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This deliverable represents tlsecondversion of theSectoral kills Srategy andintelligence
based on the gathered information throughout the fitsiree years of theproject ALBATTS
(schematically represented ifigure 1). Until 2023 this information will be updated in
subsequent third final release following feedback received new findings and
recommendations stemming from differerALBATTS activities, such as desk research

webinars and other stakeholder interactions.

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

rationales,and ALBATTS actioas example actionare specifiedl

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

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

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

The following was updated in the second release of the report:
- Information on the ALBATTS stakeholdetwwk;
- Report structure was simplified practical recommendations were moved to the
sectoral intelligence part;
- Updated methodology;
- Updated Sectoral Key Stepsmd Sectoral Skills Strategy with ALBATTS actions as

example implementation as well as with rationales.
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- Data on needed job roles and skills needs were updateighlighted concepts based

on the workshops;

- Revision of the whole document.

SECTORAL SKILLS INTELLIGENCE AND STRATEGY C

W~ 4
Sectoral Skills Strategy

SECTORAL DEVELOPMENT, SECTORAL INTELLIGENCE AND SECTORAL SKILLS'AND
COOPERATION AND NETWORKING RESOURCE HUB WORKFORCE NEEDS

SECTORAL TRAINING OFFER AND NORMALISATION AND
DELIVERY STANDARDISATION OF CONCEPTS FUNULIG OPRUITUIITIES

ACTIONS RATIONALE EXAMPLE IMPLEMENTATION TARGET GROUPS ' TIMEFRAME ALBATTS ACTIONS

T ——

Sectoral Skills Intelligence

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

SKILLS AGENDA
COMPETENCE JOB ROLES

SOFT ACADEMIC TRANSVERSAL
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Figurel: Overall Sectoral Skills Intelligence and Strategy Concept
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This document representthe secondrelease of thesectoral Xills Srategy and Intelligence
and provideghe strategic steps to béaken by the sectoralstakeholders to improve the re

/up-skilling within the emerging European battery sector.

Battery production is scaling up rapidtythe sectoris moving from battery plants with
acapacity of 4.0 GWh/yto up to 40 GWhl/y or even 80 GWh/y. Producing moaétdries in

each plant results in much higher efficiendye demand is mainboosted by theneeds ofe-
mobility. It is also generating increased demanoim numerous other companies the value

chain encouraging efforts to establish and convarbduction capacities, and creating a need

for a supply of battery components arsgrvices such as maintenance, among other thing
This transition of the whole ecosystem is influenced, not only, by several major trends, such
as: Green Transition and sustability, digitalisation, new business models, or resiliency of the

value-chains and industdy

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

systems for ITtelecommunicationsor others.

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

(partnership and sectoral stakeholdensjth its analyses andecommendations come into

play.

! DirectorateGeneral for Internal Policies of the Union (European Parliament), Brown, Flickenschild, Mazzi,
Gasparotti, Panagiotidou, Dingemanse, Bratzel. (2021, October 21). The future of the EU automotive sector.
RetrievedNovember 20 2022, fromhttps://op.europa.eu/en/publicationdetail/-/publication/56ff324032e4
1lechd8e0laa75ed71al/languagen
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Project ALBATT@\lliance for Batteries Technology, Training and $kés a blueprint for
sectoral cooperation on skills the battery sector lasting fofour years from 2019 to 2023
with 20 full partners from 10 European counsj@ims tocontribute to the electrification of
transport, greerenergy,and environmental goals in Europe by gathering demand and supply

sides of competences in the battery value chain.

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

from cell production to battery systems in stationary and mobile applications

Project ALBATT®iithin the three first years ofimplementation attracted 414 registered
sectoral stakeholders and higher multiplying number of people interested to follow its
activities and by thatontributing to the overall awareness of skills development in the
European battery sectofn addition projectstakeholdershave registred to receiveregular
newsletteiswith news from the sectonp-to-date, state-of-the-art results of the projegtand
invitations to webinarsto discuss current topics of the vep-skilling within the sector.
Metrics and other information about the project stakeholders can be foundNNEXB:

Stakeholder Metrics geographical metrics are visiblehkigure2.

The European Commission support for the production of thiblication does not constitute an endorsement of the
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Figure2: Project ALBATTS Stakeholders
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Gigawatt hour per year
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European Regional Development Fund

Enterprise Resource Planning

European Skills/Competence, Qualificatipausd Occupations
European Social Fund+

European Social Fund+ and Etdgramme for Employment and Social Innovation
The European Technology and Innovation Platform
European Tyre and Rubber Manufacturers Association
European Union

Electric Vehicle
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Higher Education
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Information Communication Technology

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

This document providesthe secondversion of a Sectoral ills Srategy and an overall
summary of theSectoral Intelligencegathered. 1 is based onthree streams of information,
where different toolsare used: (1) desk researcf) online survey andualitative personal
interviews; and (3) workshops. These three streams cover topics of sectoral intelligence that
were defined adollows: (1) stakeholders; (2) technologies; (3) drivers of change; (4) skills,
competendes, and job roles; (5) sector attractiveness; (6) education and training; (7) training
delivery and methods. For eagihase of thevalue chain within the battery seat, all tools

were used to gather valuable information regarding the defined topics

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

Sectoral Skills Strategy
Sectoral Skills Intelligence
Sectoral Skills Strategjocuses on the provision of strategarctionsto boost the skills

development of the European battery sectéys a result, thdollowing have beendentified

(Figure3):
ACTIONS WITH THE GOAL OF BOOSTING THE B N > ([ ACTIONS TO UNIFY THE SKILLS AND
DEVELOPMENT, COOPERATION AND 4 OF CONCEPTS JOB ROLES CONCEPTS AND ALIGN
NETWORKING BY BRINGING VARIOUS COLLECTIVELY ON THE NORMALISED:
STAKEHOLDERS AND ENTITIES INTO SKILLS AND FORMAT AND TAXONOMY.
COLLECTIVE DISCUSSIONS ENCOURAGING THE SECTORAL
COOPERATION ON SKILLS RELATED ISSUES. DEVELOPMENT SECTORAL

COOPERATION TRAINING OFFER
AND NETWORKING AND DELIVERY

y. [ ACTIONS WITH GOALS TO IDENTIFY,
ACTIONS TO SATISFY THE NEEDS IN ._Iil ‘al b a‘L‘t = ANALYSE AND DEVELOP TRAINING
TERMS OF SKILLS AND WORKFORCE, aidiio OFFER BASED ON THE SECTORAL
HOWTO IDENTIFY CORRECT NEEDS, NEEDS AND HOW THIS SHOULD BE
COOPERATE AND PROVIDE CONCRET SECTORAL DELIVERED.

STEPS. SKILLS AND

WORKFORCE

NEEDS

FUNDING
OPPORTUNITIES

ACTIONS TO PROVIDE INFORMATION
ON THE FUNDING OPPORTUNITIES IN
ORDER TO IMPLEMENT PROJECTS
NEEDED AND PROMOTE

ACTIONS TO CONTINUQUSLY PROVIDE
UPDATED INTELLIGENCE AND OTHER
MATERIALS THAT ARE WIDELY ACCESSIBLE

TO RELEVANT RECIPIENTS. COOPERATION WITHIN THE SECTOR.
Figure3: Visualisation of Main Areas of General Strategic Steps
With the support of the " The European Commission support for the production of fhiblication does not constitute an endorsement of the

* contents which reflects the views only of the authors, and the Commission cannot be held responsible for any use wi 13

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

of the European Union Ui

* ¥




Tnalbatts (=

Alliance for Batteries Technology, Training and Skills

Eachaction, in addition, contains information on:

@ Target Groups
target groupsthat should be active within this action

TARGET

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

ecosystem SCOpeAll target groups below.

Description:Actions and recommendatiaare relevant for industrial

stakeholders
ScopeEnterprisesricro, SMEs, LargeSectoral Associati@ Technology

INDUSTRY L.
Centresand similar.

Description:Actions and recommendati@are relevant for training

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

areas includingacademia, industry, or othesubjects.

Description:Actions and recommendatiarare relevant for academia

’I ScopeEntities active itthe definition of curricula, teachingr training

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

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

POLICY
MAKERS

el Description:Actions and recommendati@are relevant for European

* *
*

* 5 K

commission  Scope:European Commission and related entities

Commission that should be involved.

