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Rationale / Purposes

The European workforce will be disrupted
or highly affected by the change brought
about by the transfer to electromobility.

The Alliance for Batteries Technology,
Training, and Skills (ALBATTS) aims to make
a major contribution to green mobility in
There will be a need for new training/ Europe.

reskilling programmes, adapted to the

As the European battery value chain is
emerging jobs needs.

being developed,

- organisations from the demand and supply side of
skills/competences are brought together

- to establish a blueprint for preparedness of future skills
across Europe.
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OBIJECTIVES

Vehicle production, a backbone of European
industry, is gearing up for many organisational
changes to implement electromobility.

The purpose of this project is to develop a blueprint
for education and training for the battery
production sector.
& promote cooperation between all
stakeholders in the battery and electromobility
value-chain,
& & makes the qualifications more transparent
& facilitate the movement of the European
workforce across the continent.

what

Indicate the selected technological applications for

a) Stationary and Industrial use of Li-ion and other high-density green
energy storage &

b) Mobile applications, as typically in the transport and logistics sector.

why

Across the whole value-chain of the automotive industry, research on
new technologies is important, as is identifying new job roles and new
needs for learning and upskilling.

how

Develop the best possible applicable models to approach identified
industrial and sectoral competence needs: defining and making
education setups for new work roles, developing adaptive learning
solutions and making use of recognition of prior learning.

RAEN Co-funded by the
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to whom

Carry out new trainings to the workforce already working in battery
sector, as well as to newcomers to the sector - provide VET trainings not
only to the young students, but also the workers from other sectors.

The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
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RESULTS (1)

. Analysis of the overall battery sector on its strengths and
weaknesses. Including its interconnections with individual
sub-sectors (stationary and other industrial battery
applications, mobile battery applications).

. Involving all levels of stakeholders in the sector, along the
value chain (raw materials and processing, cell components
and  manufacturing, battery and battery pack
manufacturing, recycling and second use).

. Training preparations based on the needs of the sector -
including skills needs and needs of the methods used for the
trainings.

« Creation of knowledge and skills to start new VET and high
degree programs within the sector, to supply the industry
with skilled workforce.

. Development of knowledge and skills from VET providers'
staff, by working together with companies and universities.

The project will allow the development of new training
programmes for the workforce already working in the
battery sector, as well as to newcomers.

Integration of new curricula and qualifications in the
national frameworks.

The increased investment in this sector will impact the
expected number of new students.

Improvement of the image, status and attractiveness of
VET schools participating.

The project will create a sustainable partnership in this
emerging economic sector.

Enabling EU-wide recognition of specific skills/job role
achievements in the sectoral employment market in
member countries.

Harmonisation of job role/skills definitions in this sector,
on EU level, under umbrella for recognition.
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RESULTS (2)

Skills Cards

The ALBATTS Skills Cards describe a number of occupational
profiles - and corresponding competencies - within the scope of
battery manufacturing, e-mobility and stationary battery storage.

Companies can use the Skills Cards to identify the needed
competencies to 1) readjust/improve employee’s selection and
recruitment; 2) train employees according to the latest sectoral
needs; 3) set up their businesses within the battery sector.

Training providers, such as VET providers or universities, will find
them useful to 1) create training opportunities; 2) improve
existing curricula or training programmes.

National agencies can use the Skills Cards to readjust national
education plans, whereas general public may use them to know
more about the jobs in the batteries sector.

RAEN Co-funded by the
2 B Erasmus+ Programme
kol of the European Union

Courses

The ALBATTS Courses (19) are available through the Automotive
Skills Alliance (ASA) learning platform ( ASA Learning Platform), an
association created through the bridging of the projects ALBATTS
and DRIVES activities. Examples:

Introduction to the Battery Sector

e Battery Fundamentals

* Types of Batteries

* Future Trends

* Raw Materials, Mining and Refining

* Manufacturing Processes

* Integration Process

* Automotive Battery System Engineer

* Introduction to Safety in Batteries

* Battery Fires

* Batteries Stationary Applications

* Second Life & Recycling of Batteries

» Batteries Operations / Applications

The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein



https://learn.skills-framework.eu/

The partners
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20 European partners, from 11 countries, representing both sides -
industry and education - and 3 associated partners, that cooperate
with the project to advise on the strategic vision.
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To get involved with the albatts stakeholders
group:

Stakeholder registration here

Follow us on:

Web: https://www.project-albatts.eu
LinkedIn: LinkedIn

Facebook: Facebook T h a n k yo u

Twitter: Twitter (@ALBATTS1)
Mail: info@project-albatts.eu

Lt Co-funded by the
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BATTERY POWERED

TOUR FOR SKILLS

Enabling a prepared education network for the battery ecosystem in Europe

Needed Job Roles and Competences in the
Battery Industry

Ing. Marek Spanyik, MBA (VSB-TUO)
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What is the European Battery Sector?
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Co-funded by the

Highly emerging and rising sector in Europe

Electromobility is pushing the European battery
sector

This needs to be supported by the workforce
with the right skills

Change of needed skills/competences or
knowledge during the individuals’ career - the
change is constant.

