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EU vehiclemissions regulationsre among the strictest in the world and the most vidalver
of the electrification of transport. Aspart of the more comprehensivieuropean Green Deal
the EU has introduced several initiatives, onevbich is further tighteninghe CQ reduction

targets in transport and allocating more funding and effortriansport decaibonization.

In 2021, the EU Commission announced the "Fit fémBbéposalsto ensurea 55 % reduction
in overall emissions by 2030, includieg g. aproposal for acomplete ban oninternal
combustion engine (ICE)owertrains by 2035 After initial resistance, theEuropean
automotive industryjoined the ranks of proponents of speedy electrification and became one

of itsdriving forces.

Moreover, thewar in Ukraineescalated the need to speed up tlransition from fossil fuels
and increasd&=Uenergy security Transport is among th&rategic sectoravhere the need to
electrify within a relativelyshort timeframe intensified A group of European countries
released a joint statement asking the EU to accelerate the EU climate pblimsponse, he
EU Commission introduced tiREPowerEU Plao transform the European energy system,

end the dependence on fossil fuelsdafight climate changé.

These are just one of the factors influencing tkeentexplosion of interestin batteriesand
their technologies andhe escalaton of the need to buildthe battery industry in Europe

within yearsandensure askilled workforce.

The European Battery Alliance and many other initiatives have been launched at the EU level
accompanied by éavyprivateinvestments intadgigafactories ¢ Ahér Kompanies seeking

to explore business opportunities within tleenerging batteryalue chainHowever, it needs

1 Abnett, K. (2022, April 7)Speed up EU climate policies to wrest free from Russia, 11 countrieReaters.
https://www.reuters.com/world/speedup-eu-climate-policieswrestfree-russiall-countriessay202204-07/ (accessed on
12.04.2022)

2 REPowerEU: A plan to rapidly reduce dependence on Russian fossil fuels and fast forward the green transition. (2022, May
18). European Commissiefturopean Commission. Retrieved August 20, 2022, from
https://ec.europa.eu/commission/presscorner/detail/en/IP_22_3131

Co-funded by the e Alliance for Batteries Technology, Training and SKNISBATTSProject number 6126 7&PP1-20191-SEEPPKASBSAB.
Erasmus+ Programme XX ¢KS 9dzNRLISIY /2YYA&aA2yUd &dzlJL2 NI F2N G§KS LINE R&ARE762 Y K7
of the European Union A does not constitute arendorsement of the contents, which reflects the views only of the authors, and the Commissio

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


https://energy.ec.europa.eu/communication-repowereu-plan-com2022230_en
https://www.reuters.com/world/speed-up-eu-climate-policies-wrest-free-russia-11-countries-say-2022-04-07/

falbatts (=

Alliance for Batteries Technology, Training and Skills

to be said thathe & 0 I @IBMNAY ¢  hdppefdsdahERendEthere are regions where
gigafactories and othebattery-relevant establishnents are mushrooming, while other

countries and regions are lagging behind.

¢ KS o @ i Siodie gpplications isdriven not only by regulation but, ihe case of
some mobile applications, quite naturally due to technological advancementstoowsr
preferences and new innovative servicessimared mobility, deliveryand others This is

particularly true with electric bicycles, motorcycles, scooters and drones.

The electrification of various mobile battery applications occatslifferent speedsand has
specificsconcerning the drivers of changes, stakeholders involved, the technology arsed

job roles and skills needed

Trucks

It remains to be seen which techlogyy prevails in the trucks segmerhe battery technology

is going to compete with the internal combustiemgine (dieselas the currently dominant
technology, but also wittother alternative fuels, such as LNG (liquified natural gas) or, in

particular, with fuel cell technology.

However, the pressurBom the EU regulation to decarbonise freight transport is so high that
heavy R&D investments can be expected to lead sooner or later to a technological
breakthrough enablingo use of battery technologynassivey in the freight segment. AFIR

and other legislation currently being negotiated are expected to ensloeerollout of the

charging infrastructureacross the Elallowing for a seamless operation of the battery trucks.

Similar to thepassengercars segmenttraining and re and -up-skilling of the relevant
workforce needs to consideamong other areaghe development, production and enebf-

usephrases relevant to the trucks. Qualified personfwlservicingelectric trucks will need

3 Another affected segment with a solid impulse to electrify in a short timefrenstéationary applications (e. g. households
and industries switching from gas and oil to electricity). This arbairgy dealt with in a parallel D4.7 report by ALBATTS
Work Package 4: Industrial and Stationary Battery Applications.
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to be avalable across Europehaving acombination ofmechanic, highvoltage, battery
diagnostics and IT skillA robust charging infrastructure withcreased power outputswill
need to be rolled outreflecting thetrucks' specific needs, potentially requirisgecificskills

and competencies.

In larger companies, fleet management waquire IT skills In addition, titure technology
developments such agireless chargin@r usingpantographsmight alsampactjob roles and

skills needs.

Buses

Like trucks ad other heavyduty vehicles, the battery technology wdbmpete with the
currently dominating diesel technology and alternatives such as fuel cell or LNGthééaes
there are strong drivers of electrification, such B8 procurement targetr policies of

individualregions and citiegiming to reducenoise and aimpollution in city centres.

Alternative concepts, such as ushags, pantographsor static or dynamiénduction charging
are being tested; a breakthrough in these technologies would enable a bus to carry fewer

batteries and adequatelgnore passengerandgo tolonger routes

Battery-relevant job roles and skills are analogous to trucks: trained personnel must be there
to deal with theproduction, servicing, operation and disassembly of the batteries and high
voltage componentsIT skillsare needed in the area of fleet management anodte planning

andorganisation

Utility vehicles
Often move within city centres, antheir electrification would bring many benefits to its

inhabitants, such dgss noisendair pollution. However, aiite surprisingly, the EU legislative
instruments seem to béess strictthan in the segment of passenger cars, vans or trucks.
Nevertheless, due tthe policies of individual regions and cities, they araking their wayto

the market. Specific gb roles and skills relevant to the utility vehicles segmentlargely

similarto those concerning trucks and buses.
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Vans

Vans ae commercialvehicles used ficthe transport ofpeople or goodsThe segment and the
battery technology usedppear similar tgpassenger carsTheEU CO2 emission regulation is
also among the key driversf change However, thetotal costs of ownership(TCOs) play

amore important role here

There are some specificsvans as commercial vehicles are expected tdbsierand more
often charged They might be used by various personnel toenpanyor arental service so
they need to banorerobust. Vans used by craftsmen or maintenance need to be designed to

power theirtools.

Relevantgb roles and skillappearsimilar to those concerningassenger carffor details, see
the first ALBATTS WP5 desktop reseyralith some specifics listed in thespectiveJob

roles and skills chapter.

Motorbikes

The electrificationof motorbikes is much more driven loystomer demandhan regulation.
Electrified motobikes and mopeds have beenenerydayuse in China and other countries
for years and theyhave startedto find their way to theEuropean marketespecially in the

shared servicesarket, since they are easy to use and have lonwningcosts.

Specifics concerningrmotorbike batteryrelevantjob roles and skillsnclude e. g. monitoring

the state of charggSoQ and execution obattery-swappingwithin shared mobility services

Micromobility
E-scooters and other personal mobility deviage afast-growing segment driven by customer

demand, not regulation. Like other battery applications, Europe is heavily importing

4 ALBATTS project. (2020, August Bttlligence in Mobile Battery Applications Desk Research REp®ATTS Project
Website. Retrieve August 19, 2022, from https://www.project
albatts.eu/Media/Publications/4/Publications_4 20200930_12811.pdf
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micromobility devices but is only starting to catch up witteir production. Significant
business opportunities lay not only ing area of manufacturing but also in the areasbéred

services for example.

Battery-relevant job roles and skills asamewhatsimilar to the other mobile applications
with Systems Engineers for BMfBd Product Design Manageramong the most desireap
roles. In addition, micromobility, related shared services)d fleet management require

strongelectronics/electricaland|T/software engineeringskills.

Electric bikes

Electric bikes have been in everyday use in Asia for years, and their salesoanag in
Europe, particularly Germany, Netherlands, France and Italy. The technology is considered
mature, and battery capacity as well esnge (in contrast to the situatiorof trucks, for
example) isufficient. Specific job roles include servicingreplacingmalfunctioning or end

of-life battery packsandcells

Aerospace
The batteries used outside the earth spaceshipsor satellites need specific parameters to

work in extreme conditions (very cold or hot temperatures) with minimal maintenance

possibilities.

Initially primarily used for military, scientific and surveillance purposgesnes have been
making their breakthrough in the hobby and commercial areas, such as future delivery
services. The use of batteries planes has been somewhat limitedyut there are some

interesting use cases for it and relevant pilot projects.

Inland watervay vessels

Electrification of vessels is algoa relatively early stageéut thereis some demand for it,
particularly in city centres and areas where clean air is desired. Pilot projects are running
across Europe, particularly in thdetherlands One ofthe biggest obstacles is the lack of

charging infrastructure
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As a part of this desk research, an analysis of job roles and skills currently desired by the
companies irl60 job advertisementsvas undertaken by the ALBATTS project members. The
fleets of electric cars and other moving devices are expected to multiplge upcoming
years. Therefore, it is recommendedpdoritise the following highlighted (in bold) job roles,

skillsin Europeareducational and re/up skillingfforts.

Across all the mobile battery applications researched in this desk resedhehfllowing
skills, competencies, and knowledge appeared among the most desired (redscle)
Battery Systems, Battery Management Systems (BMS),Manufacturing Methods and
ProcessesBattery testing, Maintenance andDismantling, Cell Design, Li-ion Chemistry,
Knowledge ofElectronic Circuits, dgislation, Safety andRisk ManagementProcedures and

Dealing with HazardousMaterials.

Skills, competence, and knowledge neé&atsmobile battery applicationsan be structured

as follows:
Design and Development
Manufacturing
Maintenance
Sales, Services, and Support

Technical Project Management

Design and development

Engineers, engineering technicians, drafters, software developers/engineamslindustrial

designersare needed to design and develop battery applications for moving devices. The

5 Heavyduty vehicles, vans, micromobility devicesbikes, aerospace, trains, and inland waterwaysssenger cars and
maritime vessels were ahged in the previous ALBATTS repatwl that is whythey are not included in this report.
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following competencies, skills and knowledge are among the most desired ofedscle
Battery Systems, BMS,-lan Chemistry, Battery Components, Battery Design, @adkign,
Testing, Engineering, Product Development, Modelling, Analysis Method, SW Development,

Project Management, Programming

Maintenance

Service technicians, mechaniesd electriciansare needed to service and maintain mobile
battery applications. The following competencies, skills and knowledge are among the most
desired onesBattery Components, Battery Dismantling, Battery Huids, Equipment and

Tools Handling, Quality Inspection, Removing Defective Product, Maintenance Processes

(Repair, Replace,Inspect),Safety Procedures,Preventive/Predictive Maintenance.

Sales, Services, Support

In sales, customer services and support areasail salespersos, customer service
representatives, product manages, training provision roles, strategic developmerdnd
supply chain managementroles are needed. The following competencies, skills and
knowledge are among the most desired onddarket Requirements, Cost Estimates,

Engineeing Requirements, Project Management, Dataalysis, RiskManagement

Technical management

For technical managemenindustrial production, system, test, and electrical/mechanical
engineering managers are neededhe following competencies, skills and whedge are
among the most desired oneBattery System, Cell Design;ibn Chemistry, Vehicle Battery
Systems, Product Development, Product Testing, Engineering Requirements, Project

Management, Quality Assurance, System Architecture.
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Thefirst deskop researchreport® released in August 2020 covered all battery value chain
steps and relevant job roles and skills, with some focus on electric passenger cars and

maritime vessels.

