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Battery production autonomy is strategic for the European Urdoe to its revolutionary
impact in the transport and energy sectois$ isalsoa pathway to achievéhe 2050clean
energy transition objectives

This EU strategic goedquireshighinvestment in energy storagén the production ofhigh
energy density cellsand new technologiesbut also calls for the creation of a skilled labor
force that sustains thevhole battery value-chain tacklingboth sices of competence need and
supply.

ALBATT®Alliance for Batteries Technology, Trainiagd Skillsis the ERASMUS+ project
focused on the future of skilia the battery sector Itis meant to enableinteraction between
industrial and educational stakeltersand theirengagenent in the analysis of the state of

art andthe directions towards the futuref competence need.

The partnership will play an important role in contributing to the European Skills Agenda by
strengthening skills intelligend® ensue defining the right jobs for a sustainable competitive
emergingbattery European ecosystem@nd aswifter move towards a climataeutral Europe.

This includes the definitions of new job roles and new curricula for the whole value chain from
raw materialscell production to battery systems and stationary and mobile applications.
This is the first of a set of reports on Detailed Desk Research aadADalysis for the overall
sector, providing a quantitative and qualitative evaluation on the equal importance of
researcling new technologies and identifying new job roles and new needs of learning and
upskillingto achieve battery production autonomg the European Unian

The present report integrateactivities dedicated to assang sectoral intelligence within the
battery ecosystem with an umbrella overview of the mobile and stationary industrial
subsystems. It builds on dedicated work and reportarf the desk research performed
respectively by WP4Stationary and Industrial Battery Applications and WKBbile Battery
Applicatiors, resultant from the overarching methodological guidanoé WP3 on Sectoral
Intelligence.lt is a combination of des&nd field research that, on the one handnalyses
available bibliographic work in both stationary and mobile subsectors and, on the other,

collects tangible perspectives from stakeholders in these battery ecosystems.
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Overall, the present document deés several goals structured in different sections, covering
aspects going from current technologies, job rolasd education to an overview of the
battery valuechain. Finally, a gap analysisdisne for each researched topand defined
correspondentChdlengesto deploy designed solutiona the future

These will be the basis foraadmap to synchroae the demand for new competersfrom

enterprises, with the supply of education and training services, cugemmio meet the

demands.
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The present report integratesctivities dedicated to assessing sectoral intelligence within the
battery ecosystem with an umbrella overview of the mobile and stationary industrial
subsystems. The focus is on understanding stditthe-art amang the stakeholders to further
assistin identifying and projecting present and future skill needs.

The document builds on dedicated work and reports from the desk research performed
respectively by WP4Stationary and Industrial Battery Applications aNé&5- Mobile Battery
Application, resultant from the overarching methodological guidancé WP3 on Sectoral
Intelligence.lt is a combination of desk ancekil research that, on the one handnalyses
available bibliographic work in both stationary and niebsubsectors and, on the other,
collects tangible perspectives from stakeholders in these battery ecosystems.

This is the first of a set of reports on Detailed Desk Research and Data Analysis for the overall
sector, providing a quantitative and qualite# evaluation on the equal importance of
researcling new technologies and identifying new job roles and new needs of learning and

upskillingto achieve battery production autonomy in the European Union

This document is structureidto different sections:

Sectionl gives a brief overview of project ALBATTS Sectoral Intelligence methodology and on
the work package structure as well e research approach.

In section2 the gathered information about drivers of change, sectoral stakeholders, current
technologies, job roleand skills and education is summarised for the whole battery sector.

In section 3 the most important and interesting findings are described vattorresponding

gap analysis which is a basis $ection4 which outlineschallengedo be consideredin the

battery sector and to ultimately form the complete roadmiaghe future development of the

project
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This section providean overview of the methodologal approach usedo depict thestate-

of-the-art of battery sector This section evaluates report benefits as well.

Desk Research activity ithe project ALBATTS was carried out based on the defined
methodology and overall approach. Desk Research cofiersvhole battery sector which in
this documentis based on the analysis of the battery sséctors for Stationary and other

Industrial Applications and Mobile Battery Applications as shiowfRigurel) below.

WP3 Sectoral Intelligence
Leader: VSB — Technical University of Ostrava

WP5 Intelli i
WP4 Intelligence in ntelligence in

Mobile Batte
Stationary and Other App:li cati on;y
Industrial Battery
Applications Leader:

Czech Automotive

Leader: MERINOVA Industry Association

X *

Currently Known Screening of Screening of

Technologies . g Skills and Job
Possible Future .

and Technologies Role Needs in
Applications g the Sector

Figurel Approach to the Research of Battery Sector

Research irthe battery sector as well as the application sigectors,covers the outlined
battery value chain which is seen below(iigure2) with the focus on the current statef-

the-art at the date of thefirst releases of the desk resech reports.
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Figure2 Battery Value Chain

Topics covered bthe sectoral intelligenceesearchwere defined to beexaminedeither for
the battery value chain as a whqleigure3) or separately for eachhase ofthe battery value

chain(Figure4).

Sector
Attractiveness

Existing
Training and ——
Education

Training
Methods

Figure3 Topics of Sectoral Intelligence Covering Whole Battery Value Chain

Major
Stakeholders

Job Roles and
Skills

Technologies

Figure4 Topics of Sectoral Intelligence Covering Each IndividRlzse oBattery Value Chain
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This first release of the desk research will cmntinuously updated throughout ALBATTS
lifetime, completed byfurther work gathered throughfield research(online surveg and
workshop3. Ultimately these three maisources of informatiowill lead tothe creation of
sectoral intelligenc€roadmap) for each application stdector formngthe overall picture of

the whole battery sectgrschematically indicateuh (Figureb).

Desk
Research
Surve Sectoral
Y Intelligence
Workshops

Figure5 Components of Sectoral Intelligence

Desk research which was carried out in batbrk packages for stationary and other industrial
applications and mobile applicationgas extensive antias shown a significant volunaé
useful information. Benefits could be categmd as follows
Industry and Market Perspect®. Original reports may serve as a substitute for
consultant company market reports as well asdgeneral audience that is curious to
learn about the battery industry. From the industry perspective, job offer analysis and
statistics give an ideaf evhat isneeded by the industrand provide ayood overview
of the full value chain from raw material to final battery system integratdd am
application.
Education Providers and EU Skills Agen@aiginal reports contaian analysis of job
advertisements withheir skills and knowledge and dfnesized job roles as well as the
overview of the battery sector with the geographical distribution whpaints out

where educational programs may already exist.
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Drivers ofChange are those factors which are key to transforming an industry. Specifically, a
literature review of available reports was undertaken to create an overvietheturrent

Drivers of Change and their relevanio the sector.

During the deskesearch process 3 main aresisbdivided into9 specific Drivers of Change
emerged:
Climate goalsregulation,and environmental challenges

Batteries are one of the most importaetements to achievelimatetargets, and

drivers to decarbonize road transportation and support the transition to a

renewable power system.

a. Reducing C&emissions from battery manufacturingsince the production of
batteries requires significant amounts of energy increase in theshare of
renewable energies and energy efficiency in the battery value chain would be
a major step for decreasing €€missions from battery production.

b. Electrification and green energy:batteries can fundamentally reduce
greenhouse gasmissions in the ansport and power sectors as they are a
systemic enabler of a major shift to bring transportation and power to
greenhouse gas neutrality playing an increasingly important role

c. Widespread -chargingkfueling infrastructure: demand for widespread
charging ifrastructure is a key driver to boost theroduction and
commercialzation of a technology based on batteries. The easier the access to
a reliable and suitable charging infrastructure is, the quicker the development

of such new technologiesill be.

