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The firstiteration of the report covers stationary battery use in energy storage systems in grid
and offgrid applications, in telecom base staticarsd discusses the use of energy storages in
other heavyduty applications. The energy storage usage is increasoigalyyf due to a
number of drivers related to the aboveaentioned areas. The increasing use of variable
renewable energy sources to support grid andgifl systems combined with the advances

in telecommunication, moving to 5G cellular technology and cquset ongoing global
deployment of 5G telecom base stations with integrated energy storage systems all add to the
widening demand for energy storage systems. In terms of technology, in this report we mainly
discuss about Lithiuaon batteries, the stateof-the-art battery technology at the moment.

The primary purpose of the ALBATTS project being the identification of skills and competence,
the findings we have done so far are discussed in this report.

In the following versions we aim to extend the coverammclude more applications of energy
storages with paying attention to the rapidly developing battery technologies and consequent
implications on the skills and competences required by the battery related industreekets

and areas where batteries ivbe used.

This report has limitationsvhen it comes to the contentand scope due to being the first
study in the area oitelligence in stationary and industrial battery applications. The authors
of this report are aware of thedemitations. While a lot of information for certain topics can
easily be found from various offline and online sources, certain informationjippshie to

some being trade secrets, is more challenging to be found. Consequently, this report is a

combination of detailed technical information and more general overviews.

This report will beulfilled with workshops and surveys to support titentification of skills
and competenceseeded in the future Additionally, it will bdollowed by similar reports that

will widen the scope of the studied areas and follow developments in the already studied

areas.
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This section of the report describesle of thedesk research in the ALBATrSject context,

how it was executed and which methods and tools were used in order to gather all the
necessary information about theub-sectoral Intelligence inStationary and Industrial
ApplicationqISIBA After the methalology methods are declared it is important to define the
goals of the report, thesenustbe aligned with the defined scope, topics of thgb sectoral
intelligence and overall approach to the execution of the desk rese&mjectDeliverable

3.1 Methodology Methods for Sectoral Intelligence solely focused othhe methodology

This sub sectiomlescribesthe relation of the ISBA to the overall battery sector anthe

definedscope and how the data about sgectoral intelligence are going to be gathered.

As defined in project application ari2B.1, the overall battery sector was divided into 3 work

packagesn ALBATTS projeas seen ini

Work packages:

WP3¢ Sectoral Intelligence
o Definition of methodology and overall approach.
o Provision of summarisation for overall sector and comparison between

applicationin sub-sectors.

WPA4¢ Intelligence in Stationary and other Industrial Battery Applicatio(iSBA)
o Follonsthe same structure of work and methodolagy
o Provision of detailed Bights and summarisation oflE3\.

WP5¢ Intelligence in Mobile Battery ApplicationdMBA)
o Follonsthe same structure of work and methodolagy

o Provision of detailed insights and summarisationNdBA
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Indt

Screening of Skills
and Job Role
Needs in the

Sector

Currently Known Screening of
Technologies and Possible Future
Applications Technologies

Figurel. Depiction of WP3 and WP8 Relation

As mentioned above, whole sectoral intelligence will be composed from the findings of the
WP4 and WP5T herefore the scopeof the desk researcheeds to be definedor both sub

sectors

1.2.1
The gegraphical scope of the stdector is focusedn Europe especially in the Eldndthe

EAAcountries However, mputs to the project are not restricted by idgeographical scope.

1.2.2
Educational scope of the stdector was declared to bieom EQF level 4 to 8. It also covers

the reskilling and lifelong education ftire workforce throughouthe whole battery life cycle.
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The scope of theSBA:
1stiteration of the desk research report mainlyfocused orLkion traction battery
topicsrelevant to:
o Energy Storage grid and offgrid applications
o Telecommunicationg base stations

0 Heavy duty applications

Overlapsoccurred between IBA and IMBAvhen executing the researdince some of the
battery early and late value chain stageme very similar for both stationary and mobile
applications. That is why the following chapters were preparezase cooperatiorbetween
WP4 and WP5

Raw Materialsand Processing

Components and Cell Manufacturing

Module and Pack Manufacturing

Battery integration

SecondJse ofBatteries

Recycling
Education
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The whole sectoral intelligence as well as each-sedior follows the battery valie chain
structure which was defined iB3.1 This suksection will briefly touch on the battery value
chain stepswith more detailed description to be found Chapter3. These stepsf battery
value chain , are important when it comes to categorisation of the information which
is going to be researched throughout the project. Of coyttbere is always possibility of

making changes to the battg value chainn the later stages bthe ALBATTS project.

Second Life Raw Materials and
Recycling Processing
Operation, Repair, Components and
and Maintenance Cell Manufacturing

Module and Pack

Battery Integration .
. 8 Manufacturing

Research"and Development

Defined battery value chain
Raw materials and processing
o Primary material sourcing with emphasis on rare earths and scarce mgtals
the future, also integrationof the recycled materials coming from ewdHlife
batteriesinto the production stream
Components and cell manufacturing
o Battery componentscellmanufacturing methods
Module and pack manufacturing
o Creation of larger systemsoim battery cells and modules
Battery integration
o Integration of assembled battery modulesgetherwith Battery Management

System into the specifienergy storageise cases
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Operation,repair, and maintenance
o Topics related t@nergy storages imarious applicationsoperation repair,and
maintenance topics including safety issues
Second life
0o AA TS | T e NattdridsTsed e. @ & an energy storage
Recycling
0 Reuse of the scarce materialaken from used batteries Ay  AVl& oA (K
SO2y 2 Yeiples. LihdbtghO to ensure compliance with current and

upcoming legislation and tavoid harming the environment.

Topics of sectoral intelligence which are going to be mapwétin the battery value chain
stepsneed to be definedo ensuresystematic work andomparability ofthe results of both
sub-sectors. This structure will alsmsure adaptation of the field resech and mapping its
results to the same structureThis reportcoversadapted structure of topics of sectoral
intelligence based on thB3.1as seen below.
Topics of the sectoral intelligence:

Drivers of change

Major dakeholders

Technologies

Sector Attactiveness

Job roles and skills needs

Existing training and education

Training methods

The sectoral intelligence topics listed above are associated with the battery value chain in two
different manners. Some topics have different associations with the battery value chain than

others. Thiscan be separated into two different categories
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Individual battery value chain step related topicsoure?

(0]

(0]
(0]
(0]

Major stakeholders
Technologies
Job roles and skills needs

Drivers of change

Major Technologles Job Roles and Drivers of

Stakeholders Skills Change

Figure3. Individual Battery Chain Step Related Topics

Overallbattery value chain related topicsgured

(0]

o

Sector
Attractiveness

Existing
Training and
Education

Training
Methods
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Sector attractiveness
In some caseshts can be also mapped to the individual steps
Existing traininggqualification,and education

Training methods and approaches

Figured. Overall Battery Chain Related Topics
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AnExcel file was creatdzhsed on desk researohethodologyto classify and map information
into the declared structure of the corresponding topidhis will allowthe statisticalanalysis
of the data, which will help with the choice @fhichdata willbe inputted into the final reports.
This structuredExcel file also allows data to besearcled, sorted and worled with
collaborativelyia the online NextCloud applicatiomhich is used to store and share matesial

betweenthe project partners.

As mentionedpreviously this Excelffile is structured into worksheets based tme declared
topics of sectoral intelligence. Each topic is represetga separate worksheet witaunique

structure.

The desk researcEkxcelfile alsoincludes Virtual Library, which is essentially one of the
worksheets of théexcefile used to collect all the sources and material that might be used for

analysis.

A competencdist was shared between the partreto classify their skills and competence.
Basedon their expertise and preference, they were assignedhe corresponding topics of
the sectoral intelligence for further analysi$hisallowed a very flexible division of work

between the partners.

Strategy of execution of the desk research activity was defioelivergood qualitysectoral

intelligence.
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Desk research process:
Assessment of partnetrskills
Population of the Virtual Library
Declaration of index of the final report
Division othe sections between the partnetssed on the assessed skills
Research activity based on the defined methodology
0 Mappingselectedinformation to the Desk Research Excel file
0 Writing the report
Continuous report revision and finalisation

Report delivery

Tohave a clear vision and understanding where the projgheading as well as the various

reports, we need to define understandable goals to guide the woth@project partners.

As defined inD3.1, desk research is the opposite of field research. This does not mean that
there will not be any iteraction between those two. Field research is a key part of the
researchsinceit will enable us to close the gaps which will be encountered in the desk
research. One of the goals of the desk research is to map the current state of the art of the
sub-secor which will be then used for the gap analysikis will further lead to declaration

and creation of the online survey and workshop events which are going to close as many gaps

as possible.

As mentionedoreviously this first iteration of severaldesk research reports should serve as
anoverview of the stateof-the-art of the subsector. This will help partners arlde public to
understandthe current situation and help us to establish next steps in the projectfanthe

next iteration.
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Drivers of change are those factors which are key to transforming an industry. Specifically, a
literature review of available reports was undertakiercreate an overview aturrent Drivers
of Change and their relevance in the sector.
¢KS LINPOS&a aGFNISR FTNRBY Iy AyiuSNYyrft LINR2SOi0
identified to concentrate the possible changing within: (i) the rise of new technologies, (ii)
climae goals, (iii) societal and structural changes and (iv) globalisation and the rise of new
players.
The literature review enabled the mapping of each initial macro area of the Drivers of Change
against wider research evidence and following the desleart process, the initial categories
with several more specific Drivers of Change identified as relevant to be validated were:
New technologies and business models
o Cybersecurity
o0 Global technical harmonisation, standardisation and Plug & Play
0 Smart Grid (B2X)
Climate goals, environmental and health challenges
o Circular value chain of the manufacturing process
o Electrification and green energy
o Improved charging/refuelling infrastructure
Structural changes
0 Acquisition of new skills / Continuous training
o Restructuring
Globalisation
0 Access to raw materials

0 Global regulatory dialogue

During the deskesearch process the 4 macro areas with the initial 10 Drivers of Change have

been evaluated and compared with the analysed literature; this resulte8l main areas
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() Climate goals, regulation and environmental challenges, (ii) Globalisation and (iii) New

technologies with a total of 9 specific Drivers of Change (see next chapter for details).

The desk research activity focused on 3 main aspects for eachebaf Change:
Occurrence indicating whether a Driver of Change was cited in analysed reports
reviewed (if a specific Driver of Change is cited multiple times in the same report, the
occurrence is, in any case, 1; if in a report different Drivers of Ghargycited, all of
them are counted and the occurrence per each of them is 1).
Importance an evaluation by the ALBATTS project partners, based on the context in
which the specific Driver of Change is discussed, focused on its possible 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 important).
Urgency a specific time frame (year), which can be noticed from the text of the
analysed documentniwhich the Driver of Change will become particularly necessary

or will make its consequence felt overwhelmingly.

In the European Green Dé4EGD), the European Commission stated that a 90% reduction in
transport emssions is heeded by 2050 (compared to 1990) and that road transport needs to
move to zero emissions beyond 2025. In order to reach this objective, Europe will have to
significantly increase the uptake of zero emission technologies with a strong emphasis on
battery electric vehicles. Gradually, these will be accompanied by hydrogen powered
vehicles? According to the EGD, the power sector will be based much more on renewable
sources of energy. Batteries can help with integrating renewables into the eigctgrid.
Development in other technological areas, such as 5G (5G base stations have higher energy

consumption and require higher density than earlier generafipnalso brings big

! European Green Dedittps://ec.europa.eu/info/strategy/priorities2019-2024/europeangreendeal_en 2019
2 https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf

3 https:/fwww.spglobal.com/marketintelligence/en/newmsights/latestnewsheadlines/china8217-s-5¢-
constructionturns-to-lithium-ion-batteriesfor-energystorage58474880
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opportunities for (Ld4on) batteries. This will require large amounts loditteries on the
European market. According to the 3 GHG scopes emid8ions

1. batteries could enable 30% of the required reductions in carbon emissions in the
transport and power sectors, provide access to electricity to 600 million people who
currently have no access, and create 10 million safe and sustainable jobs around the
world.

2. a circular,responsible,and just battery value chain is one of the major nésm
drivers to realize the 2°C Paris Agreement goal in the transport and power sectors,
setting course

3. batteries directly avoid 0.4 Gt G@missions in transport and contribute to enabling
renewablesas a reliable source of energy to displace carbased energy production,
which will avoid 2.2 GtGCemissionsg together roughly 30% of required emission
reductions in these sectors until 2030.

Based on a World Economic Forum report, the battery vahaéncwill halve its GHG intensity

by 2030 at a net economic gain, reducing 0.1 Gt emissions within the battery value chain itself
and putting it on track to achieving neero emissions in 2080

Within this context, the European Commission prioritise® zsmission technologies also in
the recently published EU Industrial Strategy and the Circular Economy ActidtoRapport

the domestic production of sustainable batteries.

According to Bloomberg Electric Vehicle Outlook, EVs and fuel cell vehiitlesduce road

CQ emissions by 2.57Gt a year by 204nd are set for much larger reductions thereafter.
Lithiumrion battery pack prices fell 87% from 2010 to 2019, with the volwe&hted average
hitting $156/kWh. Underlying material prices will playlarger role in the future, but the
introduction of new chemistries, new manufacturing techniques and simplified pack designs

will keep prices fallirfy

4 Greenhouse gas protocdlitps:/ghgprotocolorg/Y HAnHAn YR a2 2NR 902y2YAO C2 NYzY«
http://www3.weforum.org/docs/WEF _A_Vision_for_a_Sustainable_Battery Value_Chain_in_2030_Refport.pd

2019

5 https://www.carbontrust.com/resources/briefingvhat-are-scope3-emissions

5 A Vision for a Sustainable Battery Value Chain in 2030, Global BattergaIN&EF, 2019; accessed from:
http://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery Value Chain_in_2030_Report.pdf

7 https://ec.europaeu/environment/circulareconomy/pdf/new_circular_economy_action_plan.p@020

8 Electric Vehicle Outlook 2020, Bloomberg, 2020tpé&://about.bnef.com/electrievehicleoutlook/) and

EUROBAT oBattery Innovation Roadmap 208® https://www.eurobat.org/newspublications/press

Co-funded by the Ty The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5l Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for

any use which may  be made of the information contained therein.


https://ghgprotocol.org/
http://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.carbontrust.com/resources/briefing-what-are-scope-3-emissions
https://ec.europa.eu/environment/circular-economy/pdf/new_circular_economy_action_plan.pdf
https://about.bnef.com/electric-vehicle-outlook/
https://www.eurobat.org/news-publications/press-releases/442-eurobat-launches-the-battery-innovation-roadmap-2030-in-the-presence-of-european-commission-evp-frans-timmermans-and-mep-claudia-gamon

{nalbatts /

Alliance for Batteries Technology, Training and Skills

In preparation for the upcoming EU Battery Strategy, the Commission is planning to revise still
by the end of 2020 the Directive (2006/66/EC) on Batteries to prioritise a circular economy
approach when it comes to addressing the recycling of batteries. This includes ensuring the
security of supply of raw materials, the reuse (where adequate) and recyglivgfteries, as

well as the high environmental and social values in the manufacturing process as ways to
promote a sustainable EU battery industry. Moreover, it will be extremely important to take
note of the emerging new jobs related to the dismantlangl recycling sector overall, as well

as the processing and the reincorporation of used active materials within new batteries (i.e.
when repurposing is economically proven to be better than recycling). The Commission is
currently also evaluating the End bife Vehicles Directive. As a follow up to this evaluation
one can assume that a revision of the ELV Directive is likely to have an impact also on the
batteries used for vehicles as it sets obligatory targets for reuse and recycling. This should,
accordirg to the Commission, be the path to build a sustainable battery industry in Europe.
The sourcing of certain raw materials such as cobalt and lithium that are crucial to the battery
value chain is impaired by human rights abuses, environmental legislaframgement and
business ethics violation. With a demand that is deemed to soar sileiby 2024 and in the
absence of early and stringent countermeasures, the issues stated above need to be taken
into consideratiof. Moreover, the battery recycling process could lead to new economy and
jobs in EU: it is important to distinguish the recycling of the whole battery pack and its critical
components. Dismantling and recycling can be two separate business models where the
dismantling might be handled at local level, creating new businesses opportunities, while it
would be better if the active materials were shipped for recycling by-tegh industries.

The automotive sector is a major European emplé¥and the conversio to EVs production

will have a strong impact on the workforce in the battery sector. The European Battery Alliance

has paved the way for building a sustainable battery industry that could create up to 4 million

releases/442eurobatlaunchesthe-battery-innovationroadmap2030in-the-presenceof-european
commissiorevp-franstimmermansand-mep-claudiagamon

9 https://www.greencarcongress.com/2020/07/20200704-

un.html?utm_source=feedburner&utm_ medium=feed&utm campaign=Feed%3A+greencarcongress%
2FTrBK+%28Green+Car+Congress%29

10 According to ACER,7 million direct manufacturing jokend 14.6 million indirect jobare provided by the EU
automotive sector https://www.acea.be/statistics/article/directautomotive-manufacturingjobs-in-eu-by-
country, https://www .acea.be/uploads/publications/ACEA_Pocket_Guide_ 20221 .pdf
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jobs in the EY. While going through restcturing, European industry can benefit from an
increased demand for the production, installation, operation & maintenance of charging
points, public transport systems, batteries and other related infrastructure, resulting in a net
increase in employmenin the construction, electricity, services and most manufacturing
sectorg?. With the right enabling policies;mobility can also gradually replace the decreasing
jobs in manufacturing of diesel and petrol engines with new jobs and new skills required in
electric powertrain manufacturing and key supply chains such as batteries. Recent analysis by
the Platform for Electranobility!® (to update the existing job estimates in thenwobility
ecosystem) shows that an additional 1.1 million jobs will be creat&tlirope by 2030.

Overall, with a strong focus onrraobility more than 200,000 net additional jobs by 2030 can
be created in the European econotfiy The demand for new skills and experience will equally
result in a fall in demand for other more traditionakills. This implies a need for skills
restructuring that balances out existing skills mismatches which in turn, will require significant
investment in new technologies, production processes and in the reskilling and training of the
workforce.

Apart from environmental concerns, also the aspect of novelty in mobility represents an
important factor for the attractiveness of the sector. As social media plays an increasing role,
the reason why a buyer of a car wants to have an electric vehicle may have ondoevtith

the coolness factor, sleek looks, high performance, and innovative features in terms of user
interface and experience etc. Other attractive elements might include easier operation and
maintenance of EV& In a disruptive scenarib (the next yeas will bring such significant

changes as electrification, shared mobility, vehicle connectivity, autonomous vehicles and the

ILEIT InnoEnergy assessed that the European Battery Alliance have a potential of 400GWh of battery
production per year by 202&BA, InnoEnergy 2019 Battery Materials Europe (Amsterdam preszsmtat
https://www.metalbulletin.com/events/presentations/E001854/battenypaterialseurope-
2019/a011t00000I5R1IEAV/d@y0900diego-paviakiciinnovaenergyfe.html
12 EuropeOnPowering a new value chain in the automotive sec26118
https://download.dalicloud.com/fis/download/66a8abe211271fa0ec3e2b07/c572ctEH-4c00-88fc
51f9061126c5/Powering_a_new_value chain_ire tautomotive sector-

the_job_potential_of transport_electrification.pdf
13 hitps://www.platformelectromobilty.eu/2020/06/17/eventhow-canzero-emissiormobility-becomethe-
motor-of-europeangreenrecovery/, 2020
Y FPNNRAEA2Y t @ HamMyIS CdzSEAYy3a 9dzNBPLISQa CdzidzNBE Y 128 (GKS
15 https://newmotion.com/en/how-to-maintainan-ev/
©9f SOGNRO +SKAOES hdzif 221 Hn HBaflery InfhoRafiori REaWdHap 208 H 1 | Y F
https://www.eurobat.org/newspublications/presseleases/442eurobatlaunchesthe-battery-innovation
roadmap2030in-the-presenceof-europeancommissiorevp-franstimmermansand-mep-claudiagamon

2020
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massive use ofrenewable energies) the changes and innovations create possible
new marketsand design new value chains and evetidisrupt an existing market and value
network, displacing established markielading firms, products, and alliances. It is necessary
to analyse the Drivers of Change to support the market into this business traAsition
Continuous education and trairgnare part of lifelong learning and may encompass any kind
of education (generakpecialisedor vocational, formal or nofiormal, etc.) and are important
for the employability of individuals. During a disruptive period, continuous training becomes
crucid not only as part of the regular lifelong learning process but also to align skills and
competences to the new emerging needs. These activities also need to be supported by
actions to improve mobility and transferability of skills, linked to the develapnu# an
efficient apprenticeship market and encouragement of informal learning. As batteries are a
systemic enabler of a major shift to bring transportation and power to greenhouse gas
neutrality, this transformation will have a significant impact on theéustry's workforce and
the acquisition of new skills will be a key factor enabling employees to be equipped to deal
with these changes.
As previously mentioned, before the desk research analysis, the ALBATTS consortium
identified 4 macro areas to conceate on: (i) the rise of new technologies, (ii) climate goals,
(i) societal and structural changes and (iv) globalisation and the rise of new players. Later,
during the analysis of the available literature sour@siacro area®f Drivers of Change vt
an assessment on current availability intelligeoeelated to the Battery sector were
identified and confirmed:

Climate goalsiegulation,and environmental challenges

Globalisation

New technologies
The following outlines the occurrence of the highlighted Drivers of Change (i.e.
YdzZYo SN 2F GAYSa GKSeé KI @S 0SSy YSYGA2ySR Ay
wOD| [!'"¢Lhb ! b5 9b+L wh Isth®nhost titpd Dfivier'of Chadide D efms A
2T 200dz2NNBYy OS> gAGK nnXuy:: F2fft26SR o6& aDJ[ h
¢9/ 1 bh[ hDL9{€é¢ H6AUK HpPINE:®

" The innovator's solution : creating and sustaining successful growth, Christensen, Clayton M Raynor, Michael
E, Harvard Business School Press, 2003
18 See REFERENCE chapter
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Globalisation techl;lli\llr\;gies
0, o
34,72% ) 25.00%

Climate goals,
regulation and
environmental
challenges
40,28%

Figure5. Occurrence

Each of the 3 macro areas then has different items for a total of 9 detailed Drivers of Change

emerged and mapped:

Climate goalsregulation,and environmental challenges
0 Reducing C&£emissions from battery manufacturing
o Electrification and green energy
o Widespread charging/refuelling infrastructure
Globalisation
0 Access to raw materials
o Global regulatory dialogue
o Restructuring
New technologies
o Cybersecurity

o0 Global technicaharmonisation and standardisations

o Smart Grid
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Electrification and green energ

Global regulatory dialogue

Smart Grid

Restructuring

Access to raw material

Global technical harmonisation an
standardisations

Cybersecurity

Reducing CO2 emissions from batte
manufacturing

Improved charging/refuelling infrastructure

0% 10% 20% 30% 40%

Figure6. Occurrence- how much each Driver of Change is quoted related to all reports analysed
Figures outlines the ranking of all 9 detailed Drivers of Change based on the occurrence point
2F OASHd® a9[ 9/ ¢wLCL/!¢Lhb ! b5 Dw99b 9b9wD, a
F2f{f26SHR. '16[& vwDD! [! ¢hw, S5L![hD!/9a&a 2L¢I ™M

These 3 Drivers of Change represent over 67% of the total.

Reducing CO2 emissions from batte
manufacturing

Access to raw materials

Restructuring

Electrification and green energ

Global regulatory dialogue

Global technical harmonisation an
standardisations

Smart Grid

Cybersecurity

Improved charging/refuelling infrastructure

o
=
(N)
w
I
(&1

Figure?. Importance- how much each Driver of Change is evaluated important related to all repartalysed

Co-funded by the e The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme .: : Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which 26
of the European Union * ek reflects the views only of the authors, and the Commission cannot be held responsi ble for
any use which may  be made of the information contained therein.



fralpatts DCL

Alliance for Batteries Technology, Training and Skills

The importance of point of view of the 9 detailed Drivers of Change is highlighted.ir

All of them are similar and the difference béw8y G KS FTANBG oO0aw95!/Lb
Cwh a .1 ceow, alb! Cl!/ ¢! wLbDG I G npnov |
/1! wDLbDkw9O9C! 9[ [ LbD LbCw! {¢w! /¢! woa ¥R aof,
only 0,75. Therefore, this aspect could be a suitable topic to be ewaluatdirect interaction

with stakeholders through a workshop and/or a survey.

Access to raw materials
Cybersecurity
Reducing CO2 emissions from battery manufacturi

Global regulatory dialogue

Improved charging/refuelling infrastructure
Smart Grid

Restructuring

Global technical harmonisation and standardisatio

Electrification and green energ

2020 2025 2030 2035

The urgency of the analysed Drivers of Change is showedjinesd ol / / 9 { { ¢h v
al ¢owlL! [{a& KFa 0SSy 2dzif Ay SR beparticuhady crictali (i dzNI
(according to the adopted degkB5 &4 S| NOK YSUGK2R2ft 238 G2 YIL (K
/| KFy3SoT AydG2 wnup GKS LINRPofSYa NBfFGSR (2 ¢
/' hn 9aL{{Lhb{ Cwha .!¢¢9w, dbb; C!/ ¢, wLbDE¢ gA

Based on the methodology approach, this chapter presents the detailed description for each
macro area and related Drivers of Change; the reports used for the wider literature review
were selected through an errt group, comprising partners of the ALBATTS project involved

in this task. Selection was based on practical experience and usage of particular reports by the

partners. This approach was supplemented with manual searches, further iterative
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improvements m searches using keywords from selected papers, and further discussion to
validate the final set of reports. The reports are, for the most part, those representing the
whole battery value chain and compiled by respected consultancy organisation or projects
each Driver of Change title has a reference with the specific reports / documents where it has

been mentioned in the deskesearch analysis cited.

Global and EU level commitments tlecrease GHG emissions, stricter EW4 @@issions
regulation, legislation and standards concerning recharging infrastructure and incentives at
EU, national, and regional level encourage EU industry to-igpepfforts to find viable
alternatives to currentechnologies that can reduce the €émissions in the run up to 2030
and beyond and facilitate the uptake of intermittent renewable energy sources by acting as a
flexibility solution. Batteries are one of the most important climate targets driver to
decarlonize road transportation and support the transition to a renewable power system. The
process of managing the complete lifecycle of a product from concept to design, manufacture,
service and disposal of manufactured products supports a reduction in wadtg@allution,
whilst at the same time providing opportunities for significant cost reductions and a need for

new skills in different areas.

ReducingCO2 emissions from battery manufacturifi?%2*
Since the production of batteries requiregynificant amounts of energy, increase in

the share of renewable energies and energy efficiency in the battery value chain would
be a major step for decreasing £€missions from battery production. Also, moving

from a linear to a circular value chain cemprove both the environmental and the

19 UN report highlights urgent needot tackle impact of EV battery production boom,
https://www.greencarcongress.com/2020/07/20200704
un.html?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+greencarcongress
%2FTrBK+%28Green+Car+Congress%29, 2020

20 Batteries and hydrogen technology:keys for a clean energy future, IEA,
https://www.iea.org/articles/batteriesand-hydrogentechnologykeysfor-a-cleanenergyfuture,

2020

21 A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World Economic Forum, 2019)
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economic footprint of batteries by getting more out of batteries in use, and by
harvesting enebf-life value from batteriesCarbon footprint criteria could be a useful

tool to increase transparency and provide tief S@F yi Ay F2NXIF GA2Y |6
environmental impacts. It specifically should be based on where the battery and its key

components such as cathodes are produced, as well as bgeZ®Wh.

Electrification and green ener92§,23|24|25,26,2728‘29,30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40
Batteries can fundamentally reduce GHG emissions in the transport and power sectors

as they are a systemic enabler of a major shift to bring transportation and power to

greenhouse gas neutrality playing &creasingly important role in three areas: (i)

22Transformatiorin-energy-utilities-and-resources (PricewaterhouseCoopers, 2019)

23 Three ways batteries could power change in the world (WEF 2019)

24Three surprising resource implications from the rise of electric vehicles (McKinsey, 2018)

% Secondife-EVtbatteries Thenewestvaluepookin-energystorage (McKinsey, 2019)

26 Renewable Energy and JapAnnual Review 2019 (IRENA 2019)

27 Ready for inspectiog the automotive aftermarket in 2030 (McKinsey, 2018)

28 Powering an innovative battery value chain in Europe (EUROBAT 2018)

29 Policy Recommendations German EU Presidency (EUROBAT 2020)

%0 New markets. New entrants. New challenges. Battery electric vehicles (Deloitte, 2019)

31 Making the future of mobility workeloitte, 2017)

#Interactive map: Electric vehicle incentives per country in Europe,
https://www.acea.be/statistics/article/interactivenap-electricvehicleincentivesper-country-in-
europe, 2017

33 Greenhouse gas protocol, https://ghgprotocol.org, 2020

34 Hve trends transforming the Automotive Industry (PwC, 2018)

S5EBA, InnoEnergy 2019 Battery Materials Europe (Amsterdam presentation)

36 Decarbonisation Pathways (Eurelectric, 2018)

87 Carbon Neutrality in the Automotive Sector and its Effects for the Supply Chain
(https:/lwww.thinkstep.com/blog/carborneutrality-automotive-sectorand-its-effectssupplychain,
2019)

38 Battery storage: The next disruptive technology in the power sedfak{nsey, 2017)

39Battery innovation roadmap 2030 (EUROBAT, 2020)

40A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World Economic Forum, 2019)
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electrification (ii) renewables as a reliable source of energy and (iii) a circular,
responsible and just battery value chain. For vehicle manufacturers, one of the most
important drivers for electrificationof their production fleet is EU regulation
(particularly Regulation (EU) 2019/631 setting €Mission performance standards for
new passenger cars and for new light commercial vehicles for 2020/21 and 2025,
2030), as electrified vehicles can significah#yp the car manufacturers to meet their

respective Céreduction targets.

Widespread charging/refuelling infrastructuré 42

Demand for a widespread charging infrastructure is a key driver to boost the
commercialisation of a technology based on bater The easier the access to a
reliable and suitable (also in terms of charging speed needs) charging infrastructure is,
the quicker will be the development of such new technologies. Regulation can play an
important role here as well, for instance the pleed revision of the Directive
2014/94/EU on the deployment of alternative fuels infrastructure. To increase the
comfort for customers, innovative ways of vehicle charging (such as wireless charging

or battery pack swapping) are being investigated as well.

In 2018, only approximately 1% of the total global demand for EV batteries was supplied by
European companies. Over the next years, production in global markets is expected to grow
strongly and the EU production must completely change dsitipn to create a competitive
advantage. This market represents a substanttalt so far untapped potential opportunity

for European battery makers and carmakers, as well as for the European economy in general.
Currently, the ENpattery market is domini@d by players from only three countries, all of
them in Asia: China, Japan, and Korea. Stimulating the European mining and refining industry

will be essential to provide the growing battery industry with sustainable raw mat€tials

41 EV charging infrastructure: a growing part of the electricity system (EBA250 2020)

42 Automotive revolutiong perspective towards 2030 (McKinsey, 2016)

“Platform for Electromobility, March 2020: https://www.platformelectromobility.eu/wp
content/uploads/2018/02/Platforrrecommendationson-EuropearBattery-Package.pdf (last
accessed on 28.082020)
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Access to raw materigt4454647.48
In a disruptive scenario (with rapid increase in numbers of EVs, the regulatory push

across different European countries and #®y role in complementing generation of
renewable energy)activities linked to raw materials become critical, especialtynfes
resources (limited in terms of quantity or geographical presence) are necessary to
produce key components. From this point of view, the battery sector needs to come
up with new chemistries of batteries (e. g. lithiesalphur®), develop sourcing

strategies to ensure a stable supply of critical and key raw material (e.g. lithium,

4 UN report highlights urgent need to tackle impact of EV battery production boom,
https://www.greencarcongress.com/20207/20200704
un.html?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+greencarcongress
%2FTrBK+%28Green+Car+Congress%29, 2020

4 Transformatiorin-energyutilities-and-resources (PricewaterhouseCoopers, 2019)

4Three surprising resource implicat®from the rise of electric vehicles (McKinsey, 2018)

47 Policy Recommendations German EU Presidency (EUROBAT 2020)

48 ithium and cobalt: A tale of two commodities (McKinsey, 2018)
4 Example of a projechttps://www.vutbr.cz/en/rad/projects/detail/26436
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cobalt), also via recycling, to insulate them from the risk of shortages and potential

price spikes

GIObal regulatory dialogug), 51, 52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62
[The EU Single Market is a key element for the maintenance and increase of the EU

competitiveness and it is evident that such process cannot be put in place by social
partners or industry alone; the Commission and in general, Governnagmtgpublic
administrations will need to play a fundamental role in the elaboration of policies and

strategies, from which the battery sector could benefit. The process could be enabled

50 Cleaner Cars from Cradle to Grave,
https://www.ucsusa.org/sites/default/files/attach/2015/11/Cleandtarsfrom-Cradleto-Gravefull-
report.pdf, 2015

51The future of distributed generation (PricewaterhouseCoopers, 2019)

52Secondife-EVbatteries Thenewestvaluepool-in-energystorage (McKinsey, 2019)

53 Ready for inspectiog the automotive aftermarket in 2030 (McKinsey, 2018)

54Driving CO2 emissions to zero (and beyond) with carbon capture, use, and storage (McKinsey,
2020)

%DecarbonisatioPathways (Eurelectric, 2018)

6Battery storage: The next disruptive technology in the power sector (McKinsey, 2017)
S7Battery innovation roadmap 2030 (EUROBAT, 2020)

8 A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World Economic Ba&)m, 2
1 y&§g NBIdzA FG2NBE FNIYSe2N] 2y oFGdaSNRARSAa (G2 NBI

80 EBA, InnoEnergy 2019 Battery Materials Europe (Amsterdam presentation)
61 Policy Recommendations German EU Presidency (EUROBAT 2020)
52 powering an innovati battery value chain in Europe (EUROBAT 2018)
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by timely policies, including the review of the Alternative Fuelabtfucture Directive,

the Sustainable Battery package and the revision of the Energy Taxation Directive.

Restructuring?® 64 6566
The European battery sector is expected to undergo structural changes due to the

development of a zer@mission mobility and as a flexible facilitator of the intermittent
renewable energy sources. The industry, in particular SMEs, will need to asseis and,
necessary, redefine their position in the value chain as well as increase their capacity
to integrate digital technologies and circular economy concepts in their production

processes.

The need for urgent and intense actions againshate change are widely recognized and
batteries are an essential system for storing energy in electric vehicles and making renewable
energy a reliable alternative source. Although batteries are therefore needed to help tackle
climate change, this cannot kahieved without a fundamental change in the way materials
are purchased and this technology is produced and used; these challenges can only be
addressed through collaborative efforts throughout the value chain, with important

investments in R&P and with profound changes in the current business model.

& Transformatiorin-energyutilities-and-resources (PricewaterhouseCoopers, 2019)

¢ New markets. New entrants. New challenges. Battery electric vehicles (Deloitte, 2019)
a2(2N) OSKAOf Sa mbyeSMIENS neevdaieshodsh f £ A 2 Y
https://www.acea.be/presgeleases/article/motosvehiclesgenerate413-billion-in-taxesfor-eu-15-
new-data-shows, 2018

¢ Automakers are cutting 80,000 jobs globally as EV shift upends industry,
https://europe.autonews.can/automakers/automakersare-cutting-8000Gjobs-globallyev-shift-
upendsindustry, 2019

57 https://battery2030.eu/research/ 2020
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Cybersecurity® 9 7
By 2024, the number of connected devices will exceed 4 times that of the world

population’®. Exponential growth of IoT devices connected to a network, cloud
infrastructures and th navigation and location information can compromise customer
privacy and security, requiring providers to keep communications secure. This threat
landscape requires the industry to modify the security approach, aimed at
guaranteeing the internal one linketo the resilience of the infrastructures to cyber
attacks. 10T are expected to advance the battery management systems (BMS) by fully
utilizing wireless network and cloud support, resulting in providing significant value in
cost reduction, extended scaldiby, and greater visibility in the lithiuron battery
energy storage systents

Global technical harmonisation and standardisatioffs™ 7>
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.
Common online platforms might connect supply and demand globally to increase the
efficiency of players across the supply chain; new standards and product
harmonisations will also beegessary to create scale economies and to satisfy a
possible increasing request of white label components and unbranded vehicles with
also a standardisation of the dimension of the product. Future advantages are likely
to be linked to increased standarditon between Member States and to achieving a

leading role in regulation at the global level.

68 The future of the Automotive Value Cha&ji2025 and beyond (Deloitte, 2017)

69 Securing the future of mobility: Addressing cyber risk indming cars and beyond (Deloitte,
2017)

70Forces of change: the future of mobility (Deloitte, 2017)

t AgendaDigitale.ethttps://www.agendadigitale.eu/sicurezza/cybersecuripgr-iot-e-5¢il-ruolo-strategice
deglistandard/, 2020

723, Kumbhar, T. Faika, D. Makwana, T. Kim and Y. Lee, "Cybersecurity foMBatseggment Systems in Cyber
Physical Environments", 2018

73 Secondife-EVbatteries Thenewestvaluepoolin-energystorage (McKinsey, 2019)

74 Ready for inspectiog the automotive aftermarket in 2030 (McKinsey, 2018)
75 EUROBAT proposal for a notificatiegrification and validation system of batteries that become

waste (EUROBAT 2020)
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Smart Gridﬁ 77,78,79, 80, 81, 82, 83, 84, 85, 86, 87

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 froman energy source into a dispatchable generation sourbe. smart

grid, with its many advanced communications and control features, will make it
possible to integrate the application of widely dispersed battery storage systems.
Vehicles (vehickeo-grid applications), houses and electrical devices will be connected,
with digital technologies changing the way data is transferred and utilised. These new
communication technologies have a key strategic importance in relation to changes in

the sector.

More details about stakeholders are provided in the respective chapters of the report in Section

3.

Raw materials and processing

76 Transformatiorin-energyutilities-and-resources (PricewaterhouseCoopers, 2019)

77 The future of distributed generation (PricewaterhouseCoopers, 2019)

78 Powering an innovate battery value chain in Europe (EUROBAT 2018)

79 POVEnNergyStorageDEG (Accenture, 2016)

80 | SNBUYa | 2 6 L2y AGe t NAOSa {GF O L P 3FAYa
https://www.autoevolution.com/news/heres-how-ionity-pricesstackup-againstteslas
superchargein-europe140457.html, 2020

81 Energy StorageA key enabler of the Smart Grid (UD®partment of Energy, Office of Electricity
Delivery and Energy Reliability by the National Energy Technology Laboratory, 2009)

82 Decarbonisation Pathways (Eurelectric, 2018)

83 CapturingValueManagingEnergyFlexibility (Accenture, 2017)

84 Battery storag: The next disruptive technology in the power sector (McKinsey, 2017)

85 Battery innovation roadmap 2030 (EUROBAT, 2020)

86 Battery Energy Storage in the EU (EUROBAT 2020)

87 A Vision for a Sustainable Battery Value Chain in 2030 (McKinsey World EconomicZedr9)
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The activities of the stakeholders involved in the process of mining and processing of raw
materials have an impact on the whole value chain and affect other stakeholders who need
batteries for their own products. Companies who need batteries in their pectslconsider
mining and supply of raw materials as a reason for concern due to public scrutiny and potential
adzoaSljdzSyd yS3araAgdS AYLI OG 2y (GKS O2YLI yeQa
The environmental impact, the working conditions, as well as political factors related to
mining and processing the materials needed in battery manufacturing, are often considered
as challenges. This includes not only companies but also public organizations and authorities
responsible for ecological and economical sustainability and humarsrigionsequently,

these challenges related to certain raw materials encourage companies to take a more active
role in raw material extraction and affect their research and development on batteries and

enhance the recycling.

Components and cell manufacturg

A mass battery production in Europe is only starting to develop. The driving force behind that

is the need to satisfy rising demand from electric vehicles manufacturers combined with
intensified efforts to store energy coming from conventional, but@asingly also renewable

sources. Big battery players are starting to build their mass battery production facilities with
outputs exceeding 1GWh in Europe, the-Gd f f SR G DAIlI FIF OU2NASade
manufacturers currently come from Asia. There are amsalercompanies startingp appear

in Europe, which do not want to compete with large manufacturers, but focus instead on

Gy AOKS YIFINJSGa¢g FYyR FRILWG olFldGSNASa (G2 az2vys
factories can bring a large number of jobst oaly directly in the factories themselves, but

also within subcontractors.

Module and pack manufacturing

As for the mobile applications/automotive industry, the car manufacturers often opt for in

house module and pack assembly trying to maximise theevétey add to the vehicle.

Modules and packs are critical to determining @ Qa 1 S& LISNF 2shidfhsy OS Ay
range and charging speed. Vehicle manufacturers want to control the way in which the battery

pack space is being used and also how the batbgtimal working temperature is achieved,
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because it has strong implications regarding the safety of the battery and of the vehicle as

such.

Battery integration

Stakeholders that are active at this stage of the value chain specialize in productatteny b
embedded systems like battery management system, battery thermal regulation systems and
other components that are associated with battery intelligence which also cover the
implementation of software needed. Since this is a crucial part of the wiatiery system,

many companies that produce energy storage solutions want to manufacture their own
systems and components. The car manufacturers in Europe are a good example of this

tendency.

Operation, repair and maintenance

Stationary battery systems,nergy storages and related stakeholders are discussed in the
following areas in this report: grid and affid applications, telecom base stations and other
heavyduty applications. In the coming reports, the scope of application areas will be widened.
Enegy storages in grid and effrid applications have gained interest among various
stakeholders from electric utilities operators to policy makers. The growing interest has led to
new players entering the market. The telecom base stations form a largeetnidukt is
accentuated by the 5G network deployment. The stakeholders range from telecom technology
and base station equipment providers, to regulators and beyond. Other hdatyy
applications need energy storage systems and with renewable energy soardes)and for

them has increased, further attracting more players to get involved.

Second life

The list of interested parties is quite long and diverse. It ranges from battery and vehicle
manufacturers (alternative to direct recycling, also potential way to reduce electric vehicles’
cost, design of batteries with second life/use in mind), througkareand maintenance shops

to entities involved in stationary applications and recycling companies. As for

stationary/storage applications, second life of batteries could be an interesting area for
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industrial plant operators, solar panel / wind farm deystos, energy production and
distribution companies, charging infrastructure operators or real estate owners and
households. In the future, refurbished batteries could be used in mobile applications, covering
for example norroad mobile machinery amicro mobility vehicles (escooters, ebikes etc.),

thus important to manufacturers of these vehicles, repair shops or battery swapping services.
As second life of batteries is still in its infancy, there are, therefore, huge opportunities for
research and educdan institutions, standardisation bodies or different public bodies and

authorities (providing incentives and altering the legislation).

Recycling

The stakeholders for battery recycling involve all elements of the battery value chain. This is
important for the sustainability of the battery ecosystem but, also, for batteries to become
part of the circular economy. Only through the engagement of all current actors and business
newcomers, as well as through the creation of new business models, will sucs taxtkle

the challenge and opportunity that recycling brings about.

As there is a need for increased battery recycling capacity and new business models, new
players, completely focused on the recycling of the batteries, are coming to the market. Their
main goal is to maximize the recovery of critical battery material frosoribatteries in
asustainable economically soun@nd safe manner. Technologically, they may differ in the
applied processes and the level of the reclaimeaterial,but their ultimae goal is to achieve

the right balance between environmental performance and resource efficiency.

The projectALBATTSAlliance for Batteries Technology, Training and Skidéms at enabling

and guiding both industrial aneducational stakeholders in the emerging European Batteries
ecosystem, towards the future competence needs and supply.

