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The voice of European vehicle dealers and repairers

“It will take
more time”

"\ WATERSTOF
H, INDUSTRIE
2 CLUSTER

e N

&
Aspiravi

Cer-oetum

= Tessenderlo Group
A
inovyn

—
CGNGie

PRODUCTION RENEWABLE
ENERGY & H2

~::Iuminus
storm

[}
X

Polders Investeringsfonds nv
RSt —————

sueza

oEneco

@airLiquide

Oiltanking

TRANSPORT,

DISTRIBUTION AND
STORAGE OF H2

49\ NIPPON

SEA-Tank Terminal

AR /.

=

~,

AGFA @  JitlasCopeo
ANGLO BELGIAN
(<Y CORPORATION

¢

ziero
HITACHI ABB
 Nedstack

~

H2TECHNOLOGY

Source: EDUCAM

.
@

== DEME

T SGS
ERIKS
Capgemini@ engineering
/NV VERWATER
TRACTEBEL

/-

e
SPle

FBESIX

Port of
Antwerp

~ ~

124}
@ serkman
vanffoor

83

QP ToTaL
ALSTOM
~mobility by nature- CMB
NZF shipit

H2 APPLICATION

borit ENGINEERING &
ot ippR—"l  INTEGRATION
SIEMENS )
@nerey SIEMENS | (O Ballast Nedam E-TRUCKS EUROPE
Ingeamity for Life — .
e @ SWECO t TOYOTA
ameare e @m PeM | avia y@LLENHOVEN
SOEERER g, (8 BLUEGATE | @3 HYLNDAI
BEHYDRO ‘ﬁa) o
POWER e ’G&V’ =
(J John ‘ ~
Cockerill @ AcTEMIUM P el
e | LG
. AN /N /\

ROUTE

5 SsowAy

omu:.”vw'

DELHAIZE

INFRABEL

o
wbDpP

r?@\

&Farys

=
Automotive

Wo create chemistry

VO LYVO

ArcelorMittal



The voice of European vehicle dealers and repairers

ROUTE
2030
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Which will electrification
have on your company?

Revenue will...

17%

| remain constant . decrease I don’t know
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The voice of European vehicle dealers and repairers

New sKkills

« Knowledge of electric vehicle

of defects in the vehicle
* Maintenance and repair of

systems
* Knowledge of and accessories

for electric vehicles




ceCra

The voice of European vehicle dealers and repairers

Bodywork

Mild steel
High strength steel
Very high strength steel
Extra high strength steel
I Uitra high strength steel

- Aluminium




The voice of European vehicle dealers and repairers

Lifelong learning

“The rapid succession of evolutions
means the staff needs to retrain at a
faster pace.

This requires an
and the desire to keep learning”
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The voice of European vehicle dealers and repairers
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Message from EC Commissioner Timmermans during CECRA’s conference
on Europe’s Automotive Mobility conference - 20 & 21/09/2021 @ Evian

“The automotive industry has an important role to play in
the transition to a climate neutral future.

Emissions need to be brought down and we need to accelerate the efforts.
It will have a serious impact on the supply chain for components of combustion
engines, on car dealers and repairers. A transition plan is therefore needed.
Regarding the social agenda, the industry shall share their thoughts and
ideas on how workers can swift jobs.

By 2035, we need to be firmly on track for O emission road transport.

He counts on the whole automotive industry
to help the European Commission to get a transition that will be

bold but that
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Challenges to the automotive repair sector:

1. Safety knowledge requirements
2. Technical knowledge and competencies
3. How to/should we standardise and qualify training?

IMI

As of August 2021, the IMI estimate that only 6.5% of UK automotive

EST? 1920 technicians are qualified to work on high voltage vehicles!