Globdization
Over the next years, production in global mark&is EV batteriess expected to
grow strongly and the EU production must completely change its position to create

a competitive advantage.
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d. Access to raw materialswith a rapid increase in numbers of E\&rategic
planning of the security of supphnked to raw materials beconsecritical,
especiallyconsidering thasome criticatesources (limited in terms of quantity
or geographical presence) are necessary to produgeckenponents.

e. Global regulatory dialogueTheCommission and in general, Governments and
public administrationsn Europewill need to play a fundamental role in the
elaboration of policies and strategies, from which the battery sector could
benefit

f. Restriwcturing: sectors related to the emergingatiery sectorare expected to
undergo structural changes due to the development of zemassion mobility

and as a flexible facilitator of intermittent renewable energy sources

New technologies

The need for urgent and intense actiots mitigate climate changes widely

recognized and batteries are an essential system for storing energy in electric

vehicles and making renewable energy a reliable alternative source

g. Cybersecuritythe exponentialgrowth of 10T devices connected to a network,
cloud infrastructures and the navigation and location information can
compromise customer privacy and security, requiring providers to keep
communicationsand the integrated systensecure this threat landscag
requires the industry to modify the security approach, aimed at guaranteeing
the resilience of the infrastructures to cybattacks.This will affect various
battery applicatiosin the future.

h. Global technical harmomation and standardzations: the supply chain
structure within the sector will need to meet the challenges posed by the
introduction of new technology but also meet changing market conditions.

i. Smart Grid:storage 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 generation can be transformed from an energy source into a

dispatchable generation source.
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The desk research actividsofocused on 3 main aspects for each Driver of Change:
Occurrence indicating whether a Driver of Change was cited in aealyreports
NEOASSHGSRd a/[La!¢9 Dh![{X w9D![! ¢Lhb ! b5
most cited Driver of Change in terms of ogemce, with 40,28% followed by
GD[ h. ! [L{! ¢LhBEKANR oOAYES A& G&b92 ¢9/ 1 bh[ hD
Importance an evaluation by the ALBATTS project partners, based on the context in
which the specific Driver of Change is discussed, focused oasssbfe status in the
future and on its direct implications on changes in the sector, using a ranking from 0
to 5 (0 = not possible to evaluate, 1= not important, 5 very importaitjof them are
similar and the difference between the first(REDUCING €@&MISSIONS FROM

Il ¢¢ow, alb!Cl!/ ¢! wLbDa Y GNMPROVWED | YR

/1" wWDLbDKWOC! 9[ [ LbD dbhbCOWWwW{OW! Wetlcw@Hda iy R =T
of 0-5 is only 0,75.
Urgency a specific time frame (year), which can be noticed from the text of the
analyed documentjn which the Driver of Change will become particularly necessary
or will make itsconsequences will be overwhelming / / 9{ { ¢h w! 2 al! ¢9
has been outlined as the most urgent as in 2021 it will be particularly crucial (according
to the adopted deskNB & S NOK YSi{iK2R2f 238 G2 YILI GKS
Change); in 2025 the problems related do/ , . 9 w{ 9 And in ROR7 for the
aw95)/LbD /hu 9aL{{Lhb{ Cwha .!¢¢9w, a! b

The carrieebut analysis and obtained results highlighted two gaps that will have to be filled
in the project lifespan through subsequent ié¢ions of the Desk Research and with targeted
in-depth analyses with Stakeholders (Workshapsl Online Survey

The alance betweemmobile andstationary battery applicationsthe carriedout intelligence
followed an analysis of the existing bibliograpkth a slight preponderance towards IMBA.
Future activities will bridge this gdgetween ISIBA and IMB# giving equal emphasis to both
sub-sectors.

C S I { dzNX Iyhgbrtaricé€ 8f thé Driver of Changethe concept underlying the desk

research aims to enhae the Drivers of Change mentioned in the existing literature. The fact
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that a Driver of Changgself is mentionedasa factor of"importance” and itis not easy to
highlightthe correct value to attribute to the parameter. In the continuation of the eudj it
will be necessary to use glbssibledirect interactions withSakeholders to validatehe

information and, where possibleimprove the analysis.

From the results of the desk research (published papeqsorts, and articles), there is no
evidenceyetabout a proper and specific battery energy sector G (G NI O (. XHengfor& F F S O ¢
to better understand the attractiveness of the battery sector, the ALBATTS project has taken

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

application

The success ofsectordepends on the success of the companies that operate there, vitnich

turn dependson the skills of the workers. A strong attractness of the sector brings together

skilled and talented workers within it, creating a virtuous process of success. Therefore, to
strengthenthe success of the sector it is first necessary to understand hovpérceivedby
existingandpotential workers, as well as whatheir preferencesand priorities are.

During thedesk researchit was necessaryotfocus onll KS o6 I (i ( SrdiB aréa$S @ (i 2 N a
applicationto indirectly analyge the attractivenessbut it will be necessary to deepen all

possible interactions wittStakeholdersto validate the information and, where possible,

improve the analysi® have more specific and direct insights. This migaichieved through

more targetedsurveyscovering apects related to attractiveness how it is perceived by

stakeholders and what are the key areas to focusamprove it.
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Stakeholders in the whole battery value chain, froaw materialsto recycling, represent
awide-ranging group of entities. While this section describes some highlights, more details

can be found in the respective patéthe originalreports?

The activities of the stakeholders involved in the processnafing and processing of raw
materiak have an impact on the whole value chaince ompaniesthat are usingoatteries
in their products considerthis step as a reason forconcern due to public scrutiny
(environmental impact, working conditions, political factoretc.)and potential subsequent
(negative effects2 y G KS O2 Y LI yNot@dlyarsBakadwmiders dctvg imining,
mineral refining andupstreamsectorincluded but alsopublic organizationsaindauthorities

responsible foecologicaland economical sustainabilityandhuman rights

Concerningcomponents and cell manufacturinass battery production in Europs only
starting to develop as g battery players argrogressively bilding and launchingheir
battery production in Europe, the stalledgigafactories Many of these manufacturers come
from Asia but other players, such as Tesla or emerdtngopean ompaniescome into play

as seen in(Figure 6). Some of them¥ 2 Odza 2y Ay AOKS YINJSGac¢

sometimes very specific customer needs.

1See ALBATT8liverable5.1 p. 32, 6768, 8690, 121124, 133134, 164, 184183, 200203 and ALBAT E8liverable4.1 p.
116-118 for references
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Figure6 Major Stakeholders Active in Europe

In the case ofhe mobile applications/automotive industry, car manufacturers often opt for
anin-housemodule and pack assembtying to maximze the value they add to the vehicle.
Modules and packs are critical to determining @nt Ke§ performance indicator, such as
rangeandcharging speedControl over the use gfack spacand thebattery optimal working

temperaturealsohasstrong implications regarding theafety of the battery and the vehicle.