Theseconddeskop research report released in August 2021 provided an overviefathe
possible future technological development of batterigdbe stakeholders involvedand
relevantjob roles and skilldt includedrecommendations for educatioand up and reskilling

of the workforce

This (third) reportstudies areasot coveredin the previous degkp research the application

of batteries in:
1 heavyduty vehiclesg trucks, buses, utility vehicles
vans
motorbikes
micro-mobility devices
e-bikes
aerospaceg drones and planes

trains

=4 =/ =A A4 -4 -4 -

inland waterway vessels.

It builds on and expads knowledge gathered in the two previous reports of the project Work
Package 5: Mobile Battery Applications. The purpose is to gkteper understandingf

technological developmentsind relatedjob roles, skills and competencies

6 ALBATTS project. (2020, August 8itelligence in Mobile Battery Applications Desk Research REQBATTS Project

Website. Retrieved August 19, 202@m https://www.project-

albatts.eu/Media/Publications/4/Publications_4 20200930_12811.pdf

" ALBATTS Project. (2021, August 31). R&D and Technological Perspectives for the Battery Sector. ALBATTS Project Website.
Retrieved August 19, 2022, fromttps://www.project-

albatts.eu/Media/Publications/21/Publications_21 20210831_213355.pdf
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ALBATTE&onducted detailed des&p research based odata available on company websites,
press releases, and scientific and technical publicatisnaddition, ®me knowledge results
from previous research work and individual contacts of the project partnersimwithe

industry.

Further to new findings on job roles and skills identified within the tgskesearch, the
project partners gathered data relevant to job roles and skills from over a hunjted
advertisementson the internet, which very well reflect theactual needsof the battery

businessThe datarom job advertisementsvas combined with theeskop research findings

Theauthors acknowledge the certain discrepancy between the length and level of detail in
individual chapters as these wergrocessed byifferent ALBATTS projedWork Package 5
members AIA, HE3DA, ITC, and CORVUS.
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Drivers of change are factoifsat are key to transforming an industry. Specificallitexature
review of available reports was undertaken to create an overview of current Drivers of Change
and their relevance in the sectdrike in the case of passenger camsreasingly stricemission
regulationsand technology developments of lithiuran batteriesare among the key factors

driving thetruck segment towards its electrification.

The European emissionstandard was established in 1992 viee norm EURQ. to lower
pollutants (such asNCOx, COand PN)in exhaust emissionand improve airquality. The
currently validpollutant emission standards EURQ'|, which was introducedn 31 December
2012 byRegulation (E) No 595/2009 and implementedand amended by Commission
Regulation (B) No 582/201%. Sincethen, several revisionshave added new stricter
conditions and measurement@he last one is the soalled Step E, see Commission

Regulation (H) 2019/1939)

EUROVI also brought new measurement cycls, which more accurately simulatehe real
operationof heavyduty vehiclesThey arehe World Harmonized Transient Cycle (WHTC) and
the World Harmonized Stationary Cycle (WH®@iticle number (R) emission limitsor
PEMS ortable emissions measurement system) testtAg-urthermore, he European
Commission foresees the putdiion of a proposal for a new, strict&uro VII standardor

summer2022.

8 REGULATION (EC) No 595/2009 OF THE EUROPEAN PARLIAMENT AND OF THREO@)DUNEHE//eur
lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:02009R080800901(accessed on 17.03.2022)

SCOMMISSION REGULATION (EV) No 582/2011(2011). https://eurlex.europa.eu/legal
content/EN/TXT/?uri=CELEX:02011R06838280722accessed on 17.03.2022)

10EU: Heawduty: Emissions | Transport Policyransport Policyhttps://www.transportpolicy.net/standard/edheavyduty-
emissions/{accessed on 17.03.2022)
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Heavyduty vehicles are a source of 2& %of EUCQ emissions from road transport arch

6 % of total EU emissions CQ emissionstandards for heawguty vehiclesvere adopted in
2019 (Regulation (B 2019/12422). Theyset targets for reducing the avera@ emissions
from newtrucksfor 2025by 15%and 2030by 30% compared to the reference period (1 July
201930 June 2020)Futhermore, the announced revieywhichthe European Commission
should publishat the end of 2022could contain the extension of the scope to other vehicle
types such as smalletrucks buses, coachesnd trailers, asses the 2030 targednd set

targetsbeyond 20303

Anotheressentialpiece of legislation curreht being negotiated by the EU institutions is the
proposal of the European Commission (document CZ0IZI1)559) for theAlternative Fuels
Infrastructure RegulationFIR. It introduces mandatory targets for EU member statesol|
out charging infrastructure for heawyuty vehiclesto enable domestic and international

freight transport

Asshownin Figurel, diesetpowered truclswerestill dominantin 2021 with a95.8 % market
share of neWy registeredvehicles (25®99 units). The alternative fuessichas IPG, biofuels,
ethanol, etc.have3.6 % (%88 units)and battery electric trucks(BETsP.5 %(1,243 units).
Figure2 showsa 26.6 % annual demand in@ase for electric medium and heavy commercial
vehiclesandFigure3 showsa prediction of the sales worldwidevhere sales of electric trucks

are expected to multiple.

1wSRdzOA Yy 3 [/ hi hefvyduti dehices(Z019¥ Glihafe Action. https://ec.europa.eu/climataation/transport
emissions/roadransportreducingco2emissionsvehicles/reducingco2-emissionsheavyduty-vehicles_en (accessed on
18.03.2022)

12 REGULATION (EU) 2019/1242 OF HBEYIROPEAN PARLIAMENT AND OF THE CO@ROI). https://eur
lex.europa.eu/eli/reg/2019/1242/dpccessed on 18.03.2022)

By SRdzOAY 3 / hi S Ydutit ehices(Z019¥ Clihafe AKtSrt. Iitds://ec.europa.eu/climataation/transport
emissions/roadransportreducingco2emissionsvehicles/reducingco2-emissionsheavyduty-vehicles_en (accessed on

18.03.2022)
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TRUCKS BY FUEL TYPE, FULL-YEAR 2021

@ Petrol @ Diesel @ Electrically-chargeable (ECV) @ Hybrid electric (HEV) Alternative fuels
% market share

Alternative fuels, 3.6%

ECV, 0.5%

Petrol, 0.1%

|

Diesel, 95.8%

dCCd

Figurel: New medium and heavy commercial vehicle registrations by fuel type

n twitter.com/ACEA _auto ﬁ linkedin.com/company/ACEA/ ﬁ acea.auto
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Figure2: New medium and heavy commercial vehicle registration with alternatiypowered system&*

14 ACEA editor. (2022, March)1&-uel types of new trucks: diesel 95.8%, electric 0.5%, alternative fuelsha@ullyear
2021 ACEA9 dzNR LISty 1 dzi2 Y20 At S a htygdifwnwCaiedzABDMEBHY/fudl-ipeongwtilicks y ¢
diesel95-8-electric0-5-alternativefuels-3-6-sharefull-year2021/ (accessed on 18.05.2022)
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Projections for the electric truck market volume worldwide between 2018 and 2026
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Figure3: Prediction of worldwie sales of batteryelectric truckg®
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Figured: Example obattery electric truckproducers

15 Statista. (2022, January 11). Projected global electric truck market volume 2(A®6
https://www.statista.com/statistics/1273761/electritruck-worldwide-marketforecast/ (accessed on 18.05.2022)
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The battery technology ofddtery Hectric Trucks (BET3s somewhat similar to BE\BETsise
the samekind ofbatteries agpassenger Battery Electric Veleis BEV¥buton a larger scale.
Passenger cars typically hasee big battery pacht the bottom. Inthe case of BET¢here

are severabattery packs connectetb the truck platform(seeFigureb).

Air compressor.

Modular power box.

Batteries.

Volvo 2-speed transmission
and electrical motor.

Figure5: Volvo BET platfori$

The wrrent technological level irthe field of batteriesopens the possibilityof considering
batteries as aiable option topowertrucks However, there are still somzhallengegelevant
to their full electrification.One of themis different regulations concernirtge truck operation

in individual European countri¢$!8

16 Navigating the future with electric trucks (2018). [lllustration]. https://www.volvotrucks.com/eren/news
stories/magazineonline/2018/dec/electrietransition.html(accessed on 01.03.2022)

17 Battery electric tractottrailers in the European Union: A vehicle technology analysis. (2020ERNATIONAL COUNCIL ON
CLEAN  TRANSPORTATIONMttps://theicct.org/wp-content/uploads/2021/12/eutractor-trailers-analysisaug212. pdf
(accessed on 01.03.2022)
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Tablel: Examples obattery electric trucks(adapted toBETs model year 2022)

Mitsubishi eCanter Mgl(jgm 7.5 82.8 120 69 -
BYD T7M Mggg‘lm 118 2216 >261 85 100/150
Freightiner ~ eM2 106 Mgﬁ'{;m 12 325 370 88 260
FL _ Up to
Volvo Electric Rigid 16.6 200-395 300 Up to100 22/150
Renault DZE  Rigid 167 200300 %%go Upto100  22/150
. 100
eMoss EMS18 Rigid 18 120-240 550 100 22/44
Mercedes - Up to
Benz eActros Rigid 26 315420 400 106 22/160
Renault D ZVIIEDE Rigid 27 200 200 100 22/150
BYD Q3B Semitrailer 36 348 >150 232 100/150
Freightliner = eCascadic Semitrailer 40 475 400 119 260

As can be seen ifablel, BJ producers hae ACchargingspeed limited t@22 kW which might
be fine for passenger cars but is insufficient for truékathermore, émosthalf of the trucks
researchedn this reporthave a maximum rangeof 200 km or les, meaning they aravell
usable for city hauling buby far not ideal for longer international journeys For long
international hauls there is a needto have arangeof at least 400600 km for most of the

vehiclés lifespan

In the case of trucksthe maximum speedn most BJ countries is 80 or 90 km/M, and the
driver must havea breakevery 4.5 hours,and the break should bat least45 minutes longlt
means thatarange of 400 km should be enough if thera @ossibility of fast chargingt the
final destinationandthe truck can bechamgedin thatrestingtime. However,asseenin Table
1, Mercedes, Renauland Volvdtrucksoperating in theBUJ) have amaximum charging power

of about 150 kW, sthe battery would need at least two hours of charging/ith this in mind,

18Liimatainen, H., van Vliet, O., & Aplyn, D. (2019). The fiaterf electric truckg An international commodityevel analysis.
Applied Energy, 23804;814.https://doi.org/10.1016/j.apenergy.2018.12.0)(Accessed on 01.03.2022)

19 European Commission - Road Safety. (2022). Going Abroad.
https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm

Co-funded by the o Alliance for Batteries Technology, Training and SkHISBATTSProject numb’er 61267&PP1-20191-SEEPPKABSAB.
Erasmus+ Programme % & ¢KS 9dzNBLISIY /2YYA&daA2yUd &dzlJL2NL F2N) 6KS LINE RG22 Y 21 K 7
of the European Union A does not constitute arendorsement of the contents, which reflects the views only of the authors, and the Commissio
cannot be held responsible for any use which may be made of the information contained therein.


https://doi.org/10.1016/j.apenergy.2018.12.017

falbatts (=

Alliance for Batteries Technology, Training and Skills

it is clear that with hisstate oftechnology it would be rather challengintp achevea 100 %

shift to fully electric tucksand that further technological progress batteriesis needed.

17,1820

Anotherpossible technology to ensugero-emission truckss to power then with hydrogen

- Fuel cell electric truck¢FCETHseeFigure6). They work similarlyto hydrogen passenger
cars buthave much biggefuel cells and batteriegeven though batteries are much smaller
than in BETs)According to the study made by Transp&iEnvironmentFCETS need a battery
of 10%the sizeof BETs battery-??