INSTITUTE
OF THE MOTOR
INDUSTRY




* Understand dangers of live high voltage
 Correct PPE and appropriate tools
* Follow isolation procedures and verify

voltage free state



Need to be aware of unsafe work procedures and develop a culture of safety
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Official WorldSkills HV Trainer
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 Completely new technology for technicians
e Skills and knowledge gaps

* High voltage batteries
* Inverters

* 3 phase motors
 DC/DC converters

* Insulation testing

* Potential equalisation

Diagnose and repair requires high level
knowledge!



Real Measurements and Hands On Tasks

Plus:

* Insulation testing

e Isolation procedures with
LIVE — DEAD - LIVE testing

And much, much more
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High voltage battery

Lithium based high voltage batteries:

* Dangerous goods — difficult to
transport to repair centres

e Often very well sealed — cover is often
destroyed when opening

* Very high energy — reluctance to insert
faults that technicans are required to
learn to develop diagnostic skills

HV batteries always contain high voltage, even when “Shut down“!
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HV BATTERY TRAINER

Intended for next level,
diagnostic technicians

Make the technology
accessable and
understandable
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HV battery with the high visibility and the

highest safety standards
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Qualifications

IMI

EST? 1920

INSTITUTE
OF THE MOTOR
INDUSTRY

Level 1 Non Technican staff -

Awareness training

Level 2 Technician - Isolate HV vehicles

Level 3/4 Technician - Work on High

Voltage Battery

209-093

Qualifizierung fiir
Arbeiten an Fahrzeugen
mit Hochvoltsystemen
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First responders, police, tow truck and

crash repair:

e When is a vehicle safe? How to achieve
this?

e What can be touched and what must
be avoided?

* Non technical, awareness training
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Alliance for Batteries Technology, Trai

ning and Skills

European Skills Agenda
in the Automotive Ecosystem

Alliance for Batteries Technology, Training and Skills
2019-2023

Dr. Jakub Stolfa,
VSB-TUO, ALBATTS Project WP Supervisor, DRIVES Project Coordinator & Automotive Skills Alliance Leader

ALBATTS Workshops: Servicing of electric vehicles: Future qualifications needed, 29" September 2021

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




The road until now

* Co-funded by the
e Erasmus+ P?'Ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
RTSN  c European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein



- Background “[

Automotive ecosystem is facing unprecedent transformation

Caused by, e.g.

Long-term shift fowards zero-emission, digital mobility, new mobility concepts, or carbon
neutrality by 2050

Short-term COVID impact

Impact to the workforce — cca. 15 million people employed in European automotive value-
chain

Jobs endangered VS. struggle to atiract and recruit qualified people for new and
emerging jobs

Sustainable, massive and pragmatic approach towards education and training
(up-/re-skilling) in the ecosystem is needed more than ever before

* Co-funded by the
e Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
RTSN  c European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein



— Initiatives “[

High Level Group GEAR 2030 (2015 - 2017) - Final report on automotive competitiveness
and sustainability

New Skills Agenda for Europe (2016) with action The Blueprint for Sectoral Cooperation on

Skills
Development and Reseorch on Innavative N
Vocational Education Skills re: Trai

Alliance for Batteries Technology, Training and Skills

Automotive Sector
Ongoing (2018 - 2021)

European Skills Agenda (2020) with action Pact for Skills (launched November 2020)

o> | AUTOMOTIVE

l‘ ;; ALLIANCE

* Co-funded by the . . . - . : .
Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
*xk

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



Automotive Skills Agenda
G -2 DRIVES Blueprint Project

Development and Research on Innovative
Vocational Education Skills

* x Co-funded by the L . . o ) ] )
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- G-ODRIVES ol

opment and Resea on Innovative
Lu: na Fr atic Skll

24 full project partners from 11 European Countries, including ACEA, CLEPA, ETRMA

Main results so far:

Strateqy and Roadmap including also Sectoral Analysis of Skills Demand and
Offer

DRIVES Job Roles and DRIVES Learn Plaiform (MOOC:s, Blended learning, Trainer
interaction courses) to offer directly to companies and also to education and
training providers to their courses

Courses are open now, register for free at: hitps.//learn.drives-compass.eu/

* Co-funded by the . . . - . : .
;‘* *} Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views