Stakeholders activan battery integrationspecialize irthe production ofbattery embedded
systemslike battery management systemsbattery thermal management systemsand
other components that are associated wiblattery intelligence Since this is a ccial part of
the whole battery system, many companies that produce energy storage solutions want to
manufacture their systems and components. The car manufacturers in Europtsasegood

example of this tendencyany global players involved in this walchain come fronkurope

2Zenn R. (2020, June 09). Libattery-productioncapacitygigafactorieseuropejune2020Gelectricvehicleev-roland-zenn.
Retrieved November 30, 2020, framtips://www.orovel.net/insights/lion-battery-gigafactoriesn-europejune-2020 by
Permission
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Stakeholders imperation, repairand maintenancef batteryelectric passenger catiaclude
entities involved in typeapproval of vehicles, standagdtion, vehicle manufactring, and its
supdy chainworkers in dealerships, car repair shops, charging infrastructure providers, first
responders, or relevant bodies of public instituterit also brings about opportunities to
introduce brand new business concepts and services. Electrificativassklscreatesnew
challenges to produceyswners, ancoperators of the vessels, including companies providing
servicing and maintenanc€oncerningtationary use energy storage ihe grid andoff-grid
applicationshave gained interest among various stakeholders from electricyubiperators

to policymakers. The telecobase stationdorm a large market that is accentuated by thé
network deployment. The stakeholders range from telecom technology and basenstatio

equipment providers to regulators and beyand

Entities involved in theecond lifeof batteriesrange from battery and vehicle manufacturers,
through repair and maintenance shomnd recycling companiego stationary/storage
applicationoperators, such asdustrial plantoperators, solar panel/wind farm developers
energy productionand distribution companies charging infrastructure operatoror real
estate ownersand households In the future, refurbished batteries could l#@soused in
mobile applications for examplenon-road mobile machineryor micro-mobility vehicles(e-
scooters, ebikes etc.). Asthe second life of batteries is still in its infancy, there arge
opportunities for research and education institutions, standazation bodies or different

public bodies and authorities (providing incentives and altering the legislation).

The stakeholderin battery recyclingnvolve allstepsof the battery value chaisince itis
important for the efficiency and sustainability of the battery ecosystem and the circular
economy.There is aneed for increased battery recycling capaaity=uropeandnew business
modelsas well. Therefore, apart from battery and vehicle produceesy players completely
focused on recycling are coming to the markgtey differ in the applied processes and the
level of the reclaimed materigbut their main goal is to maximize the recoyeof critical

battery material from Lion batteries in austainable economically soungdandsafe manner
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The Technologies section of the4.1and D5.1report provides an overview of a battery
value chain technological sps The steps comprise the whole battery lifecycle elements for
Lithiumiion Batteries (LIB) with NCA or NMC cathodes. According to the European
Commission, Cobalt, Natural Graphitad Silicon are considered to be essential for a LIBs

manufacturing procss, whereas Lithium, Nickelnd Manganese aralso closely monitored

Having a closer look at the battery elementghiumis a lightweight metal, ithium Carbonate

is mostly used in cathodes by the EV industsereas Lithium hydroxide production is
expected to exceed that of Lithium Carbona@obaltis supposed to provide LIBs chemical
and thermal stability with high energthough producers have been seeking cobalt substitutes
not onlydue to its costly natre. Nickelenables heat and electricity conductivity along with
low costs involvedso nickel can potentially be considertm be a good replacement for
cobalt. Manganesecan improve LIBs in a variety of wagrsd is also regarded as a cheap
alternative to cobalt and nickelGraphite is a safe and reliable anode materiavhich
possesses sufficient energy density for mobile applicati@ikconis an anode material

alternativeto graphite.

In battery manufacturingraw material processingis followed bycomponents and cell
manufacturing LIBs typology is derived based on a cathode material composition, which
differs depenahgon parameters of voltage, operation life, capacity, etc. Needless to say, that
now batteries accont for up to50%of the totalcost of an EWith a prevailing role of material
costs The manufacturing process includes the preparation of active materials, the production
of electrodes and the assembly of batteries. Battery shapes available are agahdr
prismatic and pouch cellsThese variations define differences in terms of capacity, thermal

managementand integration.

3See ALBATT&:liverabled.1 p.42-47
4 Se ALBATT&liverable5.1p. 54-59
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Component and cell manufacturingteps are followed with apack compilation,where the

pack usually consists of several blocks of battery modulesttery management system
(BMS) master,and thermal regulation system.Design variations may involve series and
parallel stacking of module@ne of the major LIBssksisthe possibiliyy of thermal runaway

and explosion which are majorly prevented through an installation of BMS and a thermal
regulation systemTogether they occupy a significant volume of the pack and account for 24%
of the total battery costThe abovementioned activities are follod/dy abattery integration

step, which varies mostly based on the application type: either stationary or mobile. The
integration phase coverthe configuration of cells and battery paxcéind its integration with

embedded systems like battery managementtegss and thermal regulation systesm

Having been tested in line with compliance and safety standarttattery goes into service.
¢CKS F2tft2¢gAy3 GIFtdzS OKFAY adSLI Ay F,andl G0 SNE
maintena/ OS¢ X G KA OK A & -wiReSIF the 4R repdrithiérel i© & fodu® gh
stationary batteryenergy storagewhich can be categorized gsd andoff-grid applications,
telecom base stationsand other heawduty energy storage. Grid and ajfid danand for
energy storag®oth behindthe-meter (BTM) and frorbf-the-meter (FTMhas increased due

to the widening use of intermittent sources of energy productibeployment obGnetworks
worldwide has boosted the usage of battery energy storage systems (ESS) for telecom base
stations. Furthermore, lithiunon batteries provide a higher energy density neededddG

base and a lower environmental impakteavyduty applicationexamples given in theeport

are offshore oil and gas applicatgrstadiums, hospitals, airportand military applications,
though heavyduty sectoral applications are not limited with a scope of these examp&ge

scale stationary LIBs are designed to meet temperatureegnvitonmental extremes and can

be utilized to decrease electricity costs, support in peak kW usage situations, help to meet

environmental goals, support the use of renewables, and to provide power backup.
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The D5.1 report focuses anobile battery applications in passenger cars and vessEfe

electric vehicle (EV) market is strongly being boosted by EU CO2 emission legislations.
Reducing emissions such as CO2 and NOx is also important in the context of vessels in the
maritime sector. With EVs the battery technologies applied today are Lithium Nickel
Manganese Cobalt Oxide (NMC) or Lithium Iron Phosphate (LFP), while NMC asthtolid
technologies do have future potential. With vessels bogbridizationandelectrification, the

fleet is the area of developmeniThe dominant technology today is lead, both flooded and
sealed, but Lion technologies (NMC) and LFP) are penetrating the vessel marketstdid

electrolyte batteries do have the future potential with maritime applicago

It is important to take into consideratiot, K I (i repalinvaM@sreplacementat the end of

their lifespan,thoughmaintenance procedures are performéa maximizethat lifespan The
FILOG2NR | FFSOG A Y é&kaniple,charg/dischafgs rate,Jidghth of Ni&Eargd 2 NJ
andambient temperature procedures.

In terms of repair and maintenance servicingVsare more simplified if compared to
combustion engine vehicles. In the case of vessels servicing is done in docks and partly by the
crew at sealt is important to reduce oeliminate risksrelated to highvoltage batterieghat

apply to EVs and vessels witlylbrid or electric propulsion systems.