H, TANKS

3x Backpack Tanks

2x Saddle Tanks

Nominal Working Pressure 700 bar
Type 4 Composite

FUEL CELL POWER UNITS
2x 100kW Net

BATTERY PACKS E-AXLE
2X 70kWh Usable (Power: 480 kW Continuous)

Figure6: Construction of FCET made by Nik&la

20 Furnari, E., Johnnes, L., Pfeiffer, A., & Sahdg2030, October 27)Why most eTrucks will choose overnight charging
McKinsey & Companyhttps://www.mckinsey.com/indugtes/automotiveandassembly/oufinsights/whymostetrucks
will-chooseovernightcharging(accessed on 07.03.2022)

21 Comparing hydrogen and battery electric truckg2021, August 26). Transport & Environment.

https://www.transportenvironment.org/discover/comparinrgydrogerand-battery-electrictrucks/ (accessed on
15.03.2022)
2 How does a hydrogen fuel cell electric truck  work?(2020). Scania Group.

https://www.scania.com/group/en/home/newsroom/news/2020/holoesa-hydrogenfuel-cell-electrictruck-work.html
(accessed on 15.03.2022)

23 Ruffo, G. H. (2022, March B1Nikola Releases Interesting Technical Details of tiee FCEV Autoevolution.
https://www.autoevolution.com/news/nikolareleasesnterestingtechnicatdetailsof-the-tre-fcewv185304.html#agal_0
(accessed on 15.05.2022)
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BETsise the samehargingtechnologyas BEVs chargingfrom a charging station via @or
DCcharger In the BJ, BETs us¢he samecharging portas BEV.SType 2for ACcharging and
CCSZ2or DCcharging Inthe case of charging powganelectricEUnorm defines maximalAC
power as22 kW. The maximum power o€CS2imits DCchargingto 500 kW. For example,
chargng stationsestablished byYDAF oiby IONITYor passengecarscan provide such power.

Charging with ailgh voltage with lower mpersis more efficiehand generatsless heat*?>.

Apart from the conventional way of charging, possibilitiestationary or dynamic wireless
chargingare being investigated-or example, a testing road with dynamic wireless charging is
located in Gotland, SwedenThe frst tests started in 2019 ona 50-meter-long track with
aspeed of 30 km/h and charging power of 45 kWI'his project ains toachievel25kW with
aspeedof 90 km/h.26

Anotherway of chargings by usingpantographs Thisway of powering of BET<has been
tested in Sweden Germany and other countries The technology well knowfrom the
railwaysis also suitable for highwaysTrucks connect by a pantograph to thenet on the
highway getelectricity from the gridand charge the batteryThis combinationvould allow

for smaller batteries in the BET as th@ylyneed batteriego travelfrom and to the highwa/.

In March 2022an ACEAtudyoverviewedthe required charging capacitievailablefor BETs
acrossEurope According to thestudy, thecurrently used charging standard canmatver the
BETSsneeds. Therefore, anew charging standardalled Megawatt Charging SysterMCS)
shall be introducegdenablingcharging witha speedover 1 MW, which is better suitable to

chargeBETs ideally within the 45-minute resting break. According to theACEAstudy, in

24 EV Charging Definitions, Modes, Levels, Communication Protocols and Applied Sta(@z2@s Ali Bahrami.
https://doi.org/10.13140/RG.2.2.15844.53123/14ccessed on 07.03.2022)

25 DAF Trucks N.V. (2021, April 29)AF introduces charging stations for electric veRicl®AF Trucks.
https://www.daf.com/en/newsand-media/newsarticles/global/2021/q2/2904-202 1-daf-introduceschargingstationsfor-
electricvehicles(accessed on 07.03.2022)

26 Successful start for world's first wireless electric road for tru¢R620, March 18). News Powered by Cision.
https://news.cision.com/electreorab/r/successfulstart-for-world-s-first-wirelesselectricroad-for-trucks,c3062153
(accessed on 07.03.2022)

27 A Study on Highway - Future of Road Transportatiorf2019). International Journal of Engineering and Advanced
Technology(accessed on 07.03.2022)
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ascenario ensuring 80 %CQ reduction, there will be a need for ove&0,000 public fast

chargersfor electric trucks and busses and lotere inthe fleet hubg®,

Jobroles relevanto batteries inBETsnclude the following:
1 R&D ¢developing and designing batteries and other elealsystemge. g.BMS, BTS,
OBC)
1 Manufacturing¢ battery packimodulesassembly
1 Servicingg servicing or replacement of malfunctioning or eafilife battery cells,
packs and modules, refurbishing of the battery packs
1 Operationg education inthe field of charging for drivers

1 Disassembly of endof-life vehicles and battery packs

CQ emission limitsthe critical driver of change of electrification of passenger cars and vans,
do not concern the bus segment as of nowWowever, a revision of Regulation (EU)
2019/1242°is scheduled for the end of 202R envisages assessing the scope exterfsam

large lorries to other vehicles (likmises coachesandtrailers). The introduction of C&imits

to buses would be enabled by the VECTO (Vehicle Energy Consumptioatidaldiool),
asimulation tool with five different mission profiles for trucks and five different mission

profiles for buses and coaché&s.

Similarto trucks, the segmeistof buses and coaches and their pollutants in exhaust emissions
are regulated by EUR standards, currently EURO IV Step E. According to the plans of the
European Commissiga proposal forthe EURO Vitandardshould be published before the

28 European EV Charging Infrastructure Masterplé202). ACEA. https://www.acea.auto/files/ReseatdtitepaperA-
EuropearE\fChargingnfrastructureMasterplan.pdf

2VWwSRdzOAY 3 [/ hi S Ydutit dehickes(2019¥ Glihafe AKtdH. Idtps://ec.europa.eu/climataation/transport
emissions/roaeranspot-reducingco2-emissionsvehicles/reducingco2-emissionsheavyduty-vehicles_en (accessed on
18.03.2022)

30 Vehicle Energy Consumption calculation TOAWECTO (2022). Climate Actionhttps://ec.europa.eu/clima/eu
action/transportemissions/roagtransportreducingco2-emissionsvehicles/vehicleenergyconsumptioncalculationtool-
vecto_en(accessed on 20.04.2022)
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end of 2022Anothercriticaldriver of changés measures adopted bgities, be it throughlow-
emission zone®r by purchasing or contracting levand zereemission vehiclegarticularly
in the area ofpublic transport (low-and zereemission busses;ity trains, tramways and

trolleybuses).

In the EU, specific national targets are set in plublic procurementtenders, public service
contracts and services contracts (see Directive 2019/1161/EU on the promotabeanf and
energy-efficient road transport vehicles®! As for category M3 buses and coaches (heiie
applies to category M3 Class C8ass & only), the definition of clean vehiclécovers vehicles
running on any of the alternative fuels listed in the Alternative Fuels Infrastructure Directive
(Directive 2014/94/E8¥), particularly the electric busesAt the same timehalf of the
minimum targets for the share of clean bussesed to befulfilled by procuring zer@mission

buses (meaning battery electric or fuel cell)

In the Directive, the definition dfclean vehicléin category M2("minibuse$, vehicles up to

5t for more thaneight passengers in addition to the drivei§ stricter. These need to be
vehicles with maximum G@missions of 5@/km and below 8®6 of air pollutant emissions
limits (declared maximum redriving emission (RDE) values of particles number (PN) in #/km
and nitrogen oxides (NQ) by the end of 2025. As of 2026, only zernission vehicles
(meaning battery electric or fuel ceW)ill comply withDirective 2019/1161/EU

Last but not leastresearch and developmenrand testing supporare also drivers ofthange

To name just one of the projects funded by the EU research and innovation framework
programme,ZeEUSthe Zero Emission Urban Bus System) aim was to help to spread the
electric buses to urban networké.In ten demonstration sites across EuropeEDS was

testing electric bus technology with various charging infrastructure optionsirtted to

31 Clean Vehicles Directivg2022). Mobility and Transporthttps://transport.ec.europa.eu/transporthemes/clean
transporturbantransport/cleanand-energyefficient-vehicles/clearvehiclesdirective_en(accessed on 14.04.2022)

32 Defined in paragraph 2.1 of UN Regulation No 107: Clagshicles constructed witlareas for standing passengers, to
allow frequent passenger movement; ClassvAhicles designed to carry standing passengevehicle of this class has seats
and shall have provision for standing passengers (https://unece.org/sites/default/files/@B/R107r7e.pdf)

33 EURLex - 32014L0094 - EN - EURLex (2014). Directive 2014/94/EU. https://elex.europa.eu/legal
content/en/TXT/?uri=CELEX%3A32014LJ@8dessed on 14.04.2022)

34Homeg ZeEUS Zero Emission Urban Bus Systé?914). ZeEUS. https://zereu/ (accessed on 23.06.2022)
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demonstrate the &ectric solutionseconomic, environmental, and societal viability due to the

diverse geographic and topographical factors

In 2019, all alternativelypowered buses made.3 % and battery and plugn hybrids 06 %
(over 4 thousand vehicles) of tiefleet.3> At theendof 2021, there were ove8,500 electric
busesin Europe (batterelectric buses, plug hybrids, trolleybus IMC and fuell).

Urban and suburban buses account fors% of all public transpojburneysin the EU. Buses
and coaches represe®t5 % of all passenger land traveThere are aroun@00,000 busesn
circulation on the EWY roads. In 2021, new bus salesmmised 31.2 % of alternatively
powered vehicles (batterglectric, plugin hybrid, hybrid and alternative fuels, including
natural gas and LPGBattery-electric and plugn hybrid buses representeti0.6 %of first

registrations (3064 units)3’ They havebeen gradually altering the vehicle fleet.

Due to thelegislation mentioned aboveoncerningpublic tendering, ING predicts a significant
increase from 2023 anbly 2030an eight-fold growth (seeFigure?) in the fleet of ebuses in
the EU, with the average percentage of zemission buses rising %7 % of new sales?
Currently, Western Eupeancountriesare amongsthe most promising marketgspecially
the Netherlands(due to their national targej, Germany,the UK, Franceltaly and Nordic

countries

35 Automobile Industry Pocket Guide 2@2022. (2021, September 29). ACEA dzNB LISy 1 dzi2Y206Af S al y
Association. https://www.acea.auto/publication/automobiladustry-pocketguide2021-2022/ (accessed on 21.05.20p2

3 Fact sheet: buses (2021, October 26). ACEA 9 dzNR LIS| y ldziz Y20Af S al ydzFl O dzt
https://www.acea.auto/fact/factsheetbuses/ (acccessed on 21.5.2022)

37Fuel types of new buses: electric 10.6%, alternative fuels 10.5%, hybrid 10.1%8d8sehare in 20212022, March 16).