Asaresult,thd [ . 1 ¢¢{ LINRP2SOG ySSRa frania Wide Kadde RIS NB Q |
partners across the entire battery value chain (frcaw materials to advanced materials, cells,

packs, systems, and esd-life management).
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Who are the Stakeholders?
Battery cell manufacturingsector will play a central role in the project, since cell
manufacturing is at the core of the strategic baitevalue chain and major
breakthroughs are necessary to curb current downsides.
End users in the automotive sectavill also have a very important role in the project
given the fact that road transport will remain the largest battery mafkby far in the
foreseeable future. By 2030, passenger cars will account for the largest share (60 %) of

global battery demand, followed by the commercial vehicle segment with %3 %.
According to Deloitte stud, total EV sales growing from 2.5 million in 2020 to 11.2 million
in 2025, then reaching 31.1 million by 2030. EVs would secure approximately 32 per cent of

the total market share for new car sales)ureo.

Outlook for annual global passenger-car and light-duty vehicle sales, to 2030
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8%http://www3.weforum.org/docs/WEF_A Vision _for_a_Sustainable Battery Value Chain_in_2030_Report.p
df last accessedn 28.08.2020
nttps://www2.deloitte.com/us/en/insights/focus/futureof-mobility/electricvehicletrends-2030.htm|  last
accessean 24.08.2020
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Otherrelevant application sectorsmobile road and nomoad applications, other than
automotive (sightseeing trackless traihs airport buse&?, forklifts, front loaders
Automatic Guided Vehicle8GVs in automated container poity stationary
applications, waterborne, airborne and rail transport.

Battery recycling sectowill help key players to establisicbbsedloop and sustainable
value chain.

Finally, active involvement is needed from different sectors, backgrounds, and fields

of expertise, including academic partneténfversities and research organizations

The analysis of the sector has been contpbdased on the most relevant EUROSTAT indicators
relating to the economic structure, market dynamics and workforce within the 27 EU countries
in terms of:

V11110 Enterprisesnumber

V12110 Turnover or gross premiums writtemillion Euro

V16110 Personsmployed- number

The analysis useSUROSTAT data from 2Q1fe last year with full data available.

NACE* (Nomenclature of Economic Activities) is the European statistical classification of
economic activities. Statistics produced based on NACE areaczabip at European level and,

in general, at world level in line with the United Nations' International Standard Industrial

Classification (ISIC).

The ALBATTS partners agreed to define the scope of the project based on the following NACE

rev. 2 codes:

C2720Manufacture of batteries and accumulators

91 https://www.visiter-bordeaux.com/en/discoverintpordeaux/bordeausvisit-electrictouristic-train.html , last
accessean 6.08.2020

92 hitps://www.buslife.de/en/2015/10/germanairport-electricbus, last accesseon 6.08.2020

9 https://e.huawe.com/topic/leadingnew-ict-en/yangsharport-case.html, last accessedn 6.08.2020

94 https://ec.europa.eu/eurostat/web/nacerev2/overview
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C2910Manufacture of motor vehicles

C2920Manufacture of bodies (coachwork) for motor vehicles; manufacture of trailers and
semittrailers

C2931Manufacture of electrical and electronic equipment for motor \aés

C2932Manufacture of other parts and accessories for motor vehicles

C3011Building of ships and floating structures

C3012Building of pleasure and sporting boats

C3091Manufacture of motorcycles

E3812Collection of hazardous waste (collection of &x@ous waste, such as used batteries)
E3832Recovery of sorted materials (recovery of materials from waste streams... or the
separating and sorting of commingled recoverable materials.... shredding of metal waste, end
of-life vehicles)

G4511Sale of carsra light motor vehicles

G4519Sale of other motor vehicles

G4520Maintenance and repair of motor vehicles (electrical repairs, repair of motor vehicle
parts¢ battery)

G4531Wholesale trade of motor vehicle parts and accessories

G4532Retail trade of motowrehicle parts and accessories

G4540Sale, maintenance and repair of motorcycles and related parts and accessories
G4764wS G Af &L €S 2F aLRNIOAYy3I SldzALI)YSYyd Ay &LISO

As some categories listed above have particular busiredated specificities (large number

of operators, low traceability of the business objects, insufficient policing), on top of the
collected numbers, there are important additions that are not known but should somehow be
accounted for. In the case of some of tNACE codes54520 Maintenance and repair of
motor vehicles- electrical repairs, repair of motor vehicle parsbattery; G4540 Sale,
maintenance and repair of motorcycles and related parts and accessBB842 Collection

of hazardous waste anB#3832 Recovery of sorted materials (recovery of materials from

waste streams... or the separating and sorting of commonly recoverable materials....
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shredding of metal waste, eraf-life vehicles), the figures presented are probably lower due

to some unlawful ativities, as suggested by several sourg§?7.%8

EU27 887,904 6,456,071 2,241,981

Figurel0. Sector Dimension

Based on EUROSTPAdata, the sector size is shown(ingurel0)

Battery
Pack/Systems
Assemby

Electrochemical Battery cell

Mine/Concentrate Refine/Process : .
production production

The chapter focuses on the raw materials needed for LithinmBatteries (LIB) with NCA or
NMC cathodes as these are the most important technologies currently being used

Cobalt, Natural Graphite an8ilicon are classified as critical by the European Commission.
Lithium, Nickel and Manganese are essential as well, also considering the demand is
increasing.

Lithiumis the most electropositive element in nature; it is relatively lightweight compared to

other metals such as Nickel and Cadmium. Lithium is extracted by mining from brine or

9 hitps://www.autoactu.com/actualites/prisofferme-et-fortes-amendespour-une-fraude-a-la-tva-sur-la-
vente-de-voituresd-occasionlast accessedn 6.08.2020

96 hitps://www.midilibre.fr/2019/10/10/nimesfraude-a-la-tva-dansle-milieu-automobilesuspectsdeferesa-
marseille,8470759.phdast accessedn 6.08.2020

97 hitps://www.lecese.fr/sites/default/files/pdi/Avis/2016/2016_14 evitement_fiscal.pdfast accessedn
6.08.2020

98 hitps://www.letelegramme.fr/morbihan/plumeleeperationanti-fraude-dansune-casseauto-21-05-2015
10635922.phplast accessedn 6.08.2020

99 Source Eurostat, date of extraction 24.07.2020
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through hard rock Lithium processing. Lithium Carbonate is mostly used by the EV industry,
mainly in cathodes. With NMC cathodes having higher Nickel proportions, theigirod of
Lithium hydroxide is expected to exceed that of Lithium Carbonate.

Cobaltprovides LIBs chemical and thermal stability with high energy density. It is recovered
through different processes involving ore concentrate by roasting, solvent extraction
electrolysis or bioleaching. Producers seek to substitute Cobalt, as it is a costly mineral and is
sourced mainly from confliaidden parts of the world.

Nickel conducts heat and electricity and delivers high energy density with low costs. This
potential Cobalt replacement is mined as lateritic andshifidic ores. Lateritic ores are
processed in electric reduction furnaces followed by hydrometallurgical treatment. With
sulfidic ores, flash smelting is common, followed by metallurgical processes.

Mangaresecan improve a cathode in LIBs in various ways and can be a cheap alternative to
Cobalt and Nickel. Manganese is commonly found as oxide and hydroxide in soils. Its mining
is frequently an open pit operation. Pure manganese is produced through hydrtuangta

and electrolysis.

Graphite, both natural and synthetic, is used for anodes due to being safe and reliable as an
active material. It has sufficient energy density for mobile applications. Natural graphite is
mined in opeRcast quarries where it caexist as flakes, veins and crystal formations. When
refined, graphite flakes are rounded to spherical units followed by thermal or acid purification.
Siliconis an alternative to graphite as an active material in an anode. It is preferably mined
from pure quartz. After mining and sorting, reduction of quartz with carbon is conducted in a

reduction furnace followed by oxidative refining, casting, crystallization and crushing.

Several types of LIBs are used today. Tlaeedivided according to the composition of the
cathode material. Each composition differs slightly in parameters such as voltage, operation
life, capacity, etc.

Presently, batteries account for up to 50% of the total cost of an EV. Moreover, out o$tall co
associated with LIBs, material costs are the most significant: considering only the separator

(3%), the electrolyte (1%), the current collectors (3%), the anode materials (8%) and the
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cathode materials (26%), 41% of total battery cost is reached aly@ath/the most significant
contribution owing to the cathode material.

The manufacturing process includes the preparation of active materials, the production of
electrodes and the assembly of batteries. The positive electrode is formed by depositing
acathode material on an aluminium foil and the negative electrode is formed by depositing
an anode material on a copper foil (for Graphite). A separator is inserted between these foils
and also at the edges. The separator is a plastic, porous film that sepdta anode from

the cathode but allows electrolyte to flowlhe structure is filled with electrolytélectrolyte

is a solution of lithium salts and is used in a battery to enable the flow of electrons from the
anode to the cathode. Then the battery issembled into the desired shape.

Three shapes are used: cylindrical, prismatic and paetls. These variations in shape of the

cells bring about differences in terms of capacity, thermal management, integration, etc.

For staionary and mobile applications such as EVs, LIBs are used in the form of a pack. This
pack consists of several blocks of battery modules, battery management system (BMS) master,
and thermal regulation system. Design possibilities of the pack arrangemelnte series

and parallel stacking of modules

; BMS slave Placing of power ;
Mg 52;2'°a| %g?]fgéttiﬁbs welding to the and comunication Flnaltg::ametr
9 9 module cables

uDepend do on batterydPermanent of
geometry detachable

One of the main concerns regarding the incorporation of LIBs is its inherent risk of thermal
runaway and explosion. Thieads to the important role the BMS and thermal regulation

system have for the module and pack assembly, together accounting for 24% of the total
battery cost. Each battery module requires the simultaneous installation of a BMS master and

its thermal regllation system, significantly increasing the total volume occupied by the pack.
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This step covers the stage between the module and pack manufacturing and operation, repair,
and maintenance phases of the battery value chhitegration process varies mostly based

on the application type: either stationary (base stations, power grid, industrial applications,
etc.) or mobile (cars, ships, etc.).

Generic integration process covers the configuration of cells and battery packit@&nd
integration with embedded systems like battery management systems and thermal regulation
system which prolong the battery life. This integration step also covers the hardware needed
(wiring, sensors, etc.) and the proper enclosure. The last step, défier battery goes into

service, is the check for compliance with the safety standards which requires proper testing.

Theareas of application regarding stationary energy storagasare discussed in this report

aregrid and oftgrid applications,@lecombasestationsand otherheavyduty energy storage

2.3.5.1 Grid and offgrid applications
In the grid and offgrid applications the widening use @itermittent sources of energy

production (wind, solar and tidaif both behind-the-meter (BTM) residential consumiavel
applicationsand frontof-the-meter (FTM)with utility level applications has boosted the
demand of energy storagek utility-scale applicatiofattery energy storage systemBESH
store excess generationalance the grid and firm renewable energy outp@Gne of the

primary drivers oBTMapplication ofbatteriesis the ability to decreaselectricity costs.

2.3.5.2 Telecom base stations
The telecom base station application of energy storages has dast@ntion during the last

few years with the recent deployment of 5G networks worldwide. While {@eid batteries

were widely used with earlier generation base stations, the application of lithiumbatteries

is having increasingly significant share daea lower environmental impact, an ability to
support renewables and a greater performance. The power demands of a 5G base station is
more thanthat of a 4G base station and the 5G base station density needs to be higher. Both

factors increase the demarfdr energy storages.

2.3.5.3 Heavyduty applications
Regarding other heawguty applications offshore oil and gas application, stadiums, hospitals,

airports and military applications are discussed as examples in this repargescale

stationary LIBs can store energyerious backup andhicrogrid applicationsand especially
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challenging operating environments require thidiey are designed to meefor exanple
temperature and environmental extremekargescale battery systems can be utilized for
exampleto decrease electricity costs, support reak kW usagsituations, help to meet

environmental goals, support the use of renewables, angrawide power fackup

2.3.5.4 Repairing and maintenance
To Repair Libn batteries, in their various applications, involves replacement at the end of

their lifespan. Batteries are tested to verify their remaining capacity and when the threshold
minimum capacity has been reacha@placement occurs. The purpose of maintenance is to
SyadaNB (KFd GKS YFEAYdzy ftATFSaLIly 2F | o6l GaS
lifespan are for example charge/discharge rate, depth of discharge, and ambient temperature,
which need to be pid attention to. There are safety elements need to be taken into

consideration such as overheating that may lead to combustion in extreme cases.

Battery second Use dissemination enables to mitigate €xssions and decrease an overall
demand for branehew batteries production, thus decrease the impact on environment by the
extraction of minerals and the whole battery production chain. Repurposing retired electric
vehicle (EV) batteries provides a poti@hway to also reduce EV cost. Embedded in stationary
energy storage systems, second life EV batteries could unlock the energy storage market and
generate synergic value for the energy sector.

EV batteries can be nesed in stationary applications to fiitate integration of renewable
sources of energy to grid, effrid stationary to backip power for remote consumers etc. or

for single households to manage demand peaks and regulate power flow. In the future, second
life batteries can be used also in migbapplications, for instance in newad machinery or
micro mobility devices.

Currently, there are still significant challenges in exploiting the expected volume of
decommissioned batteries. These include a lack of standardization generally, and albecific

in communication protocols. There are also technical barriers associated with the variations
of battery cells, shapes, chemistries, capacities and sizes used by different vehicle
manufacturers, in addition to data accessibility related challenges.

Fuithermore, before proceeding to the integration phase, a decision on either direct

redeployment or reconfiguration of batteries is to be made. Cell quality selection process is to

0S aONHzuAYyAl SRZ O2YyaARSNAY3 | 0 lad wishindkh€@a { 21
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latter option. Overall, a greater degree of certification would help to allow a complete
assessment of the residual energy capacity of a battery pack at the end of the first life; to allow
a more optimized design of the full battery systeor & stationary application; to enable
developers and integrators of secoiite batteries to provide product warranties to their
customers etc. Challenges might also reside in the final integration of second life batteries,
the replacement or the capacigxpansion that prompt for cooling, safety, hence BMS perfect

compliance.

According to the Strategic Action Plan on Batteries, the whole cycle of sustainable battery
production has been revised, although recycling andse phases are still toe developed.

Even though the EU has been lacking substantial regulations on sustainable battery recycling,

I a2aldSYFGAO @GAaArzy Aa 2y (GKS g4ibnBatiérg)nad S Ay i
LINE RdzOGA2Y YR f SOSNI FSerid@ds2][ O09YR 2F [AFS0O o
The recycling technologies ofibn batteries can be divided into two types, Direct and Indirect
methods. Depending on whether a cathode is broken down to different elements, the former

one appears to be more cost effective and energy conseq@atihere are different techniques

G2 YSGlrfta NBOtIYFGA2Y Ay (GKS [L.aQ NBOeOf Ay 3
recovery.

The most innovative recycling technologies have been elaborated in this report: Retriev
Technologies,Recupyll £ A0 0 ! {1 dzASNI I yR ! YAO2NE =+ f St a
through bringing higher automation degree of the recycling processes and avoiding cathode/
anode materials mixing. There is a special attention drawn to Akkuser process, which shows

the lowest energy consumption and fire risks with a high level of recycling efficiency, but
agofl O1 YlLaaé¢ Aa G2 o6S 200FAYySR o6& | UGKANR L
clear advantages, as it uses mechanical processing coupled with hydidangtal

operations, which renders low losses and embraces strong circular economy principles.
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1'a adlFGSR Ay (K Spartitn® v@liSdesign roddindtp orOdiuépkir? §61Ythe &
synchronization of the demand; the new needsdampetence, on the enterprise side, with

the supply of education and training services, customised to meet the derg&idhds.

The desk research report is a first part of the basis for the alposetioned
roadmap/blueprint and it will deliver important datanavhich the other two parts (survey and

workshops) will be based, as mentioned in the methodoleggtion 1

This section will further describe the focus and approach to this research topic along with the

main findings.

The focus of thd topic of sectoral intelligence is to gather valuable data on current and future
job roles, competencies, skills, and knowledge needs, and tlealted stateof-the-art, to

better understand the current situation of the fastnerging battery sector.

To better understand the current situation of the sector, the ALBAdERBership carried out

a desk research study analysing the attractiveness of the battery sector by focusing on target
groups which include primarilgotential newcomersto the sector (i.e. students or young
people at the beginning of their professional career); but also workers from other sectors who
are eventuallyconsideringentering this growing sector. Through this research, the aim was

to answer the flowing questions:

a) Is the battery sector attractive for the aboweentioned target groups?
b) ! NB GKS@& gl NBE 2F (GKS oFdGSNE aSoOi2NRna Lk

The numbers from the World Econonfforum,; & NBLR2 NI SR o0& GKS Df 2ol

2019 Report, are encouraging. If the growing global battery demand is matched with sound

100 project application
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collaborative actions, the battery sector could create 10 million safe and sustainable jobs and
$150 billion of economiwalue in a fair value chain by 208D In the umbrella of such
collaborative actions, thefull exploiting the battery sector potential, increasing its
attractivenessand helping to create relevacbmpetencies and training schemes that match
new job rolesand requirements are key.

As reported by the European Battery Alliance (EBA250), one of the top priority actions for the
future is developing and strengthenings&illed workforcein all parts of the battery value
chain and making Europattractive for world class experts. To do this, it is imperative to
attract talents with lighthouse projects for cell manufacturing and other relevant activities.
Sufficient human capital with key skills are missing in Europe, especially in the field of applied
process deigrnt?.

From the results of the desk research (published papers, reports, and articles), there is no
evidence about a proper and specific battery energy seétor (i i NI O (. Xrergfor&§ M F S O G €
order to better understand the attractiveness of the battesgctor, the ALBATTS project has
taken a much broader perspective through the analysis and consideration of its main areas of

application as per

=
it
“

1012 9 C H Threebways batteries could power change in the wioBdps://www.weforum.org/agenda/2019/09/three
waysbatteriescouldpower-the-world/
102EBA250 Priority Actionsfps://www.eba250.com/actiongorojects/priority-actions/
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Electric vehicles are considered as an important step for clean energy transition, boosting
innovation, digitalization and decarbonization. The general trend is-gegear increase in

first registrations, as shown for example by ACEA stati$f&uch interest in EVs requires a
skilled workforce and ability to attract talents towards this growing sector. There is no doubt
that electric vehicles and their potential are today an object of interest for many people,
especially the youth. Young peopdee in fact attracted by the driving force behind the

electrification of transport, namely, the concept of sustainabifity

However,the shift to EV manufacturirtéf requires a substantial investment in new talents
both from OEMs and new entrants (starps in particular)OEMs must look for a workforce
that is broader and deeper in terms of knowledge. Mskilled engineers, who are as
comfortable with chemistry as they are withelectrical and mechanical engineeringre
required, but this is a challeng#nce now they are scarce (and they demand higher wages).
In addition, another challenge in the difficulty to attract such mskiled engineers or
graduates in science, technology, engineergny] mathematics altogether is the fact that
such people arancreasingly attracted to statips. To address this issue, OEMs invest in
talents capable of designing, building and integrating battery cells. Various platforms and
business models are being set up to find new ideas and talents, and not only in theepood

part of the value chail® The demand for skilled workforce concerns not only university
educated people, but also those with lower EQF level education. The ability to keep the
current employees will be of great importance as well. Therefore, vagqualification

programs are carried out by OEN&and other stakeholders such as vehicle dealerships.

Another application of the battery sector representing an object of interest that is attracting
YIye GFfSyda Aa a3aINBSy SySNHeéex¢é¢ gKSNB ol GaSN

of green energy storageYoung peopleare increasingly concerned abioenvironmental

103 https://www.acea.be/uploads/publications/ACEA_Pocket_Guide_2P@P1.pdf

4 2 /5 uwunmr ACAPS (GNBYRE& NI v ahwm®:NM-amaditied d/Sitesdedail #2018 S L Y R dz
03/pwec-five-trendstransformingthe-automotive-industry.compressed.dd

05 58t 2A3008% H markgts. Netv S gntrants. New  challenges. BattS NB St SOGNXO BSK A
https://www?2.deloitte.com/content/dam/Deloitte/uk/Documents/manufacturing/deloitteik-battery-electricvehicles.pdf

106 For examplehttps://skodaautodigilab.com/

107 https://www.volkswagernewsroom.com/en/presseleases/transformatiorcontinuingapacezwickaucar-factory-to-
produceonly-electricmodelsin-future-6154
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difficult, dangerous and harmful to society, while considering jobs in green energy more
appealing® The green energy sector employed rillion people at the end of 2018vith

solar photovoltaic panels being the top employét) Although many young people are
interested in pursuing studies and making a career in the green energy sector, the main issue

here is that, at EU level especialiyore work should be done on providing a more systemic

skills base. In fact, managing skills and technicaspzific skills are a greater concern than
AK2NIF3Sa 2F aySgé IAINBSYy ajArtftao

To conclude, when taken in isolation, it is still not possible ¢arty outline if and to what
extent the battery energy sector is attractive. However, findings from our desk research show
that when taking a broader perspective by analysing its main areas of application, it is possible
to measure as well as to boost tilel G 6§ SNE &aSO02NDa | GGNF OUABSYyS:
youth are increasingly attracted to new ways of generating and using energy in order to tackle
the biggest climate challenges and contribute to achieving sustainability goals. Therefore, it is
imperative to show that batteries are the key enablers and accelerators to achieve such goals,
through their impact on areas such as smart mobility; secure, green and affordable energy; as
well as circular economy. Therefore, young people should be awarethatiing a career in

such sector will allow them to contribute and make a direct impact on sustainability issues.
Moreover, a more irdepth analysis of the sector attractiveness will be provided through the

next steps of the project interactions with stdk@ders.

All the job roles found were mapped to the battery value chain steps for further identification
of the gaps. A spreadsheet template was used to achieve trackable work for all involved
partners. This appach resulted in structured data collection.

Job Rolgcurrent or future)

0o Name

1089 ¥ iowmdo wedegeneratell K A & 3 S vieBvNd-oifarid2y35@ Etps://assets.ey.com/content/dam/esites/ey
com/en_gl/topics/oitand-gas/eyhow-do-we-regeneratethis-generationsview-of-oil-and-gas.pdf

109 Lw9b! X HAMO awSySglof S 9¢ S N&hdual IRgView 20898 a
https://www.irena.org/publications/219/Jun/RenewablEnergyand-JobsAnnuatReview2019

Co-funded by the Ty The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5 Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for

any use which may  be made of the information contained therein.


https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/oil-and-gas/ey-how-do-we-regenerate-this-generations-view-of-oil-and-gas.pdf
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/oil-and-gas/ey-how-do-we-regenerate-this-generations-view-of-oil-and-gas.pdf
https://www.irena.org/publications/2019/Jun/Renewable-Energy-and-Jobs-Annual-Review-2019

{nalbatts =

Alliance for Batteries Technology, Training and Skills

o Application (stationary or mobile)
o Category (corresponding with the ISCO classification levet1%& II
o Description
o Mapping*!to the battery value chain
A Job role was assigned tioe corresponding battery value chain.
0 Responsibilities
0 Qualification needed with EQ¥ mapping
0 Actively offered or demanded
A Information about demand or offer of the job role.
o Competences
A Skills and knowledge required.
o Other relevant information
o ESCnapping

o Information source

This generic template is very well suited for partners who can easily map the job
advertisements, or any other data found in the various reports. It enables structured approach

to the research and systematic work as well as backing to the source of information.

This structured data collection can then be easily mapped to the job role classification

framework described below.

Job Role Classification Framework:
Name (Mandatory)
Description (Mandatory)
Work Context'3 (Optional)

10 Glossary:International standard classification of occupations (ISCO). (n.d.). Retrieved August 04, 2020, from
https://ec.europa.eu/eurostat/statistics

explained/index.php/Glossary:International_standard_classification_of occupations (ISCO)

111 An operation that associates each element of a given set (the domain) with one or more elements

of a second set (the range).

112 European qualifications framework (EQF). (2020, April 27). Retrieved August 04, 2020, from
https://www.cedefop.europa.eu/en/eventsand-projects/projects/europeargualificationsframeworkeqf

113Work Context. (2020, March 07). Retréel August 04, 2020, from
https://ec.europa.eu/esco/portal/escopedia/Work context
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ESCO Mapping (Mandatory)
0 Mapping to existing ESCO occupations
o M: N mapping'* One job role to more occupations in ESCO and vice versa,
one or more job roles to one occupation in ESCO.
ISCO Mapping (Optional)
o Level I ISCO Mapping
0 Level Il ISCO&pping
Competencies (Mandatory)
o List of competencies/skills on desired level
A Mapped to ESCO existing competence/skill
o List of knowledge necessary
A Mapped to ESCO existing competence/skill
EQF Level (Mandatory)
Other Parameters (Optional)

0 Battery valuechain mapping

Classification framework described above coheres well with the ESCO and enables

identification among the different European skill agendas.

For this desk research report, project partners decided to look for various job azbragnts
available on the internet relevant to the battery sector. The deliverable 6.1 which was done
in WP6 was also used as a reference to better understand what are the possible job roles that
could be described in more detail. Some of the informati@o&lomes from the reports which

are publicly available on the internet. Synthesis of this data leads to the list of job roles, skills,
and knowledge for each value chain step. Occurrence of required skills and knowledge is

depicted in charts.

114 hitps://en.wikipedia.org/wik/Many-to-many_(data_model)
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Main findings are described in more detail in the sections that relate to the specific value chain
steps. Each section contains list of the found job roles and statistics about the skills and

knowledge that were found.

Although the EU countries have natidrelucations systems, the European Commission has
high ambitions concerning their responsiveness to economic development needs, and
continuously works with soft policy, such as the Bologna process, or in this case, the education
blueprint for the developmet of education and training methods and approaches, for the fast

development of the batteries and-mobility sector in Europe.

The education and training methods and approaches used vary between the academic
university sector and vocational educationethods also vary within these sectors. However,
many of the same methods and approaches are used, but with varying blends, emphasis
patterns and objectives. Universities work with advanced generalist education, and vocational
institutes closer to actual agication and work market. ICTs (Information and Communication
Technologies) no longer constitute new methods by themselves, but they refresh the old and
develop innovation in education, and training access and flexibility -iswddrated education

has lecome the new normal. We present a tirbased social perspective that can be used for
analysis and classification when working further in desk research with analysing what is going

on and what needs to be done.

ALBATTS deliverable 6.1 constituted a cbtdacf European examples of existing education

and training in the batteryand emobility sector, from EQF (European Qualification System)

4 (upper secondary school, gymnasium) to EQF 7 (mbstel education), and found
interesting examples all overubwith concentration on the masters level, which is important

for development jobs in industry. For vocational education to start and thrive, job offers and
opportunities in actual industries must be close in time. This work will continue with desktop
research, surveys and workshops in WP3, 4 and 5, but also by networking with other initiatives
(such as the European Battery Alliance, BatteriesEurope, Battery2030+, EITInnoEnergy, EIT

Raw Materials.) and educational institutions.
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Lithium+ion batteries (LIBs) currently dominate the battery market in mobile applications (mainly
automotive) and are gaining increasing relevance in stationary (grid) applications. Lithium is relatively
lightweight, compared to other metalsish as Nickel and Cadmium. The cougit(3.05 V) has the

highest possible voltage among the known raw materials, as Lithium is the most electropositive
element found in naturg®. Since Sony started using this type of battery in 1991, LIBs have héen u

the spotlight as the main researched topic of the energy storage systems (ESS) which has led to several
significant improvements.

Presently, the main challenges to overcome are:

(1) reducing or, if possible, eliminating the use of Cobalt, whichasnost critical supply chain of all

the main constituents of LIB's positive electrode active materials, thus reducing cost and supply
instability (Cobaltis 1 Imined in the Democratic Republic of Congo);

QAYONBFaAy3a [L.Qa 20SNY¥ft fAFTS O0e0ftS IyR SySNHe@
(3) decreasing the inherent safety risks such as thermal runaway that may lead to fire and explosions.

The first and second challenges are closely related to tailoring chemistries for po$iti8eei N2 RS & Q
FOGADBS YIFGSNRAIFIfad | SNEBAYFFISNE GKS LRAAGADS St S
for simplification, although in the secondary batteries (rechargeable), the positive electrodes are

cathodes while discharging, and anodesdle/ieharging.

Mining and supply of raw materials concern manufacturing companies, especially those involved in
upstream battery cell. Furthermore, general consciousness about environmental impact, fair working
conditions and political factors, associated with each raw material, create new avenues for developing
new battery cell technologies, but also identifies current and future challenges such as recycling. These
problems also concern public organizations andb@lzuropean authorities, which are responsible

for promoting ecological and economical sustainability, beside guaranteeing that working conditions

in raw material supplying countries comply with fundamental human rights.

115 Julien, C., et alLithium Batteries: Science and Technol@a5: Springer International Publishing.
116Goodenough, J.B. and Y. Kdhallenges for Rechargeable Li Battei@emistry of Materials, 201@2(3): p.

587-603.
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Major international companies s&lg end consumer products, such as wkelbwn EVs manufacturers
¢ Tesla, Nissan, and othersre subject of public scrutiny. This fact reinforces their active role in raw
YIFGSNALFEaQ SEGNI Olrazyzr aayOS &s

S NBking co@ikion® vy Y Sy 4 |
may arise from these activities.
Thus, a list of stakeholders taking part in raw material mining, supply and processing may be identified

as follows:

Mining and mineral refining companies

Battery manufacturers

Vehicle manufacturers

Resegch institutions

Education institutions

Recycling companies

Energy/Natural resources regulation and fiscal authorities

Environmental nofprofit organizations (NGOSs)

International organizations (UNESCO, UN, etc) and European Institutions

Localauthorities/municipalities

The European Commission (EC) list of Critical raw materials (CRM) from 2017 lists Cobalt, natural
graphite and Silicon as critical for battery productidh.!’® In this critical assessment, a balance

between the economic importance and the supply risk is constantly analysed. Th&gpa& on Raw

Materials for Battery Applicationy Sy 4 A2y a bAO1 St | yRINthel2RIBEY | & a
O2YYdzy A OF (i A22yy (6KOSHZNRABS¢ = Al Aad SYLKEFAAT SR GKS vy
knowledge on battery raw materials, which is the background of numerous reports, as the review of

the 2017 list of CRM€ and JRC Science for policy repétt?? Moreover, Nickel and Maganese are

the most common metals employed to complement and decrease the amount of Cobalt which
KAIKE AIKGA 020K YSGFfaQ AYLRNIFYOS T2N) Fdzidz2NE Ol

17 https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:52017DC0490

118 Sijlicon metal is an interesting alternative to graphite as anode materifee
https://www.globenewswire.com/newselease/2020/04/15/2016538/0/en/Bicon-MaterialProducedWith-
GEN2PUREVAPffersPromisingPotentialto-ReplaceGraphitein-Lithiumrion-Batteries.html

119 https://ec.europa.eu/transport/sites/transport/files/3remobility-pack/swd20180245.pdf

120 hitps://op.europa.eu/en/publicationdetail/-/publication/08fdab5£9766-11e7-b92d-0laa75ed71al

121 https:// publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc 112 Z3ibaltpdf

122 https://publications.jrc.ec.europa.eu/repository/bitstream/JRC10504j0A28534enn. pdf
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Limiting this study to the most important battery technologies currgfitéing used, which are going

to be identified in subsequent subchapters, the focus will be on critical raw materials needed for LIBs
with NMC and NCA cathodes (lithiated compounds containing Nickel, Cobalt, Oxygen and Manganese
or Aluminium, respectivelyrhese compounds incorporate raw materials that are now in limited supply

and extra demand due to the recent surge in battery production for EVs.

Based onDrivers of Changand the most relevant technologies, the short list for addressing raw

materials includedLithium, Cobalt Nickel Manganese Graphiteand Silicon

Lithium is a highly reactive metal. It may ignite in the presence of moisture and/or air, ananit is
electrical conductor (13110” S/m). It is often transported in mineral oil to keep it protected from air
FYR 6FGSN® ¢KAa YSGlFfQa KAIK NBFOGAGAGE fSIRa
composition of minerals, spodumene and pé&tl There are two distinct techniques for extracting
both minerals: mining from brine (salt lakes) and hard rock Lithium processing (pegmatite
deposits)i?%24 The EU import reliance thereof is 86%b.

Deposits

The biggest known global deposits for brine mining are located in the South American Lithium Triangle
(Chile, Argentina, Bolivia) and Canada. Australia, China and USA have the biggestkhdeposits in

the world?® and smaller deposits of both miningisaes are to be found in many countries, often in
combination with hard rock copper mining. Seawater also contains Lithium in small concentrations
(0.17 parts per milliort}” but presently, its extraction is not economically viable. Lithium is a common
component of seabottom polymetallic nodules as well, for which harvesting is highly controversial,

due to damage caused by current mining methods being empl&dd.all, global Lithium deposits

123 https://www.chemicool.com/elementsLithiumhtml

124 https://www.sgs.com/~/media/Global/Documents/Flyers%20and%20L eafletsi8BBNA109HardRock
Lithium-ProcessingEN11.pdf
125https://op.europa.eu/en/publicatiordetail/-/publication/08fdab5f9766-11e7-b92d-01aa75ed71ap 33f
126 hitps://www.statista.com/statistics/268790/cuntrieswith-the-largestLithiumreservesworldwide/

127 https://stockhead.com.au/resourcesithiumfrom-seawaterits-possiblebut-is-it-worth-pursuing/

128 hitps://www.nature.com/articles/d41586019-0075 7y
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are considered enough in supply for at least this century, e if efficient recycling technologies

develop. In Europe,

most of the additional prospecting for Lithium can be motivated by the ladghktefest, therefore. In

the recent past, Lithium has simply not been so much in focus during explorations, Solyeabout

M2 2F GKS ¢g2NIRQa G201t RSLRAaAGA KIFIBS 0SSy RSLIX
¢CKS o0A3 . 2fAQALY RSLRaAGa I {#Rae infeedibgia@Botho A 3353
European and Chinese comparii@s$®,, bu it is more expensive to exploit than the reserves in other

parts of the Lithium triangle, since they are chemically more complex and the high altitude with lower
temperatures makes drying processes slowérChina encountered similar problems with itsybi

Lithium deposits in Tibe3

Deposits in Europe

Portugal has the largest producing Lithium mines in Europe, in the Guarda area, Northern Portugal,
near the border with Spain, run by Grupo Mota Felrtttaand other deposits are under
development!® Another promising deposit is located in the Krusne Hory mountains, Czech Republic,

near the border with Germany?® Besides this, there are Lithium deposits in Midland
(Ostrobothnia) which the company Keliber Oy plans to mine and then refine into Lithiuroxigelin

Kokkola®[ A (i KA dzY K@RNBEARS Aa O2yyzyté F2dzyR Ay [L. &
recently developed cathodes. These deposits, together with other smaller European deposits, are not
O2y&aARSNBR Sy2dzaK ¥F2 Nithsdmd®. 1LJSQa SadAYlFIGSR ySSRa
Production

The brine exploitation is done by pumping up salt from underground, drying this in enormous ponds

and harvesting Lithium Carbonate which can be sold directly. In hard rock HiniagLithium
concentrate is produced that must lrefined into Lithium Carbonate or Lithium Hydroxide. Lithium
Carbonate is the most widely used in the EV industry, mainly in cathodes, but recent market trends for

LkNKAOK ba/ OFiK2RSE O2yilAyAy3d KAIKSNI LINEILI2Z NI A 2

129 hitps://www.saltworkconsultants.com/saladi-uyuni/

130 hitps://www.mining.com/web/boliviapickschinesepartner-2-3b-Lithium-project/

131 hitps://www.dw.com/en/bolivia-scrapsjoint-Lithium-project-with-germancompany/a51100873

132 https://dialogochino.net/en/extractiveindustries/35423boliviarethinkshow-to-industrializeits-Lithium-
amid-politicattransition/

133 https://www.scmp.com/news/china/science/article/3010200/chiraackscheapLithium-production
electriccarbreakthrough

134 http:// Lithiumtoday/Lithium-supplyby-countriesLithium-supply-portugal/

135 https://blog.energybrainpool.com/en/ighere-enoughLithiumto-feed-the-needfor-batteries/

136 hitps://www.mpo.cz/cz/rozcestnik/premedial/tiskovezpravy/tezbalithia-na-cinovcibude-v-ceskychrukou-
-cezziskab1-procentve-spolecnostigeomet-253714/(lastaccessed on 30.08.2020)

137 https://www.keliber.fi/fen/

138 https://www.sgs.com/~/media/Global/Documents/Flyers%20and%20L eafletst8BBNA109Hard-Rock
Lithium-ProcessindEN11.pd
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production of Lithium Hydroxide expected to overcome that of Lithium Carbonate by the second half
of the 2020s decad®&° The reason for this already observed increasing demand for Lithium Hydroxide

is the need to enhance NickllA OK | O A Redicabdtabilkly2 RSa Q O

Refining

The recovery of Lithium from brine is more expensive than mining of Lithium from hard rock, while
refining from brine is less expensive, as Lithium Carbonate from-dpdatine is directly sellable. It is

the other way around for hard rock mining: expesgsirefining processes are needed turn the
concentrate to Lithium Carbonate and further to Carbon Hydroxide. Considering total cost after
refining, present day technologies render recovery of Lithium from brine the least expensive
alternative.

Trade and lgistics

The price of Lithium is considered low at the pres&@nd demand is weak, due to Covid 19 pandemic,
reported by Albemarle and Livent in a Roskill regbttHowever, after the expected recovery from
0KS LI YRSYAOS [AUOKAdzYyQa O2ail ogAtft o6S 2y | adGdSSL)
production around 202:22023. This will enable more investment&hen the shortage becomes a fact.
Nonetheless a big problem for European battery value chain nowadays is that, although there are
some deposits for mining in Europe’s soil, the refining processes are cheaper in China, leading to mass
transportation of ore concentrates into this country, for refiniggt YR A Y ONBF aAy 3 GKA
attractiveness for manufacturing-lan cells. A big part of Australian Lithium concentrates is also
refined in China, where there are both cheap labour and innovative technology avaifable.

Politics andenvironment

The bggest three producers of Lithium are Albemé&tiextracting from Chile and Nevada, US),
Sociedad Quimica y Minera de Chile and FMC (now renamedhaemt extracting from Argentina).

China is very strong in the market with companies as Lithium Tiafthjiym Ganfeng. The strength

comes both directly via own mining (fifth in the world), and via refining companies importing ores and

139 Media, A. (2019). “Lithium hydroxide demand to overtake Carbonate: AABC." 2020, from
https://www.argusmedia.com/en/news/1836977 -Lithium-hydroxide-demand-to-overtake- Carbonate-aabc.

140 ys$ 7,25 per kg Lithium Carbonate on London Stock Exchangdug 6th, 2020
https://www.Ime.com/Metals/Minor-metals/Lithiumprices#tablndex=0

141 https://roskill.com/newsLithiumralbemarleandlivent-highlightcontinuedLithiummarketweaknessn-g2-
2020

142 https://www.scmp.com/news/china/science/article/3010200/chiraackscheapLithiumproduction
electriccarbreakthrugh

143 https://www.albemarle.com/businessesithium

144 https://www.prnewswire.com/newseleases/fmes-Lithiumbusinesgo-be-namedlivent-corporation
888859582.html
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concentrates. Chinese companies are important shareholders in big Australian Lithium producers as
well (as in Talisman}®®

Development and trends

Some new Lithium mining projects are located in Mexico, Australia and th¥ Tgere are plans to
exploit Lithium from clay as wef’

Recycling

Lithium is considered difficult and expensive to recycle and, at low market piticesot worthy to

be done and that happens presently. Lithium from old batteries might end up as landilirope

while other parts of the batteries, that are more economically advantageous to recycle, would
eventuallyre-join the value chain. It mayebnecessary to develop special processes for each cell
chemistry in order to achieve viable recycling of Lithium. Northvolt intends to recycle substandard
batteries from production directly at site and take the materials back in the progéssides using
other recycled Lithium. The company American Manganese claims that their new ReCycLiCé&'process
GYlF1Sa [AGKAdzY £ a0 FT2NBOSNE

Cobalt is a metal with high melting point but with low electrical and thermal conductivity. It is toxic by
skin contat #4919 This metal is mainly used for whitewares and technical applications, such as in the
aircraft industry (superalloys), in tools (cemented carbides) and in electronics, as well as in cancer
radioactive treatment. It is in high demand for high powaddighdensity batteries, namely LIBs, for
which Cobalt enables chemical and thermal stability (so the cathode will not overheat or catéh fire)
The EC import reliance was 3%%n 2017, but has since then increased and will continue to do so
with the boost of battery production.

Deposits

Cobalt findings are, to a high extent, geographically concentrated in the African Copper Belt and there,

within the DRC, the Democratic Republic of Congo (Congo, capitaKdityhasa) which owns about

145 https://investingnews.om/daily/resourceinvesting/batterymetalsinvestingLithiuntinvesting/top-
Lithium-producers/

146 https://www.mining-technology.com/features/togten-biggestLithium-mines/

147 https://seekingalpha.com/article/420568lbok-Lithium-clay-projects

148 https://americanmanganeseinc.com/

149 https://www.chemicool.com/elementsCobalthtml

150 https://pubs.usgs.gov/of/2017/1155/0fr20171155.pdf

1L, M., & Lu, J. (2020).Cobalt in Lithiumion batteries. Science, 367(6481), 9980.
http://pibmub.com/pdf/979.full.pdf

152 hitps://op.europa.eu/en/publicationdetail/-/publication/08fdab5f9766-11e7b92d-01aa75ed71alp 33f
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KFEEfT 2F (KS ¢ 2 NP Geabigdepasitsyare RGiteiRid Australi®, about 17% of all
known deposits, with remaining sites shattered over the globe and often exploited-podact of

Copper and Nickel mining?

Deposits in Europe

In Europe, there are deposits of Cobalt inl&nd (with four working mines and a large deposit in
Talvivaara, currently unexploited but restartift) and some other (probably smale) deposits in

an early stage of development or exploration in Poland, Germany, Italy, Cyprus, Slovakia, Austria and
Czech Republi€’ Other unquantified sources of Cobalt are old Copper and Nickel waste heaps that
can beexploitedby bioleaching processes like the one in Kasese, Uganda.

Production

Cobalt is mined from several ores: Cobalt arsemiickel Cobalt sulptie-, Copper Cobalt sulphiee
Copper Cobalt oxideind Nickel Cobalt laterite ores. This is done both in ordinary mines following each
O2dzy iNEQa YAYyAy3d O2RS& FyR NMz Sasx odzi Ffaz2 dzyRS
children work in privatly owned artisanal Cobalt mines, often without any protection, which indicates
another kind of mining®® The biggest Cobajiroducing companies often also produce Nickel and
Copper. The five largest companies producing Cobalt are Glencore PLC, ChinaeMuwmiybdhe
Fleurette Group, NYSE VALE and Gecamines SA. Of these, all but VALE have their major operations or
all operations, in the DRC. VALE also operates in Canada and New Cat&tdonia.

Refining

Cobalt is recovered from these ores by different procegsegach concentrate, including roasting,
solvent extraction, electrolysis, among others. In the DRC, this is done in many different ways that
disregard environmental protection and health regulations. Cobalt can also be bioleached in a more
environmentaly friendly but slower way, as in the KCCL plant in Uganda, using copper mining waste

heaps as resourc¥’!¢1 China is strong in the Cobalt refinery sector, but European projects are on the

158 https://www.statista.com/statistics/264930/globaCobaltresenes/

154 hitps://pubs.usgs.gov/of/2017/1155/0fr20171155.pdf

155 hitps://im -mining.com/2018/08/22/formertalvivaaraNicketmine-reboundterrafame/

1561t is only possible to clearly evaluate the dimensions aftesloitation works have started.