High demand for workers “The industry estimates
that by 2025, this growing skills shortage could amount

to some 800,000 jobs across the entire battery value
chain.” - EC Vice-President Seféovi¢ March 12th, 2021
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Battery Value Chain

PRODUCTION

There is a lack of
% MAINTENANCE

%;Ia LOGISTICS
% QUALITY

@ OTHER ASPECTS

information on needed

H H CELL AND
skills and job roles . s RO,

AND PROCESSING - MANUFACTURING

We need more
BATTERY

° CYCLING INTEGRATION,
collaboration MRS T

PACKS

STATIONARY
BATTERY

Needed skills lmpact on SECOND LIFE OPERATION, APPLICATIONS

OF BATTERIES REPAIR AND
each phase of the MAINTENANCE

. MOBILE
production cycle

BATTERY
APPLICATIONS
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Skills Agenda and Strategy ol L[]

ACTIONS TO UNIFY THE SKILLS

AND JOB ROLES CONCEPTS AND

B00STING THE DEVELOPMENT AUGN COLLECTIVELY ON THE

Th I ti COOPERATION AND NETWORKING PORMALEED FORMIAT AND
e overall assessmentis BY BRINGING VARIOUS TAXONOMY.

STAKEHOLDERS AND ENTITIES INTO :ogmus&mon
N
supported by a strategy D etk STADADIDATION oF

ON SKILLS RELATED ISSUES. CONCEPTS

SECTORAL
TRAINING OFFER
LLBUCRLEAE  ACTIONS WITH GOALS TO
IDENTIFY, ANALYSE AND
DEVELOP TRAINING OFFER
BASED ON THE SECTORAL

The whole value chain and

all levels of education fnalbatts SHecIRAND LW THIS
need to be addressed r—
THE NEEDS IN TERMS OF
SKILLS AND WORKFORCE,
HOW TO IDENTIFY
CORRECT NEEDS,
Competences can be PROVIDE CONCRETE
.o STEPS. ACTIONS TO PROVIDE
sector specific and " " GPPORTUNITIES IN ORDER T0
IMPLEMENT PROJECTS NEEDED
cross-sectoral A0 PROWITHIN THE SECTOR

ACTIONS TO CONTINUOUSLY PROVIDE
UPDATED INTELLIGENCE AND OTHER
MATERIALS THAT ARE WIDELY
ACCESSIBLE TO RELEVANT RECIPIENTS.
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Glance on Needed Skills

CELLS PRODUCTION & CELLS MAINTENANCE

RAW MATERIALS | CELLAND
AND PROCESSING | COMPONENTS

MANUFACTURING
>
BATTERY
RECYCLING INTEGRATION,
-EIB| Datts e
ANSALLS e
SECOND LIFE OPERATION, REPAIR
OF BATTERIES AND MAINTENANCE
>
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PRODUCTION
MAINTENANCE

LOGISTICS

QUALITY

OTHER ASPECTS

STATIONARY
BATTERY

APPLICATIONS

MOBILE
BATTERY
APPLICATIONS
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Understanding in fields electrochemistry, electronics, mechanical engineering, process

engineering, manufacturing technology, automation and digitalization in manufacturing
(data analytics, maintenance and product process optimisation)

In general, to speak and understand foreign languages, mainly English in working
environment

Stacking
Winding

Cell Assembly & Finishing

Co-funded by the
Erasmus+ pr)-/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views only of the authors, and
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Cell Production and Maintenance - Specific Needs —El“

- What Industry Demands
PRODUCTION

Apart from the general battery-related education, strengthening the skills and competencies to ensure understanding of setting up the production, preparing the
related structures, commissioning the machines, chemical, and mechanical assembly, automation experience, and mechanical understanding of the automated
systems combined with understanding the related software and calibration.

Strengthening general IT and data analysis skills to cover future needs.

Battery skills (also mentioned in the context of Production)

"Dry and clean room” maintenance (including room contamination measurement)
Predictive and preventive maintenance

Diagnostics

WHITE-COLLAR SPECIFIC NEEDS BLUE-COLLAR SPECIFIC NEEDS

"Upstream"” production - increasing knowledge to understand the risks, envision
the safety issues, and how chemicals behave;

"Downstream” production - increase machine understanding, 5S skills, and the
ability to troubleshoot;

« Increasing competencies in production and material engineering, production
planning, production management, shift management, process engineering,
cell design, machine learning and optimisation, modelling and simulation;

« Strengthening the focus on large-scale manufacturing, understanding of

Overall production system understanding;

Knowledge/skills: material handling, Clean/Dry Room Procedure/Validation,
Inspect Quality of Product / Sampling, material pressing, electrode process,
fine mechanics, HMI (Human Machine Interface)

chemical processes and quality, risk and safety management;
« Battery industry-related knowledge skills: battery material, battery chemistry,
battery fluids, battery components, battery testing, defective products removal

* % Co-funded by the
SN Erasmus+ Plyogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views only of the authors, and
P o the European Union the Commission cannot be held responsible for any use which may be made of the information contained therein.