Faaw of the European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein



https://www.project-drives.eu/Media/Publications/205/Publications_205_20210120_182134.pdf
https://www.project-drives.eu/en/driveslearningplatform
https://learn.drives-compass.eu/
https://learn.drives-compass.eu/

- G-ODRIVES ol

opment and R ((
’Il;\‘.l H atic

DRIVES Framework — initial version of EU-wide database of reference job roles and training
courses provided across Europe and possibility of digital badges for skills recognition

I Harmonisation of the job roles definitions (“electronic version of the competence
matrix”)

Overview of courses (paid/free, online/onsite, etc.)
Individual Learning Account (progress, digital badges)

See at: https://drives-compass.eu/home

All DRIVES project results and activities at: www.project-drives.eu

i Co-funded by the L . . L . . .
g The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views

LU Crasmus+ Programme I ’ : A . A -
>k of the European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein



https://www.project-drives.eu/Media/Publications/22/Publications_22_20200522_101015.pdf
https://drives-compass.eu/home
http://www.project-drives.eu/

Automotive Skills Agenda

AUTOMOTIVE
SKILLS
ALLIANCE
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Sustainable collaboration on skills agenda topics in the Automotive Ecosystem

ASA is also partnership of European Skills Agenda, Pact for Skills in Automotive Ecosystem

The ASA mission is to bring together different kind of stakeholders involved in the Automotive
ecosystem and to ensure continuous, pragmatic and sustainable cooperation on the skills
agenda in the ecosystem. Including Massive workforce upskilling and reskilling across the
automotive ecosystem

Get involved in Working Groups (e.g. Repair and Maintenance WG led by CECRA), or
webinars, pilot projects in the regions, or further collaborations: info@skills-alliance.eu

See more at: www.automotive-skills-alliance.eu

* Co-funded by the
e Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
RTSN  c European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein


mailto:info@skills-alliance.eu
http://www.automotive-skills-alliance.eu/

albatts Blueprint Project

Alliance for Batteries Technology, Training and Skills

* Co-funded by the
e Erasmus+ P?'Ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
RTSN  c European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein



What is 2 ol

20 Partners in 4-year (2019-2023) Felloft
e Skelleftea

Erasmus+ funded project . 3 municipality

Blueprint for Sectoral Cooperation on B #Zatec ewpportuniy vamia
[ ] (] VSB TECHNICAI :: IED:H

Skills in Battery sector g gy S DP cons @ enersy () efacec

i S ‘ Vestland

Focus on demand and supply sides of somsee N Y.

competences in the battery value

chain

Sl Erasmus+ Programme I ’ : i . A -
only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein

* Co-funded by the
Y The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
roax of the European Union



Sectoral Intelligence

* Co-funded by the
e Erasmus+ P?'Ogramme 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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Desk research provide screening of the latest Desk
iInformation relevant for skills agenda in Battery Research
Sector Survey | Segioral
ntelligence
Workshops

Desk Research starts by 2020 and will be hold fill
2023

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

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



Release |
Overall Battery Sector — Mobile and Stationary Applications (Nov 20)

Stationary Battery Applications Sub-sector (Aug 20) Desk
] o Research
Mobile Battery Applications Sub-sector  (Aug 20)
Sectoral
Survey .
Intelligence
Release li
Overall Battery Sector - RnD and Battery Manufacturing (Nov 21) Workshops
Research and Development Report (Aug 21)
Battery Manufacturing Report — “Gigafactories”  (Aug 21)
* % % Co-funded by the . . . o . : .
Erasmus+ Programme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
TS (e European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein


https://www.project-albatts.eu/Media/Publications/9/Publications_9_20201211_85443.pdf
https://www.project-albatts.eu/Media/Publications/5/Publications_5_20201106_123821.pdf
https://www.project-albatts.eu/Media/Publications/4/Publications_4_20200930_12811.pdf
https://www.project-albatts.eu/Media/Publications/21/Publications_21_20210831_213355.pdf
https://www.project-albatts.eu/Media/Publications/23/Publications_23_20210901_102513.pdf

