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AC Alternating current

Al Atrtificial intelligence

BEV Battery electric vehicle

BMS Battery management system
CQ Carbon dioxide

DC Direct current

EV Electricvehicle

GPS Global positioning system
HV High voltage

ICE Internal combustion engine
lloT Industrialinternet of things
LIB Lithium-ion battery

OEM  Original equipment manufacture
PHEV Plugin hybrid electric vehicle
SoC State ofcharge

SoH State ofhealth
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Thedemand for LithiurAon batterieshas witnessed a sharp increase andhbile applications,
especiallyelectric passenger carsepresent asignificantpart of it. In the first quarter of 2021,

16 cars out of 100 registered in the Rldre electrically chargeabléattery electric vehicles

or plugin hybrids) Gradually,demand for competencies and skills, even specific job roles
related to battery mobile applicationfias emerged and wiltise. In the automotive industry
(including repair and maintenance of vehicles), with a large workforce already working in the
field, it is challenging to reskill employees with a mechanical background to electrical
applications or to find sufficient personna.g., with professional education in the fields

for electric vesselsEurope is thglobal leaderCurrently, drect electrification is more likely

to be viable in the shortsea segmeniarge batteries are useatimarilyin car and passenger
ferries, butthe breadth of market segments is continuously increaging.,coastal service oll

carrier).

Based on the previous ALBATTS findiadist of trends and suktrends relevant toelectric
LI & & Sy 3 SNJ Ol dgdratidn,yfdpair @nfl inairBehandc@vas identified. The report
then describes @mpetenges and job rolesneeded inthese segments and outlines
recommendations for theurrent stateof-the-art of the sector and its futureevelopment

It also identifies theorimarytarget groups/stakeholders.

Chapter 1 covers activities and trends related tervicing, maintenance, repairand
dismantling of batteries installed in electripassengerehicles Skills and cmpetence forEV
batteriesmaintenance and repathat need to be strengthened includspeciallyhese areas

EV and battery diagnostics and repair in gendmgh voltage competence and qualification
battery charge and dischargéattery managemensystems safety, relevant standards and
regulationsknowledge The hck of workers with high voltage qualificateseems to beather
urgent. When dismantling the EV battery, knowledge and skills in second life, refurbishment
and recycling of batteriesligitalisation and traceability of battery lifecyclare alsoneeded
Dealerships and vehicle repair shops need tabpisted especially in terms of safety. They
often also need to build and operate charging stations at their premises, sometimes

complemented by storage systems and solar panels.

Co-funded by the oy Alliance for Batteries Technology, Training and SkltBATTSProject number 61267EPP1-20191-SEEPPKASSAB.
Erasmus+ Programme Al The European Commission's support for the production of this publication under the GrAMB S Y S y (61267 H
; Kk does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi
of the European Union Xxk ’ ,

cannot be held responsible for any use which may be made of the information contained therein.



fralbatts (o

lliance for Batteries Technology, Training and Skills

Chapter2 containsa selection otustomer serviceselated tothe operation of EVs and their
batteries. The range and volume of information provideddealershipsan vary across the
regions. Methodological guidangesuch as different manuals and training to the employees in
dealerships, car rentabr shared mobility companiesould help in this regardVhen t comes

to smart charging and fleet management businessnpetenéesin many areas need to be
combined- battery and charging systems, business and software development, telematics
and grid functionsCompanies dealing with charging infrastructuresin, installationand
maintenancealso needvarious competencieg including engineering,masteringbuilding
permit processes, batteryelevant safetypr IT and payment solutionirst-responders, fire
and rescue servicagednew methods,tactics and specific trainingo deal with emergencies
related to EV batteres. Research and development of new extinguishers or procedwiks
need to react to currenaind future battery technologies. We can also expect higher demand
for towing and mobile chargmservices in the futuré&ompetence within the driving schools
should be updatedtogether with teaching materialsand strengthened to facilitate the

electrification of road transport and structural changes in the automotive sector.

Chapter3relates to technicahreas ofautonomous drivingandvehicle to gridV2G concepts

and servicesAs EVs seem to be easier driven by autonomous sydteansCE veibles they

are an essential driver of autonomous mobility. Cybersecurity skills/competence and
knowledge related to the mobile applications of batteries in electric vehicles need to be
prioritised when applying concepts of autonomous vehicles to ensuseomer safetyand
privacy.When it comes tdhe Vehicle to Grid concept, it can brigucialopportunitiesnot

only for improving renewable energy sources integration into the energy @attery and

grid-relevant knowledge, together with IT skilgill be needed to be strengthened.

Chapter4 focuses oractivities and trends related to technical aspects of electric vehicles and
charging infrastructurdefore they can be placed on thearket and put into operatiomnd
periodic roadworthiness testsof electric vehiclesRelevant technical expertise is closely

linked to legislationand standardsknowledge. Given the systemic shift and increasing

Co-funded by the oy Alliance for Batteries Technology, Training and SkltBATTSProject number 61267EPP1-20191-SEEPPKASSAB.
Erasmus+ Programme Al The European Commission's support for the production of this publication under the GrAMB S Y S y (61267 H
; Kk does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi
of the European Union Xxk ’ ,

cannot be held responsible for any use which may be made of the information contained therein.



fralbatts (o

lliance for Batteries Technology, Training and Skills

complexity of the proessof testing and homologation brought by EWsassiveinvesments

in new technologies and systerfs testing and certification companiesdtechnical services
need to be madeAt the same time, employees of these companies will need to expand and
improve their knowledge and skills, especially in electrical and high voltage felds
interoperability. In addition, thesecompanies usually cover testing of charging infrastructure
as well. Among others, digital communication, grid conneagwidelinesand different safety
standards must be followedo far, specifiprocesses for EVs during periodic roadworthiness
testsdo not existHowever, with the increased number of EVs in operation and development
of the used cars marketattention to this area cod be expected, as well asneed for

upskillingexistingemployees or hiring new ones.