157 Alves Dias P., Blagoeva D., Pavel C., Arvanitidi®balt demandsupply balances in the transition to electric
mobility, EUR 29381 EN, Publications Office of the European Union, Luxembourg, 2018, ISBXo4831 1

9, doi:10.2760/97710, JRC112285.
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc112288baltpdf

158 hitps://www.raconteur.net/businessnnovation/responsiblebusiness2019/Cobaltmininghumanrights

159 hitp://www. centuryCobalt.com/Cobalt

0 NRPOK20GX {®X 5dz2NF yOS>Z ad +d3 + A fNoSefirgydddn® Bioledshiag oR Q| dz3 dzS
sulphide ores: application for the simulation of the bioleaching/gravity section of the K&@sdsdtCompany Ltd
process plantMinerals Bgineering, 17(2), 25360.

161 https://youtu.be/CCzDIv38gAA Youtube documentary from the FP6 Biomiesearchproject, see from

22.30.
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way. The Belgian metal recycler Umicore, with some Cobalt processiBelgium, has bought the

Kokkola plant in Finland from the Canadian Freeport Cobalt (who will continue to run the operations)

and are about to start Cobalt processing and battery precursor production in Nysa, Poland, &8 well.

Trade and logistics

The price of Cobalt has soared 180% in two years and development is steep and*olatike price

of Cobalt on London Metal Exchange (presently at $33 per kilogram) walOanhanth low in June

2020, due to pandemitelated factors. The supply of Cobislgenerally considered reliable than other

metals. Shortages, together with reports of production conditions in the DRC stimulate innovation in

Ol iK2RSaQ OKSYAAadNER (G2 fAYAOG GKS dz&aS 2N NBY29S
market repdéNIi & dzYYlI NBE SELINBaasSa K2LSa&a GKIG aGKS /206! f
O2y a2t ARIGAZ2Y WyR NB2d@SYyl GA2y ¢ ®

Politics and environment

/20l fd KIFIa 0SSy OFrfttSR ao0t22R YSGlIté | yROREO2Y Ff A
are unquestbnably highly unsatisfactory. Companies selling Cobalt often guaranteefregithbour

under fair conditions, but the Cobalt produced in artisanal mines finds reliable distribution channels
anyway. Apple, Google, Dell, Microsoft and Tesla have becomkéalvin a lawsuit against Congolese

families and human rights advocates concerning child labour with many casualties and serious injuries
when mining Cobalt for the supply chains of US corporations became precarious art€f fets. is

something companig buying Cobalt desperately try to avoid.

Development and trends

¢tKS OSNEAZ2Y 2F ¢Safl Qa az2RSf o (G2 065 LINRBRAZOSR A\
its batteriesc using Lithium iron phosphate (LFP) batteries from CATL in€teandl Te§ | Q& ¥ S4 RNE
electrode battery chemistfy’ (from Maxwell technologies) is expected to contain just a small quantity

of Cobalt. In Lion chemistries, the use of Cobalt has been reduced and limited to approximately 3%

2F | olFlGGSNEBQa 6SAIKGD Ly SERAaIG koytatallréplaced) BYK S Y A & i
Nickel, which is less expensive and is integrated in stable supply chains.

Recycling

162 https://www.umicore.com/en/media/press/umicorgo-acquireCobaltrefinery-and-cathodeprecursor
operationsin-finland/

163 https://www.forbes.com/sites/greatspeculations/2018/02/27/thevorlds-Cobaltsupplyis-in-jeopardy/

184 https://roskill.com/marketreport/ Cobalt

165 https://www.theguardian.com/globabdevdopment/2019/dec/16/appleand-googlenamedin-us-lawsuit
over-congolesechild-Cobaltminingdeaths

166 https://www.futurecar.com/3972/TeslaWinsApprovatto-UseCobaltFreeBatteriesin-its-Chinamade
Model-3

167 https://electrek.co/2020/05/05/teslamillion-mile-battery-lessCobalthigherenergydensity/
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Cobalt can be recycled to a high degree, but these processes, often involving acids, bring about
environmental hurdles. There is muadptimism, though; some stakeholders hope that Cobalt will
LINE @S AGaStF G2 0SS ¥ aAyFAyAdSte NBOeoOfrotS YSi

Nickel has considerable strengths, does not corrode easily and conducts heat and el¥8tiicitgs

been used in batteries for ang time, as in NiCd and NiMH batteries, and now-ioiibatteries. It

helps delivering higher energy density and lowering the cost as it can be successfully used as a partial
replacement for Cobalft’® The EU import reliance for Nickel 2017 was liste®io#4 "%, higher than for

Cobalt.

Deposits

Some of the global Nickel deposits are believed to have their origin in meteorites, as in Canada (11%
of world reserves). The biggest deposits are in Australia (30%), followed by New Caledonia (15%),
Canada (11%) & wdzaa Al o120 ¢KS ¢g2NI RQa O2NB Aa o0SftASC
course, unavailable.

Deposits in Europe

Finland, Greece, France (in New Caledonia, a French overseas territory) and Spain prospect for
Nickel!’? and exploration at 9cf S A& 2y 3I2Ay3 Ay {6SRSyd 9dz2NRLISQZ
Northern Finland, is a bioheapleaching plant using natural bacteria. It is now run by Finnegarier

as the Talvivaar&otkamo corporation went bankrupt in 2013 after an environmentabster, a
bioleaching fluid leakage into a nearby lake systén*

Production

Nickel is mined from lateritic ores as garnierite (in Australia and New Caledonia),-anlfidN¢ ores

as pentlandite (in Canada, Russt&) The biggest producers during Z® were VALE (Headquarter in
Brazil), Norilsk Nickel (Russia), Jinchuan Group Ltd (Ghaseal), Glencore, BHP Billiton, Sumitomo
Metal Mining (Japan), Sherrit International Corp (Canada), Framet (France), Anglo American and

MinaraResources’®

168 hitps://globemetal.com/Skey-benefitsof-recyclingCobalt

169 Habashi F. (2013icke| Physical and Chemical Properties. In: Kretsinger R.H., UverskiP&fiNyakov E.A.
(eds) Encyclopedia of Metalloproteins. Springer, New Yorkati¥://doi.org/10.1007/9781-461415336 338
170 https://www. Nickelnstitute.org/aboutNickel Nicketlin-batteries

171 https://op.europa.eu/en/publicationdetail/-/publication/08fdab5{9766-11e 7-b92d-01aa75ed71alp 33f

172 https://www.oma.on.ca/en/multimedialibrary/resoures/NickelntheEuropeanUnionPDF.pdf

173 https://www.mining.com/finlandinks-266-million-dealrevitalizeeuropeslargestNicketmine/

174 hitp://www.nuclear-heritage.net/index.php/Talvivaara_mine:_environmental disaster in_Finland

175 https://mineralseducationcoalition.org/elementdlicke!

176 hitps://www.thebalance.com/thel0-biggestNickelproducers2339731
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Refining

Lateric ores are processed in electric reduction furnaces (producing Nickel oxide), followed by
hydrometallurgical treatment, often with ammonia. Sulfidic ores have a higher energy content and
flash smelting from ore concentrates is common, producing Niokete (the principal metal extracted
before a final pyrometallurgical reduction proces$).Then different metallurgical processes follow

to produce almost pure Nickel (with the Mond process) or to produce Nickel*&alts.

Trade and logistics

In Augustof 2020, Nickel had a spot price on London Metal Exchange of $14,15 per kilogram. Roskill
latest market report on Nickel forecasts that the use of this metal in batteries will grow fcdib ®f

the total Nickel demand, to about £20% of the demand, whiakill affect prices.”

Politics

The trade has been irregular due to-Q8ina trade wars, but the price is on the way up due to
increased demand from China. According to Amnesty International, Nickel mines in some developing
countries, such a&Suatemala and the Philippines, have very unsatisfactory working conditions yet
states and corporations try to capitalise on the Nickel demand without scruples. Nickel is sometimes
RA&aOdzaaSR Fa I WO2y Tt A00GQ YSilcduse mosedf Be&diniidlgj of A G A &
this metal is being done in appropriate working conditions.

Development and trends

According to the Nickel Institute, Nickel is th® ost common element on earth, with about 600
million-ton deposits available for land andaenining. So far, about 60 million tons were depleted.
However, production capacity will be critical. EV production is rising the demand for Nickel
considerably.

Recycling

Nickel is recycled to a high extent; presently about 68% is rec}led.

17 https://www.ifc.org/wps/wcm/connect/5¢cb00df9%e2c1-4b92-a585
6bef08d8a5deNickel PPAH.pdf?MOD=AJPERES&CVID=|jgeDjcl

178 hitp://metalpedia.asianmetal.com/metaMickelextraction.shtml

179 https://roskill.com/marketreport/ Nickel

180 hitps://www.recyclingtoday.com/article/drivineNickelscraprecovery/
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Manganese is a metal, commonly found as oxide and hydroxide in'8bits Lilon batteries, it can
improve the cathode in different ways and can, at least to some extent, be a very cheap alternative to
Cobalt and Nickéf2The EU import reliance in 201vas listed at 89963

Deposits

South Africa holds the biggest known reserves of manganese, followed by Ukraine, Brazil, Australia
and India'®

Deposits in Europe

In the Czech Republic, the Chvaletice Manganese Project, developed by European Mangaigse Inc
aiming at taking advantage from tailing piles originated from earlier mining, which maintain high
manganese content®

Production

Manganese mining is often an open pit soil operation with heavy earth machines. In Ukraine and in
South Africa, there ar also underground mines, often explored through the reand-pillar
method 8¢

Refining

From a concentrate, the manganese in a pure form is retrieved by hydrometallurgy and electrolysis.
Ferro and silicomanganese are produced by smeltifg.

Trade and lgistics

Manganese is sold and delivered in many forms, from ores and concentrates to oxides or pure metal.
The price is considered low and stable.

wSAFNRAYI GKS LRtfAGAOA YR (GKS SYygANRYYSYy(s LINB:
and refining processes can have environmental consequences and too much manganese exposure has
its risks.

Recycling

Manganese is recycled frogstrap and can also be bioleaché@l.

181 hitps://www.lenntech.com/periodic/elements/mn.htm#ixzz6Uz2fZR6F

182 https://www.chemistryworld.com/news/manganesmakeoverfor-Lithium-ion-batteries/3008886. gicle

183 https://op.europa.eu/en/publicationdetail/-/publication/08fdab5{9766-11e 7-b92d-01aa75ed71alp 33f

184 https://investingnewscom/daily/resourceinvesting/batterymetalsinvesting/manganese
investing/manganeseeserves/

185 https://www.mn25.ca/chvaleticeproject

186 hitps://mineralseducationcoalition.org/mineraldatabase/manganese/

187 hitps://www.britannica.com/technology/manganesgrocessing

188 Ghosh, S., Mohanty, Skdl, A., Sukla, L. B., & Das, A. P. (2016). A greener approach for resource recycling:
Manganese bioleaching. Chemosphere, 154-628.
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Carbon in the structural form of graphite is a mineral used in anodeslon lbatteries, in its both
natural and synthetic forms. It is safe and reliable as active material of anode, with sufficient energy
density for highdensity and mobile applicatiort8’ The EU import reliance for natural graphite was
listed in 2017 as 99%°

Deposits.

¢CdzN)] S& KIa GdKS ¢g2NIRQa fI NAHSald yIlGdz2NFf 3ANFLKAGS
Tanzanid® Turkey isncreasing production, but owns, just as China does, a lot of the less attractive
amorphous type of natural graphité?Crystalline, vein and flake graphite has a higher price, but high
flake graphite can be too expensive for some applications. Batt@guoers seem to have different
preferences.

Deposits in Europe

Norway, Czech Republic, and Austria have some natural graphite reserves and exploration reported to
be of high quality'®

Production

Natural graphite is mostly mined in quarries where gréem flakes, veins and crystal formations are
found and less underground where lower quality amorphous lump graphite is common. China is, by
far, the largest graphite producer in the world, with a reported production of @30 tons, in 2018,

while the runner up, Brazil, produced 990 tons and Canada 4900 tons % The biggest companies

are China Carbon Graphite Group in China and Syrah Resources in Brazil.

Refining

Graphite flakes are rounded into spherical units and then go through a thermal opaditation.

China producers often use the acid method, which is considered less environmentally figndly.

Politics and environment

China is the biggest producing country and dominates the market. Reports suggest the country is also
interested in incrasing imports from Africa and other locations and stockpile graphite, probably to
secure supply for battery cell production and as a preparation for higher price 1&els.

Recycling

189 | ampeOnnerud, C., Shi, J., Onnerud, P., Chamberlain, R., & Barnett, B. (2001). Benchmark study on high
performingCarbonanode materials. Journal of power sources, 97,-138.

190 https://op.europa.eu/en/publicationdetail/-/publication/08fdab5£9766-11e7-b92d-01aa75ed71alp 33f

191 https://www.statista.com/statistics/267367/reservesf-graphite-by-country/

192
http://www.indmin.com/events/download.ashx/document/speaker/6517/a0lD000000X0jN5SMAJ/Presentation
193 http://www.indmin.com/downloads/IM%20MAPS/GraphiteWallchart2018980xBBIN Thighres.pdf
¥https:/finvestingnews.com/daily/resourcénvesting/batterymetalsinvesting/graphiteinvesting/top-
graphiteproducingcountrieschinaindia-brazitcanada/

195 hitps://www.batteryminerals.com/ourbusiness/sphericaraphiteprocess/

19 hitps://stockhead.com.au/resources/chinagaphiteimports-are-now-up-2000-over-the-last-18-months/
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Presently, graphite is not significantly recycféd but reliable methodsseem to be under

development!%819°

Silicon is a grey serndonductive metalloid. Silicon is seldom found in the elementary form in nature,
but is the second most abundant element in the earth's crust (behind oxygen). In batteries, it is an
alternative to graphite as active material in the and8&The EU import reliance is 649%.

Deposits

Silicon is a widespread globally, but elementary silicon is very rare. It is preferably mined from very
pure quartz. Additionally, silicon exists in minerals such as silica, feldspar angmaja components

of quartz and sandstone rocks.

Production

Chna stands presently for about 65% of global Silicon production, followed by Russia, Brazil and USA.
In Europe, the Euroalliages Siliddietal Committee whose member companies are from Bosnia
Hercegovina (B.S.I. d.0.0), Norway (Elkem), Spain (FerroatjaMmavay (Fesil), France (Ferropem),
Germany (RW Silicium) and Northern Macedonia (Jugohf@rdgclares a total production of about
330000 tonnes/year. In Iceland, the PCC Bgkkif A O2y O2YLI ye OflAYa G2 K
environmentally friendly §ton productior?®

Refining

After mining and sorting, reduction of quartz with Carbon takes place at high temperatures in a
reduction furnace. The metal is further processed by oxidative refining, casting, crystallization and
crushing. The biggest fiveropanies selling refined products are Dow Corning, Wacker, Shin Etsu and

Blue Star®*

197 hitps://www.semcaCarboncom/blog/3-reasonsgraphiterecyclingis-better-than-disposal

%8Moradi, B., & Botte, G. G. (2016). Recycling of graphite anodes for the next generatiiiuofiion batteries.
Journal of Applied Electrochemistry, 46(2), 11218.

199 Rothermel, S., Evertz, M., Kasnatscheew, J., Qi, X., Griutzke, M., Winter, M., & Bo{2iK.,6). Graphite
recycling from spentithiumm A 2y o6 GGSNRSad / K383{ dza/ KSYZ (poHnvI onTto
200 Ashuri, M., He, Q., & Shaw, L. L. (2016). Silicon as a potential anode materiadridndtieries: where size,
geometry and structure mattetNanoscale, @), 74103.

201 hitps://op.europa.eu/en/publicationdetail/-/publication/08fdab5£9766-11e7#b92d-01aa75ed71ap 33f

202 hittp://www.euroalliages.com/web/silicon_metal%20committee/1011306087/list1187970111/f1.html

203 https://www.pcc.is/
204https://www.metalbulletin.com/events/download.ashx/document/speaker/7230/a0lD000000X0jzwMAB/Pr
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Politics and environment

According to sources, China has a history of increasing production and dumping prices of Silicon,
making production in other countries more filiult.2%

Recycling

Silicon is usually not recycled and no technologies for recycling Silicon used in batteries have been
successfully implemented, but there are methods for recycling silicon wafers from scrapped solar

panels?%®

Veryfew relevant job advertisements were found in the desk research in comparison with
other value chain steps. This must be compensated by workshops and surveys in the future.
Listed job roles are not specific to mobile or stationary application but to thelevbattery

sector.

For materials preparation, handling, and management, advertisements conceBupgly
Chain Managers, Manufacturing Engineers, Production Enginesrd Battery Materials
Engineers, High Density Anodes Cathodes MaterialEngineers, Material Plannerand
Handlerswere found.Operator and Machine Operatorjobs are associated with this value
chain step. They operate machines and do all the procedures (material combining, slurry

mixing, coating, etc.) to produce materials needor next value chain steps.

These processes are accompanied and supportedChlbration Technicians, Controls
Engineers, Equipment Engineers, Maintenance Engineers and Metrologlsiscalibrate the
equipment and assure that all the machines are perfimg as expectedShift Leadersare
also presentQuality and Compliance Engineeverify and manage the quality of products

andProcess Engineerseek continuous process improvement.

Safety Specialistand Managersas well a3SO Internal Auditor@ssure the safety standards
and requirements are met.

Skills and knowledge required in relevant advertisements:

205 hittps://www.crmalliance.eu/silicormetal
206 hitps://iwww.chemistryworld.com/news/abright-future-for-siliconsolarcellrecycling/9160.&icle
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Raw Materials and Processing SKILLS Occurence

conform with production requirements
ensure compliance with waste legislative regulations
develop product design
perform product testing
analyse test data
supervise staff
conduct workplace audits
prepare presentation material
written skills
inspect quality of product
equipment and tools handling
follow reporting procedures
use technical documentation; observe documents
problem solving & troubleshoot
use microsoft office

1,53%
1,53%
1,53%
1,53%
1,53%
1,53%
1,53%
1,84%
1,84%

0,00% 1,00% 2,00%

Skills

2,76%
2,76%
2,76%
3,07%
4,29%
4,91%

3,00 4,00% 5,00% 6,00%

D4.1

Skills occurrences for raw neatals and processing, which are based on the researched job

advertisements, are shown i . Usage of Microsoft Office was the most frequent skill

in the researched offers as well as problem solving and troubleshooting, document

management and observation and follow up of reportimggedures. Inspection of product

quality and equipment and tools handling are also being requested.
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Raw Materials and Processing KNOWLEDGE Occurence

computer programming 1,23%
electrochemistry 1,23%
chemistry 1,53%
gather data; inspect data; process data 1,53%
project management 1,53%
risk management 1,84%
battery chemistry 2,15%
manufacturing and processing 2,15%
battery material 2,15%
materials science 2,76%
English 2,76%
health and safety in the workplace 3,07%
analysis methods 3,07%
teamwork principles 3,07%
communication 4,91%

0,00% 1,00% 2,00% 3,00% 4,00% 5,00% 6,00%

Knowledge

Knowledge occurrences for raw materials and processing sirewn in

Communication and teamwork principles are on the top positions as well as health and safety
in the workplace and analysis methods. Materials science and battery material are required in
this stage of the production as well as battery chemistry associated with general chemistry

and electrochemistry knowledge.

Due to the high pressure to reduce greenhouse gas emissions (GhG), fossil fuel contécistiology

is slowly phased out. EVs and battery storage for storing green energy are beginning to expand.
Consequently, big players in the field of batteries are building their Gigafactories in Europe. Most of
these producers come from Asia, which me#ret Europe is dependent on their production. Most of

these projects are sponsored by the B1&%

207 https://www.eib.org/en/press/all/2020088-electricvehiclebattery-productionin-europe-getsboost
thanksto-eib-loan-of-eur480million-to-lg-chemwroclawenergyin-poland
208 https://www.eib.org/en/press/all/2026208-europeanbackingfor-northvolt-s-battery-gigafactoryin-
sweden
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Most European manufacturers tend to focus on specialized production on a smaller scale, because

they cannot compete on price or production volurfe:

LG Chem

LG Chem is planning to open their Gigafactory in Wroclaw by 2022. It will be one of the biggest factories
in Europe wittproduction reaching 70 GWh per year. The company wants to employ about 6.600 full
time workers by the end of 2022%®1!

CATL

CATL is building the first European factory in Germany. The factory should start manufacturing
batteries in 2022 and the productiarapacity will be 14 GWhlyear. It is planned to expand production

up to 24 GWhlyear in the future. The factory will offer about 2.000 jobs and will produce batteries for
BMW, VW, Daimler and Volv?

Northvolt

Northvolt owns a Gigafactory in Skelleftea Sem, which will be in operation as from 2022.The aim

of the factory is to produce 32 GWh per year by 2024 and increase the capacity to 40 GWh/year in the
future. The factory is set to provide about 2,500 jobs. Northvolt plans to build more LIB factdhies in
future. The condition for the location of each factory is the possibility of power supply from renewable
energy sources. The factory produces batteries for BMW and?V¥¥

AMTE

AMTE, in partnership with Britishvolt, plans to build a Gigafactok/ates. The factory should be
operational by the end of 2023. Total production should be between 30 and 35 GWh/year. The factory
should hire about 3,500 employees. At the same time, another 10,000 to 15,000 jobs should be created
by the supplierg!®

SAFT

SAT is building its first Gigafactory in the HadésFrance region and its second in Kaiserslautern,
Germany. The French factory should be in operation as of 2023 with a production of 8 GWh/year and

an expansion to 24 GWhlyear is foreseeable. The Germaoriawill open in 2024 with the same

2Mnttps://www.reuters.com/article/usclimate-changeeu-batteriesinsight/europeanbattery-makerspower-
up-for-a-greenrecoveryidUSKCN2590K3

210 https://www.ebrd.com/news/2019/Igchem-battery-gigafactoryin-polandto-be-poweredby-ebrd.html
211 https://lwww.electrive.com/2020/04/24/Igchemsecuresehalf-a-billion-for-polishfactory-expansion/

22 hitps://www.electrive.com/2019/10/19/catistarts-buildingbattery-plant-in-germany/
2Bhttps://www.electrive.com/2019/02/26/northvokto-build-32-gwh-battery-plant-in-sweden/
2Uhttps://northvolt.com/production

215 hitps://www.electrive.com/2020/06/15/britishvoltamte-planninguk-battery-plant/
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production as the French factory. The overall goal is to reach 48 GWh/year as of 2030. The main battery
production will be for the PSA Group.

Tesla

Tesla is building its newest Gigafactory near BefBermany. The Gafactory will include a giant line

for the production of EVs (first will be Model Y), but also a large line for the production of new Tesla
batteries. Giga Berlin should open by July 2821.

VW

The VW Group plans to produce more than 50 EV models, saviluglyto be partially independent of
battery suppliers. They want to open tha&wn factoryin Salzgitter at the turn of 2023/2024. Their
target is a production of 16 GWh/year and then expand, within the next years up to 24 GWh/year. The
factory is being bilt in cooperation with Northvolt?’

SK innovation

SK innovation is building two factories in Hungary. The first should be in operation this year (2020) and
should produce 7,5 GWhl/year of batteries. The second will be completed in 2022 and will pr@duce 1
GWhlyear. The factory produces batteries for Hyundai, Daimler and*¥/W.

Verkor

The French company Verkor plans to open its gigafactory in France. Their goal is to produce
16 GWh/year and then expand to 50 GWh/year in line with the foreseen market grawéh.
factory will directly provide more than 2,000 jobs and thousands more in the supply @fain.
Samsung SDI

Samsung built the first battery factory in 2018. It is located near Budapest in Hungary.
Production is about 2,5 GWh/year. They are building the second Hungarian Gigafactory. The
factory will be in operation in 2021 and will produce 7,5 GWh/year. The mgnfactory
produces batteries for BMW, VW and Volvo Truéks.

InoBat

Slovakstart-up, which has the support of CEZ Group, Wildcat Discovery Technology and

etc., built a factory in Voderady, Slovakia. Production should start in 2021 with a volume of

100 MWh per year. The company deals with specialized batteries according to the needs of

216 https://www.teslarati.com/teslagigafactoryberlin-2m-vehiclesper-yearmedia/

217 hitps://www.electrive.com/2020/05/09/volkswageibuilds-battery-factory-in-salzgitter/

218 https://insideevs.com/news/392140/sknovationnew-battery-plantsus-hungary/

219 http://verkor.com/#partners

220 hitps://www.automotive-ig.com/electricselectronics/articles/topfive-ev-battery-factoriesin-europe

Co-funded by the a* % The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5l Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for 72

any use which may  be made of the information contained therein.


https://www.teslarati.com/tesla-gigafactory-berlin-2m-vehicles-per-year-media/
https://www.electrive.com/2020/05/09/volkswagen-builds-battery-factory-in-salzgitter/
https://insideevs.com/news/392140/sk-innovation-new-battery-plants-us-hungary/
http://verkor.com/#partners
https://www.automotive-iq.com/electrics-electronics/articles/top-five-ev-battery-factories-in-europe

fralpatts D/L

Alliance for Batteries Technology, Training and Skills

individual customers. They also plan to build a factory with a production of 10 GWh. The
factory should open in 202%4!

FREYR

The Norwegian company FREYR is startitgitd a fast track facility for LIB production in Mo

Industrial Park in Northern Norway (Mdrana) in autumn of 2020 to produce 2GWh energy storage
annually. Partners are the Norwegian Technical University (NTNU) and SINTEF, a large Norwegian
research Instute. EIT Innoenergy supports the project. The pilot plant will be followed by a scaled

up facility for 32GWh energy storage per annum by 2025, also in Northern Néivay.

orthvolt

@

LG Chem
ThoBal

amte

SAMSUNG SDI

a company of
ToTAL

by,

/
SK innovation

The different technologies that effectively allow for the full replacement of Cobalt without

loss of performance are still to be adopted and batteries using Lithium Cobalt GYME,

221 https://tech.eu/brief/inobat-funding/
222 https://news.cision.com/freyr/r/freyradvancegshe-developmentof-its-initial-site-for-norway---s-first-

battery-celtacility,c3183404last accessed on 30.082020)
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NCA) dominate the EV battery industry with an increasing market share of nearly 96% in 2019,
according toFigure 17. The same could be stated about LIB applications in Grid Storage
Technologies (GSTSs).

LG Aa y20S¢g2NIKe (GKFIGE airAyoS GKS OFGK2RS 4@
lower capady than the graphitic anode and is the most expensive material of a LIB, it has
0SSy GKS I NBSG 2F AyidiSyaS NBaSINOKT G§KS OF

the overall battery performance.

B NMC
100+ [ JLFP
[_INCA
80- I Others
60
15%
40
0,
50| 39% 43% 42% 36%
1% 1% 0% 0%

2018 2019 2020

Figurel7. Adoption rate per Chemistry in EV battery Market. Adapted from the sowéé*

In recent years, scientific and technological progress in batteries has been largely motivated
by the automotive industry and, specifically, by small vehicles for urban transportation.
Nevertheless, electric mobility is also associated with recent treridsenal and maritime

applications as well askikes, electric motorcycles, and others.

According to the European Commissinshippingaccounts for 2 3% of global greenhouse
gas (GHG) emissions, with a forecasted increase Q250% by 2053°. Howeer, maritime

applications have a market share of less than 1% of the total LIBs market, whebeaed.i

223 Jurgens, JThis is why NCm is the preferable cathode material-fonlbatteries 2019.

224 KrannichSolarGermany (2020). LG Chem ESS cell Available at:
https://www.youtube.com/watch?v=CUORGPnwYYA&feature=emb (diveessed: 23 July 2020).

225 Commission, ECommission publishes information on CO2 emissions from maritime trang0a@ [cited
2020; Available from: https://ec.europa.eu/clima/news/commissiepublishesinformation-co2-emissions
maritime-transport_en

226 Commission, BReducing emissions frothe shipping sector2020 [cited 2020; Available from:
https://ec.europa.eu/clima/policies/transport/shipping_en
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batteries are the most widely used battery type for maritime applicatiéhdhe difficulty in
implementing electric solutions on ships is mainly retato their higher power density and
cycle and calendar life demands, as well as safety requirements. Nevertheless, the number of
ships with batteries installed, or contracted, more than doubled from 2018 (150 ships) to 2020
(314), which constitutes a majdeap on the market, indicating that LIBs are reaching an

interesting level of maturiti#”.

Airbus, Boeing, and NASA have targesactraft electification as a crucial research and
development topic to address. One thing all current airctaftel projects have in common,
as is the case of maritime and automobile applications, is the choiceiaf batteries for
energy storage due to their unmettable energy density when compared with other batteries

in the market.

The termGrid Energy Storad&ES) refers to any method used to store electrical energy that is being

produced at a facility connected to an electrical grid.

Motivations for employing GES solutions incliéfé2°

Peak shaving in low voltage\() grid;

Load levelling in LV grid;

Integration of renewable energy into the grid;
Frequency regulation;

Voltage control;

= =4 4 -4 A -2

Power management.

All the abovementioned¥ I OG2NAR O2y OSNY 2LISNI 02NEQ NBaLR2yaioAh
with the development of renewable energy technologies, such as solar panels and thermal solar

collectors, end consumers with this type of equipment installed may also benefit frotf¥GES

22THelgesen, S.H., Sondre and A. Aarseth Ldflgtirical Energgtorage fo Ships 2020: Norway.

228Bussar, R., et aBattery Energy Storage for Smart Grid Applicati®@d3, Eurobat.

229 Chen, T., et alApplications of Lithiuailon Batteries in Gridcale Energy Storage Systemnsactions of
Tianjin University, 202@6(3): p. 208217.
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1 Timeshift for selfconsumption;

1 Timeshift for feedin;

1 Smoothing of renewable energy sources (RES)ifeed
1 Uninterruptible Power SupplyuPS).

Presently, load levelling and integration of renewable energy into the grid constitute the main
Y2O0A0F0A2y |yR OKIffSy3sa F2NI D9{d Ly FLOlGs GKSE
climate-neutral continent by 2050, which translates intdaaget of 20% in the share of energy from

renewable sources (concerning gross final energy consumption) by*2026nsequently, achieving

proper load levelling is an increasingly critical challenge, given the inherent difficulty in adjusting
electricityconsumption and generation with renewable energy sources (RES). As such, GES will play a

vital role in reaching climate neutralf}. Even though there are other alternatives for mitigating this

problem, namely, demandide management with loaghifting and interconnection with external

grids, GES can improve overall power quality and reliability

The implementation of GES is obtained using a variety of different technologies with very distinct
physical principles. Abdin and Khalilptgenumeraed solutions for electrical energy storage based

on the following sourceq1) mechanical, using flywheels (kinetic energy), compressed air (pressure
energy) and pumped hydro storage systems PHS (potential en&yglectrochemical, using sohd
state batteries (SSBs) and flow batterie§3) electrical; (4) thermal (latent, sensible and

thermochemical heat)(5) chemical; and6) hybrid energy storage.

Traditionally, largescale PHS has provided almost 99% of worldwide storage caghcitithough
KFNBSaGAy3a SySNHe o0& dzaaAy3a | FfdzARQa LRGSYOGAl f

N>

energy storage technolod¥ e.g. water in dams However, as LIBs and flow battery technology
progresses, electrochemical energy storage is becoming more relevant, owing it to its clear advantages
regarding complexity and flexibility requirements, as in the case of dsggle energy storage

projectd’l YR FI OAf AGASAa t20FGSR 2y aAidSa 6KSNB I I NE

20 Eurostat.Renewable energy statistic020 [cited 2020; Available from: renewable

21 Gottke, VEnergy storage and the EU: the push for carbon neutrality is unde®®ag [cited 2020; Avaible

from: https://www.energy-storage.news/blogs/energgtorageand-the-eu-the-pushfor-carbonneutrality-is-
underway

232 Abdin, Z. ad K.R. Khalilpour, Chapter-&ingle and Polystorage Technologies for RenewBbated Hybrid

Energy Systems, in Polygeneration with Polystorage for Chemical and Energy Hubs, K.R. Khalilpour, Editor. 2019,
Academic Press. p. 481.
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Batteries developed for GES applications and those developed for mobile applications have some
requirements in common. Thean be seen by observing the similarities between chemisties

: and , yet, high specific energy and power is a fundamental aspect of batteries for EVSs,
while for stationary the mass requirements are not so critiddoreover, total output power and
energy needed are substantially larger in GES. Battery life is also a major concern for both. In stationary
projects, however, total life expectancy, in years, is typically far greater than that demanded for mobile

applications, thus increasing calendar life issues associated with the former

Besides LIBs, other types of SSBs are widely used in grid applications, nameRpadadkeind N&
batteries (which operate in the 30850 C range, with molten liquid Na, leadino safety issues; Na
and Li are alkali metals and there is no way to use various substances to extinguish an alkali metal fire

besides allowing it to run out).

NicketCadmium (N R0 {{. 4% RSALAGS GKSANI I 6aSyOSilliFNRY NB
use throughout several facilities, having been installed in some earlier es@pge applicatiors®.

Despite having long life cycle, excellent calendar life and requiring low maintenance, their limited
energy density, high toxicity (due to Cadmiuand memory effect render this technology inefficient

except for a limited range of applications when compared to LIBs, especially due to recent
technological advances for the lattét'2Having already reached a stage of technological maturity,

current research topics related to #did batteries are concerned with its recycling methods.

Solidstate batteries (SSBs) and partanly LIBs, are the most cestfective solution for short storage

durationg®*.

233 Association, E.MNikelCadmium (NCd) BatteriesWhy Energy Storage 2020 [cited 2020; Available from:
https://energystorage.org/whyenergystorage/technologies/nicketadmium-ni-cd-batteries/.

234 McKay, CHow three battery types work in griztale energy storage systen2)19 [cited 2020;
Available from: https://www.windpowerengineering.com/howhree-battery-typeswork-in-grid-
scaleenergystoragesystems!/
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Redoxflow batteries (RFB) (liquistate) have their energy capacity limited by the size of the
electrolyte tanks and battery power by the size of the battérConsequently, adding more power
and/or energy is simply done by adding more cells stdtksincreasing the dimensions of the tanks.
Moreover, Vanadium Redox Flow Batteries (VRFBs), the most developed among flfyiRE8=sses
very large life cyclé which, coupbd with the advantages on design flexibility, renders VRFBs an

interesting alternative for stationary applications.

Lithium batteries, flow batteries, and Zihgbrid batteries are regarded as the most significant GSTs

for the near futurés®*

Tablel.
Experimental :
Formula Capacity Plateau Thermal Cycle life
Cathode type (general) . voltage runaway (No. of
9 (mAh.g") (V vs LYLi*) (°C) cycles¥3”
Cut off@2 ¢
Lithium Nickel -Cobalt-
Aluminium oxide LiNiCoAIO » 175 4.335 150 500
(NCA)
Lithium -Manganese- .
. LiM 1201 4.33. -
Oxide (LMO) iMn 204 0130 33.8 250 300- 700
Lithium Nickel -
Manganese-Cobalt LiNiMnCoO » 150 4.33.7 210 1000- 2000
oxide (NMC)
Lithium Cobalt Oxide .
(LCO) LiCoO; 150 4.33.8 150 500- 1000
Lithium -Iron Phosphate LiFePO, 160-170 3.3 270 >2000
(LFP)
Range,
Ratios (R) or No. of cells Specific  Energy combined
Cathode type  Cell designation Manufacturer (series, EV Model Energy  (usable) (WLTP
(Syse parallel) (Wh/kg) (kWh) values)
(km)
Lithium Nickel - . Tesla Model S 102.4
Cobalt- 18650 (S) Panasonic 8256 (s96p86) Tesla Model X 162 (98.4) 593, 487
Aluminium
oxide 2170 (S) Panasonic 4416 (s96p46) Tesla Model 3 168 80.5(76) 530
(NCA)

Z5City, S., The State Of Ev Batteries: Lg Chem, Sk Innovation, &&aeskonic Improvements. 2020.

236 \/oltage at whichhe capacity isletermined.

237 gignificantly dependent on specific application and environment. Some cathodes reach cycle lives far greater than the
RAaALIX @SR @I fdzSa o0Sdad [ dz-al Qa [9+pn ol dGSNEQaAa Jah OFGK2RS
238 Ratiosc Metal proportions used for NMC, as explained above; Cell designatitB F SNAE (2 | OSff Qa
as will be explained in chapter 3.2.

Co-funded by the e The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5 Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union Faen® reflects the views only of the authors, and the Commission cannot be held responsi ble for

any use which may  be made of the information contained therein.



{nalbatts /

Alliance for Batteries Technology, Training and Skills

Lithium - Citroen Zero
Manganese Yuasa 80 (LEV50 battery) 107 14.5 150

Oxide (LMO)
Nissan 288 Nissan Leaf e+ 62 385
Peugeot e208
532 (R) CATL 216 (s108p2) Opel Corsae 140 50 (46) 349, 336
ENVISION .
AESC 192 (s96p2) Nissan Leaf 130 39.5 (36) 270
333 (R) Samsung SDI 264 (s88p3) Vo'k;"éa(ﬂf” 103 35.8 (32) 232
721 (R) LG Chem 192 (s96p2) Renault ZOE 168 54.7 (52) 394
Samsung SDI 96 (s96p1) BMWi3 152 42.2 (37.9) 293-303
SK Innovation 294 (s98p3) Kia e-Soul 148 67.5(64) 451,454
P Kia e-Niro ' '
Volkswagen e-
Lithium Nickel - Up, Seat Mii
Manganese 168 (s84p2) Hecife, Stk 148 36.8(32.3) 2560273
Cobalt oxide CITIGOe iV
(NMC) Hyundai lonig
176 (s88p2) Electric 112.4 40.4 (38.3) 310
622 (R) .
Hyundai Kona
294(s98p3) Electric 149 67.5 (64) 447
LG Chem
384 (soppa)  MercedesBenz 130 85 (80) 417
EQC
396 (s198p2) Porsche Taycan 148 93.4 (83.7) 3330407
Jaguar +Pace 149 90 (84.7) 470
432 (s108p4) .
Audi e -tron 55 136 95 (86.5) 202
quattro
288(s96p3) Chevrolet Bolt 143 68 417
Lithium -Cobalt
Oxide LG Chem 96 SmartForwo 156 560 176 (17.2) 1205135
(LCO) electric
IRIDIUM E -
Elektrofahrzeu MOBIL
ge Stuttgart (electric mobile 905120 106 400
Lithium -lron home)
Phosphate
Tesla Model 3
(LFP) CATL (Chinese market) 125 106 400
BYD Blade 102 BYD Han EV 65 506
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Table3. Commercially available anodes and their main features.

] Most of the commercially available
Graphite (C) ) 0.1580.25 375 1000 156 2000
batteries
Lithium -
Titanium Oxide LFP batteries 2.40 175 50- 80 30008 7000
LiaTisO12(LTO)
Nanowire (SiINW)
Amprius Technologies: Airbus 4200 435 >2000
Silicon i 0.4 (SIIICOn) i .
Zephyr S pseudo satellite HAPS (Amprius) (SINW)
Military vehicles 3579 (SINW)
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Cathode

Anode

Cell type

Plant

Power

(kw)

Energy
(kWh)

Operating
Temperature
o)

No. of
cells
(series,
parallel)

Battery
Manufacturer

NCA

Graphite

2170

2170

2170

Hornsdale
powerplant
(Tesl a
Powerpacks)
Strata Oxnard,
California
(Tesl a
Megapacks)
Tesla Moss
Landing

150000

100000

182500

193500

400000

730000

-10 to 50

Tesla; Panasonic
(Tesl a:
powerpack)

Tesla; Panasonic
(Tesl a:
megapack)

NMC

Graphite

Prismatic cells
with Al
exterior

Alamitos
Energy
Center, Long
Beach,
California
(Fluence's
Advancion 5
batteries)

100000

400000

Samsung SDI

LCO

LTO

Sendai
Substation
(Toshi'l

SCiB)
Tohoku
Minami -Soma
(Toshil
SCiB)

40000

40000

20000

40000

24
(s12p2)
per
module

Toshiba

LFP (BYD)
LCO
(Toshiba)

Graphite
(BYD)
LTO
(Toshiba)

Zhangbei
National Wind
and Solar
Energy
Storage and
Transmission
Demo. Project

530000

36000

BYD; Toshiba

Na
(liquid)

Abu Dhabi's
main utility
Transmission
operator in
Terna, ltaly
Buzen
Substation,
Buzen,
Fukuoka,
Japan

108000

35000

50000

648000

245000

300000

300 to 350

NGK Insulators

Ni-Cd

Golden valley
Electric
Association
BESS

Island of
Bonaire

27000

3000

25000

-52t0 32

13760

Saft Batteries
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Due to LIBs dominant role in the battery segment, we will be focusing on manufacturing processes for

this type of battery.

I Thermal system

B Pack BMS

[ |Pack labour

[ |Depreciation of equipment

[ |Fixed costs

[ cell labour

I Land cost for cell manufactoring
I separator

I Electrolyte

I current collectors
[ | Anode materials
[ lcathode materials

LIBs

396L963%

0

8%

16%
Figurel8. Relative costs for the fabrication of LIBs.

Presently, batteries account for up to 50% of the total cost of ati®EMoreover, out of all costs
associated with LIBsnaterial costsare the most significant; based drigure1s, considering only
separator (3%), electrolyte (1%), current collectors (3%), anode materials (8%) and cathode materials
(26%), 41% of total battery cost is reached, with the most signifieantibution owed to thecathode

material. The development of new manufacturing processes is paramount for reducing these costs,
and the predicted increase in EV (and, thus, LIBs) sales for the next decade, will pave the way for larger
scale production capties in cell manufacturing, allowing for further investments and a reduction of
overall costs.

In order to obtain a liquid electrolyte battery cell, cathode and anode are insulated by a separator and
wetted by an electrolyte solution, while the flow electrons is assured by current collectéfsLiquid
electrolytes, which are typically highly flammable, constitute one of the main safety ctncer
NEIINRAY3I [L.&8d ¢KA& KlFIa SR (2 a42YS Yl 22N 02 YL
solid-state batteries, for which manufacturing and successfully incorporating solid electrolytes are key

steps.

239 Heimes, H., et alManufacturing of lithiumion battery cell component2019.
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Libased cathodes and graphite anodes are manufactured according to the stages preséfitpddn
19
Active

Particles +
Binder

Coating /
Casting / Compressing Slitting
Printing

Current
Collector

Figurel9. Electrode manufacturing Flowchart adapted from the source.

The active materials are mixed with a binderfésm a slurry, achieved by mechanically mixing the
base metals in a reactor tank, carefully added until the desired proportions are obtained. Heat is
supplied to aid mixing and control precipitation reacti&#$ After mixing, the electrode is plasticized,
allowing to handle the material and its deposition on the current collé¢tatypically as a continuous
strip. Deposition can bachievedemploying tapecasting, printing, and coatingthough the latteris

the most used for LIBs current technologies. Coating speed is between 35 anch80%3¥/

depicts this type of manufacturing processes, often accompanied by a final measurement of total

thickness. Next, the electrode is compressed by roll pressing. Thus, porosity is decreas#ty &lo
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minimum electric contact resistance between the current collector and active particles. Finally, the

strip is cut to the desired dimensions for cell assenalsiitting.