Batteries can be repurposed and be subjéctsecondlife applications It enablesthe
mitigation of CO2 emissions andduction of the overall cost alectric vehicles (EV) through
embedding the used literies in stationary energy storage systeriwadays EV batteries
are re-usedfor stationary applications though in the futureit may be possibl¢o integrate
used LIBs for mobile applications as well (e.g. in-mo@ad machinery or micronobility
devices). Examples of secondife stationary battery integration arehe facilitation of
renewable energy sources tthe grid, offgrid stationary power baclkip for remote
consumersetc. Everthough battery repurposing for secodie usage is becoming more and
more widespread, there are also potential challenges to overcddoene sample problems

area lack of standardization for decommissioned batteries, technical barriers associated with
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the variations of battery cells, shapes, chemistriek., and a need for a proper residual

energy capacity assessment.

The last possible step in a battery value chaithésrecycling stageA sustainable visioof

battery recycling needs to beNS & Sy & Ay GKS YIFINJSG G2 NBRdAzO!
f SOSNIF IS 92[ O09YR 2FwSORTOS W yal priscydivEisns3 X IS & SN
either Direct or Indirect methods both include a variety of metal reclamation technique
combinations to beapplied, dependent on metals to be recovered (e.g. Co, Ni, Metd.),

overall costs involved in operations and complexity of certain processéise D4.1 and D5.1
NBELERZ2NI&AaQ odtr wSOeOftAy3a aSOlGAz2y Aa 3AAGBSY |y
technologies €.g. Retriev Technologies, Recupyl Valibat, Akkuser) and future ones (e.g.

1 OO0OdzNB Oz G/ f2aSR [ 22 Lletc.)LAN®rdiyioi3y Reycil), tifalst & 2 f
a high potential behinthe Akkuser process, which shows the lowesergy consumption and

fire risks and brings a high level of recycling efficiency, though Akkuser has a certain amount

of operational challenges.
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As a basis for further Job Roles and Skills resgagielvant battery sector job advertisements
were collectedfrom various companies. This led to the list of job roles and skills and
competence which was further anad in original reports. These findings were mapped to
the Battery Value Chain steps as welbakefined frameworkhat normalizesthe description

and mapping of skills/competence to the job roles.

Based on this mapping, each step of the battery value chain contains the list of relevant job
roles and analytical approach to the skills akmbwledge listed by the occurrence. This
analysis is a very good basis for further field research (online suiarel/ workshops) and
shows that job advertisements are nainified by any of the weknown classification
frameworks inthe majority. Also,the ratio between the soft/transversal skills and sector

specific ones is not ideal with the first one to be in majority.

There are many job roles and skill that are relevant and adéaroughout thewhole battery
value chain from generalMachineOperators Handlersand Battery Assembleited by Shift
Leadersto Safety and Quality Specialists, ISO Auditors, Process and Application Engineers who
oversee the production with the support of Calibration Technicians, Metrologistsotret
professionas needed to maintain proper working environment.

Raw Materials and Processingspecific job roles Supply Chain Managers, Manufacturing
Engineers, Production Engineers as well as Engineersaaitus on Anode, Cathodand
other Materiak needed for battery production.

Components and Cell Manufacturingpecific job roles Electrical Engineers, Battery
Specialists, Battery Design Engineensd Production Engineers wita specific focus on
battery components and cells.

Module and Pack Manufacturingspecific job roles:Cell Module and Pack Engineers
(Mechanical, Simulatigrand Electrical) and Design Engineers with the same focuswsho

on development, desigrand functionality of battery modules and packs.

Battery Integation specific job rolesBattery Management System Engineers, Thermal

Engineersand Embedded System Engineers who develop and adjust the software and overall

5 e ALBATT®:liverable5.1p. 61
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integration with the hardware and specific use case either in stationary or mobile applications
This is assurely Battery System Consultants and Test Engineers and other

The q@eration, Repair, and Maintenancespecific job roles:Electrician Assemblers,
Automotive Techniciangind Car Mechaniasho are responsible for battery dismantling and
Battery Test Technicians, Cell Inspection Technicians and Electric Battery Repairers and
Engineers who are in charge of inspection and evaluation of dismantled iested possible

repair. Day to day operation of vehicles requires jobs such as TowirggauhServices,
Personnel, Fleet Management Experts, Insurance Personnel, Car Rental and Dealership
Personneland Fire Brigades.

For theStationary Applicationsthere are major differences in the expertise which cover the
base stations, power gridnd many rore. There isneed for Battery Storage Inspector, Field
Service Engineers, and others.

Second Lifespecific job roles:Inspection Technicians, Service Technicians, Compliance
Engineersand End of Warranty Managers who determine the parameters of batteries that
can be used as secotitife batteries.

Recyclingspecific job rolesRecycling of batteries must follow strict rules and standards.
Battery Dismantling and Recycling Engineexs well as Warranty Managers, Recycling
Auditors and Safety Managers, and Specialiatg, needed to ensuréhe fulfillment of these

criteria.

Skills ancknowledgedemandobtained from the job advertisement analysis candeided

into two categories.

Soft and Transversal Skills and Knowledgere occurring ithe majority compared to secter
specific skills and knowledgéhe nost commonlyoccurring elements wer€ommunication,
Teamwork and general Presentation, Analytical 8roblemSolving skills as well as Computer
Literacy and many more.

Sector Specific Skillsereless commonly listeth comparison with the firstategory but the
analysis clearly shasd that each battery value chain step has the right skills neededent
ranging from Material Science (Battery Material), Chemistry (Electrochemistry), Battery

Components, Manufacturing and Production, Development of a Product Design batesl on
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Requirements, Product Testing and Data Science and Analysis, Developnidodel,
Embedded Systems and Software Development, Quality Assurance, Auditing and Legislative,
Battery Repair and Dismantle and other.

More detailed information can be observedtire reportsD4.1andD5.1

All European countries will become involved in the batteries and electromobility value chain,
and so will their national educational systems. The Europeétrpolicyinstrumentsare used

for stimulating national developments of education and creating $parency between
systems and mobility of students, teackeand working professionals at the European
platform. A crucial task, from the ALBATTS perspedsyew the educational systems can

follow and support the developmeimif the battery and electrorability valuechaint [ . ! ¢ ¢ { Qa
task as a blueprint project is to help in this process, although we are not the only project,
initiative, or organkation atthe EU level that views education and training for batteries and
electromobility as a key issue. Weave also Battery2030+, Batterieseurope.eu, EIT Raw
Materials, EIT Innoenerggnd Fraunhofer Batterien Allianz, to mention just a few. ALBATTS

works towardscollaboraing and not compeingwith theserunninginitiatives.

At the mandatory primary, secondary schooling levels, orientation and experimentation
modules may be needed to integrate idd EM subjectand similar contexts, as batteries and
EVs are increasingly becoming a part of society. It is also importantate eneattraction for

the sector.

At the upper secondary and correspondent adult education level, more focused vocational
education and training for machine operators, material handlers, maintenance persatoel

are growing up, but mostly in regions wieethe relevant jobs are available after education.
The same applies to pesecondary techniciatevel of education, in vocational institutesr

at technical university colleges. The involved educational providers often react rather rapidly

to emerging reds, but the trainers also need to be trained.