Chapter5 deals withthe electrification of vesselsVessels travel across the oceans and can
be morechallengingto reachfor service personnel than an electric road vehidier this
reason remote dagnostics and ovedhe-air updates are necessanApart from battery
related expertise (such as electrochemistry, high voltage qualificatosn mechanical
engineering), dital technology competence (@mote diagnostics & fault finding
cybersecurity, dataransfer, @mmunication protocolsetc.) is crucial.Similar to electric
vehicles electrified vessels are better suited fautonomous sailing3rengthening the skills
and training people in digital technologgr autonomous systems data scientists, dst
engineers, software developers, cloud solutions expeatsd cybersecurity experts and
engineers is necessaryFor product design and consultingombining skills of internal
combustion engines, batteries and programmisgrucial In addition, kowledgeof safety
requirements for maritime should be strengthened (e.g., thermal managemeffitgas

handling, systentevel safetyor risk evaluation).

The primary sourcesof information used for thigeport, apart from specific knowledge of

ALBATTroject partners involvedare listed at the end of the document.
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Global demand for Lithiuron battery (LIB) cells was around 200 GWh in 2019. Ab26&it

GWh the centralpart, of this was attributabléo the electric mobility sectorThus, in2020,

D5.5

due to increasing sales of electric vehicles, the demand for LIB cells increased, based on

estimates, toover 150 GWHhand over 250 GWh total global LIB demand). In 2025, motive

applications could constitutenore than75%of the market demané#(seeFigurel).
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Figurel: Global Lithiumlon battery demand by segments

Electric vehicles (EVsples have been growingt a fast speed in the last years due to

acombination of policy support, more charging infrastructure being built, improvements in

battery technology (average battery energy density is risingdaper year new chemistries

coming to the market, etc.) ost (Lithiumion battery pack prices fe#9%from 2010 to 2020,

with the volumeweighted average hitting $137/kWh) and new compelling models from

OEM¢s!

WDMA, in cooperation with Fraunhofer ISI, RWTH Aachen University and Bditeagtbay Braunschweig and TU Braunschweig. Roadmap
Battery Production Equipment 2030pdate 2020; A. Thielmann, Ch. Neef, Fraunhofer I1SI. Towards a European battery economy 2030+,
Battery Marketq supply and demand worldwide and in Europe. Virtual Batiedyibition 2021, presentation held on 29/04/2021
2Thielmann et al. 2018. Fraunhofer Blecember 2018Energiespeicheonitoring 2018 (Leitmarkt und Leitanbieterstudie: Lithium
lonen. I GG SNASY T NNJI RpsFwvaviisSraunioderde/apritehtalamisiidbkumente/cct/lib/Energiespeicher
Monitoring_2018.pdfaccessed on 25/08/2021)

3A. Thielmann, CiNeef, Fraunhofer ISTowards a European battery economy 2030+, Battery Maykeipply and demand worldwide and
in EuropeVirtual Battery Exhibition 2021, presentation held on 29/04/2021

“BloombergNEF. Electric Vehicle Outlook 2(Z0121).BloombergNE. https://about.bnef.com/electrievehicleoutlook/ (accessed on
09/08/2021)
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Globally, there are now?2 million passenger EM(spprox. 1% of the fleet) on the road, and
electrification is spreading to other road transpsggments The global prediction for 2025 is

54 million passenger EMshina and Europe will continue to be the leading EV markets until
2025, owing tovehicle CQ regulation in Europe fuel economy rulesand the newenergy

vehicle credit system in China. Changes in policy in the United States will have a limited impact
in 2021 but should boost adoption in 2022 and beyond as more enticing local models, notably

in the pickup truck class, hit the marké

In the EU, electricallghargeable vehicles accounted f0.5%of all new passenger car
registrations in 20201(045831 unity, compared to a 3.0% market share the year before and
only 1,4% back in 2017 an®% in 2018. Battery electric vehicles (BEVs) made 5,4% and plug

in hybrids (PHEVS) 5,1%. Stimulus packages introduced by governments to boost demand,
following the impact of COVID9 on car sales, sought to stimulate alternativebwered

vehicles in partiular, further driving demand for low and zeemission cas5’

During the second quarter of 2021 (s€e&ure2 and Figure 3), the trend continuedand
registrations of BEVs in the EU reac24€,298 arsanda7,5% shareThe second quarter of
2021 was even better for PHEVs, with registrations climbing to 235,730 units and an 8.4
percent market sharé 16 cars out of 100egistered in the EU are thus electricallyargeable

now.

5BIoombergNEF. Electric Vehicle Outlook 202fs://about.bnef.com/electrievehicleoutlook/ (accessed on 09/08/2021)

SACEA statistic§2020). ACEAttps://www.acea.auto/fuetpc/fuel-typesof-new-carselectric10-5-hybrid-11-9-petrol-47-5-marketshare
full-year2020/ (accessed on 10/08/2021)

7ACEA statistic§2021). ACEAuttps://www.acea.auto/figure/fueltypes-of-new-passengercarsin-eu/ (accessed on 10/08/2021)
8ACEA statistic§2020). ACEAttps://www.acea.auto/fuetpc/fuel-typesof-new-carsbattery-electric7-5-hybrid-19-3-petrol-41-8-market
sharein-q2-2021/ (accessed on 10/08/2021)
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Figure2: Registratiors of passenger cars by fuel type the 2nd quarter of 2021 in the EU
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Figure3: New passenger cars registrations in the EU by alternative fuel type in Q1 of 2020 and 2021

With more and nore electric vehicles on the roads, demand for competencies and skills, even
specific job roles related to battery mobile applicatiomss emerged and wilrise. This
demand is becoming prominent first in the markets where the number of electric vehicles
registered and/or their share in the fleet is currently the highest (kestern and Northern
Europeg Norway, Sweden, Denmark, Finland, the Netherlands, Geypfaranceetc.), but

will be continuously spreading to the whole Europe.