With the support of the N The European Commission support for the production of fhiblication does not constitute an endorsement of the
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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.

mElbatts
ACTIONS

ALBATTS Action

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

Provided as an example action

vi

ENDORSING

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

improvement of the situation of considered areas of interest.

((:4

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

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

4oy

PARTICIPATING/
IMPLEMENTING

Description:the project is practically involved in the improvement or
implementation of changes aertaintopics and works towards the
improvement, this could be 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 approaeh or strategesare being analyed.

This can be reflected in th&oject outputs.

4

NOT IN SCOPE

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

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

With the support of the
Erasmus+ Programme
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Sectoral Skills Intelligengerovides insights into the statef-the-art and skills/job roles needs
of the specific areas of interest/trends identified and described abdweery area of
interest/trend is described fronthe perspective of thescope skills agenda and practical
recommendations and considerationas defined below:

Scope Descriptiondefinition of area borders; description of activities and processes

within the areg and overall description.

Skills Agendadata analysis of skills needs and demanded job roles/profileschas

the job advertisementsind other informationcollected:

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

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

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

o Target Groupsexamples ofpecific target groups that are influenced within

these areas of interest.
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MAINTENANCE

MOBILE
BATTERY
APPLICATIONS

Figure4: Visualisation of the Main Areas of Interest

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

o Does not contain skills agenda

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

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

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

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

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

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

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

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

during theworkshop, survey, or interview is accounted in the quantitative analysis by
highlighting the concept in the charts or results.

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

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

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

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

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

The secondreleaseof a

A) Sectoral Skills Strategy

Proposalson how to approach the Re/Up -skilling

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

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

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

provided as wellThe gaphicvisualisatiorof the key steps is visiblén Figure5:

NORMALISATION
AND STANDARDISATION
OF CONCEPTS

SECTORAL
DEVELOPMENT SECTORAL
COOPERATION TRAINING OFFER
AND NETWORKING AND DELIVERY

fralpatts

A or Batberas Tachnoicgy. Traneg

SECTORAL
SKILLS AND
WORKFORCE

NEEDS
FUNDING

OPPORTUNITIES

SECTORAL
INTELLIGENCE AND
RESOURCE HUB

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

methodolog/ section

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

needs to bestrengthened

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

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

&

ENDORSING

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

sector and beyond

gj 1.1.2 Overall Cooperation

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

universities, VET provides, industry, companjesgions, municipalities, social partnergnd other
subjects need to bestrengthened and implemented via PfS lge scale partnership, such

Automotive Skills Alliance.
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Rationale:to improve the linkage between the groups to boost the work on common topics not

within the skills agenda.

© C

WHOLE
TARGET ECOSYSTEM

1

TIMEFRAME CONTINUOUS

-mElbatts l«i
ACTIONS

ENDORSING

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

focus on skills agenda in the automotirebility sector and beyond.

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

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

skilled newcomers into the industry as well as better cooperation within theldiglearning
programmes development which may heplied within the private sector (ugkilling or reskilling on
the job).

© 2 b

TARGET INDUSTRY ACADEMIA

u.:.

TIMEFRAME CONTINUOUS

M

ENDORSING

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

academic and industrial stakeholders can network and cooperate further on diff

With the support of the " The European Commission support for the production of fhiblication does not constitute an endorsement of the
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issues, this is also connected to the direct involvement irAtlimotive Skills Allianc
(ASA), where battgrtopics are being discussed with broader partnership, mainly

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

@ 114

Sector Attractiveness

There is a need to boost and foster the sector attractiveness

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

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

TARGET

TIMEFRAME

C

HOLE
ECOSYSTEM

CONTINUOUS

&

ENDORSING

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

consortium.

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

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

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

currents trends impact on the employment.

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

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

of future trends.

D3.10
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©

WHOLE
TARGET ECOSYSTEM
u.-.
e
TIMEFRAME CONTINUOUS

@q {*‘7
wRLaSes ARTIEATINE

Project ALBATTS iisiplementing an overall roadmap and strategy for the sk
development in the European battery sector (Sectoral Skills Intelligence and Stre
this also include overview of thiepact of various trends on the employment as w

asfuture scenarios

gj 1.1.6 Projects and initiatives

There is a need to boost, integrate, endorse and implement results and findings of the pro
supporting the development of the European battery ecosystem and other issues related to the
andcompetence shortage or skills agenda development, such as (1) European Battery Alliance; (
European Skills Agenda and Pact for Skills; (3) Automotive Skill Alli§A&A) including relevant
Blueprint Projects; 4) European Battery Innovatioq IPCEland other.

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

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

© C

HOLE
TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS URGENT

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS psirticipating and cooperating on the skills development iss
within different European Initiatives, such as ABle ASA has a strategic partners

collaboration withthe European Battery Alliance Academy since November.2022
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gj 1.1.7 Information Sharing

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

European battery ecosystem.

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

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

©

WHOLE
TARGET ECOSYSTEM
(R
TIMEFRAME CONTINUOUS URGENT

on B K% 1 ‘@J‘

PARTICIPATING/
ENDORSING IMPLEMENTING

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

discussions on an overall level.

Ej 1.1.8 Mobili zation of experts

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

mobilizedincluding foreign experts bringinghuch-needed knowhow and experience

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

and development.

© P B =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
(< /_\
TIMEFRAME URGENT

mEBlbatts l“l
ACTIONS

ENDORSING
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Project ALBATTSasadorsingthis action by raising awareness of these issues w

various outputs and events that are being organized.

gj 1.1.9 Future Scenarios

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

developed

Rationale:so the employers may benefit from the knowledge when onboarding new workforce|

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

©

WHOLE
TARGET ECOSYSTEM
(<
TIMEFRAME CONTINUOUS

-mEbatts
ACTIONS,

ANALYSING

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

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

methodology section.

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

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

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

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

TARGET ECOSYSTEM

W o

TIMEFRAME CONTINUOUS

& by

PARTICIPATING/
ENDORSING IMPLEMENTING

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

beingendorsedon the overall level.

Eﬁ 1.2.2 Continuous Update

Sectoral intelligenceneedsto be continuously updated.

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

current trends.

© C

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

PARTICIPATING/
ENDORSING IMPLEMENTING

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

overall level.

E%E 1.2.3 Open Discussion

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

needs to be establishedith different stakeholders and experts involved.

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

TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS
D w
ENDORSING TRPLEMERTING

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

this, the open discussion is beiagdorsed

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

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

Rationale:so the goodpractices may be followed, which leads to improved sectoral developme

skills.
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WHOLE
TARGET ECOSYSTEM
@I.Ill-
ese
TIMEFRAME CONTINUOUS

& oy

PARTICIPATING/
ENDORSING IMPLEMENTING

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

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

methodology section.

£
QX 131 Skills and Workforce Shortage

—

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

geographical national, regional, and localevel; (2) relevant proficiency EQF38; (3) valuechaing

from raw materials mining and processing to recycling. All types of competesicneed to be
addressed: (1) soft; (2) transversal; (3) cresectoral specific; (45ectorspecific orjob-specific; 6)

green and digital;

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

© C

TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS
ENDORSING ANALYSING

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

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

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

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

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
TIMEFRAME CONTINUOUS URGENT
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-mEbatts
ACTIONS,

& Q

ENDORSING ANALYSING

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

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

Alliance after the project end.

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

—

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

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

importance.

Rationale:so the right training offer may be developed.

© £ g e

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

mEBlbatts |¢|
ACTIONS

ENDORSING ANALYSING

Project ALBATTS @nalyzing stressing, andendorsing the importance of new

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

within the project outputs.

QX 134 New Battery Applications Competences

New competenees concerning forthcoming battery applications need to bentinuously identified

and considered; mobile, stationary, and other.

Rationale:so the right training offer may be developed.

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

methodology section.

f=l

aaa 141 Continuous Update

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

sectoral needf industry.

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

current trends.

© Ol =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
u.:-

ﬂ 9
TIMEFRAME CONTINUOUS URGENT

i

PARTICIPATING/
IMPLEMENTING

Project ALBATTS isiplementing training modules, which will be continuous

updated based on sectoral needs.

f=l

ada 1472 Modular Training
There is a need to develop ufp-date modular training, individual modulesand units based on thq

sectoral needf industry and on micrelearning

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

groups.

é ."
TARGET INDUSTRY PROVIDERS ACADEMIA
Hl!-
TIMEFRAME CONTINUOUS URGENT
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PARTICIPATING/
IMPLEMENTING ANALYSING

-mEbatts
ACTIONS,

Project ALBATTSimplementing training modules based on modular concepts ¢

analyzingthe best possible solutions for their delivery.

asa 143 Curricula
Curricula need to be updatedHigher Education, VET, apprenticeships, internships, lifelong learn

and others.