Production and Maintenance Enn

- What Industry Demands

BATTERY CELL SIMULATION ENGINEER
DEVELOPMENT ENGINEER HIGH-YOLTAGE STORAGE COMPONENTS  BATTERY MATERIALS ENGINEER HIGH-DENSITY ANODES

CELL SIMULATION ENGINEER SR. BATTERY CELL ENGINEER MAINTENANCE ENGINEER

ELECTROCHEMISTRY LEAD-BATTERY MATERIALS SR. ELECTRONICS ENGINEER TECHNICIAN

CTROMECHANCAL EOUPHERT ASSEMBIE:HEI:‘A: ti-‘»aifirzlg”:lo:l’;ﬁ: FORMATION MAINTENANCE MANAGER CONTROLS ENGINEER CELL TEST ENGINEER
S MECHANICAL CELL DESIGN ENGINEER ELECTRICAL ENGINEER

o BATTERY IECHNICIAN OPERAT! BATTERY MECHANICAL ENGINEER SENIOR CELL DESIGN ENGINEER

TECHNICIAN SHIFT LEAD LITHIUM ION CELL BATTERY SYSTEM ENGINEER

" CALIBRATION TECHNICIAN " caupmenr enaeer ar U ACTURING ENGINEER

CELL ASSEMBLY TECHNICIAN MECHANICAL BATTERY DESIGN ENGINEER
PE| SENIOR/STAFF BATTERY ENGINEER ELECTRO-MECHANICAL ENGINEER

HECHANICAL onmn k&
PRINCIPAL MECHANICAL DESIGNER

TOP CAP ENGINEER CELL DESIGN ENGINEER

" “‘".“‘.‘."""; ;gggsy;gg;g,gaﬁ*;ygm cau ecuanicat svaneer DESIGN ENGINEER-BATTERY TECHNOLOGY

COMPUTER-CONTROLLED MACHINE TOOL OPERATOR MATERIAL PLANNER MECHANICAL DESIGN ENGINEER MAN U FACTU Rl N G E N Gl N EE R, Li-l O N E N G | N EE R

GENERAL-MACHINIST PRODUCT MANAGER CELL ASSEMBLY ENERGY STORAGE PRINCIPAL ENGINEER
PRODUCTION MANAGER DOWNSTREAM pRroDUCTION MANAGER CELL ASSEMBLY

AUTOMATION ENGINEER SENIOR ENGINEER-BATTERY MODELLING & ANALYSIS
ELECTRICAL DESIGN ENGINEER SENIOR BATTERY MECHANICAL ENGINEER
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Production and Maintenance- Skills and Competence

- What Industry Demands

. 9,37%
8,61%
8,27%
8,13%
7,03%

11,37%

sl [1]
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Production and Maintenance- Skills and Competence "E“l
- What Industry Demands

Analysis Methods (root cause)

Manufacturing
Product Quality Assurance
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Each card has short description of the
job role and

-Cross-sectoral specific competences
-Sector specific competences (has a
big importance)

-General transversal competences
-Academic competences

26 job skills cards produced
(15 on HE level and 11 on VET level)

BATTERY MATERIAL
ENGINEER

A battery material engineer is responsible for
researching, developing and optimizing
materials used in batteries

They work with a team of engineers and
scientists to design new materials and
improve existing materials to increase the
performance, safety and cost- effectivaness
of batteries

They need to have a strong understanding of
materials science, chemistry and
electrochemistry, as well as experience with
characterization techniques such as SEM,

A battery manufacturing technician is
responsible for the production of batteries in
a manufacturing facility.

They work with a team of engineers and
scientists to assemble, test, and package
batterles for various applications such as
electric vehicles, consumer electronics, and
arid storage.

They are responsible for the assembly,

XRD, and electrochemical testing. They also

need 10 have knowledge of battery
manufacturing  processes and  safety
protocols

They play a crucial role in developing

testing and packaging of the battery cells,
packs, and systems, ensuring that they meet
the required quality standards and

performance specifications.

materials for advanced batteries such as
lithium-ion, lithium-sulfur, and solid-state
batteries. They also need to be familiar with
the regulations and standards related to
battery materials and safety.

fralbatts m

Tialoatts m

ALBATTS SKILLS CARDS

Summaries of Skills Cards (available in our website)
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Discussion on Skills Cards with multiple stakeholders and projects
KOMBIiH based analysis of needed skills and jobs in the Germany

Updated VET curriculum in Czech Republic — Battery Manufacturing Technician

Core competence analysis — helped to shape national curriculum module in Finland

Update of national curriculum in Portugal

Update of ESCO - European Skills, Competences, and Occupations

4 new occupations, 8 new competence concepts, and 15 alternative concepts

Issued Micro-credential under the Automotive Skills Alliance

Bl Co-funded by the The European Commission support for the production of this publication does not constitute an endorsement of the contents, which reflect the

bl Erasmus+ Programme
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Intelligence in Mobile Battery Applications

R&D and technological perspectives Intelligence in Battery Manufacturing
for the battery sector and Battery Technology