9 ACEA statistic§2021). ACEMAttps://www.acea.auto/files/ACEA_progress_report_2021.pdf#pag@eessed on 10/08/2021)
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Appropriate charging infrastructure is necessa® t NS a L2y R (2 Odzaid2YSN
encourage demand for electric vehicles in Europe. Again, relevant skills and competencies are
required to build and operate the charging stations, while most of them in the EU are currently
located in three countries (the Netherlands, France, and Germany), number four and five

being Italy and Swedeh.

Based on recent Batteries Europe and EIT RawMaterials/Fraunhofer position {3&hdts
seems significantlevelopment onthe system level is required, among others in product
integration parts of he valuechain For example, in the automotive industry (including repair
and maintenance of vehicles), with a large workforce already working in the field, it is
challenging taeskill employeeswith a mechanical background to electrical applicationsoor t
find sufficient personnele.g. with professional education in the field, aso shown by
ALBATTS findingdKnowledge and skills in trapplication/use phaseof the batteries, their
operatingprinciple and safety will become increasingly important in the future. Knowledge
of battery second life, recyclin@nd crosscutting topics such as environmental aspects,

digitalization, IT, business models, and circular economyabgtl be crucial

Europe is the dominanglobal leaderin the electrification of vessels, as demonstrated in

Figure4 below.

10Batteries Europe. Education and skills position paper. 18.11.2020.
https://ec.europa.eu/energy/sites/defult/files/documents/education_and_skills_task_force_position_paper(adtessed on
30/06/2021)

UEIT RawMaterials, Fraunhofer. Future Expert Needs in the Battery Sector, Report Marbit2@2gitrawmaterials.eu/wp
content/uploads/2021/03/ElTRawMaterials=raunhoferReportBattery-ExpertNeedsMarch-2021.pdf(accessed on 30/06/2021)
RALBATTSD5.3 Future Needs Bxition for subsector IMBA Release 1(2020). ALBATT&tps://www.project-
albatts.eu/Media/Publications/12/Publications_12_20210226_11248.pdf
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The main driver behind this developmestEU policies and suppoprogranmes, combined
with IMO regulations. Even stronger EU and regional poleesprogranmes will further

strengthen this trend.

The naritime transport sector currently emits 820 Mt g&ome 2.3% of global emissions.
According toforecass!?, this will decrease to around 600 Mt by 2050, accounting for about
3.5% of global emissiondvaritime transport is seen as a hatd-abate sector since direct
electrification is more likely to be viable only in thigort-sea segmenand few low and zere
carbon fuel alternatives are available and practical now. In 2050, a large percentage of natural
gas, ammonia, and other lewvand zerecarbon fuels can be expectddee Figure5), but

further work is needed to bring emissions down to levels below those currently predicted.

DNV Alternative Fuels Insight, (May 202it)ps://www.dnv.com/services/alternativéuelsinsight128171(accessed on 19/08/2021)
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Figure5: World maritime subsector energy demand by carriér

As can be observed froRigure6 andFigure?, large batteries are making their way into many

different vessel segment€ar and passenger ferriere the most significansegments, but

D5.5

the breadth of market segments is continuously increasing. Interestingly enough, Asahi is

constructing a fully electric coastal serviiecarrierwith 3.5MWh of batteries!*

®|n operation ®Under construction © Unknown
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Bulk Car/Pass... Car/Pass... Container Crude oil Cruise Fishing General  Offshore Oil/Chem... Other Other RoPax Ro-ro Tugs
carriers  ferries ferry ships tankers ships vessels cargoships supply  tankers  activities offshore cargo ships
ships vessels

Figure6: Battery installationson ships. Hybrid& full electrict®

1P Ayad(2021, February 20500n an electric tanker with a huge 3.5 MWh batt&#vw.Dodsee.Com.
https://www.dodsee.com/2021/02/soorelectrictankerwith-huge-35-mwh.html @ccessed on 208/2021)
Maritime Battery Forum(2021). Maritime Battery Forum. https://www.maritimebatteryforum.com/ (accessed on 25/08/2021)
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Figure7: Share of battery application and geographical distributi&n
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With battery propulsion offering elimination of local emissions, low noise & vibration
operation, lower costand operational advantages in the form of redundancy in propulsion
giving a loweed risk of loss of propulsion and manoeuvrabijlihe maritime battery market

is set forsubstantial growthin the years to come.

IMO regulations e Passenger demand for greener

Reduce CO2 emissions across ( ! ( ‘ﬂ | experiences
international shipping by >40% by 2030 4 N EU green deal provides an action plan
to move to climate neutral economy

Zero-emissions

! p Battery economics
rules in ports 2 )

l Increasing ratio of energy and power
density / price per unit

Zero carbon emissions in
Norwegian fjords from 2025

. . . Adoption rate
Oil majors’ action Contractual developments

) |
Targets carbon neutral operations increase shipowner incentives

by 2030-2050 : \_/ i to prioritize fuel savings

-II \
>
|y

Figure8: Numerous tailwinds behindhe electrification of shipping®

16Corvus Energy internal analysis
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This reportcovers theoperation, repair, and maintenancebattery value chain stagef
applications inpassnger cars(including chargingtations)and vesselswith someoutreach
into battery second life and battemgcyclingstages.Analy®s ofbattery applications in other
means of transport uch asvans, busses, truckscooters, bikes and motorbike$ are

expected to be includeth future ALBATTS reports

The eport containsa set oftrendsthat were identified within the ALBATTS projettTrends
related to the mobile applications of batteries (passenger cars and vessels as mentioned
before) are structuredaccording to their characteristiceand their scope is described in
individual sections. Trends as such were used for further mapping of skitip&tencges that

outline different job roles.