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

© £ g =

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
.-.-.:-

ﬁ 9
TIMEFRAME CONTINUOUS URGENT

{iElbatts @ Q
ACTIONS

PARTICIPATING/
IMPLEMENTING ANALYSING

Project ALBATTS #&nalyzing and implementing needed changes in curricula

facilitate the European battery ecosystem needs.

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

assessable competence units based on ECTS and HE€MEiples with learning outcomes approa¢

EQAVET quality criteria (system level); and peer learning

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

TRAINING

D3.10

TARGET INDUSTRY PROVIDERS ACADEMIA
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@uee
TIMEFRAME CONTINUOQUS URGENT
ENDORSING ANALYSING
Project ALBATTSaadorsingand analyzingpossible education requirements for tt
battery ecosystem.
fiz)
ass 145 Interdisciplinary Education
Interdisciplinary education programmes for VET and HE should be rolledamutsingon STEM, digita
and green skills¢ adaptation of the curriculaand national/regional frameworksare needed.
Transversal skills and key competences need to be validated.
Rationale:so the students are prepared for the work within the battery industry which requires a
range of competence.
.
@ H:| Vll
TARGET p}w:ﬂé'.?s ACADEMIA
@)sen
TIMEFRAME CONTINUOUS URGENT
ENDORSING ANALYSING
Project ALBATT Seisdorsingandanalyzingthe interdisciplinary education within th
European battery sector.
=
aaa 146 Standardi zation
There is a need for a standamtid approachto apprenticeship programmes, internshipsind overall
educationprogrammes
i n The European Commission support for the production of thiblication does not constitute an endorsement of the
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Rationale:so it is transferable and mappable. This enables the recognition of workers knowleq

competences across different programmes.

© £ g e

TARGET INDUSTRY P}wmgl?s ACADEMIA
(R
TIMEFRAME CONTINUOUS
-mElbatts
ACTIONS
ENDORSING ANALYSING

Project ALBATTS émdorsing and analyzinghe standardization of education an

training within the European battery sector.

aas 147 Training Methods / Re -Up-Skilling Instruments
Innovative, inclusive and effective training methods need to be exploretinplemented, and adapted

to initial education and up/re-skilling programsas well as various réup-skilling instruments and
tools: (1) workbased learning (2) onboarding training in factories; (3)nnovative and upto-date
programsbased on educational resource@) training by internal and external experts; (5) digital a
specific seminars for industry; (6) standamid online courses (MOOCs and SPOCSs); (7) traini
trainers; (8) access to I8 Ay I A Y FNI &0 NUzOG dzZNB  F2 NJ { a Q &f
excellence and innovation; (10) speciadd training ceners with simulated training environment
AR/VR training, e.g. VR Labs; (11) adult education and learning programmes; (12)temutestbeds;
(13) flexible and blended learning solutions; and (14) double degree education programifiés
adaptive learning (16) joint educational programs, including transnational learninign addition,
proper training methods need to be selected rfaifferent target groups, e.g., blueor white-collar

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

Rationale:so that the most efficient and suitable tools and instruments may be choseotpanies

or individuals.

® ER=IE

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

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

TIMEFRAME CONTINUOUS URGENT

-mEbatts @ Q
ACTIONS

PARTICIPATING/
IMPLEMENTING ANALYSING

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

learning onsite training, and others.

=)

aaa 1438 Levels of Education

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

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

© F

TRAINING

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

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

is developing training for VET as well as HE level.

=)

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

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

and standard such as connection to the Europass mietoedentials and certificate supplements

D3.10
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Rationale:so the learners may prove their competences in more convenient way and everyone f¢

one scheme which is coherent across the indudtrglso enables easier hdation of the informal and

non-formal learning at the job.

© 2 *

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

TIMEFRAME CONTINUOUS

enon B K% @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATT Saisdorsingthe importance of certification and micraredentials for,

training recognition andisingthe Automotive Skills Alliance digital badges

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

achievements.

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

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA

TIMEFRAME CONTINUOUS

sl E @

PARTICIPATING/
ENDORSING IMPLEMENTING

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

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

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

training and job positions.

Rationale:to increase accesslly within the multicultural working environments.

© i

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

enon B K% 1 @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTSedadorsingthe importance of multlingual training, mainly for the

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

production

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

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

concepts of the training offer.

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

© =

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

&~ Q

ENDORSING ANALYSING
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Project ALBATTSdsadorsingthe importance of the provision of learning pathwa

andimplementingan adaptive learning training content

f=l

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

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

the most urgent future needs.

© i

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

&

ENDORSING

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

¢ Automotive Skills Alliander example.

=

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

programmes, mobility and international forums.

Rationale:to boost the cooperation andfficiency of the developed training solutions that will co
the most urgent future needs.

© 2 *

TRAINING ACADEMIA MAKERS

TARGET PROVIDERS

TIMEFRAME CONTINUOUS URGENT
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Eon B L% 1 7

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS émdorsingthe importance of connecting training providers a
their cooperation by facilitating different events and being part of PfS implements
¢ Automotive Skills Alliance for example. ALBATTS isnafgementing a traing the
trainers battery forumg BATTFarm, where VET teachers across all Europe exch

good practices and learn about the battery sector.
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1.5 NORMALISATION AND STANDARATION OF CONCEPTS
Definitions of target groups, timeframeand ALBATTS actions are provided in the

methodology section.

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

(concepts) framework used on the Ehide level.

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

profiles and skills/competences or knowledge.

WHOLE
TARGET ECOSYSTEM

W o

TIMEFRAME CONTINUOUS
ENDORSING ANALYSING

Project ALBATTS is stressing andorsingthe importance of categorization an
classification of competence concepts and to use the common taxonomy

frameworks areanalyzedand used, such as ESCO ASA Skills Framework

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

assured.

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

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
(<
TIMEFRAME CONTINUOUS
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-mEbatts ﬁ
ACTIONS, ’

PARTICIPATING/
IMPLEMENTING

Project ALBATTS is assuring the coherency of the concepts within the battery

by implementingframeworks such as ESCO #&®8A Skills Framework

-------- 1.5.3 Available Tools and Instruments

It is essential to take advantage of the existing instruments and databas@SSCOASA Skillg

Framework or other national information hubs and databases related to competegor job profiles

concepts)of concepts that are aligned with widely used skills frameworks.

Rationale:to have an up to date knowledge and not to use up the existing resources.

TRAINING
TARGET

INDUSTRY PROVIDERS ACADEMIA
(<

TIMEFRAME CONTINUOUS

enon B L% $op Q

PARTICIPATING/
ENDORSING IMPLEMENTING ANALYSING

Project ALBATT Simsplementingframeworks such as ESCO &®)A Skillsramework
and by thatendorsingtheir use.

-------- 154 Framework Interlinks

It is essentialto assure the coherence of the various concepts by developing a mapping appr

between the frameworks (ESCO, E@ISA SkillEramework, other)this also concerns the exploratio

of the possibilities of certification or credential systenlisikage.

Rationale:so that there is a possibility to interlink the various concepts with the coherent granula

TRAINING
TARGET INDUSTRY PROVIDERS ACADEMIA
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TIMEFRAME CONTINUOQUS
|\/| ‘y
ENDORSING APLEMENTING

Project ALBATTSiisplementingframeworks such as ESCO &®A SKillBramework
and by thatendorsing their use and linkage to other initiatives or those w

implement it as well.

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

needs of thebattery ecosystem that are aligned and coherent with the widely used classificat
frameworks(such as ESCO, ASA Skills Framework, European Core Profiles, and Dtieget need
to be publicly available and put into use by updating relevant knowledggbs and databasesThis is
not only for the job profiles, but for the skills and competences as well, there should be a se
reference competence, which are relevant for the battery sectQrtransversal competence (ke
competences, soft competence, STEdmpetence, digital competence), crosectoral technical,

academic, sector specific and other.

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

sector, to use them as a curricula or foc@nmpany onboarding, for example.

© = P i

TRAINING

TARGET INDUSTRY PROVIDERS ACADEMIA
(<

ﬂ 9
TIMEFRAME CONTINUOUS

Eon B L% 1 @

PARTICIPATING/
ENDORSING IMPLEMENTING

Project ALBATTS implementing and endorsing the reference provision of the

concepts by providing upp-date stateof-the-art and coherency with ESCO ABA
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SkillsFramework, project ALBATTS is also providing example battery sector re

occupational profiles as a reference.