Active Particles ( + additives, if necessary)

Binder Foil Coated On One Side
=a

& '—I _)

\

\ Application Role @

Copper or Aluminium Roll Measurement of the Wet
Layer Thickness

For LIBs, the current collector usfedt cathodes is a 16§25t m thick aluminium foff®. Active particles
dza SR I NB YSilt 2EARS& 6KAOK RS Sediprewolbsly.iTheSe Ol (i K 2

compounds were mentioned and describied

Graphite anodes are obtained frographitization of soft Carbon (pitch coke). This process requires
high temperatures (in the 2400 to 2880 rangé&), with the mixture ofpitch and coke forming a
graphite structure in the shape of graphite layétf$Copper is the material of choice for a graphitic
FYy2RSQa OdzaNNByd 02ttt SO02NWD

LTO anodes are processed in a similar way to cathodes. Moreover, current collectors used for this type

of anodes consist of Aluminium foil.

240 Chung, D.D.L1, - Carbon Fibes, Nanofibers, and Nanotuheis Carbon Composites (Second Editi@hp.L.
Chung, Editor. 2017, ButterwortHeinemann. p. B7.
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The fundamental rquirements for electrolyte selection are good ionic conductivity and electrical
NBaArAalAoAartes 0SaARSa AGa AYSNIAI (4261 NRA OKSYAO!
gels, solid polymers, ionic liquids, and liquids, the latter dommatanmercial applications, especially

for EVs. Liquid electrolytes are solutions usually consisting of carbonate solvents and lithium salts,
namely Lithium Hexafluorophosphate (LdPRhe most used salt for liquid electrolytes. The salt

provides the inital LT content in the electrolyte.

Popular commercially available formats include cylindrical, prismatic, and gshaged cells. These

geometries are all depicted igure2l.
CYLINDRICAL PRISMATIC

HARD-CASE HARD-CASE -Iﬂm-

A= E— 3
i L,/ a—tab

b — housing
a, b c — pressure valve
P d —anode
e M e — cathode
d f — separator

Figure21. Different cell geometries for LIBs. According to the sour¢e.

Cylindrical cellare among the earliest assembly designs for batteries. Nonetheless, they remain very
popular on the market. The assembly is obtained by the cylindrical winding of three sheets: anode,
separator, and cathodé’ originating a jellyroll. The jellyroll is bonded by tab welding, using ultrasonic
or laser welding techniqué¥. A cylindricalhousing is necessary for allocating the electrical
components mce it should be capable of withstanding mechanical loads and user handling. This
housing is manufactured by deep drawing a metal sheet, a process that plastically deforms a metal

sheet, typically made of Aluminium or stainless st&eTo establish an ettric current during charge

2413chroder, R., M. Aydemir, and G. SeliGemparatively Assessing different Shapes of LithiumBattery Cells.
Procedia Manfacturing, 20178: p. 104111.

242 University, B. BU30la: Types of Battery Cells2011 2019 [cited 2020; Available from:
https://batteryuniversity.com/index.php/learn/article/types of battery cells
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and dischargegurrent connectorsare necessary. They make the contact between the cell and the
device being powered. Connection is, thus, obtained via tabs, identifiedoin . Positive and
negative terminals are connected to the respective electrodes.

After packaging(at cell level), cell activation is initiated wigectrolyte filling, sealingthe housing,
formation, and aging of the cell.

During theformation stage the solid electrolyte interphase (SEI) is formed in the initial charges, a very
important step for assuring no premature degradation of the electrolytdatteries that meet the
required standards after SEI formation are fully charged and stabilized.

The final stage of cell manufacturing, tlaging consists of a month of storage under constant
temperature and humidity. The objective is to detect short circuits and measure the perforngance

the battery is discharged to check for its capacity, which allows for its grading and commercialization.

Prismatic cellsvery often installed in batteries for EVs, follow the same manufacturing procedure as
cylindrical cells, except for the substitution of cylindrical windindldywinding and housingshape.
For prismatic geometry, the housing is also obtained by shegainstamping processes. However,

both die and punch have rectangular geometries.

Pouch cellscan be considered a type of prismatic cells. Their distinctive visual characteristic is the
absence of a hard case. They amaled in a flexible foimade of an AluminiuafPolymer electrical
insulator compound, with raw materials being stacked, insteaasafg winding processeStackings
achieved either by single sheets of electrodes, or {iglding the separator, and, then, insert the

electrodes*. is a schematic illustration of both stacking options.

- Anode
- Cathode
- Separator
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Electrolyte filling requires a vacuum, applied on the partially sealed cell, due to the stacked geometry.
The final stp before the formation is to complete the sealing of raw materials with flexible foil.

Once the formation process is completed, a pouch bag previously incorporated is filled with gas, which
is absorbed during this step. The bag is removed, and the podcpearenanently sealed. Aging of
prismatic cells follows the same procedure as in the case of cylindrical cells.

Even though the dimensions of cells vary between manufacturers, all commercialized cells must
comply with standards ISO/PAS 16898:2012 and DPS2D 201611.

The majority of NMC batteries installed in the EVs included are prismatic and pouch

cells.

[ D / KSYQA ba/cHH OSffa NS 0SAy3a az2tR GAOK
that this geometry is slimmer and lighter than prismatic cells, which leads to utilization cost

and space savings. Other advantages include superior thermal management and improved
aging of the cells, a result of its manufacturing process (stacking)

bAaaly A& dzaAy3a L}RdzOK OStfa FT2NJ AGA [SFF | yF
based on prismatic cells.

NCA batteries follow a distinct tnel, as Panasonic uses cylindrical cells. This explains why cell
designation is included in this chemistryinbl=>. The 18650 cells have a diameter of 18 mm

and a length of 65 mm, while 2170 cells have a diameter of 21 mm and a length of 70 mm.

Considering the job advertisements fdret components and cell manufacturing there were
very few found in comparison with other value chain steps. This must be compensated by
workshops and online surveys in the future. Listed job roles are not specific to mobile or

stationary application but téthe whole battery sector.

For the manufacturing of components and c#laterial Engineers for Cathodes and Anodes
Electrical Engineers/Battery Specialists, Manufacturing Engineers, Mechanical Battery
Design Engineerare being searched for as well &oduction Engineersfor specific

components of the batteries and cells likep Cag*3 Engineers

243Battery top cap assembly that closes an upper end of an opening of a cylindricatiascbattery.
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Operators and Machine Operatorsvho operate machines and do all the necessary

procedures are also associated with this value chain step.

These processes are accompanied and supportedChlbration Technicians, Controls
Engineers, Equipment Engineers, Maintenance Engineers and Metrologlstscalibrate the
equipment and assure that all the machines are performing as expestatt. Leadersare
also requiredQuality and Compliance Engineeverify and manage the quality of products

andProcess Engineerseek continuous process improvement.

Safety Specialistand Managersas well a3SO Internal Auditorassure the safety standards

and requirements are met.

Skills and knowledge required in relevant advertisements:

Components and Cell Manufacturing SKILLS Occurence

ensure compliance with waste legislative regulations 1,15%
prepare presentation material 1,15%
conduct workplace audits 1,15%
conform with production requirements 1,38%
supervise staff 1,61%
written skills 1,61%
develop product design 1,84%
equipment and tools handling 2,07%
perform product testing 2,53%
use technical documentation; observe documents 2,53%
follow reporting procedures 2,53%
analyse test data 2,76%
inspect quality of product 2,76%

problem solving & troubleshoot

use microsoft office

3,45%
3,91%

0,00%0,50%1,00%1,50%2,00%2,50%3,00%3,50%4,00%4,50%
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Skills

Skills occurrence for components and cell manufacturing are shovvinin Usage of
Microsoft Office was the most frequent skill in the researchddrgfas well as problem solving

and troubleshooting, document management and observation, and following of reporting
procedures. Inspection of product quality, design and testing of a cell is, as expected, in the

first half of the list.

Components and Cell Manufacturing KNOWLEDGE Occurence

ensure compliance with waste legislative regulations 1,15%
mechanical engineering 1,15%
battery chemistry 1,15%
battery fluids 1,15%
electrochemistry 1,15%
industrial design 1,15%
computer programming 1,38%
battery chemistry 1,38%
project management principles; project management 1,38%
battery components 1,61%
gather data; inspect data; process data 1,61%
manufacturing and processing 1,84%
chemistry 2,07%
English 2,30%
battery material 2,53%

materials science 2,99%
health and safety in the workplace 2,99%
teamwork principles 3,45%
analysis methods 3,91%
communication 4,60%

0,0090,50%4,0094,5092,0092,5093,0093,50%4,00%4,50%,00%

Knowledge

Knowledge occurrence for raw materials and processing are showriidn
Communication and teamwork principles are on the top positions as well as health and safety
in the workplace and analysis methods. Materials science and battery material and
components knowledge are required in this stage of the productias well as battery

chemistry associated with general chemistry and electrochemistry knowledge.
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For stationary and mobile applications such as EVs, LIBs are used in the form of a pack. This pack
consists of severdllocks of battery modules, battery management system (BMS) master, and battery
thermal management system (BTMS). Design possibilities on the pack arrangement, include series and
parallel stacking of modules, as previously mentioned, and highlightedin

wS3AIFNRt Saa 2F (GKS OSt f Qa omué&dYikoiamhdylE and dBuless | & K
combined into gackhas total influence on the usable energy and the total range because the number

of cells in series defines the total voltage while the number of cells in parallel and their
shape/dimensions define(sheé capacity of the battery. Both voltage and capacity depend on the
chemistry of each cell. Therefore, the same cell chemistry built by the ssnafacturer leads toery

different valuesdue to the number of cells in series and parallel per module. aigence can be

easily comprehended by comparing values between EV models with NMC622 cells manufactured by

LG Chert*in

As for the mobile applications/automotive industry, the car manufacturers often perform module and

pack assembly ihouse. M&R dzf Sa FyR LI O1&a NS ONARGAOLFEt Ay RSGSN
vehicle manufacturers want to control the way the battery pack space is used and cooled. Going

forward, battery packs might become an even more essential aspect of vehicle é&sign.

A battery module is obtained when cells are packed together with a BMS slave and sensors. These
O2YLRyYySyita IINB AyadzZ I SR o6& GKS Y2Rdz SQa K2dzaAy:

EVs are prismatic and poushaped cells, with the increasinggularity of the latter.

Cell stacking proceduréepends on whether prismatic, pouch or cylindrical cells are used for the
battery module. Prismatic cells require an adhesive layer between them. Besides assuring the
mechanical link, this layer must beeetrically insulating, thus preventing short circiitAfter being

all glued together, the cells are pteaded to minimize swelling during charge and discharge, after

which they are placed inside the insulation housing. As for pouch cells, each one is inserted into a

244 Lithium and cobalt: A tale of two commodities (McKinsey, 2018)
245 https://www.bcg.com/publications/2018/futurebattery-production-electricvehicles (last accessed on

28.08.2020)
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frame, and the action of springs prevdrnigh volumetric expansion/contraction, similarly to prismatic
cells.

Following the mechanical bond, it is necessary to ensure the electrical functionality of the set. Contact
tabs are electrically connected. This connection may eithepdrenanent ¢ guararieed by welding
processes or detachable using bolts and nuts. Although detachability isaalvantage, connections

with threaded fasteners typically bring about poorer electrical performance, with lower conductivity
than permanentconnections achieved dgser, ultrasonic or other welding techniques.

As a next step, the BMS slave is welded to the module, typically on top of the cells, with the
temperature sensors.

Finally, power and COM cables ataced,and the lid fixed to the housing. In the end,@tage test is
performed,and the compliant module is ready to be inserted into a paak.re25 shows a schematic

of the assembly processes, cleargicating that a module consists of a cluster of cells and a pack is a

cluster of modules.

Cell H P :;;!:U H Module H series H Pack J

Figure25. Overview of battery packs indicating two constructions with (a) cylindrical and (b)
prismatic cells. Adapted from original souré¢#

The differences based on the application are starting to be relevant at this stage.

246 Zzwicker, M.F.R., et alAutomotive battery pack manufacturinga review of battery to tab joininglournal of
Advanced Joining Processes, 2Q2(. 100017.
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As for the modw and pack manufacturingell Module Engineers (Mechanical, Simulation,
Electrical)and Manufacturing and Production Engineeese working together wittBattery

Design Engineers (Mechanical, Electricah) the development, design and functionality of a
battery modules and packs. These are then assembled by Battery Assemblers as well as

Machine Operators.

These processes are accompanied and supportedCowtrols Engineers, Equipment
Engineers, Maintenance Engineers and Metrologistso calibrate the equiprant and assure
that all the machines are performing as expect8tift Leadersare also presenQuality and
Compliance Engineenrgerify and manage the quality of products aRtbcess Engineerseek

continuous process improvement.
Battery System EnginesandBattery Test EngineersndTechniciansecure the preparation
for further integration of the batteries into specific use cases (cars, vessels, etc. for mobile

application and base stations, power grids, etc. for stationary applications).

Safety Speialistsand Managersas well a3SO Internal Auditor@ssure the safety standards

and requirements are met.

Skills and knowledge required in relevant advertisements:
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/8

Modules and Pack Manufacturin@KILLS Occurence

prepare presentation material
written skills
conduct workplace audits
conform with production requirements
use CAD software
supervise staff
develop product design
equipment and tools handling
follow reporting procedures
perform product testing
inspect quality of product
analyse test data
use technical documentation; observe documents
problem solving & troubleshoot
use microsoft office

0,92%
0,92%
0,92%
1,10%
1,10%
1,29%
1,84%
2,21%
2,57%
2,76%
2,76%
2,94%
2,94%
3,31%
3,68%

0,00% 0,50% 1,00% 1,50% 2,00% 2,50% 3,00% 3,50% 4,00%

Skills

Skills occurrence for module and pack manufacturing are showncin . Usage of

Microsoft Office was the most frequent skill in the researched offers as well as problem solving

and troubleshooting, document management and observation and following of the reporting

procedures. Testing is starting to be more frequent in this stage disaswalevelopment of

product design with usage of Computer Aided Design (CAD) software and other related tools.
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/&

Modules and Pack ManufacturingkNOWLEDGE Occurence

computer programming 1,29%
manufacturing and processing 1,29%
industrial design 1,47%
battery chemistry 1,47%
battery fluids 1,47%
gather data; inspect data; process data 1,47%
chemistry 1,84%
battery material 1,84%
materials science 2,21%
battery components 2,21%
English 2,76%
health and safety in the workplace 3,13%
communication 3,49%
analysis methods 3,68%
teamwork principles 4,04%

0,00% 0,50% 1,00% 1,50% 2,00% 2,50% 3,00% 3,50% 4,00% 4,50%

Knowledge

Knowledge occurrences for module and packnofacturing are shown in

Communication and teamwork principles ranked on the top positions as well as health and
safety in the workplace and analysis methods. Materials science and battery material and
components knwledge is being required as well as competences in battery chemistry and

fluids associated with general chemistry. Computer programming is starting to occur.
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This section describes the battery value chain step of the battery integrarocess. This is
the last step before the battery goes into the working environment/applications. This step
covers mainly integration of modules, Battery Management Systems (BMS), safety

installations, electronic intelligence (algorithms needed).

This section gives basic terminology and explanation of battery systems for the battery

integration processes that are described furtheBid.4and3.4.5

Each battery pack requires simultaneous installation of a battery managesystem and
battery thermal management system which together accounts for 24 % of total battery cost

(excluding manufacturing labour costs related to the components).

3.4.1.1 Battery Management System (BTMS)
The BMS may fulfil a variety of functiodespending on the particular application as well as

the type and size of the battery, but the overall goal of the BMS is to keep the battery within
the safety operation region in terms of voltage, current, and temperature during charge, the

discharge, andertain cases at open circeft.

By achieving those goals, batteries will be efficient, with predictable behaviour and with no

risk (inhabitants, staff, maintenance, et¢?)

Topology of BMS

Centralized:One central pack controller that monitors, balances, and controls all theells

247 Angel Kirchev, Chapter 2Battery Management and Battery Diagnostics, Electrochemical Energy Storage

for Renewable Sources and Grid Balancing, Elsevier, 2015, Pag&35413BN 9780444626165,
https://doi.org/10.1016/B9780-444-626165.000206.

248 Shanbhag, K. (2020, March 14). How to best select Battery Management Systems (BMS) for High Voltage Li
lon Batteries. Retrieved August 04, 2020, fronttps:/www.ionenergy.co/resources/blogs/hattery-

managemensystems/
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Modular: BMS is divided into multiple, identical modules, each wittbitsdle of wires going

to one of the batteries in the pack. Typically, one module is a master that manages the entire
pack and other modules are just remote measurement énits

Distributed: Distributed BMS uses few communication wires between the cell Isoand a

BMS controller, which handles computation and communicafions
General functions of the BM&'9 250
Cell voltage measurement and control

Monitoring of voltage across each series group of cells

Voltage excursions due to the overcharge, over digghaor highpower pulses can lead to
significantly reduced life and safety issues. Voltage is the critical input for the cell balancing
algorithm, state of charge and state of health algorithms.

The main reason for the monitoring is to prevemtercharge which leads to the various
chemical reaction and temperature rise which leads to the cell venting. Vented gases are
highly flammable. The design of the battery must include a robust method for monitoring of
the cells and for risk avoidance. Thmain response to this behaviour is that BMS request a
change in power flow in/out of battery pack to bring voltage back within the limits; if some
components might fail, the BMS has authority to open the contactors on the battery pack and

stop all power ow.

Contactor control
BMS has the authority to control the contactors of the battery pack. This involves both the
pre-charge contactor and main contactor(s). Contactors are managed by the contactor control

algorithm which must confirm the state of the gagcharge process and the state of the

249 Gianfranco Pistoia, Chapter ¥ehicle Applications: Traction and Control Systems, Battery Operated Devices
and Systems, Elsevier, 2009ges 324378, ISBN 9780444532148tps://doi.org/10.1016/B9780-444-53214
5.000054.

250 N.M. Johnson, 19 Battery technology for CO2 reduction, Alternative Fuels and Advanced Vehicle
Techmlogies for Improved Environmental Performance, Woodhead Publishing, 2014, Pagé81583BN
9780857095220ttps://doi.org/10.1533/9780857097422.3.582
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different contactors. It must be assured that people do not get access to the high voltage

system while it is energized.

Isolation monitoring

Isolation monitoring is another critical safety function whiehsures that any fault of the
system will not be exposed to the person in a dangerous way. It must be ensured that there is
enough resistance between the high voltage system and the chassis (IEC 2007, ISO 2011).

Monitoring and measurement are done by varsomethods and circuits.

Temperature measurement and control
BMS is responsible for battery pack and cell temperature control, strategy for monitoring and
controlling is unique to each application. This data is needed to adjust heating, cooling, or pack

power levels.

State of charge (SoC), state of health (SoH) calculation
Possibly the most complex algorithm within the BMS.

SoQds the percentage of electrons available to do work compared to a fully charged
battery.

o This is useful for cell balancing, icalion of electrical power limits including
charge rate of the battery, operation modes and ranges in case of usage in
vehicles, etc.

SoHis broader measure of overall performance capability of the battery compared to
its initial performance when new.

0 Doesy 2 NBIljdZANB |da dzNHSyd GAYS | OOdzNI Oe
overall performance over time, loss of capacity, increase in resistance, etc.

Both calculations will continue to develop along with the chemistry of batteries.

Communications
BMS reqires careful hardware and software design to assure maintenance of the safety goals

of the system, as well as communication with the rest of the systems and the user interface if

needed.
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Electronic Control Unit (ECU)

An ECU is a computer that performsecific task, typically used in automotive and other
branches of industry. Ultimately BMS as mentioned above could be considered an ECU since
it is a separate computer system that performs a specific task; otherwise, the ECU could be

considered as the lag part of the whole BM&!

End of Line Testing
This term is related to the testing right after the battery modules are assembled. It includes
quality and parameter control of the produced units with the related tes8ts.

Functional testing

Performance teting

Connection scanning

Electrical testing including isolation tests
Low voltages testing, sensor readings tests.
Testing and calibration of BMS

Parts checks

3.4.1.2 Battery Thermal Management System (BTMS)

The BTMS is an important and integral partraf BMS.

The main goal of the BTMS is to manage 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]@amdemperature
performance). While designing the battery and battery systems, the rate of heat dissipation

must be fast enough so the battery does not reach the thermal runaway temperature which

251 Electronic Control Unit (ECU). (201&ptember 22). Retrieved August 04, 2020, from
https://www.orionbms.com/manuals/utility jr/acc_ecu.html

252 Quality Assurance within the Production. (n.d.). Retrieved August 04, 2020, fr
https://www.horiba-fuelcon.com/en/batteryend-of-line

253 Khan, M.R.; Swierczynski, M.J.; Keer, S.K. Towards an Ultimate Battery Thermal Management System: A
Review. Batteries 2017, 3, 9. Available from: https://www.mdpi.com/2313-0105/3/1/9/pdf
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would damage the electrolyte and electrodes and other batteomponents. The optimum
range for most general batteries requires operating near room temperature8gLE).

BTMS is comprised of a combination of hardware and software. It helps to enhance the
lifetime of a battery while ensuring safe and secure operabf the battery pack. BTMS must

be designed to suit application criteria either mobile or stationary (packing difficulty, costs,

reliability, assembly difficulty, positioning, etc.).

BMTS Methods

Employed method inside of BTMS can be either for cophegting (electric), or insulating
depending on the operating and ambient conditioAs. as the medium uses electric blowers

or fans.Liquid BMTS include water, glycol, oil, acetomefrigerants, and Phase Change
Material (PCM) thermal management systemUniform and adequate cooling must be
assured. Cooling or heating can be activated based on the rate of charge/discharge. This
trigger is also dependent on altitude and geographical conditions. Proper insulation must be

chosen based on these conditionsaell.

Currently, most of LIBs af&uid-cooled which brings complexity and potential leak issues

related to the thermal regulation system. Some models passive or active aithermal

regulation, which is a much simpler and maintenafreendly system. However, it requires a

higher volumetric flow r &S F2NJ SljdzZrf O22f Ay 3 LISNF2NXI yO

convective heat transfer coefficient, rendering its applications impractical for several EVs.

System

* Thermal interfaces
between pack

»  Optimisation among
packs

* Realisation of
inteSigent Jlgorithms

INTERFACE

Co-funded by the a* % The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme bl 5l Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union T n reflects the views only of the authors, and the Commission cannot be held responsi ble for 99

any use which may  be made of the information contained therein.



{nalbatts /

Alliance for Batteries Technology, Training and Skills

Aspects of BTMS
Safety:Proper insulation of heater system components and sealing of control devices
with proper positioning of all components to minimize and prevent electrical damage,
gas ignition and thermal gradients.
Physical or Mechanical PerformanceProper design of all the system modules and
physical components. Proper ventilation must be assured.
Durability: Components must endure shock effects of the desired application.
Ripple CurrentCharging current frequenaestrictions to avoid overheating.
Accuracy of Measuring Instruments$n the available sensors, the overall accuracy of
controlled or measured values must be assured with defined tolerance.
Materials for Fire ResistanceRequirements for noifilammable or flammable

retardant materials to be used in accordance with applicable standards as well as

BTMS is associated with many existing stand&rds.

This section is based on information taken from The Global ManagemstenSynarket

report from November 2018°.

Overview of drivers of change and attractiveness of the battery integration is mainly based on

the BMS, overview of the BMS market is described in the following section.

The global BMS market size is estimatedytow from USD 5.2 billion in 2019 to USD 12.6
billion by 2024, at a Compound Annual Growth Rate (CAGR) of 19.5%.

254 Khan, M.R.; Swierczynski, M.J.; Keer, S.K. Towards an Ultimate Battery Thermal Management System: A
Review. Batteries 2017, 3. Available from: https://www.mdpi.com/2313-0105/3/1/9/pdf

2Battery Management System Market. (2019, November). Retrieved August 04, 2020, from
https://www.marketsandmarkets.com/MarkeReports/batterymanagementomsmarket234498189.html
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CAGR
19.5%

The global battery management system market is
USD 12.6 Billion estimated to grow from USD 5.2 billionin 2019 to USD

12.6 billionby 2024.
The market in APAC is expected to grow at the highest
CAGR from 2019 to 2024.

USD 5.2 Billion The automotive industry is the most common application

area for battery management systems.

Potential markets such as South Korea and India offer

several growth opportunities for the manufacturers and

2019 2024 providers of battery management systems.

The growth of the global marketee is expected to be driven by the growgtrend
of electric vehicles, increased requirement of battery monitoring in renewable energy

systems, and need for effective electric grid management.

Regarding the topology (architecture of the BMS), the modular topology of BMS is preferred
by most ofthe manufacturers as it offers significant computational power and is also safe as

it does not require extensive wire harnesses. It is present in a various application such as:

Energy Storage Systems
Industrial Uninterruptible Power Supply
Medical Mobility Vehicles
Parts of Electric Vehicles

Drones

Demand for this topology is expected to drive the market at the highest rate from-2029.
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This section is based on the global management system market report from November
201956,

Themain global players for the BMS market are as follows:

Leclanche (Switzerland)
Company largely involved in offering energy storage solutions, mainly dealing
with lithium-ion cell technology aiming for cleaner energy. The company offers
specialty battery sstems, stationary solutions-teansport solutions, battery,
and BMS. The company offers BMS technologies and suites of BMS software.
Covering low or high voltage systems.

LITHIUM BALANCE (Denmark)

o Founded in 2006 as an ambitious stap at the Danish Ténological Institute.

The company develops and manufactures BMS for lithium ion battery
technologie$®”.
Nuvation Engineering (US)

o Company founded in 1997 which provides hardware design, software
development, and Fielrogrammable Gate Array (FPGA) sesvider
electronic product developmeft.

Eberspaecher Vecture (Canada)

o Corporation launched in 2001 and has been focused on providing its customers
with reliable, innovative, and cosffective BMS for portable power
applicationg®®.

Storage BatterySystems (US)
o Established in 1915, Storage Battery Systems LLC has become renowned for

providing DC Power Solutions for stationary and mobile power applications.

256 Battery Management System Market. (2019, November). Retrieved August 04, 2020, from
https://www.marketsandmarkets.com/MarkeReports/batterymanagementbmsmarket234498189.html
257About us. (n.d.). Retrieved August 04, 2020, fidtps://lithiumbalance.com/abouius/

28About Us. (n.d.). Retrieved August 04, 2020, fidtps://www.nuvation.com/aboutus

259 About us. (2016, November 28}etrieved August 04, 2020, frdmtps://www.eberspaecher
vecture.com/aboutus.html
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From flooded battery cells, to sealed VRLA strings, frof@d\jars to Lion
rechargeable batry packg®.
STW Technic, LP (DE)

o STW Technic, LP is a worldwide leader in the design, manufacture, and
implementation of mobile electronics solutions. Founded in 1985 in Germany,
STW provides sophisticated, highly reliable solutions for connectivity,
automation, and electrification in the agricultural, mining, construction,
municipal, military and oil/gas industrié&t

0 STW also specialises in development of battery management systems for HEV,
BEV and for storage power plarifs.

Johnson Matthey (UK)

o Johnsyy al GGKS& . FGGSNE {@adSyYaionbatergyS 27
systems supplier, processing over 70 million cells a year and supplying volume
production of batteries for global market8?

Saft (France)
o Company which specialises in battery mantiddag and R&EF4
FIAMM (ltaly)
o Multinational company engaged in the production and distribution of batteries

and accumulators for motor vehicles and for industrial?d3e

260About Us: Storage Battery Systems. (n.d.). Retrieved August 04, 2020, from
https://www.sbsbattery.com/aboutus

261 About STW Technic. (n.d.). Retrieved August 24, 2020, Htora://www.stw-technic.com/company/abot-
stw-technic/

262 MBMS ¢ Battery Management System. (n.d.). Retrieved August 24, 2020, frtps://www.stw-
technic.com/products/electrificatiorproducts/mbmshbattery-management/

263 About Us Johnson Matthey Battery Systen{s.d.). Retrieved Augus®02020, from
http://www.jmbatterysystems.com/company/aboutis

264Who is Saft. (2020, Augu34t). Retrieved August 04, 2020, frdritps://www.saftbatteries.com/about
us/who-saft

265About Us. (2020, April 10). Retrieved August 04, 2020, fiops://www.fiamm.com/en/north-
america/company/abouus/
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Europe dominated the battery management system market in 2018 as seen irc=0. This
was especially the case about the automotive industry, which is very strong in Europe, with
the leanest production processes where the use of water and energy is optimized. The
demand fa battery management systems is attributed mainly to the presence of major
automotive manufacturers in Europe:

BMW Group (Germany)

Daimler (Germany)

Volkswagen Group (Germany)

Scania AB (Sweden)

Volvo Group (Sweden)

MAN SE (Germany)

Renault(France)

Fiat Automobiles S.p.A. (France)

Jaguar Land Rover (United Kingdom)

Other
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This section provides a generic skeleton for the battery integration process which was made

by scanning through the processes that are relévarthe mobile applications scope.

Generic battery integration process

Assembly of battery module

(0]

o

In this step the battery module is created; it consists of several integrated
battery cells, as well electronics and sensors which measure the temperature
and voltage. It may also contain circuits, the purpose of which is to switch the
battery off and prevent it from being damaged.

Cells are often between 2 4 volts each. Voltage for the whole module is
dependent on the number of battery cells, and variesdzhon the application
(car, vessel, stationary, etc.).

Cells could be of a different type (cylindrical, prismatic, pouch, etc.).

Integration of the battery modules with the BMS

o

(0]

(0]

(0]

(0]

Integrated modules are tested and stacked together.

Modules are connected viaus to the pack controller which is essentially ECU
to form the BMS.

Proper enclosure must be granted.

Test checks might be executed throughout this stage.

EoL testing.

Integration to the specific use case

(0]

(0]

This means the integration of the BMS into ttee's, vessels, etc.

Final integrated BMS must assure duplex communication between the battery
and the rest of the system (information flow, commands, and error messages
to be exchanged, state of health, state of charge).

Electrical connection within the BMand the rest must be assured.
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This section will provide description and flow of the battery integration process related to the
stationary applications. It also considers and evaluated the differences and addititims to

generic integration process describeu3.4.4
Stationary Applications; Battery Integration Process®.

Assembly of battery module®’

A battery module is constituted by a series and/or parallel of battery cells and, typically,
includes a Battery Control Unit (BCU) for the measurements and monitoring of voltage and
temperature of cells. Depending on the battery technology and specific ctigmeach cell

may have a nominal voltage between2V with a few Ah of capacity. Battery cells may be
cylindrical, pouch type or larg®rmat prismatic, which influence module assembly and
design. Therefore, the manufacturing process can be differepedding on the type of cell

and required voltage and capacity.

The configuration of battery cells at the module level typically results in voltages between

40¢ 90 V with between 9@ 250 Ah of capacity.

Assembly of battery rack$®

A battery rack is austituted by several battery modules, typically, in series to achieve higher
levels of DC voltage and, thus, higher power. Also, this allows the connection to high power
conversion systems with increased efficiency.

At the rack level there is also a racklB with several monitoring, control, and protection
features. The information from each of the battery modules (voltage and temperature), and
battery modules cells, are aggregated at the rack BMS level. This is crucial to identify and
balance any voltagerbalances between battery cells and modules as well as to identify any

overheating of battery cells. The electrical protection of the rack is normally achieved through

2663, Eckroad and I. Gyuk, "EPRIE Handbook of Energy Storage for Transmission & Distribution Applications,"
Electric Power Research InstitutBepartment of Energy (ERBOE), 2003.

267K. C. Divya and J. @stergaard, "Battery energy storage technology for power systemegerview, Electric
Power Systems Researgb|. 79, pp. 51520, 2009.

268 M. T. Lawder, B. Suthar, P. W. C. Northrop, S. De, C. M. Hoff, O. LeiteetnahriBattery Energy Storage
System (BESS) and Battery Management System (BMS) f@8dakidApplicationsProceedings of the IEBB).

102, pp. 10141030, 2014.
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fuses in both poles, with contactors and switches that are controlled at the rack BlSrie

a first instance.

In the battery rack design, also derived from the battery module design, there are challenges
related with safety, the energy density, and the integration in the typical refrigerated

enclosure (e.g. containerized solution).

Integration in proper enclosuré®

The battery racks will have to be integrated in a proper enclosure that can have several designs
and be based in different structures. For example, battery racks can be integrated in standard
metallic containers, in prefabritgd concrete buildings, specifics rooms or in metallic
enclosures for outdoor exploitation.

The safety and useful life of a battery system are significantly influenced by the temperature
to which they are subjected. Charging and discharging of the bagengrates heat that
should be taken from the enclosure. Outside temperature also impact the temperature inside
the enclosure. Therefore, typically this enclosure is refrigerated by a Heat, Ventilation and Air
Conditioning (HVAC) system to maintain a tenapeire, not only of the enclosure, but also at

the battery cell level, between optimal values (e.g°@%5°C) during battery operation.

Due to the nature of {ion based batteries that can suffer from thermal runaway and are
constituted by highly flammable material, a proper fire detection and suppression system
must be in place. Depending on the specific battery technology and applreghikation, such
suppression systems may be based on several gases or aerosol.

Although the enclosure for battery racks can be the same as the power conversion system and
grid interface, there is usually a physical separation due to the different reqeméemof

batteries in relation to the remaining equipment of a stationary energy storage system.

Integration with Power Conversion System and grid interfaée
The battery racks can be grouped in electrical parallel into battery banks, each connecting to
a different battery inverter, part of the power conversion system (PCS). Each battery bank will

have a BMS that will ensure several functionalities such as oromgtand balancing between

269G. Delie, B. Francois, G. Malarange, antl. Fraisse, "Energy storage systems in distribution grids: new assets
to upgrade distribution network abilities," iBlectricity DistributiofPart 1, 2009. CIRED 2009. 20th International
Conference and Exhibition 42009, pp. 4.
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racks. The BMS will aggregate measurements from the voltage, current and temperature of
the battery bank and ensure that no technical limits inherent to the battery system are
surpassed during operation. Also, when voltage dififees that can hurdle the operation of

the battery system appear at the rack level, the BMS will be responsible for an adequate
voltage passive or active balancing between them.

The PCS is required to convert the DC power input/output that the battemagéopresents

to AC. It is based on power electronics to allowdibectional, 4quadrant power flows. Beyond

the AC/DC converter, additional converters may be needed (DC/DC converters) to match the
output voltage level of the battery racks with the DC jmsto control power flows in parallel
multi-string configurations. Typically based in insulated gate bipolar transistors (IGBTS)
controlled with a pulsevidth modulation technigue, the PCS can ensure a complete control
over the active and reactive powef the battery system.

A stepup or decoupling power transformer is required to adequately connect the battery and
PCS to the electrical grid at the point of Common Coupling (PCC), as there exist nominal
voltage differences between the battery installatiside and the grid side. Therefore, this
transformer suits the output voltage of the PCS to adapt it to the voltage level of the electrical
grid.

The complete integration of the battery energy storage system (BESS) is only achieved through
an Energy Managment System (EMS) that presents functionalities of monitoring, control, and
communication. This component monitors the battery device, communicating with the BMS,
and all other equipment including ancillary equipment, the PCS, and the transformer. In
addtion, the EMS can monitor electrical measurements at the PCC to achieve an adequate
control of the BESS. The EMS is responsible for sending active and reactive peyagntset

to the PCS to perform different services. Moreover, by communicating withragsté other
electric sector stakeholders (e.g. grid operators, electricity market operator) it is capable of
optimizing the behaviour of the BESS both in technical and economic terms, as well as allowing
the BESS to respond to external functional requelite optimisation of the behaviour of the
BESS consists of defining the schedule of the battery system i.e. the most adequate periods of

time, considering the objectives of the integration, to charge and to discharge the BESS.
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This gction provides an overview of the job roles and skills that have been found during the
first iteration of the desk research and mapped according to a framework which is described

in section 2.4

Battery integration is heavily dependent on the BMS whsctidscribed and evaluated in the
sections above. As for the first steps of the battery integration process the battery modules
must be assembled. At this stage, tBell Module Engineerare present, as well eBattery
Engineersand Battery Designersvho oversee the design of parts of the battery apart from

the cells.

As for the second step of the integration process where assembled battery modules are
integrated with the BMS, there is a need Battery Management System Engineers, Thermal
Engineer (BTMSand Embedded Software Engineersho will develop and adjust the
software needed, and its coherency with the system hardware, with expertise in energy
storage for stationary applications like base stations and otBattery System Consultants

can be preset when negotiating with the customers or third parties. Testing is performed by

Test Engineers

At the last step of the integration process the whole system is integrated into specific use
cases where all job roles mentioned above might be present, dsasethe Application
EngineersAs for the specific use cases tpplication Engineerfor PV Energy Storage, Base

Stationsand other stationary applications are present.

During the whole integration process, i.e. before the battery goes into the ojoerait
environment, compliance with the standards and safety must be assuré&bhpliance and
Validation Engineers, Internal ISO Auditors, Safety Specialets,Safety Managersas well

as theProcess Engineemsho actively seek the process improvemenpoptunities.
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Most notable skills and knowledge:

Stationary and Industrial Battery Applicatior3attery
Integration SKILLS Occurence

meet deadlines mw————= (,85%
supervise staff s 0,85%
equipment and tools handling========_0,85%
conduct workplace audits e 0,85%
ensure compliance with waste legislative regulationss === 1 06%
use CAD software s 1,06%
identify process improvement s 1 06%
prepare presentation material m— 1 06%
think analytically 1,49%
communicate with customers 1,70%
conform with production requirements 2,12%
inspect quality of product 2,34%
use microsoft office 2,34%
follow reporting procedures 2,34%
problem solving & troubleshoot 2,34%
use technical documentation; observe documents 2,55%
develop models 2,55%
develop product design 2,97%
analyse test data 3,40%
perform product testing 3,61%

0,00% 0,50% 1,00% 1,50% 2,00% 2,50% 3,00% 3,50% 4,00%

Skills

From the chart seen in , Which is based on the researched job advertisements, it is
clearly visible that testing, in general, is a very important skill to have. Development of models
and product design are also vargportant skills to have, as well as management and follow
up of documentation and reporting procedures. Communication with customers,

conformation with production requirements, and inspection of product quality are also

important.
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Integration KNOWLEDGE Occurence

battery fluids
English
Python (computer programming)

1,06%
1,06%
1,06%

embedded systems

1,27%

MATLAB

1,27%

algorithms

1.27%

materials science

1,49%

battery chemistry

1,49%

battery material

1,49%

industrial design

1,70%

project management

1,70%

chemistry

1,91%

gather data; inspect data; process date

1,91%

computer programming

1,91%

battery components

2,12%

BMS

2,55%

health and safety in the workplace

2,55%

communication

3,18%

analysis methods

3,82%

teamwork principles

4,03%

0,00% 0,50% 1,00% 1,50% 2,00% 2,50% 3,00% 3,50% 4,00% 4,50%

Knowledge

D4.1

\_/

Teamwork principles are the most demanded pieces of knowledge, as

well as communication. English was frequently ardémand language. As for technical

knowledge, employees must have good kiedge about BMS and embedded systems,

analysis methods needed for specific tasks, computer programming, and data science, as well

as a background in batteries, as expected.
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The global market for energy storage is forecasted to grow fast, reaching more than 100 GW
of installed capacity by 2030 . The estimations on the pace of the growth differ, but
according to the forecast of P&S Market Research, the storage market could reach 26 billion

USD by 2022 which would mean a compound annual growth rate (CAGR) of 46.5%%®rcent
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The drivers for the growing interest in energy storéagehnologies for the energy sector have
been multiple, ranging from environmentaconomic,and technical aspects. The electric

sector presents a consistent need for energy storage, significantly related to the integration

21%nergy Storage Market to Reach $26,137 Million by 2022 (2017, July 7). Retrieved July 29, 2020, from
https://www.globenewswire.com/newselease/2017/07/07/1041306/0/en/Energ$torageMarket-to-Reach
26-137-Million-by-2022-P-SMarket-Research.html

21 Bloomberg New Energy Finance. Deloitte. lobal energy storage Digitization and madkeition accelerate
battery storage deployment. Retrieved July 22. 2020, fioitps://www?2.deloitte.com/us/en/pages/erergy
andresources/articles/globaénergystoragerenewableenergystorage.html
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of significant shares of renewbdbsources. In the last two decades, a massive integration of
Renewable Energy Sources (RES) in the power/energy distribution systems has been
prompted by the global increasing climate awareness and various economic incentives. The
variable and intermitteh nature of RES such as wind and photovoltaic (PV) presents new
difficulties in planning and operation of power systems as they bring variability to the supply
side which traditionally only occurs on the demand 3idéTherefore, battery storage and the
flexibility that it may offer is regarded as rather complementary to the further integration of
variable RES. With the European Union (EU) committed to further integrate RES, aiming at
reaching 50% of power generation in the EU from RES in 2050, as pé&rigsice scenarid®,

the need to accommodate such green generation will continue to grow. This means a great
opportunity for a pursued deployment of battery storage, offsetting its intermittent character
and avoiding curtailment, while contributing to a meatechnical and economic integration of

such resources.

Besides the aforementioned drivers, an additional economic driver has been pushing for
battery storage solutions. This is related to the phasé of feed in tariffs (FITS) or net
metering paymentsn several countries, particularly in Eurdffe At the generation level,
national programs for FIT in support of wind and solar generation are coming to an end in
many countries, leading to a merchant, more risky operation of such assets. In these cases,
energy storage may be used to provide a more stable revenue from energy sales by shifting
generation to periods of higher value. At the consumer level, from residential to commercial
and industrial, several stakeholders are now looking for ways to incrdaseeturn on
investments made in renewable energy, namely photovoltaic (PV). This has been a particular
driver for battery storage in regions that combine a mature solar market with high electricity
prices, namely high prices for peak demand periods. Megeahis has been reinforced by a
growing desire by these stakeholders for energy-sefficiency, which leverages the value of

battery storage.
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With the growing integration of renewable energy, together with the offset of some of the
conventional eledaical generation (coabased generation, nuclear) the stability and balancing

of the electrical grid needs to be ensured by different sources. This has opened wholesale
electricity markets as well as ancillary services markets to the participation ofpattmage.

In fact, major electricity markets in the United States of America (USA), United Kingdom (UK),
Germany and the Netherlands have adapted their structure not only to allow battery storage
to participate, but also have redesigned them to refledatfedtentiating aspects of such
G§SOKy2t23A0If azfdziAzya adzOK |a Frald NBaLRy
primary control reserve (PCR) market, and the fast frequency response (FFR) market in the UK.
Such approaches have, for instance, shdhat battery storage is already competitive with

gas peaker plants. Although these types of markets are not yet widespread in many European
countries, these nations have paved the way for others to follow and the trend will be for a
throughout market rechbration prompt as well by policymakers and regulators. Moreover,

the ability to participate in different markets allows battery storage owners to stack revenue

streams offsetting the hurdles related to the still challenging investment cost.

In fact, theintegration of battery storage in electric grids is highly dependent on cost and
performance and the recent growth in installations has been driven by them. Particularly
lithium-ion batteries have seen their costs significantly reduced in the last dealadg with

an improved performance. shows that in 2017 the cosff Lithiumion batteries had
already dropped 80% compared to the cestel in 2010. This has been mainly related to the
expansion of electric vehicle markets that demanded more production and, thus, economies
of scale have been achieved. With a growing capacity installation, other costs related to the
balance of the battergtorage system have also been diminished. These costs are related to
battery inverters, control and monitoring devices, grid interconnection fees, Engineering,
Procurement and Construction (EPC), etc. For example, from 2015 to 2020, the balance of

systemcosts decreased by 4%%

275 GTM ResearchS energy storage BOS costs to fall 41% by 2020 (2016, January 4). Retrieved August 5, 2020,
from https://www.pv-magazine.com/20181/04/gtm-researchus-energystoragebos-coststo-fall-41-by-
2020 100022617/
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Other drivers for battery storage have been arising from a greater awareness and knowledge
towards battery storage fronpolicymakers and regulators. Particularly, the combination of
clear national policies with fiscal incentives have been driving the integration of battery
storage in many parts of the woAt. Countries such as Italy and Japan where energy storage
is a sigificant part of their strategic energy objectives have provided financial tools reflecting
policymakers visions, that have led to a widespread adoption of these technologies from
domestic users to investors in big projects. Such incentives are typicailysgsubsidized
financing, direct refunds or tax rebaté§ Nevertheless, this brings battery storage in front of
other broad impeding efforts to ensure energy independence andssdficiency of these
countries in the future. This allows battery stoeatp show its potential in enhancing the
reliability and resiliency of their power grids, in decarbonization and in providing the adequate

flexibility to integrate renewables efficiently.
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In recent years, energy storage regained the ins¢@ various stakeholders along the electric
sector value chain, from electric utilities to policy makers. The perspectives on battery storage
are very diverse but the involvement of the entire value chain is important for leveraging the

opportunity thatenergy storage brings about.