Thisprocess is pssible due to the extensiveesearch(continuous desk research, survey,
interviews or workshops) that has been done in the ALBATTS project, where all relevant skills
and job roles wereregisteredin the @ O2 Y LIS (i Sy Ca8 int¥rhali dddattasesystem

interconnectingskillsand competencieswith job roles

Thanks to thisnapping processwhere multiple skills were mapped to multiple trendisis
possible toseealink betweentrendsandavailable skills/competence and thus job roles in the
database and see which job roles or skills’competes@re influencedby or are related to

different trends

This is visualised in two different ways:

(1) treemap showsa set of skills the morefrequently the skills occurthe more ara they
cover. This was done for the sectgpecific and crossectoral skills/competenesconcerning
each trend.The acurrence is calculated based on the significance of the job,nal@sh is
described in the ext point In some cases insufficient data wasvailable therefore, only

crosssectoral competence mapping was possible.

Trend, in the ALBATTS project, is a concept to which different skills/‘competence or knowledge elements are mapped. The trend
represent a set of activities, drivers of change, or areas of interest that are relevant within the selected scope (pplitsatian subsector
in ALBATTS context), such as maintenance of electric vehicles, battery integration, engineering, etc.
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(2)word cloudvisualisation is used for the significance of the job raldsle more significant

job roles are showcased with bigger font siZEhis significancetingis done by analysing the
skills/competence to trend mapping and selecting all job roles relevant for the trend scope
and composeaf this skill. This enablassto see howfrequentlydifferent job roles will occur

per trend.
Recommendationandtarget groupsare identified as a last part of the trend description.

The primary sourceused for trends, sulrends, and recommendationsare the previous
project ALBATTS perts ¢ desk research, webinarand survey? but it is also based on

specificknowledgeof project partnersnvolved

This is thefirst report in a series of threALBATTS sectoral intelligence repdais mobile
applications The findings and recommendationged furtherverification and specification
within upcoming ALBATTS project rounds of activisash as the next desk research works,
webinars and other activities. We plan to update findings and expand the scope toesth

applications or other battery value chain stapghe next reports.

The reportwill be used as partial input to the first overall report under theALBATT®/P3¢
Sectoral Intelligencevorkinggroup- due bythe end of November 2022which will alsaover
other parts of thebattery value chainfrom the extraction and processing of minerals to the
secondary use or recycling of batteri@herefore, theWP3 reportwill representthe main

sectoral intelligence deliverable.

8Deliveries D5.1, D5.2 and D5.3 availabletggs://www.project-albatts.euken/results
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This category contains activities and trends relatetshtmeasing numbers of trainqeersonnel
needed in servicingmaintenance repair, and disassembly dfatteries installed inelectric

passengewehicles (EVs)

In the following textthese subtrends are discussed in more detail:
Servicing RepairandMaintenanceof Electric Vehicles and Bdtteries
End of Life Dismantling oBatteries
Adaptationof DealershipsService and Repaichops
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The car repair shops that we know today will gradually change dtreetower service needs
of EVgno need to exchangeotor oil and various fiers as in the case of internal combustion
enginesless moving partglso brakes wear less due to regenerative brakargl, at the same

time, higher qualificationrequirementslinked to EV battergand, electronics

A car electriciantar mechanicwith electro technicaleducation and working experience
or special servicéraining is required to allow employees to repair E¢specialy whenthe

car isdamagedfollowing a collision or gnaling damage to the battery.

Battery servicing might include e.g. disconnecting and securing the battery fevent
unintentional conrections Y { Ay 3 & dz2NB K I {, récéhiectidgthe bahery | NB
after repair, battery diagnostig fixing or replacing faujtparts, or replacementof the whole
battery pack(by new or used battery cells/pack$jowever,replacingthe battery pack is

relativelyexpensive and does not sedikely to occur very often.

As indicated above, lectrotechnical education with certain years of working experience
or specificprofessional trainingconcerning high voltage systems in additiorces mechanic
gualification together with at least basic IT skills is needle@ddition, nany electric vehicles
alsocontain different mixtures of mostly lightweight materialghich requirespecialrepair

techniquest®

Sectorspecific andcrosssectoral competenies relevant to this sutrend are visualised

below. &b roles that are composeaf mapped skills aréhen shown in the word cloud.

van Barlingen, W. (2020, December 6w to handle repairs of electric vehiclE#ico Insights. https://fixico
business.com/blog/repairinelectricvehicles/ (accesed on 22/08/202)
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Electrical Engineer Hybrid Vehicles
Technician for Battery Analysis
Mechanical Supervisor

Validation Engineer
Safety M an ag er p EV Battegry Maintenance Technician

rocess Engineer Battery Dismantling

Inspection Engineer

Car Processor Electric Battery Repairer

nternal Auditor

Battery Re pai r Engi neer Senior Electric Distribution Systems and Charging

Cell Test Engineer

Safety SpECialiSt Functional Safety Engineer

Battery Test Technician

End of Warranty Manager Electrician Assembler

Automotive Battery Technician
Compliance Engineer

Cell Inspection Technician

Car Mechanic Battery Assembly
Service Technician
Auditor batteries and e-waste recycling
Electric Vehicle Powertrain Test Engineer
Process Engineer Battery Discharge Battery Recycling
Automotive safety Performance Engineer

Figurell: Job roles relevant tservicing, repairand maintenance of electric vehicles and EV batteries

1.1.2 Recommendations and Actions
Skills and competence for E3érvicing, repair, andnaintenane@ neededto be

strengthenedincludethese areas

o EV and battergliagnostics andepair in general
High voltage competence and qualification
Battery charge and discharge
Battery management systems
Safety

Related standardandregulationsknowledge

o O O o o
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Gaininghigh voltagequalification canypicallytake at least ayear, but the market will
need the servicing personnel earleand in large number§ herefore, introducindast-
track trainingfor carmechanicgaking e. g. three weekl®r specificbasicand strictly
defined high voltageHV) operations Hraining concernindpasiclT skills (diagnostics,
remote servicingetc.)can be recommended

This situatiormight require changes to the legislatiam some countriese. g. in the
area of occupational séety?® ¢ information on the situation inthe different EU
Member States must be gathered;cemmon approachby the EU Member States
coordinated at the EU level could be beneficial

Thesituation with a potentialack of HV qualified¢ar mechanicss to be addressed
rather urgently, particularly in parts ofhe EU with the highegbace of electrification
of the vehiclessuch adVesternor NorthernEuroge.