1.6 FUNDINGOPPORTUNITIES
A detailedoverview of the funding opportunities can be found in tA&INEXD: Funding

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

methodology section.

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

Skills and Education Guarantee Pilot;

© C

WHOLE
TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS

-mEbatts
ACTIONS

ENDORSING
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Q 1.6.2 Accessible Through National Authorities
Funding opportunities accessible through nationalithorities, 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
Development Fund); (5Just Transition Fund (JTF); (6) Digital Europe Programme; (7) Erasmus
MFF); and (8) European Agricultural Fund for Rural Development (EAFRD).

© C

WHOLE
TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS

{mElbatts l«i
ACTIONS

ENDORSING

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

European Globalisation Adjustment Fund (EGF); and (3) European Instrument for Temporary S

to Mitigate Unemployment Risks in an Emergency (SURE).

WHOLE
TARGET ECOSYSTEM

W O

TIMEFRAME CONTINUOUS

&

ENDORSING
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1.6.4 Discussion Platform
Provision of a platform for a discussion with stakeholdeend support of the project matching.

Rationale:to access and attract the needed funding and skilled workforce to manageahsition of

the ecosystem.

©

WHOLE
TARGET ECOSYSTEM
u.h
TIMEFRAME CONTINUOUS
MmEbatts
ACTIONS
ENDORSING
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Project ALBATTS

B) Sectoral Skills Intelligence

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

for the Development of theEuropean Battery Sector
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Based on inputs from an ALBATTS project partner ekpegeting, a specific set dfends

concerningnew technologies waislentified:

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

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

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

fabrication of own cells);

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

maintain the right weight or theentre of gravity;

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

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

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

infrastructure stable and continuous everywhere.

Moreover, according tothe Frawnhofer repot*, the decarborgation 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 th&ustainability of batteries is needed. As the demand for batteries

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

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

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

in the EV revolution wheit comes to the drivers of change in the automotive induseyd.
Daimler, Volkswagen, or Fordgnergyintensive manufacturing and charging of EVs will
require renewable sources of energy to reduce their environmenighct.In addition, nany
cities and countries have announced the phasing out of conventional vehicles (eqwihed
ICES), hencthe reasonthe market share oEVs is increasin@ue to this increase, customer
requirements will have to be satisfied: (1) fast charging solutions and charging infrastructure

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

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

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

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

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

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

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

Climate goals, regulation, and environmental challenges
Batteries are one of the most important climate targets drsterdecarbonize road
transportation and suppdrthe transition to a renewable power system.

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

batteries requires significant amounts of energy increase in the share of
renewable energies and energy efficiency in the battexlue 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 substantal shift to bring transportation and power to greenhouse gas
neutrality playing an increasingly important role.

c. Widespread charging/refueling infrastructure commercialzation  of

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

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

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

6 Indicating whether a Drivesf Change was cited in analysed reports reviewed

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

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

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

b. Global regulatory dialoguethe European Commission will need to play

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

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

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

New technologies

The need for urgent and intense actions against climate chasgeidely

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

electric vehicles and making renewable energy a reliable alternative source.

d. Cybersecuritythe exponential growth of 10T into BMS connected to a network,
cloud infrastrictures and 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 modityet security approacho guarantee
the internal one linked to the resilience of the infrastructures to cyagacks.

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

within the sector will need to meet the challengésought about by 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 staage broadly deployed and optimally controlled,
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renewable generation can be transformed from an energy source into

adispatchable generation source.

The deslkesearch intelligence was confirmed by a surtlegt validated the information

collected from two different perspectives, the application sdrtor answersonly for
stationary/other industrial applications, responses only for mobile applicatidratieries or

responses by stakeholders that are active in both-settors.

The secondlJSNB LISOGA GBS 2F (GKS lylrfeara Aa GKS Ay
comparison to education providers™ point of view, where the industrial stakeholders ttwer

answers from companies, sectoral and industrial associations, and technotagyes

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

VET providers/Umbrella orgamtions, collegesor private education pviders.

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%
Figure7: DoC occurrence2021 desk research

Figure6: DoC occurrence2020 desk research

Comparing theoccurrenceof the DoC in both desk researoports (Figure6 and Figure7),

A
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Electrification and green energy _
Global regulatory dialogue _
Smart Grid _
Restructuring -
Access to raw materials -
Global technical harmonisation... -
Cybersecurity -
Reducing CO2 emissions from... -
Widespread charging/refuelling... .

0% 10% 20% 30% 40%

Figure8: Occurrence of DoC sutategories- 2020
desk research

Electrification and green energy _
Reducing CO2 emissions from... _
Access to raw materials _
Smart Grid _
Restructuring _
Improved charging/refuelling... _
Global regulatory dialogue -
Global technical harmonisation... -

Cybersecurity .

0% 10% 20% 30%

Figure9: Occurrence of DoC stiategories- 2021
desk research
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Comparing research analysis for each DoC-csuégory, Figure 8 and Figure 9 show
G99t SOUNARTFAOIGAZ2Y | YR INBSY Sy SuiHECOenNsBois A Yy Ay 3
FNRY oO6FGOUSNE YIydzZFl OUdINK R B®OS8azyY(IBRNI 2 “XB5 08 MR

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... _
0 1 2 3 4 5 ) 1 2 3 4 5
FigurelO: Importance of DoC subategories- 2020 Figurell: Importance of DoC subategories- 2021
desk research desk research

Whenanalysinghe importanceof each sukcategory in both researcteports (Figurel0and
Figurell0 = A0 A& SOARSYyDEAKRE diKR yia aTNEERYYEzOAYHEG S ME YTy

e A e z e A z ~ .
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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... _

UIBS———— smartrd
smarecra | S—
_ Global technical harmonisation... _

Restructuring

Global technical harmonisation.. Ascessto rawmarerss -
Electrification and green energy _ Reducing CO2 emissions from... [
2020 2025 2030 2035 2020 2025 2030 2035
Figurel2: Importance of DoC subategories- 2020 Figurel3: Importance of DoC subategories- 2021
desk research desk research

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

term (after 2030).

2.1.1 Legislation
One of the Drivers of Change is legislation as well, more information on these tssubs

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

EU Framework

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

Legislation
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The role of raw materials in the growth of the European battery valusrcls, ast is well
known, quite criticalAbattery cell producer cannot functian a competitive marketvithout

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

for European supplgFigurel4).®
et @) olemlla - @ U
Smmn .. ) e B r — Mangmese T_ als
e horce enemy derits :ﬁ..lumir.li.tl;.m IMC and LMO batt

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 redy.

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

1) import from companies on other continents,

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

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

9 Critical Raw Materials List 20. Raw Materials Information System. (n.d.). Retrieved November 28, 2021, from
https://rmis.jrc.ec.europa.eu/?page=criist-2020-294f6

0 European Commission, Joint Research Centre): Bobba, S., Carrara, S., Huisrdead), tathieux, 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

1 Sustainable supply of raw matals from EU Sources. Internal Market, Industry, Entrepreneurship and SMEs. (n.d.). Retrieved November
28, 2021, fromhttps://ec.europa.eu/growth/sectos/raw-materials/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 combinatiaon
a) For importing raw materials from other continents
Overview and review of sourcing and buying options (price, quality, traceability, due
diligence, political aspects, dependability, etc.)
Procurement, negotiatiorand buying process
Delivery contracts oirade, caownership of mines and refineries, etc
b) For new European sourcing
Prospecting, mining concession, mining operations, concentrating
Refining of concentrated ore into raw materials
c) For sourcing from recycling, the options and alternative steps are
Recycling as part of cell production, to regain from substandard cells

Recycling of used/collected batteries

Problems withb) are beginning to show in Europe. Cell producers want European raw
materials produced as close to the cell plant as possible. However, the national processes for
prospecting permits and mining concessions prelonged and plans for new mines are
controversidin 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 companies, refineries,
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,

2 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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orientation on their use in ta battery industry, and probably the same kind of upskilling

needed elsewhere.