In what concerns a typical battery storage project to be connected to the power grid, several

actors may be involved.

Therefore, the list of categories of stakeholders may be the following:

Battery modules producers

Battery manufacturers

Environmental protection authorities / associations
Citizens/battery users in general

Commercial and industrial prosumers

Electricutilities companies

Engineering Procurement and Construction (EPC) companies
Energymanagement system (EMS) providers

Integrated storage technology vendors

Local authorities/municipalities

Market operators and aggregators

Power Conversion System (PCS) manufacturers

Project developers and investors

Regulators

Renewable energy promoters
Re®arch institutes
Specialist battery storage integrators

Transmission and distribution system operators
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The growing interest in energy storage in recent years has also led to new players coming into
the market in competition with very we#istablished plagrs of the energy sector. These new
players range from new battery manufacturers that put forward new battery chemistries or
technologies that can have advantages in some applications. This is the case of: Blue Solutions
that is developing a sohidtate batery that can address safety and longevity challerffes
RedFlowthat proposed a novel zidgromine flow battery particularly suited for the
residential and telecom sector and with virtual power plant capabifitie&€OS energy storage

that presents itself to the market with a zinc based solution for a safesclost and long

duration operation. However, the market has been also very active in lithiased batteries,

with performance enhancements and new, cheaper manufacturing processes.

While several stakeholders derived as well from the renewable sector, from project
developers to PCS manufacturers, other players focused on a differentiating feature of battery
storage that is related to the EMS. Several players focused on the development of the EMS to
allow a smooth and reliable integration of battery storage in défe application contexts,

from the cclocation of battery storage with renewable plants, to industrial and residential
selfconsumption. Others focused on platforms that enabled the adequate integration of
wholesale battery storage with ancillary markedrgices in a single package, allowing the

stacking of revenue streams.

The newcomers and traditional actors of the electric sector have a different positioning in the
market and may address different segments, from the residential segment to the-stiily
segment. The following provides an overview of the energy storage technology value

chain and their positioning in the market.

278§ dzS { 2t dzii ARting onSofidstat& Battele§ @QG19, June 3). Retrieved August 5, 2020, from
https://www.pv-magazine.com/2019/06/03/blusolutionson-why-its-betting-on-solid-state-batteries/

2% Redflow batteries to add VPP capabilities (2020, July 24). Retrieved August 5, 2020t Fsoffwww.pv-
magazineaustralia.com/2020/07/24/redflowbatteriesto-add-vpp-capabilities/
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In the tumultuous energy storage business, policymakers and power sector regulators play a
huge role in the healthy development of the mark&t One of the key discussion topics is the
removal of barriers for avidespread implementation of battery storage, namely removing
hurdles to access the energy markets; to retool such markets so that they would be fairly
treated compared to existing and alternative technologies; to recognize the inherent
characteristics osuch systems and valuing flexibility. While some countries have achieved
significant progress, others need to follow quickly, having the grid operators engaged, and

promoting innovation towards decarbonizing the power grid.
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282 Behindthe-meter: what you need to know (2019, September 12). Retrieved July 29, 2020, from
https://news.energysage.com/behinthe-meter-overview/
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There are also electric vehicle batteries and smaller scale battessolar panels

combinations implemented by residential consumers, which could have not only BTM

applications but also FTM uses if controlled by aggregators or utilities. There areasippb

(

D4.1
N\

for energy storage, which can be useful in integrating renewables, supporting smart grids,

creating more dynamic electricity markets, providing ancillary services and bolstering both

system resiliency and energy ssiffficiency. In this contextye mainly focus on energy

storages consisting of-lan batteries, the statef-the-art battery technology today.

. Potential customers for enigy storage are power generation unit owners, grid operators

and residential consumers and prosumers, who are seeking ways to reduce the electricity

costs and/or to find new value streams for their assets. In a nutshell, battery usage is driven

by consumes (distributed residentially as well as commercially and industriajiyj,

operator and utility needgdispersed and centralized storage systems), @ffeyrid

applications of energy storagdrom individual energy systems for homes, telecom towers

and microgrid€84 The increasing application of renewables in the context of the

abovementioned is a major influencer.
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M Electric bill management
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Lithium-ion battery energy storage applied whin renewablesgenerating grid (behinethe-

meter)

According to International Renewable Energy Agéftayhile utility scale stationary

batteries are the number one global energy storage now, by 2030, -scal# battery

storage is expected to significantly increase, complementing utility scale applications. These
so-called BTM (behinthe-meter) battery sygems are connected behind the utility meter of
commercial, industrial or residential customers. The main goal of the application of BTM

systems is to generate energy bill savirigs:

Behind the meter (BTM) renewable systems include solar panel systems and small wind
turbines that generate electricity that is used in a residence or a business. BTM renewable
systems provide energy that can be accuated in an energy storage. Excess generation

can be rerouted through an electric meter to the power grid for credit on the invoicing for
electricity (net metering). A more complex version of a BTM energy system is a microgrid.
Microgrids are small verams of the larger power grid that supplies energy, for example, to a
small number of buildings. Microgrids consist of generation, a distribution system and, when

needed, battery storagé?®

Additionally, there are mingrids that ardsolated(unlikemicrogrids that can operate in both
grid-connected and island mode), smatlale distribution networks that provide power to a(n)
isolated/stranded group of customers and produce electricity from ssia#f sources

(conventional and renewable), potentialtpupled with an energy storage systém.

285 Battery storage paves way for a rened@powered future (2020, March 26). Retrieved July 29, 2020, from
https://www.irena.org/newsroom/articles/2020/Mar/Batterystoragepavesway-for-a-renewablepowered

future

286 Behindthe-meter: what you need to know (2019, September 12). Retrieved July 29, 2020, from
https://news.energysage.com/behinthe-meter-overview

28"Microgrids, Minigrids, and Nanogrids: An Emerging Energy Access Solution Ecosystem (2017, July 31).
Retrieved July 29, 2020, froiitp://energyaccess.org/news/receatews/microgridsmini-gridsand-nanogrids
anemergingenergyaccesssolution
ecosystem/#:~:text=A%20microgrid%20can%20connect%20and,grid%2Dconnected%200r%20island%20mode.
&text=The%20definition%200f%20a%20mini,in%20requlations%20in%20developing%20economies.
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Utility -scale battery storage (ifront of the meter)28°

Utility-scale energy storage has a typical capacity ranging from a few méglaguasto
hundreds of MWh. FTM (ifront of the meter) batteries are in connection with distribution

or transmission networks or with a generation system.

The gridlevel energy storage system plays an important role in the usagkecffricity. The
demand for electrical power varies daily and seasonally. Storing the generated energy and
providing power to shave peaks and level loads are necessary since the demand for
electricity can vary on the daily basis. Significantaited peako-valley differences can

occur if comparing daytime electricity demand to the overnight level.

Lithium+ion batteries come with advantages such as relatively high energy density, high
Electrical Efficiency (more than 95%), and long life cycle (3006 atdepth of discharge

of 80%) due to which their role in supporting grid devices is essential. Furthermore, LIBs in
grid-level energy storage systems are an attractive choice for renewable energy source
integration in order to provide generated power émd consumers with minimal cost.

Storing energyrom supporting renewable power systems into batteries, when needed
Syadz2NBEa 3INARQa adloAfAde YR NBftAlFoOAfAGRED

Renewables such as wind and solar power suffer from significant intermittence as they are
highlyweather dependent. Storing the excess energy produced by wind and solar power

systems to supply electrical energy when the power demand reaches its peak is an effective

solution.
BCALYYSA [/ KSYysS A WAYZIZ Illyeédz [GZ 'yil2 ,ly3az aSie
Lithiundon Batteries in Grifbcale Energy Storage System> t dzof AAKSR 2yt AyS y CSo

22, 2020, fromhttps://link.springer.com/content/pdf/10.1007/s1220920-00236w.pdf
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Lithiunmion batteries are regarded as a very promising technological solution in the context of
an everevolving telecom world of base stations. The drivers for this are threefold: the first is
related to the evolution of the telecom technology of the bagtation itself; the second is
related to the local ofigrid Diesel generator used at the base station level; the third is related
to the increase of performance and reduction of costs of lithiom batteries, which further

stresses the other main drivers

Deployment of base stations for 5G networkS

Mobile servicecustomervolume has continuously risen and the advancements in technology
have led to a significant energy consumption increase in the telecom industry. The total
number of users surpassedbillion by 2017°. On one hand, the growth is expected to
continue with an increasing number of people having access to it. On the other hand, several
emerging technologies have surged ranging from smartphones, mobile TV to network of
physical devices (ietnet of things) such as vehicles, home appliances, etc. This comes on top

of the progress in radio access networks (2G, 3G, LTE, etc.).

This will be significantly aggravated by teeent widespread installations of base stations for
5G networks. Thisew technology presents two main challenges having to do with the
designing or refurbishing of the base stations. First of all, 5G networks will demand more
energy than previous technologies which means more local generation and battery storage.
shows the typical power requirements of base stations for different communication
technologies. Second, 5G networks need higher density of base stations than 4G networks
meaning that new base stations need tolinglt, consideringustainability and envimmental
goals,nonetheless. This is a great opportunity for battery storage and, particularly, lithium

ion battery storage as it is deemed as a better technical and economical solution than

X0 KAYFQa pD O2y &l NarOditériesyor eanelgyytdrage (2020, May k7). Betrieved July 29,

2020, fromhttps://www.spglobal.com/marketintelligence/en/newmsights/latestnewsheadlines/china

821 7s-5¢g-constructionrturns-to-lithium-ion-batteriesfor-energystorage58474880

XL 3YlF a INRaAX . FKYlLY {KIFol yATa({ dzGid Basg Statibrs, SepfemtieiNI { dzLJL.
2015, DOI10.3390/en8101090® & wSGiNARSGHSR wdzt & HpZ H .
https://www.researchgate.net/publication/282367344 Sustainable Powapdhy Solutions_for_ Off

Grid_Base_Stations
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conventional leaeacid batteries. For example, in China, the dach&or lithium-ion batteries
for this purpose is expected to rise from 2.7 GWh in 2019, to 13.3 GWh in 2020, reaching 14.5
GWh in 2022°2,

11,577WN
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RRU 210G
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RRU 900M | 990
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The need for resilient and sustainable base statici$2%°

The challenge posed by 5G networks will further stress the fact that, in isolatgddfireas,

base stations are typically powered by srsaldle Diesel generators. Even in areas where the

292 Chinese 5G rollout lifts lithium battery demand (2020, March 19). Retrieved July 6, 2020, from
https://www.argusmedia.com/en/news/208849¢hinese5g-rollout-lifts-lithium-battery-demand

2%3Fjerce Wireless, 5G base stations use a lot more energy than 4G base stations: MTN by Linda Hadestry, Apr 3,
2020. Huawei. Retrieved July 29, 2020 friomnps://www.fiercewireless.com/tech/5ebasestationsuse-a-lot-
more-energythan-4gbasestationssaysmtn

2% Luta, D. N., & Raji, A. K. (201P¢rformarce and Cost Analysis of Lithitlon Battery for Powering OfBrid
Telecoms Base Stations in Africa. International Journal of Engineering Research in Africa,¢431.101
doi:10.4028/www.scientific.net/jera.43.101.Retrieved July 29, 2020, from
https://www.scientific.net/JERA.43.101

2% Ferraro, M., Brunaccini, G., Sergi, F., Aloisio, D., Randazzo, N., & Antonucci, V. (2020). From Uninterruptible
Power Supply to resilient smart micro grid: The case oftefastorage at telecommunication station. Journal

\_/

of Energy Storage, 28, 101207.Retrieved July, 29 2020, from
https://www.sciencedirect.com/science/article/abs/pii/S52152X19302919
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main electrical grid may be accessible, Diesel generators maystaled for backup power

purposes in case of grid failure. Particularly in more remote areas, this means that an increase
from the average 25 MWh of consumption per year per base station will automatically lead to

an increase in greenhouse gas emissionsA y | -agdadddalAfyES 380Sy I NA2d Ly
major parts of a telecom mobile network, base stations already account for 60 to 80% of the
network energy consumptidf. Although there is a clear trend to offset this pollution
associated with the ezrgy consumption by integrating local renewable generation (e.g. PV
generation), this can only be achieved through a flexible, high performing battery system such

as Liion based battery storage, which can accumulate the extra renewable energy and provide

the backup power when needed. With a proper sizing and design, such batteries might even

render theDiesel fuelled generators useless altogether.

Furthermore, the driver for battery storage is even more accelerated by the inherent
characteristics of Diesgenerators. Diesel generators showcase reliability issues, presenting
a lower availability level than the one required for base station application, namely with the
increasing dependence of people on telecommunications. These reliability issues may lead,
on one hand, to the need to install extra generators for redundancy and, on the other hand,
to increased operational and maintenance costs due to the need of maintaining and repairing
through regular visits to a large number of base stations. Additiortallyfuel also needs to

be made available at the site of the base station, which also increases operational and
maintenance costs. This can be tackled by the combination of local renewable generation and
battery storage, which can bring a significant retitut of the operational costs, reduce

maintenance needs and mitigate greenhouse gas emissions.
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Increased performance and reduced costs of Lithiiom batteries?%6 297 26

Whether the concern is offrid or ongrid base stations, the fact of the mattertisat Lithium:

ion batteries are increasingly replacing Leaud batteries in telecom network¥. The
rationale for this is threefold: first, the significantly decreasing costs of Lithiumnbatteries

are making them competitive in terms of lifecycle caargd to Leaehcid battery, which is still

the most mature and cheapest type of battery; second, Lithiambatteries provide a higher
energy density which means less footprint, a key challenge for the compactness required for
a base station. This is ached with greater electric efficiency and more usable energy,
meaning that more backp energy can be provided in base stations for systems with the same
installed capacity. This is even more relevant in the transition to 5G networks; last, Lithium
ion batteries can perform more charge/discharge cycles and present a larger calendar life,
which means that its needs for maintenance are lower and battery replacement can occur less
frequently. This is a key driver in remote base stations, particularly the ornibslecal
renewable generation, as the battery system cannot only provide bapkwer but, also,

maximize the usage of the available renewable energy.

2% Telecom's 5G revolution triggers shakeup in base station market (2018, December 25). Retrieved August 7,
2020, fromhttps://asia.nikkei.com/Business/Technology/TelecariGrevolutiontriggersshakeupin-base
station-market

27sawle, Yashwant, andG. Gupta. "A novel system optimization of a grid independent hybrid renewable
energy system for telecom base station." International Journal of Soft Computing, Mathematics and Control 4:
4957, 2015. Retrieved July 29, 2020, frottps://www.wireilla.com/ns/maths/Papers/4215ijscmc04.pdf

2%8 Chinese 5G rollout lifts lithium battery demand (2020, March 19). Retrieved August 7, 2020, from
https://www.argusmedia.com/en/news/2088496hinese5grollout-lifts-lithium-battery-demand
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The telecom base station market is very large and has been in constant crashgstue to its
relevance in society, attracts a broad range of actors. This is accentuated by the ongoing

revolution with the surging 5G networks,

The categories of stakeholders range from telecommunication technology providers, to base
station equipment manufacturers, to regulators and governmental agencies. All stakeholders
will play an important role in the transition to sustainable base stations, particularly in remote
locations. With the number of base stations and, thus, their energy copamexpected to

grow significantly, the adoption of lithiumon based battery storage will largely depend on
the strategies of the different stakeholders and the guidelines at national and international

levels for the decarbonization of the sector.
Therefore, the list of categories of stakeholders may be the following:

Battery manufacturers

Citizens/telecom users in general
Electric utilities providers

Energy management system (EMS) providers
Environmental protection agencies / associations
5G Telecm Base Station Equipment Providers
Integrated base station providers

Integrated storage technology vendors

Local authorities/municipalities, governments
Power Conversion System (PCS) manufacturers
Research institutes

Solar panels manufacturers

Telecommurgation technology providers
Telecom operators

Telecom regulators

29 Telecom's 5G revolution triggers shakeup in base station market (2018, December 25). Retrieved August 7,
2020, fromhttps://asia.nkkei.com/Business/Technology/TelecembGrevolutiontriggersshakeupin-base
stationrmarket
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The landscape of the global market share in base station sales in 2017 is presented n

. The launch in several developed markets of the fifémeration wireless networks is
shaking up the market and will continue to create disruptions among stakeholders. On one
hand, the typical group of companies that used to dominate the market for 3G4&hd
networks are being challenged by new players that adapted very fast to this revolution period
which threatens the relative stability of the market over the last decade. For example, Altiostar
Networks, a 5G telecom base station equipment provider,avl8 06 dzA f RA y 3 LJ NJi
new mobile network in Japdff. In this project, more than 4000 base stations will be built
over a period of 2 years at a reduced cost compared to other approaches. The reason for this
is the industry shift to general purpossquipment instead of the dedicated equipment
approach from Altiostar Networks. This commoditization of base stations is allowing a faster
growth of 5G networks but, moreover, the apparition of new actors. This is also relevant for
battery storage, particarly manufacturers and integrators, as it will need to follow this trend

for standard products with large life cycle.

Global market shares in base station sales in 2017
(in percent)

NEC 1.4

Fujitsu 0.9
Samsung 3.2 \

— Others 3.8

Huawei
Technologies

Based on survey findings by IHS Markit;
shares do not total 100 due to rounding

300 Rakuten Network By the Numbers: Launching a New Era of Mobile Networking (2020). Retrieved August 7,
2020, fromhttps://www.altiostar.com/rakuterrnetwork-by-the-numberslaunchinga-new-era-of-mobile-
networking/, last accessed in 07/08/2020.

301 Telecom's 5G revolution triggers shakeup in base statiorketadby | Horikoshi, T Kawakami, Nikkei staff

writers. (December 25, 2018). Retrieved August 7, 2020, from
https://asia.nikkei.com/Bisiness/Technology/Telecomb5Grevolutiontriggersshakeupin-basestation
market
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The impact that telecom has in society and its national relevance have led to nationwide
concerns, related to information independence, technology leadership, etc. This has caused
a signifcant impact on the industry that has hurdled, for instance, the 5G deployment.
Regulators and governments are the key stakeholders in these issues, directly influencing the
market development. Although 5G networks are a challenge in developed countitiesiew

and refurbished base stations being a key driver for battery systems, similar aspects need to
be considered by these stakeholders in developing countries. It is in developing countries
where remote base stations will be mostly built, meaning tin@ytrepresent the places where

battery storage can have the most impact in mitigating greenhouse gas emissions.

Batteries are used as energy storages to provide backup power for telecommunication base
stations. Additionally, batteries are used within efffid base stations in remote locations
together with Diesel generators and increasingly renewable energy sources such as solar
panels and wind power turbines. Reliability and continuity of a power supply arrasgjeare

critical elements when powering effrid base stations to ensure that the mobile users and
telecom operators would not suffer from service outages. Batteries are important to fill the

supply gaps when utilizing intermittent renewables.

Leadacid katteries have been widely used especially with earlier generation (4G) base
stations, but recently, tion batteries have become an interesting alternative with next
generation stations due to their benefits. . The ongoing deployment of 5G base
stations will be the main driver of the increased demand faphi(Lithiumiron-phosphate)

batteries in the context of base station applications.

The man benefitsfor the application of kion batteries with base stations are high capacity,
high voltage and lack of pollution. Safety aspect is important as well as small size, light weight,
temperature resistance and low susceptibility to seismic actifityother important feature

is a builtin diagnostic system that enables monitoring charging status and battery ageing

speed. The weight and volume of aidn battery, for example the one provided by the
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company ZRGB, are only otierd of the leadacid bdtery3°2. Being fully replaceable with
current batteries (Lead\cid, NiCd) is another important factor as is the case with, for
example the Samsung SDtdrn battery solutiod®®. The main disadvantagesor the
application of Lion batteries with base stans are the high cost (has been decreasing

though) and theunfavourableimpact of deep discharging on the battery lifetiffe

100,  50% 100  20% 80 ‘. .
= el @ 0 B C

20-25¢ -20-65<¢

Lead-Acid Lead-Acid Lead-Acid Lead-Acid L8

In the context of offgrid base station solutions in remote areas, a variety of power source +
energy storage combinations apply, from diesel generatoret@wable energy sources and

hybrid power supply systems that combine different energy sodfces

«)

Controller

\_ —

y 4 N 3
Wind turbine |
I
y
Photovoltaic
panels
Energy Base station
storage

302Base Station Battery Modute48100 (2019). Retrieved July 22, 2020, fiwips://zruipower.com/products
item/48100-telecom/

303Samsung SDI,-ldn Battery Solution For Telecom Base Station (n. d.). Retrieved July 22, 2020, from
http://samsungsdi.com/upload/ess brochure/ESS%20forBo2B. pdf

41 3YF az2KFYFR !' NA& YR . FKYlFLY {KIOoFYARDNRRAZEAIGES Yy @ A 2
2015. Retrieved July 29, 2020 from
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Opportunities and challenges for ion batteries’®®

560 St SO2Y ol asS adl G A2tyhésRighdzidhdn tiatfof 46 st&ians. Rdckop G &
power requirements are at least twice the size compared to 4G. High gt@fyice ratio
secondlife batteries have potential as a backup power supply soumre5G stations.
However, safety issues regarding battery energy storages have become more important in the
recent years. That is especially the case with sedibmtvatteries for which safety is a priority.

The safety of 5G energy storage must be empeaksin the industry. All safety issues must
trigger indicators that are detectable by the Battery Management System (BMS) and can be
reacted upon by immediately isolating any problematic battery before the possibility of fires

or thermal runaway occurs.

Four requirements must be met when it comes to designing 5G base station power sources.
First, application of multiple energy sources, that strengtheéhe capabilities to produce
stable electricity Second intelligence for operations and maintenancéo increase the
efficiency of operations. Third, digitalization of power for high density and efficiency
Fourth, developing smart batteries to achieve maximum value from the entire battery life

cycle

3.5.3.1 DRIVERS OF CHANGE
Lithiumion battery storage can also be regarded as a very promising technology, whenitis  coupled

with a variety of heawguty applications. Some of the changes driving the market can be overlapped
with the energy storage and telecom industries, @fhivere specified earlier in this document. Without

any doubt, environmental and economic aspects do have a significant weight, when it comes to LIBs
deployment for the heawuty applications as well. Let us go deeper into the topic, by looking at some
examples and consider some suitable industrial categories of interest for littoarbatteries heawy

duty integration.

3055G: The Next Opportunity for-ldn Energy Storage? (2019, December 30). Retrieved July 29, 2020, from
http://en.cnesa.org/latestnews/2019/12/30/5gthe-nextopportunity-for-li-ion-energystorage
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Financial and environmental benefits to energy storage deployment for hospitals, stadiums, data

centresetc.306307.308

Originally, theras a great deal of directions, in which hospitals can potentially have their costs reduced

after having LIB energy storage systems installed: Demand Charges reductiomf-Usge (TOU)

Charges reduction and Demand Response Programs patrticipa@ionsegently, financial benefits for

hospitals will occur with a minimized peak kW usage, when laundries, kitchens, operating rooms, labs,

and all other services are in full consumption mode. What is more, TOU cost rates can be regulated

and cut by shiftingth& | 22 NJ St SOG NWA(I&L K 2dzNRR @ 2[ R2F FLR2AY G (2
can earn significant amount of money per year simply for participating in Demand Response (DR)
LINEANF Y&aS FAYSR |G NBRdzOAYy 3 St SKOBNAROSYiley RIZad ISy FF 2

paid by utilities companiés

The similar patterns of costs reduction can be achieved, if Battery Energy Storage System BESS are
deployed for stadiums, by avoiding peak power prices, buying electricity when it is cheap ang storin
clean energy for later use when prices are higtteriesinstalmentwill become a step forward for
creating costeffective economy and promoting efficient energy usage, helping local government,
authorities, and businesses to follow green trends. Femttore, in the long run, the concept of BESS

for stadiums can act ifavourof supporting grids through selling generated access energy to them.

Except for the abovementioned economic benefits, BESS proliferation in hospitals, stadiums etc. can
make itsown contribution in reducing carbon footprint and making loarbon economics transition

smoother and faster.

It is possible to have second life EV batteries involved in the process of energy supporting for grids in

the periods of low demands for stadiumEBhat would have a positive influence on the whole battery

6 G F-NBBES . FOGGSNE { 42N 3D, ZBNRetrievadLBMudubt f 28, £202@ Wimy dz NEB
https://www.engiemep.com/news/largescalebattery-storagefor-hospitals/

g1 NBSYFfQa ySg ol G0 Ssadiungflom kickkaTi? NIB2  (F2dzf NEHzyT AQYYSRENT GiinSEm y 0
26, 2020 from https://www.pivot-power.co.uk/arseals-new-battery-will-store-enoughenergyto-run-
emiratesstadiumfrom-kick-off-to-full-time/

3y ¢ KS 5dziOK F22G01tft adGFRAdZzY ONBIFGSa Ada 26y SySNBHe@
Retrieved August 26, 2020 framitps://www.weforum.org/agenda/2018/07/netherland$ootball-johan-cruijff-
stadiumelectriccar-batteries/
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life cycle, contribute to green energy commitments and reduce the need for Bjeselrated energy

power backup for outage periods.

Renewable Energy Sources RES increased generation suppoytBe §38%31°

Sustainable energy generation is vital to guaranteeing high living standards and green economy
development. An important step forward down this way can be considered thecgridected
hospitals, airports, stadiums etc., which have theiergy generated with photovoltaic (PV) panels or
wind turbine$. Nevertheless, both energy sources suffer from intermittence, so this is the point when
BESS step in. Consequently, with an increased demand for renewable energy generation, the
subsequent dmand for Lithiumion batteries will go up in order to both store energy and provide a

stable electricity supply.

PV and wind turbine energy are already widely used for hospitals around the world, as they naturally
feature highenergy consumption and hawnough space, for example, for photovoltaic panels to be

installed. In other words, similar projects aimed at PV energy generation and storage will enable the
medicalcentresto better serve their patients by establishing a reliable source of clean energy that

covers theO S y lichidumgtion of electricity and, as a result, bring access to a secure energy source
GKFG A& I ONROGAOIFE 02 YLR ySistainableand tekaSle hisaaticdli G+ £ Qa |

2 KIG A& Y2NBzX [L.&a OFy o0S |fa2 LI ANBR gAGK (KS
energy storage system will reduce energy charges during peak demand which equate to approximately

40 percent. h other words, the airports can be compared to small or medgired cities, which may

need enormous amounts of energy for consumption in order to support a variety of infrastructure

St SYSyidao ! yAljdzS NBIj dzA NEY Sy ( & te@nihal dircondidriig, r 0 dzA f R

conditioned air and power at gates, powering of many appliances and other systems, baggage handling

g1 NBQ@ASg 2F adzadlrAyrofS SySNHe | 00Saa FyR (GSOKy2ft 2:
2017). Retrieved August 26, ZDfom https://www.sciencedirect.com/science/article/pii/S2213138817301376

G {Fy 5AS32 ! ANLRNI Fyy2dzyOSa H a2 SySNHe 2@GfeoM; 3S aea
https://www.smartenergydecisions.com/energnanagement/2019/06/25/safdiego-airport-announces?-
mw-energystoragesystem

g2 2NI RQa f I NBS&ald K2aLAGFIf a2tk NJt+ LINR2SOG 2yfAyS y?
27, 2020 fromhttps://www.renewableenergyworld.com/2019/08/27/worldfargesthospitatsolarpv-project
online-now-in-amanjordan/#gref
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systems, etc.) can be strategic reasons for investing into energy efficient technologies. In this case,
analysinghe potential benefits that may be acquired in case of renewable energy sources installation,
there is a number of advantages to be taken into consideration: greenhouse gas (GHG) emissions
objectives support, Corporate Social Responsibility (CSR), strong envira@hnoembmitment,
opportunities for additional revenue generation in case of energy access and risk mitigation concerning

energy supply in case of aite BESS installati$/a

The possibilities are really broad, though the whepectreof their functionalty and overall feasibility
of deployment can be achieved only with a combination of proper energy storage systems. As a result,
the overall RES increase in different institutions will require the energy to be efficiently stored to

maximize renewable energypportunities and have the benefits transferred for subsequent use.
Legislative and regulatory compliance and incentives

Policymakers and regulators have already shown interest in fostering a battery storage uptake in many
industries and sectors, includgy heavyduty one. For example, many airports may have legislative and
regulatory compliance requirements that can be met or addressed witsitenrenewable energy
projects. By investing in a renewable energy supply, an airport may proactively addiedards,

policy requirements and other compliance elements, whilst being at the forefront of the operating
environment. In addition, there may also be current regulatory incentives such as subsidies-and tax
breaks for renewable energy that airport operagoshould consider. Needless to say, that all RES

installations should be supported with BESS to be efficiently integrated into airports ecosystems.

Similar battery energy storage regulations are widely promoted by Dutch policymakers in Netherlands
due tothe increased attention to reducing @@missions. As a consequence, there will be specific
funding for R&D in electric storage and batteries second life use is intensively promoted through
projects aimed at advancing national football stadiums and pingigdustainable energy baci
solutions®3. These pilots are having good results and similar initiatives could be followed elsewhere in

Europe.

g1 Cc20dza 2y GKS LINRPRdzOGA2Y 2F NBySglofS SySNHe G (K
from https://www.icao.int/environmentatprotection/Documents/Energy%20at%20Airports.pdf

Wy, F GGSNE tNRY2(GAY 3 t2f A OA R4 Rétrged{AGUsEXT (@R fromS Yo SNI { G G ¢
https://ec.europa.eu/energy/sites/ener/files/policy analysis_

_battery _promoting_policies_in_selected_member_states.pdf
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Deployment of lithiumrion energy storage for directed highnergy laserd43',

There is a higher degree oéfiibility needed, when it comes to directed energy weapon development
and proliferation, to sustain the demand of changing load profiles and enhanced sensors capability. As
a result, innovative characteristics of modern Lithiion battery storage systentsan be successfully
exploited in terms of naval power systems. A common use energy storage system could facilitate
benefits such as reduced fuel consumption and prime mover running hours by decreasing the number
of running generator sets. Based on the necimvestigations, there is a great potential for Lithitiom

Nickel Manganese CobalNMQ based energy storage system to power predicted laser directed
energy weaponand show high rates of fire for extended periods subject to state of charge operating

limitations.

In fact, energy storage systems deployed onboard of naval ships can sereflanemus purposes,

adzOK +FayYy TFTdzyOlA2yAy3 a Ly dzyAydSNNHzZIIAGE S LR s SH
temporary loss of any of the normal power sources or as a power rippétlingdevice when sudden

loads are switched on and off th&sh LIQ& L2 6 SNJ INAR® CdzNIKSNX¥Y2NBZ &ai:
fire multiple shots fromahighJ2 ¢ SNBR f I AaSNJ ¢ A (G K2dzi 2@0SNI 2 RAy3

3.5.3.2 STAKEHOLDERS
Heavy Duty sector involves a numberafge and heavy equipment and complex processes,

so it has always been in need for efficient energy storage solutivhat ismore, with recent
developments in the sphere of renewable energy sources, a potential demand for a range of
battery energy storge systems has noticeably increased. Consequently, more and more
active industrial and commercial players became involved in the process of BESS deployment
in the following possible applicational directions: maritime oil & gas rigs, airports, stadiums,

hospitals, military bases etc. This is easily supported by the significance of electrification in the

Mgl aaSaaAiy3a oFdGSNE SySNHE aG2Nr3S F2NIAYGIGSANI GAZ2Y 4]
2019). Retrieved August 26, 2020 frdtps://zenodo.org/record/3381138#.X0Z_Q gza3l

gt 2SN aeadsSya yR SySNHe& &ad2N)F3S Y2RStAYy3I F2N RANSBC
26, 2020 from
https://calhoun.nps.edu/bitstream/handle/10945/42734/14Jun_Sylvester Jeremy.pdf?sequence=1&isAllowed
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industries of the future, which helps to replace Diesel, reduce environmemiadct, and

carbon footprint and guarantee backup power supplies in outageopsri

Except for the largscale aforementioned industrial applications, there is viability for a
commercial utilization of BESS to backing up power supply in hospitals, stadiums, etc. In this
case, there is supposed to be a high level of involvement fruttiple potential stakeholders,
including consumers and engsers. Nevertheless, efficient proliferation of battery energy
storage commercially in public places is highly dependent on decisions made by regulators
and decisiommakes®®. For instance, the2G technology deployment for the Energy Arena in
Amsterdam can serve as a brilliant example of a beneficial cooperation between a variety of
players: network operators, car manufacturers, industrial companies, business units, private

individuals, etc.

Another impressive example of promoting the ESS technologies of ttheetttury is

bringing renewable infrastructure upgrade to hospitals, as they are known to be energy
intensive facilities (e.g. New Jersey Hospital project in US), where there are roofs of relevant
size for photovoltaic (PV) systems installation, coupled battery ESS thus it becomes
possible to grab both economic and environmental advant&éidel can be executed within

a cooperation between Solar Panels Manufacturers, Battery Systems Integrators and other
stakeholders to balance the peak hours energgstomption and reduce overall bills for

hospitals.

As a potential interested party, the technology can also serve the aviation community and
authorities, as energy storage solutions can be deployed at airports, e.g. San Diego Airport
and ENGIE Storage e&S, where BESS is coupled with photovoltaic systems as well. It will

enable energy usage to be balanced and demand patterns regulated. Furthermore, military

316 Commercialization of Energy Storage in EU, p. 13: Key regulatory obstacles to energy storage can be lifted by
fair consideration of the role of storage in the electric power value chain (March 21, 2015). Retrieved August 21,
2020, fromhttps://www.fch.europa.eu/sites/default/files/CommercializationofEnergyStorageFinal_3.pdf

317 The Economist & NRG Energy Case Study: Optimizing theehtstyCHospital. Retrieved August 21, 2020,

from https://www.economist.com/sites/default/files/uclaanderson_wattsupdoc_report.pdf

318 ENGIE Storage 4MWh systeands at San Diego airport (2019, June 26). Retrieved August 21, 2020, from
https://www.energy-storage.news/news/engistorage4mwh-systemlandsat-sandiego-airport
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community can also have its own interest in battery storage, which can provideffms¢nt

uninterrupted power supply for military bases.

Talking about Offshore Oil & Gas applications, batteries can act aspaa&rs, loadevellers

SGO0® I'yR LINPOPARS FdzSt Ozada alr@ay3aa Ftz2y3a ga
some big industry plyers, for example, the compaMJR Power & Automation Servicégk

based company, which delivers marine energy solutions) is able to execute the following
marine electrical engineering servié€sMarine Electrical Consultandyiarine Electrical and

Automation Design, Marine Electrical Power Engineerifffshore Electrical Power

Engineering Marine Electrical Installation etc. Furthermo@orvus EnergyNorwaybased
company, which provides engineeriogented energy storage solutions for marine, oil &g

and port apps) supplies ESS for both offshore operations supporting vessels and the ones
placed onboard the rig¥. In addition to battery storage installation to a drilling rig power

plant itself, there is also potential scope to replace Diesel genesawvith batteries for

offshore supply vessels, e §PBE8Canadabased) company has the necessary expertise to
LINE OARS GKS o0F0GSNER aeadSy aztdzZiaAzyasz +Fa {t
supply vessels, large hybrid yachisdustrial machinery and in ladoased grid energy

projects?.

All thingsconsideredthe following stakeholder list can be compiled regarding heavy duty
energy storage applications as follows:

Airports

Aviation authorities

Battery manufacturers

Battery management system (BMS) providers

Citizens/ endusers in hospitals, stadiums etc.

319 MJR Power & Automation, Marine Automation & Control Systems section (MJR official website, 2020).
Retrieved August 21, 2020 frolnttps://www.mjrcontrols.com/service/marineautomatiornrcontrol-systems/

320 Corvus Energy website, About Corvus Energy section; Offshore section (Corvus Energy official website, 2020).
Retrieved August 21, 2020 frolnttps://corvusenegy.com/about/

321SPBES official website, home page (Sterling PBES Energy Solution official website, 2020). Retrieved August 21,
2020 fromhttps://spbes.com/
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Commercial organizations

Electric utilities companies

Environmental protection agencies / associations
Local authorities/municipalities, governments
Marine electrical engineering servicing providers
Maritime ESS suppliers

Maritime industry advisors

Military bases

Oil drilling companies/ Oil groups

Power management companies

Project developers and investors

Regulators

Solar panels manufacturers

Specialist bdery storage integrators
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3.5.3.3 TECHNOLOGIES AND OPERATION

General

Battery solutions can be used in many large scale energy storage applications, other than
those primarily used in the utility/grid and effrid applications as well as telecom
applications explained earlier ohapters 3.5.1 and 3.5.2, fexample as backuand

supporting roles in industrial applications, stadiums, hospitals, airports, various military
applications and so on. In this report some of these possible areas of applications are

discussed.
Marine and offshore oil and gas applicatiéf?

LHon batteries can be used in offshore/marine applications. This market is expected to grow
in the future and there are clear benefits. The integration of energy storage with the power
supply and distribution system of a drilling rig improves the environmental szdigity of

the offshore oil and gas industry. The power consumption is very variable in drilling and
dynamic positioning processes. With energy storages, it is possible to decrease the use of
Diesel engines (runtime) and optimize combustion level whesrating them decreasing

the emissiongonsequently.

I 322R SEFYLXS Aa b2NIKSNY S5NAffAy3d [(RPQA
GKS b2NIK {SIQad b2@l CAStR® LG gAff 6S GKS
emission hybd (dieselelectric) power plant usintithium-ion energy storageThe installed

system consists of four convertbattery systems with a total maximum powef 6 MWh.

The use of the battery system will result in an estimated 42% reduction in the runtiome of
platform Diesel engines with a reduction of CO2 emissions by 15% and NOx emissions by

12%.

322 Siemens targeting 4ion energy storage for marine and offshai and gas applications; 6MW system to
West Mira rig (2019, January 31). Retrieved July 29, 2020, from
https://www.greencarcongress.com/2019/01/2019013iemens.htm{July 292020)
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batteries can be used for supplying power during peak load tanelsas a backup power

Q\

system to prevent blackout situations and provide power to the thrusters if needed (a low

probability scenario in which all running machinery would be out of service).
Stadiums

Stadium battery energy storage can be a combination @f aad secondife batteries as is

the casewith JohanCruijff ArenA in Amsterdam, Netherlardd for example:

In thatexample, 8 MWh energy storage system is applied, with 2.8 MWh storage system

that includes energy storage battery packs (of Nissan#f§A¢ut of which 250 are second

life vehicle batteries, and 340 first life batteries. The initial step of energy storage
AYONRRdAzOGAZ2Y A& lFo2dzi O2YLX SYSyidAy3d GKS 5ASa

backup power. They will replace tigenerators when the regulation framework is in place.

The use of energy storage system for stadiums can be further monetized with the vehicle
grid capability. There will be additional charging infrastructure outside the stadium, which
will be connectedo the energy storage system and work in conjunction with the grid. The
average stadium capacity is 50,000,000 people for just a few hours a week, other time it

can be monetized by trading energy on the regulated market, on the spot market, and

providethe localneighbourhoodwith usable backup power.

323Eaton talks business cases for energy storage systems in stadiums, hospitals and data centers (2018, July 16).
Retrieved July 29, 2020, fronttps://www.pv-magazine.com/2018/07/16/eatoalks-businesscasesfor-
energystoragesystemsin-stadiumshospitalsand-data-centers/

324The 3 megawatt energy storage system in Johan Cruijff ArenA is now live (284.28). Retrieved July 29,

2020, fromhttps://www.johancruijffarena.nl/nieuws/the3-megawattenergystoragesystemin-johan-cruijff-
arenais-now-live/
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Hospitals

It is important to store large amounts of electricity to power hospitals, though it might be
challenging, yet new battery technologies are making lacgde electricity storage practical
and affordable. Due to their extensive use in electric vehicles and other applicatieos, Li

batteries are the most popular choice for many lasgmle applicatior’s®,

Using electricity stored in a larggeale battery system, a hospital can minimize itakpkW

usage (Demand Charges) and correct poor power factor conditions (KVAR) to save significantly
on its electric bill. Furthermore, if electricity generated by a renewable source such as
photovoltaic panels is stored, a hospital may also be eligibldifiancial benefits beyond

simply reducing its electric bill.

I K2aLMAGFtQa KAIKSad StSOGNROAGE dzatk 3S Ge8LAC
for electricity and timeof-use (TOU) charges are high. Lasgale battery storage can help a
hospitaNE RdzOS ¢h! O2aida o0& aaK Apeakkho(3.By recharging NJ LI
a largescale battery system during gfeak hours, the hospital pays the lowest rates for
electricity. It then uses that stored electricity during the day to minimiz& S K2 & LJA G | €

electricity bills when TOU rates are highest.

Hospitals and their patients are highly dependent on the presence of sufficient electricity
supply. Though, doubleonversion uninterruptible power supplies (UPS) with support from
backup Dieseyenerators appears to be a costly and complex system. On the other hand,
largescale battery systems can provide hospitals reliable and resilient, high quality,
environmentally friendly and, potentially, the lowest electricity cost for the periods of powe

problems or outages.

325 argeScale Battery Storage for Hospitals (2018, January 22). Retrieved July 29, 2020, from
https://www.engiemep.com/news/largescalebattery-storagefor-hospitals/
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Airports

Battery energy storage systems can be combined for example wiitersolar panel power
systems to reduce electricity costs of airports and to reduce carbon emissions. with the help
of batteries, airports have the capabyi to produce, store and distribute power to a single
terminal or an entire airport complex, either as its main source of power or as its auxiliary
electricity supply in the event the grid fails. Energy storage can assist in decreasing electricity
expensa by allowing airports to charge batteries duringpéak hours and to release power
during peak times to reduce energy costs. Consequently, airports can avoid spikes in energy

use and high demand charges and thus pay less for en&fgy.

Airport renewablesnergy microgrid enables any airport to store some of the energy

generated from the PV arrays onsite, feed energy directly to the airport and decrease

electricity costs. Some off the generated excess electricity can be sold on wholesale energy
market. Bystoring power in the batteries, the microgrid can provide energy when the

RSYIFIYR Aa (KS KA3IKSad FyR GKS adzy KFra aSio L
solar power system, combined with a battery storage system enable maintaining electricity

supply for the airport steady?’

