

ELECTRIC VEHICLE POWERTRAIN TEST ENGINEER
ANALYTICAL CHEMIST ISO INTERNAL AUDITOR
INDUSTRIAL CLEANER CLEANROOM SPECIALIST CLEANROOM MANAGER
CALIBRATION TECHNICIAN CUSTOMER QUALITY ENGINEER
TECHNICAL WRITER FUNCTIONAL SAFETY ENGINEER QUALITY ENGINEERS - GENERAL
DOCUMENT CONTROL SPECIALIST BATTERY DESIGN SENIOR
QUALITY PLANNER BATTERY ASSEMBLER PRODUCT MANAGER E-DRIVE & CHARGING PROCESS ENGINEER

fralbatts QUALITY

Figure34: Quality - Job Role Analysis
Figure34 shows the occurrence analysis of the job roles for gneality. Bluecollar workers
observed are having expertise itesting; automation and process operatioguality;
calibration; documentontrol; battery analysis; and otherWhite-collar workers are having
expertise in:testing; test automation; automation; quality; process improvement and
engineering; simulation; audits; and ottserGeneric job roles are active igeneral roles

different types of quality.

25 Definitions and methodlogy are described in the methodology section, this is covering degelopment of
the analysis within this chapter.
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Figure35: Quality - Crosssectoral Specific Competence

Figure 35 represents selected, the most occurrimgosssectoral specificompetence for

quality.

Figure36: Quality - Generic Transversal Competence

Figure36 represents selected, the most occurriggneric transversalompetence foquality.
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