Education and Training

Intelligence in Stationary and

; e State-of-art of job roles and education
Industrial Battery Applications

in the batteries' sector

REPORTS’ HIGHLIGHTS

Examples of reports released

Co-funded by the The European Commission support for the production of this publication does not constitute an endorsement of the contents, which reflect the
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info@project-albatts.eu

)

https:/Iwww.project-albatts.eu

@ALBATTS - Alliance for Batteries Technology,
Training and Skills

alpatts

Alliance for Batteries Technology, Training and Skills

@ALBATTS1

FOLLOW US /GET INVOLVED

HBES

@Project ALBATTS

JOIN OUR NETWORK THROUGH OUR WEBSITE AND GET FIRST-HAND INFORMATION
ABOUT OUR WORK & BATTERY SECTOR SKILLS AGENDA!
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BATTERY POWERED

—0O

R SKILLS

Enabling a prepared education network for the battery ecosystem in Europe

Education and Training development for the
battery value chain within ALBATTS

Joao Alves, ATEC
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*
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ALBATTS Tackles Two Main Questions
EEEE

num U Poldes and ALDATTS - ypes of Batteres ALRATTS - m

 CURRICULA  METHODS Q Le arning * - m - - -
& ./ | Platform -

RECOGNITION TRAINERS

HOW CAN WE ADDRESS CURRENT CHALLENGES? EDUCATION & TRAINING

 FOCUSING ON Vocational Education and Training (VET) & Higher Education (HE) AIMED AT
initial training and re-skilling and up-skilling of workforce

Co-funded by the The European Commission support for the production of this publication does not constitute an endorsement of the contents, which reflect the
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26 job skills cards produced
(15 on HE level and 11 on VET level

BATTERY MATERIAL
ENGINEER

A battery material engineer is responsible for
researching, developing and optimizing
materials used in batteries

They work with a team of engineers and
scientists to design new materials and
improve existing materials to increase the
performance, safety and cost- effectivaness
of batteries

They need to have a strong understanding of
materials science, chemistry and
electrochemistry, as well as experience with
characterization techniques such as SEM,
XRD, and electrochemical testing. They also
need 10 have knowledge of battery
manufacturing  processes and  safety
protocols.

They play a crucial role in developing
materials for advanced batteries such as
lithium-ion, lithium-sulfur, and solid-state
batteries. They also need to be familiar with
the regulations and standards related to
battery materials and safety.

A battery manufacturing technician is
responsible for the production of batteries in
a manufacturing facility.

They work with a team of engineers and
scientists to assemble, test, and package
batterles for various applications such as
electric vehicles, consumer electronics, and
arid storage.

They are responsible for the assembly,
testing and packaging of the battery cells,
packs, and systems, ensuring that they meet
the required quality standards and
performance specifications.

Tialoatts m

Summaries of Skills Cards (available in our website)

Each card has short description of the
job role and

-Cross-sectoral specific competences
-Sector specific competences (has a
big importance)

-General transversal competences
-Academic competences

ALBATTS SKILLS CARDS



A
B
o
2
[

Y
D
0
<
o
3
Q

9jJi1 puUoo9s§

¥ ‘uoypiadp

Buisseo014 pup
S|pUS]DW MDY ‘

3ji1 puoo9g

Buissas014 pun

S|PUSIDW MDY

S2UDUSUIDW PUD
S2UDUSUIPW PUD
Jipday ‘uoypiadp

lipda

204 pPub ss|npow
‘uoyjpibaju| A1alpg
5204 PUD S3|NPoOW
‘uoypibaju| Aleypg

Battery
Material
Engineer

Battery Cell Module
Engineer

Automotive Repair Machine Operator in Battery Industry
and Inspection

Personnel
=

Battery System
Engineer

Maintenance Technician

Battery Recycling

Technician . s -
Battery Manufacturing Technician P —

System Engineer
-

Cell Assembly
Technician
Downstream

Controls Engineer

-
Embedded System and

Machine Operator in BMS E-ngineer
2 e Production and Manufacturing

Engineer
-

Simulation Engineer

Battery Module
Assembly Technician

Testand Validation Engineer
u

Software Developer
=

(8-9 43)$3 [2AIN

Z
<

L
m
1
v
™
D)
M
i
&

Quality Engineer
|

Process Engineer
L}
Maechanical Engineer
-

Shift Lead

Quality Technician Maintenance Engineer

Material Handlers and Planners Electrical Engineer J
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Education & Training Framework

Pillar 1
Curricula for all levels

Pillar 2 Inclusive training methods
Innovative and Training methods adapted to initial and up/re-skilling
flexible learning Work-based learning
ICT based on open educational resources
Adaptive learning solutions
Joint educational programs, including tfransnational learning

patts

Allisnee for Battenes Techralogy, Tralning and Skills

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

CURRICULA  METHODS

RECOGNITION . TRAINERS

Pillar 3
Competent trainers and tutors

Pillar 4
EU wide recognition

The European Commission support for the production of this publication does not constitute an endorsement of the contents, which reflect the
views only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.



