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The ALBATTS project aims to brihg demand and supply side of skills and competesc
together to establish a blueprint fahe preparedness of future skills across Europe. This desk
research contributes to thLBATTS project's goals by analysing what a-tao@e battery
manufacturing plant or a soalled Gigafactory consisté in terms of departments and teams.
Who worlsthere, and what kind of skills, competeies, and educatiodo they have.

Drivers Affecting Battery Manufacturinghapter addresses the factors that will affect the
environment in which batteryy I y dz¥ I OfiindsbidS RdR éxample, the climate goals,
regulations,and environmental challenges are boosting the need for batteries, but at the
same time reducing C@emission from the battery manufacturing itself means that the
manufacturers need to address sustainability themselves. Globalisation brings such
addressable elements as access to raw materials, global regulatory dialogue and restructuring
to facilitate the intermittent renewable energy sourcealith new technologiescybersecurity,
global technical harmonisation,standardisations, andsmart grid will require further
development.

We also look into theEU frameworkl YR 9! Q& 02 Y Y Ang tfieSfiysticlimata 6 SO2 Y
neutral continent globally that translated into the European Green DEmlally, v go
through the main EU strategies, initiativeand projects relevant to battery manufacturing,
such as New Industrial Strategy for Europe, European Raw Mat&ltialsce, Horizon Europe,
European Battery Alliancand European Skills Agenda.

TheBattery Passports anessentiapart of the new Batteries Directive proposal to ensure the
sustainability and competitiveness of the EU battery value chain. We analydatkground

and the implications of the passport to the battery value chain.

In the Stakeholderschapter, we investigatethe business environment in which battery
manufacturers operate. Who manufacture batteries and the emergence of Gigafactories in
Europe? In addition to the Gigafactory level manufacturevge also examine smaller niche
manufactures that are researching alternative and new technologies. We also study the global
business environment to understand where Europe stands vs the rest of thd inddrms of
battery manufacturing. One outcome of this analysis is that Europe should focus more on

niche markets, present new technologies and develop green batteries.
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Additionally, welook at the supply chain in which battery manufacturers operate. Véine

the leadingoperatorsconcerningmaterial,component,and machine suppliers to battery cells
and beyon® We also investigate the main customer categories: automotive, other
transportation and stationary applications.

Anatomy of a Gigafactorpddresses the main topic of this resear@that does a Gigafactory
consist o? What departments and teams are there, who work in theand what skills,
competenees, and educationdo they have® We learn for example that battery
manufacturing consists of two main sections, upstream and downstream manufactiineg
latter is the most labour intensive with th@ost extensiveecruitment need in the battery
assembly. We analyse the steps of the battery manufactufmogn the preparation of input
materials all the way to cell assembly and finishing. We also learn about how the future

be increasingly automatized and digital with an impacthe skills throughout the layers and
stages of a battery manufacturing plant.

In Job Roles and Skillshapter, we analyse theentral departments of a Gigafactory for
various staff competenes. For the analysisve gathered information from the relatl job
advertisements. The studied competence categories include soft, academic, general
transversal, crossectoral specific and sectspecific competernies.We built a model of the
most desiredskills per the main departments for each of these compe¢ecategoris. We

for example learned that the most desired academic compet@scwith production and
maintenance are chemistry, mechaniealgineeringand electrical engineering.

Finally, weinvestigatethe Education needs and trendsfocusing on thevocational and
professional technician sectors of education, EQF 4 and 5, and especially battery
manufacturing. We identify and study five trends that include Horizontal European initiatives,
Battery-/electromobility profiled adult education and trainingrggrammes, simulated
training environments,more flexible and blended learning solutions from institutional

providers and Education programmes and courses from new or untraditional providers.

+
Erasmus Programme does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot

Co-funded by the Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 - 1- SE-EPPKA2- 6
SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
of the European Union be held responsible for any use which may be made of the information contained therein.



fnalbatts (e

Alliance for Batteries Technology, Training and Skills

This research studies the anatomy of a lasgalebattery manufacturer, a Gigafactory, and

the environment in which it operates. It examines its departments, teams, and functions. The
purpose is to generate further understanding about the job roles and related skills and
competendes needed by battery nmaufacturers. We also study the related education by
focusing on the vocational and the professional technician sectors of education, EQF,4 and 5
with battery manufacturing.

We investigate the circumstances that affebe battery manufacturing businesecluding
drivers of change, EuropeaRramework,and the coming Battery Passport with related
implicationsIn addition, ve look into the position of the European battery industry vs the rest

of the world and study the stakeholders of a battery manufacturby examining both
suppliers and customers.

This Desk Research has been prepared under ALBATTS Work Paakdgewas supported

by a close collaboration with the members of Work Package 5, led by AIA. It represents the
second release of the desk reselrof theproject ALBATT{@lliance for Batteries Technology,

Training and Skills).
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8D X Eight Disciplines Problem Solving Process

ACC X Automotive Cells Company

AGV X Automated/Automatic Guided Vehicle

APQP X Advanced Product Quality Planning Process

APQP X Advanced Product Quality Planning

ARPAE X Advanced Research Projects Agekoergy

BESS X Battery Energy Storage Systems

BEV X BatteryElectric Vehicle

BMA X Bayesian Model Averaging

BMS X Battery Management System

CAGR X Compound annual growth rate

CE X Conformité Européenne (French)

CEAP X Circular Economy Action Plan

CEDEFOP X Eur_opean Centre for the Development of Vocational
Training

CP X CyberPhysical

Cpk X Process Capability Index

Cpk X Process Capability

CPO X Chief Product Officer

DFMEA X Design Failure Modand Effect analysis

DMAIC X Define, MeasureAnalyse Improve and Control

DoC X Drivers of Change

DoE X Design of Experiments

EBA X European Battery Alliance

EERE X Energy Efficiency ariRenewable Energy

EESC X European Economic and Social Committee

EPRS X European Research Service

EQF X European Qualifications Framework

ERP X Enterprise Resource Planning

ESG X Environmental, Social and Governance

ESS X Energy Storage Systems

EV X Electric Vehicle

eVTOL X Electric Vertical Takeff and Landing

GHG X Green House Gases

GWh X Giga Watt hour 10

HMI X HumanMachine Interface

IATF16949 X Global technical specification and quality

ICE X Internal Combustion Engine

ICT X Information and Communication Technologies

loT X Internet of things

IPCC X Intergovernmental Panel on Climate Change

IPCEI X Important Projects of Common European Interest

1ISO14001 X Environmental management system

1ISO9001 X Quality management system

KPI X KeyPerformance Indicator

( D4.4
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MEI2 X Maryland Energy Innovation Institute
MOOC X Massive Open Online Courses

MSA X Measurement System Analysis

MWh X Mega Watt hour 10

NASA X National Aeronautics and Space Administration
NMP X N-Methyl-2-pyrrolidone

NZE X Net-Zero Emissions by 2050 Scenario
OEM X Original Equipment Manufacturer
PDSA X Plan, Do, Study Act

PFMEA X Process Failure Mode Effects Analysis
PhD X Doctor of philosophy

PHEV X Plugin HybridElectric Vehicle

PPAP X Production Part Approval Process
PSA X Peugeot S.A

PV X Photo voltaic

QC X Quiality Control (of the final product)
QMS X Quality Management Process

QR X Quick Response code

R&D X Research an®evelopment

RES X Renewable Energy Sources

SAF X Sustainable Aviation Fuels

SPC X Statistical Process Control

TQM X Total Quality Management

TWh X Tera Watthour 10

UK X United Kingdom

VDMA X Deutche Maschinerund Anlagenbaus
VW X Volkswagen

+
Erasmus Preramme does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot

Co-funded by the Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 - 1- SE-EPPKA2- 9
SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
of the European Union be held responsible for any use which may be made of the information contained therein.



fnalbatts (e

Alliance for Batteries Technology, Training and Skills

Algorithm X Stepby-step procedure for solving a problem mathematical or
accomplishing some end.
AlistoreERI X Framework of a fyear EC funded FP6 Network of Excellence (startin

2004) and currentljederatesl9 institutionsperforming cross cutting
high level research in the field of batteries and battery materials.

Anode X Negative electrode at discharge (electrode from where the electrons
Gt S @S¢ 0

Artificial Intelligence (Al) X Branch of computer science dealing with the simulation of intelligent
behaviourin computers.

Augmented Reality (VR) X Imagesproducedby acomputerand used together with giew of
the realworld

Automotive Skills X Mission is to bring togethatifferent kind of stakeholders involved in

Alliance the Automotiveecosystem and to ensure continuoygsagmatic,and
sustainable cooperation on thekillsagenda in the ecosystem.

Battery X An association of battergells (usually some cells aaesociated in serie
to obtain a certain voltage)

Battery 2030+ X Alongterm initiative for research on ultrahigberformance, reliable,
safe,sustainableand affordable batteries. 7 projects.

Battery Anxiety X Feeling of overwhelming feaxperienced as your

smartphonebattery dies, causing you to live your life on your phone's
terms rather than your own.

Battery Directive X An EU directive of which objective is to minimise the negative impac
batteries and waste batteries on the envmment.

Battery Energy Storage X Enables power system operators and utility providers to store energ:

Systems (BESS) later use and enhance the flexibility of the grid.

Battery Management X Monitors battery functions includintemperature, voltage, capacity,
System (BMS) power consumption, and charging cycles

Battery Thermal X Keep cells within an optimum temperature range and to maintain an
Management System even temperature distribution from cell to cell, is vital for the high
(TMS) efficiency.

Big Data X Extensive datasets primarily in the characteristics of volume, velocit

and/or variabilityt that require a scalable architecture for efficient
storage, manipulation, and analysis.

Carbon footprint X Greenhouse gas (GHG) emissions caused directly and indirectly by
individual, organizationgvent,or product.

Cathode X Positive electrode at discharge (electrode to where the electrons
al NNRAQGSE€ 0

CE marking X Represents a manufactureid®claration that products comply with the
EU's New Approach Directives.

Cell X The cell is single, composed of electrodes, electrolyte, separator, an
current collectors. It does not include any cell association.

Current collectors X Conductors, usually metals such as copper aadhiniumthat facilitate

electric conduction in the battery (connect the external circuit throug
the tabs to the active material in the electrodes)

Cycle life X Number of cycles yielded by thmttery (usually measured until the
capacity is 80% of the initial capacity of the cell)
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A virtualrepresentation of realvorld entities and processes,
synchronized at a specified frequency and fidelity

Tochangesomething such as@cumentto adigitalform (= aform that
can bestoredandreadby computers).

Negativeelectrode is the cathode on charge and anode on discharge
(usually termed anode)

Positive electrode is the anode on charge and cathode on discharge
(usually termed cathode)

Solution, polymer, gel, or solid containing mobile ions. dleetrolyte
should be an insulator (not conducting electrons) and a good ion
conductor

Energy per unit volume (WhL

Capture ofenergyproduced at one time for use at a later time to redu
imbalances betweeenergy demand and energy production

8 levels define the learning outcomes relevant to qualifications;
theoretical or factual and/or knowledge, skills, responsibility, and
autonomy

Projectdriven community which brings together more than 600
industrial and innovation actors, from mining to recycling, with the
common objective to build a strong and

competitive Europearbattery industry.

New growth strategy of the EU, aiming to set Europe on the path of
transformation to a climateneutral, fair, and prosperous society, with
modern, resourceefficient, and competitive economy.
TheEuropearPillar of Social Rights and notably its first principle spel
out the right to quality and inclusive education, training, and lifelong
learning.

Ability to predict based on the different data set thanwhich was the
algorithm trained (Marek, https://towardsdatascience.com/real
artificiakintelligenceunderstandingextrapolationvs-generalization
b8e8dcf5fd4b)

Inclusive term used to describe a variety of immersaahnologies
encompassing Virtu&eality(VR), AugmenteReality(AR),

Mixed Reality(MR), and technologies that have yet to be imagined.

Theprocessof usinginformationthat is
alreadyknownto guessor think about what mighthappen.

A massive battery factory

Describes the increasing connectedness and interdependence
world cultures and economies.

Actof makingsystemsor lawsthe same orsimilarin

different companiescountries, etc. so that they camork together
more easily

The Internationabtandardior Automotive Quality Management
Systems.

System of interrelated, internetonnected objects that arable to
collect and transfer data over a wireless network without human
intervention
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X Environmental Management SystemGeneral Guidelines on principle:
systemsand support techniques. The standard covers issues such g
establishment, imementation, maintenance, and improvement of an
EMS.

X The internationaktandardthat specifies requirements for a quality
management system (QMS).

X Method is a concept of Japanese management that stands for
incremental that igradual and continuous change or improvement

X Six steps required to implement and used to describe each step: sol
in order, scrub, safety, standardize, and sustain. Create a safe and
organized work area

X Lithium Iron Phospdite (LiFePO4)

X Lithium+ion battery is an advanced battery technology that uses lithi.
ions as a key component of its electrochemistry.

Liquid immersion cooling X Liquidimmersioncoolingis the processing of removing the waste hea

LES

Measurement System
Analysis (MSA)
MOOC (massive open
online course)

NCA
NMC

NTNU

Oligopoly

Paris Agreement

Plan, Do, Study Act
(PDSA)

Pouch cells
Power grid

modernization
Power train

QR code

Range Anxiety

generated by operatinglectronics, batteries, and electric motors by
fully submerging them in a dielectric fluid

X LithiumSulphur batteries
X Tool for analysing the variation present in each type of
inspection,measurement, and test equipment.

X A model for delivering learning conteahlineto any person who wants
to take acourse, with no limit on attendance.

X Lithium Nickel Cobalt Aluminium oxi@eNixCoyAlzO2 with x +y + z =

X Lithium Nickel Manganese Cobalt oxide (LiNixMnyCozO2 with x+y -
1)

X Norwegian University of Science and Technology. Locaté®idheim,
Gjevik and Alesun&pecializing in technology and thatural sciences.
40 000 students.

X Market form with limited competition in which a few producers contrc
the majority of the market share and typically produce similar or
homogenous products.

X Sets out a globdtamework to avoid dangerous climate change by
limiting global warming to well below 2°C and pursuing efforts to limi
to 1.5°C.

X lterative, fourstage problem solving model used for improving a proc
or carrying out chang

X Battery cell or cell association wrapped in a rectangular polymer cov
in an aluminium flat bag with external tabs to connect to the circuit

X More than only smart metering, sending data in tdioections and
adding power to the grid in the opposite direction

X System of mechanical parts in a vehicle that first produces energy, t
converts it in order to propel it, whether it be an automobile, boat, or
other machinery.

X Two-dimensional version of the barcode, typically made up of black :
white pixel patterns.

X The fear that a driver will run out of battery or fuel before you can re
the charging/fuelling station.
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In a battery, separators are insulating membranes that prevent short
circuits between the two electrodes; in the SSE, the solid electrolyte
also play the role of the separator

Disciplined, datalriven approach and methodology for elimiiag
defects (towardsixstandard deviations between the mean and the
nearest specification limit) in any proces$rom manufacturing to
transactional and from product to service.

Electricity network/grid enabling a twavay flow ofelectricity and data,
between producer and customer.

Uses asolidelectrolyte to regulate the lithium ions instead of a liquid
one.

Managementpractices throughout the organization, gearedeosure
the organization consistently meets or exceeds customer requireme

A set ofimagesand soundsproducedby acomputer,
that seemto representa placeor asituationthat apersoncan
takepartin
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This Desk Research has been conducted under ALBATTS Work Pzakddgenvas supported

by Work Package 5, led by AIA. The sources for the information gathered for this research
includes various scientific, technical, and other publicationgsp releases and battery
YIEydzZFIF OGdzNBNEQ ¢6So0aAidSad ! RRAGA2yIffex (KS
within ALBATTS has been used where applicable. In this reseaechcover battery
manufacturing.especially from the largecale production, Gigafactory point of view. In that
context we are privileged to have Northvolvhich has a Gigafactory project in progress in
Skellefted, Sweden as an ALBATTS membeerefore, ve utilized this opportunity by
conductinga fewinterviews with Northvolt to collect firshand information from a largscale
battery manufacturer.

The main aim of this research was to analyse the anatomy of a major battery manufacturer, a
Gigafactory to identify the departments, tems, and functionsthere. This is essentidb
understand the job roles antthe skills and competenciggquired for these roles. From the
basis of this information, it can be assessed the needs of the battery manufacturers in terms
of skills and competemes now and in the future.

Additionally, we analysed the circumstances in which battery manufacturers operate today.
What are the drivers of change currently affecting the businassl what is the business
environment like from the globalerspective2Vhere does European battery manufacturing
stand against the rest of the worfd/NVe also studied the main stakeholders by examining
suppliers of battery manufacturers to understand the supply chain. Additionally, we examined
the customer side by looking into aurhotive and other transportation sectorsd naturally

to the stationary applications.

Job roles and skills were also studied with a deeper analysis concerning the main areas
identified within battery manufacturing. This information was gathered by examifob
advertisements and further analysed with a competence matrix. Education was also examined
by focusing on the vocational and the professional technician sectors of education, EQF 4 and

5, especially battery manufacturing.
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The methodological approach adopted by ALBATTS project parhatugesmaintainingan
updated overview of the Drivers of Change (DoC) influencing the battery sector (i.e., those
crucial factorgo transforming an industry)We usedhe samemethodologyfor the first desk
research, focusing more on recently published reports of a morkrtieal nature.For the

most part, the reports representethe whole battery value chain andre compiled by
respected consultancy organisat®ar projects.As a omplement D the literature review,
recent projectresults wereintegrated andone-to-one interviews to eventually validate such

results.

This approach was aimed at confirmiegmplementingor amending the three macro areas

of DoC and the nine sutategories already identified, which were:
Climate goals, regulation, and environmental challenges

Batteries are one of the most important driveiar decarbonising land and maritime
transportation and transitioningo a renewable power systenManaging the complete
lifecycle from concept to design, manufacture, seryiaed disposal contribute to
reducing waste and pollution whilst providing opportunities for significant cost
reductions and calling for new skills in different areas. For this macro area, the following

sub-categories had been identified:

a. Reducing Cf£emissions from battery manufactugnA significant step would be

to increase the share of renewable energies and energy efficiency in the

production and battery value chain

b. Electrification and green energyatteries are a systemic enabler and play an

essentialrole in contributing to grenhouse gas neutrality in the transport and

power sectors.

c. Widespread charging/refuelling infrastructur@ robust and suitable charging

infrastructure network is key to boost the development of stordipsed

technologies, easing access to more afforddigétery systems.
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Globalisation

EV batteries production is expected goow in the global markets heavilgnd the EU
must be prepared to get a competitive advantage, particularly within the following sub

categories:

d. Access to rawnaterialsis criticalto produdngkey components, so smart solutions

are urgent to overcome shortages of some resources (limited in terms of quantity

or geographical presenge

e. Global reqgulatory dialogue The Commission, Governments and public
administrations in Europe witheed to work in tandem for the elaboration of

policies and strategies from which the battery sector could benefit

f. Restructuring to facilitate the intermittent renewable energy sources, structural

changes are expected in the battery sector to adapt a@ee>-emission mobility
New technologies

To swiftly act and mitigatelimate change and makeenewable energy a reliable
alternative source, it is essential to invest in storage systems, like batteries, for mobile
and stationary usage. Technological featrare intrinsicallyconnected, and the

identified subcategories require further developments:

g. Cybersecurityexponential growth ofnternet of ThinggloT) into BMS connected
to a network, cloud infrastructuresnd the navigation and location informatio
necessary to optimise the smart grid infrastructure can compromise private and
collective security. This threat landscape requires the industry to modify the

security approach and the resilience of the infrastructures to cyditacks.

h. Global technical &rmonisation and standardisationstroducingnew technology

and changing market conditions will require the sector supply chain structure to

adjust and meet the challenges.

I. Smart Gridstorage is one of the most important smart grid components due to
its key role in complementing renewable energy generation. With the proper

amount and type of storage broadly deployed and optimally controlled, renewable
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generation can be transformed from an energy source into a dispatchable

generation source.
Also, for ths deskresearch process, the identified DoC were analysed based on:

Occurrence whether a DoC is cited multiple times in the same report or different DoC

are cited, their occurrence is counted &s

Importance a ranking from 0 to 5 (0 = not possible tiiate, 1= not important, 5 very

important) reflect the future status and direct implications on changes in the sector.
Urgency recognise a DoC overwhelming significance in a specific time frame. (year)

One potential limitation of this methodological amach is that it is noexplicily focused on
the main topics of this second desk reseatdtattery manufacturingandenergy storageThis
is becausenarrowingthe approach would have prevented a harmonised aggregation of data
and trend analysis betweerh¢ first and the second desk research exercisies,first one

broader in terms of topics analysed.

Based on the abovmentioned methodological approach, the trend evolution regarding the

occurrencejmportance,and urgeicy of each DoC, per swategory, are compared.

Globalisation New technologies Globalisation
24.72% 25.00% 13%

Climate goals, regulation Climate goals, regulation
and environmental and environmental
challenges40.28% challengesA2%

Overall,by comparing the occurrence of the DoC in be#ttions of oudesk researck
and VX GKS O2yaAraidsSyoe Aa
NEJdzA I GA2yS YR SYy@ANRBYYSyGlft OKIffSy3as

Co-funded by the E % Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 - 1-SE-EPPKA2-
i X SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
+
Erasmus Preramme 2 : does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot

of the European Union o it be held responsible for any use which may be made of the information contained therein.

o2y ¥

aé

17



fnalbatts (e

0§ SOKy 2t 8 # Rhighér éate Kfloccurrence(from 25% to 45%) YR G Df 206 f A &l
decreased its weight (34,72% to 13%).

Thanks to further inputs from ALBATTS project partner expaereetings, the three above
mentioned categories can be further integrated with a more specific set of Drivers of Change

that, given tkeir importance, can be considered as trends on their own as listed below:

Battery capacity/energy densityclimate goals and environmental challenges are key
drivers to push the sector to invest into improving battery capacities, i.e., get electric
vehicles witha more extendedange are likely to push forward climageals.

Improved charger performancesnergy demand shift from oil to electricity is one step
for the decarbonisation process depending on battery capacity laatter and faster
charging toolgo boostBattery Electric Vehicles (BEV

Country independenceresulting from COVHR9, countries and companies recognised
the need to be more independeim battery construction and materials (e.qg., fabrication

of own cells). This ief course linked dso to an economitactor.

Battery as a structurethis refers tousing any structure (foundation of a house, chassis
of a car, structure of an aeroplahas a battery. Tdnpurpose iso reduceneededspace
while maintainngthe optimalweight and centreof gravity and improwg the charging

infrastructure

Heat conversion into electrical energinvesting in processes to reconvert heat waste

(kinetic energy) into electricgower is essentialn the circularity of the process

Safety:the globaladoption of regulations and standards in safety issues, especially

regarding charging/recharging/ and discharging of batteligsecessary.

Energy accessible everywherenergy storage systems and appropriate fuel cells are
essentialfor the transitionto sustainable energy sources, such as solar and wind
energy, helping maintain (and grow) current energy infrastructure stable and

continuous everywhere.

1 Oneto-one meeting with Professor Helena Braga, Engineering PHyspartment, University of Porto (BT)
25.05.2021
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Comparing research analysis for each-sategory Figure2andrigure 8 K26 a9t SO0 NRA T
YR ANBSY SySNHE&¢ NBY!l AywiggT&rjsding ffod baNdsyf S O y |
YIEydzFF OGdzNRy 3¢ 2dzYLISR (2 &4SO2yR FyR-a3f20lf

Electrification and green energy[ RN
Global regulatory dialogue_
Smart Grid _
Restructuring [N
Access to raw materials-
Dt2olt GSOKyAOMEM KI Ny2yAaldAazyX
Cybersecurity -
SRdzOAYy3 /hu EMAaarzya FNBYX
SalNBI R OKIMBAYIKNBTASE tAyIX Figure3: occurrence of DoC sutategories- 2020
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Figure4: occurrence of DoC sutategories-
2021 desk research
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0 1 2 3 4 5 Figure5: the importance of DoC swoategories-
2020 desk research
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wSRdzOAy3 / hHw
Smart Grid
Global regulatory dialogue!
Restructuring

Electrification and green energ_
LYLNE SR OK I NERSRKINSFGZSINR v 3 x
Access to raw material_
Cybersecurity [N
Dt 2okt GSOKyAOr (NIKIINVENAE A2y |y
Figure6: the importance of DoC swoategories- 0 1 2 3 4 5
2021 desk research

When analysing the importance of each stdiegory in bottpieces of researc{i-iouresand

Figurebb = A G A& AAYAL I NI &.eRigsiorie 8omD&tRry akuil dziNNI R dzO0
is the most important At the same tire, a  O0S&da G2 NI ¢ YIGSNRALIf &¢é
(from2@to 7"Ay GKS NI Yy1Ay30 yR a3ft20lFft NB3IdzZAF 2N
(from 5" to 39). However, it isessentialto highlight that seh changes ar@retty minor

considering the numbers (indeed  0O0Saa (2 NI g YI bDyDSHdoitsi ¢ RSO
4.38 and now 3.8).

Access to raw materials.

Cybersecurity _
wSRdzOAy3 / hv SRR 2 ¥ NEYX
Global regulatory dialogue_
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smart crid |

Restructuring _
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2020 2025 2030 2035 Figure7: the urgency of DoC subategories-
2020 desk research
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Figure8: the urgency of DoC subategories- 2020 2025 2030 2035
2021 desk research
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Lastly, and analyse and compare the urgency of each DoGcsukgories.

GDf 201 f NE3Jdzt F G2NB RAFf23dz2S¢ Gdz2NYySR (G2 068
GBA G NHzO G dzNR ¥y T£SY AGWMS RAFGA yFANR/Yh oF G GSNE  YI ydzF I O
most important and frequently quoted ithe literature, ischallengedo be faced in the long

term (after 2030).

The EU commitment to become thiest climateneutral continent globally translated into the
European Green Deal. The goabiseduce net greenhouse gas emissions by at least 55% by
2030, compared to 1990 levelshichrequires changes in many domains, including mobility
andthe energysector. As a result, the demand for battery capacity in Europe would amount
to 400¢ 1 000 GWh by 2030. At the same time, production capacities are being built in Europe,
announced at the level of 800 GWh by 2030 or possibly over 2, d#/lit by AsianAmerican,

or European companies.

Apart from the goals set in the legislation, the EU and its Member States need to create
favourable framework conditions. Some of the main EU strategidgtives, and projects
relevant to battery manufacturing are mentied below.

An overall strategy at the EU level is thew Industrial Strategy for Europeublished by the
Commission in March 2020 (focused on encouraging the twin ecological and digital transition)
and updated in May 2021 following the COMI® pandemié. The updated strategy was
accompanied by mapping EU strategic dependencies and capacities, presentindepihin
reviews of strategic areas, among them raw materials and batteFasthermore, m the
Action Plan on Critical Raw Materials framewdhielist of critical raw materialavas updated

in 2020 and lithium was added to the list for the first tinAdso,European Raw Materials
Alliance was established in September 2020 to address the challenge of securing access to

sustainable raw materials, adnced materials, and industrial processing krdzaw.

2VDMA Roadmap Battery Production Equipment, Update 2020
3 https://www.europarl.europa.eu/doceo/document/TAR-2020-:0321 Ehhtml
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A

In the area of research, development and innovatidorizon EuropéA & G KS 9! Qa 1 Seé
programme for the period 20242027, building on a tradition of research (and innovation)
framework programa ® / f AYI G4SX 9y SNHe FyR az20AftAde Of
G2 OftAYIF(GS OKIy3aS AyOf dzRAY 3 yEHMMNSG | I yIRNIayYd N
belong to the elements of Horizon Europe relevant to batteries.

To further accelerate thapscaling of precommercial projectdhe Commission launches calls

for IPCEISn areas of strategic importance to the EU econoifgr example, & Important

Project of Common European interest is a tool to support research and innovation under
specific Elbtate aid rules. The rules have a specific provisiothlosMember States to fund
disruptive and ambitious research and developmantithe first industrial deployment of the
technology in case of market failure. So far, the Commission approved two iBattBCEIs in

2019 and 2029

Recognising the need and urgency for the EU to develop a battery value chain, the Commission
launched, already in 2017, theuropean Battery Allianc€EBA) and adopted the Strategic

Action Plan on Batteries in 2018. EIT InnoEnergy has been entrusted Hyutbpean
Commission to drive forward and promote EBA250 activities, actirgnaswork manager

and project facilitator. To address the challenge of trainuqagskilling,and reskilling several

tens of thousands of workers every year, EIT InnoEnergysashalilding a pafturopean

education sharing platform, thEBA250Academyit should provide local training providers

access to industrproven training content for distribution to their industry clients and end
customers.