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

DEVELOPMENT ENGINEER - HIGH-YOLTAGE COMPONENTS BLUEPRINT DATA SCIENTIST
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fralbatts ATERIALS & PROCESSING - JOB ROLE ANALYSIS

Figurel5: Raw Materials andProcessing Job Roles AnalysisBlue Collars

Figurel5shows the occurrence analysis of the job roles for the raw materials and processing.
Bluecollar workers observechave expertise in:processand machineoperation; material
planning and handling calibration, maintenanceand instruments; material engineering
safety and othes. White-collar workershave expertise in:material engineeringscience
(cathode, anodes, electrolytes); production control; audits; inspections and quality; supply
chain management; productioflmanufacturing, maintenanceand othes.

Lithium-ion Chemistry [ D 15,92%
Battery Material [ 15,56 %
Battery (System) Components [ 9,53%
Cell Design [ 9,41%
Battery Chemistry [ 8,44%
Characterisation Techniques  F T 7,90%
Battery Design [ D 5,61%
Cathode [ 4,28%
Vehicle (Battery) Systems [T 2,90%
Battery Fluids [ 2,77%
Battery System [ 2,65%
Electrolyte Development [0 1,99%
Electrolyte [N 1,09%
Electrolyte Formulation [01101,99%
Energy Storage [ 1,81%
Electrode Design [0 1,75%
Anode [1,27%
Separator Design 1) 0,90%
Cell Structure 000 0,78%
Precursor Design [0 0,72%
Electrolyte Mixing 000 0,66%
Battery Industry [0 0,60%
Battery Development 1110 0,54%
4% 8% 12% 16%

Figurel6: Raw Materials and ProcessingectorSpecificCompetence

Figure 16 represents selected, the most occurrirggctorspecific competence for raw

materials and processing
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Yellow-highlighted rowsg concept was endorsed/mentioned during the workshop/interviewtloy participants

Analysis Methods (root ) 10,31%
Product Quality Assurance 9,73%
Safety Procedures 7,34%
Manufacturing Engineering 7,08%
Risk Management/Mitigation 6,41%
Manufacturing Methods/Procedures 5,97%
Project Management 5,06%
Production Processes 4,95%
Automation 4,58%
Maintenance Pr (Repair, Replace, Inspect, Service) 4,34%
Lean Process 4,13%
Data Analysis/Science 4,04%
Volume Production 3,9%
Environment 3,09%
Diag tics (Perfor Prediction/Validati 2,81%
Preventive/Predictive Maintenance 2,25%
Production Technology 2,07%
Logistics 2,02%
Maintenance Management 1,9%
Legislation 1,86%
Business 1,81%
Process Industry 1,79%
Hazardous Materials 1,44%
Agile 1,09%

2,75% 5,5% 8,25% 1%

Figurel7: Raw Materials and Processin@rosssectoral Specific Knowledge

Yellow-highlighted rowsg concept was endorsed/mentioned during the workshop/interview by the participants

Process Improvement (Engineering)
Inspect Quality of Product / Sampling
Optimization 5,55%
Equipment and Tools Handling 5,42%
(Automated) Product Testing 5,09%
Equipment Maintenance (Repair) 5,07%
Requirements Engineering 4,89%
Cost Estimates 4,79%
Training Provision 3,82%
Audits 3,42%
Develop/Ensure Conformity to Specifications 3,14%
Product Design 2,91%
Analyse Test Data 2,8%
Material Operation & Handling 2,6%
Prototype Development 2,56%
Standards/isation 2,54%
Supply/Material Planning 2,47%
Inventory Management/Ordering 2,41%
Remove Defective Product 2,35%
Product Development 2,31%
Supervising 2,29%
Models/Modelling/Diagrams/Schematics 2,21%
Clean/Dry Room Procedure/Validation 1,98%
Market Requirements 1,88%
Gap/Failure Analysis 1,86%
Waste Legislative 1,63%
Equipment Development 1,61%
Validation / Verification 1,61%
58 1,59%
Operate Machines 1,48%
Monitoring (Machine/System Operations) 1,46%

2% 5% 7% 9%

8,56%
7,711%

Figurel8: Raw Materials and Processin@rosssectoral Specific Skills

Figure 18 and Figure 17 represents selected, the most occurring creggtoral specific

competence for raw materials and processing
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Yellowhighlighted rowsg conept was endorsed/mentioned during the workshop/interview by the participants

Chemical Engineering 14,98%
Material Science 14,25%

Mechanical Engineering 12,92%

Industrial Engineering

12,47%

Electrochemistry 11,75%

Electrical Engineering (systems) 11,08%
Engineering 7,29%
C Sci /ITM

Statistics
Physics
Electricity 2,23%

Mathematics 1,5%

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

Figure19: Raw Materials and Processinghcademic Competence

Figure19 represents selected, the most occurring academic competence for raw materials

and processing.

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

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

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

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

automation engineering as well as geology and chemistry.

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

concessions.
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Components and cathanufacturingstepfollowsthe raw materials and processing value chain
step andconcerrs the manufacturing and development of different components for battery
cells andhe production of cells.
This section describes the Gigafactory perspective. Diffatepartments and their roleare
described further belowAreas of interest covered are as follot#s

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 depadnts.

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

the machines' pressure, temperature, and speed.

1 Mainly based on he set of interviews done with the Northvolt, which is the signiftcsmurce 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 manufacturing, cell assembly (depending on battery desigrismatic,

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, &hd loT are being employed to allow economies of scale,
optimize the processesand increase qualityyield,and throughput. Théevel of automation

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

In the increasing competition among the battery produsescalingof 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 technologiessuch as soligtate batteries will have asignificant impact on
some battery manufacturing processes and would require the possibility of a flexible
adaptation of the production line.

In the production department, te white- (engineers, manage) and bluecollar ratios

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

Maintenance:The battery production line is a very complex system, and the manufacturing
needs speciatonditions- the dry and clean rooms, for example, need periodic maintenance.
Software maintenance needs to be carried out as well. Companies are trying to introduce
preventive maintenanceconcepts aiming to prevent failures during production and outages.
Within predictive maintenance parts of the line 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 machiloagthe production lines.
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The white and bluecollar ratios are approximately 880 (in Northvolt, for example).

Blue collars (mechanical technicians, electricians, instrument technjciang

warehouse technicians)
White collars (engineers: maintenanaeeechanical, electrical, automation, industrial

etc. and managers in upstream/downstream production)

Yellow-highlighted rowsg concept was endorsed/mentioned during the workshop/interview by the participants

Figure20: Production and Maintenance Job Role Analysis | Blueollar
Figure 20 shows the occurrence analysis of the bkalar jobroles for production and
maintenance, with the expertise in: battery assemldyality; machine/process operation;

calibration;and othess.

Yellow-highlighted rowsg concept was endorsed/mentioned during the workshop/interview by plaeticipants
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fralbatts N AND MAINTENANCE - JOB ROLE ANALYSIS

Figure21: Production and Maintenance Job Role Analysis | Whiteollar

Figure 21 shows the occurrence analysis of the bkalar job roles for production and

maintenance, with the expertise in: battery assembly; quality; machine/process operation;

1 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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calibration;as well aghe occurrence analysis of the whitellar job roles for production and

maintenance

Cell Design
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Battery Design
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Battery Industry
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Battery Testing
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Energy Storage
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Figure22: Production and Maintenance SectorSpecific Competence

Figure22 represents selected, the most occurriagctorspecific competence for production

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

Orangehighlighted rowsq concept was endorsed/mentioned during the workshop/interview by the participants more than once

Analysis Methods (root cause)
Safety Procedures
Manufacturing Engineering
Product Quality Assurance
Diagnostics (Performance Prediction/Validation)
Manufacturing Methods/Procedures
Data Analysis/Science
Project Management
Production P
Maintenance Pr (Repair, Repl Inspect, Service)
Electronic Circuits
Risk Management/Mittigation
Lean Process
Legislation
Production Technology
General Programming Languages
Mechatronics
Automation
Volume Production
Environment
Innovation
Maintenance Management
Business
Agile
Preventive/Predictive Maintenance
High Voltage

11,94%

3% 6% 9% 12%

Figure23: Production and Maintenance Crosssectoral Specifinowledge

(Automated) Product Testing

Process Improvement (Engineering)
Product Design

Develop/Ensure Conformity to Specifications
Requirements Engineering
Models/Modelling/Diagrams/Schematics
Optimization

CAD

Analyse Test Data

Product Development

Inspect Quality of Product / Sampling
Prototype Development

Equipment and Tools Handling

Cost Estimates

Equipment Maintenance (Repair)
Automotive

Supervising

Training Provision

Equipment Development

Audits

Simulation Methods

Validation / Verification

System Engineering/Specification
Component Layout / Design

System Integration

Standards/isation
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Measure Electrical Characteristics
Thermal Analysis

9,56%

2,5% 5% 7,5% 10%

Figure24: Production and Maintenance Crosssectoral Specific Skills

Figure23 and Figure24 represents selected, the most occurring cregstoral competence

for production and maintenance
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Chemical Engineering
Material Science
Electrochemistry

Engineering

Industrial Engineering
Computer Science /IT Management
Physics

Electricity

Statistics
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1,88%

4,5%

{ralpatts

9%

Alliance for Batteries Technology, Training and Skills

17,03%
16,17%
13,27%

13,5% 18%

Figure25: Production and Maintenance Academic Competence

Figure25 represents selected the most occurring academic competence for production and

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

and othes.