ACEA9Q dzNB LISty ! dzi2zY20Af S al ydzFI O dzNB NEfud-tipasbithaw:bliskslgttic K G G LJA Y K |
10-6-alternativefuels-10-5-hybrid-10-1-dieset68-8-sharein-2021/ (accessed on 21.05.2022)

38 Luman, R. (2021, October 4).f £ | 62 NR 9 dzNE LIS Q 3NG Ftink. OifipbtAthiik. iy dzim/amidedeat f dzi A 2 v
aboardeuropeselectrichusrevolution-290921(accessed on 26.06.2022)
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Gradually, similarly to passenger cars, the market will be moving to be ohoren by
consumers and less by policy/legislatiSnAccording to BloombergNEBFElectric Vehicle
Outlook 2022, kectric bus sales are continuoushereasing; nowl8 %of the global fleet and
44 % of new sales are electric busdsven though activity is increasing in ott@untries

including the EWQ8 % of the world's ebus fleet is still irChina

By 2040, thereshouldbe 1.75 million electric buses operating worldwide, accounting&¥o

of all buseson the road. Buses powed by hydrogen fuel cells also have a place in particular
markets (see Figure 8), especiallywhere thae is governmentsupport and interest in the
technology As for municipal buses, the development in the US is slower than in China and the

EU, but there ismenormouspotential to electrifyschool buses

39EVO Report 2022 | BloombergNEF | Bloomberg Finan¢@@#2, une 1). BloombergNEF. https://about.bnef.com/electric
vehicleoutlook/ (accessed on 25.06.2022)
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Figure8: EV share of global new vehicle sales by segrient

China ishe most significah player inthe electric buses segment in terms of vehiclesha

fleet (as described abovi 2021, there were 68%00electric buse¥) as well as production.
BYD Yutongand CRR@re among the largest producers of electric buses globally. However,
there are severaEuropean producers as welRroducersof the electric bises are show in

Figure9, and producers of fuel cell basarein FigurelO.
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Figure9: Producers oklectric buses (selection)

Alliance for Batteries Technology, Training and SKNISBATTSProject number 6126 7EPP1-20191-SEEPPKASBSAB.

¢KS 9dzNBLISIY /2YYA&daA2yUd &dzlJL2NL F2N) 6KS LINE RG22 Y 28 K 7
does not constitute arendorsement of the contents, which reflects the views only of the authors, and the Commissio

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

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



https://www.alexander-dennis.com/about-us/who-we-are/
https://www.bluebus.fr/
https://www.bozankaya.com.tr/en/electricity-bus/
https://bydeurope.com/about
https://caetanobus.pt/en/
https://chariot-electricbus.com/
https://www.solarisbus.com/en
https://www.sor.cz/en/
https://www.setra-bus.com/en_DE/home.html
https://www.skodagroup.com/products/buses
https://en.yutong.com/
https://www.irizar.com/en/
https://www.proterra.com/products/transit-buses/
https://www.mercedes-benz-bus.com/en_DE/home.html

falbatts (=

Alliance for Batteries Technology, Training and Skills

A" S, SOLARIS
SAFRA @ HYLUNDAI
&/3 CaetanoBus'

FigurelQ: Producers ohydrogen/fuel cell electric buseselection)

The table below shows thdahe battery chemistrymainly used in battery electric buses is
lithium nickel manganeseobalt NMQ or lithium iron phosphat€LiFEPG). The range athe
buses variedetween 200 kmand 400 km and battery pack with a capacitybetween

100kWh andup to 700 kWh; for more detailedinformation on various bus models and their

technical details see Table 7 in Annex B To see how the batteries and other electric

components can be applied in a bus, ségurell). Lithium titanateoxide (LTQ chemistryis

usedmainf & Ay GNRffSe& 06dzaSad GNIOGA2Y ol GGSNARSAdC

2ff 2NB 00 f dzS oBimdz(currényfyRusing SIMAPISRtS @troducesolid-state
(lithium metal polymer(LMP) batteries; their advantage is high energy density for longer
ranges,and long service life, while no battery cooling is required. However, they are not

suitable for higkspeed chargind® For construction detailsf a fuel cell bus, seigure12.

40 MercedesBenz Buses: eCitaro: Technolo@p22). Mercede8enz Busegq(accessed on 03.07.2022)
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v N . ;
@ Space for an optional pantograph or contact rails | (@) Combo charger plug front right above the wheel B) The battery cooler keeps the rechargeable batteries at the | @ HEectric drive axe with motors
for Opportunity Charging: | arch like the cldsic tank nozze. & ideal temperature, importantfar endurance and charging capabillty. | near the wheel hubs.

@) Modular battery packshiw0as standard, @ The standard air conditioning unit with heat pump @ Eight-tonne front axie for maximurt

® Four battery packs as standard in the rear,
up to eight packs on request. | saves up to 40 per cent energy. passenger capacity.

| above them the cooling system components.

Figurell: Example of battery electric bus mod@|
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Figure12: Example of fuel cell electric bus modeél

4 Randall, C. (2022, June 9)MAN to release electric bus dws globally Electrive.Com.
https://www.electrive.com/2022/06/09/manto-releaseelectricbus-chassigylobally/ (accessed on 04.07.2022)

42 SAFRA, manufacturer of electric buses on the Busworld exhibition in Braafalkttps://safra.fr/en/safraamanufacturer
of-electricbuseson-the-busworldexhibitiorrin-brussels/ (accessed on 03.07.2022)
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When operating an ®us fleet, a plan must be well prepared with places and times of
charging. Additionallythe charging technology needs to be selected based on the local
conditions, theroute length, oi KS NR dzGS 2 NJ OdzA G 2 Y S NIbrgdemBiS Y I Y RK ;

charging technologieare availablefor electric buses (see also the table above)

1 Depot plug chargingAC or DC, foslowerovernight/notin-operation charging (see
Figurel3)

Figurel3: Depot charging station$

1 Via pantograph- fast, highperformance chargingThe pantographcan be placean

the bus's roofor the charging mastseeFigurel4.

43 eCity powered by Solaris. (2022, March 16).NJ y & LJ2 NIi I {i A 2 tfttps:/feyity.salafisBus.Eom/én/e
mobility/transportatiorrin-rzeszow(accessed on 14.07.2022)
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Figurel4: lveco bus with pantograph chargirify

1 harging viecharging rails continuouschargingwith less demand on the capacity of

the traction battery- see Figurels.

Figurel5: Van Hool trolleybs with rail charging®

44 Editorial Staff. (2021, March 17ast charging stations for electric buses installed in Milan. t@0@ses by end 2021
Sustainable Bus. https://www.sustainakheis.com/electriebus/fastchargingstation-electricbusesatm-milano/ (accessed
on 14.07.2022)

45 ExquiCityl8 Trolley |Van Hoal (2022, June 7). Van Hool. https://www.vanhool.com/en/vehicles/public
transport/trolley/exquicity18trolley (accessed on 14.07.2022)
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Apart from the mentionedchargingpossibilities, opportunity charging caiso bewireless
(inductive)- seeFigure16.464” The advantage of this solution is that thattery capaciy can

be smalley requiring less space and thesablingmore passengers to fit inside

Figurel6: Wireless charging spot in Madrid located at the beginning and the end of the route

Example of job roles and skills relevant to electric busses
1 Mechatronics techniciarf§4950
1 Vehicle charging and operatidn

1 Troubleshooting, repait*

Utility vehicles can be defined for the purpose of this chapteretsiclesnot used forthe
carriage of passengers or delivery of goddstead, hey fulfil specific tasksuch agjarbage
collection, road and terrain maintenance- snow removal, sweepingr cleaningstreets, salt

spreadingpr grass mowingseeFigurel?).

46|PT Technology. (2020, February Y8jrelesopportunity charging buses. As a result, smaller batteries neddfxs://ipt-
technology.com/cas®pportunity-chargingmadrid/ (accessed on 21.07.2022)

47 Editorial Staff. (2022, January ¥jrst airport with wireless-bus charging in the world. US: KassAirport turns to
Momentum DynamicsSustainable Bus. https://www.sustainaldes.com/infrastructure/kansaairport-wirelesscharging
momentumdynamicsbuses/(accessed on 21.07.2022)

48 https://www.solarisbus.com/en/career (accessed on 24.04.2022)

49 https://www.mantruckandbus.com/en/company/careers.html (accessed on 24.04.2022)

50 https://www.irizar.com/en/irizar/workwith-us/ (accessed on 25.04.2022)

51 Training | Alexander Dennis(2022). Alexander Dennis. https://www.alexandlmnis.com/aftermarket/traning/
(accessed on 02.07.2022)
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Figurel8: Example of an electric garbage truek

The EUCQ emission legislatiorhighlighted as a major driver of change in other segments
(like passenger cars, vans or ewpecificgroups of trucks) could Isamore negligiblempact

on utility vehicles, as light special purpose vehicles (as defined in the feapyproval

52ZEBRA IS YOUR UTILITY SOLYTION (i | 2 ZEBRAZ20D28. Zebra. http://uzitkewezyzebra.cz/zebras-your-utility-
solution/ (accessed on 03.07.2022)

53 Edelstein, S.. (2020, May S5All-electric garbage truckbeing tested in the NetherlandsGreen Car Reports.
https://www.greencarreports.com/news/1128049_adlectricgarbagetruck-beingtested-in-the-netherlands(accessed on
03.07.2022)
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legislation) are exempted from the scope of the Regulation (EU) 2019681 heavy
vocational vehicles are exempted from the L&ission fleet targets set by Regulation (EU)

2019/1242.

Inthe case of heawduty vehicles likgarbage truckgseeFigurel8), the declaredreason for
exemption has been aomparatively low mileagealso,their specific driving patterrand
technical measuredo not allowfor reducing C@emissions and fuel consumption as cost

effectivey asit could be done in case bBavyduty vehicles used for the delivery of godti8°

Moreover, ®me of these vehicles, such as mobile machinery,nateincludedin Directive
2019/116F"*8meaningthey are not considered withil KS a SYo SNJ { G GS&aQ YI y
procurement targets for clean vehicles. Pollutant emissions atdressed inEURO 6/VI

standards for light and heawgluty vehicle® or specific legislation aimed at engines of non

road mobile machiner§®

Even if the majority of utility vehicleare currently notsubject to EU C{emission targets,
their frequent use irurban conditionsor industrial parks suggests thegnormouspotential

for improvingair quality and noiseeductionin cities, nature reserveand other similar areas,
making it astrongdriver to electrify these vehicl€s.There is even &uropean Commission

initiative caled Big Buyers for Climate and Environnténun bylCLE(Local Governments for

54 EURLex- 32019R0631 EN- EURLex (2019). EURex. https://eurlex.euopa.eu/legal
content/EN/TXT/?uri=CELEX%3A32019R(&33dessed on 15.04.2022)

SwSRdAzOAY 3 [ hi S Ydutit dehickes(2D22) Clihate AktiSr. Kit@s://ec.europa.eu/climalaation/transport
emissions/roadransportreducingco2emissionsvehicles/reducingco2-emissionsheavyduty-vehicles_en (accessed on
15.04.2022)

56 EURLex- 32019R1242 EN- EURLex (2019). EURex. https://eur-lex.europa.eu/eli/reg/2019/1242/oj(accessed on
15.04.2022)

57 EURLex- 32019L1161- EN- EURLex (2019). EURex. https://eurlex.europa.eu/eli/dir/2019/1161/oj(accessed on
15.04.2022)

58 Clean Vehicles Directivd2022). Mobility and Transport. https://transport.ec.europa.eu/transptremes/clean
transporturbantransport/cleanand-energyefficient-vehicles/clearvehiclesdirective_en(accessed on 15.04.2022)

59 Emissions in the automotive sect¢2022). InternaMarket, Industry, Entrepreneurship and SMEs. https://singkrket
economy.ec.europa.eu/sectors/automotiviadustry/environmentalprotection/emissionsautomotive-sector_en(accessed
on 15.04.2022)

60 Nonroad mobile machinery(2022). Internal Market, Indtry, Entrepreneurship and SMEs. https:/singiarket
economy.ec.europa.eu/sectors/automotisindustry/environmentalprotection/non-road-mobile-machinery_en (accessed
on 15.04.2022)

61 Looking to the future with electric garbage trucksEurocities (2020, December 16). Eurocities - Home.
https://eurocities.eu/stories/lookingto-the-future-with-electricgarbagetrucks/ (accessed on 03.07.2022)

62BigBuyers | Homg2022). BigBuyers. https://bigbuyers.ef{@ccessed on 03.07.2022)
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Sustainability and EUROCITIE®hich aims to foster cooperation amongst large public

purchaserdo promote and implemensustainable solutions.