C ourses 11 Courses already

available

A - A Available through the Automotive

Manufacturing

Processes i ’ ‘f; R ‘to’the‘ ] '~ | Ski“S A"iance (ASA), an

prs—— Battery Sector

association created through the
ONLINE CO! oe] bridging of the projects
ALBATTS and DRIVES activities
and to sustain project results

Battery
Fundamentals

ONLINE COl

Examples of available courses

ALBATTS COURSES
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RAW MATERIALS
AND PROCESSING

CELL AND
COMPONENTS
MANUFACTURING

BATTERY INTEGRATION,
MODULES AND PACKS

SECOND LIFE
OF BATTERIES

RECYCLING
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Basic (EQF level 2 - 3)

Sector specific Transversal
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Learning Platform

Database for training courses Learning
@ S ki | I S H u b Definition and recognition of job roles and Platform

skills/competence concepts using micro-badges.

e o o oo
® 00 o0 oeseeee o0
o  eeee oo °
eee o o _eceeee
° eeeeee o 0 0 o
® 000 o oo _eoee
fo2edsd %02 3,8 8.°°°
Reference Framework Level ® teee  2%%e%ee 020 ee’0e 223°00
00 00 00 0 0000 o 00 o oceee
00 0 6 00000 000 000000 0 0 & 000 0 O
: Expert ®es’s’ ®e 30 088 20°°° 23°%°° 32
Domains o o 0000 oo o000 o o000 o
o oo e o 00 o 0000s o0
ot ®e%00”%000 & * o0 ° %0° “eee’es’ o%°
. Practitioner 00000 © 000 & 0 0 000 000000 _ o0
Job Roles EQF e’ %e0se oo 0 00 00t 300" *
¢ oe o 20°202 *°% 0000 o 00t o'
Awarness 00 0 0 000 o G00e0ee ¢ o o0
00 00000 0000 00 o o o o oo
o oo 06 © 00 0 © 00 00 000 O
e o0 0 oo eee o o o oocee
oo 000 000 000000 o o0
e o0 00 00 0 0 o e0e 0ee00e o
° eee oo oo e
° oo o 0
eee oo ° . oo oo
o : 082°° see TU00°0C L2002%0.° °
Competences/Skills Training and Education EQF 00 L Lt e, L
000 00 0 0 o000 o 00 & oo

13AD3/S103

Knowledge Learning Outcomes
learn.skills-framework.eu
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https://learn.skills-framework.eu/

Training for VET Teachers

COLLABORATION BEST PRACTICES &
FUNDRAISING

BATTERIES TEACHERS & TRAINERS F6i?UM

Support of Knowledge Sharing

About BaTT Forum

* The Batteries Teachers & Trainers Forum (BaTT Forum) is an
initiative launched by ALBATTS

e Upskilling and sharing of the best practices among VET teachers

to support Batteries education and training (especially EQF 3-5)

Mralbatts mmeicapatt [ o

Jralbatts
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Will be published in March 2024

Will be found on Albatts
homepage https://www.project-
albatts.eu/en/home

Target group: VET schools,

Handbook for teachers, companies
TRAINING IN THE BATTERY INDUSTRY
Why? What? Towhom? Where? How?
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Recommendations

Education and Public

Industry Tralrnng Authorities
Providers

Social Partners Research
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Impact on and active involvement of all stakeholders!
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Battery Training Courses & Skills Collaborations

Need for urgent and continuous training courses offer and update & Need for active and
sustainable collaborations, e.g.. New Eba Academy - InnoEnergy Skills Institute

fraloatts

e for Batteries Technology, Training and Skills
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ALLIANCE

‘ ® ol

)

&> | AUTOMOTIVE
." SKILLS
ALLIANCE

gg;tr':jgfgryoggmme The European Commission support for the production of this publication does not constitute an endorsement of the contents, which reflect the

RIS o e European Union views only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.

Learning O ‘Skl”S
Platform l’qﬂ Framework

~"* M PACTFOR B E r : A
PO SKILLS Batteries European
: Partnership Association

An initiative of the European Commission

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



o

info@project-albatts.eu

)

https:/Iwww.project-albatts.eu

@ALBATTS - Alliance for Batteries Technology,
Training and Skills

alpatts

Alliance for Batteries Technology, Training and Skills

@ALBATTS1

FOLLOW US /GET INVOLVED

HBES

@Project ALBATTS

JOIN OUR NETWORK THROUGH OUR WEBSITE AND GET FIRST-HAND INFORMATION
ABOUT OUR WORK & BATTERY SECTOR SKILLS AGENDA!
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UNIVERSITATEA NATIONALA DE STIINTA SI TEHNOLOGIE POLITEHNICA BUCURESTI

FACULTATEA DE TRANSPORTURI

SOLUTII CONSTRUCTIVE ACTUALE $I VIITOARE ALE SURSELOR DE
ENERGIE CE ECHIPEAZA AUTOVEHICULELE ELECTRICE

Webinar: ,Stabilirea unei retele de educatie privind industria de baterii in Europa”
SALBATTS: BATTERY POWERED TOUR FOR SKILLS”

Jvalbatts

Autor:
as.drd.ing. Alexandru-Adrian ANCUTA
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Cuprins