Military applications

There are potential military applications concerning stationafipih.ibatteries such as

microgrid applications and integration of renewable energy systéns

326 ENGIE Storage 4MWh system lands at San Diego airport (2019, June 26). Retrieved July 29, 2020, from
https://www.energy-storage.news/news/engisstorage4mwh-systemlandsat-sandiego-airport

¢ KS wWSRg22R /2Fad ! ANLIR2NI wSySglotS 9ySNHE aAONRBINRF
(n. d.). Retrieved July 29, 2020, frémips://redwoodenergy.org/communitychoiceenergy/aboutcommunity
choice/powersources/airportsolarmicrogrid/

328| jthiumrion Battery Systems Ready for Military Use (2011, November 1). Retrieved July 29, 2020, from
https://www.powerelectronics.comnhews/article/21859820/lithiumiorbattery-systemsreadyfor-military-use
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Forward operating bases in remote locatiaran apply energy efficient technologies such as
solar and wind and store that energy to battery storage systemmnlbattery enables
storage of solar and/or wind energy in a system that is substantially lighter than a typical
lead-acid battery. The thium-ion battery also features a life cycle that is over five times
higher than the life cycle of leaakid batteries. Consequently, lithidion batteries present a

high potential for storing energy in military transportation and microgrid applications.

The batteries used in military applications should be designed to meet the weight,
temperature and environmental extremes. A suitable option can be {ygeat Lithium
Iron Phosphate (considered the safest form of Lithioam chemistry) cells combined tivian

advanced thermal management technology to deliver reliable energy as a compact solution.

Battery storage technologies have advanced enabling iacgée systems that can provide
costeffectively immediate and flexible power source foilitary bases, etc. At the same
time, batterybased systems help reducing carbon footprint and bring down the fuel

consumption and costs related to existing backup Diesel generéatérs.

The increasing demand for microgrids in military applications isr&isy the need for

energy storages’, as militaries are interested in griddependent systems to provide
continuous power. Reliance on Diesel generators in remote locations is often found to be a
security threat, as transporting fuel can be dangeroud ewstly,and the generators are

loud in service.

3.5.4.1 REPAIR

Stationary l-ion batteries, in their various applications, are replaced at the end of their
lifespan which essentially means repairing in this context. There is dimigd amount of
information available regarding the actual replacement processesiohlbatteries per area

of application. It can be speculated that the areas of application and the related technologies
differ significantly and thus each system hasatvn unique instructions regarding the

battery replacement procedure. One example of instructions that are related to the battery

replacement procedure is presented bel&W
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Taking a module offline, connecting it to a load bank for operating at rated power until the

defined runtime elapses or, alternatively, low battery voltage causes the unit to shut down.

In this case, the battery replacement should occur whentlegs 80% of the rated capacity

has been reached, in order to avoid getting to a critical load. Maintaining batteries and

replacing them eventually should include the following:

Inspection of a battery and a rack/cabinet for signs of corrosion or leakage
Measurement & recording

o the float voltage and current of the entire bank

o the terminal voltage of selected batteries
Checking

o electrolyte level in each cell, if possible, and visual inspection

o Vvoltage balance & internal temperature of cells

Keeping record of the ambient temperature

Comparison of the collected data with previous maintenance inspections data

328 Commentary: The Military's Next Essential Tool: Battery Storage (2019, September 16). Retrieved July 29,
2020, fromhttp://www.energystoragenews.org/category/26/military/

330 Global Energy Storage Market for Microgrids 2@021 | Key Insights and Forecasts | Technavio (2018,
September 7). Retrieved July 29, 2020, from
https://www.businesswire.com/news/home/20180906006023/en/GlotatergyStorageMarket-Microgrids
2017-2021-Key

331 https://www.eaton.com/content/dam/eaton/products/backugpower-upssurgeit-power-
distribution/backuppower-ups/servicesesources/EatorBatery-HandbookBAT11LTA.pdduly 29, 2020)
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3.5.4.2 MAINTENANCE
Installation of Liion batteries®32

Lithiunmion battery systems are normally shipped assembled. However, sometimes assembly
on site is required. Purchasing a packaged system may help to save installation costs and
time. The delivered battery modules may not all be at the similar state afehdherefore,

it is advisable to give the battery management system (BMS) time to balance the voltage of
all cells before starting functional tests. It is required that the batteries are installed in a
stable ambient temperature long enough to be therigalonsistent as measured by the

BMS before running a test discharge or charge cycle.

Maintenance of Lion batteries in UPS energy storage applicatié#ts

While Lithiumion batteries are harmless during normal handling as they lack$akistances,

it is important that they are correctly maintained according to right safety requirements.
Should a battery case be punctured or fractured, consulting the Material Safety Data Sheet
(MSDS) provided by a vendor for appropriate action is necgsBiferent lithiumion battery
models use a variety of different chemical components, and consequently safety procedures

will differ between L-ion batteries.

Batteries can lose charge or sdlécharge due to slight differences in local areas of théepl

that discharge the battery. Seffischarge of the battery occurs continuously whether the

battery is standing open circuited or operating. In case of for example UPS (uninterruptible
power supplies) battery, used as a backup power system, if it haggptmhave a significant

charge without being in use, recharging might be necessary. Proper recharging within the
stated shelf life will maintain the runtime to the level of a new battery. It is useful to apply
GNBOKIF NBS o6@&é¢ ¢t I oS frathargeivisiBly nharkdel | Ifiit & n@ Fossibl&Br y S E

batteries to be installed before a certain recharge date, it is possible to connect them to a

332Key Considerations for Evaluating Lithiion Batteries for Stationary Applications (2019). Retrieved July 29,
2020, fromhttps://www.vertiv.com/globalassets/documents/whitpapers/keyconsiderationsor-evaluating
lithium-ion-batteriesfor-stationary-applications/vertivlib-keyconsiderationsvp-en-na-sk70519

web 280471 0.pdf

333The large UPS battery handbook (2020, March). Retrieved July 29, 2020, from
https://www.eaton.com/content/dam/eaton/products/backugpower-upssurgeit-power-
distribution/backuppower-ups/servicegesources/EatorBatteryHandbookBAT11L TA.pdf
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temporary feed to recharge them. In some cases, external battery charging systems can be
brought in to performa refreshing charge. Nevertheless, it is highly recommended to use OEM
chargers for this purpose. Failure to put the battery system in service or failure to recharge

VN
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There are four main factors which affect a battery life:
1. ambient temperature of 25°C (The rated capacity of a battery is based on an ambient
temperature of 25°C),
2. battery chemistry naturally makes a power delivery process slower,
3. S OK RA&OKINHS YR &ddzoaSljdzsSyid NBOKF NBS

4. the final factor is a proper maintenance itself.

Cycle Parameter Influence on Cycle Life  Description

Charging or discharging a battery at rates higher than it was designed for will shorten its cycle life

Charge / Discharge Rate Significant considerably

Depth of Discharge Moderate Partially discharging a battery before recharging is less damaging than discharging it completely

While a warmer battery will have less resistance and lower self-heating rates, cooler operating temps are
Temperature Moderate generally better for life. Many lithium-ion batteries are also sensitive to charging at cold temps (usually
below freezing) but this is generally not a concern for data center applications

When using a battery at partial depth of discharge, cycling it near completely full (100% SOC) or completely

State gf|Chargel(SOCHUWIRdaw Mincy empty (0% SOC) is more damaging than specifying an operating window at partial states of charge
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Li-ion Remaing Capacity
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A gradual decrease in battery life can be assessed and evaluated through voltage checks, load
testing or monitoring. Periodic preventive maintenance extends battery string life by
preventing loose connections, removimgrrosion,and identifying weakened rodamaged

cells before they can affect the rest of the string. Even sealed batteries, despite their

maintenancefree nature, require regular maintenance and servicing.

Even though determining the actual battery life can be difficult, it is usually depgrzh
both the battery design (taking into account the battery performs under perfect conditions)
and the four factors mentioned above (temperature exposure, battery chemishaviour

charge/discharge cycling and maintenance procedures carriedout).
Maintenance of Lion batteries with renewable energy systerd¥'
The largest maintenance concern regarding lithiiom batteries is their degradation rate.

Just as with a cell phone, lithium batteries used in solar applications wear out after a certain

number of charges and discharges. That degradation rate must bagaldor. The two

33 What regular maintenance is required of batteries used in solar systems? (2018, December 18). Retrieved
July 29, 2020, from https://www.solarpowerworldonline.com/2018/12/whkagularmaintenanceis-required
of-batteriesusedin-solar
systems/#.~:text=LFF2@batteries%20require%20n0%20maintenance,and%20more%20t0%20maximize%20pe

rformance.
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most common lithiurion battery types used in solgnus-storage are lithium iron

phosphate (LFP) and lithium nickel manganese cobalt oxide (NMC).

LFP batteries are supposed to be a good choice, as cobalt is not used in them, sorbey do
risk thermal runaway (fire) concerns add notrequire ventilation or cooling. These lithium
batteries are ideal for use in stationary energy storage, especially if daily cycling of the

batteries for solar seltonsumption optimization and grid seregis required.
LFP batteries:

Even though LFP batteries can originally require almost no maintenance, the installation
location significantly affect the way they should be serviced. In other words, temperature
ranges and altitudes should lwensidered Usually battery management system (BMS)
automatically monitors each battery cell for temperature, state of charge, life cycle and
more to maximize performance. Though, batteries should be prepared for seasonal
temperature fluctuationsstored,and installel in a location that meets the product

specifications.
NMC batteries:

These battery type also shows great ldagting performance, as nickel and manganese are
providing additional density to the battery chemistry, though it's vital to have a prop& BM
(battery management system) to run these batteries smoothly. The BMS will monitor cell
voltages, currents and temperatures to ensure safety and long life and is supposed to shut
the system down, if there is potential for unsafe conditions. NMC batteliesot have

special instructions for winter usage, as long as safe temperature ranges are complied with,
but in case seasonal storage is required, they should be stored indoors, if winter conditions

are considered harsh.
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Power Management of Lion batteries in grid energy storage syster®

With a variety of batteries packed in a stack, the power management must balance the
electrical characteristics (e.g., voltage and current) of each battery in the stack. The power
management system is a contributor tiee capability of the battery to satisfy the
requirements of gridevel energy storage applications, which have a considerable effect on

the operation of the overall battergtack, itssafety and cost.

LHon batteries need to be assembled in parallel to increase the current capability or in
series to increase the voltage, which poses serious challenges to the stability, voltage
operation, safety, and life cycle. For example, with just a few cells iesséine charge

current and voltage are divided nearly equally among the cells. However, to achieve a high
voltage, many cells need to be connected in series, which will result in unevenly divided
voltage among these cells, leading to unbalanced cells swithe cells fully charged and

others overcharged. LIBs do not deal well with overcharging, resulting in potential safety
issues and limited life cycle of the system. Therefore, establishing a monitoring system to
prevent any cell from being overcharged dmalance the batteries to maximize the

performance of the entire system is important.

To ensure safety, the LIB monitoring system must function as follows: (1) balance the circuit
and prevent the voltage or current of any cell from exceeding the limgtbgping the

charging current, which should be considered to address the safety issues and ensure the
stability of the system, and (2) monitor the temperature and prevent the temperature of any

cell from exceeding the limit by requesting that the systesrsbopped and cooled.

Base station battery cooling managemetit

The lifespan of batteries applied for base stations is significantly reduced if exposed to temperatures

that are outside the optimal range.

BEAFYYSA [/ KSYy>S A WAYIZ Illtyeédz [ @ 'yial2 ,Fy3az aSAeir |
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336 Cooling for Mobile Base Stations and Cell Towers (n. d.). Retrieved July 29, 2020, from
https://www.lairdthermal.com/resources/applicatim-notes/coolingmobile-basestationsand-celFtowers
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While bigger compressdyasedconditioners have traditionally been used, thermoelectric cooler
assemblies are a newer system that can be used to cool or heat vital electronics, energy storage and
battery backup cabinets. Battery baak systems are prone to degradation under exposoréigh
temperatures or low temperatures. Cooling below ambient is necessary to extend the life efippack
batteries and temperature stabilization is required to maintain peak performance. Remote

monitoring and control of the cooling system is vital to enestihe working condition of the machines

distributed in different base stations.

Lion battery safety

For Lilon batteries the riskiest conditions are overchargiogerheating,and shortcircuiting

of the battery cell$3’” Each of these conditions can cause the electrolyte in a lithanm

battery to decompose into gases or, in extreme cases, to igniteuin-ion battery failures
dzadz- f £t @ o0S3AAY Ay (GKS St SOGNRtedS FyR ySINIe

electrolyte that is flammable.

Being aware of these risk conditions and controlling them is the purpose of the battery
YIylF3SYSyd aeadsSy o6.a{uvd ¢2RlI&Qa adldAaAz2yl NEe
developments of the auto industry.ithium-ion batteries do not contain toxic substances,

and therefore do not pose a danger during normal handtiiig.

3.5.5.1 PROS
Decreasing prices of-lan batteries is enabling continuously widening use and deployment

thereof to various areas of stationary apgations in which energy storages can provide
significant support in terms of reliability by ensuring uninterruptable power supply, decreasing
energy costs and lowering €@missions by facilitating the integration of renewable energy
sources which are ofn intermittent due to their dependency on environmental conditions

(e.g. solar and wind power).

337The large UPS battery handbook (2020). Retrieved July 29, 2020, from
https://www.eaton.com/content/dam/eaton/products/backugpower-upssurgeit-power-
distribution/backuppower-ups/servicegesources/EatorBatteryHandbookBAT11L TA.pdf

338 Key Considerations for Evaluating luith-ion Batteries for Stationary Applications (2019). Retrieved July 29,
2020, fromhttps://www.vertiv.com/globalassets/documents/whitpapers/keyconsiderationsfor-evaluating
lithium-ion-batteriesfor-stationaryapplications/vertivlib-keyconsiderationsvp-en-na-sk70519

web 280471 0.pd
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In terms of grid applications, energy storage helps enhancing utility operations by alleviating
energy prices through time shifts and reduce the nded extra production. Additionally,
batteries provide grid support by regulating frequency, supporting voltage and help in black
starting electricity restoration. In terms of power optimizing, energy storages enable, for
example, the relief in electricity congesti situations. For customers, energy storages can
provide enhanced service through higher power quality and reliability. Energy storages such
as UPS systems (uninterruptible power supplies) play a significant role in providing power in

critical applicatios such as in hospitals and airports, should a blackout occur.

Integration of and facilitating the application of variable renewable energy sources is an
important factor enabled by the deployment of energy storages. With the support of behind
the-meter energy storage applications, consumeran cut their energy related costs. It is
possible to combine peak shaving and money saving with providing energy during peak hours
from batteries that would have been stored might-time prices.The energy may have been
generated by solar panels or other renewables, stored in batteaes, used to cut the

electricity costs and increase independency from frofithe-meter grid.

Energy storages, when paired with, for example, renewable energyerag, enable
generating power in ofgrid circumstances. This helps the deployment of, for example,
telecom base stations to provide the critical means of communications to remote areas as

well as providing power to microgrids for remote community powgplecations.

3.5.5.2 CONS AND CHALLENGES
Despite the clear advantages of usingpoli batteries in stationary applications, there are also

challenges that are of technical nature. For example, deep recharging may affect the lifetime
of a batteryunfavourably Addtionally, the life cycle and performance ofitn batteries are
often an issue in relation with the effects of ambient temperature and therefore temperature

controlling may be needed in certain applications.

Another area of concern is safety. While thafety has been improving in the recent years
thanks to the application of dion batteries in electric vehicles, there are still safety concerns

related to batteries. Abnormal use, such as disposing of in an unsafe environment with sparks
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2 NJ UNB excessieXxBaighg or discharging (e.g. overcharging and external short

circuiting) and crushing, can result in spontaneous featlving reactions®.
The main safety risks involved withidun batteries4C:

Sensitivity to mechanical damage aredectrical transients:
LHon batteries are prone to mechanical damage and electrical surges that may cause internal
short circuits. The consequences may be internal heating, fire and explosion. Failure of a single

battery may rapidly affect surrounding tveries escalating the problem.

Failure of control systems
For example, a BMS (Battery Management System) can fail and consequently lead to
overcharging in a situation in which an operating parameter, for example the temperature or

cell voltage of a battey, cannot be monitored.

Thermal runaway and potential fire

Thermal runaway is a significant risk withdr battery technology. It is a cycle in which more
heat continues to be generated by excessive heat. The process can result from internal cell
defeds, over voltage or mechanical failures/defects that lead to high temperatures, gas build
up and potential explosive rupture of the battery cell. Fire or an explosion can thus result.
Thermal runaway can also spread from one cell to another generating daonage.

Battery fires are intense and difficult to extinguish. The extinguishing process may take days
or even weeks and sometimes battery fires may seem to be put out when they continue
burning. Generated toxic fumes, hazardous materials and conseqeEointamination can

be dangerous for firefighters. What adds to the challenge is that, due to a number of different
kinds of batteries, firefighters should be aware of how to cope with the concerned battery
type they are dealing with. This may lead to theeypously explained situation in which

firefighters think they have extinguished the fire which is not actually the case.

WEALFYYSA / KSYysS A WAYSIS | lFyeédz [ !yil2 ,lFy3as aSAgA
Lithiundon Batteries in Grig OF £ S 9y SNHe& {(i2N)} 3IS {eadSYadX Hnun

3401 jthiumrion Battery Energy Storage Systems The risks and how to manage them (n. d.). Retrieved August 3,
2020, fromhttps://www .aig.co.uk/content/dam/aig/emea/uniteckingdom/documents/Insights/battery
storagesystemsenerqgy.pdf
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At this value chain stage, th&pplication Engineers, Battery System Engineers, Embedded
Battery Systems Engine@roubleshoot the system.

In a case of stationary applicatioApplication Engineersre responsible for dismantling of
batteries and other components. All processes mu#ibfe safety standards and procedures
developed byQuality Planners and Process EnginedBatteries are evaluated and tested by
Battery Test Technicians, Cell Inspection Techniciander supervision ofunctional Safety
Engineers and Managers, Validati@amd Compliance Engineeed SO Auditors.

For the battery repair and maintenance, theeld Service Engineers (Stationary Applications),
Electrical/Battery Storage Inspectand Electric Battery Repairersr the abovementioned

Test Engineerand Technicansare relevant.

Skills and knowledge required in relevant advertisements:

Stationary and Industrial Battery Applicatior@Speration,
Repair, and Maintenanc&KILLS Occurence

repair battery components 0,79%
monitor machine operations 0,79%
ensure compliance with waste legislative regulations 1,06%
think analytically 1,06%
meet deadlines 1,06%
conduct workplace audits 1,06%
prepare presentation material 1,32%
identify process improvement 1,58%
supervise staff 1,58%
develop models 1,85%
use microsoft office 2,11%
perform product testing 2,37%
analyse test data 2,37%
conform with production requirements 2,64%
communicate with customers 2,90%

develop product design
follow reporting procedures

use technical documentation; observe documents

inspect quality of product
problem solving & troubleshoot

2,90%
2,90%
3,17%
3,43%
3,96%

0,00%0,50%1,00%1,50%2,00%2,50%3,00%3,50%4,00%4,50%

Skills
From the information shown iri , it is clearly visible that problem solving and

troubleshooting is a very critical skill to have. Analysis of test data and product testing and
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quality as well as documentation management, etstion and reporting are important.
Development of models, conformation with production requirements, Microsoft Office usage

and other follows.

Stationary and Industrial Battery Applicatior®peration,
Repair, and Maintenance KNOWLEDGE Occurence

legislative 1,06%
battery fluids 1,06%
English 1,06%
computer programming 1,06%
algorithms 1,06%
electrochemistry 1,06%
risk management 1,32%
battery components 1,32%
gather data; inspect data; process data 1,32%
battery material 1,32%
mechanical engineering 1,58%
chemistry 1,85%
BMS 1,85%
battery chemistry 1,85%
project management principles; project management 1,85%
industrial design 2,11%
health and safety in the workplace 2,37%
communication 3,17%
analysis methods 3,96%
teamwork principles 3,96%

0,009%0,50%1,00%1,50%2,00%2,50%3,00%3,50%4,00%4,50%

Knowledge

Amongst the knowledge needed, the teamwork principles are most in demand, as well as
communication. As for technical knowledge, employees must have a good knowledge of BMS,
analysismethods needed for specific tasks, computer programming (Python, MATLAB)

knowledge, be familiar with data science, and have background in batteries and material

science.
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By 2030, up to half of the vehicles sold in Eurajiebe electric and will need batteries
to power thent*. At the same time, renewable energy sources will make up an
increasing share of our electricity system. This increased demand will result in a need for

batteries that are capable of efficiently stog power to smooth out peak demands.

3.6.1.1 Environmental impacts
The mobility of the future is tightly related to the electric propulsion, especially the

electric vehicle (next to the Fuel Cell). These technologies imply the use of a propulsion
battery whose life cycle is currently estimated between 10 and 20 years (best case
scenario). If the donor EV is driven mostly in warm climate countries such as Portugal
and Spain, the lifespan of the battery might reach 20 years whereas the batteries of cars
driven mostly in temperate, cold climate countries (Belgium, Poland, Germany) is
expected to go up to 10 yeat$’ Future battery technologies promise longer lifespans
and better resilience to frequent chargimglischarging cycles, yet over the next couple
of years, the most commonly used technology will remain therLi
Battery production is energy and resourcéeinsive. To meet the growing demand, it is
necessary to find solutions to make the entire battery life cycle more sustainéble.
enable the transition to a circular economy, with emphasis on reuse and recycling,
specific product designs and business medek required™.
According to the company Watt4Evé&t by reusing an electric vehicle battery for a
stationary storage system one could avoid:
Unnecessary G@missions:
o To produce a battery with 1 kwWh of energy, 70 to 110kg of-&fare
released into the environment. This means that, for a small electric
vehicle with a41-kWh battery, the resulting emissions reach levels of up

to 4,5 tons of Ceeq. Several additional tons of €y using the battery

341 hitps://about.bnef.com/electrievehicleoutlook/ (last accessed on 06.08.2020)

342 https://pdfs.semanticscholar.org/49a1/d62cda83ed072ef77f169e71b8a0f0877f0a it accessed on
06.08.2020)

343Bocken, N.M.P.; de Pauw, |.; Bakker, C.; van der Grinten, B. Product design and business model strategies for
a circular economyd. Ind. Prod. Eng016,33, 308;320. [Google ScholdfCrossRéf

34 hitps://wat t4ever.be/technologylast accessed on 30.07.2020)
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to support renewable energy soces.
Depleting rare minerals (Cobalt, Lithium, Nickel, and Yttrium), some of which
have to be extracted using invasive and damaging mining techniques and must
be imported from faraway countries, therefore carrying a massive carbon
footprint.
Up to 0,5 kgpf Cobalt extraction per battery kWh.
Avoid the impact of lithium extraction on local water resources.
Theseimpactswill continueto grow alongwith the developmentof the electricvehicle
and stationarybattery markets.EUbasedbattery capacityis expected to jump from a
mere dozen GWhtoday to severalthousand GWh by 2049. This meansthat future
battery productioncouldbe responsiblgor emitting hundredsof billionsof tons of CQ
into the atmosphereandfor depletingrare mineralresourcedike Cobdt within asingle

generation.

Thereisawaveof investmentdn lithium-ion batteryfactoriesacrossEuropeandthe continent
isexpectedto bethe secondargestbattery producerafter ChinaHowever mostinvestments
are comingfrom AsianbasedcompaniessuchasLGChem,SamsungCATLSKinnovationor

GSYuasaMajority of the lithium-ion battery factoriesthat will be built in Europewill actually

import battery cellsfrom Asiaandonly the packingwill be donein Europe

Multitude Of Lithium-ion Factories o= O northvolt 7
Planned In Europe e tart 2023, uf
s OFREYR ) 32GWh
Today <10GWhI Tomorrow >500GWh i SO0k
Capacity announced L EEle MORHOW ,.“;:‘t : T =
____ tart 2021
~ - ) 12GWh :
L @LG arted 2(
ater up t
TnoBatl oy
- art 2020,up t
SK !
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Also, the raw materials needed for battery production, such as lithium, nickel,
manganeseand cobalt, are currently being extractedin limited quantitiesin Europe,
though potential reservesare present. These Europeanreserveswill need to be
exploited,althoughit currently seemsthat they will only be ableto coveraround15to

20%of the total demand®. The extension of the batteries lifetime through their secend

use results in a decrease of quantity of secondary raw materials (SRM) available in the
market. On the other hand, extending the lifetime also translates into an increase of
materials productivity and a decrease of demand of batteries e.g. for stationary storage
systems.

By 2025, 250,000 metric tons of EV lithiion batteries (LIBS) are expedt¢o have
reached enebf-life346, In this context, enaf-life means that the batteries are no longer
considered useful in a vehicle, but they still retaig80% capacity. Being able to make
use of that capacity, and only recycle thatteries, thereafter, might lead to big
sustainability improvements. Capturing the value that is left in a product after the
primary use is the cornerstone of circular economy. Through direct reuse,
refurbishment, remanufacturing, and/or recycling, waste can be -elimirndted
RSYlydzFl OGdzNAy3a FyR NBdzaS at2¢g R24y (G(KS NBa?2

while recycling closes the resource |G4}4°.

345 OPINION European Economic and Social Committee, Report from the Commission to the European
Parliament, the Council, the European Economic and Social Committee, the Committee of the Regions and the
Europen Investment Bank on the Implementation of the Strategic Action Plan on Batteries: Building a Strategic
Battery Value Chain in Europe, [COM(2019) 176 final], https://webapi2016.eesc.europa.eu/vl/documemnts/EESC
20190170000-00-AGTRAEN.docx/content

346 Winslow, K.M.; Laux, S.J.; Townsend, T.G. A review on the growing concern and potential management
strategies of waste lithiuaon batteries.Resour. Conserv. Rec018 129, 263;277. [Google Scholdr

[CrossRéf

347 Ellen MacArthur Foundation. Towards a Circilaonomy: Business Rationale for an Accelerated Transition.

Available onlinehttps://www.ellenmacarthurfoundation.org/assetgbwnloads/TCE ElledacArthur

Foundation 9Dec2015.pdf(last accessed on 6 August 2018)

348 Bocken, N.M.P.; de Pauw, |.; Bakker, C.; van der Grinten, B. Product design and business model strategies for
a circular economyd. Ind. Prod. Eng016 33, 308;320. [Google ScholdfCrossRéf

349Stahel, W. The produdife factor. InAn Inquinjinto the Nature of Sustainable Societies: The Role of the Private
Sector Orr, S.G., Ed.; Houston Area Research Center: Houston, TX, USA, 198B6dG@2gle Scholqr
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Second life may bring more benefits than just economic revenue, such as environmental
and socialconsciousnessgaising or circular economy enhancement. In fact, circular
economy by means of second life batteries eliminates the environmental impact caused
by the manufacture of new batteries with an equivalent capacity, participating in the

up/downstream circles of structural construction components.

The processes of reuse and recycling are complementary to each other, and the largest

sustainability benefit can be reached if EV batteries are first reused and then recycled.
Globally, cumulative sales fflly electric and plugn hybrid vehicles exceed five million
units up to this date. As this market continues to grow and mature, the potential second
life battery storage capacity is huge. Several GWh of selifsnbatteries are expected

to become availble in the next 15 years . The fact that the major EV automakers
active in the European market cover their batteries with warranties @ight years
essentially guarantees that they will retain-80% of their original rated capacity at end
of-life. Therefore, they can continue to provide services in stationary storage

applications for up to 30 year§?

Over 6 million battery pack retiring from EVs by 2030
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350 hitps://www.pv-magazine.com/2020/02/20/newnarketsfor-old-batteries/ (last accessed on @%.2020)
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Secondife batteries can be used in various energy storage applications to facilitate
renewable grid integration, thereby increasing the renewable mix of electricity; to
provide grid ancillary services that improve the efficiency of power plant operation

potentially delay or even avoid grid infrastructure upgrade and the demand for new

peakerplants, which are often gas or cefired5%

3.6.1.2 Financial and social aspects
The study performed byDTechER? shows that batteries are the mostxpensive

component of an electric car. An electric vehicle (EV) battery is expected to-1&st 8
years as with the battery warranties offered by most EV manufacturers, and the battery
is retired from EVs when it cannot satisfy the requirements for ugevis anymore, for
example, when the loss of battery capacity limits the driving range of the electric car.
Repurposing retired electric vehicle (EV) batteries provides a potential way to also
reduce EV cost. Embedded in stationary energy storage systecasidshfe EV batteries
could unlock the energy storage market and generate synergic value for the energy
sector3%3

Regarding the social perspective, the major step represented by the shift to electric
mobility is expected to provide not only an environmentdtigndly, affordable means

of transportation for the masses but also jobs for those who will most likelythesa

in the automotive industry and the connected sectors (repair shops, fuel extraction and
distribution, lubricants production, etc). The second life applications have a strong
employment potential for both people being laid off from vehicle manufaoand
newcomers in the workforce.

Speaking about the financial aspects, there are also several issues that need to be dealt
with in order to prevent the slump in GDP, fiscal revenues and local taxes. The strong

employment potential and the business oppanmities in the battery sector could

351 hitps://www.idtechex.com/users/action/dl.asp?documentid=222{last accessed on 06.08.2020)

352 (https://www.idtechex.com/en/researckreport/secondlife-electricvehiclebatteries2020-2030/681 (last
accessed on 30.07.2020)

353 Jiao, Na & EvansSteve. (2016). Market Diffusion of Secdifiel Electric Vehicle Batteries: Barriers and
Enablers. World Electric Vehicle Journal. 8.-698. 10.3390/wevj8030599.
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compensate the fiscal revenue losses envisaged by the shift towards mass electric
mobility.

3.6.1.3 Legislation compliance
As itis right now, the EU legislation on batteries and-efilife vehicles might be a major

drawback as it sets targets for recycling that are not yet technologically achievable: at
least 50% by average weight of replaced batteries according to the directive 2006/66/EC
and, considering the share of a battery in the overall vehicle’s weight, dréb® of the
weight of the battery according to the provisions of directive 2000/537&£C

The recyclability targets are not yet an issue as few EV have reached theif-kfedso

far, except the crashed and damaged ones; that means the industry is rgjsgime
leadtime for research on performant recycling technologies, seeosel applications

and new battery technologies. Furthermore, most of the EVs that are approaching their
end-of-life are prone to be exported to neBU countrie®>3%6, thusly removig the legal
O2YLIX Al yOS LINB&aadzaNBE lgle& FNRBY GKS adalr(1SK2fRS
Also, the medium and long term decarbonization targ€tsall for a major switch from
black and grey energy sources to green energy production; given that the green energy
has some resictive conditions and is mostly weathdependent, it is absolutely
necessary to develop performant storage technologies and solutions (e.g. accumulate
energy during production peaks and shave off consumption peaks). One of the envisaged
solutions, therebre, is the energy storage provided by second life batteries (e.g. in
households equipped with solar panels) and even by the EVs themselves, through the

smart charging and V2G applications, when the technology advances accordingly.

354 Directive 2000/53/EC https://eur-lex.europa.eu/resource.html?uri=cellar:02fa83iP8-4afc8f9f-
eb201bd61813.0005.02/DOC 1&format=Rin& Directive 2006/66/ERttps://eur-lex.europa.eu/legal
content/EN/TXT/PDF/?uri=CELEX:32006L0066&fronfllENaccessed on 14.08.2020), calculations
by ALBATTS partners

355 https://news.africabusiness.com/post/exportised-carsto-africaimporters-of-usedcars (last accessed on
07.08.2020)

3% https://www.dw.com/en/world-in-progressthe-dirty-exportbusinessof-usedcars/av44204306 _ (last
accessed on 07.08.2020)

37 https://ec.europa.eu/clima/policies/strategies/2050 drast accessed on 14.08.2020)
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Development olultra-long life of EV propulsion batteries that outlive the vehicles they
are installed in on the assembly line would pave the way for solid and extensive second
life applications®>8

Refusal of some vehicle owners to replace the battery once it reache8®okhight be
achallengé®®. As the SoH of a battery is not a safety concern, the diminution thereof
resulting in the technical requirement to replace it cannot be enforced on owners of
electric vehicles, thus unnaturally expanding the battery first lifiel @epriving the
second life market of the necessary stream. This phenomenon may be probably more
intense in certain parts of the EU (e.g. Central and Eastern European countries) where

manysecondhandvehicles, including electric ones could end up.

+SKAOfS YIydzFlFI OGdzZNBENAR | NBy Qi GKS #feffe O2YLJ
batteries. Agrowing number of project developers are also starting to see setitend

battery storage as a way to bring down the capital costs of comiadesrid gridscale

battery installations. This marks a shift away from the smaller residential argtidff

battery applications where initially repurposed batteries were test&d.

Based on the perspective of potential operators, a broad range of seldend

applications has been systemized. The resulting illustrates a variety of

application scenarios which may be currently of particular interest from both the

LINE A RSNDAa FyR &KS dzaSNDa LISNELISOGAGS

358 https://singularityhub.com/2020/06/11/roaekrip-new-record-crushingbattery-lasts1-2-million-milesin-
electriccars/ (last accessed on 06.08.2020)

359 https://pdfs.semanticscholar.org/49a1/d62cda83ed072ef77f169e71b8a0f0877f0a.pukige 269 (last
accessed on 06.08.2020)

360 https://www.greentechmedia.com/articles/read/camakersand-startupsgetseriousaboutreusing
batteries(last accessed on 14.08.2020)

361 Rehme, Marco & Richter, Stefan & Temmler, Aniko & Goétze, Uwe. (2016). CoFATS2046dLife Battery
Applications- Market potentids and contribution to the cost effectiveness of electric vehicles.

Co-funded by the a* % The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5l Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for 162

any use which may  be made of the information contained therein.


https://singularityhub.com/2020/06/11/road-trip-new-record-crushing-battery-lasts-1-2-million-miles-in-electric-cars/
https://singularityhub.com/2020/06/11/road-trip-new-record-crushing-battery-lasts-1-2-million-miles-in-electric-cars/
https://pdfs.semanticscholar.org/49a1/d62cda83ed072ef77f169e71b8a0f0877f0a.pdf
https://www.greentechmedia.com/articles/read/car-makers-and-startups-get-serious-about-reusing-batteries
https://www.greentechmedia.com/articles/read/car-makers-and-startups-get-serious-about-reusing-batteries

{nalpatts

Alliance for Batteries Technology, Training and Skills

Second-Life Applications ]
On-grid solutions i
(network-connected) ‘.‘!a .
- R
Perspective of (Industrial) - Charging infrastructure Residential and commercial
the operater plant operators Storago operaiors operalors real estale owners
Shoet-term storage sysiems  Stalionary sorage Short-term storage - o
< for renewable encrgy systems for pasticipatang  systems for grid Storage bullers for DC- b;“:'t‘:;i::'::’:":m f::n"w
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energy from photosaltaics of private households S Ao ¥ ey grad-connected arcas)
Off-grid solutions 7
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A pplicatic Dy lized energy supply of major events Decentralized encrgy supply of construction sifes
4
Industrial selutions -
£ - -
Applications J Reme mt:::l,l“r;:r;a“ S h‘;ﬁ;_ forklifts, lft trucks, tractors, Re-usc in driverless transpoet vehicles for the internal transport
. T >

Private and commuercial solutions &b Lo 1)

Applications 1 Re-wse in e-bikes, e-scooters, goll cans c1c.  Baltery swapping systems for ¢-bikes, e-scooters  Re-use in driverless transport vehicles

i d

The actors along the battery value chain should set up new collaborations with other
actors to be able to benefit from creating new business opportunities and developing

new business models together.
The list may refer to the foll@ing groups of stakeholders:
Vehicle manufacturers
Battery manufacturers
Automotive repair and maintenance workshops
Energy production companies with focus on green energy production

Energy distribution companies including owners and operators off&xging

stations

Solar panel manufacturers and distributors

Electric component manufacturers

Automation solutions developers and manufacturers
High level and secondary level education institutions
Research institutes

Recycling companies

Real estate developers

Road construction and maintenance companies
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Energy regulation and taxation authorities

Local authorities/municipalities

Regular citizens/flat owners associations

3.6.3.1 Currenttechnologies
The model of the value chain of EV batteries and the batteries flows in Europe according to

idKS

a0F1SK2f RSNEQ Ay T2NXI A 2is pregdrtediink &

g

N

LIS NJF 2 |

dowaaa(0.00 )eeennn I < ! @ D T PP PP Jesessnsscnascns »
, SpentLi-ion batteries 1
) Uouse from maintenance Lostoatieries Lost spent batteries \
: (OEVS Uag romp:xoealeu) '
v N (000 Y] OPOTRUEREIIES L L L iiccicccciccccccccccccccccccccca (P12 ) ecccccccccnncnnnanaa dececccccccaccas
: s colectedbycar - @ : >
' deakr '
, BatteriesTor Batte Batteries to Y
' Remanutactured repurposing (from avallable for second: o recydng w
' 0.00 Dateries car dealers) ife applicatons | Seconduse application i ’\9
! eqees @. ..... »
) Repurposing process 0.00 H
i Li-ion batteries LiHon Not |
; fromELV (not- lbatteries from remanufacturable ]
) spent ELV (spent batteries 4
1 host - FD ) Nomore usable '
' process 21) St batteries for second H
' use applications '
i Baferies torecyciing QD '
! Batteriesfor rom batteries !
! remanufactuing maintenance '
: Batteriesfor H
............. »>
EVs dismanting ) M L
: { ), Recydling of batteries :
Notcollected | Batteries to recycling y
! batteries (from ! ,n(rom dismantiers) |
! dismantiees) =/ v
|
: o
......................... T L L T L g L T T T D T T !
' EVbatteries (2030)_v1,2005
v

362 Bobba S., Podias A., Di Persio F., Messagie M., Tecchio P., Cusenza M.A., Eynard U., Mathieux F., Pfrang A.;
Sustainability Assessment of Second Life Application of Automotive Ba{ieA&t AB): JRC Exploratory Research
(20162017): Final technical report: August 2018; EUR 29321 EN, Publicatiorsddfficc European Union,
Luxembourg, 2018, ISBN 998-79-928352; d0i:10.2760/53624, JRC112543
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A simpler illustration of the value chain is provided-in . The value chain starts with
RS&aA3IAY FYR YIydzFF OGdzNAYy3Id | FGSNI FANRG € AFSE
if it can be used in a differenehicle or in a stationary application or if it needs to be recycled
directly. If a second life is possible, the battery is refurbished according to the specific
standards$®3, Depending on the battery and the application, refurbishment can include

different processe¥*.

Desgn &
manufactunng
= -
~
”~
’ N4
/7
/ \
\
/
Recycing O O First Me (EV)
‘ |
' !
\ /
\ /
\ /
N
Second Me O/()m«y\cn!cs A
~ - -

(EV or stationary) refurbishment

The main types of technology currently considered are divided into 2 main categories:

mobile applications and stationary applicatiétts

Although thesecondhandbatteries dealt with in this chapter come from road vehicles
NISYSNIftz GKS YIAY a0SYSTFAOAIFINEBE: 2F (GKAA ol

astationary application as mobile applications require more adjustment effrts

363 Standard for Evaluation for Repurposirafteries ANSICAMUL1974

364 Qlsson, L.; Fallahi, S.; Schnurr, M.; Diener, D.; Van Loon, P. Circular Business Models for Extended EV Battery
Life.Batteries2018,4, 57.

%5 https://www.idtechex.com/tw/researchreport/secondlife-electricvehiclebatteries2019

2029/626(last accessed on 13.08.2020)
366 https://pdfs.semanticscholar.org/49a1/d62cda83ed072ef77f169e71b8a0f0877f0amdt accessed on

06.08.2020)
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For example, inthe future, used batteries from BMW vehicles, can serve as stationary
storage units for wind and solar power, which is currently the case on the premises of
the BMW Leipzig plafft’.

Nissan formalized a partnership with Sumitomo Corporation to réaseery packs from

the Nissan Leaf for stationary distributed and utiiyale storage systems. In September
2018, Renault announced its Advanced Battery Storage Prégtam

In the near future, with a steep proliferation of the Electric Vehicle, the renfse
propulsion batteries is crucial for the sustainability of the grid. According to the
calculations, a single average electric vehicle would double the energy consumption of
a regular househof§®. Given the household consumption pattern and thehicle
charging particularity, this consumption could be also extremely intensive (without
smart charging) if it takes place during a consumption peak which could result in severe
production-consumptiongrid stresg’®.

Second life batteries (both stationaand mobile) will have a key role in storing the green
energy (fundamentally weather dependent) and shaving the consumption peaks that
may cripple the grid, especially in the countries where the infrastructure is still old/weak.
For the beginning, the mosiccessible applications appear to be the stationary ones as
the batteries used for such purposes are bulky and storage capacity impaired (e.g. 80%
SoH in thébestcasescenario).

A study’! published inApplied Energpy MIT researcher lan Mathews and div
other current and formeMIT researchersoncluded that lithiumion batteries
could have arofitable second life as backup storage for gsichle solar
photovoltaic installations, where they could operate for a decade or more in this

lessdemanding rolé’2,

367 https://www.press.bmwgroup.com/global/article/detail/T0313566EN/metfean-sevenmillion-vehicles
with-all-electricor-plug-in-hybrid-drive-systemsby-the-year2030?language=eftast accessed on 14.08.2020)
368 https://www.mckinsey.com/industries/automotiv@nd-assembly/ousinsights/secondife-ev-batteriesthe-
newestvalue-pool-in-energystorage#(last accessed on 14.08.2020)

369 https://www.wall-street.ro/special/casda-verde/201281/cataelectricitateconsumain-medie-o-locuinta
pe-ce-loc-sesitueazaromania.htmi#gref(last accessed on 08.08.2020)

370 hitps://www.ofgem.gov.uk/ofgempublications/136142(last accessed on 06.08.2020)

S https:// news.mit.edu/2020/solaenergyfarmselectricvehiclebatterieslife-0522 (last accessed on
14.08.2020)

372 https://www.greentechmedia.cm/articles/read/carmakersand-startupsget-seriousaboutreusing
batteries(last accessed on 14.08.2020)
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So, the first envisaged efficient application for the second life battery would be the (small
a0FtS0 aolGUGSNE FIENYE GKIFIG O2dz R 0S O2y@BSyAS
order to store the conventional energy during the day for the subged use when the
demand peaks or near the wind turbines/ solar panel farms in order to store the green
energy and provide a constant stream around the clétkSmall scale battery farm
solution is one of the best applications to jump start the trend as it is a pioneering
enterprise. As an adaptation ofsecondhanditem to adifferent usage than the one it

was initially designed for, there are many adjustmethist need professional care and
competent supervision. A battery farm is the only way this can be doneastefficient
manner. Even if the technology these days allows for efficient unmanned monitoring
and intervention through automation, the asso@dtcosts are not to be belittled: all the
required devices such as thermal cameras, regular cameras, remote control valves,
sensors and so on (i.e. for safety reasons) add up to amounts that an average EV user or
home owner might not afford.

Another posdile type of stationary application for second life battery would be the

L2 6 SNJ NB3dzA F A2y Kdzo F2NJ I &¥ded f ONBANIRIS yIAINE dzl
of homesteads that are within a small range away from one another, even though not
all of themown energy production devices.

The third type of stationary application regards the single household with or without its
own energy generation device.

The fourth type regards the stranded consumers such agyraff homesteads or
meteorological stations kated in remote areas that only rely on the electricity
generated by their own devices/sources. Even in the case of a consumer that relies
mainly on the diesel generator, the battery provides a storage capability that comes in
handy for the wellbeing of # generator (avoids the frequent eemd-off function
thereof). Pairing up secontife batteries with solar panels and charging stations is also

foreseeable for small communities or country ro&és.