As around 2030, up to 300 thousa jobs related to battery manufacturing could emerge in
Europé€, skills and education neetd be one of the areaso pay closeattention to. The
Commission updated the European Skills Agemma2020 withthe action Pact for Skills. The
European Skills genda isalso implementedthrough various sectoral initiatives, such as

Automotive Skills Alliance. And there are other initiatives and projects aimed at supporting

4 https://ec.europa.eu/info/researckandinnovation/funding/fundingopportunities/fundingprogrammesand-
open-calls/horizoreurope en last accessed on @7.2021

5 https://ec.europa.eu/comnssion/commissioners/2012024/sefcovic/announcements/keynotgpeechvice
presidentmarossefcoviebattery-summitportugal en
Shitps://www.eba250.com/eba25eacademy/almput-eba250academy/?crreloaded=1 last accessed on
07.07.2021

7 EIT RawMaterials, Fraunhofer: Future Expert Needs in the Battery Sector, Report March 2021
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specifically the growth dahe battery industry in Europ@ education training,and skils, such
as AlistoreERI, Battery 2030+ or the ALBATTS projectéitself

Coming back to legislation, the proposal foRagulation concerning batteries and waste
batteries® from December 2020 establisheariousrequirements onsustainability ¢arbon
footprint, recycling content etc.). These include information abpetformance durability,
safety, labelling, supply chain due diligence and other informdbomllowing the placing on
the market or putting into service of batteriek addition there arealsorequirements for the
collection, treatment, and recycling of waste batterieginally, or industrial and electric

vehicle batteries, it also introduces an electronic rectng,soOF £ ft SR a6l GG SNE LI

The BatteryPassport is amtegralpart of the new Batteries Directive propogalensure the
sustainability andompetitivenesof the EU battery value chaify

TheBattery Passport is a digital representation of a battery that points out all applicable ESG
andlifecycle requirementscompletely covering a definition of a sustainabhttery. A battery
passport would support data sharing on dimensions such as materials chemistry, origin, the
state of health of batteries, or chain of custody. It could provide &eytul means to identify

and track batteries throughout the lifecycle and support the establishmeitifeofextension

and endof-life-treatment systems

The process started in 2006 wh#me batteries and waste directive entered into force. The
Battery Pagsort will become active in 2027

The paragraphs of the chapte2s3.3 and 2.3.4hat mention and discusthe articles of the EU

law contain direct excerpts froithe EU law text!

8https://eepower.com/news/battery2030initiative-startsto-power-up-europesbattery-revolution/# last
accessed on 07.07.2021

9 https://ec.europa.eu/environment/topics/wastandrecycling/batteriesand-accumulators _enlast accessed
on 2607.2021

10 hitps://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS BRI(2021)689337 Haspdf
accessed on 02.06.2021

11 https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX%3A52020PC0798&(qid=161342636&<t5
accessed on 02.06.2021
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TIMELINE OF EU BATTERIES AND WASTE DIRECTIVE

(oa

BATTERIES AND INCEPTION
WASTE AMENDING IMPACT 90 %
BATTERIES REGULATION || ASSESSMENT I IMPLEMEN BATTERY °
REPEALING (EU) NO incl. TATION CARBON REDUCTION in
PASSPORT
DIRECTIVE 2019/1020 || BATTERY FOOTPRINT TRANSPORT
2006/66/EC PERIOD LABELLING LABELLING
DIRECTIVE 5023 026 2027 RELATED GHG
2020 EMISSIONS
2050

CARBON CARBON CARBON MIN % SHARE
FOOTPRINT e OF RECOVERED
PERFORMANCE ELECTRONIC FOOTPRINT
oecuaranon || esten |l pxcrance svsrew || MAKUTE | wATErAS
2028 & RECORDING 2026
O

2.3.1 Batteries are a key technology to achieve sustainability goals

The Paris Agreement has etdzi G KS | YOAGA2Yy (2 a1SSLI If20lf

well below 2 degrees Celsius above -prdustrial levels and to pursue efforts to limit the
GSYLISNI GdzNE AYONBIFaS S@Sy FdzNIKSNJ G2

net-zero dobal

Mmdp RS:

humancaused CO2 emissions by 20p5@ccording to a recent

Intergovernmental Panel on Climate Change (IPCC) special‘feport

The Battery Directive is a central piece of EU legislation on waste batiadksling recycling.
The Battery Directive entered into force on the'26f September 2006. In April 2019, the
European Commission published its evaluation of the Batteries Dirétfilee esults ofthis
review were used to prepare the European Comnuasreport on the implementation and

impact on the environment and the functioning of the internal market of the Batteries

12 https://lwww.ipcc.ch/srl5/last accessed on 205.2021
Bhttps://ec.europa.eu/info/news/commissiomublishesevaluationreu-batteriesdirective-2019-apr-09-0 en
last accessed on 27.0520
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Directive. Theaim of the proposal published in May 2026, is to modernize EU battery
legislation, including the Batteries Dire@jwvhich contains existing relevant laws, standards,
and regulations. The Battery Directive represethis minimum standardthat the individual
Member States must transpose into their national l&still,every EU country has the right to

expandit to satisfy domestidemands. Once implemented, the new rules are expected to take

effect, following an implementation period, from 2023ee

EU Law-making process ADOPTION

VOTED IN PLENARY

SUBMITTED TO PLENARY,
TRILOGUE

COMMITTEE VOTE
DRAFT REPORT

European Economic and Social Committee (EESC) &
or European Committee of the Regions OPINION(S)

NATIONAL PARLIAMENTS’ OPINIONS

COMMISSION PROPOSAL

EPRS European Parliamentary Research Service

¢KS 9! Qa DNBSy 5SSt A& | yS¢ 3INRBoUK

strategy toA YLX SYSy i GKS !'yAGSR bliAz2yQa

goals®. The purpose is to transfornEurope into a modern, resourceefficient, and

competitive economy where:
there are no net emissions of GHGs by 2050

economic growth is decouplddom resource use

Hfile://IC:/Users/Sari%20Rintakoski/Merinova%200y/Merinova%200y%20Team%20Site%20
%20Deuments/Yleinen/ALBATTS/DR2/EPRS BRI(2021)689337 EN_schedule.pdf
Lhttps://eur -lex.europa.eu/resource.html?uri=cellar:b828d1662211ea8clt
0laa75ed71al1.0002.02/DOC 1&format=Rast accessed on 01.06.2D2
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no person and no place are left behind
including the strategic action plan on batteries
the new circular economy action plan

the new industrial strategy for Europe

sustainable and smart mobility strategy

Accelerating the shifttosustA yF 6t S YR aAYI NI Y20AftAG& A& 2y €
ambition for 2030 and 2050. Mobilising industry for a clean and circular economy by financing
research and innovation The Commission will present a Sustainable Europe Investment Plan

to help meet the additional funding needs. It will combine dedicated financing to support
sustainable investments and proposals for an improved enabling framework conducive to
green investment. At the same time, it will be essential to prepare a pipeline of

suskinable projects. Technical assistance and advisory services will help project

promoters to identify and prepare projects and to access sources of filance

The Battery labelling supp@the assemb}-, maintenance service and recycing staff to
distinguish and separate items from each other qualitativeatgl act safely when handling

them.

In the Battery directivethe Battery Passporis mentioned under Chapter VIl and Article 65,
the electronic exchange of information. Article 65 cems the battery passport and requires
that by 1 January 2026industrial and electriwehicle batteries whose capacity is higher than
H (2K akKlff KI @S BittgfyPSESOANB Yy A OFTRNOSNRKGaGl GGS
market. The records shatle unique for each battery, to be identified through a unique

identifier. In addition, te battery passport shall be linked to the information about the

16https://eur-lex.europa.eu/resource.html?uri=cellar:b828d 166221 1ea8clf

0laa75ed71a1.0002.02/DOC 1&format=Hast accesed on01.06.2021
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essentialcharacteristics of each battery type and model stored in $listem's data sources

establish& according to Article 64 and shall be accessible online.

The Commission shall set up the electronic exchange system at the sametiché will
contain information and data:

sortable

searchable

respecting open standards for third party use

machinereadable format

The Commission shall set up the electronic exchange system mentioned in Artiole 64

1st of January20261’ The systemshall contain the information and data on rechargeable
industrial and electric vehicle batteries with internabstge, as laid down in Annex Xlll. That
information and data shall be sortable and searchable, respecting open standards for third
party use. The relevant economic operators shall be able to feed the system with information
in a machinereadable formatIn addition, the Commission shall publish certain information

mentioned in Article 62, which lay down details concerning the architecture.

¢Chapter If® of the Regulation lays down labelling and information
requirements.

Article 13 and Annex VI requirbdt as ofl January 2027batteries shall be
labelled in a visible, legible, and indelible manner to provide information
necessary for the identification of batteries and their main characteristics.
Various labels on the battery or the battery packaginglisalso inform about

lifetime, charging capacityhe requirement on separate collection, presence

17

https://ec.europa.eu/environment/pdf/waste/batteries/Proposal for a Requlation on batteries and waste

batteries.pdf page 93, last accessed 0i7.2021
18

https://ec.europa.eu/environment/pdf/waste/batteries/Proposal for a Rdation on batteries and waste
batteries.pdf page 90, last accessed o0i7.2021
19

https://ec.europa.eu/environment/pdf/wast/batteries/Proposal for a Regulation on batteries and waste
batteries.pdf page 55, last accessed 0i7.2021
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of hazardous substances and safety risksddition, he QR code to be printed
or engraved on the battery shall, depending on the type of battery, givessc
to the information that is relevant for the battery in question. The Commission
shall be empowered to, by implementinthe act, establish harmonised

specifications for certain labelling requiremerits.

&53¥° When placing a battery on the market or putting it into service, every
AYLR2NI SN aK2dzZ R AYRAOIFIGS 2y GKS ol G4GSN
name or registered trademarlkas well as the postal address. Exceptions should

be provided in cases wherthe size of the battery does not allow it. This

includes cases where the importer would have to open the packaging to put the

name and address on the battery or where the battery is too small to affix this

information. &

A Regulatios* will set direct requirements for all operators, thus providing the necessary
legal certainty and enforcement possibility of a fully integrated market across the EU. A
Regulation alsensures that the obligations are implementsitnultaneoushand in the same

way in all 27 Member Stated.he instrument will also set out severabndates for the
Commission to develop implementing measures, which will allow the Commission to
elaborate further on the regulation if necessary, allowing for more tynseltting of common
rules. The Regulation will alseduce uncertainties over timelinekiring the transposition
process typically associated with a Directive in an area where time and legal certainty are
critically important due to forecasted increasesnarket size and changes in market dynamics

more generally.

20proposal ér_a Regulation on batteries _and waste batteries.pdf (europamage 33, last accessed ai.1
2021

2L https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS BRI(2021)689337 Ha&pdf
accessed on 02.06.2021
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Stakeholder Consultations

Theinception impact assessmeoh the proposed Battery Directive regulation was
published on 28/ay 2020,and the period to provide feedback ended ®duly2020. In total,

103 responses were received, largely supporting positions set out by stakeholders earlier in

the process (for exampjeluring the targeted stakeholder consultations).

Stakeholders who participated in the public consultations gelheracknowledged
that technological, economic, and social changesify creatinga new regulatory framework
for batteries.Accordingly,he proposed Battery Directive should comprssendardand more
stringent sustainability rules for batteries, compaong, waste batteries and recycles, to

establish clear and common rules to guarantee the functioning of the EU single market.

Stakeholders also agreed that there shouldoe¢ter harmonisatiorof existing rules and an

EU framework covering thentire battery life cycle.

Impact Assessment

The proposal is based on an impact assessiemithin each of the 13 broad policy
measures, several subeasures were considereth many cases, these swheasures are
alternativeto each other ¢.g.,for Measure 3, collectiomate targets for portable batteries

can be either 65% or 75%, but not both). In other cases, thensedisures are designdad

be cumulative and/or complementarfe.g., ¥ 2 NJ a Sl 8dzNB mMoX | ol 4G SNB
batteries works in addition to information obligations).h& submeasures are grouped

into four main policy options compared against a busir@sssual scenario to facilitate the

analysis

oOption 1, businessasusual, is an option that keeps the Batteries Directive, which
primarily covers the enef-life stage of batteries, unchanged.
oOption 2, the medium level of ambition option, is an optitrat builds on the

Batteries Directive but graduallyrengthens and increases the level of ambition. To

22 https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS BRI(2021)689337 Ha&pdf
accessed on 02.06.2021

+
Erasmus Programme does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot

Co-funded by the Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 - 1- SE-EPPKA2- 29
SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
of the European Union be held responsible for any use which may be made of the information contained therein.


https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS_BRI(2021)689337_EN.pdf

fnalbatts (e

Alliance for Batteries Technology, Training and Skills

bring in information and basic requirements as a condition for batteries to be placed
on the EU market.

oOption 3, the high level of ambition option, is an approach that is a bit more disruptive
but still within the limits of what is technically feasikde.

oOption 4 the very high level of ambition option, includes measures that would go

significantly beyond the current regulatory framework and current business praétices.

¢CKS / 2YYA&aA?2y Qida chihBaiich NINIptRn 2ahdli0pton. rhevariety
chosen provides a balanced approach in terms of effectiveness (achievement of the

objectives) and efficiency (coestfectiveness).

The principle oDption 3, an electronic exchange system and batigassport, as proposed
by the Global Batteries Alliance, is accepted by several global organisatioreledtnenic
exchange systewill have a oneoff administrative cost for setting it up but will lead to
administrative simplification and lower implemttion costs in the long ternfurthermore,

the battery passporshouldenable second life operators to take informed business decisions

and allow recyclers tplan their operations betteand improve their recycling efficiencies.

Requirements oBattery Directives®

This Regulation establishes requirements on sustainability, safety, labelling and information
to allow the placing on the market or putting into service of batteaes conditions for the
collection, treatment, and recycling ofaste batteries. This shall apply to all portable
batteries, automotive electric vehicles, and industrial batteries regardless of their shape

volume, weight, design, andaterial composition use or purpose.

Economic operators that will baffected?®
Ecoromic operators are battery manufacturers, importers, distributors, service providers and

recyclers. The manufacturer should provide sufficiently detailed information on the intended

23https://lwww.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS BRI(2021)689337 ENagsif
accessed on 02.06.2021
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use of the batteryto allow its correct and safe placing on the marketttimg into service, use

and endof-life management, including possible repurposing.

Importers & Distributors
&(48) All economic operators intervening in the supply and distribution chain
should take appropriate measures to ensure that they only makeatlailon
the market batterieghat conform tothis Regulation. It is necessary to provide
for a clear and proportionate distribution of obligatiot&t correspond to each
economic operator's rolén the supply and distribution chain.
&53) When placing a battery on the market or putting it into service, every
AYLR2NISN aK2dzZ R AYRAOIFIGS 2y GKS ol G4GSN
name or registeredrademark as well as the postal addre€sxceptions should
be provided in cases where the size of the battery does not allow it. This
includes cases where the importer would have to open the packaging to put the
name and address on the battery or where the battery isgomllto affix this
information® €
&55) Any importer or distributor that either places a battery on the market or
Lldzia AG Ayid2 ASNIBAOS dzy RSNJ G KS A YL NIS
modifies a battery in such a way that compliance with the requirements of this
Regulatiom may be affected or modifies the purpose of a battery that is already
placad on the market shouldbe the manufacturer and should assume the

obligations of the manufacturer and distributogs.

Service providers
&57) Ensuring traceability of a battery thughout the whole supply chain helps
make market surveillance simpler and more efficiénirthermore, a efficient
traceability system facilitates the market surveillance authorities' task of
tracing economic operators whmade noncompliant batteries avéable on
the market or put them into servicé haefore, the economic operators should
be required to keep the information on their transactions of batteries for a

certain period.a
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Recyclers

Article 60contains requirements for the provision offormation regarding waste batteries.
This includes obligations to producers or their producer responsibility organisations to end
users and distributors regarding their contribution to the eofdife treatment. The Article
also sets up obligations to @vide information relevant to safety durinipe collection and
storage of waste batteries to distributors and operators involved in the collection and waste
treatment and providethose operators information to facilitate ¢ removal of waste

batteries andsubsequent treatment.

Article 65 concerns the battery passport and requires that 1 January 2026, industrial
batteries and electrivehicle batteriesnanufacturersshall have an electronic record for each
individual battery they place on the market. &hecords shall be unique for each battery, to
be identified through a unique identifieln addition, he battery passport shall be linked to
the information about theessentialcharacteristics of each battery type and model stored in

the system's data sarcesestablished according to Article 64 and shall be accessible online.

&29) (Information about the performance of batteries is essential to ensure
that end-users as consumersare well and timely informed and that they have

a common basis to comparbfferent batteries before making their purchase.)
Therefore, portable batteries of general use and automotive batteries should
be marked with a label containing the information on their minimum average
duration when used in specific applications. Addisithy, it is important to

guide the eneuser to discard waste batteriegppropriatel. a

&36) The CE marking on a battery indicates the conformity of that battery with
this Regulation. General principles governing the CE marking and its
relationship to oher markings are set out in Regulation (EC) No 765/2008.

Those principles should apply to the CE marking on batteéries.
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3.1.1.1 Context of the emergence®@igafactoiesin Europe

IN20179 dzZNRB LIStHY [/ 2YYAa4aA2yYSN) al NPO ~STAaRDAS YI F
them beingcritical to the competitiveness of theU in the future Europeis not going to
compete with pricdout canmanufacturethe bestperformingand thegreenestatteries*and
launched the EU Battery Alliance.

Battery production is currently scaling up rapidly. We are moving from battery plants with a
capacity of 4.0 GWh/year to maybe 40 GWh/year and even 80 GWh/year. Producing many
more batteries in each plant automatitaresults in much higher efficiency.

The boom in batteryelectric mobility is having an impact on value chaldewever, iiis also
generating increased demand at numerous other companies, encouraging efforts to establish
and convert production capacitiesand creating a need for external services such as
maintenance, among other things.

For example, every battery cell is based on chemical process techriolpggduceanodes,
cathodes, and electrolyte he starting materials are produced both by estdgldsEuropean
manufacturers, who are building up production capacities for this purpose and in particular
by Southeast Asian companies, which are setting up new plants in Europe.

In cell production, too, established European vehicle manufacturers areryilgh their own
capacitiest either inrhouse or in cooperation with partners on the one hand, and cell
production plants are being set up by Southeast Asian companies establishing themselves in
Europe on the otheMoreover, he assembly of cells into mdales and modules into finished
battery packs usuallpccursA 'y Of 284S O22NRAYIFIGA2Y GAGK 2N ;
facilities.

The conversion of factories and the butg of battery production capacities are in full swing.
Tesla is known to be ond the pioneers in this field, but German manufacturers are also in

the process of conversion. To date, most vehicle manufacturers have focused on battery pack

24 https://cicenergigune.com/en/blog/gigafactoriesuropecommitmenteconomicrecoverybattery-factories
accessed on 05.05.2021
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assembls®. While most cell production sites are located in Southeast Asia, in Europe, and
Germaly in particular, numerous production facilities are currently being planned, built, and
commissioned along the entire value chain of batteries for cars. In this context, regional focal
points are emerging in Europe, such as BeBliandenburg, the WolfsbgrHanover region,
Kaiserslauterrnbtuttgart, or Hungary. Operators have different reasons for their choice of
location and regional clusters. Among the most publicly cited are the following:

Existing infrastructures (motorways, railway connections) to emthe delivery of raw

materials and shipment of manufactured components

Proximity to existing plants (including VW Salzgitter, PSA Kaiserslautern)

Proximity to assembly plants (especially for Southeast Asian -pairty

manufacturers)

Adequate availabilt of skilled workforce

Avalilability of land fosubstantiafactory buildings

Availability of renewable electricity

3112 AWho is whoo in Europe

In the context mentioned above, the first big project was announcebdghvolt (Sweden),

a startup with plans to manufacture the world's greenest battery cell and establish a
European supply of batteries to enable the future of enéigy

Northvolt Ettis Northvolt's first Europeanwned Gigafactory It plans to start production in

late 2021. Northvolt Ett has a long production line, from active material preparation and cell
assembly to recycling operations and auxiliary processes. Although to be desetsp
aphased build, the first phase of Northvolt Ett will be operational in 2021, and the annual
capacity will ramp up to at least 32 GWh by 2024. When complete, the factory will be one of
the largest globallyg producing about 60 GWh of energy storage pear.

25 Technical Services for Battery Production in Europe. Operational Excellence for the Autonuhistey)n
Apublication by Linendonk & Hossenfelder GmbH in cooperation with Leddgos://www.leadec
services.com/leadepulsewhat-movesus/whitepapertechnicalservicesbattery-production, accessed on
05.05.2021

26 hitps://chronicles.northvolt.com accessed on 05.05.2021
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Northvolt Labs in Vasteras hosts a demo manufacturing line used to qualify and industrialise
their products and processes together with customers. It is a 19,000uitding with an
annual production capacity of over 350 MWh.

Northvolt Battery SysSYa gl a Ay hO(G20SNI wnmy SaGlFofAar
industrialisation and assembly of battery modules and energy storage systems. It also serves
as an R&D platform for industrialising battery solutions. As of spring 2019, the plant is in
produdion and ramping up to 10,000 battery modules per year and have ambitious growth
plans.

Following the company's investment into Northvolt in June 2019, the Volkswagen Group
entered into gjoint venturewith Northvolt to establish a secor@igafactoryNorthvolt Zwej,

in Salzgitter, Lower Saxony (Germany), starting operations in early 2024. The factory is
planned for an initial annual output of 16 GWh and later up to 40 GWhfyeartakes its
design from the blueprint for battery manufacturing developed forthvolt Ett. In March of

2021, the VW Group bought the Northvolt part in the joint venture, making this designated to
produce Lithiuralon cells exclusively for VW Grotiiiz=rom 2025, the plant will focus on a new
'‘prismatic unified cell' for VW Groupfsghvolume segmerit.

Volkswagers investments with Northvolt are part of more expansive plans to bsid
Gigafactoriesin Europe with a total capacity of 240 GWh/year by 2030 to secure battery
supply. VW is apparently considering further potential partners and sites for these other
factories, including possible locations in Germany, Sgzontugal,and France, and Centra

and Eastern Europe. As a result, the plan could potentially increase overall battery capacity in
Europe by 25%.

Another important project in Europe in recent years has been the one plannda&iain
Germany. The company expects to open its firstohean Gigafactoryat the beginning of

2022, hoping to an annual production capacity of up to-fjifawatt hours (GWh) at the start,

"and then possibly" increase to 200 or 250 GWh/ykar

2Mhttps://lwww.volkswagennewsroom.com/en/presseleases/poweiday-volkswagerpresentstechnology
roadmagfor-batteriesand-chargingup-to-2030:6891, accessed on 05.05.2021

28 hitps:/linsideevs.com/news/494412/volkswagencreasesstakenorthvolt-acquiresjoint-venture/ accessed
26.08.26

29 https://chronicles.northvolt.com accessed on 05.05.2021
30https://www.automotivelogistics.media/electriwehicles/vwstrengthensties-with-northvolt-to-expand
battery-capacityin-europe/41676.articleaccessed on 05.05.2021
3lhttps://www.cleanenergywire.org/factsheets/tesldaserlin-gigafactorywill-accelerateshift-electric-cars
accessed on 05.05.2021
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A recent project is th&CC; Automotive Cells Companya European jat venture of French

PSA and its German subsidiary Opel with French battery cell manufacturer Saft (a subsidiary
of energy company Total). The agreement includes an R&D centre in Bordeaux (France), a pilot
site in Nersac (France) as well as t@gafactoies in Douvrin (France) and Kaiserslautern
(Germany®.

The ACC project is divided into three main phéses

1. The construction of an R&D centre in Bruges near Bordeaux (33) and of a pilot plant in
Nersac, near Angouléme (116

2. The construction of the battergroduction plant in Douvrin / BilBerclau, with a first
block with a capacity of at least 8 GWh/year in 2023, then between 2023 and 2028,
between 2432 GWh/year.

3. The construction of a second battery production plant in Germany in Kaiserslautern in
2025,with a capacity between 232 GWh/year.

FREYRlans to develop a NorwegiaBigafactorywith up to 43 GWh annual production

capacity for battery cells by 2025 and position itself as one of Europe's largest battery cell
suppliers. The manufacturing plant will be located in the-IMRana industrial complex,
Northern Norway*. In addition, recat news reveals a technology partnership with the-US
based 24M company to shorten the production line for lithium batteries from about 17
conventional steps to 7 or 8.

The giant factory will consist of four factories and will be built in five constnigiages. The

first stage is a pilot plant set up in the first half of 2022 (375 MWh/year).

Factory 1: 5.3 GWh/year (2023)

Factory 2: 8 GWh/year (2024)

Factory 3: 10.6 GWh/year (2025)

Factory 4: 10.6 GWh/year (2025)

Morrow Batteriesis another Norwegian statip founded in 2020. with plans for a battery

cell factory with a capacity of 32 GWh/year in the city of Arendal in the Agder region, southern
Norway. Construction of the plant is planned to start in 2023. The first of thefflaunmed

32 https://www.ocoglobal.com/general/whewill-win-the-battery-race-in-europe, accessed on 05.05.2021
33 https://www.concertation-accbatteries.fr/le-projet-en-bref, accessed on 05.05.2021

34https://n ews.cision.com/no/freyr/r/freyrsikrermilliardfinansieringtil-gronn-batteriindustrii-norge-og-
borsnoteresi-new-york,c3276121 accessed on 05.05.2021
35https://www.powerelectronics.com/technologies/batteries/article/21862703/nemvanufacturing
techniguessafetyadvancescould-overhautliion-battery-businessaccessed on 30.08.2021

+
Erasmus Preramme does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot

Co-funded by the Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 - 1- SE-EPPKA2- 36
SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
of the European Union be held responsible for any use which may be made of the information contained therein.


https://www.ocoglobal.com/general/who-will-win-the-battery-race-in-europe
https://www.concertation-acc-batteries.fr/le-projet-en-bref
https://news.cision.com/no/freyr/r/freyr-sikrer-milliardfinansiering-til-gronn-batteriindustri-i-norge-og-borsnoteres-i-new-york,c3276121
https://news.cision.com/no/freyr/r/freyr-sikrer-milliardfinansiering-til-gronn-batteriindustri-i-norge-og-borsnoteres-i-new-york,c3276121
https://www.powerelectronics.com/technologies/batteries/article/21862703/new-manufacturing-techniques-safety-advances-could-overhaul-liion-battery-business
https://www.powerelectronics.com/technologies/batteries/article/21862703/new-manufacturing-techniques-safety-advances-could-overhaul-liion-battery-business

fnalbatts (e

Alliance for Batteries Technology, Training and Skills

construction phases, with each step adding eight GWh/year, will be ready for production in
2024. According to the company, up to 10,000 jobs will be created in the Agder¥egion
Britishvolt is another new company entering the European battery keawith plans to build

a plant in Blyth, Northumberland. The construction will begin in the summer of 2021 to
produce the first Lithiurion batteries in 2023.

Britishvolt has ambitions to become the "fir&igafactoryin the UK", aiming at a final
production of 30 GWh/year Lithiudon batteries per year (pouel& cylindrical cells). In the

first year of production, 2023, 10 GWh oflan batteries will be produce#.

By the project's final phase in 2027, it will be employing up to 3000 highly skillggiepe
producing Lithiurdon batteries enough for 300,000 new electric vehicles yearly for the UK
automotive industry?.

SVOLT Energy Technolagya spiroff from the Chinese automaker Great Wall Motors/di

plans to break ground on two factories, atambined cost of about 2 billion euros ($2.42
billion), in the western state of Saarland, Germany, by the yearend of 2021. SVOLT aims to
have completed the first construction phase, with a capacity of 6 GWh/year, by 2023. Then,
depending on how demand delaps over time, more manufacturing capacity can follow, as
much as up to 24 GWhlyear in the final staes

Farasis EnergfGanzhou), which sold a 3% stake last year to the Daimler group, aims to start
a Gigafactoryin the eastern town of Bitterfeld, Germg and create at least 600 new jobs in
the final stage%. Farasis aims to put out 6 GWh/year of batteries from Bitterfeld by next year
on the way to a total output of 10 GWh/yeé&r

AsianPacific companies are also investing in the European battery supply tka@hem/LG

Energy Solutionglready has a plant in operation in Wroclaw, Poldndith a capacity of 15

36 https://www.en-former.com/en/europesbattery-industry-is-booming/, accessed on 05.05.2021

37 https://www.en-former.com/en/europesbattery-industry-is-booming/, accessed on 05.05.2021

38 https://britishvolt.com/about-us/, accessed on 05.05.2021
3%https://britishvolt.com/news/britishvoltselectedblyth-northumberlandasthe-site-of-its-first-battery-
gigaplant/?crareloaded=1 accessed on 05.05.2021

40 hitps://www.en-former.com/en/batteryboom-meetgermanysgigafactories/ accessed on 05.05.2021

41 hitps://www.investierenin-sachseranhalt.de/batterie accessed on 05.05.2021

42sed on 05.05.2021
43https://www.argusmedia.com/en/news/2119394uropeanbattery-revolution-startsnow-vdma, accessed on
05.05.2021
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GWhlyear, which is planned to increase steadily over the years to camat least 65 GWh.