SCHEMA GENERALA DE PRINCIPIU A UNUI AUTOVEHICUL ELECTRIC
SURSE DE ENERGIE ACTUALE

SURSE DE ENERGIE VIITOARE

STADIUL ACTUAL PRIVIND INFRASTRUCTURA DE iINCARCARE
COSTURI

CONCLUZII

5/29/24 2



Schema generala de principiu a unui autovehicul electric

WIS IIIIIIIIIIINY, WISTIIIIIIIIIIIIINYY,
V77T T 7T777 777777777771 77777777777 7777 77777773
ERTTT TV NI VRN TN VNN AlTTNNNNLN LR LR R R R RN

RN A NN AN NNANNNANNNNNNN QUMMM NN ANANNANANNANNNNNNN

TP+D
R
VT || M

/L LLLLLLLL L L L /L LLLLL L L L L L
V7777777777777 777773 (77777777777 777777 77773
 AIILNINNL LR AR AR R RN T T T UV T TN NN RN R VNN
RRAMMAANNNNANNNNNNNNNNY RRMMAANANNNANANNNNNNNNN

B |egdturd mecanica WWE Legatura electrica (CC) === Legatura electrica trifazata (CA)

S — Sursa; VT — Variator de turatie; M — Motor electric; R — Reductor;
TP+D — Transmisie principala + Diferential.
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Surse de energie actuale

[ Baterii electrochimice

a) Pb (ex. bateria de 12V)
b) Ni (ex. NiCd si NiMH — Toyota)
c) Na (ex. bateriile Na,S, si ZEBRA Zero Emissions Battery Research Association)

d) Li (ex. tehnologiile litiu-ion si litiu polimer)

O Supercondensatoare

[ Pile de combustibil

5/29/24 4




Bateriile cu litiu — constructie

1 — Sistemul de control al bateriei (BMS);

2 — Garniturd metalica;

3 — Modul de borne si contacte de inalta tensiune;
4 — Capacul carcasei;

5 — Modul de celule;

6 — Carcasa inferioara;

U Celula cilindrica

7 — Garniturd metalica; Clasificarea celulelor cu litiu

8 — Capac; I > dCelula prismaticé
9 — Modul de celule

(12 celule/modul);

10 — Structura de sustinere si compartimentare a modulelor; dCelula tlp ,,p/i c”

11 — Suport pentru 10;
12 — Cadru de sustinere;
13 — Sistemul de réacire;

14 — Protectie inferioara.

Constructia unei baterii litiu-ion

5/29/24 5




Bateriile cu litiu — sistemul de control (Battery Management System)

Afisare %S0OC VT

Informatii despfe SOC in timpul procesului de franare cu
recuperare / lfleceasrul de energie in regim de impuls

Dispozitiv de Sistemul de

siguranta BMS Master racire/preincalzie

Unitatea care se ocupa de
monitorizarea regimului termic

Protectie la accidente electrice =

Marimi masprate: U, I, T

Controlul tens\WIN si al curentului

PC

Date despre starea bateriei
memorate si stocate

Controlul Incarcarii
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Bateriile cu litiu

Clasificarea principalelor tipuri de celule cu litiu

Denumire Abreviere Tensiune Aplicatie
Litiu Oxid de Cobalt !_CO 3,6 V (nominala) si :'3...4,2 V (domeniul de Telefoane.mobile, Camere,
(LiCoOy,) functionare) Laptop-uri
Litiu Fosfat de Fier LFP 3,2...3,3 V (nominald) si 2,5...3,65 V Unelte electronice, Aparate medicale,
(LiIFePQy) (domeniul de functionare) Vehicule electrice
Litiu-ion Manaan LMO 3,7/3,8Vsi3..4,2V (domeniul de Unelte electronice, Aparate medicale,
g (MnOy) functionare) Vehicule electrice
Litiu !\ll.cheI-CobaIt-OXId de NCA (LiNICOAIO,) 3,6 V (nominald) si :_3...4,2 V (domeniul de Retele de stocare, Vehicule electrice
Aluminiu functionare) ’
itiu Ni - -Oxi inald) si 3... [ I [ A ical
Litiu Nichel-Mangan-Oxid NMC (LINIMnCo0,) 3,6...3,7 V (nominald) §| 3...4,2 V (domeniul Une.lte eectrqnlce, parate medicale,
de Cobalt de functionare) Vehicule electrice
inald) si 1,8...2,85V iul ,
Litiu-Titan LTO (LisTisO42) 2,4V (nominala) si 1,8...2,85 V (domeniul de Retele de stocare, Vehicule electrice

functionare)

Comparatie a principalilor parametrii de interes ce caracterizeaza tipurile de baterii prezentate

. Energie Tensiunea Durata de . P
Tipul . . s . e Temperatura de Timp de reincarcare Pret
bateriei specifica nominala a unei viata functionare [°C] [ore] [dolar/k’Wh]
[Wh/kg] celule [V] [cicluri] ’
. . 8 ore
Pb 35-50 2 500...1000 Mediul ambiant (90% intr-o or3) 120...150
< mmos A :
Ni 50 — 90 1,2 > 1200 Mediul ambiant O @ (60% din capacitate 200...400
in 20 min)
Na 90 — 240 ~2V 800...1200 300...350 8 230...450
Li 90 - 130 3-4,2 > 1000 -30...60 2-3 ~100