4.1.2 Practical Recommendations and Considerations

Production:

Strengthening ofskills and competencies related to battery production to provide

a high level of understanding in the fieldse&ctrochemistry, electronics, mechanics,

process engineering, manufacturing technologwutomation (with production

systems) battery assemblyand digitalization in manufacturing

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

English(in Northvolt, for example).

White-collar specific needs

o Increasing competencies production and material engineeringproduction

planning, production management, shift management, process engineering,

cell design, machine learning and optimization, modelling, and simulation.

o Strengthening the focus omargescale manufacturing understanding of

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

Blue-collar specific needs:

0 a! LIAGNBI Yé ¢ lidi@astyzknowetlgé to understand theisks,
envision the safety issuegnd howchemicalsbehave.

0 A4526YyYailNBI Yéc intdaRemaeine Audgrstanding high speed

mechanical assembly5S skillsand the ability tatroubleshoot.

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

competence concernindata analytics, maintenance, product process optimization

Target GroupsEducational institutions, battery producergcruitment companies, head

hunters, consultants.

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

Predictive and preventive maintenance

Diagnostics
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Target GroupsEducational institutions, battery producs recruitment companies, head

hunters, consultants.

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

inside a battery cell Gigafactory is outlined below.

Environmental priorities:A EuropearGigafactory must follow the existing regulations and be

able to face upcoming environmental regulations. The; G&tprint for battery cell
production must be reduced to more acceptable levels by opathgi

Local sourcing of raw materials

Fossiffree mears of transport

Shorter and fewer transports of raw materials and other production inputs

Use of green recyclable energy in all phases of production

Raw material percentage coming from recycling of batteries

Traceability of all raw materials and othempluction inputs

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

CQ levels by mainstream Asian cell manufacturers by 2030.

Inbound logisticsA cell gigafactory needs considerable volumes of raw materials and other

supplies every day.The production scale also means that disturbances in material inputs and
supplies ag very expensive and must be avoided as best possible. One strategy is to have
suppliers and subcontractors placed nearby witheir production or warehousing. A
Gigafactory is big enough to demand close production and warehousing locations from

essentiald dzLJLX A SNBE ® ¢ KA A A& | -irRIAMFYFSENSAydalJLBE LILINEK: | QAKY

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

15 Environmental Impact Statemerifeknisk beskrivning Northvolt Ett @1 { F R 'yt NIIy Ay 3 FI NI ad2NRTFf AT 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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Outbound logisticsAs inthe example from Northvolt, the 16 GWh battery production in the

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

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

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

for Northvolt. The plans for the near future are to rungtink 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 RI& G GKS Db2NIK@2f

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

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

driven special R®O ships.

Inhouse logisticsEuropean cell gigafactories will beghly automatedincludingas expected

internal factory logistics. In an Industry 4.0 environment, many activities are coordinated by
the generated data streams from the production. The distribution of materials for replenishing
machines with input mateails will often be done by the machines ordering the material
themselves. Electric drivéess trucks willun and charge themselves by inductive charging
and find their wayaround with sensors and augmented reality. The warehouses will be highly
automatedas 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 input materials one way and batteries on the return.

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

to the next stage of production is automated.

6BatteryBits. (2021, November 18). Battery Manufacturing Basics from catl's cell production line (part 1). Medium. RetriewgneN24,
2021, fromhttps://medium.com/batterybits/batterymanufacturingbasicsfrom-catlscellproductionline-part-1-d6bb6aa0b499
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Recycling logisticsAn essentialsourceof new battery materials will be recycled batteries,

both substandardbatteries directly from the production line and collected olddri batteries.
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 factg while
collected scrap batteries can be processed into new materials in many places. The transport
of old Lilon batteries to processing demands security arrangements, as dedicated
containerst® Fires caused by shecircuiting thermal runaways are notincommon in the

collection of batteries for recycling.

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

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

BLUE-COLLAR

LoGIsTIcs BusINEss ANALYsT LOGISTICS MANAGER
CELL ASSEMBLY PROCESS ENGINEER

OPERATOR Locistics peveLorer — SHIFT LEAD MATERIALS MANAGER
PLANNER warsmus esrseeaass: PLANNING AND LOGISTICS MANAGER
MATERIAL PLANNER PRODUCTION MANAGER CELL ASSEMBLY

MATERIAL HANDLER PRODUCTION MANAGER DOWNSTREAM
SENIOR PLANNER "™ nternaL LoGisTics MaNaAGER PRODUCTION ENGINEER

SHIFT LEAD BATTERY MATERIALS ENGINEER AUTOMATION ENGINEER
AUTOMATION/PROCESS OPERATOR LOCALISATION SPECIALIST INVENTORY & RECEIVING SPECIALIST
BATTERY PRODUCTION TECHNICIAN ENERGY STORAGE PRINCIPAL ENGINEER PROCESS ENGINEER

PURCHASING ROLES-EQUIPMENT LEAN MANUFACTURING ENGINEER

BATTERY CELL CONDITIONING PROCESS DEVELOPMENT EXPERT

w BATTERY MATERIALS ENGINEER HIGH DENSITY ANODES

fralbatts AND PURCHASING - JOB ROLE ANALYSIS

Figure26: Logistics and Purchasingob Role Analysis | White Collars

Figure26 shows the occurrence analysis of the joltesofor the logistics. Blueollar workers

observed have expertise in: material handling; process operation; planning; inventory

ThSga OKFG 6AGK t S S Nbpsh/idbirad. sesnfkEl/ndotdydlEvi-@eeitcdrl san-blir-fdeden-ny-fabriki-umeahar-
kan-du-lasachatteni-efterhand/jv91k7ylAccessed on 24.11.2021

18 Container for lithiurion batteries DENIOS. DENIOS. (n.d.). Retrieved November 28, 2024ftfirmmwww.denios.co.uk/shop/cleaning
and-wastedisposal/containeffor-lithium-ion-batteries/.

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

the analysis within this chapter.
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management and othes. White-collar workers have expertise in: planning; logistics;

automation; production; supply chain managnent; process engineeringand othes.

Generic job roles are active ipurchasing and othes.

Battery Material

Lithium-ion Chemistry

Battery Chemistry

Anode

Cathode

Battery Formation

Battery Fluids

12,5%

46,54%

25,79%

25% 37,5% 50%

Figure27: Logisticeand Purchasing SectorSpecific Competence

Figure27 represents selected, the most occurrisgctorspecific competence for logistics

Manufacturing Engineering

Lean Process

Logistics

Product Quality Assurance

Safety Procedures

Volume Production

Maintenance Processes (Repair, Replace, Inspect, Service)
Production Processes

Maintenance Management

Analysis Methods (root cause)
Manufacturing Methods/Procedures
Risk Management/Mitigation
Automation

Project Management

Legislation

Business

Production Technology
Preventive/Predictive Maintenance
Process Industry

Hazardous Materials

Electrical Regulations

Diagnostics (Performance Prediction/Validation)
Innovation

Data Analysis/Science

Environment

9,88%
8,48%
7,78%
6,69%
6,54%
6,07%
5,45%
5,21%
4,59%
4,44%
3,89%
3,5%
3,35%
3,19%
2,88%
2,8%
2,72%
2,1%
2,02%
1,79%
1,56%
1,4%
1,32%
1,17%
1,17%

2,5% 5% 7,5% 10%

Figure28: Logisticsand Purchasig - Crosssectoral SpecifitcKnowledge
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Process Improvement (Engineering)
Inspect Quality of Product / Sampling
Material Operation & Handling
Supervising

Supply/Material Planning

Cost Estimates

Equipment Maintenance (Repair)
Equipment and Tools Handling
Inventory Management/Ordering
Optimization