Online Survey is focused on detailed analysis of skills and
job roles needed in the sector

Desk
Survey results for sub-sector Stationary and Industrial Research
Battery Applications (Feb 21) Sectoral
Lo Intelligence
Survey results for sub-sector Mobile Battery Applications Workshops

(Feb 21)

Survey Results for Overall Battery Sector — (May 21)

+ semi-formal interviews

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



https://www.project-albatts.eu/Media/Publications/15/Publications_15_20210226_153256.pdf
https://www.project-albatts.eu/Media/Publications/11/Publications_11_20210226_1128.pdf
https://www.project-albatts.eu/Media/Publications/19/Publications_19_20210601_8334.pdf

Brings stakeholders together to participate on the
skills intelligence updates and consult on the |latest

. Desk
INPUts Research
Surve Sectoral
y Intelligence

Workshop Series starts by 2021 and will be hold till
2023 Workshops

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

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



Workshop Results — Stationary Battery Applications and Safety

Desk
(Feb 21) Research
Workshop Results — Mobiles and Maritime Battery Applications
Feb 21 Surve Sectoral

(Fe ) y Intelligence
Workshop Results — Overall Results (May 21) Workshops

* % % Co-funded by the . . . o . : .

Erasmus+ Programme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
bl of the European Union

only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein


https://www.project-albatts.eu/Media/Publications/16/Publications_16_20210226_153326.pdf
https://www.project-albatts.eu/Media/Publications/12/Publications_12_20210226_11248.pdf
https://www.project-albatts.eu/Media/Publications/20/Publications_20_20210601_8945.pdf

I
Sectoral Intelligence - Roadmap

Sectoral Intelligence for Mobile Battery Applications (Aug 21) l Research l

Sectoral Intelligence for Stationary Battery Application (Aug 21) m
o
Sectoral Intelligence for Overall Sector (Nov 21) m

Co-funded by the
Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views

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



https://www.project-albatts.eu/Media/Publications/22/Publications_22_20210831_213539.pdf
https://www.project-albatts.eu/Media/Publications/24/Publications_24_20210901_172454.pdf

Education and Training

* Co-funded by the
- Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
TS (e European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein
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- ecveT

European Credit system for
« Vocational Education & Training

'}L

« Analyse new job roles/skills g‘t
« Suggest learning objectives

. Develop course plans *‘t E\\/‘;l 10DASS
« Develop learning material — [)«

- Try out adapfive learning ,ﬁ_ EUROPEAN
« Pilot-test innovative courses =sm= SKILLS INDEX o

« Train-the-trainer guidelines F Qualifications
« Network! J\Z l‘Y‘ Framework

« Use European instruments

« Implement results "4 EQAVET

European Quality Assurance ' S KI L LS PAN O RAMA
in Vocational Education and Training
Inspiring choices on skills and jobs in Europa '

EURQOPEAN
* Higher Education Area

ESCO

European Skills/Competences, qualifications and Occupations

Co-funded by the
Erasmus+ P?/ogramme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views

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




Jralbatts

Alliance for Batteries Technology, Training and Skills

To get involved with the albatts stakeholders group:
Stakeholder registration here

LinkedIn Group - European Battery Skills Agenda here

Follow us on: Thank you

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

Facebook: Facebook

Twitter: Twitter (@ALBATTS1)

Presenter
Dr. Jakub Stolfa
jakub.stolfa@vsb.cz

Mail: info@project-albatts.eu https://twitter.com/jakub_stolfa
RLE Co-funded by the
LR Erasmus+ Programme The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views
i of the European Union only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein


https://stakeholders.project-albatts.eu/s/stakeholders;jsessionid=3E9931E61EA0BE887B7B963D662C804D
https://www.linkedin.com/groups/9020686/
https://www.project-albatts.eu/
https://www.linkedin.com/company/albatts/about/?viewAsMember=true
https://www.facebook.com/Project-Albatts-104780274397590/
https://twitter.com/ALBATTS1
mailto:info@project-albatts.eu
mailto:jakub.stolfa@vsb.cz
https://twitter.com/jakub_stolfa
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Polish Chamber of Electromobility
Development Assaciation




About us
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Mission
We believe in real electromobility. We create and carry out activities based on the knowledge of the greatest specialists in the
industry. We initiate and implement processes allowing for proper development of zero-emission transport. We show how the future

will look like.