LG batteries are installed in electric vehicles from YR&haultand Hyundai, among othefs
Contemporary Amperex Technology CEATL)s the leading battery maker in China and
globally. CATis now building a plant in Erfurt (Geamy), the first factory outside China. They
intend to reach a production capacity of 14 GWh of Lithimm cells and modules annually in
2022. 1t will later grow to accommodate up to 24 GWhlyear, creating around 2000 jobs by
2024, CATL also have furthexpansion plans, up to 100 GWh of battery production per year
in Germany.

SK Innovatiorcompleted a 7.5 GWh/year Battery Plant 1 in Komarom, Hungary, at the end of
2019, which is currently in operation. Another unit is under construction with plans tajpeod

9,8 GWh per year, starting in late 2022. Furthermore, an additional SK Innovation EV battery
plant will be built in Ivancsa, Hungary, with an annual production capacity of 30 GWh.

InoBat Autois building a Slovakian batte@igafactoryn Bratislavaa start production before

the end of 2021. Construction of an additional factory with a capacity of 10GWh per year is
set to begin in 2024.

Italvolt will build the first ItalianGigafactory with an initial capacity of 45 GWhlyear, later
reaching 70 GWlyear. This will demand an estimated 4,000 workers employed and a total of
10,000 new jobs created. The ltalvolt Gigafactory thereby becomes one of Italy’'s most
important industrial projects in recent years, with a total investment of about 4 billion Euros

The first phase of th&igafactoryproject will be completed in the first half of 2024

3.1.1.3 Conclusions

Batteries are becoming one of the globe's most essential commodities. Until now, European
electric vehicles (EVs) have been dependent on batteries from abroad, primarily from Asia.

This, however, is about to change. Only a few years ago, Europe did reotheindustrial

44 https://www.en-former.com/en/europesbattery-industry-is-booming/, accessed on 05.05.2021

45 hitps://www.en-former.com/en/batteryboom-meet-germanysgigafactories/ accessed on 05.05.2021
46 hitps://www.en-former.com/eneuropesbattery-industry-is-booming/, accessed on 05.05.2021

47 https://www.italvolt.com/batterie-a-ioni-di-litio-per-veicolielettrici, accessed on 05.05.2021
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facilities or the expertise to produce batteries. Although Asia is still dominant in global battery
production, the EU is progressing towards achieving battery independence b§£.2025
As we can see, Europe is now decided to have a sotidreélevant position in the global
production of batteries for the automotive market.
I OO2NRAY A (2 a-PrésRient okl EWdpean Commissibndds Interinstitutional
Relations and Foresight:
"With some 70 industrial battery projects announeamloss Europe and recerd
KAIK tS@Sta 2F Ay@SaaySyid o6e cn oAff A2y
become a global battery hub and is well on track to achieve open strategic
autonomy in this critical sector. We have achieved by far the best megrehe
battery cells segment. Europe's announced lithium cell projects will largely satisfy
the domestic demand for batteries by 2025 driven fgability, which saw over
1 million electric vehicles sold in 2029
For a comprehensive general viek the plans concerning LIB manufacturing capacities in
Europe until 202% and a little bit beyond, see , Which shows the situation in April

2021. Some of the operators in the figure were not included in the analysis above.

48https://www.theexplorer.no/stories/energy/anticipatinghe-e uropeanbattery-boom/, accessed on

05.05.2021

49 Keynote speech by VieeNSaARSyid alNRO ~S¥620A6 |G B2&, .F3GddSN
https://ec.europa.eu/commission/commissioners/20P924/sefcovic/announcements/keynotgpeechvice-
presidentmarossefcoviebattery-summitportugal en accessed on 05.05.2021

50 https://cicenergigune.com/en/blog/gigafactoriesurope-commitmenteconomicrecoverybattery-factories,

accessed on 05.05.2021
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3.1.2 Smaller Scale and Niche Manufacturera! 52
3.1.2.1 Introduction

The following list of six niche manufacturers and one extra technology worth mentioning will
show a more diverse perspective onto other potential important market players besides the
large billionEuro market automotive leaders. Although there is a cléatagy of what kind

of technology is being used, besides lithiion, its greatest rival is the solstate battery
technology.

Therefore, there is a mix of potential successors and unique technologies for specific market
sectors. The last key parameter to consider is the team behind the company, their background,

and how they are looking for new employee candidates.

51 https://battec.eu/en/company/ accessed on 23.08.2021
S2https://www.energystartups.org/top/battery/ accessed on 23.08.2021
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Keycompanies investing in solidtate batteries

The electrification of transport might take some time, and large automobile producers are
still earning a substantially high portion of the profit from the automobile market. However,
companies such as VW, BM®hrd, Hyundai, and others are actively investing hundreds of
thousands of dollars into various future battery technologies, including-stdit batteries.
Here is a list of technological starps which some of which will be discussed separately.

Volkswagenc QuantumScape
Ford, BMW & Hyundaj SolidPoweT®
GM and SK InnovatioanSES'

3.1.2.2 List of potential small scale & niche battery manufacturers

Factorial Energy

Factorial Energy is a W&sed R&D company working with large automakers@hdr OEMs

to provide the world's first solidtate battery for EVs and other applicati6hsThe company

has been developing under the radar since 2015. In April of 2021, it came with its first press
release about the first of its kind 40 Amps sestdte battery for EVZ.

Besides the breakthrough technology the company researched and developed, it also has a
substantially elite solid team on board, including former higher managers from Ford,
MercedesBenz, and Panasonic Energy North America. Apart tlamop executives, the
company is now searching for new employees such as Senior Scientists, Engineers, and Battery

Engineer¥’.

SES (SolidEnergy Systems)
The SES company, founded in 2012, was initially researching for creatingtatdibatteries

on Li-metal background. However, the company has developed what they consider a more

53https://www.bloomberg.com/news/articles/2020 2-10/ford-s-battery-bet-saysautomotive-testing-will-
start-in-2022accessed on 23302021
S4https:/techcrunch.com/2021/04/19/generamotors-leads139-million-investmentinto-lithium-metak
battery-developerses/?guccounter=accessed on 23.08.2021

55 https://factorialenergy.com/accessed on 23.08.2021

56https://factorialenergy.com/accessd on 23.08.2021

57 https://careers.smartrecruiters.com/factoriaiccessed on 23.08.2021
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practical and powerful kinetal system than current solistate alternatives. Thedmetal cells

have a higher energy density, are optimised for fast charging by Al algoréimehéiave ready
to-apply scalability for existing-ldn infrastructure®.

According to the company website, current batteries are designed for drone applicdtions
The SES company has two significant investors behind it. GM and SK Innovation arginvesti
heavily in the lmetal technology. Possible real applications into EVs are predicted for 2022.
The key innovation relies on "improving the lithium metal electrolyte on the anode and
cathode, and the scalability of current iPhone battery into the laxgjefor EVs", said SES chief
executive, Mr Hu Qichao.

Regarding jobs related to the battery field, the company SES has numerous open positions
across the company corporate ladderBesides the named positions on their website, more

specificdetails can be nicely organised and found on the LinkedIn wéhsite

EnerVenue

The EnerVenue company is focused on the metal hydrogen battery technology for the
aerospace industry. The technology of a similar nitlgelrogen battery has been proven for
years in the field, including the International Space St&fioHowever, while nicketydrogen
batteries have remarkable performance, longevity and are comparably mainteresee

they are also costly. EnerVenue aims to bring to the market a highly cameddtattery with
similar abilities for a fraction of its price using new loest materials.

In the summer of 2021, EnerVenue signed a distribution deal with the Hong Kong company

Towngas to become its exclusive partner for a zsadon smart energy pteorm. Towngas is

S8https://www.autonews.com/suppliers/battenssuppliersestakesspacpath-capitatdealvaluescompany36b
accessed on 23.08.2021
59 https://launch.ses.ai/accessed on 23.08.2021

80https://www.linkedin.com/jobs/search/?currentJobld=2519086793&f C58260&keywords=solidenergy%?2

Osystems&location=worldwidaccessed on 23.08.2021

61https://www.ses.ai/career/accessed 001.06.2021

62 hitps://enervenue.com/ accessed on 23.08.2021
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one of the largest energy suppliers across CHinehe two companies will begin installing a
sizeable renewable energy integration application in extreme or remote locations. In terms of

hiring new employees, the company has not publatpounced new positioté

lon Storage Systems

lon Storage Systems is a spifi company from the University of Maryland's Energy
Innovation Institute. It develops and manufactures battery solutions for military applications
and aerospacsystems. Following the solgtate battery structure, the main idea is to use
ceramic separators and other materials from loast sources. The company has also changed

the architecture and design of its battery to become both lighter and-ftammable® 66,

StoreDot

An Israelbased StoreDot company is developing a-fasdrging battery specially designed for
EVs to overcome their user's range and charging anxiety. Its prototype was successfully
presented in 2020 by charging and launching a drone. Alfiig; the company has signed a
deal with the EVE Energy company, a-tep supplier for the Chinese EV and ESS battery
market, to push its strategy to manufacture aMinute charge EV batter§".

One of the latest improvements towards implementing thechinology into the mass EV
market was to demonstrate their ability to use standardda manufacturing lines for the
samples manufactured at the EVE Energy facility in China. As StoreDot's CEesatility

to use current manufacturing lines reduckb@ additional costs to increase the scalability of
our technology®. The company is currently hiring into R&D positions such as Data Scientist,

Cell development researcher, and few others.

83https://www.globenewswire.com/newselease/2021/04/21/2214113/0/en/EnerVend&nnounces

DistributionPartnershipwith-Towngasto-SupplyMetal-HydrogenRenewableStoragefor-TowngasClean

EnergyTransformation.htmlaccessed on 23.08.20

64 hitps://enervenue.com/enervenugauncheswith-12-million-in-funding/ accessed on 23.08.2021

65 https://energy.umd.edu/news/story/umeenergystartup-receives8m-investment accessed on 23.08.2021

66 https://ionstoragesystems.com/#advantagascessed on 23.08.2021

87 hitps://www.store-dot.com/post/firstever5-minute-chargeli-ion-battery-samplesaccessed 023.08.2021

68 hitps://www.store-dot.com/post/new-agreemeniwith-eve-to-manufacturexfc-battery-for-evs accessed on

23.08.2021
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GBatteries

While other companies are trying to change the adtbhattery, GBatteries from Canada has

an alternative strategy, leaving the batteries untouched. Their breakthrough technology relies
on charging batteries using an adaptive pulse charging algorithm, speeding up the process of
charging. As a result, the mpany has attracted investmertts Although GBatteries is on its

way to start demonstrating the technology on large devices, including the EVs, there is a lack
of information on actual cases being tested. As a result, the company has created a
promotional video comparing a wall driller being charged normally and using GBatteries
technology. According to these laboratory tests, the charging took half the time compared to
the usual charging process.

The company is actively hiring new positions such as Battest Engineer, Technical Project
Coordinator, and others publicly placed on the company website. Other than working

positions, the company also announces internships, which is rare amongup&a®t

OXIS Company

The company is developinguaique technology using lithiursulphur (L+S) on the cathode

and lithiummetal on the anode. The OXIS battery cell chemistry does not contain cobalt,
manganese, nickel, or copper. Together with safe electrolytes, the battery becomes a
lightweight and higkenergydensity cell. To test the technology's safety, nail penetration and

a bullet shot were used to a fully charged cell without any functional damage.

In terms of tangible achievements, the OXIS Company has secured a grant to develop a 425
Wh/kg cellas part of the Aerospace Technology Institute Zephyr Innovation Program with
Airbus Defense and Space. Another contract is to create a battery for-adater electric
passenger plane. Unfortunately, the company has currently no open positions for new

employees.

6%https://www.cleantechcom/ev-adoptionbreakingdown-barriersgbatteriesmakesthe-2020-50-to-watch-

list/ accessed on 23.08.2021

70 hitps://www.gbatteries.com/careers#internshipgccessed on 23.08.2021
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3.1.2.3 Summary

Although thereisbattery related news almost every day, many of them are from the university
environment and still far from the realorld in terms of scalability towards building a
Gigafactory. From discovering the facts and receiving first grants and solid finangattsup
there is a need to have a massive economic and human capital to enter the market with price
and technologically competitive battery cell to succeed.

The last but most important factor is to have a professional team of scientists, electrical
enginees, and other professionals. Unfortunately, these can be hard to recruit due to
Gigafactory locations and competition for a specialised workforce. There is also a lack of
specialised educational offers for students interested in the renewable energy atetba
industry.

Further into details, we see above new tech companies emerging under the radar, with skilled
employees and good funding. The SES company covered by GM and SK Innovations is a good
mixture of companies that seriously searched for professi®on the market via LinkedIn.
Their strategy of creating a concrete and structured list of potential candidates makes an
excellent reputation from the beginning on the job market. The company consists of people
working together, and it is a most challeng task to find the best ones and create functional

teams.

3.1.3.1 General considerations

The electrification in general and of the transp@taining massive terrain in all important
markets worldwide. When it comes to transport electrificatitmough, the speed of the
deployment of this technology is impressive, to say the least, despite the slow, hesitant start
in the early 2000sThe year D20 will go down in history as the sales of EVs and PHEVs finally
took off in the EU. The combined sales of thaese types of vehicles jumped from 387.808

units in 2019 to 1.045.831 unitsn 2020, the year the overall passenger car market shrunk

by 23.P4.
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New passenger car registrations in the EU by alternative fuel type
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This surge in electric car registrations in Euragespite the economic slumpeflects mainly

G2 LREAOE YSI&adNBad CANRBROGEZ Hnwun geémissionkKS G N
standards thalimit the average carbon dioxide (@@missions per kilometre driven for new

cars. Second, many European governments increased subsidy schemes for EVs as part of
stimulus packages to counter the effects of the COMIPpandemic

Europe has 2.7 millionirct manufacturing jobs in the automotive sectéiElectrification will
impactthese jobswhile the job losses from the introduction of electric mobility are likely to

be substantially lowem vehicle manufacture than global studies have predicted oAting

to a study commissioned by the Volkswagen Group and elaborated by Fraunhofer If8titute

on average, employment requirementsvehicle manufacture are forecasted to decline by 12

per cent by the year 202%till,these effects are only to a limited degree the result of product
changes. Instead, they primarily reflect planned output volumes and improvements to factors

that affect processes and production locations. Consequently, the increase in electric mobility

2g{ i g8 ANB 08 ! dzi2Y20AQBS al ydzFl OfidzZNAy3 22064 Ay GKS 9! =
https://www.acea.be/statistics/article/direcautomotivemanufacturingjobs-in-eu-by-country, accessed on

27.5.2021

73 https://www.iao.fraunhofer.de/en/pressand-media/latestnews/the-changingface-of-the-automotive-
industry-employmentprospectsin-2030.html| accessed on 27.5.2021
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will directly affect employment in only a limited way. Additionally, it will trigger further
improvements in a variety of areas.

The situation is different with component manufacturers. The labour requirements are 70 %
higherto producea conventional powerain thanto producea powertrain for an electric
vehicle. Consequent future employment effects can be mitigated by boosting output volumes
and the production of new components such battery cells. This shift in employment will

make it necessary to tramployees to be able tmanufacturenew products.

3.1.3.2 Current situation- main figures

Right now, there is a severe imbalance in the cell manufacturing market with an Asian
oligopoly formed by a series of Chinese, Korean and Japanese companieP@@asanic,
LG Chem and BYD) accounting for around 75% of the total output at the end &f 2336
GWhl/year out of a total of 455 GWh/y€ear

Global lithium-ion battery capacity by region
(Gigawatt hours)
2018 2019 2020 2021 2022 2023 2024 2025

Australasia Australia 0 0 0 1 1 1 & i
Asia China 260 268 350 bhE 718 a84 044 D4d
Asia Indonesia 0 0 0 0 0 0 0 0
Asia Japan 17 17 17 17 17 17 17 17
Asia South Korea 11 18 14 14 18 18 18 18
Asia Thailand 0 0 0 1 1 1 2 2
Czech
Europe Republic ] ] ] 1 1 1 1 1
Europe France 0 0 0 0 0 20 32 32
Europe Germany 0 0 0 11 b2 83 128 164
Europe Hungary 3 14 21 28 7 47 47 47
Europe Poland B B ] 22 b4 70 70 70
Europe Slovakia 0 0 0 0 0 0 b 10
Europe Sweden ] ] ] 4 14 23 az az
Europe LK 2 2 2 2 2 b 12 12
Morth America s 27 7 42 Ay 51 7B a1 a1
Total 325 362 4585 706 066 1,246 1,403 1,447

Dataasor Feb. 1, 2021,
Sources: S&P Global Market Intelligence; Comparny announcemeants
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10 accessed on 27.5.2021
Shttps://www.spglobal.com/marketintelligence/en/newmsights/blog/topelectricvehiclemarkets
dominatelithium-ion-battery-capacitygrowth accessed on 27.5.2021
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If we break thisdown into countries, the Asian output is divided intbree shares
corresponding to théeadnglocal players: China, with 350 GWh/year (76.9 % of total), South
Korea, with 18 GWh/year (4.1 % of total) and Japan, with 17 GWh/year (3.9 % of total).
According to the figures abov€hinais currentlyway aheadwithin Asia Pacificegion which
compries80% of global manufacturing capacfy

Even though North America is obviously behind Asia, it still scores better than Europe with a
total cell manufacturing capacity of 42 GWh/year (out of which 35 GWh/year were achieved
by Tesla bpne), whichmakes up for a market share of 9.2 %.

Amore preciseoverview of theNorth Americarbattery manufacturing in terms of companies

involved and their output potential is availablefir and

US lithium-ion battery capacity
(Gigawatt hours)
2018 2019 2020 2021 2022 2023 2024 2025

Tesla 20 20 25 37 20 29 20 29
LG Cham b b b b b 20 25 25
SK Innovation 0 0 0 0 b 16 16 16
Erwvision AESC 1 1 1 1 1 1 1 1
M2 0 0 0 0 1 1 1 1
A1232 Systems 1 1 1 1 1 1 1 1
Total US 27 37 42 iy 51 76 0 o

Dataasof Feb. 1, 2021,
Sources: 3&P Global Market Intelligence; Company announcemants

76 source: China Industrial Association of Power Sour@@BA\PS) presentation on April'292021, atVirtual
Battery Exhibition
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400 MWh plent r1iacs PROJECT IN PROGRESS

Michigan, which expects to
increase to 2 GWh In 2023 et

LINE OR IN PROGRESS
Analysis by CIC energiGUNE “

It has two 150 MWh
lines in Livonia,
Michigan

@ LG Chem

It has a 5 GWh capacity
plant in Holland,

scaling it up in 2024, Michigan.
—
vantumScape
G line starting in 2023 in
Working on the development of Woburn (Massachusetts)

microvast™

Two operational plants (Nevada with =35 ) 9, 00) In 2023 (with
GWh and Buffalo dedicated to solar cells of |
2GWhplant in SK innovation simi ity)
= 2 GWh). It expects to open its new Clarksville, T
larksville, Tennessee
afactory in Austin (Texas) with up to 100
GUENCIOTY 1 AL LN WAL, (2022) It is building two plants in Georgia

GWh by t nd of 2021 and has a pilot line
in Fremont (California)

planned for 2021 and 2023, with
initial capacities of =10 and =12 GWh
respectively (with the potential to
increase beyond 25 GWh)

1GWh plant in

Jacksonville, Florida

Europe isnow lagging in terms of battery manufacturingespitehaving
1 Very ambitious legislatiomn COZ2emissions from vehicles (mandatory targets for
passenger cars, light commerciahiclesand heavy commercial vehiclesnd
1 Penaltiesin placefor manufacturers missinthe targets
9 National regulations and vehicle tax schemes tailored to curb CO2 emissions
1 Long term decarbonization objectives compared to the retthe world (carbon
neutrality of the entire economy and society by 2050)
1 A globally prominenandtechnologically advanced automotive industry
Nowadays, Europe’s market shafrem this point of viewis below 7%In contrastaccording
to the WorldEconomic Forum, Chinese manufacturers, together with Tesla and its Japanese
partner Panasonic, command an 85% share of the global lithimnbattery market, which is
expected to reach the $300 billion mark by 2030
In other words, the cell manufacturingapacities of the producers located in Europe (mainly
in Polandg LG Chem and HungagySK Innovation and Samsung SDI) reached, by the end of
2020, the 28 GWh/year mark. This capacity accounts for a mere 6.1 % of the global production

Co-funded by the R Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 -1-SE-EPPKA2- 49
SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
+
Erasmus Preramme : does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot
of the European Union o it be held responsible for any use which may be made of the information contained therein.

* %



fnalbatts (e

Alliance for Batteries Technology, Training and Skills

455 GWhl/year but is a solid improvement over the 3 % achieved in 2017

European lithium-ion battery capacity
(Gigawatt hours)
2018 2019 2020 2021 2022 2023 2024 2025

Tesla 0 0 1] 10 40 60 80 100
Germany 0 0 0 10 4l G0 ed 100
LG Chem G 6 G 22 b4 70 70 70
Poland B B B 22 LT 70 70 70
Morthvelt 0 0 1] & 14 23 40 48
Germary 0 ] ] 0 ] ] 2 16
Sweden 0 0 0 & 14 23 32 a2
Saft 0 0 0 0 12 24 3z
France 0 0 0 0 12 16 16
Germany 0 0 0 0 0 8 16
Samsung SDI 3 8 13 20 25 20 29 29
Hungary 3 a 13 20 25 29 24 29
SK Inngevation 0 0 B B 13 18 18 18
Hungary 0 0 a g 13 18 14 18
Verkor 0 0 1] 0 0 a 16 16
France 0 ] 0 0 ] 8 16 16
CATL 0 0 0 1 10 14 14 14
Germary 0 0 0 1 10 14 14 14
SVolt 0 0 0 0 0 3 12 12
Germany 0 0 0 0 0 3 12 12
Britishvolt 0 0 0 0 0 3 10 10
UK 0 0 0 0 0 2 10 10
IncBat 0 0 0 0 0 0 5 10
Slovakia 0 0 0 0 0 0 B 10
Farasis 0 0 0 0 2 G 6 6
Germany 0 0 0 0 2 ] & B
Envision AESC 2 2 2 2 2 2 2 2
UK 2 2 2 2 2 2 2 2
MES 0 0 0 1 1 1 1 1
Czech Republic 0 0 0 1 1 1 1 1
Total Europa 11 16 28 68 1549 248 327 368

Dataas of Feb. 1, 2021
Sources: S&P Global Market Intelligence; Comparny announcemants
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European Union habhoughextensive plans to catch upmbitious battery projects are progressiing

countries like Germany, France, Slovakia, Polan&weden, and Norway.

EUROPEAN o
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3.1.3.3 Foreseen evolutions

Based on the recent registration figures, the rise of demand of electric vehicles everywhere around
the worldimplies the skyrocketing of cell manufacturing capacitiéswever Europe éapacitesare

low in absolute terms andomparison to the other major global players.

According to the estimates of S&P, by 20#% battery market will most likely more tharmiple
compared to 2020
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Global lithium-ion battery capacity to more than triple in 2020-25
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Dataas of Feb. 1, 2021.
Sources: S&P Global Market Intelligence; Company announcemeants

Figurel8. Global lithiumion battery capacity to more than triple in 20225

From the current level of 455 GWh/year (202e global Lion battery capacities arexpected to

reach 1447 GWh/year in 2025, ah annual growth rate of 26%. China and Europe will bentioest
significan contributors to LIB capacity increases, just as the two regions will also become the biggest
drivers of global passenger EV sales.

Although the Chinese production of LIBs is expected to grow, the market share will decrease by about
12%, solely iflavour of Europe which will jump from 6 % in 2020 to a consistent 25 % in 2025, as

shown in Figure19. The current runner up would also shed 3 % to the benefit of the same entity:

Europe.
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Europe's LIB capacity share rising from 6% in 2020 to 25% in 2025

Australasia

us
us
a% &% I
Europe
Asia ax,
China Europe
8% 5%
Asiaex, ' )
China China
el BE%

Dataasof Feb. 1, 2021.
LIE = lithium-ion battery
Sources; &P Global Market Intelligence; Company announcements

With a forecast of 300 GWh manufacturing capaititizurope by029, upto 12,000 direct and 60,000
upstream job$’ are predicted to emergdn addition, Fraunhofer Institute has anticipations of 155,000
jobs to beavailable in the market by 2033 The main job upstream directions are expected to be
system integration and plant maintenance as wellirmgonnection with versatile storage systems.
Thus, technicians are anticipated to be extensively needed iR&2machineand plant construction
sectors.

Therefore the analysis will focugrimarily on Europewhere the evolution igxpected to be fast.

The authorities, mostly continental (the European Commission in particldédady took giant leaps
to stimulate the rapid deployment of the cell manufacturing infrastructure across Euibpeyalso
accelerate the development of auxiliary activities (maitthe upskilling and the reskilling of the
G2N] F2NOS (2 aKAd 2 RS Baduk@inyg Hacilidiz\arg kefdd§ to start the

production). Moreprecisdy, different kind of cooperative structures were createitd boost the

7’Battery manufacturing is coming to Europattps://www.pveurope.eu/energystorage/gre@-economy
battery-manufacturingcoming
europe#:~:text=According%20to%20Benchmark%20Mineral%20Intelligence,of%20battery%20capacity%20by%
202029.&text=By%20way%200f%20comparison%2C%20Europe,30%20GWh%200f%20production%20capacity
Accessed 27.5.2021

BCN) dzy K2FSNJ L{L &.lFGGSNE F2NJ 9ft SOGNARO /FNBRY Claid / KSC
https://www.isi.fraunhofer.de/content/dam/isi/dokumente¢ct/2020/Fact _check Batteries for electric cars.

pdf Accessed 28.04.2021.
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capability of Europeo cope with the skyrocketing trends in EV and battery manufacturing: the

9dzNB LISIY . FGGSNE ' ffAFyOSs GKS 9dzNBLSIFY {1Affa |
LYyy2@0FiA2yé LINR2SOlGD

On the other hand, there are the vehicle manufacturers tlwat)fronted with the high demand for

electric vehicles, need to take the necessary steps to avoid the potential supply cuts.

A third aspect toconsiderA @ (G KS ySSR (2 G@3aINBSyYy dzLX GKS ol G4
manufacturing which is why the energio be used by thecompanes manufacturing battery cells

aK2dzZ R 0SS SAGKSNI FdzZfte& NBySgloftS 2N lFa aaNBSyé¢ |
Finally it is alsoessentialto bear in mind the legislative framework #te EU and national levels

Besides the CO2 regulations thatlwe regularly updated to adjust the emission targetsny major
municipalitieswill ban diesel vehicles' accesn the first stage Sortly after that, the ICE vehicles

altogether.

Europe's potential competitive advantages/opportunities

Whenit comes to European competitive advantage in this battery race, it clearly cannot be achieved
with just copyinge.g., Asian technologiesAs a result, Europe should focus on niche markets and
present brandnew technologies and unique pieces of intelleadtproperty. For instance, Swiss battery
technology company Innolith will have prototyps an NMC 811 cell this yetw deliver up to 315
Wh/kg (watthour per kg). Furthermore, battery technology company Kreisel Electric is already
prepared to licensets NMC 811 technology, which uses an immersion liquid cooling system to solve
the fire hazards associated with lithivion cells in large industrial applications and gives a solid
competitive edge over rival8.Generally, Europe aisnto green batteries ahits automotive industry,

one of the most advanced in the world, as the need for fgghlity batteries provides an opportunity

to European manufacturers to compeagainst their Chinese equivalents.

9dzNR LISQa LR GSYyGAlrt 6SkH{ySaaSakOKIitSy3asSa
Europearstart-upsare still struggling to build economies of scalecompete with Asian giants, who
dominatethe mainstream market. For example, there dirmLJ2 3 A G A2y a KSEf R o6& [/ KAY!
 YLISNBE ¢SOKy2t23e o6/ ! ¢[ 03 W LieyiBamsung $D ardl g O | v

Innovation. In other words, Asian rivals are also planning to build more cagsamrer the European

79 Automotive News Europe. European battery makers power up for a green recovery.
https://europe.autonews.com/suppliers/europeabattery-makerspower-greenrecoveryAccessed
28.04.2021.
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continent in the coming years. According to Susan Zeng J8d&S a A RSy & 2F /! ¢[ Qa 9dz
Asian manufacturers can bringahtages in cosproduct,and service quality?