873 https://www.sciencedirect.com/science/article/pii/S03479718313124?via%3Dihuflast accessed on
14.08.2020)

374 Example of a projecthttps://www.obnovitelne.cz/clanek/96%pravducistaelektrinapro-elektromobily
solarnipanelya-baterie-nabijrazsedmaut/ (last accessed on 20.08.2020)

Co-funded by the R The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme X x Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union * gk reflects the views only of the authors, and the Commission cannot be held responsi ble for

any use which may  be made of the information contained therein.


https://www.sciencedirect.com/science/article/pii/S0301479718313124?via%3Dihub
https://www.obnovitelne.cz/clanek/969/opravdu-cista-elektrina-pro-elektromobily-solarni-panely-a-baterie-nabiji-az-sedm-aut/
https://www.obnovitelne.cz/clanek/969/opravdu-cista-elektrina-pro-elektromobily-solarni-panely-a-baterie-nabiji-az-sedm-aut/

{nalbatts /

Alliance for Batteries Technology, Training and Skills

Regarding the mobile applications considered up to thigpdhe most appropriate
would be the following:

Road applications: sightseeing trackless tréirand airport buse¥®

Nonroad applications: forklifts, front loaders and AGVs in automated container

ports®’’

3.6.3.2 Challenges

Despite the benefits and potential for secchfé batteries in energy storage
applications, there are significant challenges in exploiting the expected volume of
decommissioned batteries. These include a lack of standardization generally, and
specificallyn communication protocols. There are also technical barriers associated with
the variations of battery cells, shapes, chemistrespacitiesand sizes, in addition to
challenges with the accessibility of data. Each battery is designed for a givendeY mo
by its manufacturer and automotive OEM, which further fragments the volume of similar
battery packs and increases the complexity of refurbishment. For example, more than
250 new EV models are planned by 2025 from more than 15 manufacturers further
stressing this challeng€. On top of that, there is a lack of standardization for the
battery management system (BMS) which leads to difficulties in guaranteeing second
life battery quality and performance.

Furthermore, decisions will need to be made about efffer to invest in
remanufacturing secordife batteries or opt for direct redeployment. While direct
redeployment uses the original battery pack, remanufacturing (or reconfiguration)
requires a cell quality selection process that results in enhanced fyaptack quality.

The cost difference between the two options can differ in favour of direatse but
remanufacturing has a higher quality output and overcomes several technical barriers.
It is expected that remanufacturing, if it can be standardizeliké$y to be the best way

to create value from seconlife applications and overcome some of the challeng@s.

375https://www.visiter-bordeaux.com/en/discoverindordeaux/bordeausvisit-electrictouristic-train.html (last
accessed on 06.08.2020)

376 hitps://www.buslife.de/en/2015/10/germanairport-electricbus (last accessed on 06.08.2020)

877 https://e.huawei.com/topic/leadinenew-ict-en/yangsharport-case.htmi(last accessed on 06.08.2020)
378 https://www.mckinsey.com/industries/automotivand-assembly/outinsights/seconélife-ev-batteriesthe-
newestvaluepookin-energystorage(last accessed on 04.08.2020)

378 https://www.pv-magazine.com/2020/02/20/newmarketsfor-old-batteries/ (last accessed on 27.07.2020)
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In a presentation made bla Jiao, PhD, Technology Analydth IDTechEXC, the
challenges for seconlife batteries are very welynthetized, as follows:

Data availability and security

Competition from new batteries

Regulation and standards

Uncertain raw material price

Battery design for second life

Battery collection
Regarding the professional decision on the reusability of a gsoqu battery and the
information that is necessary to have the right decision, the solution is a provision that
exists in the legislation in force in the European Union. The-dihife Directive
2000/53/EC stipulates the obligation of manufacturers oimponents to supply
appropriate information concerning dismantling, storage and testing of components
gKAOK OFy 0S5 NBdza S R. WitHoNJpréjydice td dorNdheibllandK n oY 6
industrial confidentiality, Member States shall take the necessary mesigarensure
that manufacturers of components used in vehicles make available to authorised
treatment facilities, as far as it is requested by these facilities, appropriate information
concerning dismantling, storage and testing of components which ciibelza S R ® ¢
The only issue here is that the regulatory act is a directive (not a regulation) which has
to be properly transposed in the national legislation and reasonably implemented in
order to function as intended. The scheduled revision of this act migimg the

A A ¥ A ¥
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all member states

Once the regulatory framework is properly sehetcertification mechanism can be

adjusted to involve the operators that are already present in the economic environment:

TUVEL, SGS, etc. This certification is extremely important as: it can allow a complete
assessment of the energy capacity remaining in a battery pack at the end of the first life;

it may allow a more optimized design of the full battery system for a stationary

380 https://www.idtechex.com/users/action/dl.asp?documentid=222{1ast accessed o27.07.2020)
381 hitps://www.tuvsud.com/en/industries/energylast accessed on 21.08.2020
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application since more balanced battery racks and battery banks can be achieved; enable
developers and integrators of secoiite batteries to provide product warranties to
their customers, thus facilitating the widespread adoption of such solutions in the
market.

Besides the legislative framework, there is another issue that must be dealt with as soon
as possible, as practical applications are impossible without: the necessary tools to ship
batteries across the country in a safe and expeditious manner #sas/¢o ensure the

right conditions for a proper and efficient second life.

The challengesalso derive from the inherent technical and technological challenges
related with this secondife opportunity, particularly when repurposing EV batteries to
stationary electrical grid applications. There is still insufficient knowledge about the
behaviaur and performance of lion battery systems beyond a certain SoH level,
particularly upon the change of the type of usage of the system. This hinders not only
the sizing of the system for a certain application but also leads to the lack of performance
warranties that might lead to the lack of confidence and lower investments from the
user.

For stationary applications, there are also challenges at the integration level with two
main grounds: Lion based batteries have their internal resistance increasét age

and utilisation, meaning that the design needs to consider that in terms of cooling and
safety. Having a robust characterization of such behaviour will foster a more optimized
design and further solution adoption; designing the solution for thetitary
application may mean that a more regular replacement or capacity expansion in
projects, which leads to the challenge of designing very flexible solutions, allowing such
approach even in a changing EV battery pack design. This is an integratiengshals

well as achallenge for the BMS.

3.6.3.3 Tools

Before the existence of the users/applications and the stream of functional second life
batteries, aproper infrastructure is needetb have a successful implementation. To this
purpose some tools arrequiredto properly assess the overall state of the battery as

well as the safe and efficient second life.
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The tools needed to deal with the secchi#® batteries are divided into two main
categories: software and hardware.
The most important softwareaeded is the protocol that can accommodate all common
battery management systems (BMS). This can be used for either the assessment of the
state of health of the battery (if not already done by the repair workshop with its own
tooling) or the functioning oer its second life.
Further software solutions can be developéa deal with various function related
phenomena a battery might encounter during its second life:
Vibration monitoring system
Premises temperature measuring and regulation
Core fluid thermamanagement for batteries cooled with (antifreeze) liquid or
refrigerant fluid
Emergency connection cwlff and, if necessary, battery flooding (stationary
applications only)
Infrared thermal scanning for defective cé¥s
In terms of hardware necessarg tope with the second life of the battery, there are
also two main categories, beside the devices necessary to remove the battery from the
vehicle which are stipulated by each manufactdfér
Storage and shipping hardware, mandatorily standardized reggrali least the
following requirements: maximum lengtf 240cm, maximum widtlg 200cm,
crane compliant, forklift compliant on both large sides, stackable on min 3 levels
during shipping and min 6 levels when stowed, lockable between one another
when stackd, vibrationproof and provided with detachable/foldable
manoeuvring wheels on all bottom corners
Final / working position hardware (especially in stationary applicatioasgdle
(with or without controller box, leafroof and floodable), cooling dudtspes
and radiators, with or without fans, connecting cables (both low and high

voltage) from battery to consumer / generator, etc.

382 https://www.aimspress.com/fileOther/PDF/energy/ener@7-05-646.pdf(last accessed on 14.08.2020)

383 The service literature (spare parts catalogue, diagnosis softvand repair manuals) is available on a
fee/subscription basis. For example, the specific literature for Skoda vehicles is accessible under this link:
https://erwin.skodaauto.cz/erwin/showHome.do
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that could be used for either bottasks or just one of theff*.

3.6.3.4Usage
According to a comprehensive stidy secondiife batteries can be employed for a wide
range of applications (stationary and, to a lesser degree, mobile), based on:
application area: residentialdustrial, and commercial application
usage: grid stationery, offrid stationery, mobile applications
The shows the applications of ESS (agyestorage system) using first life and
second life of battery along with their usage pattern and potential.
Dueto the requirementsfor abatteryto be usedin anEV whereit isrequiredto provide
ahighGrating®®in charginganddischargingi.e. a highrate of charge/dischargeueto
acceleratioranduseof superchargeraswell asthe capacityto allowasignificantdriving
range,suchbatteriescanbe usedin the different applicationsshownbelow. However,
the characteristicof eachtype of battery packneedto be studiedto definethe most
appropriateoperatingregimesfor suchstationaryapplications.Thesebatteriescanbe

appliedfor frequencyregulation,leveragingheir capabilityof operatingat up to 5C.

38 information based on the ALBATTS partners experience

385 Hossain, E., Murtaugh, D., Mody, J., Faruque, H.M., Sunny, M.S., & Mohammad, N. (2019). A Comprehensive
Review on Secontife Batteries: Current State, Manufacturing Considerations, Applications, Impacts, Barriers &
Potential Solutions, Business Strategimsd PoliciedEEE Access, 7321573252. (pag 231)

386 hitps://energsoft.com/blog/f/crate-of-batteriesand-fast-charging(last accessed on 26.08.2020
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Also,they canbe usedto shift renewableenergyin time, leadingto a greater match
between renewableproduction and consumption.However,the latter applicationis a
more energyoriented application,with alow c-rating, whichcanresultin alessstres®d

usageof suchbatteriesand cantherefore contribute to alongersecondlife.

Applications of ESS 1st life 2nd life
usage usage
On-grid Renewable Farming ook Fokox
stationary Peak reduction kel *
Load levelling *Ex F*
Area & frequency *kx ko
regulation
Generation-side asset *EE **
management
Voltage or reactive power ** *
support
Off-grid Microgrid *wx ok
stationary Smart grid * ok ok
Power quality & reliability * Ak *
Load following *Ex **
Spinning reserve el *
Mobile EV charging station *AEx *k
applications V2G for fast charging *Ex *
EV for long range trips *x X
EV for short range trips *Ex **

*** Frequent, ** QOccasional, * Rare, * Infeasible

Reusing EV batteries in secelifé applications extends their lifetime. Various sources
show very different views angredictions regarding the share of batteries that will
sustain a second life, emphasizing that the market is currently very uncertain. Second
life batteries can be employed for a wide range of applicafi®ns

stationary energy storage

low-speed vehicles

back-up storage systems

mobile EV charger

industrial forklifts

387 hitps://www.idtechex.com/users/action/dl.asp?documentid=222{18st accessed on 06.08.2020)
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While portable lithiumion batteries have been reused for a long time without much
public attention, batteries from electric vehicles, which have become the dominant
segment in the lithiurion market, get more and more attention for their potential to

be used in other applications. In Europe, several vehicle manufacturers, in particular
companies that pioneered the electric car market, have installed used batteries primarily
in different types of energy storage systems, ranging from small residential system

larger containerised gridcale solutions (see )388,

Car maker Second life initiative Car maker Second life initiative

BJEV EV-charging, backup power Mitsubishi C&l energy storage
BMW Grid-scale energy storage, EV-charging PSA C&l energy storage
BYD Grid-scale energy storage, backup Renault EV-charging, residential energy storage,
power grid-scale energy storage
Chengan Backup power Tesla Remanufacturing
Daimler Grid-scale energy storage, C&l energy Toyota C&l energy storage, grid-scale
storage energy storage (NiMH)
General Motors  Remanufacturing, SAIC Backup power
Great Walll Backup power Volkswagen  C&l energy storage
Motor (Audi)
H Volvo Residential energy storage
yundai Grid-scale energy storage, C&l energy
storage
Volvo Cars Residential energy storage
Nissan Remanufacturing, C&l energy storage,
EV-charging Yin-Long Backup power, C&l energy storage

Most notable jobs that could be classified under the second life of batteries stage are
Inspection Technicians, Service Technicians and Compliance Engineers, End of Warranty
Managerswho can determine the parameter of battery to be used as a second liferies.

All of this could be done under supervisionSafety Specialists and Managers

Skills and knowledge required in relevant advertisements:

388 http://www3.weforum.org/docs/GBA EOL baseline Circular Energy Storage.fa$t accessed on

14.08.2020)
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Second LifeSKILLS Occurence

prepare presentation material 1,95%

conform with production requirements 2,60%

ensure compliance with waste legislative regulatiori§ 2,60%

follow reporting procedures 2,60%

communicate with customers 3,25%

inspect quality of product 3,25%

conduct workplace audits 3,25%

use technical documentation; observe documents 3,90%

use microsoft office 3,90%

problem solving & troubleshoot 4,55%

0,00%0,50%4.,00%4.,50%2,00%2,50%3,0093,50%,00%,50%,00%

Skills
Skills occurrence for battery second life is shown'in . Problem solving and
troubleshooting, usage of Microsoft Office, documentation and quality inspections, audits and

compliance with waste legislation are the most important.
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Second LifeKnowledge Occurence

R 1,30%
SQL 1,30%
computer programming 1,30%
legislative 1,95%

health and safety in the workplacé 2,60%

English 2,60%

project management principles; project managemernt 2,60%

analysis methods 3,90%
teamwork principles 4,55%
communication 6,49%

0,00% 1,00% 2,00% 3,00% 4,00% 5,00% 6,00% 7,00%

Knowledge
Knowledge occurrence for battery second life are showni in . Communication and
teamwork are important knowledge outcomes from the analysis. The most relevant are

legislative as well as health and safety knowledge.

The majorfactors driving the change of the battery recycling market

The factors such aghe increase in demand for electric vehicles globally, tisng

environmental concerns, stringent government regulations regarding recycling of used
batteries, and growing jixes of rare earth metals such as Cobalt, which is used as a raw
material for lithiumion battery manufacturing, are considered as some of the major factors

driving the growth of the battery recycling market.
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The lithiumion battery recycling market is estated at USD 1.5 billion in 2019 and projected
to grow from USD 12.2 billion in 2025 to USD 18.1 billion by 2030, at a Compound annual
growth rate (CAGR) of 8.2% from 2025 to 2630

Rising investments in the development of electric vehicles are sortieedfey opportunities

for the lithiunmion battery recycling market.

LITHIUM-ION BATTERY RECYLING MARKET, BY REGION (USD BILLION)

18.1
- . I I I I
2017 2018 2019 2022 2024 2026 2028 2030

= North Amenca m Europe m Asia Padfic

Automotive is the largest segment in the global Lithiion battery market, followed by the
industrial and power segments. Lithidion batteries are being used in significant quantities
for automotive propulsion. Since these batteries offer high energymowler density, there

is an increasing demand for them, and this trend is expected to continue in the near future.

Batteries for EVs are expected to dominate the demand. The sup@bbatt is a real concern,
with batteries alone potentially using ove0% of the world reserveSuperalloys, which are

used to make parts for gas turbine engines, are another major uséofoalt®*®®. Recycling

1 3Lithiumion Battery Recycling Market. Retrievadgust 03, 2020, from

https://www.marketsandmarkets.com/MarkeReports/lithiumion-battery-recyclingmarket153488928.html

2 *National Minerals Information CenteRetrieved Augustl2,. 202Q from

https://www.usgs.gov/centers/nmic/cobalstatisticsand-information
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could reduce the severity of this potential shortage in the long term, and reserves may

increase as the priceses.

The end of life of the batteries sold the EU market is regulated by the Batteries Directive

2006/66/ECGL It is the only piece of EU legislation dedicated to batteries and seeks to ensure

that producers of batteries and products incorporating bats are responsible for the

management of the waste generated. As this directive is currently under revision, the EC has

identified a need for:

criteria to identify harmful substances which are not currently regulated
(cobalt; organic electrolytes such dghium hexafluorophosphate) and
management measures prescribed.

targets for battery collection (unsupported by the automotive industry) or
provisions for national schemes, Extended Producer Responsibility (EPR),
financing, labelling or reporting obligatis with respect to industrial batteries
(which include EV batteries).

a mechanism to integrate new battery chemistries into the directive (e.g.-solid
state, etc.).

targets for the recovery of materials that constitutighium batteries such as
Gobalt or Lithium ¢ currently, the target for replaced batteries is 50%.
According to the provisions of the ELV Directive (2000/53/Calso under
revision) which applies to scrapped vehicles and affects the batteries indirectly,
beyond the provisions of the Baties Directive, the target for propulsion

batteries removed from them is around 75%.

1EURLex Aceess to European Union Law. Retrieved August, 12, 2020, from
https://eur-lex.europa.eu/resource.html?uri=cellar.02fa83iP 8-4afc-8f9f-

eb201bd61813.0005.02/DOC_1&format=PDF

392EURLex Aceess to European Union Law. Retrieved Au@gis2020, from
https://eur-lex.europa.eu/resource.html?uri=cellar:02fa&-bf28-4afc-8f9f-

eb201bd61813.0005.02/DOC_1&format=PDF
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remain responsible until the battery is eventually scrapped or recycled,

independently of the number of intermediate lives it may have Pé&d.

Further aspects that might create issues on the proper and efficient recycling and possible

solutions:

The decrease in quality of the core materials resulted from recyalmglering them

unfit for new batteries.

Lack of standardization of the batteries, in many respects (shape, cooling solution,
wiring, BMS, cell structure).

Need for consideration of the broader context, complexity of vehicles and
harmonisation of the diffent waste directives as a prerequisite for better recycling in
the EU, as pointed out by the automotive industry representati’és.

Recycling methods (mechanical and physical processing / pyro / hydro).

The necessary investments in a higdpacity, commte recycling plant are
considerable. A 1.200 tons/year processing plant would cost around 10 million
dollars’®®.

Size of the waste stream as in any other business / activity, the efficiency highly
depends on the stream of batteries routed to the openativequent interruptions and

|/ or scarcity of incoming stream of batteries might render the economic operator

concerned unprofitable.

39 owering the future Commercial opportunities and legal developments across the EV batteries lifecycle
Retrieved August 03. 2020 from

https://Ipscdn.linklaters.comd/media/files/thoughtleadership/electricvehicle

batteries/powering_the future_electric_vehicle batteries linklaters.ashx?rev=0921608648fd-b17¢e
45ff4063bd31&extension=pdf&hash=16DE5CE1C71E309E48836652B17D0AE4

3% ACEA Position Paper Revision of the EU Batteries Direct&/6BIEC)Retrieved, August, 03. 2020, from
https://www.acea.be/publications/article/positiofpaperrevisionof-the-eu-batteriesdirecive-2006-66-ec

3% Research Study on Reuse and Recycling of Batteries Employed in Electric Vehicles: The Technical,
Environmental, Economic, Energy and Cost Implications of Reusing and Recycling EV. Bateeiesd

August 03, 2020 from

https://www.api.org/~/media/Files/OHland-Naturat
Gas/Fuels/Kelleher%20Final%20&20Battery%20Reuse%20and%20Recycling%20Report%20t0%20AP1%2018S
ept2019%20edits%2018Dec2019.pdf
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In line with the previous point, it is noteworthy the potential behaviour of some EV
owners. More exactly their refusab thave the battery pack replaced once it reaches
State of Health (SoH) 80% (or whatever threshold the manufacturer might set for the
particular type of vehicle). As the SoH of a battery is not a safety concern, the
degradation thereof resulting in the teokcal requirement to replace it cannot be
enforced on owners of electric vehicles, thus unnaturally expanding the battery first
life and depriving the second life market of the necessary stream. Furthermore, that
particular battery, once it gets replacedill probably be noreusable for most of the
second life envisaged applications and would have to be scrapped. This phenomenon
will probably be more intense in low income countries where many setamdi
vehicles including electric ones would end up ornhe original equipment (OE)
battery's SoH starts to diminish rapidly.

The amount of recyclable batteries also depends on the discipline or lack thereof on
the market. Even if the stream of unusable batteries is substantial, as long as it is
possible to inerfere effortlessly in the chain and chespyck the valuable, easy-
remove materialsthe recycling industry will face either a shortage of batteries or the
risk of inefficiency.

As it is a technology in its pioneering stage and the challenges alegitilbesides the
discipline, there is a need of constant and solid support from the authorities, including
financial kind. The governments should support the establishment of automotive
battery production value chains (from raw material extraction, sty and
processing, battery materials, cell production and battery systems to reuse and
recycling) by consulting key industry stakeholders to understand how to scale up
capacity and investments to develop the value chaultilateral development
agencies should strengthen funding for battery manufacturing, coupling it with
requirements for sustainability (e.g. with respect to the transparency of supply
chains)3?6

Other options could be considered, for example an exclusive value ardimefspent

batteries at least until the technology is mature enough and solid collection and

3% Electric Vehicles On tra®etrieveduly, 15, 2020, from
https://www.iea.org/reports/electricvehicles
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paid at purchase of the car and redeemed in full once the spent battettyeovehicle

altogether is turned over to a certified collector/treatment facility.

The constant stream of spent batteries also depends on the proliferation of electric
vehicles today. It is well known that most of the stimuli for the purchase of eteatticles
around Europe are incentives [rebate on the price, Valdded tax (VAT§xemption,
registration tax exemption , ownership tax exemptidtigh-occupancy vehicle lane (HOV)
privileges, free charging and parking, road/bridge/tunnel toll exemptsdo,) and the most
stimulating ones are the financial kind. Unfortunately, not all countries can afford to grant
these kind of stimutf’ or not for a very important number of cars to be purchaeas it

can be seen on the interactive maplectric Vehicle incentives per country in Europe
(2017) . The solution is to push for an-&lde package of legislation to discourage the use
of polluting, high C&®emitting cars that not only would be more efficient but would also be
non-discriminatory Not to mention that it would spare hefty funds that can be used on

charging infrastructure or battery collection/recycling facilities.

The stakeholders for battery recycling involve all elements of the battery value chain. This is
important for the sustainability of the battery economy but, also, for batteries to become

part of the circular economy. Only through the engagement of all current actors and

business newcomers as well as through the creation of new business models will such actors

tackle the challenge and take advantage of the opportunity that the recycling brings about.

The urgency to have current and new stakeholders involved in the recycling challenge
derives from the very limited recycling capacity as in the past batteries have been treated
only as hazardous waste. In Europe, battery recycling hosting capacity es@mhd 33.000

tons per year, not having an efficiency and effective process of recovering valuable metals

397 nteractive map: Electric vehicle incentives per country in Europe (2017) 31/10/Retifeved July 15,
2020, from
https://www.acea.be/statistics/article/interactivanap-electricvehicleincentivesper-country-in-europe-2018
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and rare minerals that can be found iritun batteries. Also, there is not sufficient volume
OF LI OAGe FT2N) G2RIe&Qasx | ¥ &seldificytiontrédnidsp®T 2 NJ (2 Y2
The summary of the potential stakeholders in battery recycling are represented in the

following 399
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The list of categories atakeholders may be the following:

Automobile manufacturers

Automotive repair and maintenance workshops
Battery manufacturers
Citizens/ battery users in general

Engineering, Procurement and Construction (EPC) companies with Operations

and Maintenance (O&Mgervices

Energy storage integrators
Energy utilities

Environmental protection agencies/ associations

3% Northvolt. Retrieved August, 03, 2020, from
https://northvolt.com/stories/RevoltTechnologies

Mnternational Institute for Sustainable DevelopmeBiead Batteries Deserve a Second Life by Claire Church on
April 9, 2019Retrieved Augudd3, 2020, from
https://www.iisd.org/library/battery-recycling
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Local authorities/ municipalities

Recycling companies

Research institutes

Telecom companies

Waste, energy regulation and taxation authorities

Wastemanagement companies

On one handstakeholders are not only focused on the sustainability of battery production
and, on the other hand, they amghanging actions due to new regulationibat increase the
responsibility of different actors for battery recycling. Recycling may also foster other revenue
streams and could lower the initial price of batteries as metals and rare minerals are
recovered. European automakers are being made resjde for ensuring that their installed
batteries are properly disposed of at the End of life (EoL). This has resulted in significant
investments in recycling capacity, with recycling plants being owned by the automakers
themselves or through partnershipdn these cases, recycling plants are responsible for
battery manufacturers or materials processing companies while having continuous battery
provision from automakers. The former, for example, includes the cases of the circular
Gigafactory of Test&¥ and the Volkswagen Hnouse Lion battery recycling plaft. The
recycling plants are being plannedlocated near automakers factoriet® optimize logistics.

An example of the latter is given by BM¥/ which has signed a strategic partnership with
Northvok and Umicore to dismantle battery packs down to their cells and recycle them for
new cells, which will be manufactured by Northvolt. There is also the option to give a second

life to disassembled packs if they meet the defined technical criteria. Anettanple is the

0/ 22183 t KAfALE aDAIIFFOG2NE t23AaGA0a Ay aLl OS FyR
Sustainability journal

401yvolkswagen website. Retrieved July, 24, 2020, from
https://www.volkswagenag.com/en/news/stories/2019/02/lithiusto-lithium-manganeseo-

manganese.html#

402 Digital Journal, BMW to partner with 2 firms to form battery supply recycle chain by Ken Hanly October 23,
2018. Retrieved July 27, 2020, from
http://www.digitaljournal.com/techrand-science/technology/bmwto-partner-with-2-firms-to-form-battery-
supplyrecyclechain/article/535272
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joint venture between Nissan and Sumitoff&d Ol £ ft SR danw 9y SNHe&é¢I GKI

Japan focused on the reuse and recycling @rbatteries from electric vehicles.

Battery manufacturers, the dominant players in the market,éhaiready presentedircular
strategies which are focused on recycling that is fundamental for a sustainable battery
business and the continuous cost reduction. This is the case of SamsdffgpB®Farasis.

One of the drivers is also a geographic shithie location of availability of the resources, once
mass recycling is achieved. In China there are regulations that assign responsibility to battery
manufacturers for products placed on the domestic market. Figure 5. That structure will be
leveraged fointernational battery sales as well. The same happens in Europe with Northvolt,

as described previously, with a strong push and broad partnerships.

The same is applicable to providers and users of batteries to such fields as, for example,
telecom and enagy utilities. Therefore, the trend is that telecom and energy utilities as well

as Engineering, Procurement and Construction (EPC) companies and energy storage
integrators have a greater responsibility for recycling. Consequently, they can provide more

opportunities to generate sustainable and circular products and services.

As there is a need for battery recycling capacity and new business models, new players,
completely focused on the recycling or second use of the batteries, are coming to the market.
Their main goal is to maximize the reuse potential and the recovery of critical material from
LHon batteries in a sustainable and safe manner. These new players need to be capable of
providing recycled material to battery manufacturers by enhancing theeotitechnology

and treatment processes arahallengingexisting mining and material processing companies

in the value chain. Technologically, they may differ in the applied processes and how many

percent of the material can be reclaimed. This is the chmseexample, of Lcycle®®, OnTo

403 Nisssan Motor Corporation, Gloddewsroom, Nissan, sumito Corp. and 4R set up plant to recycle electric
car batteries. Retrieved July 27, 2020, from
https://global.nissannews.ao/en/releases/releasel87297034c80023008bd9722aa0695B8032601-

WG{ I Yadzy3d {5LY {dzadlAyroAfAde wSLRNI£X {lFYadzyad {5LZ +
https://www.samsungsdi.co.kr/upload/download/sustainable
management/2018 Samsung_SDI_Sustainability Report English.pdf
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Technolog$P?, Anhud®” and Duesenfeltfe,

Finally, the citizens and battery users need to be engaged and need to be aware of the
challenge of recycling. Not only will they be shifting towards electric vehiclesldutthey

need to know the differences and what to do withidm batteries in different phases of their
lifecycle. As the final users, they will be the key factor in the disposal process of batteries at
the end of their lifecycles. In this process, loaathorities, regulators as well as automotive

repair and maintenance workshops will be crucial for the closing of the cycle

3.7.3.1 BACKGROUND

The waste management hierarchy was developed in 1975 fiGouncil Directive
75/442/EE€®°whose validity ended 2006. A Dutch politician, Ad Lansink, presented in 1979 a
schematic picture, where waste is shown from the most to the least environmentally desirable

option. In the , the hierarchy is also considering battery recycling technologies.

4051j-Cycle, LCycle Technology, A unique and dependable approach to solving a pressing global issue. Retrieved
July, 27, 2020, from
https://li -cycle.com/lithiumbattery-recyclingtechnology/

406 OnTo Technologietrieved July27, 2020, from
https://www.onto-technology.com/cathodéealing

407 Anhua Tasem Recycling 2018. Retrieved July 27, 2020, from
http://www.tai -sen.cn/en/

408 pyesenfeld Ecofriendly recycling of lithiuaon batteries. Rtrieved July 27.2020, from
https://www.duesenfeld.com/recycling_en.html

409 EURLex Acecess to European Union [&QUNCIL DIRECTIVE of 15 July 1975 on waste (75/442/EEC)
Retrieved July 22, 2020, from
https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX%3A31975L0442
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Waste management hierarchy

Prevention
Range of recycling technologies
House Advanced battery recycling: automated disassembly
; ; ‘Mixing’ of Amount of Value of
Recycling (g?mplexﬂy materials materials materials
process
streams recovered recovered
Recovery Present battery recycling: shredding, pyrometallurgy
Disposal

Thewhole section below comes from a single soufé®
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have high economic importance but are at risk of short suppstso means that
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battery.
GwSO2 ISNE ¢ Y Satefid is dsedlasia i@ pySmetallurgy.
G5AaLlal f o vdléelisyetovered,land the waste goes to landfil.

40 Harper, G., Sommerville, R., Kendrick, E. et al. Recycling libiubatteries from electric veicles. Nature
575, 7%,86 (2019)Retrieved July 22. 202€-om
https://doi.org/10.1038/s41586019-1682-5

Co-funded by the a* % The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5l Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for 186

any use which may  be made of the information contained therein.


https://doi.org/10.1038/s41586-019-1682-5

fralpatts D/L

Alliance for Batteries Technology, Training and Skills

Lithium-ion batteries placed on the global market, by application 2000-2025 (tonnes)
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Source: Circular Energy Storage

In the EU Legislation there are five important frameworkshere one is a Strategic Action
Plan on Batteries: COM (2018) 2€iBal ¢ Annex 2. In October 201%, the European
Commission launched the 'European Battery AlliZig¢eiooperation platform with key

industrial stakeholders, interested Member States and the European Investment Bank.

CKS /2YYAAdaArzyQa op Batteridshasiplt foiward acoys covéringythe
whole life cycle of battery production until 1¢se and recycling: . Sustainable
batteries ¢ produced with responsible sourcing and ethical use of environment, the lowest
carbon footprint and using the latest technology to promote second use and comply with the

circular economidt principles.

M1 ANDdzE I NJ 9y SNH& { 2N 3S wS &Edd batsyKendofyif& maNR § & dztb (i P 8 KR & &
September, 2019, fromttps://circularenergystorage.com/reports

29 dzNR LIS I Yy | RURDREZOMN NRE/MOYE Sustainable Mobility for Europe: safe, connected and clean
Brussels, 1p.®H My ®d WwWSGNARSPSR WdzZ & mMpI HauwnZ FNRBY
https://ec.europa.eu/transport/sites/transport/files/3remobility-pack/com2018029&nnex2_en.pdf

413 European Commissiginternal Market, Industry, Entrepreneurship and SMiaslustry, European Battery

Alliance. Retrieved July 15, 2020, from

https://ec.europa.eu/gravth/industry/policy/europeanbattery-alliance en

MY dZNR LISHY [/ 2YYA&daA2yY a9!wht9 hb ¢19 ah+x9 {dadlAylotS
NHzZ St asx mMTOPpdPHAMy Pd WSGNASOSR WdzZ & mMpI HAHAZ FNRY
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A further opportunity represents the development of world leading recycling technology

by supporting research and innovation. Several battetgted research and innovation

projects, which have been funded by EU are Horizon 2020, (approximately EUR 90 million per
year) battery integration ,including alsecond use and vehicle to grid solutions, traditionally

attract a nonnegligible share of this financing, even if calls are technology neutral. The cluster

of smart grid and storage projects (BRIDGE) goes beyond technical innovation aspects and
looks into improvements of business models, regulatory issues, data management and
O2y adzYSNJ | OOSLIiF yOSo CKSNBE IINBE fta2 20KSNJ A
INARA& YR SySNHe ai2N}3IS LINRP2SO0G&¢s lage | yy 2 dz
[2018H nMp8 YR G{YFENI /AGAZE YR /2YYdzyAGASaQ

Several important issues have been studied and results have been published in the European
research projectELIBAMA. The project strengthened European electric car battery
industry and focised on a largescale production LIBs. Eruf-life comprehensive logistics

chain was also studied in a work packag8iven that EU is lacking standardisation, the
ELIBAMA project made proposals in three different areas: -ditite logistics,
recommendatiors for easy disassembly of batteries and standardised eco design for improved

recycling?”.

https://eur-lex.europa.eu/resource.html?uri=cellar:0e8b6988b5-11e8ab41-
0laa75ed71a1.0003.02/DOC 3&format=PDF

416 European Commission, TRIMIS Transport Research and Innovatioitofihg and Information System,
ELIBAMA Europeanlbin Battery Advanced Manufacturing for Electric Vehiclegidved Augus03, 2020 from
https://trimis.ec.europa.eu/project/europeadi-ion-battery-advanceemanufacturingelectricvehicles

417 A Pdf document, Hans Eric Melin, Stafethe-art in reuse and recycling of Lithivimn batteries, Swedish
Energy Agency, June 07 2019.
Retrieved August 03, 2020 from Simona Tudor by email.
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Regulatory Framework for Battery Recycling in China

EPR: EoL Extended Producer
battery liability Responsibility

Dimension of Coding Regulation
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standards (GB; ﬁ. 3235 Q 8-2017) Electric VVehicles Traction Battery (GB/T 34‘0 01 55_" 2017)
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Guiding .fr?felrfil'n M(?asu.fes for thle Implementation Plan for the Interim Regulations on
measures Administration of Recycling Pilot Program of Recycling Traceability of Recycling
and plans and Utilization of New and Utilization of New New Energy Vehicle

Energy Vehicle Batteries Energy Vehicle Batteries Batteries

Copyright ® IDTechEx. Use in accordance with distribution licence | www.IDTechEx com
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China, SoutiKorea, and Japan are countries which recycled most of the LIBeendre also
paying for the battery wasté!®. China has a regulatory framework for battery recycling, and
manufacturers must apply th&xtended Producer Responsibility (EPR) principleshe
collection of endof-life LIBs from the market. . China also has four national

standards for LIBs.

1 Dismantling specifications
2 Dimensions of Traction Battery for Electric Vehicles
3 Coding Regulation for Automotive Traction Battery

4 Test of Residual Capacity

418 A Pdf document
Anintroduction of to Liion BatteryRecyclingVhere'sis the Value? Dr Aleiolland, IDTechEx, July 13 2020.
Retrieved August 03, 2020 from Simona TudBtA

419 A Pdf document, Hans Efitelin, Stateof-the-art in reuse and recycling of Lithivion batteries, Swedish
Energy Agency, June 07 2019.
Retrieved August 03, 2020 from Simona TudBIA.
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Furthermore, China applies Guiding measures and plans:
1 Interim Measures for the Administration of Recycling and Utilization of New Energy
Vehicle Batteries
2 Implementation Plan for the Pilot Program of Recycling and UtilizaticNew Energy
Vehicle Batteries

3 Interim Regulations on Traceability of Recycling New Energy Vehicle Batteries

European Union is lacking this type of regulatory in 202fut the work has started. A
systematic vision is necessary to design the framewarlah integrated European industrial
ecosystem, which allows horizontal cooperation between companies, while being supported

financially, legislatively, and strategically by Member States and tf8. EC

Waste can be a renewable resour&SOIl is an abbreation of the Energy stored over energy
investedand the ratio between the energy that must be invested into producing the battery
and the electrical energy that it will store during its usefuffiteBased on the ESOI calculation

results, it is easier tdecide whether the EV used batteries can serve for stationary storage.

3.7.3.2 STATE OF THE ART

Current recycling methods

Current recycling of {ion batteries can be divided into two typedjrect and indirect
methods*?? as shown in the . Several techniques follow the direct or indirect

method, used in combination with each other:

420Raphal Daninet SNNJ dzR> o ¢ KS wdb Gatéibsh A/SArateyi€ Pil[arAitiie FEdrojzyan Battery
lfEAFYyOSasx ; 1dzZRSE RS AQE FNRAZ LFNAZ al NOK Haun®d wSaNRS
https://www.ifri.org/sites/default/files/atoms/filesdanino_recycling_batteries 2020.pdf

421 Harper, G., Sommerville, R., Kendrick, etE.al.Recycling lithiumion batteries from electric
vehiclesNature575,75¢86 (2019)https://doi.org/10.1038/s41586019-1682-5. Retrieved July 22, 2020, from
https://www.nature.com/articles/s4158819-1682-5#Fig5

422The Design and Optimization of a Lithiimn Battery Direct Recycling Proséy PanniZheng Li Cheng, Qiao

Rui, Michael W Ellis, June 17, 2019. Retrieved August, 3, 2020, from
https://vtechworks.lib.vt.edu/bitstream/handle/10919/9321Zheng_P_T 2019.pdf
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Physical material separation

Pyrometallurgichseparation (thermal treatment Celsius or Fahrenheit)
Hydrometallurgical metals reclamation (with aqueous solution)

Thermal pretreatment followed by hydrometallurgical method, also often

called a combination of pyrometallurgical and hydrometallurgicaihoés.

LHon batteries contairan electrode which has positive charged anode (&hda negatively
charged cathode -}, metals (Aluminium Al, Iron Fe, Copper Cu, Cobalt Co, Nickel Ni), and
polymeric material.The waythe structure of the cathodematerial is breaking or not defines

the approach method: direct or indirectDuring the recycling process, if cathode is breaking

down to different elements, then the method to be applied is indireci.

Method

Break the
structure of

cathode materials
?

YES NO

. L]
Indirect Direct
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Direct recycling

In the Direct recycling, theemoval of anode and cathode material from the electrode, is made
with minimal changes to the crystal cathode morphology of the active material. The resulting
mixed metaloxide can be reincorporated into a new cathode electrodiae most valuable
componern on LIBs is the cathode material, like Lieetich contains Cobalt that is an
expensive element. Thusecycling cathode material generates most valaad the direct

method is the most cost effective and enermgpnservativé?*.

423 ScienceDirect, Lithiuion battery recycling processes: Research towards a sustainable course by Linda
Gaines. Retrieved July 3, 2020, from redraw a figure to the ALBATTS report
https://www.sciencedirect.com/science/article/pii/S2214993718300629

“4Harper, G., Sommerville, R., Kendriclgttal. Recycling lithiurion batteries from electric
vehiclesNature575,75¢86 (2019)https://doi.org/10.1038/s41586019-16825. Retrieved July 03, 2020, from
https://www.nature.com/articles/s4158619-1682-5
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The . below shows a Direct recycling process performe&dgsisEnergy.First, they
discharge the cell and remove the electrolyte, then the cell is shredded by a milling machine
YR GKS NBadzZ G Aa aofl O] YIaaé LR2BRSNIP ¢KSyYy
powder by density differences between th@@e and much denser metal oxide cathode

materials. In the end, the active materials are purified andithéated.

e [> e [:) 3. Milling [> e w&f,?na;mn
Discharged Removal Mo

5. “Black Mass” Powder

6. Separation of Anode Contains spent anode and cathode
and @I active material,

Cathode Active Materials carbon conductive additives, binder,

plus contaminant Al, Cu, Fe particles

7. Purification of Active 8. Re-lithiation of Cathode 9. Reg s
Materials E> Active Materials [> '

Source: Farasis Energy, Inc

Indirect recycling

The Indirect method useéRyrometallurgical and Hydrometallurgical technics to recycle Co, Ni,
Mn and then achieve Li precipitation. The leaching process consists of dissolving valuable
metals from a raw material by solution purification. In the solution purification step, copper

and aluminium are removed first by hydroxide precipitation.

425 arouche F., Demopoulos G.P., Amouzegar K., Bouchard P., Zaghib K. (2018) Recydingruf LiSolid

State Batteries: The Role of Hydrometallurgy. In: Davis B. et al. (eds) Extraction 2018. The Minerals, Metals &
Materials Series. Springe€ham. https://doi.org/10.1007/9783-319-950228 214 Retrieved July 03, 2020,

from https://rd.springer.com/chapter/10.007/9783-319950228 214
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The challenge is to avoid as much as possible tRerecipitation and the absorption of Co
and Ni. With a suitable temperature and reaction time, the equilibrium can be completely
reached. Equbrium is the state in which the reactants in a chemical reaction and products

do not change because the rate of forward reaction is equal to the rate of reverse reaction.

The Cu and Al particles can grow and aggregdtetire right size Afterwardsthe solution

can be filtered, and the residue is supplied to copper and aluminium production. At this
moment, the Al and Cu are precipitated together, there will be attempts to remove them from
the solution separately in futufé®. Precipitated means that sdlimaterial is separated from

the liquid by gravity. By using the hydrometallurgical recycling method, the final lithium
product is reached, and the raw material can be used for synthesis. Further processes are

needed in order to get purified Lithium.

3.7.3.3 PYRPMETALLURGICAL RECOVERY

The whole section is sourced from this referettée

For reclamation after commotion, recovered materials can be subjected to a range of physical
separation processes, which include sieves, filters, magnets, shaking tablebeanyl
medium, used to separate a mixture of lithiumeh solution, lowdensity plastics and papers,
magnetic casings, coated electrodes and electrode powders. The result is generally a
concentration of electrode coatings in the fine fractions of mateaal] a concentration of

plastics, casing materials, and metal foils in the coarse fraéfibns

¢tKS SYyR LINRPRdzOG A& OFfftSR aofl Ol YlIaaé¢ I yR

carbon).

426\Wang, H., Vest, M. & Friedrich, B. Hydrometallurgical processindanf hattery scrap from electric vehicles.
16 (2011). Retrieved 22, July, 2020, from
http://www.metallurgie.rwth-aachen.de/new/images/pages/publikationen/waeng_emc2011 id 2906.pdf
“™Harper, G., Sommerville, R., Kendrick, etE.al.Recycling lithiumion batteries from electric
vehiclesNature575,75¢86 (2019. https://doi.org/10.1038/s41586019-1682-5. Retrieved July, 03, 2020, from
https://www.nature.com/articles/s4158819-16825#Fig5

428 Wang, X., Gaustad, G. & Babbitt, C. W. Targeting high value metals in -ithiumattery recycling via
shredding and sizbased separation. Wast®lanag. 51, 204213 (2016).

Retrieved from an artical, July 5, 2020.
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To recover graphite and metal oxides from the coppetyperic binders should be removed

FNRY GKS ot Ol YIFraaédd ¢KSNBE INB aSOSNIft LR
solvents Nmethyl2-pyrrolidone (NMP) or dimethylformamide (DMF) to be applied, thermal

heat to decompose the binder or dissolutiohthe aluminium collector. Unfortunately, all the
aforementioned technologieare not fast and innovative enough to be commercialized in

the near future.In the nextALBATTE&port, this recycling method will be closely explained.

Nevertheless, there are some recent transitions in battery manufacturing i.e. moving away
from fluorinated binders. Innovative batteries are moving towards alternative binders on the
anode, which are watesoluble and easier to remove at eqwdHlife. Thereis also some work

performed on similar cathode transitions, though, it appears to be more complit&ted

3.7.3.4 HYDROMETALLURGICAL METALS RECLAMATION

This whole section extracted from the reference 42.

Hydrometallurgical treatments involve the use of aque@olutions to leach away the desired
metals from cathode material. By far the most common combination of reagents reported is
H.SQ/H20,. Based on studies performed, it is understood thaDHacts as a reducing agent

to convert insolubleCo (l1l) materiis into soluble Co (Il). [Ferreira, D. Prados, L. M. Z.,
Majuste, D. & Mansur, M. B. Hydrometallurgical separation of aluminium, cobalt, copper and
lithium from spent L-ion batteries. J. Power Sources 187,238 (2009).].