Organization

We are a non-governmental organization. Our activities are based primarily on knowledge and experience. We operate locally for

the benefit of the entire community. We are building the future on the foundation of new technologies.

Knowledge and experience

For years we have been associated with the electromobility market. Founders of PIRE built the European EV market since 2009. Now
we transfer our knowledge, experience and together build real electromobility. We organize conferences, trainings, webinars - We

teach, explain and advise.



Sector skills council for Automotive and Electromobility

NATIONWIDE ENVIRONMENTAL CONSULTATION
,Prospects for the development of the laborsmarket in the context of electromobility
in Poland and Europe”

GENERAL RECOMMENDATIONS:

* extensions of current ve€ational qualifications, e.g. = electricwehicle mechanic with-elements of electromobility
are necessary

* including the-new profession in the-ministerial list and creating a core curriculum the profession of
Electromobility Technician'shotld besseparated and developed at the 1ével 'of Technical Secondary School,

e support of industry and’business experience in the automotive sector,

» systematization of required licenses for the broadly understood industry (up to 1 k\)

» vocational education.vs. short forms.of education (courses) - also at the engineering level

ZWIAZEK PRACODAWCOW
Sektorowa Rada g P A R P MOTORYZAC)! | ARTYKUEOW KSSE
ds. Kompetencji PRZEMYStOWYCH

ey Katowicka
- Specjalna Strefa

Ekonomiczna

Motoryzacja i Elektromobilnos¢ Grklpa PFR




Knowledge rarer than cobalt

0‘ \\\C

Q\U\A \\ £ne v\é ed \)\1

5\,«\‘ r\ac@* q/
6{\

2 e

Polska Izba Rozwoju
Elektromobilnosci

KNOWLEDGE HUB



Key points

Electromobility combines multiple fields:
. Mechanics

. Electronics

. Energy

. Electrochemistry

. Programming...

Electromagnetism which is essential for electromobility is rather counterintuitive
Batteries are very complex devices, which are poorly understood
The industry is in a hurry and dosen’t have time for studying all the academic courses

The real challenge is to transfer academic-level knowledge in a clear way.



° ° Polska Izba Rozwoju
Example 1 - understanding electromotive force PIRE i
KNOWLEDGE HUB

In our school times we all used battery as a source of energy

In the common understanding battery is no different than other DC sources

Misconceptions are costly...

C
+ ° ° F _
4@, —] }7 Capacity [Ah] [C] Capacitance [F] [V]

DCIR DCIR

. — T
2[M” f[g] [A] 7] ay
I L, g B :

SNU oGl
| -4 + R

A g




Example 2 — What is the voltage of my battery? IEC 61960-4:2020 PIRE &omm
° KNOWLEDGE HUB
Phase 1

Discharge to 0% SOC 4,20V
Current: 0,2 C

Technical discharging

Phase 2 3.00V

Charging to 100% SOC
Current: defined in the product’s specification

Setting up the test Pooy=Ux1[W]
Econ= P *At=U * [ x At [Wh]

Phase 3 Capacityceu= I = At [Ah]

Discharge to 0% SOC

Current: 0,2 C
. Ecell [V * A * h]
Testing phase

] = V
" Capacity.e;[A * h] V]