In addition, Asia Pacific is expected to hafeont-of-the-meter battery cost decline by 30% by 2025

f2y3 gAGK AYLNROSYSyida Ay ol GGSNE RSyardeo ¢KS
storage industryto take off Thish & & dzLJLa2phpoSaRfor @@0 MW battery storagd I OA f A G & A
Queenslandaplanforar nn a2 YS3F oFGGSNE Ay b{2Qa 1 dzy{iSNI w

A % /4 A x

SELISOGSR (12 0SS odAflidp8RGf a2 Qe RYSESEYRLR DS NA EINP
MW energy storage to be added to its portfolio by 2G24.

This compressed section on suppliensd the batteries and electromobility value chasm
mainlyelaboratedon the recentppen,anddetailed report from Automotive Logistidslectric
Vehicle Battery Supply Chain Analydiow Battery Demand and Production Are Reshaping
the Automotive IndustryJune 2021. The evaluation tbie order of importance of a supplier

in a field also comegdm this report®! For all sections of suppliers, there are also smaller
players, not mentioned here. All have been checked and, in some cases, corestjtested,
and compared to other recent sources and report docum&t€omments give European

perspectives on sourcing and supply. For an overviewFigges20

80 Py magazine. WoodMac predicts 30% drop in Asiai®&ciht-of-the-meter battery costs by 2025.
https://www.pv-magazineaustralia.com/2021/01/20/woodma@redids-30-drop-in-asiapacificfront-of-the-
meter-battery-costsby-2025/ Accessed 28.04.2021.

81 Harrison D. & Ludwig, C (2021) Electric Vehicle Supply Chain Analysis. Downloadable from
https://www.automotivelogistics.media/electriwehicles/electrievehiclebattery-supplychainanalysis2021-
how-lithium-ion-battery-demandand-productionare-reshapingthe-automotive-industry/41924.article
82https://investingnews.com/freereport-online/battery-metalsmarketstocks/

&
http://battprod.vdma.org/documents/7411591/7483998/VDMA+Roadmap+Battery+Production+Equipment+2
030/7acbecfe0590-4754984cech378d2227b?version=1Accessed 28.04.2021.
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https://www.pv-magazine-australia.com/2021/01/20/woodmac-predicts-30-drop-in-asia-pacific-front-of-the-meter-battery-costs-by-2025/
https://www.pv-magazine-australia.com/2021/01/20/woodmac-predicts-30-drop-in-asia-pacific-front-of-the-meter-battery-costs-by-2025/
https://www.automotivelogistics.media/electric-vehicles/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-production-are-reshaping-the-automotive-industry/41924.article
https://www.automotivelogistics.media/electric-vehicles/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-production-are-reshaping-the-automotive-industry/41924.article
http://battprod.vdma.org/documents/7411591/7483998/VDMA+Roadmap+Battery+Production+Equipment+2030/7acbecf6-0590-4754-984c-ecb378d2227b?version=1.0
http://battprod.vdma.org/documents/7411591/7483998/VDMA+Roadmap+Battery+Production+Equipment+2030/7acbecf6-0590-4754-984c-ecb378d2227b?version=1.0
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Raw material suppliers

Lithium suppliers®

Albemarle Sociedad Quimica y Minera de Chile (SQMENt Corp.Tiangi Lithium Industrieg

Ganfeng Lithium

Most of these Lithium suppliers have operations or joint ventures in mines or brine reserves
in more than one country, and some (as Livent) have processing plants distributed over many
countries. Australia has the most extensive present production, foltblayeChileChina,and
Argentina, while the biggest reserves are located in Childere are also smaller suppliers

for example, Northvolt and LG Chem have a contract with Canddiemaska LithiumLG

83https://www.automotivelogistics.mei/electric-vehicles/electrievehiclebattery-supplychainanalysis2021-
how-lithium-ion-battery-demandand-productionare-reshapingthe-automotive-industry/41924.article
Accessed208.2021.
84https://www.volkswagenag.com/en/news/stories/2020/03/lithiurminingwhat-you-shouldknow-about
the-contentiousissue.html#Accessed 25.08.2021.
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https://www.albemarle.com/
http://www.sqm.com/
https://livent.com/
http://en.tianqilithium.com/
http://www.ganfenglithium.com/index_en.html
https://www.nemaskalithium.com/en/
https://www.automotivelogistics.media/electric-vehicles/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-production-are-reshaping-the-automotive-industry/41924.article
https://www.automotivelogistics.media/electric-vehicles/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-production-are-reshaping-the-automotive-industry/41924.article
https://www.volkswagenag.com/en/news/stories/2020/03/lithium-mining-what-you-should-know-about-the-contentious-issue.html
https://www.volkswagenag.com/en/news/stories/2020/03/lithium-mining-what-you-should-know-about-the-contentious-issue.html
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Chem also has supply contracts with Ganfeng, as the Volkswagen Group and BMW. VW will
build its own battery factories, while BMW secures lithium for its battery producers (as
Northvolt). Ganfeng hasjaint venturemine in Ireland (Avalonia). Portugal fasizZN2 madStQ a
extensivelithium production andeserves (as Montealegre and Barroso). Still, starting mines

in these locations seem complex as local community interests oppose lithium mining in these
areas®® The Finnish mining company Keliber is not yetdpcing but preparing for lithium
mining 88

Cobalt suppliers

Glencore China MolybdenunpKatanga MiningUmicore Eurasian Resource Graup

Belgian Umicore, a recycling company, does not operate its own mines but runs cobalt
processing plants in China, the UB&|gum, and Finland. For the procurement of cobalt,
Umicore has developed an ethical framew®&flAll other suppliers above have their mines in

the DRC, and these can be both very orderly mines respecting human rights regulations and
artisanal mines. The Getmy’ . ! { C Kl & | &/ 20FftdG F2NJ 5S5S@St
supported by BMW and Samsung, to promote and develop responsible artisanal cobalt
mining® There are many smaller suppliers of cobalt around the world. Northvolt wants to
source cobalt from knoweposits in Sweden and has recently complained to the Swedish
government concerning the long lag time for new mines to open, often 10 to 20 years, because
of the Swedish legal framework and bureaucracy. They mearetttassivéag times like this

are notsustainable in the shift to electromobility that is fast underwéy.

Nickel suppliers

Vale Norilsk NickelJinchuan Group Lidlencore BHP Billiton

Glencore, a company based in Switzerland, has a nickel and cobalt refinery in Norway
(Kristiansand; Nikkelverk). German BASF and Russian Norilsk Nickel have a supply agreement.

BASF will build a plant for cathode material production in Harjavalta, Finland, close to the

85https://w ww.reuters.com/article/usportugatenvironmentlithium-insightidUSKBN2080G¥ccessed
25.08.2021.

86 https://www.keliber.fi/len/ Accessed 25.08.2021.
87https://www.umicore.com/en/sustainability/valuehainand-society/sustainableobalt/ Accessed
25.08.2021.

88 hitps://www.basf.com/global/en/media/newsreleases/2020/10/p20-350.htmlAccessed 25.08.2021.
8%https://www.di.se/digital/northvolt-vill-se-svenskbrytning-av-kobolt-maste-skesnabbt/ Accessed
25.08.2021.
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https://www.glencore.com/
https://en.cmoc.com/
https://www.katangamining.com/
https://www.umicore.com/
https://www.eurasianresources.lu/en/home
http://www.vale.com/brasil/EN/business/mining/nickel/Pages/default.aspx
https://www.nornickel.com/
http://www.jinchuan-intl.com/en/
https://www.glencore.com/
https://www.bhp.com/
https://www.reuters.com/article/us-portugal-environment-lithium-insight-idUSKBN2080GV
https://www.keliber.fi/en/
https://www.umicore.com/en/sustainability/value-chain-and-society/sustainable-cobalt/
https://www.basf.com/global/en/media/news-releases/2020/10/p-20-350.html
https://www.di.se/digital/northvolt-vill-se-svensk-brytning-av-kobolt-maste-ske-snabbt/
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Norilsk Nickel cobalt and nickel refinery plant. Norilsk Nickel hadattyest known nickel
reserves in the world.

Manganese suppliers

South 32 Anglo AmericanConsolidated MineraJ€ramet Vale

{2dzi K ! FNAOI KIF& 7Ty» 2F (GKS ¢g2NI RQAusfiajaz 6y al

and Africa. Only a tiny part, about 2%, of the manganese pratlisogood enough for the high
purity manganese needed in battery manufacturing. The risk of shortage and price spikes is
high for manganese.

Graphite suppliers (example¥®)

Targray SGL CarbgiEpsilon Advanced MaterialSyrah Resourceblenan Rongxing Carbaon

Products CpElkem Superior Graphite

Graphite, natural or synthetic, is sold in many varieties and qualities and mixed in various
ways. China is the biggest producer of natural graphite, but there are European resources and
suppliers?, as ElkemNorway) and SAGL Carbon (Germany). On the other hand, synthetic

graphite can be produced everywhere, from petroleum and coal.

Battery component suppliers

Cathode Materials suppliers

Umicore Nichig Toda KogypBeijing EaspringNingdo Jinhe GEM Shansan Technology

Xiamen TungsterKingray

Some battery plants have an upstream production phase for producing cathode materials in
house, as Northvolt. However, other battery plants with shorter production Imeast buy

these cathode materials, which means less control over their own production and more
transports.

BASF is building a cathode plant close to the TESLA Grunheide plant and has already a cathode

materials plant in Finland. VW Group owns a 26,5%eslmrGuoxan High Tech, another

ODNJ LIKAGS &dzllLJf @ A& y2d | LI NI 2F I FNNRaz2y 9 [dzRgAIQa
of examples of major players, not necessarily in a volume order.
91https:/finvestingnews.com/daily/resourcevesting/batterymetalsinvesting/graphiteinvesting/europes
graphitesupplychain/ Accessed 25.08.2021.
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https://www.south32.net/
https://www.angloamerican.com/
https://www.consmin.com/
http://www.eramet.com/en
http://www.vale.com/EN/Pages/default.aspx
https://www.targray.com/li-ion-battery/anode-materials
https://www.sglcarbon.com/en/markets-solutions/material/sigracell-specialty-graphites-for-lithium-ion-batteries/
https://www.epsilonam.com/
http://www.syrahresources.com.au/
https://www.resourcesinchina.com/10792/about/1.html
https://www.resourcesinchina.com/10792/about/1.html
https://www.elkem.com/zh-cn/carbon/carbon-products/battery/
https://superiorgraphite.com/products/formulabt/
https://www.umicore.com/
https://www.nichia.co.jp/en/product/battery.html
https://www.todakogyo.co.jp/english/
http://www.easpring.com.cn/
https://www.bloomberg.com/profile/company/ABOJZZ:CH
http://en.gem.com.cn/en/NewEnergyMaterial/list.html
http://www.shanshantech.com/en/about.aspx
http://www.xiamentungsten.com/
http://www.king-ray.com.cn/
https://investingnews.com/daily/resource-investing/battery-metals-investing/graphite-investing/europes-graphite-supply-chain/
https://investingnews.com/daily/resource-investing/battery-metals-investing/graphite-investing/europes-graphite-supply-chain/
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cathode plant. Johnsson My plans to produce the new cathode matehINGn Konin,
Poland and Vaasa, Finlafrd.

Anode materials suppliers

Hitachi Chemicals/Shova Denko MateridddR EnergyNippon CarbonNingbo Shansar

Hunan Shinzoom Technolggyangxi Zhengtuo New Enerqy T.ech

Purchasinganode materials is viewed as possible even if thtbade materials are made in
house. Northvolt relies on Donjin Sweden AB, which builds a plant close to Northvolt for anode
material but produces cathodes of their own.

Copper foil (for the anode) suppliers

Furukawa ElectricNippon Foil MfgNippon DenkgiDoosan Corp

South Korean Doosan hasanches in Hungary and Luxembourg. All other copper foil suppliers
areJapad | ASR® ¢KS O2LIISNI F2Af dzZaSR A& OSNE GKAY
R2g6y (2 o62dzi mZIp >Y YR 6AGK OdadG2YAalotsS ¢
meters 3 This explains why no European copper foil producer is yet into this supply chain.

Aluminium foil (for cathode) suppliers

Sumitomo Light Metal Industrieblippon Foil Mfg

Many European companies produce aluminium foils, but what is needed is a very thin version,
usually from12Y onnam YYO® ! FOSNI LI aaAay3a GKS O2F GAy
in width and slit for the battery format aftecalendaring.

Electrolyte suppliers

CapChem Technolog¥inci Materials TechGuotarHuaronqg PanaxEtec Mitsui Chemicals

Ube, Mitsubishi ChemicalNingbo Shanshamo-Fluoride Chemicals

All these suppliers are based in Japan or China, but Guldtzanong has a branch in Wroclaw,
Poland?, where the LG Chem battery plant is located. A battery plant with an upstream
production unit can also produce this-ouse.

Separator supplier®

9https://www.vasek.filvaasaregion-developmenicompany/communicatiorand-information-
2/news/johnsonmatthey-chosevaasafor-sustainablebattery-materialsplant- Accessed 25.08.2021.

93 Chu, H. C., & Tuan, H. Y. (2017). fggfiormance lithiumh 2y o6 GGSNASE 6AGK modp >Y (K
as a current collector. Journal of Power Bms, 346, 4018.

94 https://gthr.pl/en/about-us/ Accessed 25.08.2021.
%https://www.prnewswire.coninews-releases/globabattery-separatortrends-industry-255510721.html

Accessed 25.08.2021.
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https://www.mc.showadenko.com/english/index.html
https://www.btrchina.com/
https://www.carbon.co.jp/english/
http://www.shanshantech.com/en/about.aspx
http://en.shinzoom.com/
http://www.jxzeto.com/page83?_l=en
https://www.furukawa.co.jp/en/
https://ufo.uacj-group.com/en/index.html
https://www.nippon-denkai.co.jp/english/
https://www.doosan.com/en
http://www.sumitomo-lm.co.jp/
https://ufo.uacj-group.com/en/index.html
http://en.capchem.com/
https://www.tinci.com/index_en.aspx
http://www.gthr.com.cn/contact-e.html
https://tracxn.com/d/companies/panaxetec.co.kr
https://www.mitsuichemicals.com/
https://www.ube.com/contents/en/chemical/battery_materials/electrolytes.html
https://www.m-chemical.co.jp/en/index.html
http://www.shanshantech.com/en/about.aspx
http://www.dfdchem.com/EN/Index.html
https://www.vasek.fi/vaasa-region-development-company/communication-and-information-2/news/johnson-matthey-chose-vaasa-for-sustainable-battery-materials-plant-
https://www.vasek.fi/vaasa-region-development-company/communication-and-information-2/news/johnson-matthey-chose-vaasa-for-sustainable-battery-materials-plant-
https://gthr.pl/en/about-us/
https://www.prnewswire.com/news-releases/global-battery-separator-trends-industry-255510721.html
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Ahasi KaseiToray Tonen SK Innovation Celgard Entek Shenzhen Senior Technology
Material, Suzhou Victory Precision ManufactutdBE Jinhui HighTech BNE/HNDCangzhoy

Mingszhuy Shanghai Energy New Materig¥inxiang Zhongke Science and Tdabnghang

Newmi TechSinoma SK IE Technology Company

Evonikand Litarion/Electrovayare German companies in this market. In addition, Senior is

building a factory in Eskilstuna, Sweden, and SK Innovation will build a separator factory in

West Poland®

Cell manufacturingnachinery suppliers

Cell plant machinery suppliers, exampRés

Dirr Megteg Hirano TecseedDongguan Gelon Lib CACEYTMAX TOB PNT Xiamen Lith
Machine LtdDT GroupManz AGSovema/SolithTeam Technik.inyui Gelon Lib C&€hroma

Digatron

What brand of machines are used in ddn Gigafactory is not always Ipiic information.

Many suppliers sell equipment for all or most production phases, but some sell only one or
two types of machines. Asian countries have been produchwnlbatteries for a long time,

S0 a capacity for production equipment supply is atsglace. The same is not valid for Europe.
Battery production is ramping up fast, but the machinery of Gigafactory size is often bought
from Asian manufacturers, who often also have a more attractive price tag.

Manz, Durr Megatec, Team Technik, Digaiffoom Germanyand SovemandDigatron(from

Italy) are just someEuropean suppliers. Together with other European companies, they will

hopefully be able to adapt to and capitalise on the European demamd Ggafactories.

Battery cell suppliers

Main global battery cell suppliers, some with planned and/or existing European locations

LG ChenfWroclaw, PolandBYDPanasoni¢Norway) CATI(Erfurt, GermanyisK(Komarom,

Hungary), Samsung SI{G6d, Hungary)Guoxan HigiTech/Shanghai Electyi®ynavolg
FarasisBAK Lishen Envision AESSunderland, UKEVE EnergPLGDo Fluoride Chemical

9 https://www.ajudaily.com/view/2019032710444411Accessed 25.08.2021.
9 Machinerysupply is notap NIi 2F | I NNAa2y 9 [dzReAIQa 9f SOGNRO
constitutes of examples of major players, not necessarily in a volume order.
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https://www.asahi-kasei.com/
https://www.toray-bsf.com/en/
https://www.ajudaily.com/view/20190327104444115
https://www.celgard.com/
https://entek.com/lithium/technology/
http://www.senior798.com/
http://www.senior798.com/
http://www.vicsz.com/en/about.asp?id=46
https://www.ube.com/contents/en/chemical/battery_materials/separator.html
https://www.greencarcongress.com/2018/04/20180420-ccm.html
http://www.cnchemicals.com/Detail/Readonline.aspx?id=4100&type=n&cid=20879576838&site=online
http://www.cz-mz.com/
http://www.cz-mz.com/
http://en.semcorpglobal.com/
http://www.cnchemicals.com/Product/ContentByte/t/162254-xinxiang_zhongke_science_and_technology_co_ltd_dedicated_to_r_d_in_wet_process_separator.html
https://members.luxresearchinc.com/research/profile/Foshan_Donghang_Optic_Electric
http://www.cnbmlbs.com/en/about/
http://eng.skietechnology.com/
https://corporate.evonik.com/en/media/press-releases/corporate/evonik-has-built-comprehensive-know-how-in-lithium-ion-technology-106726.html
https://electrovaya.com/press/electrovaya-acquires-key-ceramic-separator-patents-for-lithium-ion-batteries/
https://www.durr.com/en/duerr-more/simultaneous-two-sided-electrode-coating
https://www.hirano-tec.co.jp/en/products/
https://www.libgroup.net/
https://www.xmacey.com/?gclid=CjwKCAjwx8iIBhBwEiwA2quaq5CrGLIShZA9ocdl5uWu0soVpjROj5WZEpyevWELAewY3jUQ-2pCYBoCUb4QAvD_BwE
https://www.tmaxcn.com/battery-coating-machine_sp
https://www.tobmachine.com/battery-electrode-coating-machine_n428
http://epnt.co.kr/en/lithium-ion-battery/
https://www.lithmachine.com/
https://www.lithmachine.com/
https://destech.eu/applications/production/li-ion-batteries-dry-rooms/
https://www.manz.com/en/industries/battery-production/
https://www.sovemagroup.com/product_line/cell-making/
https://www.teamtechnik.com/en/e-mobility/assembly-and-functional-testing/battery-modules/?gclid=CjwKCAjwx8iIBhBwEiwA2quaq5K2kh7mazgryXggQ5D1Zq3_26vaHvbj_Kgq62lfwd1ZYDnwBTFgLxoCkPgQAvD_BwE
http://gelonlib.junhefashion.com/introduce/
https://www.chromaus.com/solutions_batteryformation.html
https://www.digatron.com/en-us/Home/L/1
https://www.lgchem.com/main/index
http://www.byd.com/en/index.html
https://industrial.panasonic.com/ww/products/pt/lithium-ion
https://www.catl.com/en/
http://eng.skinnovation.com/
https://www.samsungsdi.com/ess/index.html
https://www.shanghai-electric.com/group_en/c/2019-08-12/554150.shtml
http://www.dynavolt.net.cn/en/
https://en.farasis.com/
http://www.bakpower.com/about_en.php
http://en.lishen.com.cn/
https://www.envision-aesc.com/en/
https://en.evebattery.com/
https://www.dlg-battery.com/
http://www.dfdchem.com/EN/Index.html
https://www.ajudaily.com/view/20190327104444115
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Phylion Microvast(Brandenburg, Genany), Tianneng Energ\5VOL{Saarland, Germany),

SAFT/AC(Kaiserslautern, Germany and idwin, France).

Not all cell plants are listed here, only those of considerable size and with cell prodinction
2021. Most are located in Asia. Planned European locations are listed within brackets.

About 75% of the curma battery cell manufacturing capacitg 2021 is located in Asia, but

not all capacity is for vehicle propulsion. Currently, around 13% of capacity is in Europe and
10% in the US The European share of this is growing fast, but Asian global dominamhce wil
most likelycontinue.

For a comprehensive analysis of the 20 biggest producers worldwide, see the Harrison &
Ludwig 202 Electric Vehicle Supply chain analy$or frequently updated maps of European

cell factories, see ZerffiFinally, for an extensé database of Cell producers, including smaller
plants and competing battery technologies, see the downloadable databases from

Automotivelogistics®

EV vehicle parts, battery packs and systems suppliers

Battery Management Systems (BMSyppliers

BYD CATI| Eberspéchr, Ficosalnfineon/GPulse Hella Idneqg, LeclancheLG ChenLithium

Balance Nuvation Energy NXP Semiconductgranasonic Renesas Electronic8osch

Roboteq SVolt Tesla

Battery Thermal Management Systems (TMS) Suppliers

Borgwarner Marelli/Calsonic KanselCapTherm System<ontinenta] Dana Gentherm
Hanon Systenl.G ChemMAHLEBosch Samsung SPValeq VOSS Automotive

Battery CaseSuppliers, general (battery boxes and similar)

ArcelorMittal, Constelliump Thyssenkrupp EDAG GroupGestamp Hitachj SGL Carbgn
Voestalpine

% Harrison D. & Ludwig, C (2021) Electric Vehicle Supply Chain Analysi€8p. @@ownloadable from
https://www.automotivelogistics.nedia/electricvehicles/electrievehiclebattery-supplychainanalysis2021-
how-lithium-ion-battery-demandand-productionare-reshapingthe-automotive-industry/41924.article
Accessed 25.08.2021.

99 Roland Zenn, Farasis, LinkedIn accdupts://www.linkedin.com/in/roland-zenn/?originalSubdomain=de
10https://www.automotivelogistics.media/focus/electrigehicles
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http://www.phylion.com/
https://microvast.com/
https://www.tiannengglobal.com/
https://svolt-eu.com/en/home-en/
https://www.acc-emotion.com/
http://byd.com/
https://www.catl.com/en/ess/
https://www.eberspaecher.com/presse/pressemitteilungen/einzelansicht/intelligent-battery-management-systems-from-eberspaecher-vecture
https://www.ficosa.com/products/emobility/battery-management-system/
https://www.infineon.com/cms/en/partner-network/microcontroller-partners/preferred-design-houses/g-pulse/
https://www.hella.com/microsite-electronics/en/Battery-management-unit-588.html
https://www.idneo.com/blog/automotive/idneo-unveils-a-new-battery-management-system-for-electric-motorbikes-and-light-electric-vehicles/
https://www.leclanche.com/our-technologies/battery-management-system/
http://lgchem.com/
https://lithiumbalance.com/
https://lithiumbalance.com/
https://www.nuvationenergy.com/battery-management-systems
https://www.nxp.com/applications/automotive/powertrain-vehicle-dynamics/electrification/battery-management-system:BATTERY-MANAGEMENT-SYSTEM
https://industrial.panasonic.com/sa/applications/automotive/bms
https://www.renesas.com/us/en/application/winning-combinations-automotive/automotive-battery-management-system-bms
https://eepower.com/news/bosch-cloud-based-battery-management-extends-ev-battery-service-life/
https://www.roboteq.com/all-products/battery-management-systems
https://svolt-eu.com/en/svolt-and-stellantis-announce-battery-partnership/
https://tesla-info.com/guide/tesla-bms-calibration.php
https://www.borgwarner.com/technologies/thermal-management
https://www.marelli.com/marelli-to-open-production-facility-for-electric-vehicle-drivetrains-in-cologne-germany/
https://rocketreach.co/captherm-systems-inc-profile_b5e7a5e7f42e5b54
https://www.continental-industry.com/en/solutions/fluid-handling/passenger-cars/emobility/thermal-management
http://global.dana.com/awd/products/electric-and-hybrid/thermal-solutions
https://gentherm.com/en/solutions/automotive/battery-performance-solutions
https://www.hanonsystems.com/EN/Solutions/Ev
https://www.lgchem.com/product/PD00000069
https://www.mahle.com/en/products-and-services/emobility/thermal-management/
https://www.bosch-mobility-solutions.com/en/solutions/thermal-management/thermal-management-for-hybrid-systems-and-electric-drives/
https://www.samsungsdi.com/automotive-battery/products/prismatic-lithium-ion-battery-cell.html
https://www.valeo.com/en/thermal-systems/
https://www.voss-automotive.net/fileadmin/user_upload/Downloads/Prospekte/VOSS_Thermal_Management.pdf
https://automotive.arcelormittal.com/home
https://www.constellium.com/
https://www.thyssenkrupp.com/en/company/innovation/sustainable-mobility/battery-plant-technology.html
https://www.edag.com/en/scalebat-scalable-battery-housing-for-flexible-electric-vehicle-platforms
https://www.gestamp.com/What-we-do/Innovation
https://www.hitachi.com/about/corporate/organization/battery/index.html
https://www.sglcarbon.com/en/markets-solutions/applications/battery-cases/
https://www.voestalpine.com/group/en/
https://www.automotivelogistics.media/electric-vehicles/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-production-are-reshaping-the-automotive-industry/41924.article
https://www.automotivelogistics.media/electric-vehicles/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-production-are-reshaping-the-automotive-industry/41924.article
https://www.linkedin.com/in/roland-zenn/?originalSubdomain=de
https://www.automotivelogistics.media/focus/electric-vehicles
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European Battery Pack Assembly plantsof plants connected to European OEMs as

suppliers)

ATW Automation(TESLA, Germany)udi (Brussels, BelgiumBMW (Dingolfing Munich,

Leipzig Regensburg Germany),BMZ GmbHKarlstein, GermanyBollore ( ErguéGabéric

France) Continental(Nuremberg Germany together with Daimler and Deutsche Automotive

Gesellschajt Daimler (Nuremberg, Kamenz StuttgartUnterturkheim Sindelfingen ¢

Germany andlawor- Poland) Ford(Valencia, Spain and Kocaeli, Turk&8, Yuas@Miskolc,
Hungary) Hyperbat(Coventry, UK)Jaguar Land RovéBirmingham, UK)Johnson Matthey,

(Gliwice, Poland)Kreisel Electri¢Freistadt, Austria)Microvast (Brandenburg, Germany
Northvolt Systems (Gdansk, Poland), Ren&litsarMitsubishi Gunderlangd UK Fling France)
andBarcelonaSpain)sScanigSodertéalje, SwedengtellantigNersac France; Trnava, Slovakia;

Hautsde-France, France; Kaiserslautern, Germany; Turin, Italy; Zaragoza and Figuéruelas,
Spain), TESLAGrunheide, Germany)/almet Automotive(Salo and Uusikaupunki, Finland),
Volvo(Gent, Belgium; Vigo, Spair){V GroudSalzgitter, Wolfsburdraunschweigingolstadt

- Germany).