6 See ALBATT®:liverable5.1p. 233
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For the bachelor level at universities and professional universities, existing educational
profiles such as mechanical, mechatronics, electronics, computer, chemicat, etc
engineersare often directly useful for careers in the battery and electromobility value chains,
but elective courses and new exam profiles could be needed. For masters @nhddRltation,
profile and curricula are often created from the research perspectivesuturd industrial
development, but increasingly also in communication with industry. In this sector, especially
the masterlevel education shows promising diversity and cooperation between universities.
This can be an effect of the Bologna process andeis mobility instruments at higher levels

of university education.

Continuing education for working professionals andlitieg learners seem to be able to grow

in pace with demand, but not all courses offered by providers may tieeaklevant quality.

Furthercooperation with universities and Battery2030+ to understand diverse trends in the
PhD.level of education bettemustbe developed.

More information about vocational educational providers on ongoing projects in their national
and regional environmentmsust be researched

Mapping ofemerging labs that have LIB mini plants to enable skills practice opportunitists

be done

Through our Sectoral Intelligence waplackageswe aretrying to understand what is needed

of new knowledge to learn, emerging new job rqglaed skills. This process is ongoing.

We need to track where research speaatiion of different issuess to be found¢ as these
also can help provide curricula on theoretical orientation areas.

We need to ind ways to get educational providers, especially universities, to cooperate in
education and training, instead of only compej or ignoing one another concerning

educational provision.
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This section summariseeskresearch done for each battery value chpimasewith specific
current technologies, processeand most importantly gap analysis and definition of future

approach.

The small but growig Lihium-lon battery production in Europe is presently dominated by the
NCA (NickeCobaltAluminium) and NMC (Nick&anganeseCobalt) cell chemistries. These
are the ones focussed on in tabl@ble 1’. Other cell chemistries will emerge in European
production. An example ithe TESLA dry (sofstiate) batteries without any cobalt, to be

produced in the Grunheide plant near Berlin, presently undestoction.

FromTablel, building on therecently updated EU list of critical raw materfaisis clear that
Europe is very dependent on ndfuropean countries fahe supply of critical raw materials

for LiB cellproduction. To complicate it further, ore cabe mined in one country,
concentrated,and sent to another country with refining capacity, for ending up in a third
country for cell production. EU is in its raw materials strategy workinghfofree trade of
critical raw materials, but the producirgy processingountries can have other interests

2020, because LIB production in Europe is small, dependence on imports is a smaller problem.
The main worries have been concerning dependency on countrieslavgely unregulated
mining practices(DNC for cobalt) and dependency on ChiNaw there is also the general
increased demand

LIBGgafactories can be built mzh faster than the raw materials sector can follow with the
capacity to supplyneeded raw mataals. This will mean increased competition for raw
material delivery contracts, and since a lack of raw materials is likely, the cost for these
contracts will increasdg~or EV and energy storage batteries, a calculation ighledU would

in 2030 need p to 18 times more litium and 15 times more cobalt in comparison with the

2020 situation. The World Bank has pointed out that demand for minerals and metals can

7 See ALBATE8liverable4.1 p. 5568 for references. Details have been updated by data from the updated EC Raw
materials criticality list 2020, $4 visited 202€10-28
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increase rapidly with climatpolicyambitions, with as much as 1000% for some materials to

2050 ¢ and a big part of this is related to battery production.

There are however actions taken in Europe for addressing this situation. The EBA, European
Battery Alliance, has been activemobilizing private and public funding for supplying 80% of
European lithium demand from European countries by 2025. Researahdrdattery cell
producers are also working intensively on new chemistries to makeanaterial supply more
Europeansourcedand less critical.nterestingly, Europe may have a lot of the resources
needed, although in smaller and sometimes complex depqditg also, interestinty enough,

often in countries with a history of carbemining, and sometimes close to planned battery

cell factories. Together witthe innovativerecycling of batteriesthese possibilities seem very

critical to make the most oft is also important to watch nei&uropean stakeholders trying

to contractthe supply of European raw materials, including material for recycling.

Tablel Essential Raw Materials ithe EU

Raw Material . . EU import . :
" Use in LiB Main EU Suppl . EU deposits Recyclin Note
(*critical) PRl reliance P yeing
Lithium oxide is
the active Chile, Bolivia an
cathode material{ Argentina (from Possible, but | Liis abun-dant,
- . Liions passes| brine). Canada, Portugal, Spain,| presently not so| but production
Lithium* (Li) 'ons p ine). Canac 100% ugal, spain, p v ut product
from cathode | Australia, China Czechia, Finland economically capacity and
through elec- and USA (from viable supply is limited
trolyte to the | hard rock mining)
anode and back
. . . R lingi Pri d mini
Provides thermal DRC, Australia a Co is byproduct g ecycingis ncg gn ’_“'”'”9
and chemical | as byproduct to Cu- and Ni- minin common conditions in the
Cobalt* (Co) - P . 86% . (pyrometallurgy | DRC are driverg
stability to the | copper and nicke| and available ag .
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We must know more about competitive cell chemistries, to alleviate criticality issuaglhs
as possible.We must know more about ongoing raw materials exploration and processing

projects in Europe for European sourcing, including recycling

There is a need toxplore more about alternative cell chemistries and energy storage

solutionsand Pllow raw materials trade development in more detail.
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In recent years, scientific and technologipabgress in batteries haseen largely motivated

by the automotive industryasElectric vehicle§EV$ are becoming serious alternatives to
internal combustion enginevehicles According to thelnternational Bergy AgencyEVs
account for 2.6% of global car sales in 2019, with an estimated increase to 3% ihi20a0o

ion batteries LIB3 representthe only adopted solution for currently manufactured European
9+ad [ AUGKAdZYQa KA 3 Kuit&ltoBighivoltRgk/tdwek equitedents, Suchi KS Y
as EV@typical demand for 40800 V. Therefore, LIBsonversely to batteries based on
different metals, allow fewer cells to be associated in series to match the latter voltages,
consequently reducing theternal resistance of the batteries leading to lesser heat losses and
smaller size components, thus reducing weight and cost.

According to the European Commissishjppingaccounts for 2 3% of global greenhouse
gas (GHG) emissions, with a forecastedease of 50¢ 250% by 2050. However, maritime
applicationshavea market share of less than 1% of the total LIBs madestpite doubling the
number of electric ships ithe sea or ordered from 2018 to 2019 (31Kpnetheless, Lhased
batteries are the mst widely used battery type for maritimelectric shipapplications. The
difficulty in implementing electric solutions on shipsmsstlyrelated to their higher power
density,cycle and calendar life demandss well as safety requiremenfdeverthelesslast

@SIFNRA YIN] SO aINRPGUOUK aKz2ga | LRGSYyaAalrt adz00S

9 Se ALBATT&liverable5.1p. 87-111
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Batteries using Lithium Cobalt oxide, LithiNitketCobaltAluminium oxide (NCA)xnd
NicketManganeseCobalt (NMC), still dominate the EV battery industry with an increasing
market share of nearly 96% in 2019, and the same could be stated about LIB applications in
Grid Storage Technologies (GSTs). These are the chemistries witlgliestienergy density.
Besides these chemistries, Lithidmon-Phosphate (LFP) is also widely used in LIBs. Even
though Cobalt seems to be the bottleneck of presday LIBs, all passenger EVs sold in the
European market use batteries with cathodes containCobalt. In the complete report, a
table with the most relevant EV models currently manufactured is presented, identifying cell
manufacturer, chemistry, and ratio (for NMC), as well as key performance characteristics.