Attracting experts for EV repair and maintenance froauntries outside the Ebhight
be helpfulas well.

Trainingprovided for authorised service shops Wghicle manufacturerscould serve
as best practiceDevelopingand mplementingspecialised manals for trainingand

training provided usingugmented realityhas provedo be effective

Car electricians, car mechani@jthorised and independentar repair shopowners and

operators, legislators and occupational safety authorities

20s in the case of the Czech Republic; the so called professional qualifisdtiba recognised as sufficient to allow the car mechanics
working with high voltage
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Dismantling of battees at theend of ther life or the end of life of whole EVs after a crash,
or when the@S KA Of S Q doesOndtyalRw iisAfigtlyer operation also requirésined

personnel.

The rekvant activities may includdischarging the batterieslisassembihg the battery pack
and modulesdiagnosingtheir State of Healt{SoH) collectingand sortingthe batteriesfor

repurposing forasecond lifeor recycling

When dismantlinghe batteries there are severatisk factorsto be taken intoaccount:the
possibility ofoverheating, firethe releaseof gases, instabilitgnd short circuit.If the battery
is unstable, special measurased to be appliedincludingdeep dischargingf the battery

before dismantling.

Once the battery has been fully dismant]emlls that show no deviation from the ambient
temperature can besafely stored Cells that show a deviation will be stored in a specially

secured area that is constantly monitorétl.

The aerage lifespan of cars can vary from 8.0 to 35.1 years,amtiverageof 18.1 years in
Western and 28.4 years in Eastern European countfigberefore,demand for the above
described activities carncrease significantlyin several years be it in countries with

developed EV markets or countrieswhichsecondhandEVs are exported.

Sectorspecific and crossectoral competenes relevant to this sulrend are visualised

below. &b roles that are composeaf mapped skills aréhen shown in the word cloud.

2Dismantling EV batterie$2021). Sortbatttps://www.sortbat.be/expertise/dismantlingaccessed on 22/08/2021)
?Held, M., Rosat, N., Georges,eBal. Lifespans of passenger cars in Europe: empirical modelling of fleet turnover dyn&omicEransp.
Res. Rew3,9 (2021) https://doi.org/10.1186/s12544020-004640, last accessed 12/8/2021
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Figurel4: Job roles relevant tahe dismantling of batteries

1.2.2 Recommendations and Actions
Introdudng relevant training to achievappropriate numbersof qualified personnel

within the suitabletimeframe respecting thegerage lifespan of the vehicles

Strengtheningdf competencefor battery dismantlingis needed, mainly: high voltage

competence, qualifiation and developmentand proper procedures and correct

instructions
Strengtheningthe knowledgeto ensurecompliancewith safety and environmental
legislation standard, and legislation including those regulatingransport of (used)

batteries

Q)S.S
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Cooperdion between second life/recycling of batteriegntities and battery
manufacturers/inegrators should be strengthened
Research and developmemompetendesshould be further prioritised in areas of:
0 Recycling
0 Refurbishment of used batteries
Furthermore,the following challengegoncerningsecond life batteries need to be
taken into consideration and tackled argeneral level:
o Data availability and security
o Battery desig for second life and recycling
0 Used batteries collection
There isalsoa needto strengthen competencies idigitalisation and traceability of

the battery lifecycle

Car electricians and mechanjidésmantling sortingandrecycling companiedegislators
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Dealerships, seiceand repairshopsfor EVs, both authorised by the OEMs or independent,
need to be equippedidequatelyfor dealing with EVs, batterieand high voltage systems.

Charging infrastructures beingplaced withinsome ofthe premises

The charging solution can bembined withrenewable energy(e.g. photovoltaicy and
energy storagesystems so that customers can get their EVs fully charged after the eaphir

the solution is economically and environmentally sustainable.

Safetyaspectof EVylaced insidea building, possibly togethevith the charging and energy
storage devicesmust be considered Taking care of a damaged EV/battery, a place with
specificproperties (such aan openair parking arega sufficientdistance away fronother
vehicles, buildings, flammable objectsidflammable surfaceB quarantine are&) must be

ensured

Sectorspecific and crossectoral competenes relevant to this sutrend are visualised

below. &b roles that are composeaf mapped skills aréhen shown in the word cloud.
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Sales Engineer - Energy Storage Solutions (ESS)
Electrical/ battery storage inspector

Process Engineer, Battery Discharge - Battery Recycling
Va |ida‘ti0n Eﬂgineer Project Manager Battery Systems
Mechanical Supervisor

Energy Storage Consultant Application Engineer (PV Energy Storage)

e e | SO INtErNAl Auditor

Energy Storage Project Engineer

Compliance Engineer

Auditor, batteries and e-waste recycling

Battery System Engineer

Service Technician Battery Test Technician

Application Engineer

Safety Manager

Inspection Enginger

SafEty SpeCia | |St Field Service Engineer (Microgrids & BEES)
Automotive safety Performance Engineer
Energy Storage Principal Engineer

Senior Electric Distnbution Systems and Charging

Figurel7: Job roles relevant tahe adaptation of dealerships, service and repair shops

1.3.2 Recommendations and Actions
Planning andnstalling of the chargingstations and the renewable energienergy

storagesystems needo be handled byjualified personnel

Creating safety instructions and following tbafety protocolfor parking and repairing