Develop/Ensure Conformity to Specifications
Requirements Engineering

58

Production Planning

Product Line Maintenance

Training Provision

Audits

Analyse Test Data

Waste Legislative

Prototype Development

(Automated) Product Testing

Market Requirements

Machine Learning

Remove Defective Product
Equipment Development
Models/Modelling/Diagrams/Schematics
Standards/isation
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10,7%
7,87%
7,19%
6,13%
5,83%
5,22%
4,69%

4,62%

4,54%

4,54%

3,79%
3,48%
3,41%
3,33%
2,95%
2,8%
2,65%
2,42%
2,27%
2,2%
1,97%
1,82%
1,51%

1,21%
1,21%
1,14%
1,14%

2,75% 5,5% 8,25% 1%

Figure29: Logistics and Purchasingrosssectoral Specific Skills

Figure 28 and Figure 29 represents selected, the most occurring creggtoral specific

competene for logistics
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Industrial Engineering 19,28%

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

Material Science

Mechanical Engineering

Electric Engineering (Systems)

Chemical Engineering

Electrochemistry

Engineering 6,93%

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

5% 10% 15% 20%

Physics

Electricity

Computer Science/ IT Management

Mathematics

Figure30: Logisticaand Purchasing Academic Competence

Figure30represents selected, the most occurring academic competence for logistics

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

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

4.0, etc.

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

Environmental priorities

Production facility construction logistics
Inbound logistics

Outbound logistics

International logistics planning
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In-house logistics

Recycling logistics

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

and the abovementioned logistics aspects.

Quality asped can be approached from different perspectivéhis section describethe

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

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

Quiality?®®, 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 Eéts Analysis and higtisk areas elimination
monitoring of quality data using statistical process control to identify gaps in the assembly
process
creation and updating of Pareto charts to identify and quantify quality issues
troubleshooting and rootausing (e.g8D)

providing support for successful implementation of standards and continuous certification

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

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

overall quality function in Gigafactories in this subchapter.

The quality team consists of engineers and technicians. The engimeses normally
experienced personnel with ED.ormastN & RSINBS SRdzOF GA2y L ol Of
in such job roles aQuality Control Engineers, Analytical Chemists, Technical Writers,
Customer Quality EngineersQuality Management Specialistand Supplier Quality
Engineers

Technicians often come fno educational backgrounds of high school or vocational levels.

They perform quality controls within the manufacturing labs and often work in shifts,
following the production planning.

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

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

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

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

Quiality engineergwith battery backgrounds)

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

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

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

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

(thousands). @Gnsequently, technology is needed to help to process the vast volumes of
samples and stay scalable.

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

BATTERY TEST ENGINEER EQUIPMENT ENGINEER
PerFORMANCE ENGINEER PROCESS QUALITY ENGINEER

QUALITY TECHNICIAN  RELIABILITY TECHNICIAN MANAGER OF BATTERY MAINTENANCE

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

LITHIUM MAINTENANCE TECHNICIAN

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

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

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

SUPPLIER QUALITY ENGINEER CLEANROOM MANAGER ~ ANALYTICAL CHEMIST

fralbatts QUALITY- JOB ROLE ANALYSIS

Figure31: Quality- Job Role AnalysisWhite Collars

Figure31 shows the occurrence analysis of the job roles for the quality.-Bidiar workers
observed are having expertise itesting; automation andprocess operation;quality;
calibration; document control; battery analysjsand othes. White-collar workers are having
expertise in:testing; test automation; automation; quality; process improvement and

engineering; simulation; auditsand othes. Geneit job roles are active irgeneral roles
different types of quality.

24 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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Analysis Methods (root cause) 11,51%
Product Quality Assurance 8,03%
Data Analysis/Science 7,07%
Automation 6,83%
Diagnostics (Performance Prediction/Validation) 6,71%
Manufacturing Engineering 5,64%
Safety Procedures 5,52%
Project Management 5,04%
General Programming Languages 4,20%
Agile 3,60%
Risk Management/Mittigation 3,60%
Manufacturing Methods/Procedures 3,48%
Production Processes 2,64%
Volume Production 2,52%
Maintenance Processes (Repair, Replace, Inspect, Service) 2,52%
Electrical Regulations 2,40%
Electrical Testing Methods 2,16%
Mechatronics 2,16%
Production Technology 2,04%
Automotive Development Prc 1,92%
(Battery SoC, SoH) Algorithms 1,80%
Environment 1,68%
Electrical Assets 1,68%
Preventive/Predictive Maintenance 1,56%
Lean Process 1,32%
Process Industry 1,20%
High Voltage 1,20%
3% 6% 9% 12%
Figure32: Quality - Crosssectoral Specifiknowledge
(Automated) Product Testing 9,1%
Process Improvement (Engineering) 7,05%
Analyse Test Data 6,85%
Inspect Quality of Product / Sampling 6,26%
Audits 6,16%
Requirements Engineering 4,21%
Equipment and Tools Handling 4,11%
Models/Modelling/Diagrams/Schematics 3,33%
Develop/Ensure Conformity to Specifications 3,33%
Gap/Failure Analysis 3,13%
Standards/isation 2,94%
Clean/Dry Room Procedure/Validation 2,94%
Automotive 2,84%
Supervising 2,64%
Remove Defective Product 2,64%
Training Provision 2,64%
Optimization 2,64%
Cost Estimates 2,35%
Inventory Management/Ordering 2,35%
Equipment Maintenance (Repair) 2,25%
(Process) Control Systems 2,05%
Calibration 1,96%
Waste Legislative 1,86%
Product Development 1,86%
Validation / Verification 1,66%
Monitoring (Machine/System Operations) 1,37%
Electrical Assembly 1,37%
58 1,27%
Product Design 1,27%
Supply/Material Planning 1,17%
Prototype Development 1,17%
Measure Electrical Characteristics 1,08%
Simulation Methods 1,08%
Thermal Analysis 1,08%
2,5% 5% 7,5% 10%

Figure33: Quality- Crosssectoral Specific Skills

Figure 32 and Figure 33 represents selected, # most occurring crossectoral specific

competence for quality
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Engineering

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

Material Science

Mechanical Engineering
Industrial Engineering
Computer Science / IT Management
Physics

Electricity

RnD

Mathematics

Statistics

16,58%

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

Figure34: Quality- Academic Competence

Figure34represents selected, the most occurring academic competence for quality

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

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

battery technologies, systems related development

battery production processes

o

electrode production, cell assembly, and pack formation

o

battery system components
0 automated systems
0 highrvolume production
raw materials (analysis)
material flovs and inventory
battery testing and quality control

risk and safety procedurefazard analysis

Quality management systems and methodalthough universal and not specifically battery

specific only, we recommend strengthening skills akmbwledge related to quality
management systems and methods:
Standards

Legislation
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The Quality Management Systems, methods, and related aspects/iss(igsQuality
systems such as 1ISO 9001 and 14001, IATF16949; (2) Methods such as TQM, Kaizen,
PDSA, Six®BY > [ Sty al ydzZFlF OGdzNAYy3aT o600 a{! Qa 6
Quality KPI's; (5) Auditing: (5a) developing and implementing quality control audit
plans; (5b) evaluating production stages; (5c) testing the composition appearance and
functionality of completed products; (5d) documenting defects and suggesting
improvements; (5e) reporting; (6) Overall continuous improvement
Sampling
Training other employees on quality standards and procedures
Quiality control in production processes

o Quality Assurance idudes: (1) Material and cell validation; (2) Advanced

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

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

with research and development

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

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

(2) Laboratory work skills and experience; (3) Planning and maintaining cleanrooms and dry
rooms; (4) IT skills; (5) Language skills (English); (6) Teamwtsk(gkiComplex problem
solving and process optimization; (8) ERP systems; (9) Lifelong learning of relevant skills and
knowledge; (10) Understanding and complying with customer requirements and satisfaction;
(11) developing, defining, and executing theafjication process and documentation for
Odzali 2 YSNNa FSSRol O o

Target GroupsEducational institutions, battery producers, recruitment companiesent

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

resources, financesalesand digitalzation with its respective departments and needs.

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

process of establishing themselves in the proximityhef battery manufacturing plant.

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

Partial quantitative analysis is doneaint with the logistics department isection4.2.1

Practical Recommendations and Considerations:

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

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

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

chain, recruitment companies, talent acquisition experts, consultants.

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

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

gender within the humamesources department.