There are, in addition, many battery pack assembly plants producing packs forcasian
brands, less known and seldom sold in Europe. These are here oifittédrthvolt operates
b2NIK@2tG {2aGSYya Ay DRIyal FYyR KIFI&a FYOAUAZY

in this locationt%2

EV drivetrains and components suppliers (exaleq)

BorgWarnerZF GroupBoschSchaefflerUnivance Mitsubishi ElectricMagna Valeq Mahle,

Punch Powertrain

Power Control Units (PCU), converters & intens Suppliers (examples)

Calsonic Kansei/ MarelKeihin Rchm, Densg Mitsubishi ElectricContinental

101 See Harrison & Ludwig (2021), p 1108 for an exhaustive global listing
10https://www.rechargenews.com/markets/northvolto-build-europe-s-largestenergystoragesystemsplant-
in-poland/2-1-966232Accessed 25.08.2021.
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https://techstartups.com/2020/10/03/tesla-acquire-german-battery-assembly-maker-atw-automation-report/
https://www.electrive.com/2020/03/26/audi-reportedly-considers-battery-assembly-in-germany/
https://www.press.bmwgroup.com/global/photo/detail/P90423536/Production-of-battery-modules-BMW-Group-Plant-Dingolfing-05-2021
https://www.bmwgroup.com/en/general/approach-battery-cell-competence-centre.html
https://insideevs.com/news/445750/bmw-group-battery-module-production-leipzig-2021/
https://www.electrive.com/2020/10/22/bmw-ramps-up-battery-capacities-in-regensburg/
https://bmz-group.com/index.php/en/bmz-company/locations-en
https://www.bollore.com/en/activites-et-participations-2/stockage-delectricite-et-systemes/blue-solutions-films-plastiques/
https://www.greencarcongress.com/2008/09/continental-beg.html
https://www.daimler.com/karriere/ueber-uns/standorte/standort-detailseite-5066.html
https://www.daimler.com/innovation/battery-factories.html
https://www.daimler.com/career/about-us/locations/location-detail-page-5125.html
https://www.daimler.com/company/locations/battery-factory-jawor.html
https://media.ford.com/content/fordmedia/feu/en/news/2021/03/25/ford-continues-to-go-all-in-on-electrification-with-new-hybrid-e.html
https://www.yuasa.co.uk/2018/01/gs-yuasa-to-establish-new-lithium-ion-battery-plant-in-hungary/
https://hyperbat.com/
https://www.birminghammail.co.uk/news/midlands-news/jaguar-land-rover-announces-new-15659083
https://matthey.com/en/products-and-services/battery-systems
https://www.kreiselelectric.com/
https://www.electrive.com/2019/11/20/battery-manufacturer-microvast-follows-tesla-to-brandenburg/
https://northvolt.com/articles/systems-poland/
https://www.alliance-2022.com/blog/nissans-advanced-lithium-ion-battery-plant-sunderland-make-future-generation-electric-vehicle-b/
https://www.renaultgroup.com/en/news-on-air/news/re-factory-the-flins-site-enters-the-circle-of-the-circular-economy/
https://www.electrive.com/2021/02/16/nissan-factory-in-barcelona-may-be-converted-to-battery-production/
https://www.scania.com/group/en/home/newsroom/press-releases/press-release-detail-page.html/3829557-scania-invests-in-battery-assembly-plant
https://www.stellantis.com/en
https://www.tesla.com/sv_se/gigafactory-berlin
https://www.valmet-automotive.com/
https://www.media.volvocars.com/se/sv-se/media/photos/276153/battery-assembly-ghent-3
https://www.volkswagenag.com/
https://www.marklines.com/en/top500/s500_258
https://www.zf.com/mobile/en/homepage/homepage.html
https://www.schaeffler.com/fork/
https://www.uvc.co.jp/en/index
https://www.mitsubishielectric.com/news/2017/1026-b.html
https://www.magna.com/
https://www.valeo.com/en/powertrain-systems/
https://www.mahle-powertrain.com/
https://www.punchpowertrain.com/en/news/55/g-nsel-introduces-first-trnc-domestic-ev-with-punch-powertrain-electric-drive
https://www.marelli.com/
https://www.keihin-na.com/automotive/electronic-control-units/
https://www.rohm.com/solution/automotive/automotive-power
https://www.denso.com/global/en/business/products-and-services/mobility/pick-up/pcu/
https://www.mitsubishielectric.co.jp/automotive/tms2017/english/system/pdf/ev_control_unit.pdf
https://conti-engineering.com/components/electric-vehicle-control-module-vcu/
https://www.rechargenews.com/markets/northvolt-to-build-europe-s-largest-energy-storage-systems-plant-in-poland/2-1-966232
https://www.rechargenews.com/markets/northvolt-to-build-europe-s-largest-energy-storage-systems-plant-in-poland/2-1-966232
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Regenerative braking systems suppliers (examples)

Bosch Continenta] Punch Powertrain Eaton Corp DensqQ Delphi Automotive Hyundai
Mobhis.

Europe has historically had a strong position in ICE cars components and systems supply for
decades. This seems to be similar concerning EVs. Thus, in this engineeringtsppglyrepe

is not as behind as imattery manufacturindield. 193

HEV, PHEV and EV assembly plants (EV suppliers to consumers)

According to Harrison & Ludwig (2021), the VW group had, in June 2021, 30 assembly plant
locations globally where HEV, PHEV and EV vehiges assembled. Toyota had 28 sites,
RenaultNissanMitsubishi 26, Stellantis (Fi&hrysler & PSA) 25, Daimler BY,D 18, Ford 16,
HyundaiKia 14, Geely 14, BMW 13, Honda 11, GM 8, Suzuki 7, Jaguar Land Rover 6, Tesla 5,
Volvo Group 4, and Mazda'?%.These figures change constantly.

Below, in , are some known supply relations between vehicle producers and cell
producers. The supply lines between cell plants and car plants are diversifying. OEMs
sometimes contract several cell produs to minimise the risk of insufficient supply and
customise their vehicles for different markets. Some OEMSs, for example, BMW, have more

than one cell supplier and settle supply agreements directly with raw material suppliers to
ensure that their contrated cell producers also have raw materials enough to produce
batteries. In addition, they also engage in ethical and qualitative procurement for these raw
materialsio®

/' ' NJ 6d2SNAR OFly KIF@S aNly3aS yEASGe: a&Sy OKI
producers (OEMs) who switch their production from ICE cars to EVs instead seem to have
Gol GGSNE FYyEASGeE D ¢KA& Ol y SELX Hnofsupphk S RA @

13Drivetraint / ' & FYyR . NIF1Ay3 adaeaidisSvya INB y2dGd | LINIH 2F 1 F NN
its volume and importance estimation, so here are examples of relevant industries, without volume or
importance evaluation.

104Harrison & Ludwig, 202p.110.

105 https://cleantechnica.com/2018/02/12/bmwclosel0-yearlithium-cobaltsupplydealjust-responsenews
teslalockingsupplydeals/& https://www.argusmedia.com/en/news/2122128ermanysbmw-signsfiveyear
cobaltsupplydeal Accessed 25.08.2021.
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https://www.bosch-mobility-solutions.com/en/solutions/driving-safety/regenerative-braking-systems/
https://www.continental.com/en/press/press-releases/mk-c1-brake-system/
https://www.punchpowertrain.com/en/news/55/g-nsel-introduces-first-trnc-domestic-ev-with-punch-powertrain-electric-drive
https://www.eaton.com/SEAsia/ProductsSolutions/Hydraulics/ProductsServices/HydraulicLaunchAssist/index.htm
https://www.denso.com/global/en/business/products-and-services/mobility/pick-up/mg/
https://www.delphiautoparts.com/usa/en-US/product/traction-power-inverter-module
https://en.mobis.co.kr/products/P0016/index.do
https://en.mobis.co.kr/products/P0016/index.do
https://cleantechnica.com/2018/02/12/bmw-close-10-year-lithium-cobalt-supply-deal-just-response-news-tesla-locking-supply-deals/
https://cleantechnica.com/2018/02/12/bmw-close-10-year-lithium-cobalt-supply-deal-just-response-news-tesla-locking-supply-deals/
https://www.argusmedia.com/en/news/2122122-germanys-bmw-signs-fiveyear-cobalt-supply-deal
https://www.argusmedia.com/en/news/2122122-germanys-bmw-signs-fiveyear-cobalt-supply-deal
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sources upstream the value chaitheO NHzybQliednagazine expsses this battery supply
FYEASGE 6StfY LT o6l GGSNASE R2Z% QG aKz2¢ dzlz @&
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Summary

There will likely be a long time before we see a complete Europegplys chain for
electromobility with sufficient volumes in each step. Thdohi battery suppliers of raw
materials, battery materials and machinery are primarily situated in Asia, with China as the
dominant supplying country. Moreover, most cell factorées also located in Asia. However,

European stakeholders have a significant potential to develop their supplying capacity on raw

106https:/itechcrunch.com/2021/07/23/automakerhavebattery-anxiety-sotheyre-taking-control-of-the-
supply/ Accessed 25.08.2021.
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https://techcrunch.com/2021/07/23/automakers-have-battery-anxiety-so-theyre-taking-control-of-the-supply/
https://techcrunch.com/2021/07/23/automakers-have-battery-anxiety-so-theyre-taking-control-of-the-supply/
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materials, refining capacity and machine production, but this does not happen as fast as

European battery cell plants now aeenerging.

3.3.1.1 Global electric vehicle battery market

The global electric vehicle battery market size was valued at $23 billion in 2017 and is
projected to reach $84 million by 2025, growing at a CAGR of 17.2% from 2018 to 2025. Li
ion batteries have been the primary solutions for automakers to power-plinybrid electric
vehicles (PHEVs) and battery electric vehicles (BEVs)ehrigfy density, charge retention
capacity, and low maintenance are some of the benefits that have accelerated the growth of
Lrion as battery technologyin addition, atomobile manufacturers introducing BEVs and
PHEVs in the EV battery market are further enhancing the technology and are anticipated to
offer LHon powered solutions as a primary power source in their vehicles.

In recent years, consumers are more inclined tovealdttery-electric/plugin vehicles
because these vehicles run withoot little fuel, such as petrol, diesel, or LPG/CNG and have
lower maintenance cosE g KA OK S@Syddz f f & NEFRieh®Ee h©2 Yy & dzY !
growth of theelectric vehicle battery m&et is driven bythe rise in the demand for low or
zeroemission vehiclesa decrease in the cost of the electric vehicle battery system, amd
increase in global awareness regarding climate change.

The soaring demand fdow or zeroemission vehiclesthe advancing evolution of {ion
technology, and rising government regulations on emission control systems are the significant
factors that affect the growth of the global electric vehicle battery market. These factors

( ) are anticipated to either drive or hamper the market growtH.

107 hitps://www.alliedmarketresearch.com/electrigehiclesbattery-market, Accessed on 12.05.2021
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GLOBAL ELECTRIC VEHICLE BATTERY MARKET

TOP IMPACTING FACTOR

Growing demand for zero
emission vehicles

Rise in government C \’;’; Decrease in cost of EV

nitiatves battery system

Growth in public charging
infrastructure

High import taxes

Favourable initiatives by governments across the globe have promoted the manufacturing of
EVsStrict regulations for vehicle emissions have resulted in fuelling the demand for EVs. For
example, the EU set a goal of redro greenhouse gas effluents by BOElectrified vehicles
(BEV, PHEV, FCEV) dasser,or no effluents compared to traditional vehicles. Therefore,
governments across the globe are promoting the use of electrified vehicles to lower oil
consumption, related CO2 emissions, and air polhifid

Higher investments in EVs are viewed asriéical driver for this market. Almost all car
manufacturers announced large numbers of electrified motf@ls . Key players are

investing extensively to manufacture these vehicles.

108nttps://www.millioninsights.com/industryreports/electricvehiclesew-
market?utm_sourceamewswire&utm medium=referral&utm campaign=prn_02Mar2021 ev, rd&ccessed
on 22.05.2021
10%https://www.businesstimes.com.sg/infographics/focaseenpush/legacyautomakerslaunchelectric
offensive?utm_ medium=sockarganic&utm source=linkedjriAccessed on 20.05.2021
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https://www.millioninsights.com/industry-reports/electric-vehicles-ev-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=prn_02Mar2021_ev_rd2
https://www.millioninsights.com/industry-reports/electric-vehicles-ev-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=prn_02Mar2021_ev_rd2
https://www.businesstimes.com.sg/infographics/focus-green-push/legacy-automakers-launch-electric-offensive?utm_medium=social-organic&utm_source=linkedin
https://www.businesstimes.com.sg/infographics/focus-green-push/legacy-automakers-launch-electric-offensive?utm_medium=social-organic&utm_source=linkedin
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ant share of all
1 million EV saies

Daimler
& inve

NISSAN

MOTOR CORPORATION

and USS7 billion into autonomous

America by 2025
ermany

Electric vehicle charging infrastructure is essential for the widespread usage of electric
vehicles. Charging stations can be built at homepmmercial spaces like offices, malls, etc.,
and on the highwaysGovernmentsare funding the projects of buildg public charging
infrastructure through various schemeand car manufacturers are also throwing in their
resources to expand charging infrastructdte.

Policies to support the installation of charging stations through direct investmextpublic
private partnerships, specifically in urban arpasuld equally play aignificantrole in driving
market growth. Multiple charging stations are crucial for ensuring 4disgance commuting
capability for electric vehicles. However, an integragectrification system for all kinds of
transport vehicles, including freight delivery vehicles, public transport vehiclesytveelers,

and cars, is yet to be implemented on a large sééale

Lhttps://www.globenewswire.com/newselease/2021/03/18/2195463/0/en/Electrie/ehicleCharging
StationMarket-SizeRisingat-33-CAGRand-Will-Reachto-USD70-Billion-by-2026-Facts
Factors.html#:~:text=%5B225%2B%20Pages%20Research%20Report%5D,USD%2070%20Billion%20by%202026
Accessed on 25.05.2021

https://lwww.grandviewresearch.com/industrgnalysis/electrievehiclebattery-market, Accessed on

26.05.2021
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https://www.globenewswire.com/news-release/2021/03/18/2195463/0/en/Electric-Vehicle-Charging-Station-Market-Size-Rising-at-33-CAGR-and-Will-Reach-to-USD-70-Billion-by-2026-Facts-Factors.html#:~:text=%5B225%2B%20Pages%20Research%20Report%5D,USD%2070%20Billion%20by%202026
https://www.globenewswire.com/news-release/2021/03/18/2195463/0/en/Electric-Vehicle-Charging-Station-Market-Size-Rising-at-33-CAGR-and-Will-Reach-to-USD-70-Billion-by-2026-Facts-Factors.html#:~:text=%5B225%2B%20Pages%20Research%20Report%5D,USD%2070%20Billion%20by%202026
https://www.globenewswire.com/news-release/2021/03/18/2195463/0/en/Electric-Vehicle-Charging-Station-Market-Size-Rising-at-33-CAGR-and-Will-Reach-to-USD-70-Billion-by-2026-Facts-Factors.html#:~:text=%5B225%2B%20Pages%20Research%20Report%5D,USD%2070%20Billion%20by%202026
https://www.grandviewresearch.com/industry-analysis/electric-vehicle-battery-market
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Currently, the E\battery market is dominated by Asia. In 20t®mpanies outside China,
Japan, and Korea supplied less than 3 percent of the total global demand for EV badtiedies

European companies provided only 1 per dént

If we analyse the most recent datai{ ), we could observe thathe traction battery
market is developing in parallel with the electric vehicle market; the dynamics of individual
participants is impressive. For example, @l@nese company CATL, in just one year, increased
its share from 17 to 31,5% and increased the volume of battery production by 4,21 times. All
Korean manufacturers are inferior to it, even taken together.

In Koreajthe entire traction battery market grewoy 127% yeaon-year to 47,8 GWh. The

main progress in the volume of supply of batteries for electric vehicles was demonstrated by
the Chinese company CATL, having shipped batteries with a total capacity of 15,1 GWh in the
first quarter of this year. The@sest competitor was the Korean LG Energy Solution with 9,8
GWh, while the Japanese company Panasonic, collaborating with Tesla and Toyota, with 8,0

GWHh remained in third place?.

Q1 2021: Deployed Battery Cells in registered HEV, PHEV, EV Cars [GWh] Market YoY
Share Change
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Roland Zenn, derived from SNE Research 4/2021

112 hitps://coilwindingexpo.com/Articles/competitivenessa-the-ev-battery-market Accessed on 13.05.2021
13https://bloghl.com/2021/05/05/chinascat-nearly-doublesits-traction-battery-marketsharein-just-one-
year/ Accessed on 26.05.2021

https://iwww.linkedin.com/posts/rolandzenn batteriesbattery-lithiumionbatteriesactivity-
679382908558486323®NQu Accessed on 25.05.2021
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International Trade in Batteries

Lithiumrion batteries for EVs are categorized in an {d§@ subheading (8507.60) that
includes lithiumion batteries for all uses. This section explores dlvailable trade data.

For lithiumion battery trade, in the last years, the United States and Germany are beginning
G2 AYLRNI Ffyvyz2ald Fa YdzOK & [/ KAYlFXZ odzi / KAyl
Battery cells are traded under a broader statistical reporting number for battery paaking

it challenging to track imports and exports globaligce that trade data includesany other
products

By value, in 2020, Germany reported the highest amafritnported lithiumion batteries,
followed by the United States and China:(/c1). However, t is difficult to know what portion

of imports under thé HS subheading were batteries for EVs versus lithmmnbatteries for

a2YS 20KSNJ LJzN1ILI2 &Sy Fa GKS 1¢{ &dzoKSIRAYy3a R

Imports of Lithium-ion batteries by country, 2016 - 2020 (Euro thousand)

Importers 2016 2017 2018 2019 2020
Germany 1.458.661 1.989.38(4 2.419.869  3.312.002 5.568.664
United States of America 1.804.650 2.274.194 2.728.803 3.291.852 4.215.974
China 2.762.066 2.890.96 3.288.001  3.326.929 3.098.474
Korea, Republic of 356.534 593.92( 1.036.687 1.115.62( 1.430.50(
Japan 678.594 715.14( 920.957 1.269.419 1.172.70¢
Netherlands 508.137 697.911 845.884 829.455 1.133.311
France 375.926 522.0472 694.296 950.311 1.124.254
Belgium 94.829 124.887 218.205 725.344 962.645
Poland 168.228 212.084 343.588 808.399 890.82§
Spain 76.804 107.23( 152.362 211.735 882.97€

Subtotal 8.284.4371 10.127.762 12.648.647 15.841.06§ 20.480.334
Other 5.435.101 6.975.904 9.195.933 11.952.169 8.130.292
Total WORLD 13.719.538 17.103.666 21.844.58(0 27.793.237 28.610.63(

Sources: ITC calculations based on UN COMTRADE and ITC statistics

I KAYl Qa Ay QawBatterySeRports Aalil & sdgyest increased Chinese lithiion
battery production implying that the high voluemof its imports may be more cells and
modules (components) than packs (finished products). Howéikerthe situation regarding
the import trade figures these exportiigures differsignificarnly across countries. It may be

that Chinese production and parts of lithiumion batteries are for different types of

+
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batteries (e.g., power drills, cell phones, etc.) that are typically less expensive than EV

batteries.

Exports of Lithium-ion batteries by country, 2016 - 2020 (Euro thousand)

Exporters 2016 2017 2018 2019 2020

China 6.157.427 7.112.942 9.163.408 11.640.230 13.966.58¢
Korea, Republic of 2.104.278 3.114.639 3.718.77% 4.179.619 4.274.41]
Poland 160.684 228.54( 607.108 1.816.640 4.052.27¢
Germany 535.031 855.304 1.128.199 1.776.439 2.967.17]
Hungary 164.636 348.442 584.970 1.157.457 2.393.28(
Japan 2.364.921 2.276.383 2.182.619 1.834.561 2.180.024
United States of America 1.007.699 1.143.78( 1.185.156 1.356.261 1.445.64(
Malaysia 100.918 188.42( 716.564 814.087 780.821
Netherlands 178.147 251.109 349.10( 369.446 776.451
Singapore 343.437 502.373 595.253 715.797 651.829
Subtotal 13.117.176 16.021.93¢ 20.231.152 25.660.532 33.488.50¢

Other 2.935.192 3.752.083 4.862.201 5.567.053 2.228.754
Total WORLD  16.052.368 19.774.019 25.093.353 31.227.58% 35.717.26(

Sources: ITC calculations based on UN COMTRADE and ITC statistics

If we analyse the data of battery parid$6digit subheading 8507.90), that includes lithium

ion cells and modules, we observe the main exporters are Japan, Korea and Chira)

while importers are led by the USA and Poland, followed by China and Germziniy).

Exports of batteries parts by country, 2016 - 2020 (Euro thousand)

Exporters 2016 2017 2018 2019 2020

Japan 557.913 863.671 1.264.582 1.212.369 901.26¢
Korea, Republic of 513.688 512.34( 808.353 843.082 739.379
China 200.624 293.8071 319.409 392.334 543.3771
United States of America 301.5771 278.189 268.871 364.594 271.623
Germany 120.821 143.95( 148.669 202.747 267.728
Italy 109.577 115.544 120.101 110.87( 99.408
Czech Republic 88.378 131.92( 105.487 95.345 80.708
United Kingdom 78.082 74.469 76.205 79.071 69.405
Austria 28.152 35.553 32.842 37.126 58.887
Hungary 2.356 2.610 31.897 32.7471 58.111
Subtotal 2.001.163 2.452.053 3.176.411 3.370.284 3.089.89"%
Other 921.952 1.205.89"% 660.789 717.128 373.90§
Total WORLI 2.923.115 3.657.948 3.837.200 4.087.412 3.463.803

Sources: ITC calculations based on UN COMTRADE and ITC statistics
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Imports of batteries parts by country, 2016 - 2020 (Euro thousand)

Importers 2016 2017 2018 2019 2020

United States of America 764.780 1.309.744 1.363.462 1.350.739 1.409.794
Poland 56.274 81.234 384.364 586.175 920.59(
China 253.984 319.120 430.711 437.934 399.23¢
Germany 165.434 224.301 269.934 436.364 382.13(
Singapore 141.144 239.921 310.124 300.059 290.234
Korea, Republic of 66.923 80.625 162.394 173.951 198.596
United Kingdom 55.98( 111.904 224.883 226.997 89.339
France 76.469 62.424 67.951 101.234 82.163
Japan 97.132 94.142 87.072 64.554 78.315
Spain 63.794 81.617 80.447 84.821 68.649
Subtotal 1.741.931 2.605.039 3.381.346 3.762.828 3.919.053

Other 989.561 1.313.091 1.315.460 1.274.904 587.47(
Total WORLD 2.731.492 3.918.139 4.696.806 5.037.732 4.506.523

Sources: ITC calculations based on UN COMTRADE and ITC statistics

Electric Vehicle Battery Supply Chain

Batteries are the key differentiator between the various EV manufacturers. The amount of
energy stored in the battery determines ti&/ rangethought to be a major limitationfdeV
sales.

Like many higitechnology goods, EV batteriggave a complex supplchain in which
production can bedivided into stages, and those stages can be completed in different
locations.

The battery manufacturing supply chain has three main parts: cell manufacturing, module
manufacturing, and pack assembljhesdhree stagesan be conducted in the sanpdace or
splitinto two or (theoretically) three locations. Pack assembly tends to occur near the vehicle
assembly location because of the cost of transporting battery packs, which are larger and

heavier than cells or modul&s.

115

https://www.usitc.gov/publications/332/working papers/supply chain for ev batteries 2020 trade and val
ue-added 01072fkompliant.pdf Accessed on 13.05.2021
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Global installed manufacturing capacity for laigjeed (automotive/ESS) lithidian battery

cells is forecast to surpass 2,000 GWh by 2030, around 4.5x times more than in 2019. This is
forecast to reach 4,900 GWh by 204ppeoximatelyl1x times moe than 2019to meet the
demand. Most of these capacity expansions will be driven by transport electrification.
However,China is expected to maintain its dominant position in battery manufacturing due

to its large domestic automotive market and pegisting upstream battery supply chal#f

/] Stt&a INB 'y AYGSNYSRAIFIGS 322R Ay GKS £ NHSN.
list slightly different specifications and components in their battery cell assembly, but the
general ideas remain the samiultiple cells in a case with terminals attached form a module.

The number of cells per module varies by manufacturer and cell type. Module production
brings less valuadded than the cell stage of production. Based on recent estimates, about
11 percent of the total cost of a finished lithiuron battery pack comes from the module
stage of production. Since most modules are made in the same facility as the battery pack,
there is less trade in this component of the supply chiodules are assembled ugjrcells

that were either imported or made on site. EV battery pmake the final stage of EV battery
production. Battery packs are made up of battery modules, electrical connections, and cooling
equipment. Manufacturers can assemble them by hand or bgguautomation. Based on
recent estimates, about 7 pasent of the total cost of a finishelithium-ion battery pack

comes from the padhkg stage of production. Battery manufacturers design EV battery packs

for specific vehicle models and tend to assemblenh near the vehicle assembly plaHt

Customers OR Users of batteriestlre automotive segment

Most battery manufacturersare in China, Japan,and South Korea. With the rapid
development of the EV market, the scaletbé battery market is gradually expanding. In
addition, the industry is being reshaped more rapidly than ever. Exoefgading enterprises
that have taken up most of the shareom the industry, other manufacturers may be
marginalized. In 2020, CATL ranked fgisballywith its installed capacity of 34 GWh{

). Driven ly the demand from Tesla and the European market, LG Energy Solution ranked

1iehttps://publications.jrc.ec.europa.eu/repository/bitstream/JRC123439/roskill

irc_classi ni_market study identifiers final.pAfcessed on 17.05.20
117

https://www.usitc.gov/publications/332/working papers/supply chain for ev batteries 2020 trade and val
ue-added 01072fkompliant.pdfAccessed on 24.05.2021
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second with its installed capacity of 31 GWh, followed by Panasonic, BYD, and Samsung SDI.
In the top ten, there were five Chinese companies, two Japanese companies and three Korean

companies's,

H CompanyName InstalledCapacity( GWh)
1 CATL 34
2 LGEnergySolution 31
3 Panasonic 25
4 BYD 10
5 SamsungDlI te]

6 SKI 7

U AESC 4

3 EVEEnergy 3.7
9 CALB 3.6
10 GotionHighTech 3.3

Battery technology will decide the winners and losers of tomorrow's auto industry.
Historically, automakers have spent the bulk of theffiorts designing and manufacturing just

the vehicles themselves and left th@ower supply issudo the gasoline and diesel fuel
providers. But as more automakers make commitments to shift their entire businesses
eventually over to electric vehicles, many are also increasingly investing in the chemistry and
manufacturing of their own power supplié¥

Carmakers are starting to consider cleaner batteries and clisfivagadly production a
competitive advantage. A very good representation shows us a general picture of customers

of battery in automotive sector{ )120

118 Virtual BatteryExhibition, 27 April 2021presentation_CIAPS_Liu_EN
119 hitps://www.greenbiz.com/article/caicompaniesare-now-battery-companiesAccessed on 25.05.2021
120 htps://eiirtrend.com/wp-content/uploads/2020/09/auteev-battery-strateqy.pdf Accessed on 25.05.2021
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Major Auto OEM EV Battery providers/partners EV Battery JV

w%u Toyota CATL (Gs YUASA Panasonic
- @ v | CATL @LGChem (™  SAMSUNGSDI %) BEE northvolt
A CATL @LGChem Panasonic
_m o CATL @ LG Chem
& CATL @LGChem ¢ SAMSUNG SDI sary
&) e ih ELIY Power UBE
@5 weai | CATL g LISHEN @ LG Chem
M Honda Panasonic CATL (Gs YUASA
G v CATL SUMDOR  Jsepf NEC

@ sMw CATL @LGChem northvolt SAMSUNG SDI [EVE {Zi518H:

A)  wme | CATL @LGChem g SAMSUNGSDI
FCA  ratcnysier | @LGChem SAMSUNG SDI

PSA - CATL @LGChem @SY(JASA =255
O wemi | CATL @LGChem SUNMVOOR 1 GueN

RENAULT

Source: EIIRTrend, Web 2020 Pareekh Consulting

LY HAaumMXI mMny 27F oK attedy Sihfaid@esn thepipelirfe(planied dzY
under construction, not yet producingye inChina In contrastEurope and North America
have only 21 and 1Gigafactoriegespectivelyin the pipeline. While European and North
Americanexpansionshave begun to increase substantially ovee thast 12 months, China
remains by far the most aggressive country in builditigum-ion cell production capacity to
support itselectric vehicle and energy storage industfy

¢CKS YIAY OdzaG2YSNAR 062N oS intNFaciurets. MamzjoBtNEA € 0
ventures or cooperation agreements were closed over the last yeé@rse of them are
illustrated in . Forming JVs isne option/solution of automakers to secure supply,
costs,and quality of the batteries for electric vehicles.

Car manufacturers have traditionally built their oaunxiliariedor internal combustion engine (ICE)
vehicles, but now they are forced to turn to Asian electronics and chemicalthahsontrol the
EV battery marketn terms of the companies that make batteries for electric carsgeV battery

manufacturersare the major players on the global stage.

12https://www.linkedin.com/posts/rolandzenn batterieshattery-lithiumionbatteriesactivity-
679382908558486323®NQuAccessed on 25.05.2021
122https://lwww.benchmarkminerals.com/membership/globahttery-armsrace200-gigafactorieschinaleads
2/, Accessed on 25.05.2021
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Today, LG Energy Solutions, CATL, Panasonic, BYD, Samsung SDI, and SK Innovations dominate
battery manufacturingMost of these companies are based in China, Japan, or South Korea.
Nearly 140 GWh of batteries were altated to the electric and hybrid mobility sector in

2020 ( ). As a market leader, the South Korean LG Chem alone represents nearly 40
GWh ofcapacity?.

The market leader and thieadingsupplier of batteries to European carmakek$; Energy
Solutions(LG Chem) alone represents nearly 40 GWh of battery volume produacaddition,

the South Korean manufacturer supplies to Tesla in China andrhextensive client portfolio

in Europe, including VW, Renault, and Mercédétes

Contemporary Amperex Technology Limite@ATL) claimed a distant second place in 2020,
propped up by its dominant presence in China and strong entry into the European nrarket

the second half of the ye&t.