It is noteworthy that since the catue typically limits LIB¥erformance, as it possesses a
lower capacity than the graphitic anode and is the most expensive material of a LIB, it has
0SSy GKS GIFINBSGO 2F AyadSyasS NBaSIFNOKT GKS OF
the overall batery performance.

Tesla installs in its EVs battery cellsdeveloped with Panasonic, Lithium nickel cobalt
aluminumoxide, NCA, as a cathode. On the other hand, most car manufacturers incorporate
batteries with Lithium nickel manganese cobalt oxide as tiathode type, with a clear

tendency for the NMC622 ratio which reduces the Cobalt content.

Lithiumlron-Phosphate (LFP) batteries provide higher cycle life and lower risk of thermal
runaway, have no toxic components, are Coliiae, possess low inteat resistance, and
higherload handling capability. These are the advantages that enable their application in
mobile motorhomes and vehicles with low range and performance requirements, such as
garbage trucks and electric road sweepers as well as in stagiapplications, despite their
lower energy density.

Chinese company CATL is the n@mpanyresponsible for developing this type of cathode,
supplying several car manufacturers from its native country. In 2015, LFP batteries were the
most popular foybrid vehicles, but over the last five years, NMC has surpassed this type of

cathode, both in market share and research interest.

Two distinct groups of LIBs, based their cathodes are, thus, clearly identifie:) high
voltage and energy density, bidwer cycle life, batteries, using NMC/NCA. These batteries
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are tailored to high range and reduced weight, ideal for vehicles with shorter lifes{Zh&P

batteries, tailored to longer cycle life demands, but exhibiting lower voltage and capacity,
currently used in EVs sold in the Chinese market or stationary applications, for which weight
saving is less critical, and a longer lifespan before the battery has to be replaced is desired. In
GKS O02YLX SGS NBLRZ2NIZ F  O2YLJ Nektacal yerfansancg SSy R

values is presented, including other chemistries that are less used in EVs.

Virtually every commercially available battery for mobile applicationatains graphitic
anodes, whichremains to be the mostompatible with Lion cathodes.The most relevant
featuresfor an ideal anodewhich also explain thabundance of graphite anodeare (1) a
chemical potentiathat compares to kmetal when the batterycell is charged(2) significant
worldwide reservs; (3) good electrochemical stability(4) increased safety in case of fire,
concerning Li.

Anodetechnology has been reasonably stalileroughout the years, but with the continuous
development of Lion cathodes, newnaterials,coatings and manufacturing processes are
being studied and commercialized. Since anode degradation is accountable for much of full
battery-cell degradation improvements at the anode component level vii# important for
developingong-lastingbatteries for mobile applications. Presentlyimetal, Carbon(usually
Carbon BacK coated graph#, andgraphite-Siliconbased anodes are widely regarded as the
major aternatives toreplaceplain graphiteas the most important anode for LIBSompanies
such as Tesla have already been producing a graphite/Silicon anodessiibe concerning
Siliconanodes, responsible for its current absence from widely used commeppétations,

are: (1) high volumetric expansion and contraction during charge/discharge (up to
approximately 400%) continuously breaking/reforming dadid electrolyte intephase (SEI),

and leading to high mechanical stress, and fractyfg;unstable SEfilm, a constituent
NBalLlR2yairoftS F2NJ O2yadzYAyd (KS O®)ofv8ectridalA i KA dzY
conductivity. The solution most widely investigated for eliminating/reducing these issues is to
incorporate naneSilicon into a compositdrsicture, typically with graphite or some polymer

as a structural element.
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Pure graphite possesses the lowest voltage among the alternatives to lithium metal which
results in a charged anode that almost does not lose in voltagertetal. However, graphe
anodes not only possess relatively low specific capacity (theoretically, 3hgiAmuch
f26SN) GKIy {AfAO2yQa igKfGrpiN&Si anGdedut asb haveCar G & 0O 1
typical cycle life of the same order as standard NMC cathodes, which means that graphite can
limit the cycle life of the cell, contrary fothiumTitanium oxideLTO, which has the highest
cycle life of the three anode typeksTOis usualy combined with Lithium Iron Phosphate LFP
cells as LFP shaa lower plateau voltageAccording toToshibathe manufacturing leader

of cells containing LT@heir LFP/LTMased batteries are extremely safe, with little risk of
thermal runaway and longeycle life These performance indicators render LFP/LTO batteries
most suitable for grid applications, and information included in the original report indicates
that several pnts are using LIBs with this chemistry combinatioRO is the second most

used anode commercially available.

Presently, batteries account for up to 50% of the total cost of an EV. Moreover, out of all cost
associated withLIBs, material costs are the most significant; considering only separator (3%),
electrolyte (1%), current collectors (3%), anode materials,(8#6) cathode materials (26%),

41% of total battery cost is obtained, with the most significant contribution gwimthe
cathode material. The development of new manufacturing processes is paramount for
reducing these costeind even more the elimination of expensive and rsustainable
materials such as Cobalt

Current processes for manufacturing anode, cathode, and assembling a LIB cell are described

in the originalreport.

For obtaining a battery cell, cathode and anode are preparea et coating of current
collectors (a costly and polluting process), iasedl by a separatgrand wetted by an
electrolyte solution, while the current collectors assure the flow of electrons.

Nickel Manganese Cobalt oxid®8Q cell manufacturers use cylindrical, prismatc pouch
geometries for housing cells. Regardlesg@metry, housings use tabs for connection with

the system powered by the battery, thus assuring electron flow. Cell geometries give different
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complexity in cell assembly manufacturidthe cylindrical cell format is the most suitable way

of producing hig-energy cells since it is easier to produce jbliyroll efficiently. However,

cylindrical cells are more complex when it comes to module design, wherefore the prismatic
format is dominating in the automotive EV designs.

Liquid electrolytes, which are typically highly flammable, constitute one of the main safety
concernsy’ [L.ad® ¢KA& KIFa fSR (2 a2yYS YlFI22NJ 02Y
developing alsolid-state batteries, for which manufacturing and successfully incorporating

solid electrolytes are key steps.

Society and therefore the industry, isrging to developf Cobaltfree cathodes. During its
oFrGGSNE RIex ¢Satlt NBGSIESR LXlFya (2 adzmaiAai
Without specifying the time necessary for shifting towards 0% Cobalt, it can be assumed that
predictionsidentifying NMC as a dominant cathode technology in 2025 are still applicable.

LG Chem, a world lead@r the number of NMC batteries solds focusing on developing

NMC811 and NMC71and NCA chemistries for the next generation of electric vehithes

reducing the amount of Cobalt oxide, while maintaining or enhancing electrical performance

For more than a decade, Si anodes have been extensively researched without significant
commercial success, associated with scarcity indost design proposals.eMertheless, it is
NEIIFINRSR |a GKS Y2ad aSNwa2dza It GSNYylFGaA@S
manufacturing Sbased anodes seems to be the key strategy for finally unlocking next
generation LIBs for EVs, capable of withstanding combined ramhges 450300 km.