Supportfor research, development and piloting solutioae essential drivers of changéhe
project REVIVERefuse Vehicle Innovation and Validation in Eu}®i¥éco-funded by Horizon
2020, aimed at adoptingydrogenpowered garbage vehicles in Europg integratng fuet

cell powertrains into & garbage vanand deploying thenin 8 European citie®r regions

Electrification in this segment has bedmgging behindpassenger cars or urban buses,
especially ithe case of larger municipal vehicles, such as garbam&$°. For heavier electric
vehicles, thetotal costs of ownershipT(C®) might still be higher than for conventional

vehicles with ICES

Furthermore,the battery capacity and the energy consumed by auxiliaries or used for cabin
heating might be limihg factos. However, m the other handtypical routes and charging
times can belannedfor some of these vehiclessimilarly to urban electric buse$he cities

like Rotterdam, Vienrf4, Copenhageit and Gothenburg have started including them in their
municipal services fleet. The offef electrified utility vehiclegs thus being expanded, as

shown in the section below focused on stakeholders.

63 Revive. (2022Home https://h2revive.eu/(accessed on 30.07.2022)

64 Randall, C. (2020, July 1)) project REVIVE: fuel cell systems for garbage trucks. Electrive.Com
https://www.electrive.com/2020/01/27/euprojectrevivewill-deliverfuel-cellsystemsfor-garbagetrucks/ (accessed on

30.07.2022)

65BigBuyers | Newsbit July 2022022). BigBuyers. https://bigbuyers.eu/news/newshit-2022(accessed on 03.07.2022)

6 Ewert, R., Grahle, A., MartitsdzNJ/ SNE Y®X {&NBX ! ® adX bl ISt UrbandVastes DI Ki A
Collection: Introducing a Simulatidased Methodology for Technical Feasibility, Impact and Cost Analaikl Electric

Vehicle Journall2(3), 122. https://doi.org/10.3390/wevj1203012accessed on 21.06.2022)

67GmbH, W. I. M. (2022, Ap@). 9 f SOGNA O ¢ NHzO1 a F2NJ 2| & {Tsain WMWVE Ht@Siiviaste/’ Y [ S Q&
managemerworld.com/resourceuse/electrictrucksfor-waste-collectiortletsjump-on-the-e-train/ (accessed on

22.07.2022)

68/ 2 LISYKF 3Sy Q& NB T dza SlectiidN®ad1). ScaniadGroapS Y I RS TdzZ f &
https://www.scania.com/group/en/home/newsroom/news/2021/copenhagerefusetrucksto-be-madefully-

electric.html(accessed on 22.07.2022)
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Chineseproducers(e.g. BYDare at the forefront also in this segmentn the US (e.g.Mack
Trucks, a subsidiary of Volvo, Hyz&h{anada(e.g. Ballard, Lion Electriahd Europe(e.qg.
MAN, Volvo or Daimler)he developmenbf electric utility vehiclestarted several years ago.
Besides that, thex are specializeBuropean manufacturers, such aun, Geesinknorband
%1 t DAp&rNfilbm the original manufacturerssome companiesonvert ICEvehicles into

hybrid or electric ones (e.g. Lunaz, XL FIS&A DriygseeFigurel9 and Figure20).

LION ELECTRIC | \
® ANl . o
DAE s~ FUSO

@ ZOELLER

KIRCHHOFF GROUP

Figurel9: Hectric garbage tucks producergselection)

89 f SOGNA O ¢ NI aK (2022HKeiksiTeanster. lthsii/ @ bérkstinksherytdrtelectrashtrucksitsa-thing
(accessed on 30.07.2022)
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Figure20: Smallerutility vehicles producergselection)

The lithium NMC (Nickel ManganeseCobalt) battery technology seems to be the most
common for garbage trucksiowever, sme manufacturers (like LAKE also usd FP(Lithium
Iron Phosphate) batteries)Jead-acid batteries or gel batteries (maintenancefree lead

batteries).”® Thereare alsoseeral producers ofuel-cell utility vehicles.

Battery capacities range frotens of kWhfor smaller utility vehicles tbundreds of kwhfor
large garbage trucks. The storage of the batteries is very similar to that of electric ttieks
batteries the electric motorand other accessoriegemost oftenlocatedin theundercarriage

between therear axle(seeFigure2l).

¢ KS ARSIFE ol GGSNE 7T 20022 AkddithsIavivGikeNshntivelgcKiiunileSd-geltbattefry#gsl Q
battery (accessed on 1.08.2022)
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Figure21: Placement of battery packs and electric motor of Tropos Motors utility vehiéle

Themaximum speeaf most utility vehicles is arour8D km/h; however, newer vehicles can
reach speeds of aroun@0 km/h. The maximum range for utility vehicles78 to 90 km
correspondingo an entire working day? Garbage trucks havegreater speed and maximum
range compared to utility vehicles. Most garbage trucks reach a maximum speagd tuf
100 km/h with arange of approximatel200 km which again corresponds the needs ofin

entire working day?

Battery-relevant job roles and skillse@mostly similar to those relevant to trucks, busses and

vans.

71 Tropos Motors Electric Vehicle®022. Tropos Motors https://www.troposmotors.com/media35.htmaccessed on

1.08.2022)

72 Which are the limits of an electric vehicl€022. Alke. https://www.alke.com/limitselectricvehicle (accessed on

1.08.2022)

73 Anderson, N. (2022, April 13¥/ dziiAy3 SR3ISQ St SOG NA.CSEAEEND httAsS/wwivNdzO( G NA | €
electric.com/cuttingedgeelectricgarbagetruck-trialled-in-act/ (accessed on 1.08.2022)
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Vans arevital players in the logistics chain, enabling tlastmile" delivery of goodsn urban
areas.Used mainlyby SMEs as business tools, vémedp power the European economy,
helping businessethrive, according to ACEArom a technological point of view, vaage
relatively close to passenger cars and belong tocdtegory of'light vehicles' Nevertheless
according to ACEAdue to weight,size, and number of specific usage requirements, some
technological solutions available for passenger cars are not directly applicable to vans, and the

lower production volumesdo not allow for the sameconomies of scal&’™

In the ALBATT8roject Deliverable D5.1 Desk Research & Data Analysis INRgfease P,
different categoriesof carsand relevant battery topicsvere addressed.This chapter goes
more in detail and addresses the segmsnipdates sincthe Deliverable D5.1 Deskesearch

& Data Analysis IMBA publicationAugust 2022.

EUregulation

Similar to passenger car&lJ CQegulation(2019/63]) is among the key drivers of change
within the vans segment. Fleet g@mission reduction targets for manufactrs of vans
concerning newly registered vehiclage expressed as percentage reductiogkb % in 2025
and ¢31 % in 2030relative to the average of the specific emissions targets for 2021
determined for each manufactureBJ vehicleemissions regulationgare among the strictest

in the world and themost vitaldriver of European electrification of vehicles transppogt

passegersand goods.

Legislation on the EU levehat is alsodriving the vans segment towards electrification
includesthe revised Clean Vehicle DirectivéBJ)2019/1161° setting fleet procurement

parameters andhus electrification targets for fleets operated by public institutiodsother

74 Vans:what they are and why they are so importaif2021). ACEA9 dzNR LISy ! dzi2Y206At S al ydzFl O d
https://www.acea.auto/fact/vanswhat-they-are-and-why-they-are-so-important/ (accessed on 15.04.20p2

75 https://lwww.project-albatts.eu/Media/Publications/4/Publications_4_ 202 12811.pdfaccessed on 05.07.20p2

76 EURLex- 32019L1161- EN- EURLex (2019). EURex. https://eur-lex.europa.eu/eli/dir/2019/1161/oj(accessed on

10.04.2022
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driver is the policiesf someEU cities where electrified vangain favouredaccesglower or

no city access to#tc.) or parkingor are the only ones allowed to thaty centre

Furthermore, the European Commission has been preparing akwew 7standard limiting
pollutants such as PN, CO and NOx emitted by newly produced road vehidexpected to
introduce stricter reduton targets of the pollutants and make compliance for the ICE vehicles
even more complicated and expensiyanother instrument to ensure manufacturers electrify

faster.

Registration of ICE vehicleqincluding passenger cars and other segmemsyht face

acompleteban in the EU in 203%nd the relevant legislation is wbeing discussed between
EU institutions. Meanwhile, some countries, including those outside theugt as the UK or
Norway,have been settingheir own and sometimes eveegarlier ddes to phase out ICE or

hybrid powertrains seeFigure22 and Figure23. 7/

Governments with officlal targets to 100% phase out sales or registrations of new Internal combustion engine cars by a certain date*
(Status: June 2021)

— 2030 Iceland
‘ ————————————— 2035 United Kingdom
el
2040 Canada [ 2030 Sweden
W ¥ 2025 Norway
2040 British Columbia | - = 2030 Ireland
(Canada) i 2035 Denmark
2035 Québec- R t 2 #2030 Netherlands
(Canada) 1 — 2040 France
i s
2035 California 2030 SIov»ema
p—————————— 2040 Spain

(United States)

Costa Rica 2050 ——

~-2035

Cape Verde
Singapore 2030 —
Target to allow the sale or registration Target to allow the sale or registration
of new BEVs and FCEVs only of new BEVs, FCEVs, and PHEVs only
W 2025 W 2030
2030 W 2035
W 2035 2040

2040
2050
2050 International Zero-Emission Vehicle Alliance (IZEVA)

Figure22:/ 2 dzy (i NA St @lrgatR | & S

7TINTERNATIONAL COUNCIL ON CLEAN TRANSPORTATION. (2021). Update on government targets for phasing out new sales
of internal combustion engine passenger c@scessed on 10.04.20R2

78 INTERNATIONAL COUNCIL ON CLEAN TRANSPORTATIQINd&e2igovernment targets for phasing out new sales

of internal combustion engine passenger dacessed on 10.04.20p2
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® C40 cities with
combustion-engine
vehicle transition
pledges by 2030

National governments
with combustion-engine
passenger car phase-out
targets until 2040

® Local governments with
combustion-engine
passenger car access
ban targets until 2035

J ——Bergen
°

o 2025 (combustion engines)
N—o0slo
2024 (combustion engines)

Amsterdam
/ 2030 (combustion engines)
London = . 2 *
2025 (gasoline, diesel, HEV) ° Brussels
2030 (diesel)

2035 (gasoline, LPG)

Paris ® .
2024 (diesel) o
2030 (gasoline)

b 39
2025 (diesel)

@———— Milan
2027 (diesel)

@®—— Rome
2024 (diesel)
2030 (gasoline)

Created with mapchart.net ©

Figure23: Local targets for ICE car bahs

Total costs of ownership (TGP

According to the ICGT parity for electric vans and pickup trucks with a range of up to @20
will be achievedin the nextfive years.72-97 % of vehicle miles travelled lwanscould be
achievedby an electric vehicle with 820-mile (approx. 515 kmjange. Theotal costs of
ownership TCQ analysisshowsthat it can bealready cheapeto own a BEV200anor pick-

up truck than its diesel counterpart.

According to the same studthe fuel costsof BEVs arenore than50 % lower. for ICE vehicles
over a 5yearownership range between $12,800 and $15,900, while the fuelsdostBEVs
are between $3,500 and $5,200/yeafotal maintenancecostsare also approxs0 % lower.
for ICE vehiclesre between $11,7068512,300 overn 5-year ownership period, while for BEVs
$6,100%$6,900

®The end of the road? An overview of combusgagine car phaseut announcements across Europ2021, November
24). International Councibn Clean Transportationhttps://theicct.org/publication/the-end-of-the-road-an-overviewof-
combustiorenginecarphaseout-announcementsacrosseurope/ (accessed on 12.04.20p2
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As a result of the drivers mentioned above of charsgdes of battery vansas well as sales of
heavyduty vehicles, are expected tese (seeFigure24), one of the factors being that TCOs
are more favourable for the segment of commercial vehicles that are expected to drive more

kilometres, than the passenger cars segm@ént.