CATL alsoperates outside of China, which is the second biggest international market for EVs (the
1.3 million EVs sold in China in 2020 represented 41 per cent of global EV sales), only just behind
Europe (42 per cent of theorldwide EV market). The reason why CAdkes the top spot is likely
becausat has the biggest number of agreements with car manufacturers, including EV companies
such asf'eslaBMW, Great WallHondg HyundaiandVolkswagen

Samsung S now a step closer to becoming No.1 in the global EV battery ni&tket

123 hitps://www.automobile-propre.com/breves/voitureelectriquelg-leaderdesbatteriesen-2020/ Accessed
on 01.06.2021

124 hitps://www.adamasintel.com/passengexv-battery-capadty-deployed2020/ Accessed on 01.06.2021

125 hitps://www.adamasintel.com/passengexv-battery-capacitydeployed2020/, Accessed on 01.06.2021
126 hitps://www.samsungsdi.com/automotivbattery/index.htmlAccessed on 25.05.2021
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Global Passenger EV Battery Capacity Deployed (GWh) by Region
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* Chart considers passenger BEV, PHEV and HEV capacity deployed onto roads in 2020.

* Excludes battery capacity in sales channels and pack/automaker assembly lines

Not alllithium-ion batteries can be used in alectric vehiclesthough.As a result, there is a
fine balance of whaBenchmarlOl f f & ( K 'S qudlityfkqiEBti§ and guddficaidn for
the industry Every three months, Benchmark assesses &dwm-ion battery cdl producer

into the following three tiersi{ ):

BENCHMARK'S TIERS OF AUTOMOTIVE-GRADE
BATTERY PRODUCERS

CATL

W
SK’?";- Jation @ Envision

SAMSUNG SDI

@ LGChem
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Tier 1:

Qualified to supply multinational automotive OEMs / EV producers outside of China
Supplier tathe domestic Chinese EV market

>5 GWh of annual cumulative capacity (equivalerthattime of assessment)

Tier 2:

Not yet qualified tasupply multinational automotive OEMs / EV producers outside of China
Qualified to supply domestic Chinese EV manufacturers

Qualified to supply non EV applications

>1GWh of annual cumulative capacity (equivalerthattime of assessment)

Tier 3:

Not yet qualified to supply EV end markets

>1GWh of annual cumulative capacity (equivalerthattime of assessment)

Primary focus: non EV markeiscluding portable and stationary
Forecasts

Lithiumrion battery production is expected to increase significabtyneet the demand of

the growing electric vehicle fleet worldwide.

The global L-ion battery market

As the political and social need for green transition increases, the automotive industry needs
to keep up with the pace of the change by adaptitsgproducts and services to comply with
new standards and meet society's expectatioAs.a result,tiis forecasted to increase from

142 GWhin 2018 to 2,3335Whin 2030.As a result, the global lithiusion battery market is
expected to double in size in the upcoming five yeaemaching 71 billion U.S. dollars by
20257,

By 2028, it is estimated that batteryanufacturer CATL will produce lithidion batteries with

a cumulative capacity of 307 GWh. Lithiion battery production ) is expected to

increase significantlio meet the demands of the growing electric vehicle fleet worldwide.

127 https://www.statista.com/statistics/1103401/predictedithium-ion-battery-capacityby-company/ Accessd
on 27.05.2021
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Electric vehicles worldwide

Since the global negotiations on climate change action are not unilaterally accepted, huge

variations across countries exist. Some countries heavily subsidize and encourageanitirens

firms to purchase electric cars, prioritize the gréemsition,and mitigate climate change. In

2019, over 100,000 new electric passenger vehicles were registered in Germany, more than

six times as large as the number registered in Spain. In terms of the electric vehicles in use,

the estimated number in Cha is above 3.3 million units and 1.4 million units in the 8 S.

128 https://www.statista.can/statistics/1103401/predictedithium-ion-battery-capacityby-company/Accessed

on 27.05.2021
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In 2020, the global demand for electric vehicle batteries ( ) was expected to amount

to 110 GWh.This wlume is expected to increase drasticallyorldwide, with a predicted
demand of 6,530 GWh in 2050, abdf0 times the value at the beginning of the forecasted
period.

The a@vanced battey market is predicted to observe vigorous growth during years to come
due to intensifying emphasis on clean energy practice, increasing adoption of electric vehicles
and refning economics of battery storage systeriurthermore, the development in electric
vehicles and electronic gadgessprobable to boost the next generation battery market in the
coming years. However, advanced battetisur limitations such as high castlong recharge

time, andshort cycle life sparwhich hampers the market growtf?.

GCKSNBE Aa | YIFraaAa@gsSs 2y32Ay3 St SOGNARTAOFGA 2\
less than 20% of the energy mix todayyiilt more than double its share by 2050. During that
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period, solar PV will grow Z6ld and wind 1€fold, and in roughly equal shares will together

be responsible for over 60% of the electricity generated by 2050. The plunging costs and
technological advaces in renewables are remarkable and nowhere more so than in fixed and
floating offshore wind. Electricity powered by renewables is the main driver of accelerating
efficiency gains in our global energy system that will outpace both population and GDXR,grow
adzOK GKIG GKS g2NIR gAff NBFOK LISF]1 LINAYIF NE
Remi Eriksen, Group President & CEO, DNV GL Energy Transition Outld&k 2020

Although transport services will typically double (or more) over the forecast period, energy
use will diminish The most important reason is the significant efficiency improvement
associated with the switch from internal combustion engine to battelgctric propulsion.
w2dzaAKfe KIFIfF 2F GKS g2NIRQa FtSSG 2F LJ aaSy3
in the roadtransport subsector will more than counterbalance the increases in energy
demand in aviation and rail. This trend will also bepkdlby the maritime sector experiencing
dramatic efficiency gains that will strongly reduce energy use, despite substantial growth in
the world fleet.

The energy mix in aviation and maritimesisiilar to the onein the road transport sector,
whereas in tle rail subsectqrd2% of energy use is electric. Biofuel mandates are a prime
example of the role of public policy in transport fuels. Decarbonization and fuel efficiency are
interlinked, and some regions, notably China and OECD countries, use a midoustofind

pull¢ strategies to achieve their decarbonization ambitions. Moreover, UN bodies, such as the
International Maritime Organization (IMO), have opted for firm targets.

All sectors will face continued pressure to reduce carbon emisshnglternatives to fossil

fuels are less readily available or not practical in specific demand sectors, like heavy industry,
maritime transport, and aviationln maritime, alternative fuels and power sources vary
significanly for different ship segmentsnd their technical applicability and commercial
viability. Direct electrification is expected to play a minor role beyond the shortsea segment.

However, poweito-X, with X in this casebeing liquids such as hydrogen used directly in its
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compressed or liquefietbrm or used as a basis for differeatectro fuels(diesel, methane,

methanol or ammonia), is expected to play a major role.

1.1.1.1 Maritime Vessels

Maritime transport is by far the most energpfficient mode of transport in terms of joules/
tonne]l Af 2YSUINB® ! f Y2a0SHESNBE REElI gyRRNI RO azRyy H
oil, is consumed by ships, mainly international cargo shipping.

In 2020, the IMO regulation on a global sulphur cap came into force, dramatically altering the
types of fuel used by the fleet. The main shift has remained within the category-lodiseb

fuels We see a much larger share of lighter distillatdbeo variants of fuels with less sulphur,
anda decentpercentage of marine heavy fuel oil still beingsed on ships with scrubbers. In

the longer run, the IMQ supported by both shipowners and governmentsargets a 50%
reduction in CO2 emissions from 2008 to 2050.

Corvus Energyorecass that a mixture of improved utilization and energy efficiencies,
combined with massive fuel decarbonization, including conversion from oil to gas and
ammonia and other lowand/or zeracarbon fuels, will enable this goal to be met.

The naritime transport sector currently emits 820 Mt CO2, some 2.3% of global emissions.
We forecast that this wildecrease to around 600 Mt by 2050, accountiogabout 3.5% of
global emissions. As direct electrification is expected to be viable only in the shortsea segment
and few low and zeracarbon fuel alternatives are available and preal today, maritime
transport is considered a hatth-abate sector. We forecast a high share of natural gas,
ammonia, and other lowand zerecarbon fuels in 2050, but additional action is needed

reduce emissions to a lower level than we currentlyefmst.
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World seaborne trade in tonne-miles by vessel type
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Figure30. World seaborne trade in tonneniles by vessel typ&1!
World maritime subsector energy demand by carrier
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Figure31l. World maritime subsector energy demand by carriér
Market insights- Maritime
The figures are from DNMternative Fuels Insight, May 2021
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Market Data: Non-Automotive Transportation Markets for Advanced Batteries

NAVIGANT

Chart 3.2
Marine Transportation Advanced Battery Pack Energy Capacity and Revenue by Region,
World Markets: 2017-2026
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Chart 3.3
Marine Transportation Advanced Battery Pack Energy Capacity and Revenue by Vessel
Type, World Markets: 2017-2026
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1.1.1.2 Electric Aircraft

rfyzad m: 2F GKS 02y adzySR 62 NI RQdenefugdSbya e | y
civilian aircraft. Driven by increasifiging standardsinfluenced by regional geographies and

travel cultures, aviation has shown strong growth ie fhast decadées®.

The number of annual air trips is forecasteddtmuble by2050 compared with 2018 numbers

( ), with fuel use in aviation only increasing by 9%. This is due to efficiency gains, as
higher load factors and developments in engines and aerodynamics will yield impressive

improvements in eargy efficiency.
Air trips by region of origin
Units: Billion trips/yr
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Historical data source: ICAO (2016), Airbus GMF (2018)

We see strong passengerand cargog growth ahead. As with shipping on keel, we envisage
that pockets of shorhaul flights will become electrified. A more significant driver of

reductions in emissions will be sustainable aviation fuels (S#f)iel blends.
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World aviation subsector energy demand by carrier

Units: EJ/yr
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Electric planes have been experimentgiih since the 197QsHowever, no significar results

have been achieved. Most recently, with thebstantial investment in batteries and

specifically in electric aircraft, commercial flights are starting to becameslity.

illustrates the waycompanies { ) and agencies( ) notice themarket's potential
for electric propulsion aircraft. However, due to the weight of the batteries necessary to
provide the power and the energy required for ledigtance travels, the electric propulsion

for aircraft may be limited in the next few years for dhwr crafts and short commercial

flights!3”.

3"https://www.rolandberger.com/en/Insights/Publications/Electfizopulsionis-finally-on-the-map.html
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a w 2Royca is entering the development of new energy storage systems for eVTOLs and
electriccommuter aircraft. The company is investing 80 million pounds (around 93.4 million
euros) in this by 2030. ReRoyce says that its goal for its battery systems is to operate zero
emission flights of more than 100 miles (160 kilometres). The energy steyatems (ESS) are
suitable for allelectric and hybrid propulsion systems of VTOLSs or aircraft for up to 19 seats.
In March 2021, Rolls Royce and aircraft designer Tecnam partnered with Norwegian regional

airline Widerge to deploy an adlectric passergy aircraft by 20268 ¢

138 https://gz.com/1943592/electricairplanesare-getting-closeto-a-commerciadbreakthrough/ Accessed on
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1.1.1.3 Trains

The rail subsector consists of all fading transportation, including urban rail systems.
Presently the rail sector provides little more than 2% of global transport and is responsible
for about 0.5% of the worldwide energy uskhe rise in passenger nbers will be substantial

due to income growth elasticity to above unity, with a global passenger increase of about
135% by 2050. Rdileight transport will, however, continue its downward slope in many
regions, although not all.

For passenger transport,specially in urban areas, the space efficiency of rail transport is
superior to other options, and the ease of electrification also makes it a favourable alternative

for transport decarbonizatiot.

World rail subsector energy demand by carrier

Units: EJ/yr

1980 1990 2000 2010 2020 2030 2040 2050

Ml Electricity
B Biomass
Bl Oil

HEl Coal

Historical data source: IEAWEB (2019)

Electricpowered trains are not a new emerging technology as it is in other vehikéesars,
vesselspr aeroplanes. The technology of an electric engine has been develapeadstage
where almost half of the trains in service are powered by electricity. Nevertheless, investment

and maintenance irthe electrification of ralil lines for powering the trairae still needed.

11DNV GL Energy Transition Outlook 202ths://eto.dnv.com/2020Accessed on 20.08.2021
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With the recent developments in energy density and longevity, providing batteries to the
trains allows some rail routes to go electrithis can be beneficiah locations where
electrificationby extending already electrified lines and allng charging during the service

would not be possiblgoractical,or affordable!4

Trip Optimizer™ Energy Storage:
art automated eplacing engine §

GE Transportation’s
Battery-Electric e
Locomotive

Massive po“!er
nstzrersion 200 hes
Huge
weismnes 1()-15,,

Powered Axels

The global market size for battepowered trains in 2020 isstimated & 144M US$and it is
expected to reach 257M US$ by 20&@banization in emerging countries and developed
countries is the main driver of growth for the next few decades. Transportation by train is one
of the most efficient transportation modesnd with the lowest pollution, aligning the market
increase with the zero GGemission for the energy and transportation sector and other

environmentally sustainable goals supported in Européthe rest of the world**,

143https://www.greencarreports.com/news/1127629 batteyoweredelectrictrains-will-soonbring-cleaner
air-especiallyin-europeAccessed on 20.08.2021
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Global Train Battery Market is Expected to Account for
USD XX Billion by 2027
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The covidl9 pandemic has negatively affected the train sector by reducing the demand for
this transportation method In addition, he requirements for physical distancing decreased
the maximum rail catenancy, and efforts for disinfection requirementdevated operational
costs. In Europe, the tendency was counteracted by using trains as transportation for food,
coal, and healthrelated materials during lockdow

The Canadiafirm Bombardier launchedn electrehybrid trainwith a range ofL00 km ona
non-electrified rail lineln a partnership with BNSF in the US, GE Transportataevedoping

a batterypowered locomotive witha 2,4 MWhpack with a potential autonomy of hundreds

of kilometres Ths milestone is significant for the US since less than 1% of the rail miles are
electrified compared to the global value of 18

The Netherlands hmalreadyachieved 100% of electric trains running on renewable energy
sources: wind energyBatteries play a major role in storing energy to provide energy when
wind levels are low".

In Germanyonly 40% of the rail lines are electrified. The battetgctric trains will electrify

the routes that were not possible to electrify due to impos#ipibr expensive investment.

For example,tie BadeAWrttemberg state hasrdered20 two-car trains withatop velocity

145 hitps://www.databridgemarketresearch.com/reports/glob#dain-battery-market Accessed on 20.08.2021
146 hitps://eto.dnv.com/2020 Accessed on 20.08.2021
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of 150 km/h from Siemenén addition, he Alstom company announced the supply of battery

electric trains tahe LeipzigChemnitz liné*,

Battery Energy Storage Systems (BESS) are demonstrating to be valuable assets in the
decarbonization of the energy sector. Numerous drivers of change contribute to the increasing
popularity of integrating batteries n the electric grid, such as decreasing costs, flexibility,
stabilization of the electric grid, funding programs, renewable energy sources integration, etc.
BESS do not require complex infrastructure projeetsle mobile and modular solutions can

be provded andquicHy installed at every level of the electric grid

Balancing
Storage

Thermal

tora
Distributed rage

Residential V2G
Storage

Battery systemsanaccumulate or dispatch energy to the electric grid in fractions of segonds
making themversatile assets for different applications. The Rocky Mountain Instifute
identified thirteen fundamental services for three major stakeholder groups when deployed
behind the meter( ). The further downstream BES&s inthe electricity system, the
more services theganoffer to the system at large, which may also increase independence

from a centralked energy systefi.

148 https://www.greencarreports.com/news/1127629 batteyoweredelectric-trains-will-soonbring-cleaner
air-especiallyin-europeAccessed on 20.08.2021
https://www.irena.org/newsroom/pressreleas#2015/Jun/IREN&RoadmagBreaksNewGroundon--
RenewableEnergyStorageAccessed on 26.08.2021

150 hittps://rmi.org/wp -content/uploads/2017/03/RMITheEconomicsOfBatteryEnergyStordagiReport
FINAL.pdfAccessed on 20.08.2021

151 https://www.eurobat.org/images/news/publications/eurobat batteryenergystorage web.péi€cessed on
20.08.2021

+
Erasmus Preramme does not constitute an endorsement of the contents which reflects the views only of the authors, and the Co mmission cannot

Co-funded by the Alliance for Batteries Technology, Training and Skills ALBATTS i Project number 612675 -EPP-1-2019 - 1- SE-EPPKA2- 93
SSA-B. The European Commission support for the production of this publication under the Grant Agreement N° 2019 -612675
of the European Union be held responsible for any use which may be made of the information contained therein.


https://www.greencarreports.com/news/1127629_battery-powered-electric-trains-will-soon-bring-cleaner-air-especially-in-europe
https://www.greencarreports.com/news/1127629_battery-powered-electric-trains-will-soon-bring-cleaner-air-especially-in-europe
https://www.irena.org/newsroom/pressreleases/2015/Jun/IRENA-Roadmap-Breaks-New-Ground-on--Renewable-Energy-Storage
https://www.irena.org/newsroom/pressreleases/2015/Jun/IRENA-Roadmap-Breaks-New-Ground-on--Renewable-Energy-Storage
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://www.eurobat.org/images/news/publications/eurobat_batteryenergystorage_web.pdf

In the longterm outlook, BESS + photovoltaic (P¥l anergy shifting applicatns show the

steepestgrowth until 2030, withan expected annual investment from $8,6 billion in 2020 to

$30,1 billion in 20363
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152Rocky Mountain Institute "The Economics of Battergrign Storage”, 2015

https://www.slideshare.net/JillKirkpatrick2/energstoragesummit2018day-2 Accessed on 26.08.2021

S3https://www.energy.gov/sites/prod/files/2020/12/f81/Energy%20Storage%20Market%20Report%202020 0

.pdf Accessed on 20.08.2021

154Bloomberg New Energy Finance, "2019 l-degn Energy Storage Outlook," BloombergNEF, New York, 2019.

Available: https://about.bnef.com/blog/energystorageinvestmentsboom-battery-costshalvenextdecade/
https://www.energy.gov/sites/prod/files/2020/12/f81/Energy%20Storage%20Market%e@R%202020 0.p

df Accessed on 26.08.2021
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Global MarketOverview

The global storage capacity has been increasing consistently throughout theryears
Nevertheless, in 201%he annual deployment decreased for the first tinlhe almost30%

drop compared t®018 can be explained by several factors, such as battery storage still being
an in-development technology, present in only a few marketsd beingprofoundly
dependent m policy support®. In addition,Covid19 created turmoil in the global economy.
However, grid BESS showed resilience and expanded the global market with 2,4 GW of
capacity and recent forecasts point to 134,6 GW and 437 GWh of accumulated capacity
worldwide. Most ofthe active systems were deployed to provide frequency regulation, which
requires high-power and short duration batteries. With future evolutions in the market and
regulations,grid storage is expected to grastronger in other applications, nagty in assets

that may replace or defer gas peaker plants, new RES plants and transmission lines, requiring

storage systems with higheapacity>°.

Annual energy storage deployment by country, 2013-2019

Korea @ China US @ Germany Other

155 hitps://www.iea.org/reports/energystorage Accessed on 20.08.2021

156 hitps://www.prnewswire.com/newsreleases/worldwidegrid-battery-energystorageindustry-to-2030--in-
2020-the-globatmarket-expanded4 7-3-with-2-4-gw-of-new-power-capacity301268789.htmlAccessed on
20.08.2021

157
https://www.iea.org/search?g=Annual%20energy%20storage%20deployment%20by%20country%20%2C%202
013-2019Accessed on 26.08.2021
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SouthKorean installations dropped by 80% after a record in 2018, after growing concern over
several fire incidents at gridlcale storage plants in 2018. Although tioet cause of the fire
incidents was identified andcounteracting safety meaures were implemented, the
confidence was not fully restored.

In the United States of America, after the wildfire disaster in 2019, incentivesdtailing
BESS for backup powiacilitated 10 000 behindthe-meter (BTM) storage systems to be sold.
Utilities favour the cdocation of BESS with PV plants with announced projects of 15 GW.
Virginia and Nevada announced letagm targets for 3,4 GW.

In 2019, Australia expanded to over 200 M\Weapacity under construction.

The announcement of new projects in China declined by-tbird after reviewing its
regulations where grid companies no longer may include storage costengytransmission

and distribution fees. The market tendencies a@wshowing interest in the allocation of
BESS to reduce the curtailment in RES generation.

The calocation of RES facilities and BESS facilitates the stabilization of energy production and
safeguards the demand during peak hours. Countries like Indissarghpore rewarded this
application with PV+storage auctions for 1,2 GW and 200 MW of storage capacity
respectively.

Regulations and legislations agesentiafor eradicating barriers to stimulate and implement
investment in storage technologits,

Reallation frameworks need to be clear and transparent to identify the services that
transmission and distribution operators are allowed to provide and avoid competition with
power generators. Ownership of a storage system is a complex issue as it is cohsidgr

a generation asset and a system operator benefiting both transmission and distribBtion

The market is predicted tetayfocusedon certain countries with supportive dynamics and
regulations. Chinahe USAand Australia are predicted to accolfot 2/3 of the global annual
power additions. In most countrieghe BESS installations will remain pending cost reductions,

market design modernization and supportive regulations and legisldfidns

Isehttps://lwww.ncsl.org/research/energy/energgtoragefor-a-modern-electricgridtechnologytrends-and-
state-policy-options.aspXAccessed on 20.08.2021

159 hitps://www.eurobat.org/images/news/publications/eurobat_batteryenergystorage web.fafcessed on
20.08.2021
16https://www.prnewswire.com/newsreleases/worldwidegrid-battery-energystorageindustryto-2030---in-
2020-the-globatmarketexpanded4 7-3-with-2-4-gw-of-new-power-capacity301268789.html _Accessed on
20.08.2021
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Lithiumion batteries (LiB) are predicted to remain as leading technology due to their decrease
in CAPEX. Although leadid batteries will remain the most important battery market in
volume until 2025, the shift to LiB of alntadl carmakers is increasing the importance of this

technology. Other technologies as nickelsed are also declining in favour of 3B

161 hitps://rmi.org/insight/breakthroughbatteries/ Accessed on 20.08.2021
162Rocky Mountain Institute "The Economics of Battery Energy Storage”, 2015
https://www.slideshare.net/JillKirkpatrick2/energstoragesummit2018day-2 Accessed on 26.08.2021
16https://ec.europa.eu/enerqgy/sites/default/files/report

battery storage to drive the power system transition.pAccessed on 208.2021
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European Market Overview

In Europe, batteries have been recognized as a key enabler for the transition ¢ttirttage-
neutral economy for enobility and energy generation secté?$ The European Clean Energy
Packagefgromoted by theEuropean Commission) defined storage as an independent entity
from generationtransmissionpr loadpocket generationThis action @oids double taxation
on charging and discharging and is seen as strong support for energy 3terade European
Commission considetle batteries value chaias highly strategiavhere the European Union
(EVU) must invest and innovate to strengthen theustrial policy strategy?®. From the EU
Green Deal, the Europe@»mmission beganeviewingrelevant EU legislation tcsgess what
amendment or additional legislation is required to turn the EU carbon neutral by 2G58.
result, energy storage techiagies are expected tbecomeincreasinglyeligible for funding,
consolidating the business and deployment in thé €U
While energy storage is being recognized as key to aicigjearbon neutrality in the energy
sector, batteries are becoming the mostrdanded technology for energy storage. The main
drivers of change for the increasing popularity of batteries are

the tendency todecreag costs,

the flexibility of applications such as regulation of voltage and frequency,

the possibility toreduce peak demand charges,

the integration of RES

the possibility obackup power supply

the relative ease of installation,

the huge potential for market growth in the future.
Although pumped storage still has its sharere¥enue, the plummeng of the pricesin

contrastto the electrochemical storage explaiits decrease in popularity 168,

164 https://eur-lex.europa.eu/legatontent/EN/TXT/HTML/?uri=CELEX:52020DC0953&fromkeE&ssed on
20.08.2021

165 hitps://lwww.iea.org/reports/energystorage Accessed on 20.08.2021
166https://ec.europa.eu/enerqgy/topics/technologand-innovation/energystorage en#etnitiatives-on-
batteries Accessed on 20.08.2021
167https://www.nortonrosefulbright.com/eses/knowledge/publications/la7a8794/enerepforageupdater
Accessed on 20.08.2021
16ghttps://www.mordorintelligence.com/industryeports/europeenergystoragesystemsmarketindustry
Accessed on 20.08.2021
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Energy Storage Market: Revenue Share (%), by Type, Europe, 2019

Vordor Intelligence A NN

Source:|

Although the Covid9 pandemic hit several markets, the BESS market remained strong. It is
predicted that Europevill increaseenergy storage capacity by 55% in 2021 compared to 2020,
which translates itb 3 GWh, and a cumulative capacity of 9 GWh. Although these numbers
may look small compared to the rest of the world, one must consider that in 2017 almost no
BESS were installed Europe. The growth reflecisurope's investmenin the battery value

chain, more intensive than other regions around the gf§he

European legislative proposals (Clean Energy for all Europeans) are elaborated to remove
barriers to implementing BESS irthe EU. Germany and the UK are leadersthe
implementation of BESS due to financial incentives. Italy, Spain, and France are expected to

grow and become relevant in the BESS matKet and

169 hitps://www.smart-energy.com/industrysectors/storage/globagnergystoragemarkettrendsthrough-
2030/ Accessed on 20.08.2021

I"https://ec.europa.eu/enerqy/sites/default/files/repokt
battery storage to drive the power system transition.gdicessed on 20.08.2021
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Compared to other countries, eastern European countries still have a very low share of energy

storage ¢

hydro storage, with around 15 GW of installed and undenstruction projects. Ukraine,

and

). The market in Eastern Europe is still dortedaby pumped

Poland andthe Czech Republic share the highest capacity with 2,6 MW, 1,2 MW and 1,1 MW

respectively However,the demand for energy storage continuasincrease, mainly fogrid
support/resiliency and integration of RES. It is expected for G\ of new capacity to be

installed by 2025. Although there is a potential fiostalling electrochemical storage, heavy

I7https://ec.europa.eu/enerqgy/topics/technologgnd-innovation/energystorage en#etnitiativeson-

batteries Accessed on 6.7.2021
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regulation,and predominantlystate-owned enterprises in the electricity market diag from

the Soviet era are challenges for implementibagtery storage. Overproduction of energy can
also challenge the energy taition. For exampleBulgaria has an estimated 80% of excess
generation capacity due textensie, centralizedgeneration facilities and low demarfdr
energy.Nonetheless, theresi a potential for growth in the coming decade, being the most
attractive makets in countries in the EU since these countries are subjected to the EU laws
on the electricity market deregulation and reduction of greenhogas emissions. As shown

in , energy storage is projected to grow at a slow rate due to regulatimatamakeit

not profitable to deploy energy storage, as wadithe lack of available vendors and project
financing, with PV and other renewables bethg key precursor to the implementation of

energy storag&?
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Europe still heavily relies on fossil fuels for eneggneration the main greenhouse gas
emissionssource,with around 80% of total emissiof8. Therefore, dfferent scenarios were

created by the European Commission in line with the commitment under the European Green

172 hitps:/lesmap.org/sites/default/files/esmagiles/7151IFGEnergyStorageeport.pdf Accessed on
20.08.2021

I7https://op.europa.eu/en/publicationdetail/-/publication/a6eba083932e-11eaaac4
Olaa75ed7lal/languagen?WT.mc _id=Searchresult&WT.ria c=37085&WT.ria f=3608&WT.ria_ev=search
Accessed on 20.08.2021
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Deal and the Paris Agreement that define the distribution of energy sources by 2050 to reach

the defined goals 174,
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In these scenariosBESS ha been used as auxiliaries, which limited their application.
However, with themarket's evolution anchew revenue streams, many new applications are

being discovered, and stationary energy storage is becoming a more relevant system in the
electricgridins I R 2F az2ftSfte& +y alFryOAfflI NE aedadsSvyéo |
to August 2020, 5,7GW of largeale energy storage were annoudgel,7GW were

operational, and 4 GW were announced or under constructigigure55'’°,
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Accessed on 26.08.2021

175 hitps://www.energy-storage.news/blogs/europesnergystoragetransformation Accessed on 20.08.2021

176https://solar-
media.s3.amazonaws.com/assets/Pubs/PVTP24/Europe%E2YsSABhergy%20storage%20transformatio

n.pdf Accessed on 26.08.2021
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The frontof-the-meter market in Europe increased 72,9% between 2015 and 2018. Although
a decrease in 2019 was observed, mostly due to regulatory uncertainty, as the market is
susceptibd to government auctions and policies, it is expected to rise in éx¢ few years’”.
Frequency Contrdlas been the application mosbught afterin the European market-(
) due to the high probability afesources, accessibility to new battery technologies able to
provide a fast responseand the grid operator's remuneratiolor each MW provided that
ensures system resiliency. Nevertheless, the revenuesHfequency Gntrol have been
decreasing over timef NBY Hceka2 kKK AYy HaAMT (2 peka2 kK A

the owners of largescale BESS to look for other revenue sources with other applicaffons
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Residential Applications

As mentioned in previous sectioims chapterError! Reference source not foundthe closer

the energy storage is to the entker, the more profitabletican bé’®. Residential BESS (RSS)
isinstalled in the enelzda SNNA& K2dzZaSd ¢KS YIAYy TFdzyOlAzya 2
balancing services, becoming then possible to maximize the integration of variable RES (the
prosumer) and the integration of electric transportation charging.