The predicted increase in EVs (and, thus, LIBs) sales for the next decade will lead to larger
production scales inthe cell, module, and pack manufacturing, allowing for further
investments and a reduction in overall costs. During battday, Tesla hinted at key
improvements: (1) eliminating tabs from housingwhich increass the conductive area
allowinghigher current rates and lower heat generatid®) dry coating of cathodeS he ay

coating reduces the environmental impact of matesiabed during fabrication and potentially

reduces oven times and, therefore, manufacturing costs for catho@@spting for cehto-

pack designs.
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Voltages and powers can be tailored by associating cells in series and parallel.

Two of the biggest challenges LIBs have endured since their commercializatifr) tuesr
inherent risk of fire, attributed to graphite forming lithitimetal dendrites leashg to short
OANDdzA Ga FYRZI GKSNBF2NBE>X GKSNXIf NHzyl gl &a | :
and (2) manage energy consumption from a relatively high number of cells in an EV/grid
application. These facts forced the industry to combine cellf witbattery management
system (BMS) and a cooling system, thus obtaining modules, which are then combined, either
in series or in parallel, into a pack, and placed in the vehicle. This necessity has a tremendous
negative impact on energy density atiee total volume of the component.

Cell stacking is mainly controlled by assu(ibiglectrical insulation(2) mechanical links, and

(3) optimized cooling, or heat transfer, a@he module level. Different manufacturing
techniques are employed, based on celbmetry, for this step. After cell stacking, a BMS slave

is usually welded (in many situations, an Aluminium plate with high conductivity), power and

COM cables are connected, and the module housing is sealed.

In our frst deliverable, we addressed technolagicdevelopments from the last 5 years,
exclusively for traditional LIBs. Furthermore, our focus in terms of mobile applicatasibav
automotive and maritime industries, while for stationary applications, havefocussed on
batteriesfor the grid in power plants.

In future works, we aim at exploringmerging technologiessuch as afolid-state, LiS and
Lithium-metal andstructural batteries as for componentsve will focus our study oNli-rich
cathodes Si omposite anodes Finally, wewill benefit from market reports to understand
how different technologies are being adopted in Europe and throughout the world.

Other competing and nogompeting technologies should be addressed as well, such as
capacitorsandfuel cells

The integration of energy storage with harvesting technologies |etovoltaics

thermoelectric, triboelectric, and others should be explored in future reports.

10 e ALBATT&®:liverable5.1 p. 111-115
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A special insight will be given on technologies suitable for energy storageedntérnet of

Things (IoT,)such asntennas wearables andsensors
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Battery integration isavery important stepn the battery value chain. It is the last step before
the battery goes into the working environment/applications and is installed with required
intelligence systems likeattery management systemghermal management systemsand
others so the correct fundbnality, safetyand longevity of the battery can be achieved. This
installation accounts for 24% difie total battery cost (excluding manufacturing labor costs

related to the components).

BMS nay fulfill a variety of funtions depending on the particular application as well as the
type of battery but the overall goal is to keep the battery within the safety operation region
in terms of voltage, current, and temperature during charge, dischage certain cases at
open crcuit. The nost frequent topolaies arel) centralized 2) modular and3) distributed.
Other features like monitoring of voltage contactor controf isolation monitoring
temperature measurementind control; state of chargeand state of healthcalculation; and

communicationthat the BMSoffers are described in more detail in the original report.

The kattery thermal management system is an important and integral part of the BMS. The
main goal is tananage the temperature of the battery and overcome all challenges that are
coupled with thermal effects including (capacity/power fade, thermal runaway, electricity
imbalance among multiple cells in a battery pack, andtemperature performance). BTMS

is compised of a combination of hardware and software and while designing ssgistam
certain requiremens must be met.

In the original reportthe most used configurations of BTMS were described such as types of
mediums (liquid cooling, passive or activethgrmal regulation) and materials needed far

certain type of configuration as well as the overall aspects of the BTMS were described.

11 See ALBATT&:liverable5.1p. 115
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BMS global market was evaluated based on existing reports. Itimaged that the BMS
market will grow to USD 12.6 billion by 2024aafompound Annual Growth Rate of 19.5%.
This growth is expected to be driven by the growing trend of electric vehicles, energy system
battery monitoring and effective electric grid magement.

Various applications were described as well as the main global players in the BMS market such
as Leclanche, LITHIUM BALANCE, Saft, FIAMM, etc. One of the interesting findithgs w
Europe dominatedhe BMS market in 2018, this is mainly attribd to the presence of major

automotive manufacturers in Europe.

The @neric integration process was describiadhe original reportas well as the processes
that vary based on the applicatioffhe ntegration process for automot®; maritime, and
stationary applicatioa The gneric integration process consistsasfassembly othe battery
module, integration of the modules with the BMSand integration to the specific use case

follows.

Since BMS &crucial part of every battery it is needed to establstiear vision for the future
about the need for competence, skjlend which job roles are going to be important in this

fastchanging sector as well as for the specific application.
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This section summarizes the intelligence gathered for the operation, repair, and maintenance

of batteries in specific use cases in stationary and mobile application

This section is focused dhe summary @ operation, repairand maintenance of batteries in
stationary applications with the main focus on telecom base stations and tibavyduty

applications.

The areas highlighted in the reporteagrid andoff-grid applications, telecom base stations

and otherheavy-duty energy storage variationsSeveral factors ardriving a battery storage
market development, includinmassive integration of renewable energy sources (RES) to be
complemented with BESS (Battery Energy Storage System), economic taxation incentives,
decrease in consumer costnd anincreased awareness shown by policymakers and
regulators andto a higher sustainabilityevel Nevertheless, the battery energy storage
definedmarkets are still about to be recalibrated in many European countries. The removal of
barriersto the wide implementation of battery energy storage is still an ongoing process in

many countries, which is governed by policymakers and regulators.

To start with, lithium-ion batteries have recentlgeenwidely integrated forthe grid and off

grid applications and there are multiple aspects involved to support this tendency, ranging
from environmental and economic factors to technical oné#/ithout a doubt, the growing
integration of renewable energy and its intermittent nature has opened wholesale electricity
markets as well as ancillary services markets to battery energy storage sy&attesies
providegrid supportby regulating frequency, supporhg voltage,and helping in electricity
restoration in blackout situationsAs the integration of battery storage in electric grids is
highly dependent on cost and performance, these factors have driven the application of LIBs
in energy storage applicatiesn Consequently, battery usage is implemented in three main

areasresidential, commercial, and industriafor the grid and operator utility needs and eff

12see ALBATT&:liverable4.1 p.113-116, 125128 and 133137
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grid. Due tathe versatility of the battery storage perspectives, there is a broad range of both

established players and newcomers in the market.

Batteries can be utilizely integrating renewables, supporting smart grids, creating more
dynamic electricity markets, and providing ancillary service&n increasedinterest in
lithium-ion battery deployment both behinghe-meter (BTM) and fronof-the-meter (FTM)
levels ofthe grid and offgrid energy storage applications revolve around LIBs performance
and reduced costs. One of the primary drivers of BTM battery applicatitre iability to
decrease electricity costehen providing electricity residentially or for businessygsges. As

a result, the use of smadicale battery storage is expected to increase significantly,
complementing utilityscale applications. Energy storage is also highly essential for-utility
scale (FTM) usage in connection with distribution or transmissietworks. It serves by
shaving peaks arldvelingloads of electricity demand, especially, in the case of wind and solar

power (and other renewable energy sources).