5/29/24 7




Surse de energie actuale

O Supercondensatoare (SUPERCAP)

HITTIIRITIIIIIIIIIITY,
(77177777717 77177 7777}
ATTTTIILR LR R RN RN

Y STITIIIIIIIIIIIIIIV:
(7777717177 717717 7771773
AlTTHLNNTNR R R AR RR RN
QILLLLLLLLLLRRRRRRRN DAALLLLLILRARR LR

Convertor

DC/DC

Schema de principiu a unui autovehicul echipat cu baterie de
supercondensatoare

Studiul comparativ intre supercondensatoare si bateriile litiu-ion

Parametru Supercondensator Baterie litiu-ion
Timp de incarcare 1 - 10 secunde 10 — 60 minute
Cicluri de functionare > 50000 > 1000
Tensiunea unei celule 23-2,75V 3.5-3.7V
Energie specifica 5 Wh/kg 100 — 200 Wh/kg
Putere specifica > 10000 W/kg 1000 — 3000 W/kg
Pret 20 $/Wh 0,5-1%/Wh
Durata de viata 10 — 15 ani 5—-10 ani
Temperatura de incarcare -40 - 65°C 0-45°C
Temperatura de descarcare -40 — 65°C -20 — 60°C

5/29/24 8




Surse de energie actuale

O Pile de combustie (FUEL CELL)

— —
WITTITITIIIIIIIIIIII: YIS TILIIIIIIITIIIEITY,
SRR ENESNSNEENENNEI]/ TISNNBRENENSSEENENNEI//
NITHINR LR R AR RRRAN [T T TTITT TV RN T UV AN

MIILLILLLLLRRRRRRRRY
H>
' |
Convertor

de putere Pila Butelie | | Baterie Butelie
(DC/DC)

3

I DC Electricitate

e ——
Y LLLLLLLLLLLLL L
777777777777 7777 777773

VLLLLLLLLLLLLLLL L

77 7717777777777 777773
BALAL LAY
RMAAANRRRVANANNNNNANNY

B
QAMNAANANAANANTANNANNNNY

Schema de principiu a unui autovehicul electric echipat cu
pila de combustie

Constructia autovehiculului Toyota Mirai:

1 - Baterie NiMH; 2 — Butelie de H,; 3 — Pila de combustibil;
4 — Motor electric; 5 — Unitate de control.
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Surse de energie actuale

Q Pile de combustie (FUEL CELL) - clasificare

o Pila de combustibil cu membrana electrolitica polimerica (PEMFC — Polymer Electrolyte Membrane Fuel Cells)
o Pila de combustibil cu metanol (DMFC — Direct Methanol Fuel Cells)

o Pila de combustibil alcalina (AFC — Alkaline Fuel Cells)

o Pila de combustibil cu acid fosforic (PAFC — Phosphoric Acid Fuel Cells)

o Pila de combustibil pe baza de carbon topit (MCFC — Molten Carbonate Fuel Cells)

o Pila de combustibil cu oxid solid (SOFC — Solid Oxide Fuel Cells)

Tipul lonii . Temperatura e i .
Pilei mobili Electrolit de lucru [*C] Eficienta Combustibil Aplicatii
PEMFC H* Polimer 60...100 >70% H, Vehicule si aplicatii mobile
de putere mica si medie
Sisteme electronice si
DMFC H* Polimer 50...130 60% CH;OH portabile (laptop,
smartphone, etc)
AFC OH™ KOH 80...230 60...87% H, Programe spatiale
Sisteme ce utilizeaza puteri
H* - 40°
PAFC H;PO, Peste 150 cca. 40% H, in jurul valorii de 200 kW
_ Carbon o H,; CH,; Aplicatii cu puteri de ordinul
MCFC CO; topit 500...800 65% co KW pana la MW
SOFC 02- Oxid 500...1200 60...80% H,; CH,; Aplicatii stationare cu puteri

solid CO de la 2kW la MW
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Surse de energie actuale

d Pile de combustie (FUEL CELL) — performante si metode de stocare

90 l . . . . l 0.9
80 10.8 m Stocare in materiale
70 sy 07
Eficienta g
()
9 60 0.6 & mM
50 10.5 § \ N i)
2 = L
=] o —
= 40 r 10.4 <
o
e Putere 103 -*g
20 | 102 E Material absorbant J| Lichid organic § Hidrura Metalica § H

MOF-5 BN-methy] Interstitiala '

0.1 3&& y cyclopentane T
& A © evee
%‘4& O aeex
! 1 0 [y *6 ex e

1
= H,accessible O:=H@=A P=ta

0 0.2 0.4 0.6 0.8 1 1.2 1.4 sutace
Densitate de curent [mA/cm?] Metode de stocare a H,

10

Dependenta dintre eficienta pilei de combustibil si densitatea de
putere
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Surse de energie actuale

O Comparatie intre diferitele surse de energie in functie de energia specifica si de puterea specifica

1000

—_

o

o
]

Baterii electrochimice
1h ls

-y
o
!