EVs with (potentially) damaged battery is crucial.
For certain operations, the service shop staff must be instructed topustective

equipmentsuch as insulatétoolsor hightvoltage gloves

>
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Car repair shop owners and operatpeempanieproducingand instaling charging stations,
companies providing protective equipment for service repair shops, companies providing and

implementing renewhle energy/energy storage solutions
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This category contains activities and trends relateshtweasing numbers of trained personnel
needed in areas o€ustomer servicegelated to the operation of EVs and the battege

installed in them

In the following text, these sutyends are discussed in more detail:
AdvisingQustomers in Dealership€arRentals and Secondaryarket
Smart Chargind;leetManagement Data Sharing Services
Charging Infrastructure Designstallation and Maintenance
Rescue ServiceRpadsideAssistance

Education in Driving Schools
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Dealershipsandleasing companig¥taff need to be trained to be able to provide tlcerrect
information to customers concerning specifics of the electrified vehicle operahiattery
charging(e.g. specifics of AC and DC charging and its impact on basenyding over-
discharging or overchgmng the electric vehicle battery which reduces battery, bfearging in
cold temperaturesand maintenance to ensure long battery life and troufiiee operation.
Neverthelessthe relevant information shall also be included in manuals provided by car

manufacturers

Car rentalO 2 Y LJI staff Shaulibe able toprovide information on the use ancharge of
the electric vehicland batteryspecific instructions on how to behavedaseof car damage
or accident. This also concernshared mobility companies.Alsg financial institutions
includingleasing andnsurance companieseed to understandhe essentialkcharacteristics

of EVs and the batteries to introduce apobviderelevant products

Secondarymarket - trained personnel will be neededot only in case of sale of a new car but
also within theused carsnarketto be able toassess th&tate of Health (Sotéf the batteries
evaluate its priceandre-sellit to a customey describe its functioning, propertiesdadvise

on its operation

Qosssectoral competenies relevant to this sulrend are visualised beloymapping for
sectorspecific competeries was not possible due to lack of datdpb roles that are

composeddf mapped skills are then shown in the word cloud.
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Operating Model and Cell Cost Specialist
Learning and leadership team roles

Document Control Specialist
Automotive safety Performance Engineer

Officé manager
Growth coordinator

Technical writer Open Innovation Manager

Application Engmeersa"ety M a n a g e r

Safety Specialist

Customer Success Engineer

Business Project Manager seirecwidn

Internal Auditor
Battery Business Developer

Office” coordinator Training specialist
Compliance Engineer

Project Manager Battery Systems

Transportation Regulatory Manager
Compensation and benefit team roles

Figurel9: Job roles relevant to advising customers in dealerships, car rentaisl secondary market

2.1.2 Recommendations and Actions
Providing methodological guidanee manualsand trainingto car dealerships, car

rentals, shared mobility compani€ss necessary to ensutbe quality of advising to
customers.Car Y | y dz¥ I Olbakst® diEh@ir involvement in training material

creation for the staff in dealerships coué helpful.

Manuals and training are indispensable also to leasingsurarce companiesothat

they canassesii KS 9+0a @I fdzS . FyR Aila RSOSt2LIVSyi

2.1.3 Target Groups
EVfirst and seconeéhand dealers both authorised and independentar rentals, leasing

companies, insurance companjessed cars dealershipgkV importers shared mobility

companies
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Smart chargingvhere EVs, charging statis and charging operators exchange live data such
as State of Charge (SoC), vehicle positbodata from the grid can be used to optimise energy

consumption and allowgrid peak balancing.

Fleet management the specifics of electrified vehicles, such as the still limited battery
capacity and therefore limited range, longer charging time comparethéorefueling of
aconventionalgasoline or dieseatar, and insufficient charging infrastructure, open up space

for new business models and services. The need to monitor and manage the state of charge
of the battery is especially relevant for the management of company fleets, in which there

may be tens, hundredsr even thousands of vehicles.

To reduce the compléty of managemenbof large EMleets such aghose belonging to large
corporations, delivery serviceer public authoritiessome companies havieeen launching
online tracking servicesvhere a (telematics) device installed the car, GPS and mobile
network combined with data from the charging station and the gnidy be used for reaime
monitoring andadministration of electric vehicle fleets including battery Stat€lerge (SoC),
State of Health (SoH), charging information, maintenance alerts atiter relevant and

potentially valuable data

Data sharing sharing vehicle datancludingState of Charge (SoC)ai EV batterymight
enableattractivebusiness service®.g. in the areas of navigation and chargifgrthermore
SharingState of Helth (SoH) andother batteryrelevant data might also offeexciting

business opportunities tbe exploredby companies wittbattery-qualified staff.

Sectorspecific and crossectoral competenies relevant to this sufrend are visualised

below. &b roles that are composeaf mapped skills aréhen shown in the word cloud.
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Maintenance Persormel Saf.ety Spemahst Automaotive Battery Techmician .
Battery Management System (BMS) Engineer
Service Technician | nspe Ct |ON EH g inee I'_ Training speciis:
Embedded Software Engineer
Electrical Engineer (BMS) process Engineer

Compliance Engineer Qquality Engineer
Technical Product Manager

s | SO INternal Auditor

Growth team roles CUSTOMET Success Engineer  Open Innovation Manager

Battery System Engineer

Business Project Manager . Data Ana |‘}f5t
Application Engifieer”

f Office coardinartos
a ety M a n a g e rTEv:hnicia.n."éF Eai.'.er'; P..r.lalrsis
Data Center Enginesr

Battery System Consultant st S cogiee
Software/Modeling Engineer Lead
Test Englneer Battery Test Technician