In the telecom sectoythe recentworldwide deployment of 5Gnetwork base stationshas
initiated a demand for energy storage solutions, which is perfectly satisfied with LIBs. This
trend is supported by the performance LIBs can provide for exampacksip power systems

for telecom base stationsin addition to theperformance benefits, LIBs have, due to their
construction much lower negative environmental impact, compared to their main energy
storage market counterparts for examplelead-acid batteries. In remote offirid areasthe
combination of diesel generats and leaeacid batteries has caused greenhouse gas
emissions, which can be offset withe combination of variable renewables and LIB based
energy storageslin the long runthese energy solutions can induce miscellandoeisefits for
telecom operators ly bringing high capacity, improved safety, and mitigatiafi harmful
environmental footprint. Nevertheless, high costs of integrating LIBs into the operations are

still considered aghe main hurdle,even thoughthere has been a decreasing trend with LIB

13 e ALBATT®:liverabled.1 p.120-124
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prices. The major categories of the stakeholders can range from telecommunication

operators, base station equipment manufacturers to regulatarsl governmental agencies.

Largescale battery systemsf heavyduty applicatims (as described in sectidh3.4) are
designed to meetarious temperature and environmental extremes and support renewable
energy generation, decresing electricity costs and peaghaving in high usage situations
Several financial and environmental foradisve energy storage proliferation. For example,
costs can be reduced by movitige electricity grid use load to offeak hours by storing

cheaper and/or clean energy for later usage.

There is a great variety stakeholders, who can be inveed in the operations due tdhe
specific complexity of the heawgduty applications.The sector involveseverallarge and
heavy equipment and complex processes, so it has alveaysred efficient energy storage
solutions.With the recentdevelopmentsin the sphere ofrenewable energy sourceshe
potential demand for a range of battery energy storage systems has noticeably increased.
Consequentlymore and more active industrial and commercial players became involved in
the process of BESS deploymanthe following possible applicational directions discussed as
examples in the desk research report (D4Hor examplehospitals might experienceeveral
environmental and energgaving advantages by upgrading their existing infrastructure (e.g.
solar panés) with energyintensive facilities. Airports can have their interest in combining
energy storage solutions with photovoltaic systems, whetha®il & gas industry may utilize
batteries as loadevelersand peakshavers.The nilitary can benefit by stang renewables
such as solarand windgenerated energy, having LIBs providing a-effgctive and flexible
power source for basesnd having a reduced carbon footprint by decreasing the need for

diesel generators.

15 e ALBATT&®:liverabled.1 p.133-145
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There areseveralconcerns related tahe technical nature of LIBand there are alssafety
risksinvolved in the operationslhe major factors, which affect the LIBs lifespan exieessive

charging and discharging activities as well as inadequate temperature levels expo3uore.
SEGSYR | o6lFGGSNEQa ftAFTSaLIly NBIdzZ | Npahd Ay i Sy |
control charge/discharge rate, depth of discharge, degradatioe, temperature leveletc.,

though safety procedures will differ battery typeise Furthermore, Battery Management
Systems(BMS)I NB Ay aidlftftSR (G2 O2y{p@ént overchaighdNi S a Q
overheating andshort-circuiting. When it comes toepairing proceduresthe end of lifespan

LHon batteriesis subject to replacement.

The battery energy storage specific markets are still about to be recalibrated in many
European coutnies. Theremoval of barriersto the wide implementation of battery energy
storage is still an ongoing process. What kind of measures are and will be taken? Further study
should be conducted to understand this process and its potential implications.

Are there otherfactors such as othenew technologies other than batteries, that act as
drivers of chang@ In the coming research wqrthese new technologies such hgdrogen
basedshould be addressed.

There are other significant areas of application $tationary batteries such d$PS systems

for datacentres etc. than those mentioned in the first release of WP4 desk research. These
should be covered in future research work as well.

If a batteryrelated disaster strikes e.g. battery fire, it should betugdied whatprocedures
should be undertaken in those situations and what implications does it have for related
planning, equipment, skillsand competenesof both the normal operative staff as well as

the staffs of fire andescue servicesVhatEU legisdtion andstandardsare currently in place

or planned regarding batteryelated emergendes alsoremains an interesting question to be
studied.

With regards to telecom base statigrewe thereskills and competencethat are especially

important for maintenance team8 What is the ideal mixture delecommunicationsand

16 See ALBATT&®:liverabled.1 p.145152
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battery skillsvs. what are the mostommon servicerelated challengesvith base stations?

These remain potential gaps to be further arzaly in future research work.

This section describéle mobile application of batteries and the operation, repairmgartd

maintenance.

The electrification of passenger cardizven mainly by EU CQeduction regulation, together

with other pieces of climate or air pollutants related legislation. Among other drivers are low
emission mobilityincentives implemented bythe Member Statesor, on the other hand,
access restrictionmtroduced by citiesTechnologtal improvementsincrease in numbers of

charging points and changing consurbehaviorbelongsto other encouraging factors.

Stakeholders relevarib this value chain step who require some level of qualificatioatesl
to battery topics are e. gentities involved in typeapproval of vehiclg standardeation,
workers indealerships, car repair shops, charging infrastructure providers;réisgtonders,

or relevant bodies of public institutions.

There are passenger cars witlifferent degree of electrification and battery technology

in operation, ranging from full electrification in Battery Electric Vehicles (BEVs) to only partially
electrified mild hybrids (vehicles with Internal Combustion EagifCE) combined with
auxiliary electric propulsiorgs seen irfFigure?7). These vehicles also differ when it comes to
the possibilities of charging #ir batteries; inthe case of external charginghere is AC/DC

with different charging speeds.

17See ALBAT T8 liverable5.1 p. 132158 for references
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Figure7 Degree of electrification of the vehicles

Before electrifiedpassengercars can get to the road, they must lested to ensure
compliance with regulations addressisgfety, compatibility, and environmental issues

From the testing and certification perspective, these vehicles bring together texiqusly
separate worlds: the automotive industry (ISO standards) and the electrical industry (IEC
standards).

BEVs and PHEVs (electric vehicles, EVs) operation provide opportunities/feervicesand
businessmodels e.g. in charging, vehicte-grid applications, monitoring the state of charge

and health of batteries or fleet management.

At the same time, electrification of the vehicle fleet brings about challenges linked particularly
to eliminating hazards that vehicles equipped with a large twigitage battery could wreak

on its environment while parked or in motion. Tpdamary safety concernwith lithium-ion
batteries (LIBs) isrisk of thermal runaway(triggered by a chain of chemical reactions inside
the battery resulting in an accelerated increase of internal temperature), where the outcome
can be complete combustion of the LIB accompanied by the release of gas, flying projectiles
and jet flames. T@ LIB may also ignite after a significant amount of time after being damaged
or reignite after having been extinguished. This matter not only concerns firefighters, but also
those involved in handling damaged vehicles through towing, workshop, scrapyard, o
recycling activities. There are many different types of LIBs, with different packaging and

chemistries but also variations in how they are integrated into vehicles. These characteristics
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