Global Medium-&-Heavy Commercial
Vehicle Production Forecast by
Powertrain 2018-2035

2020 2021
@Petrol 000 000 000 000 0.00 0.00 L 0.00 0.00
Diesel 440 444 449 453 453 . L4bs 431 355 319
NGV 0.100 0.100 0.115 0.132 0.152 0. 0.352 0369 0.330 0297
@ HEV 000 000 000 000 000 000 0.00 0.00 0.00
PHEV 000 000 000 000 0.0 0.00 0.00 0.00 0.00
EV 0100 010 012 034 0437 0.49 059 1.23 148
@FCEV 0020 0.020 0026 0.034 0.044 0212 0276 0.787 1.024

Source: Automotive from Ultima Media, AAM, ACEA, ANFAC, ANFAVEA,
ANFUA, CAAM, CCFA, EIA, JAMA, KAMA, OICA, SIAM, SMMT, VDA
‘Medium and heavy vehicles include trucks and buses over 6 tonnes

Figure24: Vehicle production forecast 20180351

80 Cost of electric commercial vans and pickup trucks in the United States through(ZIR®, February 11). International
Council on Clean Transportatiorhttps://theicct.org/publication/costev-vanspickupsus2040jan22/ (accessed on
12.04.2022

81 Cost of electric commercial vans guidkup trucks in the United States through 20422, February 11). International
Council on Clean Transportatiorhttps://theicct.org/publication/costev-vanspickupsus-2040jan22/ (accessed on

12.04.2022
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In 2021, sales of new electricathargeable vehicles (ECVAcludingpure battery-electric
vans and plugn hybrids grew by63.2 %across the Bto reach46,853vans sold. This strong
doubledigit growthincreasedmarket sharefrom 2.0% in 2020 td3.0%in 2021. ECV sales
increasedby 237.8%in Italy,55.5% in Spairgd4.9% in Germany an89.8% in Francé?

Examples obrands(seeFigure25) and models available on the market (as of July 2022)
Citroen (eBerlingo / eDispatch / eJumpy)
Peugeot (eExpert / eTravelle)
Toyota (Proace)
Opel / Vauxhall (Vivare / Combee / Movanace)
Renault (Master ZE / Kangoelech)
Fiat (eDucato)
Mercedes €Sprinter / eVito / EQV)
Volkswagend-Crafter e-Transporter ID Buzg

82 Fuel types of new vans: electric 3.0%, hybrid 1.6%, diesel 90.2% market shazarfab21 (2022, March 16). ACEA
9dzNR LISHY 1 dzi2Y206At S  al hitpegFwwliaazdthidcy/fueldyfed dbhelv-inisalgtitic3-0-
hybrid-1-6-dieset90-2-marketsharefull-year2021/ (accessed on 20.04.20p2
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Figure25: Hectric van producergselection)

There are alssome very activesmall and mediunsized companies. Canqdor examplejs
an Americanstart-up manufacturer of electric vehicles. The company planstast selling
aminivan in2022. The company also plans to produce commercial electric velscles as

vans forvehicle rentalandride-sharingservices.

Car manufacturers have a clear tendenaestablish a local battery supply system and use it
as theleadingforce for future supply: W Group, BMW Group and Vohare strategically
building plants with Northvolt, while Stellantis and Daimler cooperate with Automotive Cells
Company ACQ. The currentand future supply partnershipsand joint venturesbetween

automakers and battery manufacturers are showifrigure26.
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Currently in a battery Currently in a battery supply relationship Currently in a battery supply relationshipand ~ _ _ , Currently no battery supply relationship but will
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Figure26: Strategic partnershipbetween leading EV manufacturersand battery supplier$3

Apart from the big established and emerging battery manufactureneye are business
projects withmicrofactoriesinstead of gigafactorié4, whichcandeliver a microfactory in just
six months It is worth to be mentioned that Arrivil for example, focuseprimarily on

battery factories for commercial vehicle&zansand buses).

Vans batteries and charging systems need to f@bust since vans and other commercial
vehicles can be expected to be used and charged more aftercan be expected to be used
by various persons, particularly in a company or rental servVicebattery technobgyin vans
is practically the same as passenger carseeFigure27 and Table2). However, there are
some specifics. For example, battery vans used &fgstnen or maintenance services need to

be able to provide electric power for tools.

83 B. (2022, January 15). The Battery Report 20B&htteryBits. Medium https://medium.com/batterybits/the-battery-
report-2021-442ed2a06324 (accessed on 14.04.20p2

84 Gigafactory? How About Microfactory? Arrival Rethinks How an EV is B0ROb, December 22). YouTube.
https://www.youtube.com/watch?v=Z_Qyor9¥qaccessed on 14.04.20p2
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Figure27: VolkswagenlD BUZ#

Table2: Someexamplesof e-vans

Citroen e
Dispatch 339 75 221
Citroen e 195 45 231
Berlingo
Citroen eJumpy 250 65 26.0
Fiat eDucato 235370 47-79 20-21.4
Maxeus e
Deliver 3 228 52 228
Mercedes 152 55 36.2
eSprinter
Mercgggs EQV " 205305 60-90 20.3-295
Mercedes eVito 205-305 60-90 29.3-295
Nissan eNV200 301 40 133
Opel/Vauxhall 924 70 313
Movano-e

85The technology behind Volkswagen ID BUZZ details the adyemand disadvantages of the MEB platfo(g022, March
13). Laitimeshttps://www.laitimes.com/en/article/3gca0_3x1ba.htnfaccessed on 12.05.20p2
86\Vans (2022b). Auto Expredsttps://www.autoexpress.co.uk/vanaccessed on 12.05.2022
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Opel Vivaree,
Zafirae
Peugeot e
Expert/e-
Traveller
Renault Kangoo
ETech
Renault Master

ZE

Toyota Proace
VW e
Transporter
VW ID BUZZ

A wide range of skills will be needed to meet seztor's demandsseeFigure28.
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Profiles by stage of the Battery Value Chain
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TheUS Bureau of Labour Statistics and Indeed jobpsaeides interesting information about

Electrical safety

EV typologies
Charging
infrastructures
Vehicle to Grid
Sustainable mobility
Business models
Policy and Regulation
Batteries in trains and
planes

EV Fundamentals
Operation, diagnosis
and repair

Systems

Electric motors and
controllers
Diagnostic tools and
equipment

Smart buildings
Sustainability

Energy management
Power plants

Smart grids, off grids
and micro grids
Battery banks
Business models
Policy and Regulation

Energy installations
EV charging systems
Automation and
control

Electronics

Digital

System security

Figure28: Profiles by stage of the battery value chdin

job roles and skills relevant to electric vans:

Source:US Bureau of Labour Statistiés

87 Battery Brunch The Battery Report(2021). Battery Brunclhttps://www.batterybrunch.org/batteryreport (accessed on

15.04.2022

88 https://www.bls.gov/green/electric_vehicles/#hybrid
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Indeed jobs sité°

Lightning eMotor® is an American company thaesigns and manufactures zeemission
all-electric mediumand heavyduty vehicles, includingassenger vanand city transit buses.
The Lightning products include commercidistbased on platforms like the Ford Transit
350HD passenger and cargo vans, Fe#bE shuttle bus and cutaway models, For&%F
step/foodvan, Ford F50 cargo trucks and buses, Chevrolet 6500XD Low Cab Forward model,
and 30foot, 35foot, and 40foot transit buses.
Lightning eMotors job advertisements
{1 Lithium Maintenance Technician
Battery Test Engineer
Lithium- Material Handler
SeniorBattery Mechanical Engineer
Application Engineer (Battery Storage)
Battery Monitoring System Software Engineer
Process Quality Engineer
Platform Engineer
Research & Development Engineer
IT Systems Engineer
Logistics Manager
Functional Safety & Controls Emnger
Quality Process Engineer
CMM/Lab Technician
Lead Platform Engineer (eChassis)

Field Service Technician

=4 =2 =/ A A4 A4 -4 -4 -4 -4 A A A4 A4 A -2

Regional Service Manager

89 https://www.indeed.com/jobs?g=Lithium%20Battery&|=Glendale%2C%20CA&vjk=87e8d3b0c04cb29a
9 https://lightningemotors.com/jobs/
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Twowheeler manufactures are increasingly producirggeener and moreenvironmentally
friendly vehicles Growingenvironmental concerngdimited fossil fuel reserves, andcreasing
governmentand municipakfforts to promote electric mobilitglrive motorcycleproducers to

bring electric motorcyclesonto the market

While the production of electric vehicles (& is mainly driven bz Q emissionregulation,

one of the key drivers d@lectrificationin the motorbikessectorismotivated by the expansion
of the product portfolio. Hectrified motorbikes are arexcting option for many users,
including citysharing companies, since there are much maiéent and have good
accelerationand relativelylow operating costs There seems to be naliscussion about

apossible ban on motorcycles with ICE technology

Amended EURegulation 168/201319293%4 providesnew emission standard EURO 5Lin
category,which entered into force on 1 January 20Higure 29 showsthe evolution of

emissions standards tfie L-category.

91 REGULATION (EU) No 168/2013 OF THE EUROPEAN PARLIAMENT AND OF THROCX)\ hw@H://eur-
lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:32013R0168&frorfeddessed on 24.02.2022)

92EU: Motorcycles: Emissions | Transport Po{2920). TransportPolicy.Net. https://www.transportpolicy.net/standard/eu
motorcyclesemissions/

93 Acem, I. (2019, December 18)ew Euro 5 environmental standard for motorcycles and mopeds to enter into force in 2020
- ACEM- The Motorcycle Industry in Eype. ACEM. https://www.acem.eu/nexuro-5-environmentaistandardfor-
motorcyclesand-mopedsto-enter-into-force-in-2020

% Two and threewheel vehicles and quadricycle€020). Internal Market, Industry, Entrepreneurship and SMEs.
https://ec.europa.eu/gowth/sectors/automotiveindustry/legislation/twoand-three-wheelvehiclesand-quadricycles_en
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CO (g/km) 13.0 5.5 2.0 1.14 1.00
HC (g/km) 3.0 1.0 0.3 0.17 0.10
NOx (g/km) 0.3 0.3 0.15 0.09 0.06
PM (g/km) - - - - 0.0045
SHED* test - - - Yes Yes
On-board - - - Yes Yes
diagnostics (OBD1) (OBD2)
Durability - - - 20,000km Lifetime

*Evaporative emission

Figure29: Evolution of kcategory emissions standes®

Unlike China and other Asian ctties, where electric bikes have been used for years, the EU
market with electric motorbikes is still immature anglatively small However, it has been

growingyearly(seeFigure30, Figure31 and Figure32).
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Figure30: Prediction ofsales of emotorbikes®

9 Infineum Insight Euro 5 motorcycle$2018, August 14). Infineum Insighttps://www.infineuminsight.com/en
gb/articles/smalengines/eure5-motorcycles/(accessed on 24.02.2022)

% Major motorcycle companies will electrify, eventually | Greenbi2021, Aprii 13). GreenBiz.
https://www.greenbiz.com/article/majommotorcyclecompanieswill-electrify-eventually(accessed on 24.02.2022)
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Figure32: Evolution of EU sales of electric motorbik&s

Figure33 shows mapsvith the locations ofsome Emotorbikes producersZero motorcycles

a pioneer ofe-motorbikes or Gogorgare among themost prominen producers.