Automotive safety Performance Engineer
Battery Algorithms ENGINEer inucsons sesgner corent seveloper
Blueprint Data Scientist
Project Manager Battery Systems
Validation Engineer aoytomotive Software Developer
Functional Safety Engineer  process & Test Engineer - Battery Technology

Product Manager eDrive & Charging

Senior Electric Distribution Systems and Charging
Battery Business Developer
Senior Battery Systems Engineer - Innovation

= Maintenance Engineer

Figure22: Job roles relevant to smart charging, fleet management, data sharing services

2.2.2 Recommendations and Actions
Strengtheningcombinedcompetendes in the area of battery and charging systems,

businessand softwaredevelopmenttelematics and gridfunctions

2.2.3 Target Groups
Chargingstation and grid operators, telematics business and software development

companies.
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A dense charging network for E\éhall beinstalled across the EU in private, sepublic
(shopping centrg hotek...), corporate or public places. This requistdlled personnel for
charginginfrastructure design, installation, and maintenanteat also needs to be aware of

the characteristics of EVs ditheir batteriesto ensure proper ways of charging.

Infrastructure building an oftenbe quitea complex project starting with feasibility studies,
location planninggrid consideratiors, followed by preparation installation and operation,
maintenance and providing advisory servicesup to training and guidanceto staff and

customersIT solutionsare also part of the charging infrastructumad its payment systents

Battery swappingconcepts ainto replacethe need to charge the EV by complisteepladng
the battery pack using a mechanized devidéeycurrently seem to be adead-end for
passenger cars, partly due to the different vehialel battery desigs of different typesof

EVsand warranty issues.
To improve customer comfort, technical satris for static and dynamiwirelesscharging

are being explored.

Sectorspecific and crossectoral competences relevant to this stiend are visualised

below. &b roles that are composeaf mapped skills aréhen shown in the worctloud.

23%E.ON Drive(2020, December 21). E.ON Drive. https://www elive.cz/sluzby/ (accessed on 22/08/2021)
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Figure23: Sector Specific Competence
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Energy Storage Principal Engineer
Senior Battery Systems Engineer - Innovation
. Auditor, batteries and e-waste recycling
Validation Engmeer Project Manager Battery Systems

Automotive safety Performance Engineer
M echanlcal Su pe FVISOr Field Service Engineer (Microgrids 8 BEES)

ISO Internal Auditor

Functional Safety Engineer

Energy Storage Consultant Safety SpECia”St

~weste Safety Manager

Nergy engineer attery System Consultant

Inspection Engineer

SE'I‘VICE' Tec h n | Cl an Electrical/ nfttew' storage inspector

Application Engineer

Battery Test Technician

Battery System Engineer
Compllance Eng”"]eer Technical Product Manager

. Application Engineer (PV Energy Storage)
Energy Storage Project Engineel
Process Engineer, Battery Discharge - Battery Recycling
Sales Engineer - Energy Storage Solutions (ESS)
Business Project Manager :
Manager of Battery Maintenance

Senior Electric Distribution Systems and Charging

Figure25: Job roles relevant teharginginfrastructure design,installation, and maintenance

2.3.2 Recommendations and Actions

This area covers a broad rangeainmpetence- design,building permit processes,

installation operation and maintenanceof charging infrastructure iprivate, sem

public and public placeswith the focus onbattery relevantsafety, IT and payment

Q)S.S

solutions as well as future charging concepts such as static and dynamic wireless

charging.

Therefore, eeds for all the mentioned expertise and skills will increase and must be

satisfied; otherwisgthe development of charging infrastructuvéll not cope with the
EV number delivered to the market, and, therefore, custoraeceptancecould be

endangered.

Co-funded by the
Erasmus+ Programme
of the European Union

cannot be held responsible for any use which may be made of the information contained therein.

Alliance for Batteries Technology, Training and SkltBATTSProject number 61267EPP1-20191-SEEPPKASSAB.
The European Commission's support for the production of this publication under the GEAMB S Y Sy (61268 H
does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi



Jralbatts

Alliance for Batteries Technology, Training and Skills

Companiesmanufacturing, installing, operatingand maintaining charging dtans and

possible future (wireless) charging solutions.
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Rescue services as more EVs become operational on the roads, the number of traffic
accidents involving EVs is likely to rig¢hen it comes to EVs, one of the most significant
aspects is the risk that the Lithiuran battery (LIB) maglsoignite after a significant amount

of time after being damaged oeignite after having been extinguished. This matéencerns

not onlyfirefightersbut also those involved in handling damaged EVs thrdogling or in

the workshops?42°

First responderandpost-crash handlersieed to be aware of the possible risks posed by EVs

and how to handle themlf the vehicle is rightly identified, fireescue services can use
AYF2NXYIEGAZ2Y JFGKSNBR FTNRBY YIydFIl OGdNBNEO YI
applications developed for this mattdfor firefighters, for instancé&nowinghow to turn off

the electricity in all car models afat cut open an E¥afely is crucial.

Another important aspect is handlirgas and fluidghat can leak from batteries. Efforts to
suppress LIB fires can result in a relatively large amount of contaminated water or other
foam/liquid runroff material that should beollected and disposed ofesponsibly Different
projects ardooking at efficient cooling agents apart from water, a fire blanket, or approaches

providing easyccesgo extinguishing liquidsto the battery pack.

Towing- while some EVs can be towed, ots&an only be moved on a flied truckon a
platform (the electric/hybrid system may be damaged if the drive axle(s) remain(s) in contact
with the road surface)it isvitalto followthe EV manual provided by the vehicle manufacturer.
Whentowing adamagel EV, the high voltage system shoulddeactivated,and the car shall

not be inacritical condition?®

2ALBATTS. D5.Desk research and dagaalysis for suisector IMBA Release lhttps://www.project-
albatts.eu/Media/Publications/4/Publications_4_20200930_12811.pdf

2SALBATTS. D4-Future Needs Definition for stdector ISIBARelease lhttps://www.project-
albatts.eu/Media/Publications/18ublications_16_20210226_153326.pdf

26VDA (2020). VDA. https://iwww.vda.de/en/topics/safegnd-standards/rescue/rescuescoveryvehicleswith-48-Voltsand-highvoltage
systems.htm(accessed on 22/08/2021)
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Mobile charging serviceor roadside EV assistanegth trained personnel caget involved

if an EVgetsstuckdischarged inthe middle of a journey ae to incorrect planning, technical

issues on

the side of the vehicle, faulty or occupiedrging stationor other reasons.