In 2019, almost 2 GWh of residential BESBde&n installed. In 2020, it was predicted for the

growth to be 9%primarily due to the resilience of the German market. Yet, the potential of

https://iwww.mckinsey.com/businesfunctions/sustainability/ousinsights/batterystoragethe-next
disruptivetechnologyin-the-power-sector Accessed on 20.08.2021

178 hitps://www.energy-storage.news/blogs/europesnergystoragetransformation Accessed on 20.08.2021
179 https://www.eurobat.org/images/news/publications/eurobat batteryenergystorage web.gdfcessed on
20.08.2021
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expansionof the installed capacity is substantial, given that oi% of residential PV is
coupled with energy storagéMhile electricity prices are increasinthe levelized cost of

energy for PV and PV+Storage decreaseshigher rate.

In 2019, 96 000 systems were install@dich correspond to 745 MWh. The top Suciries
with the most installed storage capacity (Germany, Italy, Austria, United Kingdom and
Switzerland)accountfor over 90% of all RSS installations in Europe, both in 201D

cumulative capacity.

Germany as an Example

Germany is one of the leadens Europe for Stationary Energy Storage. In 2019 0Dnew
residential energy storage systems were installed, translatitegnew 250 MW and 49™Wh

new installed capacity, adding a cumulative value of @85 RSS installed with a cumulative
capacity ® 750MW and 1420 MWhln recent years, the fall of 50% in prices for lith{on
batteries is the main driver for attracting customers to install RSS. The majority of installed
RSS were coupled with PV production. According t@thigtsche Auftragsagent@mbH 40%

of PV inquiries wereelatedto RSS, 20%erenot, and 40% were still undecided abdobking

for advicés®.

By May %, 2020, around 700 BESS projects were registered as Industrial Storage System (ISS)
¢ Storage systems above 30 kWh. Most systems are lithaumBES and witla capacity
between 30 to 100 kWHhn addition,89% of the systems are connected to the {oaltage

grid, almost 9% to the mediwwoltage grid and 2% to the higholtage grid Companies
installing ISS are interested in performing pahlaving, selftonsumptionand buffer storage

for EV chargerd.

180 hitps://www.sciencedirect.com/science/article/pii/S2352152X203181&&cessed on 20.08.2021
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Regarding thdargescale storage systems (LSSH00 kWh, in 2019they had a cumulative
620 MWh of energy capacity and 460 MW of power. Most systems are used for frequency

regulation, smargrid operation,and RES integratid#.

In Germany, storage facilities are being built at the same location SseREtricity plants,

either in selfproduction or industrial productionThe combination providean advantage in

the Erneuerbare Energien Geseafza package of laws to encourage renewable energy
generation Selfconsumption can increase from 30% to 80% by combining PV+Storage,
attracting end users as the feed tariff for new PV installations decreasebhe Federal
Government wants to build a flexible electricity system with a idelleloped electricity

network, including storage systems when appropriate. Research on storage technologies is

also an ambition of the government, represented by tReunhofer Institute for Storage
Technologies plan

I O0O2NRAY3 G2 GKS & 9EhsrHyHENSHBLAVNITDR Rlkkadk Boaagrdia SG T 4 ¢
connectionstipulatedthat generation would haveo paya tariff to connect to the grid, which

storage would be exempteidom. Gridconnected storagesexempted from grid charges after

20 yearsof commissioning. Battery emgy storage is seen asd Y S 62 NJ O2Y LRy Sy

therefore is exempted from electricity asumption tax®2

181 hitps://www.sciencedirect.com/science/article/pii/S2352152X20318 c€essed on 20.08.2021

18https://op.europa.eu/en/publicationdetail/-/publication/a6eba083932e-1leaaac4
Olaa75ed7lal/languagen?WT.mc id=Searchresult&WT.ria c=37085&WT.ria f=3608&WT.ria ev=search
Accessed on 20.08.2021
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The term "Gigafactory" is eight years old, obviously coined by TESLA's Elon Musk in November
2013 ina meeting with investor$®3 The prefix "Giga" means literary %l "a billion", but the

general meaning here is "huge". TESLA's need for batteries for a fast expansion of their car
production led to goint venture with Panasonic and the building of th&SLA Gigafactory

One in Reno, Nevada, today called Giga Nevada. Panasonic produces batteries and TESLA
drivetrainsfor Model3 here. This factory was intended to become the warldggestfactory
measured in land footprint®* However, plans are still ther but Giga One is still only 30%
ready. Later, TESLA named their photovoltaic solar panel plant in Buffalo, New York, as
"Gigafactory 2". After that, the Giga Shanghai, mainly a car factdrighwas built at break

neck speed in 2019, followed as numlir"Giga Berlin"currently under construction in
Griunheide close to Berlinis becoming Tesla's fourth, and Giga Texas in Ausinfifth.

However, Giga Texas is planned as even more extensive and calleth " 185

Obs!

Giga Nevada produces batteries, battery packs, TESLA drivetrainsomponents. Giga
Shanghai makes TESLA model 3, but the LFP batteries are bought from CATL, which is expected

183 https://www.inverse.com/article/5263 Avhat-is-a-gigafactory Accessed on 20.05.2021
18415 million square feet or 139 hectares
185 https://electrek.co/2020/04/30/elonmusktesla-battery-day-terafactory/ Accessed on 20.05.2021
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to build a battery factory nearby. Finally, Giga Berlin and Giga Texas wifroolkice caras

well asnew Tesla 4680 batterie'§®
The term"Gigafactory” has since been adopted for similar other use, especially for European

battery factories.

Materials and processes undertaken in a typical gigafactory

Copper foil Module case
and connectors

Anode active
material
(synthetic
graphite)

T
E
£
:

Cutting /sitting
Cell stacking/winding
Packaging
Electrolyte hiling/sealing
End of line testing
Cell arrangement/stacking
Cell taps - busbar welding
Module housing

active
material Soft pack hlm or
(NMC811) coated metal shells
Electrolyte
solution
m E/E components

Electrolyte Electrolyte A

B Manufacturing activity

Source: Advanced Propulsion Centre
Note: Some gigafactories go a step further and also assemble the battery ‘modules’ into battery ‘packs’.

Figure58. lllustration of the detailed activities undertaken in the manufacture of a Lithiukan EV battery modulé’.

The term "Gigafactory” in the TESLA meaning includealsi as initiallglescribed:

Fast upscalin@f urgently needed production (nefossitfuel transportation

technology)
Economies of scal® lower the end product's price, making EVs affordable for

averae users.

186 This 4680 battery production seems now to be delayed, and CATLs battéitiee used instead.
https://www.teslarati.com/teslagigaberlin-4680-battery-riddle-kato-road-production/ Accessed on

20.05.2021
187 hitps://faraday.ac.uk/wpcontent/uploads/2019/08/Faraday Insigh®& FINAL.pdfaccessed on 05.05.2021
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Energy seksufficiencyby producing all the energy neededhiouse irsideor

close to each plant using solar panels, wind power and geothermal erbtgy,
forming a "netzero energy" plant®®

Vertical integration¢ as much as possible of needed inputs or components
should be produced within the plant or nearby and thus be better controlled than
in a traditional global jusin-time, justin-sequencesupply chain.

A long production lineg ideally, a mine produceswamaterials in one end of the
factory, and cars armlling off the assembly linat the other end. TESLAS
production lines are, however, in reality, shorter than By@ndb 2 NI K, @2 f (G Q&
upstream production of battery chemicals, or even the batteriesgdther, often
have been outsourced.

Automation and Industry 4.0 technologyse- a Gigafactory is "the machine that
makes the machinet an innovation by itself.

A high level of automation in parallel wittmany employeego control quality
andensure umterrupted production by preventive maintenance.

A geographic alignment of buildings to true norik applied for Gigafactory
Nevada and Giga Texas to simplify GPS use for placement of equipment and

NER 6 ndvanients!so

This was TESLAs use of the "Gidgafgtterm as a background.

However, we are interested in "Gigafactorgs a European concepa fix the battery and
electromobility value chainThe most significarghortcomingin 2016proved/turned outto

be the almost total absence of Europebased lattery production?®°

In Europe, the Swedish company today known as Northvolt was founded in 2016 as SGF,
"Swedish Gigafactory” by, among others, Peter Carlson, the present CEO, who had been
involved in the planning for TESLA Gigafactory One as CPO (Chief Product Offiagophnd S

chain manager. This may explae adoption of the term and concept from TESLA. Another

188t is unclear if thi®nly applies to the energy needs of the buildings mheelves or is a goal for the whole very
energydemanding production. Other gigafactories, as Northvolt Ett, uses recyclable-hyalowindpower
energy from local power production.

189 https://www.teslarati.com/teslagigafactorytexasdesigrexplainedelon-muskvideo/ It is unknown if this
applies to Giga Shanghai and Giga Berlin as well.

190] ebedeva, N., Di Persio, F., & B&rett, L. (2016). Lithium ion katy value chain and related opportunities
for Europe. European Commission, Petten.
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factor was the urgency of the situation in Europe, where changes had to happen very fast.
Business possibilities were also promisiagd also investors becamatérested in bigger
projects.

0Gigafactorytis becoming a European concept as wedlo far, only for battery production
plants of considerable size, Gigawatt scale as a minimum. We are here tr{igugyéoouthow
aEuropean battery Gigafactoshouldlook like bytaking a peelinto what is known about the
"anatomy" of Northvolt Ett in Skellefteda, Sweden, which is expected to start production in late
2021 at a first production line of probably at least six lines by 2021. How can we imagine its
departments supply chains and so on? In what respect Northvolt Ett will béethaingstyle-
forming European example of a Gigafactory we do not know but is an interesingto

discuss.

This department is responsible for LIB battery manufacturing as one okdheactivities
performed by a battery manufacturing comparniherefore, i can be considered aolume
department having a relatively high number oémployees compared to the other

departments.

Automated processeselp to increase quality since they are generally less prone to errors
than manual productior?* Deployment of Big Data analytics and Amsa to achieve
WLINBRAOQOUOUA DS YL yI 3 8nprBdiciatle hondan factors b MEntifdctunAd
assembly line$%? The level of automation in battery production generallyrelatively high

and can be expected to increase from the rampphase to thematurity of a factory. Apart

191VDMA (2020). Roadmap Battery Production Equipment 2030.
http://battprod.vdma.org/documents/7411591/59580810/VDMA%20Battery%20Production%20Roadmap%20
Battery%20Production_p#late%202020 EN_1614779649831.pdf/62d99847ab5ba1e6410a625c6beeb,

p. 40 last accessed on 24.06.2021

92722182 t® oHAaHNnL® DAIFFIOG2NER [23AadA0a Ay { L} OS
Sustainability, 12(5), 2044ttps://doi.org/10.3390/su12052044p. 2, last accessed on 24.06.2021
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from allowing forthe economy of scale, automation helps further optimize process steps,

quality, yield,and throughput!®3

Factors influencing the selection of tHevel of automation are quantity, complexity,
flexibility, production cycle, production volume, quality, investment voluitdn addition,
selecting the level of automation fitting to the product and company is very import&iar
example, Tesla wasat some poini criticised fortoo much reliance on automationn its
production facility in Freemont and too few assembly line works which causadliption

problems,someinjuries and triggered a new wave of intensive hirtffy.

Industry 4.0
Leyel of automation
Manual workstation Semi-automated Automated systems Fully automated production lines
1
I r | S |
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Within some of the large battery manufactures, the production department can be divided
into two main sectionsd dzLJA G MN&ductah preparing the input materials. This production
section, where chemical processes take plat@n be managed from a controbom and
requiresa much lower number oemployeesthan the followingd R 2 ¢ y & Uphodukttivng
section, involving all the other production steps that are more of a mechanical nature

(manufacturing, assembly of the electrodes etc.).

193VDMA (2020). Roadmap Battery Production Equipment 2030.
http://battprod.vdma.org/documents/7411591/59580810/VDMA%20Battery%20Production%20Roadmap%20
Battery%20Production_Update%202020_EN_1614779649831.pdf/62d¥7/&h5ba1e64-10a625c6beeb,

p. 2Q last accesed on 24.06.2021

194 FESTO. (2021, April). Automation solutions for battery production. Virtual Battery Exhibition,lgst 5
accessed on 24.06.2021

/7 221ST td® OoHAHNLD® DAIFFIOG2NER [23AadA0a Ay { L} OS
Sustainability, 12(5), 2044ttps://doi.org/10.3390/su12052044p. 56, last accessed on 24.06.2021
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Battery manufacturingporocesg%197

Preparation of input materials (,,Upstream production®)

Prepare slury
Prepare salt mixin Drying salts (active materials Current
metal salts & to powder +binders + collector
solvents)
Electrode manufacturing '
] Vacuum
Casting/ Drying Compresing Slitting drvi
Printing rying
Cell assembly '
Pouch cell
Separation ) ) Electrolyte .
From the rolls Stacking Packaging filling Roll pressing
Prismatic & cylindrical cell
. . Electrolyte
Winding Packaging filling
Cell finishing ‘
D il just
Formation G Aging End of line test

pouch cells)

( D4.4

19 For more details see ALBATTS report Intelligence in Mobile Battery Applications / Desk Research Report,
chapters 3.2.3 Cell Manufacturing and 3.3 Module and pack manufacturing (published 31. 8. 2021), pages 103

115

https://www.project-albatts.eu/Media/Pubitations/4/Publications 4 20200930 12811.ptHist accessed on
24.06.2021

197 Source ofmost of the following information: Heimes et alFébruary2019). Lithiurdon Battery Cell
Production Process, RWTH Aachen University & VDMA
https://www.researchgate.netpublication/330902286 _LithiuAon_Battery Cell _Production_Process last
accessed on 24.06.2021
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Upstream production(this production step might be done-lmuse or outsourced)
Prepare metal saltsnickel, cobaltand lithium arecriticalY SG | f & dzaSR Ay 2R
cathode materials and the chemistri@scorporatedin highperformance batteries.
Also,many other metals play an important role in the battery manufacturing chain,
either in the battery chemistry or in other components likerrent distributors or
permanent magnets. The most typical metals are aluminium, manganese, copper,
magnesiumand iron. The refined metals are dissolvetd salt solutionsfor example
Ni to NiS04, Mn to MnSO4 and Co to CoSO4
Salt mixing mixing the slt solutions- the salts are added and mixgithen adding the
lithium followed by further mixing. Drying salts to powdehe liquid salt mix is dried
and filtered to becomea fine powder of active material. Anode active material:
graphite. Cathode actevmaterial: L{(NiMnCo0)O2

Prepare slurry slurry mixing- active material (additives) and binder are mixed dry

then solvent isadded,and wet dispersing follows to homogenise the slurry

Electrode manufacturing
Coatingg current collectors: copper (anode) or aluminium foils (cathode) are coated
with the slurry on both sides and then dried. Alternative: dry coating solvent is
used,and the powdered active material is applied to the foll
Drying¢ of the activematerial using heat (alternative: Infrared heating or laser) to
remove the solvents. Cooling follows
Calendaring; compressing of foils by rotating (hot) rollers to ensure the materials are
evenly distributed
Slitting ¢ cutting (.9., with rolling knivesor laser) a wide foil to amaller one
depending orthe desired design
Dryingq to get rid of residual moisture, solvents. Using e. g. heat in a vacuum oven or

infrared heat
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Cylindrical Prismatic

Cell assembly

Pouch cell
Separationg of cathode,anode,and separator sheets from the roll materialisually
by a punching machimeused for the production of pouch cells
Stacking; cathode, anode and separator sheets are repeatedly stacked into numerous
(up to 120) I @ S NBJI( @fBtdNdg & commonly used. Some manufacturers have
their folding methods patentet®.
Packaging; tabs are connected to the foils, positioning of the cell stack in a pouch,
partial sealing
Electrolyte fillingg by ahigh-pressureneedle. hal sealing of the pouch under vacuum
Roll pressing (optionat)to ensure even distribution and absorptiontbk electrolyte

and thus the maximum capacity of the cell

Cylindrical and prismatic cells
Winding ¢ the electrode foils and two separator foils are wound around a winding
mandrel (prismatic cell) or a centre pin (cylindrical cell) to farse-O f t SR G 2Sf f &
Packaging; prismatic cellthe jelly roll, including contact terminalsis inseted into a
metal housing;the housing is sealedror glindricalbatteries, thejelly roll is inserted
in a cylindrical housin@nd current collectors are welded to the bottom of the housing

(anode) and the lid (cathode)

198 Abbas, Q., Mirzaeian, M., Hunt, M. R., Hall, P., & Raza, R. (2020). Current State and Future Prospects for
Electrochemical Energy Storage and Conversion Systems. Energies, 13(21), 5847.
https://doi.org/10.3390/en13215847, last accessed on 24.06.2021

199 | G Chem. (2013, July 9). LG Chem Electric Vehicle Battery Production Process [Video]. Youtube.
https://www.youtube.com/watch?v=g9HbHZXEE last accessed on 24.06.2021
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Electrolyte fillingg and sealing

Cell finishing

Pouch, prismatic, cylindrical cell
Formation ¢ first charging and discharging of a battery cell. The Solid Electrolyte
Interface (SEI) an interface layer between the electrolyte and the electroglés
created

Pouch cell
Degassing getting rid of gasses created during the first charging process. Final sealing,
gluing

Pouch, prismatic, cylindrical cell
Ageing ¢ measuring of cell performance (within different temperature conditions) to
ensure qualityThis @n take up to three weeks
EOL @&sting ¢ discharging of the cells to shipping state of charge (approxX2@®n),

testing, sorting of the cells according to their performance (optional)

Requirements for cell production

Significant parts of the production process (particularly until the cells are sealed) are
performed inclean and dry rooms; a dustproof and low humidityenvironment. These
production environment requirements brirgpout significant investment and runnirgpsts,

including increased energy needs and CO2 emissions genéféted.

Future production concepts

Future battery technologies (e. ,gsolid-state possibly replacing lithiuaon battery
technology)will have a significant impact on sorbattery manufacturing processe the
increasing competition among the battery producesalingof the production and process
optimisation will be highly desirable as they can significantly redthee investments and
running costsln addition, he role oflndustry 4.0, Al and lo@re expected to increase within

the production,maintenanceand quality control processes.

200/DMA (2020). Roadmap Battery Production Equipment 2030.
http://battprod.vdma.org/documents/7411591/59580810/VDMA%20Battery%20Production%20Roadmap%20
Battery%20Production_Ujate%202020 EN_1614779649831.pdf/62d99847ab5ba1e6410a625c6beep

p. 93, last accessed on 24.06.2021
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Arecent VDMAstudf?a SSa GKNBS {Sé& GaNIyR OKIFffSy3aSas
Cost saving- increased throughput (scal@p or speedup) and increased productivity
(higher yields minimization of scrap)
Quiality ¢ improvements of process stability, cell performance and safety

Sustainabilityc higher energy and resource efficiency

Technology e@velopments will reduce the material and manufacturing costs, speed up
production and enhance the performance of the batteries. Battery manufacturing innovations
examples incluck¥?

Electrode manufacturing extrusion, laser drying

Cell assemblyg laser cuting, lamination of the separator

Cell finishing integrated product carrier concepts, energy recovery

The battery producers strive to achieve a lean production vigver production steps
occupying less territoryFreyr, for example, aims to produce thattery cells with technology
that requires fewer employees than its competitord=reyr is reportedly licensed for a
production technology that allows them to haveB7production steps instead of up to %,
which is common in moreonventional production, allowing them to start much fastgt.
Among areas with thenost significahpotential for innovations are the formation and eigg
processes lad the mixing and coating proced¥ Tesla explores the possibility of introducing

adry electrodemanufacturing processllowing for skipping several production steps such as

201\VVDMA (2020). Roadmap Battery Production Equipment 2030.
http://battprod.vdma.org/documents/7411591/59580810/VDMA%20Battery%20Production%20Roadmap%20
Battery%20Production_Update%202020_EN_1614779649831.pdf/62d¥7&h5ba1e6410a625c6beeb

p. 5, p. 44, last accessed on 24.06.2021

202Heimes et al(February2019). Lithiurdon Battery Cell Production Process, RWTH Aachen University & VDMA
https://www.researchgate.net/publication/330902286 Lithidion Battery Cell Production Procesp. 34,

last accessed on 24.06.2021

203 ysvold S ¢ NI (2@ Adril 10)1500 arbeidstakere til ny batterifabrikk, men kompetansen finnes verken

i Norge eller EuropaNRK.nohttps://www.nrk.no/nordland/freyr-skatbyggebatterifabriklki-mo-i-rana_-vil-
trenge-1500-ansatte1.1544580511. 4. 2021last accessed 024.06.2021

204 Roland Berger, PEM, RWTH Aachen University. (2020). Rising opportunities for battery equipment
manufactuers. https://www.rolandberger.com/de/Insights/Publications/Lithiwon-batteriesfor-the-globat
automotive-industry-and-beyond.htm| p. 9,last accessed 024.06.2021
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mixing the materials with solvent, heatirgnd recovering the solvent. According to Tesias

could lead to up td.Ox reductionof both production space needed andergy consumed®

Job roles and skills

Northvolt206

In the case of Northvolt they are in the process of building their Gigafactory, Northvolt Ett in
Skellefted, Sweden. Their manufacturing is divided into

upstream and

downstream manufacturing teams

Production technology (an engineering team)

Maintenance

Production planning

Internal logistics and operations
The staff volumes are highest in downstream production with cell assembly being the number

one labour intensive and biggest recruiter.

Mostemployees in manufacturing are blue collars working as operators and technicians. Their
share is 80 % of the manufacturingtaff.

Besides running the manufacturing process all operators and technicians are responsible for
material handling and sampliftgsting by the machine/in the dry/clean room.

The different manufacturing steps requires different skills from the operator but what is
common throughout the process is the automated way of working (which requires problem
solving skills, 5S mindset anchahine understanding) and the need to have a strong quality
mindset (ability to follow procedures and understand consequences downstream/process
flows). To ensure few and short disruptions, the operator needs to be able to identify errors
early on, this rquires the ability to spot risks through hearisgnell,and vision. Also common

for all employees, including workers, is the ability to speak and understand English. This is due

to the current international working environment.

205Tesla(2020, September 9). Tesla Battery Day [Video]. YouTube.
https://www.youtube.com/watch?v=I6T9xleZTds&t=565last accessednn24.06.2021
206 Northvolt interview, 31.5. 2021
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All operators start witim one production area but with the ambition to broaden their skills to
additional areas. Hence a broad educational base/understanding, covering the full battery
production process is necessary.
In the case of white collars, they are usually working in sot#s as production planning,
production managers, shift managers and production engineers. They usually have a
production related education within engineering. Main challenge when searching for
production engineers is the lack of largeale manufacturig experience as well as insight in
battery production and more specifically understanding of the chemical process.
Upstream roles include for example:

Outdoor operatorg work within the area of dissolution, calcination and/or precursor.

Rotates on the shopfloor, includes tasks as filling materials, manual quality checks,

operator maintenance etc.

Indoor operator/techniciarg monitor, steers, analyse, drcontrols process from

control room

Shift leader manager

o People and process responsibility for dedicated areas for a specific shift within
the process area
o Includes tasks as people planning, process organisation and safety,
performance and development of staff, quality of output

Production area managéwhite-collared). P&L responsibility for specific production

area.

Production planners (whiteollared)

Production engineers (prod. technology team, whitalared)

The abovementioned control room in upstream production which is not unlike what can be
commonl seen for example in the in the process industries such as chemical, pharma and
LI LISNXP ¢KS O2yGNRBf NR2Y 2LISNI2NEQ GFaita AyoO

controlling of for example pressure, temperature, and speed of the machines.
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The production and material engineers work slgeside with the operators on the
production floor or control room. Maintenance engineers/technicians work with preventive
maintenance.

The skills the upstream production workers such as process operatofgjitians and
engineers need to have include for example chemical knowledge to understand the risks,
safety and how chemicals behave. Since the upstream process is much like traditional
process industry the skills and competence related to valves, pressading drawings etc.

is critical.

Downstream roles:

The downstream manufacturing roles have a similar set up with process area specific
operator roles and supporting functions as quality, maintenance, and engineering. There is
no control room in dowstream production where machines are steered throagHuman
Machine InterfaceIMI).

Operator roles are divided in electrode manufacturing, cell assembly and cell finishing.
Electrode manufacturing have similarities to other roll to roll industries but what is typical
with battery manufacturing is the much higher quality requirements. &sembly is a fully
automated assembly line. The type of assembly is mostly related to fine mechanickillhe

of the operator includes machine understanding and the ability to troubleshoot. To ensure
SYLX 28SS Sy3ar3aSySyid b2 Ndjdo o andng machidesiidr 2y A a
example, celassembly.

Due to the lack of experienced bheellar employeesmany of them come directly from
vocational education. To bring in experience Northvolt is looking at industries with similarities
to battery production. For example, in the case of electrode manufacturing those hired from
the other industries that work with coating and pressing (paper industry etc.) are likely to be

placed to dry electrode process that involves material pressing as well.

Future:

Northvolt is aiming to automatize production almost fully eventually. This would include also
material inputs as well with AGVs (Automatic Guided Vehicles) and automatic material

handling systems. In that scenario the roles of dperators would evolve to be more about

+
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data analytics, maintenance, product process optimization etc. However, despite
automatization and digitalization one still needs manual skills and understanding of the

actual realworld systems/processes behind "tcluscreen buttons”.
Examples from elsewhere in the industry:

According to an importanentity in the industry,dbattery cells and their manufacturing

process are characterized by complex interactions between the processes, the structure of

the individualintermediate products, and the properties of the final cell. These interactions

require a high level of understanding in thefields of electrochemistry, electronics,
mechanics, process engineering, and manufacturteghnology. The lack of comprehensive
knowledge of the interactions along the procegsin, especially in battery cell production, is

currently reflected in the high reject rates (laouble-digit percentage range) and very long
start-dzLJ LIKI 4Sa dzLJ 42 NP%Sdzald aSNASE LINRPRAzZOGAZ2Yy dé

a { I KarikkKLarsen is one of the very first Norwegian process operators to be employed in
the young battery industry in Norway. In Marahe skipped a bachelor's degree in mechanical
engineering at the University of Stavanger in favof a job at Beyondera company that
focuses orproducinglithium-ion condenser batteries for industrial useere, she is one of

two newly hiredNorwegian processperators who learn to operate the machines in a new
production line for battery cells in the company's new protayfpctory at Forusan industrial

area in StavangeiThe training gets done i0-12 battery experts from Chinand Korea to
assemble and get the machines started in the new production line. Some of theecanded
amongi KS YI OKAY® 2 1ISNI (G2NB PE

207\VDMA (2020). Roadmap Battery Production Equipment 2030.
http://battprod.vdma.org/documents/7411591/59580810/VDMA%20Battery%20Production%20Roadmap%20
Battery%20Production_Update%202020_EN_1614779649831.pfEA 761 7ab5ba1e6410a625c6beep

p. 5, p. 121, last accessed on 24.06.2021

208 Nilsen, J. (2028 pril 9). Sarah leeres opp av kinesiske batterieksperter og far kompetansen industrien tarster
etter. TUno. https://www. tu.no/artikler/sarahlaeresopp-av-kinesiskebatterieksperterog-far-kompetansen
industrientorster-etter/508478 last accessed on 24.06.2021
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G ¢ K&/ expertise that the battery company needse direct experience from battery
production, which is hardlyavailablein Norway. There are also no relevaetiucational

coursesthat provide specific expertise in battery productié#®

G!'d GKS Y2YSyidsz . Seé2yRS santreat FOUS Whdizhawicouas F 2 NJ
around 40 employees. By the end of the year, they will be up to around 100 employees here.
When the main fatory is scheduled to be ready in 2024 with 500 employees, around 70 per

cent will ideally haveéhe expertise in process and electrical chemistry thaie vocational or
professionalschool level In addition, 150 employees will work in tR&Dcentred?&°

(Rerringi 2 ¢ Safl ol G§0GdSNE LINE Rididlly,APAnasorifeectiitetl A G A S &
chemical engineerfrom other sectors antrained themto handle lithiumion batteries. Now,

3000 employees operate the plant with sorB@0 technical assistants frodapanto keep it

NXzy y2R y 3 ¢

GX O2yaAARSNAYy3 (GKS G244t YR YFIYyAT2tR @I f dzS
packs, systems to end practs €.g.,electric vehicles, stationary applications), these phase

and recyclingthe number of jobs affected can be possihly to 5¢10 times higherthan the

jobs directly or indirectly connected with the battery (materials, cells to pacgdluction

only. In the mid to longterm, this number of jobs needeahight beup to 10 million around

2030and much mordeyond 2030 In the longterm (well beyond 203Q}here might be 23

million jobs globally connected only with battery (materials, cells tokpacanufacturing.