10h
i B -

Energie specificd [Wh/kg]

1k

0.01

10 100 1000 10000
Putere specifica [W/h]
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Surse de energie actuale
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Producatori de celule cu litiu —
clasificare in functie de tipul constructiei
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Volkswagen
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Mercedes-Benz

$70 billion

= Developing 30 BEV Models by 2030
® Acding batteries plants, and HEV and

SBTCLLANTIS

FCA PSA

RHydrogen FCEV models
® Seiling 3.5 million £Vs by 2030,

$41 billion

® 70 new EV models by 2025

®

® Battery celis production (240 Gwh HONDA
by 2030) in EL/US/China

= 1 million EVs to be sold in 2025
$47 billion —

« (o all electric by 2030

= () spending on ICE starting 2025

® Building 2000Wh battery plans in
US and Europe

$35 billion ‘\}
® 9 EV modeis to be launched by 2025

® |nvestments in BEV and FCEV development RENAULT

$35 billion

= 1 million EVs 1o be sold by 2025

8 4 Battery-cell plants 1o be built in USA
® 30 EV new models by 2025

® All models to be EV by 2035

GEELY

$30 billion

® 3 battery plants in USA (129CGWh by 2025)
® Globally to reach 240GWh by 2025
® 40% of sales will be EV by 2030

@n

<
HYUNDAI

$30 billion

5 Battery Plants (260 Gwh by 2030)
40% of sales in US will be EV by 2030
70% of sales in EU will be EV by 2030

$46 billion

40% of sales will be EV
by 2030

$18 billion

75% of sales to be EV In EU by 2026
55% of sales will be EV in Japan by 2026
40% of sales will be EV in China by 2026
40% of sales will be EV In USA by 2030

$12 billion

10 £V models to be launched by 2025
90% of modals will be EV by 2030

NA

All new modeis will be EV by 2030

u Voivo: 50% of sales will be EV by 2025

and 100% by 2030

NA

1 miliion EVs to be sold by 2025

Electrifying 10 medels by 2622

Bugete alocate de producatori — actuale si viitoare




Surse de energie viitoare

Structura unui autovehicul electric echipat
cu celule fotovoltaice:

1 — Port de incércare;

2 — Celule fotovoltaice integrate;

3 — Baterie de tractiune;

4 — Motorul electric.

UCelulele fotovoltaice

Structura unui autovehicul electric echipat cu
baterii cu apa sarata:

1 — Electrod;

2 — Membrana cu schimb de ioni;

3 — Pachet/Incinta; 4 — Depozit de material metalic;
5 — Statie de incércare;

6 — Motor electric;

7 — Variator de turatie/Unitate de control.

USalt-water battery

OMinireactorul nuclear — pentru alimentarea autocamioanelor electrice
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Stadiul actual privind la infrastructura de incarcare

e

70°N{ =

Romania: ° , Romaéania:
>1000 statii ¢ A 6/8 statii
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Harta Europei ce semnificad numdarul de statii de incércare in
raport cu un numar de 10000 autovehicule.

Harta Europei privind statiile ,Supercharger”.
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Stadiul actual privind la infrastructura de incarcare

Reprezinta o retea inteligenta
ce perimte incarcarea tuturor
vehiculelor electrice, care au
nevoie de acest servicu in
exploatare, indiferent  de
categoria din care fac parte si
de sectorul de utilizare.

5/29/24

Conceptul ,,Charging Service”

Rete ua electrica

=

Reteaua Centrala de

Monitorizare

Stocare datelor despre
vehicule si statiile de
incarcare.

P = e e = e e e -y

Utilizatorii
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Interfete si
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Stadiul actual privind la infrastructura de incarcare

Conceptul ,,Charging Service” — arhitectura unei retele inteligente de reincarcare
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Costuri — de productie/de achizitie

[Mii de euro]
2020 2030

16.0

Pretul unei bateri Li-Ion ($/kWh)
1,000 A

900

800 A

700

600 A

Conventional Electric Conventional Electric 500

| Asamblare [ Exterior Il Interior I Motor si sisteme auxiliare Il Baterie 400
.| Caroseric MME/E WM Sistemul de propulsie  E-control 300

200

bo
100 ----------_--------.

0
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

+ Pret analizat - == Prognoza (18%)

Stadiul actual si prognoza privind pretul per kWh al bateriilor Li-lon

2025 pret implicit:
A 96 $/kWh 2030 pret implicit:

Comparatie privind costul de productie al celor doua tipuri de autovehciule
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Concluzii

o Care este viitorul autovehiculului electric?

o Va fi 2035 anul apogeului in ceea ce priveste numarul de
autovehicule electrice?

o Infrastructura de reincarcare va mai fi o problema?
o Timpul de reincarcare va mai fi o problema?

o Care va fi sursa de energie care va domina in viitor?

5/29/24 19




Va multumesc pentru atentie!




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7