Mobile charging may also be needed fsignificant events such asnusic festivalsor

emergencies wittmanycars strandedespecially in winter) on motorways

Sectorspecific and crossectoral competenies relevant to this sutrend are visualised

below. &b
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roles that are composeaf mapped skills aréhen shown in the word cloud.
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_ Battery Repair Engineer
Mechanical Supervisor _
Validation Engineer

EV Battery Maintenance Technician

ISO Internal Auditor

Automotive safety Performance Engineer

Compliance E”Q_'ﬁ?‘?r
Automotive Battery Technician

Safet},f SDE'UE:]“SJ[ Electrician Assembler . )
Battery Test Technician
Cell Test Engineer
Inspection Engineer

Cell Inspection Technician
Car Mechanic Battery Assembly

Service Technician runctions s

d

Electric Vehicle Powertrain Test Engineer
Process Engineer Battery Dismantling

Figure28: Job roles relevant to rescue services and roadside assistance

Jecific knowledge is required whéine or another kind of emergencyoncerning an

EV occurs. There is a need for new methddstics and specific training fofirst-
respondersfire and rescueservices Cooperation at the EU or international level is
vital to share best praates and create specific manuals

Extinguishing fire of EV batteries is an important topic, whereling agent®or new
approaches must be explored vissearch and developmerprojects,alsodepending

on future batterytechnologies. Education in this area increases in importance.
Towingof an EV stuck on the road shall be performed by a qualified person since it can

create dangerous voltageBest practices shall be shared via manaals training

2’Emergency response on vehicl@916) Emergency Response on Vehicles | CTEernational Association of Fire Services for Safer
Citizens through Skilled Firefighters. https://ctif.org/traininagdtools/emergencyresponsevehiclesaccessed on 11/08/2021)
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Mobile chargingservies offer can be expected to growlteir staff need to havea

good understandingf how batteries work.

Towing/road assistance companikandlers first-responders, fire brigades, ambulances,

mobile chargingervicesrepair shopsvorkers vehicle manufacturers
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Driving schooinstructors need to be trained to be well aware of the specificEds so that
the driving schoostudentscanensure proper use, road safetgnd reasonablemaintenance

of the electricvehicle and its battery.

Some electric carscan sometimesbe driven ratherslowly, particularly on motorways
(electricity consumption in most EVs increases significattlyigher speeds) or when the
electricity isrunning out Some of the EMsay brake usingecuperationwithout the brake

lights unfolding. This can pose an increased risk to road safetynecessitates awareness.

Parking of combustion engine vehicles parking places reserved for chargingjectric

vehicles is, for example,rather commorbad habitof uniformed drivers.

Qosssectoral competenies relevant to this sudrend are visualised beloymapping for
sectorspecific competernies was not possible due to lack of datd)b roles that are

composedof mapped skills are shown in the word cloud.
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Figure30: Job roles relevant to education at driving schools

2.5.2 Recommendations and Actions

Competence withirthe driving schools should be updatedgether with the teaching

materials and strengthened to facilitate the electrificatioof road transportand

structural changes in the automotive sector.

D5.5
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Drivers and driving schoolteachers need to be trained to bk aware of the specifics

of electric cars to ensure:

o Proper operation, maintenancand charging of EV

o0 Road safety

Driving schoolgnstructors students legislators road safety institutions
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This category contains activities and trends related to increasing numbers of trained personnel
expectal to be needed intechnicalareas ofautonomous drivingand vehicle to grid(V2G)

concepts and services.
Autonomous Driving

Vehicle to Grid Concept

Co-funded by the oy Alliance for Batteries Technology, Training and SkltBATTSProject number 61267EPP1-20191-SEEPPKASSAB.
Erasmus+ Programme Al The European Commission's support for the production of this publication under the GrAMB S Y S y (61267 H
; K does not constitute an endorsement of the contents, which reflects the views only of the authors, and the Commissi
of the European Union Xk k ’ ,

cannot be held responsible for any use which may be made of the information contained therein.



albatts (02

Alliance for Batteries Technology, Training and Skills

The dectrification of vehicles is one of thenablersof autonomous drivingEVs seem to be
easier to be driven by computers than Internal Combustion Engine (ICE) véhicles.
Autonomous drivindhasthe potential in the area afoad safetyto reduceor eliminatehuman
error, thus reducinghe number of crashes, injurieand damages and incremgthe comfort

of the passengeraho would partially owholly get rid of the need to drivéhe vehicle

Autonomous Electric Vehiclesill use Al, nexgeneration batteriesand fourth industrial
revolution technologiesLegislation and regulations for selfiving cars have to be put in

place?®

Sectorspecific and crossectoral competenies relevant to this sutrend are visualised

below. &b roles that are composeaf mapped skills aréhen shown in the word cloud.

26McCauley, R. (2021, April 28yhy Autonomous and Electric Vehicles Are Inextricably LitkedT ech. https://www.govtech.com/fs/why
autonomousand-electricvehiclesare-inextricablylinked.html(accessed on 18/08/2021)

2PricewaterhouseCoopers. (2028utonomous Electric VehicldawC. hps://www.pwc.co.uk/services/sustainabilitglimate-
change/insights/autonomouslectricvehicles.htm(accessed on 23/08/2021)
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Figure31: Sector Specific Competence

Figure32: Crosssectoral Competence
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