Other possible alternata/leaching acids have been explored, with findings of organic solvents
to be able to perform a solvent based extraction. After leaching, the metals may be recovered
through a number of precipitation reactions controlled by manipulating the pH of the

solution. [Granata, G.Moscardini, EPagnanelli, F., Trabucco, F. & Toro, L. Product recovery

42%Nirmale, T. C., Kale, B. B. & Varma, A. J. A review on cellulobgnamthasedinders and electrodes: small
steps towards a sustainable lithium ion battery..l&t BiolMacromol. 103, 10321043 (2017)

Recycling lithiumon batteries from electric vehicles, Recycling methods. Retrieved July,03, 2020, from
https://www.nature.com/articles/s4158819-16825

Co-funded by the Ty The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5 Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for

any use which may  be made of the information contained therein.


https://www.nature.com/articles/s41586-019-1682-5

{nalbatts /

Alliance for Batteries Technology, Training and Skills

from Ltion battery wastes coming from an industrial greatment plant: lab scale tests and

process simulations. J. Power Sources 206¢89B (2012).].

3.7.3.5 BIOLOGKL METALS RECLAMATION

This whole section extracted from the referefi¢e

Bioleaching is an emerging technology for LIB recycling and metal reclamation and is
potentially complementary to the hydrometallurgical and pyrometallurgical processes
currently used for metal extraction. It is highly useful for metals, which are particularly difficult
to separate and which require additional solvestraction steps, e.g. cobalt and nickel.
[Horeh, N. B., Mousavi, S. M.Shojaosadati, S. A. Bioleachofgzaluable metals from spent
lithium-ion mobile phone batteries using Aspergilhiger. J. Power Sources 320, 2386
(2016).]

Biological reclamation process uses microorganisms to selectively digest metal oxides from
the cathode and to reduce theseides to produce metal hanoparticles, though there are still
extensive scopes for further research of this method. [Pollmann, K., Raff, J., Merroun, M.,
Fahmy, K. & Selenskobell, S. Metal binding by bacteria from uranium mining waste piles

and its techmwlogical applications. Biotechnol. Adv. 24¢68 (2006).]

3.7.4.1 RETRIEV TECHNOLOGIES

RetrievTechnologies (initially known as The Toxco). Large LIB packs undergo preliminary
manual disassembly, while small batteries and cells mayNiB © S & AR ¢4 ItENR OS & a

40 Harper, G., Sommerville, R., Kendrick, etE.al.Recycling lithiumion batteries from electric
vehiclesNature575,75¢86 019).https://doi.org/10.1038/s41586019-1682-5. Retrieved Jul@3, 2020, from
https://www.nature.com/articles/s4158819-16825#Fig5
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by shredding LIBs submerged in a brine solution to deactivatedhe and prevent fire due

to Li oxidatior32,

TheRetrievprocess consists of shredding th#Bsand the resulting slurry is processed with a
hammermill whereas larger metallic components are separated by screening. The resulting
CuCO rich overflow is treated with a shaking table to remowedIplastic particles. Tramall
cathoderich patrticles are filtered to get a cake rich in C and metallic oxitles filtered liquid

is also rich in Lithium. The metallic oxide and Li cakes are useétah industry and

considered downcycled.

3.7.4.2 RECUPYL VALIBAT

tKAA o¢K2tS aSOGA2y Aa SEiG NI OdoS RatteFyNRcycting ¢ !
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TheRecupyprocessvas developed as a letemperature LIB recycling technology, directly
addressing the gas emissions resulting from pyrometallurgy in the abovementioned
processes. First, LIBs are fragmented in adpeed rotary shear, iArgon Aror CQ ¢rich
atmosphere to expose the internal compounds. The consequence of G€ig the
formation of a surface to LIB whose role is to reduce fire risk. Secondary grinding is carried out

in an impact mill orhigher sped which reduces particles to the size of 3 mm or smaller.

Then a highnduction magnetic separator removes ferrous metals. Themagnetic fraction
is then processed with @ensimetrictable, which separates light and heavy particles. There,

most ofthe remaining Cu particles are removed which is an important step, as metal impurity

43lvezzini, A. Manufacturers, Materials and Recycling Technologies. In LidriBatteries; Elsevier BV: Rome,
Italy, 2014; pp. 526651. [Google Scholarfretrieved August, 03, 2020, from
https://www.sciencedirect.com/science/article/pii/B9780444595133000236?via%3Dihub

432 Omar VelazqueMartinez Johanna ValioAnnukka Santasaldarnia M. Reuter Rodrigo Sern#Guerrerq
MDPI, A Critical Review of Lithiudon Battery Recycling Processes from a Circular Economy Perspective
https://doi.org/10.3390/batteries5040068Publisher November, 5, 2019. Retrieved July, 03, 2020, from
https://www.mdpi.com/23130105/5/4/68/html
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would later affect hydrometallurgical process. The electrodé fine fraction is mixed with
water, and its pH is adjusted, which releasesdHe to hydrolysis. In the agous phase, Li
salts are then dissolved, leaviMeOand graphite suspended in the solution, to be separated
by a filtration process. A series of leaching steps will continue, by processing it through several
chemical stagesheRecupyprocess can recar Cocontaining cathode powdeaind LiFePO
whenever it is present in the feeth addition, processing of the electrolyte Lp¥-possible,
recovering P&and an ammonium salt during a hydrolysis pHase

The losses iRecupyNMalibatprocess are conderably lower in comparison with
Umicore+ | £ S I & Redupyprécé&ss shows a clear advantage of using the mechanical
processing coupled with hydrometallurgical operatioBsnsequentlyRecupybperational
principles are more in line with the idea of aifar economy, in comparison to the rest of the

processes, as the cathode precursor is recovéfed

3.7.4.3 AKKUSER

TheAkkusemrocess employs lowemperature stages aimed at obtaining a megariched
fraction suitable for subsequent refining. This process involves only a mechaniecal pre
processing treatment and does not include hydnopyrometallurgical steps. Then the mixed
feed will besorted, and LIBs are sheared by two cutting mills. The first mill operates at a
temperature between 40 °C and 50 °C and reduces the battery to-simadl pieces. During

the shearing step, there is a low fire risk. The filtration of residudsrig by a cyclonic system
andmost plasticmetal particles are then processed to recover Ni and Co by leaching. Upon
reaching a pristine quality, the associated exhaust gases are then harmlessly released into the

atmospheré?,

433 vadenbo, C.O. Prospective Environmental Assessment of Lithium Recovery in Battery Recycling; Institute of
Environmental Decisions: Zurich, Switzerla2@)9. [Google Schold}: Retrieved July 22, 2020.

43 Tedjar, F.Foudraz, J.C. Method for the Mixed Recycling of LitHiamed Anode Batteries and Cells. U.S.
Patent 7,892,317 B2, 26 October 2010. Retrieved July, 22, 2020, from
https://patents.justia.com/patent/7820317

4%5pudas, J.; Erkkila, Adjjamaa J. Battery Recycling Method. U.S. Patent 8,979,006 B2, 17 MarcHQ0agle
Scholal]. Retrieved July 03, 2020.
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The shredded material tsansferred through an aitight cooling tube into a secondary mill,
which further reduces the size of the material. Ferrous metals are recovered employing a
magnetic separatorThe resulting nofvolatile fraction rich in Co and Cu is ready to be refined
by either hydrcor pyrometallurgy. The final recovery composition is not detailed in the

literature but is likely a mixture of electrode materials and traces 6PAl

3744 'alL/hw9 ! [;!{x o6.w!'-9[[9{= .9[DL!auv

The Umicore process recovers Co andpmarily from LIBs and MiH batteries, and it
presents the largest capacity among the discussed processes, as it invobmbiaation of

pyro- and hydrometallurgical steps.

The batteries are firstismantled,and the unnecessary metallic or plastiasing material
removed in order to expose the cells. The process begins in a shaft of fuwlaae, three
different temperatures are consecutively applied, 16800 °C (evaporation oélectrolyte);

medium = 700 °C (plastics pyrolysis); and high =d2ED °C (smeltingnd reductionj?”.

An advantage of direct recycling is that it avdimisg, and expensive purification steps and it

is particularly advantageous for lower value cathodes such as LiMn204 and £#ePO

The direct recycling is a sbeffective and energy conservative methadhich can be divided

into two steps: retrieving the cathode materials from End of Life LIBs and regenerating the

cathode materials.

467hang, T.; He, Y.; Wang, F.; G&Hhu; X.; Li, H. Chemical and process mineralogical characterizations of spent
lithium-ion batteries: An approach by mulinalytical techniques. Wastdanag. 2014, 34, 1051058. [Google
Scholar] [CrossR&f|Retrieved July 03, 2020.

437 GeorgiMaschler, T.; Friedrich, B.; Weyhe, iReegn, H.; Rutz, M. Developmentaofecycling process for-Li
ion batteries. J. Power Sources 2012, 207,¢182. [Google Scholar] [CrossReRetrieved July 03, 2020.

438 Environ. Sci. Techn@012, 46, 22, 127@42710

Publication Date: October 17, 2012

https://doi.org/10.1021/es302420z

Copyright © 2012 American Chemical Society

Dunn, J. B., Gaines, L., Sullivan, J. & Wang, M. Q. Impact of recycling otoegatkéeenergy consumption and
greenhouse gas emissions of automotlithium-ion batteries. Environ. Sci. Technol. 46, 1272710 (2012).

Retrieved July 03, 2020.

Co-funded by the Ty The European Commission 6 support for the production of this publication under the Grant
Erasmus+ Programme % 5l Agreement N° 2019 -612675 does not constitute an endorsement of the contents , which
of the European Union P pen reflects the views only of the authors, and the Commission cannot be held responsi ble for

any use which may  be made of the information contained therein.


https://www.sciencedirect.com/science/article/abs/pii/S0956053X14000105
https://www.sciencedirect.com/science/article/abs/pii/S0956053X14000105
https://www.sciencedirect.com/science/article/abs/pii/S0378775312002984
https://doi.org/10.1021/es302420z

{nalbatts /

Alliance for Batteries Technology, Training and Skills

One positive thing about the use Biyrometallurgicaprocess is that exotherio reactions of
burning electrolytes and plastics reduce energy consumptiorExothermic

reactionsare a chemicalreactionin whichheatis generated

Unfortunately, the Pyrometallurgical recovery has a negative environmental footprint,
including production of toxic gases, in addition to that costs of processing that are high, while
the quantities of materials recovered are limited. Nevertheless, it is a frequently used process

for the extraction of highvalue transition metals such asl@lt and Nickef®.

By using hydrometallurgical metals reclamation, the major issues to be addressed with regard
to all solvometallurgicalprocesses are the volumes of solvents required, the speed of
delamination, the costs of neutralization and the likelihood of clromstamination of
materials. Significant improvements in the field of material segregation can be brought
through avoiding ddnode and anode materials mixing before a mechanical or a schvased
separation occurs. The current design of cells makes recycling extremely complex and neither
hydro- nor pyrometallurgy currently provide methods that would lead to pure streams of

materials that could easily be fed into a closledp system for batteries.

The high levels of recycling efficiency of tikusermprocess (i.e., >90%) and its low energy
consumption (0.3 kWh/kg material) set this process in a privileged position compatkd to

rest. However, it is only possible to reach this high cost/efficiency rating because the process
involved is based solely on mechanical processing steps and aims at obtaining a black mass for
cathode precursor manufacturing by a third pafty

HansEric Melinfound in his studiesy  { -0fithé-&t in reuse and recycling of Lithiuion
oFGGSNASa¢gd GKIFIG SO02y2YAO LRGSYGArt 2F NBOe O

439y, W. et al. A critical review and analysis on the recycling of spent litiarbatteries. ACS Sustain. Chem.
Eng. 6, 15041521 (2018).] Recycling lithidion batteries from electric vehicles, Recycling methoRetrieved
July 22, 2020, frorhttps://www.nature.com/articles/s4158819-16825

440 Martin, G.;Rentsch, LlHo6ck, M.;Bertau, M. Lithium market researchGlobal supply, future demand and
price development. Energy Storage Mater. 206,/17%179. Retrieved July 15, 2020, fronidogle Scholar]
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studies, based on modelling, mainly with regard to the degradation andelaty of the
battery. Most of the recycling studies have been carried out at a laboratory scale and they
entail excellent control of the processes. Separation of cells has often been done by hand
which is not the economical way in an industrial scaleliappon. There are still patents

covering similar methods, which are based on induspriadcipleg+!

Nowadays, there are low volumes of electvehicle batteries and even fewer used storage
batteries, that need to be recycled.if still a little bit unsure but we strongly believe the EU
recycling legislation and standardisation will have been updated and completed by the time
the LIBs powering today's EVs reach the esfdife stage (EOL),Also, the economic aspects

of recyclig operations must be carefulleflected,and automation is the key to lower the
processing costs. Especially better sorting technologies, a methakparrating electrode
materials, wider standardization of thanufactured cells and packs, abdtter recycling
design are also crucial for the success of the activity.

High capital is needed when pyrometallurgical technology is requirespecially if the
demand is a fully recyclable-ibn battery. Ideally, the whole battery should be recycled an

not only the most economically valuable components, like Cobalt.

When recycling method ia water-intensive technology, it involves environmental risk

because some hazardous battery components are watduble*2,

In 2017, the best available techiogy would allowAl and Cu to precipitate togetheibut in

the near future, there will be attempts to separate them independently from the
solution. The net LIB production can be reduced if more materials are recovered from end
of-life LIBs and the recled material has better qualityJnfortunately,recycling alone cannot

compensate by itself the shortage of minerals, especially with an EV market that is rapidly

YICNBY F t26SNIt2Ay 0 LINBaSyll-d-theatinyeusB &d @dinglofiLigh@uim 9 NA O a S
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4425loop, S.E.; Bend, M.A. Recycling and Reconditioning of Battery Electrode Materials. U.S. Patent 9,484,606 B1,

1 November 2016. Retrievedly, 22, 2020 fromGoogle Scholqr
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growing. LIBs last in their first life at least-2D years, based on the calendar ageind &eir

lifespan is three times longer than leadid batterie4*

Published articles about recycling of
lithium-ion batteries by country,
accumulated 2000-2018

Bangladesh
1%

Japan Ite%«

2% 1

South Korea
10%

To make recycling and reuse economical in Europe, the battery design should be planned for
the whole life cycle, before manufacturing a single cell. Standardisation of materials, cells,
packing and marking, could make it easier to disassemble, repaN&@® e Ot S dza SR [ L.
was no article found in 2019 on research about design with recycling in mind. Only one piece

of information was retrieved describing a British project, Amplifill 117, which is a collaboration

between car manufacturers and recyai companies that has got more funds to continue

443 Turcheniuk, K., Bondarev, D., Singhal, V. & Yushin, G. Ten vyears left to redesign-idithium
batteries.Nature559, 4674470 (2018)Retrievedluly, 22, 2020 frorhttps://www.nature.com/articles/s41586
01916825
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manufacturing modular battery for various uses, vehicles and applications. Source, the same
Fad SFNIASNI yNI pn ®ofdhé-aytdan reideFad reayslihgh of Mithivimg G I G S
ol GGSNASAEGgyAfeatSIene 20KS0950 8 NJ

Therecyclingprocessshouldbe evaluatedfrom different point of views:
Costandefficiencyto environmentalimpactratio
Effectson transport
Work environment
The consequencdsr eachmaterialpre-treatment solution
Material sorting solutions

Whatwill/can be the end product

CKSNE Aa | 101 2F SOlfdza GAz2yad 6AGK Y2NB K2f
been researched: why batteries take other paths than the ones both companies and legislators

previously intended?

It is challengingo choosethe right pre-treatment for a LIB.

In LIBs, there are many different chemistry types used, which makes it difficult for
recyclers to correctly classify and sort the EoL batteries.
When using hydrometallurgical processes, the disintegration time of the modules
and cell stée of health assessment is also difficult.
[L. Q& Oly Shraateée OFGOK FTANB 2N S@gSy SELX 2
impact.
Researclon sorting,disassemblynddischargeof batteriesis highlyuncommonas

2019publishedHans Eriéellinsreport shows.
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3.7.7.1 ACCUREC

The Accurec process is designed by the German company Accurec @¢nbid(el,

Germany)

for LIBs recycling and is supposed to present a combination of mechanical, pyrometallurgical
and hydrometallurgical processes aimed at recovering a LiZ@®®de precursor and a Go
Ni¢Mn alloy. The process begins with the sorting, cleaning, and manual dismantling of spent
LIBs from consumer goods and EVs. The dismantled feed is transported to thél- cgng Q a
proprietary vacuum thermal treatment, where it is heated at 250 °C under a vacuum to
remove electrolytes, solvents, and volatile hydrocarbons. The produced fraction is then
transported to milling and grinding operations to expose the enclosed ¢aests. Ground
material undergoes a series of mechanical separation steps consisting of a vibrating screen,

magnetic separator, and a zrgqg classifiéf®.

The fractions of FeNi, Al, and AJCu are retrieved after the mechanical separation step,
from whidh base metals can be extracted. The remaining fraction is sent to agglomeration
and a twostep pyrometallurgical process. In the end of the second step of the
pyrometallurgical operation, commercially viable Co and Mn are released. Though, as the
current market value of Co is higher than that of Mn, the purification of the former is

favoured, while the latter is mostly lost in the slag pHa&e

Needless to highlight, that the Accurec process is able to provide a 90% recovery of Li2CO3,
which can then be sed either as a cathode precursor or as a raw material for glass

manufacturing. On the other hand, the technology does not allow an electrolyte to be

45 1 OO0dzNB O wSOe Of Ay 13 DYoIl X ! OO0dzNB O ¢ O2FFAOALI € g S
from https://accurec.de/lithium

446 Gratz, E.; Sa, Q.; Apelian, D.; Wang, Y. A closed loop process for recycling spent lithium ion batteries
(September 15, 2014). Retrieved August 25, 2020 from
https://www.sciencedirect.com/science/article/abs/pii/S0378775314004571
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recovered, which can, without any doubt, be regarded as a drawback to these recycling

operationg.

3772 BATTER w9{h'! w/ 9{ &/ [h{95 [hhté twh/ 9{]{
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Battery Resources process is majorly baseanechanical and hydrometallurgical

operations, with a single sintering step at the end for product refining. The Battery

Resources process is designed to treat LIBs with LiNixMnyCat#tt@2le chemistry.

Analysing the sequence of technological treatngeimt a closer way, the first step for the

whole recycling process is discharging, which is necessarily undertaken so as to reduce the
risk of spontaneous ignition / explosion during shredding. Then the spent LIBs are shredded
with a hammer mill to break den the particles, and shredded mixed material is treated by
magnetic separation, producing a magnetic fraction with high content of steel and a
cathodecontaining noAmagnetic fractionThe next steps involve different fractions to be
treated in separate mnners. Consequently, the nanagnetic fraction is mixed with NaOH

in order to extract Al and then is filtered and dried at 60 °C. On the other handgiCu

fraction is obtained through having a coarser fraction treated by dense media separation
(DMS). Fally, the fine fraction is sent to a fostep hydrometallurgical process. The first
stage of it includes removing of C, LiFePO4, and the remaining plastics under high
temperature levels, whereas the remaining solution is supposed to contain ionic fér@w o

Ni, Mn, Li, Al, and Cu, which is later treated at a temperature of 40 °C to precipitate
Li2CO%".

In the longrun, the aforementioned processes enable to have previously extracted Co(OH)2,
Mn(OH)2, and Ni(OH)2 mixed with the precipitated Li2@@Bsome additional virgin

447Pporvali, A.; Aaltonen, M.; Ojanen, S.; Velazedertinez, O.; Eronen, E.; Liu, F.; Wilson, B.P.; Seuesrero,

R.; Lundstrém, M. Mechanical and hydrometallurgical preessn HCI media for the recycling of valuable metals
from Lkion battery  waste (March 2019). Retrieved August 25, 2020  from
https://www.sciencedirect.com/science/article/abs/pii/S0378775315002694
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Li2CO3&and be forwarded to synthesizing battegyade cathode material through

compression into pellets and sintering at 900 °C. This way, the Battery Resources process
Fff2¢a G2 | OKAS@S G Of 2 a S RitablepRotict foNSeladz G a I Yy R
cathode material, although the consumption of various chemical reagents (e.g., MnSO4,

NiSO4, and CoS04) is requfféd

3.7.7.3 LABORATORY PROCESS BY AALTO UNIVERSITY

The process encompasses a mixture of mechanicappeessing stages followed by a
pyrometallurgical step and a thorough hydrometallurgical treatment to recover 99% of the
LIB materials. It begins with crushing and sieving, resulting in two distincistofts: one
formed mostly of the electric peripherals, current collectors and foils, and a second one
formed mostly of the electrode materials. As a next step, the mechanically obtained
fractions are processed via two parallel paths: a hydrometallurgiodla pyrometallurgical

process designed to treat the electrode material and metallic fraction, respedtifely

The hydrometallurgical treatment consists of a series of 11 steps specifically designed to

obtain cobalt oxalate, CoC204, while recovering otlements found in the electrode

material fraction, including Li, Ni, Fe, and Co. On the other hand, a pyrometallurgical

treatment in a rotary kiln has been proposed to recover Al and Cu. As a result of the
aforementioned processing and treatments, itlaimed that Aalto University process

recovers the vast majority of elements contained in LIBs with a high efficiency. That is, the
hydrometallurgical stage recovers 99% of Al, 93% of Li, 89% of Co, 97% of Ni, 98% of Cu, 98%

448 Martinez, V.; Porvali, A.; Boogaart, V.D.; Aarnio, S.; Lundstrém, M.; Reuter, M.; Guerrero, S.; Velazquez
Martinez, O.; Boogaart, K.G.V.D.; Santagalmio, A.; et al. On the Usd &tatistical Entropy Analysis as
Assessment Parameter for the Comparison of Lithiaom Battery Recycling Processes (January 31, 2019).
Retrieved August 25, 2020 from https://www.mdpi.com/23Q805/5/2/41

449 A Critical Review of Lithiuhon Battery Recyitlg Processes from a Circular Economy Perspective (August 23,
2019). Retrieved August 25, 2020 fromhps://www.mdpi.com/23130105/5/4/68/htm
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of Mn, and 99% of Fe, wheredsetpyrometallurgical path produces a molten phase with
74% of Al and 26% of €8

Even though the Aalto University process is supposed to provide a high degree of element
recoverability, the recovered forms still require further processing to be corsitesable

raw materialsWhat is more, it presents a high quality of products, but at the same time
demands a large number of reagents in the hydrometallurgical stages and high energy in the

pyrometallurgical step, in addition to efficient mechanical-precessing stagé¥.

3.7.7.4 FORTUM LIB RECYCLING SOLUTION

A N s

CtKA&d ¢oK2tS aSOGA2y SEGNY OGSRY C2MhdzyQa KeéRNE
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and it makes it possible that cobalt, manganese and nickel be utilized in producing new
batteries. In order to achieve a high recycling rate, the process the coyrggaplies is a low

CO2 one and uses a hydrometallurgical recycling process. The hydrometallurgical recycling
process involves a chemical precipitation methodology that allows scarce minerals to be
recovered and delivered to battery manufacturers for reusethe production of new
batteries. Originally, this technology was developed by the Finnish growth company Crisolteq

that was acquired by Fortum in January 2020.

A closer look at the stages of LIBs recycling reveals that the initial step in this prvodgss
plastics, Aluminium, and Copper to be separated and directed to their own recycling
processes, which makes lithivion safe for mechanical treatment. The remaining elements

after the abovementioned treatments are the chemical, mineral componen$sR (1 KS Wo f |

BOC2 NIidzyQa 2 FTFAOAI f-iongBatteyRedy8ingdrechnelogy. Retrievedi Augudiz?5, 2020 from
https://www.fortum.com/productsand-services/fortumbattery-solutions/recycling/lithiumion-battery-
recyclingsolution

451 A Critical Review of Lithiuhon Battery Recycling Processes from a Circular Economy Perspective (August 23,
2019). Retrieved August 25, 2020 frémbps://www.mdpi.com/23130105/5/4/68/htm

B2C2 NIidzy Qa 2 FFA OA L f-iongBattery Recy®ling Trechmolody SRetfiefed KugwY25, 2020 from
https://www.fortum.com/productsand-services/fortumbattery-solutions/recycling/lithiurnion-battery-
recyclingsolution
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https://www.fortum.com/products-and-services/fortum-battery-solutions/recycling/lithium-ion-battery-recycling-solution
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YFa3aQY 6KAOK Aad FdRIDKEN SHRPDSARAYA A YR @2 NHKY
CdzZNI KSNXY2NB>X C2NIldzyQa NBOeOftAy3a LIXFyd Ay 11
processing, which helps to initiate a sustainable duction of highgrade chemical
compounds from various industrial waste and ssleams¢ KA & NBO2 JSNBR

Y | atypi@ally consists of a mixture of lithium, manganese, cobalt and nickel in different

ratios. Of these, nicke] and especially cobalf are the most valuable and most difficult to
NEO2@SNI !''a | O02yaSldzsSyOoSs Yz2aid 2F G2RIF&Qa N
NEO2@SNI 6KS&aS @I fdz2 of S Y applsdiletheteore s KAt S C2 NI d.

Recycling prcedures must follow strict rules and standar@ocess Engineerf®r Battery
Dismantlingand Battery Recyclingmprove the processes and align with the technicidtrsd
of Warranty Managers, Waste Recycling Auditarsd Compliance Engineeiss well asSdety
Managers and Specialisensure the compliance with the legislation and standards; batteries
are processed byrocessorsand Recycling Techniciansand variousOperators might be

involved.

Skills and knowledge required in relevant advertisements:

Recycling SKILLS Occurence

ensure compliance with waste legislative regulatiois 2,06%
prepare presentation material 2,06%
follow reporting procedures 2,06%

conform with production requirements 3,09%

communicate with customers 3,09%

inspect quality of product 3,09%

use microsoft office 3,09%

conduct workplace audits 3,09%

problem solving & troubleshoot 3,61%
use technical documentation; observe documents 4,12%

0,00%0,50%1,00%1,50%2,00%2,50%3,00%3,50%4,00%4,50%
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Skills
Skills occurrence for recycling are shown Hn . Problem solving and techoal

documentation usage, Microsoft Office, quality inspection, reporting procedures and

compliance with regulations are the most required skills.

Recycling Knowledge Occurence

legislative 1,55%
handling of dangerous goods 1,55%
industrial design 1,55%
gather data; inspect data; process dat& 1,55%
project management principles; project managemenit 2,06%
English 2,58%
health and safety in the workplace 3,09%
analysis methods 3,09%
teamwork principles 4,64%
communication 6,19%

0,00% 1,00% 2,00% 3,00% 4,00% 5,00% 6,00% 7,00%

Knowledge

Knowledge occurrences relevant to recycling are showniin . Communication and
teamwork principles are in the top positions, as well as knowlexddesalth and safety in the
workplace and experience with analysis methods. Handling of dangerous goods and

knowledge of the legislation are also required.
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The ALBATTS project aims at making a blueprintdacation and training development to
support the emerging battery and electromobility sector in Europe. A first makeshift inventory
of existing education and training in the sector has been done in D 6.1: Report on state of the
art and job roles in the sor (only chosen examples of education and training on different

levels are presented here below).

Analysis of desktop research (like this report), surveys and workshops in WP3, 4 and 5 will
show what education and training is needed for the emerging jods, while other positions

may partly vanish. As the education systems in European countries are national, the project
must find ways to design learning objectives, job roles descriptions, learning materials and
teaching structures in a way that is, dretone hand, modern and innovative but on the other
hand, can connect well to existing and varying European education and training systems and
practises. Below is a first characterisation attempt on educational providers, prevailing
education and trainingnethods and approaches, use of ICTs for education design to address
learner access and flexibility, and some examples of training and education at different

educational levels in Europe.

There are many ways of teaching and training people for jobs intarsef the labour market.

We have the classical university with ftithe colocated offerings on a campus, including
lectures planned readingsgroup discussions and assignmenéb work learning projects

and possiblycase studiesaand simulations The educational institution typically wants full
control over the offering and communicates, usually not in detail, with industry and the target
groups of potential students, since it views education as generalist education within one or
two disciplines prirarily. A research university is not expected to teach anything that is not
being researched at the same institutié¥#*>* The students receive a long and broad

education and pass an exam, but will often need skills training after exam. The learning theory

39f Sys Wor [AYRof2Ym, t NyySs {3 g [/ fSYSydGs ad ¢
¢tKS NRtS 2F I OFRSYA0aQ O2yOSLJiAazya 2y i f1
Academic Development, 12(2), 1239.

454 Hattie, J., & Marsh, H. W. (1996). The relationship between research and teaching: -Analytsis. Review
of educational research, 66(4), 5642.
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in universities is nowadays often declared to be constructiy$oomake the individual create
a personal, deep, and broad understandfigA problem is that this understanding can stay

theoretical.

The vocational school or institute typically works elo® industry (like the university college

but with minimal or no research ability). In comparison with an academic university,
vocational educational providers often redutectures- and planned readingn favour of
moreinternshipperiods andn-the-job trainingin workplaces, use aimulators role-playing
management gamespeer tutoring coaching and mentorin@y industry professionals, etc.

The emphasis is more on skiltaining; a good theoretical understanding is also needed, but

is developed though a combination of learning metho®¥.The learning theory behind this

is often some kind of constructionism, meaning that the student learns best when trying to
construct something, or attempting to solve real problems. Constructionism emphasises
demanstrable understanding and skills, developed by personat txrad-error in a context of
mentoring. This also makes validation of previous learning easier than in a university context.
The employer or work place is a training stakeholder and sometimes actor or provider as well,
working both with specialised introduction at time of employment, so callett@arding, but
continuously also with various ethe-job training, simulators and &ning games, coaching

and mentoring, peer tutoring, eté¢>’ This learning at the workplace is alsituated learning

it has a clear context, and there is research showing that learners have the optimal conditions

to learn in the environment where the le@ed knowledge and skills will be practis®d.

Another distinction between training methods often used in a description like this is
GONF RAGA2yJebusayainK AR ®¢ ¢KAA YAIKG o6S F  &akKkl ff
description. Both concepts are moving targets, and there is no accepted definition of
GUNI RAGAZ2YLEFE €SENYAYIES F2N SEI YLE SN AYy2INI A &

455 Mueller, S. (2020). The mature learner: understanding entrepreneurial learning processes of gniversi
students from a social constructivist perspective (Doctoral dissertation). (p 11 ff)

%6 | 01SanDStfySNE | & 22fG4SNE {® /P 3 ¢dz2NE {d® bd OH
vocational, academic and mixed. International jouroaManpower.

47 Elkjaer, B., & Wahlgren, B. (2005). Organizational learning and workplace leasimnitarities and

differences. In Learning, working and living (pp-32». Palgrave Macmillan, London.

458 | ave, J., & Wenger, E. (1991). Situated learningtimege peripheral participation. Cambridge university

press.
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where do digital tools comg/iK ! NBlF a2yl o6tS IyasgSNI Oy 0SS a
G 2 y #5%werll svhere all from lectures to ethe-job-mentoring can be done by using a mix

of classical and digital toof8? The imagined border between digital and not digital is blurring,

to say the least. What Internebased ICTs have done for education and training recently is to
reduce the friction of information flows even more than with print and mass media, postal
service, TV and telephone. Digital ICTs do not, however, automaticallgrgearmodern

training methodscbehaviouristic setups and purely informatidransmissiorbased lectures

Ffa2 YI1S dzaS 2F G2RIFIeQa RAIAGEHE GSOKyz2ft23ed
only lowering information friction, but processing imfisation outside human brains for the

first time in history?®! Such ICTs as learning analytics, adaptive learning, etc., are developing

right now¢ using digital algorithms to adapt a learning track after the individual user/student.

We will work with thatin the ALBATTS project as well (WP6/Work Packager&ning and

Education).

{ ( dzR Sgtdiss @and flexibility in studies can be much improved already with digital
G§SOKy 2t 238Qa NBRAzZOSR AYTF2NNIGA2Y FNAEGEBAZY O ¢
' YAGSNBAGASE Oly OFff | O2dz2NBES aRA&lGIyOS O2d
demand a lot of physical presence for exams, lab work, discussiong vétde the individual

had expected a very flexible course and almost nevsit & campus. The term& RA & G y OS

f SIENYMySIENY AWSEES a2yt AyS fSINYyAyIéeandsoodi SYRSR
have no agreedipon definitions that describes level of access or flexibility or even course
design?®? However, the recent Cowtl9 crisis has meant a lot of improvement in work with
GKSaS LINI OGAOKE jdzSadAz2yas FyR 6S FNB Ay | L

has changed, especially concerning access to and flexibility in education and tf&ining.

B¢ KS GSNY ¢2yfATSE O02YSa FTNRY (KS hEFT2NR LYF2NXNEGAZY
ICTs (information and Communication technologies) are already an integrated gar$ & LI S CthereliyA @S &
recommending us to stop thinking in terms of being online or offline and moving between these modalities. See
G¢KS hyt A Fripsalihksarfiodricen®dok/10.1007/9783-319-040936

460 Dziuban, C., Graham, C. R., Moskal, P. D., Norberg, A., & Sicilia, N. (2018). Blended learning: the new normal
and emerging technologies. International Journal of Educational Technology in Higher Education, 15(1), 3.

461Horidi, L. (2013) The Fourth Revolutigilow the infosphere is transforming human

462 Norberg, A. (2017). From blended learning to learning onlife: ICTs, time and access in higher education
(Doctoral dissertation, Umea University).

463 Burgess, S., & Sieveen, H. H. (2020). Schools, skills, and learning: The impact of C®WwiDeducation.

VoxEu. org, 1.
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A practical wayf analysing the level of access to and flexibility in an education package or
course is to usa time- and process perspectiveo clarify how the course design uses the
aGdzRSyiQa GAYS o0& (GKS o0fSyR FyYyR aKA®@yls#o 2F ae
see how synchronous events and asynchronous events shift in a course and how they are
constructed. Here we do not make any distinction if something is digital or not, but it is the

digital ICTs that makes considerable difference to new more ivelusourse designs. As
synchronougvents we classify all events that happen at a scheduled time the same for all
participants, classroom lectures, video conferenced lectures and meetings, interactive
discussions or chats, social simulation gameés Thee synchronous events can belogcated

(as in a classroom or lab) or not (using distagganning ICTs). Asynchronougvents we

think of doingassignmentsworking in a learning management systereadings watching
recordedlecture videos or tutoriaJscommunicatingwith peers in forums, etcg activities

which the individual can plan during a perifd#6546However, in the ALBATTS project, we

Ydzad FANBG YR F2NBY2ad GF1S GKS SRdzOFGA2Yy I f
package or programe at face value. If they say it is a distance course, it is. Next step, if we

can get closer into the design of an individual learning expedition (course, programme, etc), is

to try to classify after the followirf§":

SYNGE COLOC.
A synchronous courseetivered in a room onlg no asynchronous assignment, homework,

etc. This kind of course is almost exclusively used in the corporate training world.

SYNC.

WHh2NDSNHS ! @Y 51 Adzotys /& 50T 9 az2a{lts td 50 GHAMMOC

465 Power, M. (2008). The emergence of a blendedine learning environment. MERLOT Journal of online

Learning and Teaching, 4(4), 50B4.

466 Bradford, G., Kehrwald, B., & Dinmore, S. (2011). A framework for evaluating online learning in an ecology of

sustainable innovation (Doctoral dissertation, Ussity of Tasmania).

467 Norberg, A. (2017rom blended learning to learning onlifdCTs and access to higher education. Doctoral

dissertation, Umea University, p. &8.

https://www.researchgate.net/publication/312922241 From_blended learning_to_learning_onlife_
ICTs_time_and_access to_higher education
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Similar but without a room for participants in common as the-I&€Video transmitted course
with no asynchronous components as assignment or text readings or preparations for exam.

Not so common.

ASYNC.

A web or print-based course with no times or places, but possibly a deadline. Very flexible
but demand a lot of design work to function and are uguaxpensive to develop. This kind

of course is very flexible but also very demanding for a new ledférhe continuous
feedback from teacher and peers is often missing. MOOC courses (Massive Open Online

Course$) are examples of ASYNC courses.

SYNEASYNC.

The usual university or school course or program. People meet at lessons, labs, and lectures,
and have assignments, reading and flexible projects to work with between meetings. We do
not distinguish whetherhe asynchronous modality/component is digital (wedsed) or not

(as book readings and assignments on paper). A risk here is that the synchronous and
asynchronous tracks run in parallel instead of becoming driving forces for student
developmentin aleargid LINR OS&aasz | -andl2 (O Far&RBmplée, A8YNHRE S
MOOC courses can be made blended SXS¥NC courses just by organising interactive
learner meetings/! Then the question is if these SYNSYNC courses are flexible or not,
accessible or not from a distance, for students with time difficulties because of work, etc.

Often just slight changes in courses can change flexibility a lot, by for example usig the

468 GuriRosenblit, S. (2006). Eight paradoxes in thplémentation process of-kearning in higher education.
Distances et savoirs, 4(2), %39. https://www.cairn.info/revuedistanceset-savoirs2006-2-page
155htm#pa37

469 MOOC courses are globally accessible orientation courses from universities, often in their specialisation
subjects. They do not formally demand previous studies for participation, and can be studied without cost, or
with a smaller cost for obiaing a course verification document.

470 Kenney, J., & Newcombe, E. (2011). Adopting a blended learning approach: Challenges encountered and
lessons learned in an action research study. Journal of Asynchronous Learning Networks, (1), 45

471 Norberg, A. Handel, A., & Odling, P. (2015). Using MOOCs at learning centers in Northern Sweden.
International Review of Research in Open and Distributed Learning, 16(6)5137
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Flex or similar concep*’3, creating an accessible course and a campus course within the

same frame.

ASYNEOLOC.
A course or training can be composed of flexible web components for theory understanding,
and an open training lab for the student wsit, train in and finally use to demonstrate his or

her skill for an instructor in a lab when ready.

The ALBATTS project can in WP6 possibly assist in improving course design not only concerning

content and training methods, but also concerning acd#ssand flexible design of courses.

WP6 made a first draft overview of what educational offerings could be found on the themes
of batteries and electromobility (Deliverable 6'%) This was made fast and early in the
project just to &y first foundations. This work will continue within the WP3, 4 and 5 Sectoral
Intelligence Work packages.

This first overview of education and training offerings (Deliverable 6.1) only claims to show
examplesof education and training on EQF levelg BiEurope, and online global solutions as

these are accessible and used in Europe.

EQF7
On the master levél® we found many education programmes with occurrences in most EU
member countries, following the Bologna declarafith model that has developed

throughout Europe and surrounding countries since 1999. The Bologna process is a part of the

472Beatty, B. (2014). Hybrid courses with flexible participation: The HyFlex couige.desractical applications
and experiences in-R0 blended learning environments (pp. 537). IGI Global.

4731rvine, V., Code, J., & Richards, L. (2013). Realigning higher education for teerdst learner through
multi-access learning. MERLOTird@al of Online Learning and Teaching, 9(2),-18@.

474 Deliverable 6.1 Report on state-art of job roles and education in the sector. Will be publicly availabe on
http://www.project-albatts.eu

475Se page 27ff in ALBATTS Deliverable 6.1 Report orddtateof job roles and education in the sector, soon
available vianttp://project -albatts.eu

476 hitp://www.ehea.info/page-ministeriatconferencebolognal1999
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EHEA, the European Higher Education Afé@ne EU ambition with the EHEA is to promote
student mobility within Europe in both phases of education. The Bologna pracasshared
ambition among now 48 countries concerning enabling easier student mobility. It should
become normal that a student can have a first cycle of education in his home country and
continue with a specialised master education in another country.

The master programmes relevant in the ALBATTS context are mainly to be found at research
universities that have batteries or electromobility as one of their priorities. These master
programmes are usually-year programmes (1 year in the UK) that demand @& exam
(bachelor exam or similar) for entry. They prepare both for research but also for qualified work
in industry. They sometimes appear in muitiiversity setups, where a student can study one
semester here, next there, etc. and get a jeilggree eam.

Examples of such families of cooperating universities working together are the EIT InneEnergy
supported master programmes in energy stor&§ethe MES€® (Erasmus Mundus Joint

Master) and the Nordic Joint Degree Master in Innovative Sustainable Energy Engifering.

EQF 6
G GKS FTANRG . 2f23ylF 0e0ftSsS fS@Stx O2YY2Yyft @
education programme$!, but some intereshg ones, such as the Norwegian engineering
programRenewable Energy for the Marine Environniéat

Not only technical educations are to be fouqdie also find, for example, business educations

relating to this new developing energy sector in Gernté&hy

EQF 384

477 hittp://www.ehea.info/

478 https://www.innoenergy.com/forstudentslearners/masterschool/

479 https://mesc-plus.eu/a 2year programme in Materials Science and Electrochemistry, fully taught in English,
involving 5 Universities in 4 Europeavuatries (France, Poland, Slovenia and Spain), 2 Universities in USA and
Australia, a European Research Institute (ALISTORE), the French Network on Energy Storage (RS2E), the Slovenian
National Institute of Chemistry (NIC) and a leading Research Cei8pain (CIC Energigune).

480 hitps://www.ntnu.edu/studies/msisee

481 Se page 26ff in ALBATTS Deliverable 6.1

482 https://www.ntnu.edu/studies/allstudies?admissions=1&search=enewable

48hitps://www.rwth -aachen.de/cms/root/Studium/Vedem-Studium/Studiengaenge/Listaktuelle
Studiengaenge/Studiengangbeschreibung/~bmmx/WirtschaftsingenieurwBs&rFachric/?lidx=1

484 See page 24ff in ALBATTS Deliverable 6.1
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The EQFS5 level includes longer vocational ysesbndary education programmes42years,

at a professional university or school. We have found more such programmes related to
electromobility than to battery production so far; just one example s@7eSP in Electric and
Hybrid Vehiclesourse in Portugd#. For a vocational school to be attractive, jobs must be
available¢ and battery cell factories are still mostly planned or under construction, while

electric and hybrid vehicles are already irus

EQF 4

In secondary education (high school, gymnasium) and dawed adult education, we found
rather few education and training programmes, but some in Sweden, in the Netherlands, in
Portugal and in the Czech Repul§fitThis level is in many courgs standardised with few
possibilities to profiling education. Adult education, however, at this same level is often less
standardised or easier to make customised educational solutions within. In Skellefted,
Sweden, an l8veek introductory training programe, Automation operatorstarts in the
autumn of 2020 for entering jobs as machine operator or material handler in the Northvolt Li

lon cell factory, beginning production in 201.

We have also found a lot of examples of training offersviiorking professionafg® for
example for electricians or mechanic technicians that want to develop their competence.
These are usually short and intense, come with a cost, and seem to easily grow to fulfil
demand. Online asynchronous courses such as MO@Ges have also been found and listed,
and presently during the pandemic, some of them are recommended via the special
ALBATTS/DRIVES sitigys://www.skills4automotive.eu/

Besides using desktop reseatohgather information about training and education, including
providers, we hope to detect more with the help of networking within the sector and

cooperation with stakeholders and partnerships as EITInnoenergy, BatteriesEurope, European

485 http://www.si.ips.pt/ips_si/

486 See page 21ff in ALBATTS Deliverable 6.1
487 https://www.skelleftea.se/yrkesuthildning
48 See page 44ff in ALBATTS Deliverable 6.1
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Battery Allianceand the research roadmap project Batteries2030+. We will also work with the

sectoral stakeholders via a series of workshops and online surveys.
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