Thus, aound 203Q up to 1 million (e.g.,3300 GWh x 300 jobs/GWh) jobs could emerge

globally andup to 300,000 jobs in Europe.g,Mmnnn D2 K E ofn 2208k D2 KU «

209 Njlsen, J. (20228pril 9). Sarah leeres opp av kinesiske batterieksperter og far kompetansen industrien tarster
etter. TUno. https://www.tu.no/artikler/sarah-laeresopp-av-kinesiskebatterieksperterog-far-kompetansen
industrien-torster-etter/508478 last accessed on 24.06.2021

210Nilsen, J. (2028 pril 9). Sarah leeres opp av kinesiske batterieksperter og far kompetansen industrien tarster
etter. TUno. https://www.tu.no/artikler/sarah-laeresopp-av-kinesiskebatterieksperterog-far-kompetansen
industrientorster-etter/508478 last accessed on 24.06.2021

211 Cooke, P. (2020). Gigafactory BogiA O0a Ay { LI OS FtyYR ¢AYSY ¢Satl Qa Cz2
Sustainability, 12(5), 2044ttps://doi.org/10.3390/su12052044p. 6, last accessed on 24.06.2021

212 EIT RawMaterials Fraunhofer. (202Warch). Battery Expert Needshitps:/eitrawmaterials.eu/wp
content/uploads/2021/03/ElIRawMaterialsFraunhoferRemrt-Battery-ExpertNeedsMarch-2021.pdf p. 5,

last accessed on 24.06.2021
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But to get the right battery skill&reyr has hired several recruitment companies. Initially, 30

50 new employees will work with and in tipdot facility 4?3

But there are other sectors in Norway wheFgeyr can acquire expertisaccording to
Ljungquist. "We are also looking for people with experience iratitemotive and oil and gas

industries?14

Freyr's chief technology officer Ryuta Kawaguchi:

"The level of education in Norway is hjgimd the caintry has many skilled industrial workers
with highlevels ofcompetence. We are already recruiting battery cell exparidhave new
employees waiting for the border of Norway to reop&He also believes Norwgy@&putation

as an electric car nation wplay positively in recruitment®

G! Y2y3 20KSNJ GKAy3as CNBeN) KFa SYLXt2eSR wmn Y
working with several companiestrugglingto establish battery factories by 2025. As Freyr,
a2ZNNRB gz . S@2yRSNI?| @RNER |yR 9ljdzAy 2 NXpa

213 ysvold, S. SApril 2021). Trenger 1500 arbeidstakere til ny batterifabrikk, men kompetansen finnes verken i
Norge eller Europarkno. https://www.nrk.no/nordland/freyr-skatbyggebatterifabrikki-mo-i-rana_-vil-
trenge-1500-ansatte1.15445805last accessed on 24.06.2021

214Lysvold, S. SApril 2021). Trenger 1500 arbeidstakere til ny batterifabrikk, men kompetansen finnes verken i
Norge eller EuropaNrk.Na https://www.nrk.no/nordland/freyrskatbyggebatterifabrikki-mo-i-rana_-vil-
trenge-1500-ansatte1.15445805last accessed on 24.06.2021

215 ysvold, S. SApril 2021). Trenger 1500 arbeidstakere til ny batterifabrikk, men kompetansen finnes verken i
Norge eller EuropaNrk.Na https://www.nrk.no/nordland/freyr-skatbyggebatterifabrikki-mo-i-rana-_-vil-
trenge-1500-ansatte1.15445805last accessaé on 24.06.2021

216 ysvold, S. SApril 2021). Trenger 1500 arbeidstakere til ny batterifabrikk, men kompetansen finnes verken i
Norge eller EuropaNrk.Na https://www.nrk.no/nordland/freyr-skatbyggebatterifabrikki-mo-i-rana-vil-
trenge-1500-ansatte1.15445805last accessed on 24.06.2021
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The battery production line is a very complex system, and the manufacturing needs special
conditions. Unplanned production outages can bring sigmfit@ssesso that quick repair is
vital.2!” Thedry and clean roomsieed periodic maintenance. During the maintenance, the
filters should be change@nd moving parts lubricated. The correct functioning of the system

and the measurement abom contamination must be verifiect18219

According to the actual trends such as Industry 4.@redictive maintenance parts of the

line should monitor themselves and predict when maintenance will be needed. During the
maintenance moving parts are lubricad, filters are replacedand operation fluids are
changed. Another type of maintenance s®ftware maintenance where software and
automation engineers can update the software of the production line.

Companies are trying to introducereventive maintenane concepts aiming to prevent

failures during production and outages.

Job roles and skilfg°
For exampleNorthvolt approaches the maintenance in the manner explained in this section.
Due to different process areas, they need a number of teams that can do different types of
maintenance, which exist in both Upstream and Downstream process areas. They ioclude f
example

Mechanical team: all the mechanical maintenance (more manual work)

Electrical maintenance team

Automation team

0 Maintainsoftwaresystems together with the machines

217 Roland Berger, PEM, RWTH Aachen University. (2020). Rising opportunities for battempeequip
manufacturers. https://www.rolandberger.com/de/Insights/Publications/Lithiwon-batteriesfor-the-globat
automotive-industry-and-beyond.htm| p. 18 last accessed o24.06.2021

218 Cappello, A. (2019, August 30). How To Maintain A Clean Room Environment. Workstation Industries.
https://resources.workstationindustries.com/blog/ho¥o-maintaina-cleanroom-environment last accessed

on 16.06.2021

219 Systems, S. C. (1111). Low Humidity Controlled RedBustom Dry Rooms | Scientific Climate Systems.
Scientific Climate Systentgips://www.scsusa.com/dryrooms.htmllast accessed 0h6.06.2021

220 Northvolt interview,31.5. 2021
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Consideringstart-up companies, the importance of maintenance personnekiseeially
significant in the beginning when setting up all the machines in the production lines. The
white- and bluecollar ratios are approximately 880 at Northvolt currently. Blue collars
function more in technician roles such as mechanical technic&lastricians, instrument
technicians and warehouse technicians. White collars include engineers: maintenance,
mechanical, electrical, automation, industrial etc. and managers in upstream/downstream
production.

The skills needed include for example urstanding of setting up the production, preparing

the related structures, commissioning the machines. Experience from chemical and
mechanical assembly plants is valued. Automation experience, mechanical understanding of
the automated system combined with darstanding the related software and calibration, is
beneficial as well. Naturally, skills gained from battery related education are also valuable.
In the future it is expected that the importance of software will become more important
along with generalT and data analysis skills. This development will also cover such job roles

as electricians and mechanical technicians.

This is a short overviewf avhat is publicly known about transport logistics for the Northvolt

Ett factory inSkellefted, an example dbw it canlook likefor other European Lion battery

LI Fydad ¢KS b2NIK@2td 940G f 2Qidadlogstesfor YI y I 3
DA 3 ¥F I B,nidchInmSyabé a suitable new term. This overview does not covienuse

production flow logistics, only transport of suppligspducts,and workforce to and from the

plant.

Environmental priorities. Northvolt aims at sustainable battery production to contribute to
fossiHree global transport. To manufacturekiivh of batterystorage, about 680 kwWh are

needed before the battery can be used in a car at?lf. the battery is produced all the way

with the use of fossiluelled electricity, the CO2 debt isurdensomealready from the

221 hitps://www.linkedin.com/posts/bartekbartoszborczy%C5%84s8a43721a kileandmegais-so-lastyear-
or-decadeactivity-68307923247007866908hd Accessed 024.06.2021
2228 atteritillverkning ska bli gronareenergidtgdngen ett dilemmaBygynadsarbetareccessed 084.06.2021
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beginning. Northvolt wants to act differég to produce batteries with a very low GO
footprint by using green electric power in the plant, secured through the local electricity
producer Skelleftea Kraft (hydrand wind power only). Northvolt’s strategy aims at vertical
integration of manufactung and a long knouse production chain. If more of what is needed

to make batteries is produced from raw materials in the plant itdeMyer transports are
needed. Northvolt buys raw materials directly from producers to make active battery
materials irntheir upstream production. Many existing and planned batt@yafactories have

a shorter production chain without integrated upstream productidimeymust, for example,

buy electrode material from subcontractors and wholesalers in Asia and worldwideh whi
means more transport and less control over own production and probably a higher price for
the end product.

When looking at the whole value chain, the mining stage is problematic but can be addressed
with electrified solutions in mining and new technojoig the refining stage. This is hard today
when the main battery raw materials are seldom mined in Swe&ti,with better demand

and more active procurement, local and regional sourcing will deyelaogh Northvolt will be

able to specify more condities for raw material extraction for their suppliers. Furthermore,
Northvolt aims at supplying battery production in 2030 with 50% of the raw materials
reclaimedfrom old, recycled E¥Ysatteries. Other priorities include complete traceability of raw
materialsand other production inputs. For now, Northvolt does not use cobalt from the DRC,
but it can be a cobalt source in the future, depending on how the cobalt is mined and refined.
With all this in mind, Northvolt aims at a climate footprint of 10 gilemsCQ per kWh,
instead of 1760180 kilggrams CQ which is not uncommon in other battery producing plants

outside Europes?3224

Construction logistics
Logistic Contractor and PEAB are the main building contractors, but theeelarge number

of subcontractors from Scandinavia, continerffairope and Asi&2?°For these, 60€emporary

223hittps://www.di.se/digital/northvolt-cheferom-miljardprojektetfortfarande-enormt-komplicerat/ Accessed
on 24.06.2021

224 https://northvolt.com/articles/a-binary-choice/ Accessed o024.06.2021
22ttps://nordicpropertynews.com/article/2749/logisticontractorto-build-europeslargestbattery-factory
Accessed 024.06.2021
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accommodations have beegrectedclose to the building site on amld industrial site for a
paper mill, and many rent other lodgiag

Forthe installation of machinery, many large components are transported via sea and then
specialtrucks coverthe remaining 11 kilometes??® A lot of the production equipment
originatesin Asia. The first shipping in the autumn of 2028swade by Wallenius SOL-ro
ships. Wallenius has since become a Hegn contractor for sea freights with new dedicated
Northvolt ro-ro vessels.

Inbound logistics

Northvolt Ett needsnly for the firsttwo production lineg16 GWh of 60 GWh) considerable

volumes of raw materials and other suppl@@$Examples, in metric tons per day / per year

Metric Per

For two production lines, 16 GWI tonnes/day year

Cobalt 8 2920
Lithium hydroxide monohydrate 51 18 615
Graphite 83 30 295
Nickel (elementary) 64 23 360
Nickelplated steel 40 14 600
Aluminium foil 11 4 015
Copper foil 24 8 760
H2S04 107 39 055
N2 67 24 455
02 160 58 400
NaOH or similar base 219 79 935

For suppliesikethese, materials for aboutn days of consumption will be warehousedla¢

site. Additionalwarehousing will be developed in the Skellefted harbour. Northwaltts or

226 hitps://northvolt.com/articles/nvl-sept2020/ Accessed 0824.06.2021

227 Environmental Impact Statemerifeknisk beskrivning Northvolt EttJtokad anlaggning for storskalig

produktion av litumjonbattger, Northvolt.Link:
https://docs.google.com/viewer?url=https%3A%2F%2Fwww.nexi.go.jp%2Fenvironment%2Finfo%2Fpdf%2F18
028 EIA2.pdAccessed 024.06.2021
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demandssignificantsuppliers to be located nearby witioth production and warehousing if
possible. Examples of companies now establishing plants close to the NV1 are

1 the KoreanDonjin SemiChensubsidiaryDonjin Sweden B that are contracted to

make Carbon Nantube slurry (CNT on a core of synthetic graphite) for the battery
anode??8,

1 the Chineseowned companyKedali Sweden Bthat will be placed on the plant area

and produce battery casings in aluminiufrhis locatiomakes long transports of light
empty casings unnecessary.
1 The Australian firnecograf specializedin natural graphite processinghas reserved a
plant location close to Northvolt Ett.
A large factory for battery separator films for Northyolith about 600 new jobsis being
built in Eskilstunain Mid-Swedenby SeniorTechnology Materiald { S y .ATBeNlitance to
the Northvolt Skellefted plant can be covered by overnigight train.
Apparently, a Gigatdory is big enough to demand close production and warehousing
locations fromessentiala dzLJLXX A SNB ® ¢KA & Aa | -RAFFSNSF dzLILIH.
chain, where the warehouse is on the road and suppliesejuist when needed. Jush-time
logisics can be a risky solution for a Gigafactory production process. Every minute of

production standstill is very costly.

Outbound logistics

The 16 GWh battery production witte first two lines will result in 8900 tonsof Lilon
batteries per year ircylindrical and prismatic formats to be shippedhus, the volume of
inbound supplies is about double the outbound product volumasrthern Swedepat the
present exports big volumes of raw materials but has a small population which is not
importing as nuch in volume and weight.his unbalancedproportion can now bebalance,
filling the present wastd capacity in sedreight volumes northboundThese can now be
better balanced, meaning fewer empty northbound ship.

The main transports will be by railwand sea transport, connecting at the Skellefted harbour

(Skelleftehamn) 11 km from the site, where a special section of the harbour is being prepared

228 https://norran.se/artikel/inxgm48rAccessed 024.06.2021
229 https://northvolt.com/articles/meetbartek/ Accessed 024.06.2021
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for Northvolt. The idea from the beginning was a railway connection between plant and port

Still, high elevations on the short distance made a conventional railway difficult, so a road
solution has been chosen instead. The plans forrtear future are to run this link with EV
autonomous trucks on a separate road as a demonstration project. At full proacti2025,

about 900 trucks will load and unload every day at the Northvolt Skelleftea plant,cer on

every 4 minute.

The railway connections to and from Northern Sweden are presently not optirthal main

NI AfglFe& 6dab2NNI &l Y oouty’0-90 kilometkelinyfoithe Ingedaidk k y 2 NI |
Northern Sweden land withsidetrackto Skellefted and Skelleftehamn. There are plans since

' f2y3 GAYS F2NJ GKS yS¢g O2Fadlrftf NIAfglLe&s abz
Botniabanan, which is noending in Umea, 140 km south of Skellefted. This coastal railway

GNJ O1 asSSvya G2 0S02YS | NBIftAdGe vy 2sabstantidt NI f &
industrial projects in Northern Sweden (as the Hybrit projeftssitree steel productiony3°

This new railwayis also a part of the Elgolicy-driven and cefinanced Scandinavian
Mediterranean railway network, which now becomes connected to the Finnish railway in

HaparandaTornio on the SwedisRinnish bordef3!

For international logistics planning the Swedish company Scanlegas contracted by
Northvolt?®?, and the cooperating shipping company Wallenius SOL has already begun to
transfer machinery and production equipmetiirough Skelleftéhamn Furthermore, fom

the autumn of 2021two dedicated new como vessels (botltontainers androlling cargo)

with a deadweight of 2D00 tons each and with LNG msinfuel (liquified natural gas) that

can beswitchedto LBG (liquified biogasyill enter service*3 These new ships will be the

w2 NI RQa -fo IsHipE Bith the MNgRest ieelass. The first main connection for these

2 ff SYyAdzaQ &KALJA gticantbe éhénged MIGEEBSK NryaRdEhEr Palisizli A
harboursooX | & b2NIK@2f dQa o6FGGSNE LI Ol LXLFYG A

Q)¢

Inhouselogistics

230 hitps://www.svt.se/nyheter/lokalt/norrbotten/infrastrukturministernhallerpresstraffom-norrbotniabanan
Accessed 024.06.2021
23https://ec.europa.eu/transpri/themes/infrastructure/scandinaviaimediterranean _enAccessed on
24.06.2021

232 http://www.scanlog.se/en/northvoltnominatesscanlog/ Accessed 0824.06.2021
ZNttps://www.di.se/nyheter/rekordstorafartygenskaskotatransporternaat-northvolt-jatteviktigt/ &
https://www.sjofartstidningen.se/fafing-systemfran-man-cryo/ Accessed 024.06.2021
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We do not have details on-mouse logistics, but as the Northvolt Ett will be a very automated
plant with an Industry 4.0 concept, internal transports will also be highly automated. The
Industry 4.0 concept means integnagj automation with IoT (Internet of Things) and
Al/Machine LearningTherefore, ve can expect highly automated warehouses and driverless

transports of supplies within the factory. Further information willgrevided

Recycling logistics

Northvolt plans tosource 50% oits raw material fromdecommissionedbatteries in 203¢34

This includes both used collected batteries and substandard batteries recycled directly from
the production line. A recycling plant, Revolt, will be builttihe direct vicinity of the
production unitsasNorthvolt also has a eeenture with Norwegian Hydro; Hydrovolt, with a
recycling facility in Fredrikstad, Southern Norway. The collection and transport of used
batteries will be complex, and the loads will be classified as dangesygs. Both transport
companies, for exampl®HI2%%and metal scrapping companies, as Kuusakoski, are planning
for recycling collection and transportCustomised shipping containers exiahd are
developed further for various 1lbn batteries transport: aw materials transport, transports

of battery components, new batteries, battery packs and collected batteries for recycling.
There are also special battery containers for use in stationalynLapplications and marine

applications?3®

Stafflogistics

The Northvolt Ett plant will have over 3000 employees in 2025. Many will live with families in
Skellefted and neighboimg communities, but some, especially experts and consultants, will
probably commute in periods from other parts of SwedBnyope,and the world. They all
need housing, which isnow being built by public and private housing firms all over the region.

Theseworkers will come to the factory partly by car (900 cars per day is estimated) but

234News chat with PeterlCNI & & 2 Yy = b Zhidil: /K@t sé/@tikel/north9otisvd-peter-carlssor-blir-
det-en-ny-fabrik-i-umeahar-kandu-lasachatterti-efterhand/jv91k7ylAccessed 024.06.2021
23https://www.dhl.com/globaten/homel/insightsand-innovation/thoughtleadership/brochures/aute
mobility/battery-logistics.html#parsysPath video BEB305Accessed 024.06.2021

236 https://klingecorp.com/blog/transportingithium-ion-batteriesoverseas/#Shippin@€ontainersAccessed on
24.06.2021
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hopefully more by public transport, witkightbuses at the beginning and end of each sHift.
The Skellefted airport is located about 27 km from the cell plant, but a cavityadriven
project has been started to provide transport with electrical helicopters directly to the

plant.238

Summary

Northvolt is the first atEuropeanall-green pilot for manyGgafactories to come. Northvolt
shows excellert ambitions to be agood example of sustainable battery production and
logistics However jt can be hard in the beginning as many suppliers are stilti¥esad or-
dependent. However, with increased European sourcing of raw materials atie
development of recycling, Europe battery manufacturing can be in a much better position
to reach such objectives in a few yedrs addition,Northvolt isbound by customer delivery

contracts, which we hope will nabnflict with sustainability goals.

Job roles and skills

Skills conerning automated transport and logistic planning willibdigh demand, asvell as
knowledge on how to handle hazardous goods, especially in the recycling. The job roles
include’®**mainly whitecollar positions such as logistics developers, logistics bssianalysts

and those who work with compliance with logistics. Blue collars do exist in such positions as
YFGSNRAFE KIFIYRfSNBR® alye 2F (KS gKAGS O2ff | N&A
etc.). The ratio between senior and junior workeligr example in the case of Northvaltis
currently 5650. Many of the junicsare hired from internships. There issgnificantportion

of seniors preferred in the beginning to contribute building the foundation. More senior staff

is also preferred to certain positions such as logistics experts working with dangerous items
and materials.

The future development is expected to bgisuch skill needs as understanding automatic flow,

automatically guided vehicles, warehouse automatization, 10T etc.

237 hitps://norran.se/artikel/kommandetrafikproblem-bara-northvolt-kommeratt-kravaatta-lokalbussarper-
skift/jJdémo8xIAccessed 024.06.2021
23Bttps://norran.se/artikel/skaparteststrackafor-lufttaxi-mellan-skellefteaairport-och-northvolt/r2me3qg3;
Accessed 024.06.2021

239 Northvolt interview on 28.5. 2021
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Quality is monitored and practiced throughout the entire manufacturing process in
Gigafactory. This can be executed, for exampleséyeralteams that function for various
purposes. These teams may include, for example, Quality Control, Construction Quality,
Quality Postproduction, Quality Management System Team, Customer Quality and

Continuous Improvement Te&#i The team setup may vary from company to company.

Quality Control

The application of different quality control methods and sampling are coordinated with
LINE RdzOGA2Y fAYSEAQ 102N G2NARSad ¢KS ljdzr t A&
processes with the stipulated requirements yet not impair the productiosocpss and
maintain the associated costs to an acceptable levahérearly production stages, intensive

quality control can be advantageous stabilize processes and gather information on
disturbances. Once production runs stably, measurement efforto@areducedo lower coss

for quality assurance.
Construction Quality

Their tasks for a construction quality team include setting up the cleanrooms and maintaining
quality with all the constructions in the facility. The proper setup of the entire petidn
facility is also essential to the quality level of the end product. The battery production process
is sensitive to ambient conditions (temperature, humidity, and cleanliness). Specific steps
could be compromised by undesired interferences, inclugioldution hazards (the common
organic solventNMP for cathode slurry is toxic and has strict emission regulatfdéhBuring

the initial phase of the production process, there are many steps such as mixing, coating,
drying, slitting, and caleraling thatneed to be carried out under strict conditions to achieve

the desired performance and quality levels.

240 Northvolt interview on 28.5. 2021
241 https://www.sciencedirect.com/science/article/pii/S2589004221003Gx¢essed 26.08.26
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Quality Postproduction

Thisquality postproductionteam executes quality checks with the manufactured products.
Material and cellvalidations are performed in a variety of ways in laboratories. Testing
methods can be intrusive or nantrusive and destructive or nedestructive, depending on

the envisaged set of parameters to be determined and according to the specific requirements
that may come from the battery manufacturer itself, the authorities, through legislation or
direct notification or the vehicle manufacturer. The testing infrastructure includes testbeds,
mule vehiclesand special devices to reproduce normal use eventaiaf-ordinary events
borderline abuse and misuse. Durittige ramp-up phase, the setup dhis proceswill solely

rely on the experience and knowledge of the battery manufacturer staff. Once the batteries
roll off the production lines and get embeddedanvehicles in large numbers, the feedback
from the vehicle manufacturers using these batteries will serve as the basis for further
postproduction quality checks. Joint testing sessions will also be consitierassess the

quality level of the batteriesnoperly.

Customer Quality*?

For example, the customer quality team is responsibla&eloping, defining, and executing
the qualification process and documentation for customers. It will ensure that the quality of
the products meets or exceeds custonexpectations and collaborates with the customers to

meet their requirements.
Continuous Improvement Team

The responsibility of # continuous improvemerteam is to monitor the quality of the output
for the entire production of the companylt cooperates closely with the research and
development team to address all production stages, isal#tie weak points where testing is
prone to error and identiesthe stateof-the-art methods and devices that could be easily and
quickly adapted to the production proce$s enhance the reliability and accuracy of the

testing methods.

242 https://emp.jobylon.com/jobs/19142orthvolt-customerquality-engineer/last accessed ob4.6.2021
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TheQuality Management Systems, QM aiGigafactory requirenanyspecialists who have
unique skills to guarantee these systems' smooth and efficient functioninfhe key
responsibilities of these specialists might involve
development and improvement of a Quality Control Plan designatedHan batteries
production
execution of PFMEA (Process Failure Mode Effects Analysis) andshkigleas elimination
monitoring of quality data using statistical process control to identify gafigiassembly
process
creation and updating of Pareto charts to identify and quantify quality issues
troubleshooting and root causing.g., 8D
providing support for successfuhplementation of standards and continued certification
0 IATF16949 and ISO9001, 1SO14001
IATF16949
Quality Assurance during Design and Manufacturing Process consists of, according to IATF
16949:2016*, a global technical specification and quality managemstandard for the
automotive industry based on ISO 9001:2815

It applies the following quality management tools durittge design and manufacturing

process:

Advanced product quality planning
Productionpart approval process
Control Plan

FailureMode and Effects Analysis
Measurement System Analysis
Statistical Process Control

Design of Experiment Analysis
Total Productive Maintenance

Tolerance Analysis

243 https://www.iatfglobaloversight.org/iatf169492016/aboutlast accessed oh7.62021
244 https://advisera.com/16949academy/whas-iatf-16949/last accessed on 6.7.2021
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ISO9001 and 1SO14001

Additionally, the manufacturing unit must comply with and haestification based on the
quality management system 1SO9001: 28%%nd environmental management system
1ISO14001: 20#%5.

The quality of the final product is affected the quality of the processes and the materials
the battery cells are made of. There& the quality of the product (assessed through quality

control processesQC) is critically important and starts with the raw material analysis.

The productiorprocesses useldas asignificantimpact onthe cost and quality of the batteries.
The producdbn chain can be subdividedtinthree phasesj.e., electrode production, cell

assembly and padiormation.

There is a diversity and a variety of processes and relations between process steps and
intermediate products among the plethora of engineeringcghlnes. The battery production
consists of a large diversity of cell manufacturing processes, mostly unknown and ambiguous
interactions of process parameters and intermediate products, as well as a partial time

variability of processes and relations.

The complicated nature of Quality Management Systems needs their operations to be
supported by a team of experienced technicians and engis&erBheir tasks also presume,
F2NIAyadlyOoSs O2yRdzOUAY3 2F a{! Qa o6aSlI ad2NBYS
flow charts; setting up quality monitoring procedures, quality KPI's, evaluating performance

and making improvement proposals, i.e. pess capability: SPC and Cpkpedinating quality

gate reviews in the Product Development process; being an expert in a complex problem
solving and process optimizatiarg. skilled in DMAIC and DoE, multivariant data analysis etc.

and collaborating clady with customer quality engineers and working across many parts of

the organization.

245 https://www.iso.org/standard/62085.htmlast accessed oh7.62021
246 hitps://www.iso.org/standard/60857.htmlast accessed diY.62021

247 https://northvolt.com/career/roles/?d=Manufacturing%2CQualitast accessed on 15.6.2021
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Continuous Improvement Methodologies
Aninternal audit is dunctionwhere the quality staff will check the company QMS processes.
The goal is to ensure that records are in place to confirm compliance of the processes and to

find problems and weaknesses that would otherwise stay hidtfen

NN

Quality auditors aremainlyfocuS R 2y Y2y AG2NAYy3I GKS ljdz2 t Ade
services, which is also applicable to a battery manufacturing process. The asditspgcific
testing parameters used as benchmark standards to oversee any gaps in a manufacturing
processlinaddition, the products should be reviewed for industry compliarared production
procedures should be assessed. Key responsibilities of a quality auditor #%olve

developing and implementing quality control audit plans

evaluating production stages

testing the composition appearance and functionality of completed products.

training other employees on quality standards and procedures

documenting defects and suggesting improvements

presenting quality audit reports to senior management

There areseveral methodologies regarding continuous improvemamid below are shown

the seven steps by Mark Hammer . One of themost significah difficulties lies in

dzy RSNE UGl YRAY3I GKS RAFFSNBYOS 0SiSR8BHNE QDR AN (
when you find a problem and fix the immediate pteim, such as changing the oil in a machine

that fails due to the uncompliant oil quality and is making bad pariserefore, corrective

action goes deeper and finds the underlying root cause of the problem (in this case, waiting

too long to change oil) antixes that root cause (implementing a preventive maintenance

program to change the oil on a schedule before bad parts are made).

248 hitps://advisera.com/9001academy/whés-iso-9001/ last accessed 003.7.2021
24%Nttps://www.betterteam.com/quality-auditor-job-
description#:~:text=Quality%20auditors%20monitor%20the%20quality,and%20oversee%20quality%20control
%20teamdast accessed o0i4.05.2021
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Many Gigafactoiesuse several types of QMS such as those listed in the following subchapters

(1.1.3.2¢ 1.1.3.6).

Total Quality Management (TQM)
The central concept of the TQM methodology is focused on having all employees (from
executives to blueollar workers) involved in facilitating a continuous improvement of quality,
which, in turn, would deliver customer satisfactidfrurthermore, TQMaims to elimina¢ any
waste in a battery production procebg ensuring # production stages' smooth, wgtlanned
functioning Therefore, he main features othe TQM framework aré:

customerfocused quality improvement activities

high-performance work systems and drmnment, which guarantee employee

empowerment along all lines of operations and departments.

250 nhttps://advisera.com/9001academy/blog/2013/10/27/sevestepscorrectivepreventiveactionssupport
continuatimprovement/lastaccessed 002.7.2021

251 https://searchcio.techtarget.com/definition/TotaQualityManagemeniast accessed ob5.62021
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