5+ @A I I Market datar AGEM The Motorcycle Industry in EuropgCEM. https://www.acem.eu/marketata
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Figure33: Electric notorcycleproducers(selection)

Battery technology highly depends on the producer and typmaatorbike. For example, Zero
company uses battery packs with a voltage of abilt2@ Vwith pouch cells Honda in their e
scooter use<ylindrical cells21700 with a voltage of abold0 V. Example ofan electric

motorbike is show in Figure34.

Figure34: A 19 kWh battery pack from Evok#

98 Evoke Electric Motorcycles adding reverse gefr18). Green Car Congress.
https://www.greencarcongress.com/2018/01/201801-2&oke.htmi
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Most emotorcyclesusethe samechargingstandards aglectric vehiclesHowever,because
they have smallebatteries,they can typically use Stage 1 and Stag&CZhargingwith an
onboard chargerHoweversome modelgan handle Stage@Cfastcharging®%. In addition,
some producers, Gogot®!, for example, useswappable batterieshat are charged outside

the motorbike.

Job roles relevartb e-motorbikesand their batteriescan include the following:

1 R&Dc¢ developing and designing batteries and other electric systems-footrbikes

1 Manufacturingq battery packior e-motorbikesassembly

1 Servicingg servicing or replacement of malfunctioning or eafilife battery packs and
refurbishing of the battery pds

1 Operation- assistance at charging or battery swapping pointshécase of escooter
sharing projects the staff responsible fothe monitoring of State of Charge (SoC),
collecting and charging ofgcooters

1 Disassembly end-of-life e-motorbikes and battery packs

% Toll, M., & Toll, M. (2021, May Blectric motorcycles that charge to 85% in 15 minutes? T¥iigdél 2 O2 YLJI y& al &4
close Electrek.  https://electrek.co/2021/05/07/electriemotorcyclesthat-chargeto-85-in-15-minutesthis-e-moto-
companysaysits-close/(accessed on 24.02.2022)

100Stage lis charging from 230 ®lectric plug witithe charger on cableéStage 4s AC charging from the wall box aBthge3

is DC fast charging

101] aylin, T. (2016, January 6pgoro unveils newdme battery charger for electric scooterets sight on your citynhabitat

- Green Design, Innovation, Architecture, Green Building | Green Design & Innovation for a Better World.
https://inhabitat.com/gogoreunveilsnew-home-battery-chargerfor-electricscooterssetssighton-your-city/ (accessed on

24.02.2022)
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Electric nicromobility usessmall & lightweightpersonal mobilitydevicessuch ase-bicycles
(for details, see chapter eBikessscooters e-mopeds, eskateboards,e-hoverboardsor
other kinds ofone or two-wheelersby individuals to commute from one place to another

primarilywithin cities.Micromobility can be defined as shownHigure35.

WHAT IS Micromobility refers to a range of small, lightweight
%'TDP o devices operating at speeds typically below 25 km/h (15 mph)
MICROMOBILITY? and is ideal for trips up to 10 km.

b D

- - Scooters Bicycles .=
Micromobility Micromobility
[ ]
can be: e
T3
- Human-powered or electric - Internal combustion engine powered
- Privately owned or shared Skateboards Cargo bikes Cars - High speed (exceeds 45kmy/h top speed)

- Most commonly low speed

(25km/h top speed) or - ] x
sometimes moderate speed —

(45km/h top speed)
Rickshaws Mopeds
Moslpeoplelnciliesdo‘/—\" reases access to %
not own cars. p Fad Electric devices make

; i . PN s € ility more to

replacing cars for short trips. people Who may not ise

traditional 2 or 3-wheelers.

x K & E-micromobility expands

the area riders can travel easily
(_/ without a car.
@y o e 1 L TS|
Om 400 m 1.6 km 4 km

Figure35: What is micromobility?102

102 Defining Micromobility (2021, September 1). Institute for Transportation and Development Policy.
https://www.itdp.org/multimedia/definingmicromobilty/# (accessed on 05.01.20p2
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Personal motorised mobility devices can also include the vehicles shdviguire36

Monowheel Electric scooter Segway Hoverboard or Gyroskate

S " " @,
| I
a—Au@ ®

A\
Figure36: Personalmotorised mobility device¥’

@

Thebenefits and challengesf micromobility in citiehave beeridentified in Erns& Youngs
report "Micromobility: moving cities into a sustainable futtiré*
Benefits
1 Environmental footprint improve urban air quality and reduce climate change
1 Geting people out of their cars
i Efficient mobilityt provides convenient and flexible transportation for citizens and
tourists
Challenges
1 Unwanted nodal shiftt if e-scooters take passengers from bikes and walking instead
of from cars
1 Infrastructuret cities are not yet set up for the new micromobility options
9 Visud pollutiont somepeople donot take care of the scooters and throw them all

over the city

The afety of the driver and the people in his surroundings has also become a topic of public

discussion and regulation by local, national and EU authorities.

1036 carmakers that are betting electric scooters and bikeasot carst are the future of city transportatior{2019, August
11). Business Insider Nederland. https://www.businessinsider.nl#ardi-bmw-vw-gm-makemobility-products2019
8?international=true&=US#forasupercruiserl (accessed on 21.02.20p2

104How micromobility is moving cities into a sustainable fut{@®20). How Micromobility Is Moving Cities into a Sustainable
Future. https://www.ey.com/en_gl/automotivetransportation/howmicromobility-is-moving-citiesinto-a-sustainable
future (accessed on 05.01.20p2
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Micromobilitycanhelpto reducetraffic congestion In theworld's most populous citiesnost
trips are dready taken by walking, cycling, apdblic transport Many cities in India, for

example, have less than 10 % of trips taken by car.

As a result, e global micromobility market was valued $44.12 billionin 2020 and is
projected to reach $214.57 hidh by 2030, registering a CAGR 84 %from 2021 to 2036
However, the low rate of internet penetration in developing regions atige rise in
vandalismé& theft areamongthe factorspossiblyhampeingthe growth of the global market.
The European Unioprioritises adoptingelectric motorcycles, scooters, and #ikes to

help improveair quality.

Micromobility "Made in Europe" is weflositioned, especially considering the dynamic
innovation ecosytem throughout the valuechain, with companiesuch asONO, Kumpan,
Swobbee, DUCKT, GetHenry, and others. Furthermore, strong synergies could be reinforced
with the automotive and battery supply chain. For instance, the demand from manufacturing

in micromdoility could require the production of abo@5 battery Gigafactories®”

In 2019, the largest share of tmeicromobility deliveriesvas supplied by Ninebot and Xiaomi,
two Chinesemanufacturers.As of 2022, most of the micromobility devices still come from
east Asia; the consequencetiat a large proportion of theconomic value and job creation

is taking placeutside the EUJ%

105 Micromobility MarketSize, Share, Growth, Analysis, Report 2(8@21). Allied Market Research
https://www.alliedmarketresearch.com/micronobility-marketA11372(accessed on 10.12.20p1

106 Maciej M. Sokolowski, 'Laws and Policies on Electric Scooters in the European Union: A Ride to the Micromobility
Directive?', (2020), 29, European Energy and Environmental Law Review, Issue 4, p{40,127
https://kluwerlawonline.com/journalarticle/European+Energy+and+Environmental+Law+Review/29.4/EELR2020036

W/ YENFYE /& SHnumE 5SOSYOSNI mHUOU® aAONBY20AfAG& dal RS AYy 9c
More Sustainable. The European Filb&ps://www.europeanfiles.eu/climate/micromobiliymadein-europeto-achieve
our-climate-targetsandmakeour-citiesmore-sustainable(accessed on 05.01.20p2

108 Dungs, J. (2A2 September 1)Electric Micromobility: how to cut emissions, create jobs and transform urban transport
Energy Post.  https://energypost.eu/electricmicromobility-how-to-cut-emissionscreatejobs-andtransformurbart
transportaccessed 0(12.03.2022
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China alonehas more than ®,000 ebike manufacturing companiedn the BJ, we are
currently "usind’ micromobility butare not benefiting from the associated valuehain the
BU is missing out on a substantial economic opportunity with the potential to create up to

1 million jobs by 2030%°

Stakeholders
Includemanufacturersof personalmicromobilitydeviceqfor e-bikes see chapter #ikeg and

providers of emobility servicesincluding sharing services:

1) Manufacturers(seeFigure37)

1 Niu TechnologieChina) is a global brarntiat designs and manufactureslectric
scooters. As thevorld's leading lithiurppowered electric twewheeler company, NIU
created a new market cagory for smart electric twavheeler vehicles. NIg
developed a # generation NIU Energylithium battery technologyvith longerlasting
battery life, more extendedrange, and more lightweight that claims issafer and
more powerful!’°*The NIU Battery pack uslise. g.Panasonic lithiuron battery cells
containng 29 Ah ofenergy The batteryweighsaround10 kg.

1 Govecs AGGermany) is the European leader in electric mobility solutions for free
floating staring, rental and delivery serviceBheir e-scooters are designed with high
quality batteries, innovative motors and drivetrains, for exampiade by BOSCH. In
addition, they designed their own GOVECS Core drive'ttain.

1 Walberg Urban Electrics Gmhl@emany) is a Hamburgased manufacturer of small,
foldable escooters. Quality, design and technology made their brand EGRET one of
the most awarded brands the escooter market!?

1 myStromer AG. (Switzerland} established in 2010. It has beéevelopingpowerful
Speed Pedeledbighspeed ebikes)!*?

109 Micromobility Report. (2019). InnoEnergy.  https://www.innoenergy.com/discovemnovative
solutions/reports/micromobilityreport/ accessed on 05.01.2022

WONIU-The2 2 NI RQ& Im { YI NI 9f Shbps:mMIwd.niyconden/b-Shebatteny/ dEcdessed obh L ! ©
13.04.2022

111 About GOVECS. (n.d.). GOVEESs://www.govecsgroup.com/en/company/abotgovecgaccessed on 12.04.20p2

112Egret LinkedIn. https://www.linkedin.com/company/mggret/about/ (accessed 0id3.04.2022

118 myStromer AGLinkedInhttps://www.linkedin.com/company/mystromer{accessed on 13.04.20p2
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1 emco electroroller GmbHGermany) has been producing electric scooters since,2011
and they specialise ia-scooter sharing, fleet management withbeisiness scooters
and deliveryof scooters for delivery services. Thelgim tooffer the most extensive
range of electric scooters in Germanyith models from 1000 to 3000 watts, top
speeds from 25 to 45 km/h armdnges of up to 130 kilometres'

1 Kumpan Electric Scoot&f - manufactured by #bility GmbHhat was founded in 2010
in RemagenTheir battery pack is plug-and-play solutioncontrolled by Asoftware,
which can simply be detached from the scooter andharged in standard sockets,
bearing the potential to bapplied inseveraldifferent products from power tools to
lawnmowers!®

1 Scotsman- is a scooter brand based in Silicon Valley and uses adchdbe-art 3D
printing process which allows for an ugedented level of custorgation. Each frame
iIs made to fit the ownés unique body size and riding stytéThe special production
process offers several advantages: the basic construction, manufactured in one pass,
should be light and shockproafith no joints or adhesive parts. The tweart battery

integratedwith the base plate can also be used as a power bank thanks to USBSs|ots.