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

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

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

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

With the increasing number of people being hired into newly built Gigafactories, Al can be
introduced to the recruitment processes, helping to handle the Waa#, e. g, prgprocessing

of job applications.
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Practical Recommendations arfdonsiderations

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

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

recommended.

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

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

With the skills that are needed to support the human resoureetated functions we
recommend the following: (1) Recruitment related kskiare needed; (2) Training, both
organizing and providing & collaboration with various teams and persons with adequate
technical background and skills inside the organization (for example manufacturing); (3)
Process Improvement to continuously develt)e HR mechanisms (talent acquisition and
beyond); (4) Change Managementhe pace of development in the battery industry is fast
and continuous, especially with a stanp; (5) Sales and marketing skills (including social
media) are required to sell angromote a company to potential employees and to support

the recruitment processes.

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

recruiting and operating. We recommend paying attention to the follovkngwledgewhen

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

Battery Industry

25Northvolt interview, 28.5. 2021
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Process Industry

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

Solving/Troubleshooting.

Target Groups Educational institutions, companies in battery manufacturing, recruitment

companies, heathunters, consultants, government employment agencies.

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

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

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

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

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

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

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

ERP systems,

Microsoft Office tools

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

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

of the European Union




Tnalbatts (=

Alliance for Batteries Technology, Training and Skills

Business intelligence solutions

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

Business Controller

Tax Manager

Financial Controller

Accountant

Project Controller

Analytics and Performance Manager

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

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

Qx

customers into business development. Intbase2 T b2 NI K@2f 1 Qa S| NI &
creating strategic panerships, finding, and approaching connections. However, these days it
is not uncommon for customers t@ome to battery manufacturersbecause ofthe
development of the past five years.

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

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

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

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

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

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

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

importance of having and managing relationships will never disappear

Practical Recommendations and Considerations:

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

Key Account Manager

Business Development Manag

Senior Director Business Development

Lead Application Engineer

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

be relatively junior and freshly graduated.

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

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

(for example automotive industry, raw materials market).

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

Prototype and sample development

Standardization

Battery cell structure

Understanding sustainability as one of the selling points

Businesgdevelopment/sales we recommend paying attention to the followidgnowledge

when training and educating employees to salelated positions in battery manufacturing
companies: (1) Market trends; (2) Understanding business management (how to do business
in the battery ecosystem); (3) Value chain and overall ecosystem; (4) Strategy Development;
(5) Legislation understanding the batteryelated legal framework of each market area (for
example EU, North America) and the framework around setting up contrgéis;
Benchmarking ability to identify and apply best practices in several areas such as how to
operate in a specific market sector/area; (7) crogtural communication when selling to

foreign markets/cultures (both knowledge and skill).

With the busiress development relatedkills, we recommend paying attention to the

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

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

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

are high among target industries); (10) Communication and interaction with custoners

dzy RSNRGIF YR Odzaid2YSNJ ySSRa FyYyR NBIljdzZANBYSya

specifications); (11) building and managing partnerships.

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

Leadership; (3) Project Management; (4) Presentation skills; (5) Language skills (English is the
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most important, but also other major market area related language skills recommen@gd);
ERP systems (SAP, etc.); (7) Coordination.

Target groups educational institutions, companies in battery manufacturing, recruitment

companies, headhunters, consultants.

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

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

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

optimization.

Skills_Agenda:Battery manufacturers and new Gigafactories are expected to leverage

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

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

together with maintaining software systems.

Practical Recommendations and Considerations:

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

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

Automation

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

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

This part of the value chain concerns different aspects such as: (lgestd validatiorfend

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

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

Example ofthe automotive integration process:

Integration of cells intdhe battery module
Integration of the battery modules with an electronic unit
Integration of the batterynto the car
In parallel:
o ECU SW component integration; ECU SW integration; ECU target system
integration; ECU system qualification.
o Consideration and assessment on Automot8fICE and 1SO26262 and other
standards.

Example otthe maritime integration process:

Assembly of the battery modules

Assembly of pack controller
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Integration into vessel

Example of stationary applications integration process:

Assembly of batterynodules
Assembly of battery racks
Integration ina proper enclosure

Integration with power conversion system and grid interface
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MAINTENANCE TECHNICIAN  PRODUCTION MANAGER cELL AsseMBLY BATTERY SYSTEM ENGINEER
macuine operaToRBESS TECHNICIAN - MOBILE HYDRAULICS-APPLICATION ENGINEER

OPERATOR SR, QUALITY TECHNICIAN
SHIFT LEAD CELL ASSEMBLY TECHNICIAN ELECTRICAL VEHICLE ENGINEER-CHARGING BATTERY SYSTEMS MANAGER

ELECTRONIC MOTOR BENCH TEST TECHNICIAN BATTERY TECHNICAL LEAD DESIGN ENGINEER-BATTERY TECHNOLOGY
BATTERY TEST TECHNICIAN MAINTENANCE ENGINEER PRODUCTION MANAGER DOWNSTREAM

CELL INSPECTION TECHNICIAN RELIABILITY TECHNICIAN SENIOR SYSTEM DESIGN ENGINEER  SOFTWARE/MODELLING ENGINEER LEAD
PRODUCTION ENGINEER  MANUFACTURING ENGINEER FORMATION MAINTENANCE MANAGER

CONTROLS ENGINEER ELECTROMOBILITY PROJECT LEADER POWER DISTRIBUTION ENGINEER

ELECTRICAL SYSTEM ENGINEER SR. ELECTRONICS ENGINEERING TECHNICIAN

fralbats GRATION, MODULES £ PACKS - JOB ROLE ANALYSIS

Figure35: Battery Integration, Modules and Packslob Role Analysis | Blu€ollars

Figure35shows the occurrence analysis of the job roles for the battery integratmdules,
and packs. Blueollar workers observed are Wiamg expertise inbattery analysis; testing;
quality; and othes. White-collar workers are having expertise itesting; software
development; modelling, battery systems; battery management systems; validation;

electrical engineering; desigrand othes.

27 Definitions and methodlogy are described in the methodology section, this is covering the development of
the analysis within this chapter.
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BMS 9,51%
Battery System 9,32%
Lithium-ion Chemistry 8,81%
Battery (system) Components 8,05%
Vehicle (Battery) Systems 8,05%
Battery Design 7,19%
Cell Design 7,16%
Battery Chemistry
Battery Material
Characterization Techniques 4,5%
Energy Storage 4,4%
Battery Charge/Discharge 3,68%
Thermal Management/Systems 3,36%
Battery Fluids 2,28%
Charging Profiles 1,84%
Battery Testing 1,81%
State Estimation Techniques 1,52%
Cathode 1,3%
Power Management/Engineering 1,27%
Battery Industry 1,14%
Battery Development 1,11%
Cell Evaluation 1,11%

2,5% 5% 7,5% 10%

Figure36: Battery Integration, Modules and PacksSectorSpecific Competence

Figure 36 represents selected, the most occurring seespecific competence for battery

integration, modules, and packs
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Analysis Methods (root cause)
Safety Procedures
Project Management
Product Quality Assurance
Diagnostics (Performance Prediction/Validation)
Maintenance Processes (Repair, Replace, Inspect, Service)
Data Analysis/Science
Manufacturing Engineering
Risk Management/Mitigation
Manufacturing Methods/Procedures
General Programming Languages
SW Development / Engineering
Production Processes
Powertrain / Drivetrain
High Voltage
Automation
CAN LIN Bus / Communication Protocols
Hardware
Mechatronics
Electronic Circuits
System Architecture / Engineering
Embedded Systems
Lean Process
Legislation
Preventive/Predictive Maintenance
Innovation
Business
Environment
Agile
(Battery SoC, SoH) Algorithms
Maintenance Management
C/C++
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6,96%
6,07%
5,77%
4,93%
4,63%
4,51%
3,95%
3,95%
3,24%
3,19%
3,09%
2,84%
2,72%
2,54%
2,49%
2,47%
2,36%
2,32%
2,32%
2,09%
1,97%
1,94%
1,85%
1,85%
1,83%
1,66%
1,64%
1,46%
1,4%
1,38%
1,35%

9,25%

2,5% 5% 7,5% 10%

Figure37: Battery Integration, Modules and Pack<rosssectoral Specifiknowledge
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Figure38: Battery Integration, Modules and PacksCrosssectoral Specific Skills

Figure 37 and Figure 38 represents selected, t# most occurring crossectoral specific

competence for battery integration, modules, and packs
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