Palska Izba Rozwoju

Example 3 — Why are there so many different kinds of batteries? PIRE i

KNOWLEDGE HUB

Winding

Lamination and folding

Winding



https://www.cens.com/cens/supplier/28283/product/176309/MAX.jpg
https://www.manz.com/ecomaXL/files/Manz_BLA-Series_Lamination-stacking-battery-cells.jpg?w=1000
https://www.autocar.co.uk/sites/autocar.co.uk/files/bmw-i3s-rt-2018-2586.jpg
https://ocdn.eu/images/pulscms/YzE7MDA_/2ca1af6a1cd8e121c8bd75414c30a33e.jpg
https://www.wyborkierowcow.pl/wp-content/uploads/2018/12/Audi-e-tron-40.jpg
https://cdn-jaguarlandrover.com/api/v1/image/11733/w/680.jpg

Polska Izba Rozwoju

Example 4 - Can | touch my car while charging? RE o

KNOWLEDGE HUB




Example 4 — Do you know how your RCD works? AC RCD and AC current AR E it

KNOWLEDGE HUB
A

g \/

\ 4

RCD N
_ B — magnetic flux[T]

- / H — magnetic field of SOlenOid[%]




Example 4 — Do you know how your RCD works? AC RCD and AC pulsating current PIRE

KNOWLEDGE HUB
A

\ 4

RCD N B — magnetic flux[T]

H — magnetic field of solenoid[%]




Polska Izba Rozwoju
Elektromobilnosci

KNOWLEDGE HUB

Example 4 - Do you know how your RCD works?

Residual current characteristics
AC50 Hz AF >0 Hz DC 50 Hz < AC < 1kHz 3 kA/20ps
Pusating current
RCD types M/ /\N Temporary current

) ) spikes
AC protected NOT protected <6 mA NOT protected Turn off
A protected protected <6 mA NOT protected Turn off
AKV orotected orotected <6 mA NOT protected Stayon
F protected protected <10 mA protected Stayon
B protected protected protected protected Stayon
Stayon

EV protected protected <6 mA protected




All the knowledge must be sorted out...

PIRE KH has listed all the required skills

We systemized the data and created first in Europe full qualifiaction
guideline

6 modules:
1 Branches of electromobility, including market and industry
p. EV categorisation, design and operation

3 Electromagnetism and electronics fundamentals

4. Batteries

) Hydrogen

6 Other related topics

35 teaching effects

195 verification criterias

Name of the module:

04. Knowledge of the battery industry and calculation of the basic characteristics.

Palska Izba Rozwoju
Elektromobilnosci

PIRE

KNOWLEDGE HUB

Teaching effects Verification criteria
Student: Student:

)

Presents basic
concepts required
in the battery
industry

Describes the
most important
characteristics od
the cell

Describes the
structure and
operation of a
lithium-ion cell
and battery

Lists and explains basic concepts required for description of the redox
reaction: ionic bond, anion, cation, oxygen number, reduction,
oxidation, reducing agent, oxidant, half-cell, anode and cathode
Explains concept of the galvanic series of metals

Explains concept of intercalation

Writes and draw schematics of the primary and secondary cells
Writes reactions of the galvanic cell of the given chemistry

Calculates EMF based on the standard potential of the half-cells

Lists and explains the basic concepts describing the cell:
Electromotive force (EMF), cell capacity, open circuit voltage (OCV),
closed circuit voltage (CCV), internal resistance (DCIR), energy and
power density (weight and volumetric)

Explains the term C-rate

Lists and explains the terms used to describe the charging process of
a cell: state of charge (SoC), depth of discharge (DoD), state of health
(SoH), cutoff current

Explains the meaning of the acronyms: EMF, OCV, CCV, DCIR, SoC,
DoD and SoH, and provides their English meanining

Explains the terms: cell, battery, module, package

Lists and characterizes the components of the cell: electrodes -
anode and cathode (divided into active material and conductive foil),
separator, electrolyte

Describes the difference between type batteries: stacked, prismatic
and cylindrical

Recognizes the markings of cylindrical cells, eg 18650, 21700, 4680
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