114 emco. (n.d.). About usittps://www.emco-e-scooter.com/en/aboutus/ (accessed on 13.04.20p2

115 Home Kumpan Electrihttps://www.kumpantelectric.com/en/(accessed on 05.01.20p2

L6EIT InnoEnergy and maker of Kumpan Electsitoeters partner to transform European mobility mark2020). Kumpan
Electric. https://cdn.ebility.de/app/uploads/2020/08/Eifinoenergyinvestsin-Kumpanelectric_March2020.pdfaccessed
on 20.04.202p

117 Scotsman About us. (n.d.). Scotsmalnttps://scotsman.me/alut-us (accessed on 20.04.20p2

118 Schmitt, T. (2021, June 9). Scotsman: Der Roller aus dé&wDrBcker. neximobility. https://www.next-
mobility.de/scotsmarder-roller-ausdem-3-d-druckera-1027137/ (accessed on 18.12.20p1
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2) Micro (e-)mobility providers(seeFigure38)

A European coalition of shared micronobility providerswas established in 202Micro-
Mobility for Europe(MMfE), comprisng Bird, Bolt, Dott, FreeNow, Lime, TIER, Voi and Wind
declares itwants to contribute to the development of dcoherent policy frameworkin
Europeto ensurethe growth of micromobility solutions in cities and support the rapid
transition to zereemission uban mobility.

1 Bird- electric bikes and scootemovide ecafriendly transportation for riders in over
350 cities worldwide Easy to remove for charging or charge while on thxke, the
36V/12.8 Ah removable battery safetiested battery is built todst and is certified to
meet standards for electric bicyclé$.This company is present in more than 350
communities¢ Europe included

1 ElectricFeel AGa Swiss company, acts as a shared micromobility platform that puts
everything in one place, from operations to customer irtib a connected data

warehouse'?!

119 Micro-mobility for Europe. (2021, December 17). Hotmigp://micromobilityforeurope.eu(accessed on 05.01.20p2
120 Bjrd Bike. (n.d.). BIRBitps://bike.bird.co (accessed on 15.02.20p2
121 ElectricFeel | The Alh-One Solution for Shared Mobility. (n.d.). ElectricHeghs://www.electricfeel.com/(accessed on

15.02.2022
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1 Dott-isa micromobility company based in Amsterdam founded in 2019. Dott operates
over 30,00 shared electric scooters and electric bikes in 17 cities in Edtope.

1 Limeis an electric scooteand bikesharingcompany, one of the global leadeis
micromobility. It offers its service over 100 countries around theorld.*

1 Tierprovidesmicromobility services usinglectricdevicessuch as escooters, ebikes
and emopeds for rent and operates battery charging stations. TIER Mobibtyeiof
Europeés leading shared micrmobility providers, with a mission td Changemobility
for good". By providing people with a range of shared, light electric vehicles, from e
scooters to ebikes and enopeds, powered by a proprietary Energy Network, TIER
helps cities reduce their dependence ons#f They workkogether with aBattery-as
a-Service (BaaS) provigebwobbee on a pilot project concerningexchangeable
batteries for escooters'®®

1 Swobbeés Battery Swapping SysteBSS) is thevorld's first manufactureoffering
its independent batterysharing system with an intermodal approach for small electric

vehicles such asscooters, ecargo bikes or-scooters!?

122 Dott | Unlock your city | Sustainable rides for all. (n.d.). DQiftps://ridedott.com (accessed on 15.02.2032

123E|ectric Scooter and Bike Rentals. (2022, April 26). Lime Micromditifig://www.li.me/ (accessed on 15.02.20p2

124TIER MobilityLinkedIn. https://www.linkedin.com/company/tiermoliy/ (accessed on 10.02.20p2

L GGESNE [ @ OHnNHMI WdzZ & -PcooterWechsalakkis. RaaBility. hitpbtRvwwendxd G F St R T I
mobility.de/duesseldorwird-testfeld-fuer-e-scooterwechselakkus-1035484/(accessed on 15.12.20p1

126\Wunder Mobility. (n.d.). Swobbeattps://www.wundermobility.com/marketplace/swobee{accessed on 11.02.20p2
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Figure38: Micromobility - providers(selection)

Manycompanies, including global automobile brands and auto parts manufacturers, produce
various types of products, such as singleeel and twewheel Segway vehicles and electric
bicycles'?”. Personal Mobility Devieshave common featuressuch asbeing eco-friendly,
portable, and easy to movewithin short to medium distanceusingelectricity as a power

source.Table3 summaries various types of PMDs currently on the markét.

127 For details see a separate chapteBikes
128 |im, Sangil & Lee, Ha&ol & Cha, HyuRok & Park, Sungun. (2020)Multi-Level DC/DC Converter foiVBbility
Charging StationdEEE Access. PPL.110.1109/ACCESS.2020.2977¢&8cessed on 18.04.20p2
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Table3: Examples of Personal Mobility Devicés

Cross Ebike'?® Liion 36 OFBC
Unibike Ebike Lkion 36 OFBC
Ecobike Ebike LiFeP® 36 OFBC
Hyundai E-scooter Lion 36 OFBC
Coclever E-scooter Lion 36 OFBC
Yuneec Eboard Lion 24 OFBC
Segway One wheel Sgway Lion 63 OFBC
Segway Ewheel Lkon 24 OFBC

Razor E-heel wheel Lion 12 OFBC

*OFBC: OfBoard Charger

Electric bikes see separate chaptdtBikes

Electric sooters
The battery's capaciy can rangebetweenapprox.0.15 ¢ 4 kWh and hasa voltageof 24V, 36
V, or 48V, although they can be as high as\@ér even 120/.13°

The Europan electric scooter market is segmented indealed leadacid batteries, lithium
ion, and lithium-polymer (LiPo)batteries.Lithium-ion battery technology dominates due to
its energy density and other parameters. Somsceoters usdead-acid batteries- scaters

for kids and othecheapemodels for examplets!

The LiPo battery segment is expected to grow as it is preferred rhgst electric bike
manufacturers and is widely equipped oibikes.TheLiPo batterys less expensive than other
lithium batteries andnaintains its performance. LiPo batteries use solid, colloidal polymers or
organic electrolytes. LiPo batteries also have advantages, such as large capacity and fast

charging capabilitiés? (seeFigure39, Figure40, Figure41 and Figure4?2).

129 For details see a separate chapteBikes

130M. (2021, September 9Lomprehensive Guide to Electric Scooter Batteries {Khusiv Bits, Tips, Hack&ScooterNerds.
https://escooternerds.com/electrisscooterbatteries/ (accessed on 13.04.20p2

181 J, (2021, August 10)Technical Guide: Electric Scooter Batteripsp 9 f SOU NA O hip&/eRdiri& NJ DdzA RS ¢
scooter.guide/guides/electriscooterbatteries/ (accessed on 13.04.20p2

132 Europe Electric Scooter Market by Size, Shareec&sts, & Trends Analysign.d.). Meticulous Research.
https://www.meticulousresearch.com/product/europelectricscootermarket5239(accessed on 13.04.20p2
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Figure39: Electric scootef3

Figure40:Example of storage of a battery pack in scoot&r

The production of batteriesis one of the most carboemtensive parts of escooter

manufacturing contributingthe most toe-scootess overall lifetime emissions.

133 Sencor SCOOTER ONED22). Alza.Czttps://www.alza.cz/sport/sencoiscooterone-d6103039.htm (accessed on

13.04.2022
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Figure41: Example of an electric scooter battery paék

Figure42: Example of battery cells used in a scooter battery p&ék

The standardifespanisat least 400700 charging cyclesvhich roughly equa a minimunof
14,000-25,000 kmdriven. Shared escooter batteries can achieve Z20+ km of expected

battery life 134 Batteries minimum lifespan can bbetween 2 and 3 yearsiepending on the

134 B. (n.d.). Micro-Mobility positon on EU Battery Regulation Micro-Mobility = for  Europe.
https://micromobilityforeurope.eu/micremobility-position-on-eu-battery-regulation(accessed on 05.01.20p2
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intensity of their use. Charging the battery can take apprq%.tiburs. Details of the electricity

flow are shown inFigure43+3,

ELECTRICITY FLOW IN ELECTRIC SCOOTERS
POWER 120V WsA CHARGER BATTERY il u‘oma
CURRENT CAPACITY POWER

NS 48V ‘
0 T ) 17A Ll 187 Wh _ ) 350 W J‘ ‘
22Aa L X zawh | 700W Jy‘ |
5A 1352wh 100 120V mow‘(&

INPUT VOLTAGE Charger Curl’ent Bottery cupacity Motor power
TGO AGE "_“PC’CtS charge impacts range impacts speed,

times carry load and
climb angles

Figure43: Electricity flow in escootergs6é

A selection of thes-scooterproducts showsheir varyingtechnicalparameters(Table4).

Table4: Example of batteries used for escooters

Yamaha Motor C&7 Multi -Location Battery

Type PASBGLithiuntion battery)

Watt-Hour Rating 500 Wh

BatteryCapacity 13.4 Ah

Voltage 36V

Charging time approx. 4.0 hrs

Weight 3.0 kg

Niu Technologie$10 MQIGT Standard Range

Battery Technology 4th GEN NIU ENERGY SMART POWER TECH

135 M. (n.d-b). Canprehensive Guide to Electric Scooter Batteries (Muosw Bits, Tips, HacksfScooterNerds.
https://escooternerds.com/electrisscooterbatteries(accessed on 18.04.20p2

136 Usa, E. M. (2021, September 29)echnology inside the Energica electric motorcycl&nergica.
https://www.energicamotorusa.com/technology(accessed on 12.04.20p2

137 FAQ (n.d.). YAMAHA MOTOR CO., Lhkfps://global.yamahamotor.com/business/ebike-systems/fag/(accessed on
13.04.2022
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Voltage 48V

Battery capacity 31AhPR2

Battery Cell Type 18650 Lithium lon
Charging Current 9 A(Single) / 16A (Dual)

wAS&aS 9 aRé f SNJ |BoschDualBattery 1000

Battery capacity 2 x 500 Wh

Series Load 60, Load 75
Voltage 36V

Capacity 2PR134 Ah (268 Ah)
Charging time 6 h

Walberg Urban Electrics GmUdH2 | Egret Pro

Range Up to 80 km
Battery capacity 840 Wh
Voltage 48 V
Capacity 175 Ah
Charging time 5h

Trade statistics
According to Tade Mag?°, Germanywas the biggest importesf HS 871168°- motorcycles
including mopeds and electric bikéseeFigure44). On the other handChinawasthe biggest

exporter(seeFigure45s).

15dzk €. F GGSNE p ¢ SOKY 2 hitBh&/Mwwr yndélehusftechnolodyfBilbatery/ adtcéssed Nid
14.04.2022

139 Trade map(2022). ITCttps://www.trademap.org/Index.aspXaccessed on 18.03.20p2

40 gaz2i2NOeOf Sazx AyOfod Y2LISRaz FyR O0eldfsSa TFAGGSR sAGK
https://www.tariffnumber.com/2022/87116Qaccessed on 183.2023
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Importer Import:l;:lz;alue n Market
country EUR thousand share %
Germany 1.430.082 20% TOP 10 importers pr——————r—
Netherlands 987.937 14% 0 FUR thousand
USA 970.257 14% " o Market share
France 485.134 7% .
Switzerland 352.537 5% ® -
Belgium 311.893 4%
Austria 224.720 3% ¢ -
UK 221.795 3% - ) -
Spain 215.081 3% & &8 b F 4 &
Italy 207.143 3% P
Rest of the
1.699.357 24%
world
Total 7.105.936
Figure44: TOP 10 Importefg®142
Exported value in Market
Exporter country 2020 hare %
EUR thousand b
China 3.071.270 35% TOF 10 exporters Exporied vauein T020
Germany 1179.494)  13% " e
Metherlands 1.026.830 17%
Talwan 872.295 10%
Austria 334,834 4%
Hungary 127.610 4% -
Bulgaria 265.099 3% & S ulin oin b
Belgium 244.075 3% o ] P
Caech Republic 192.326 2% L Ll
Hong Kong [China) 159.436 %
Rest of the world 1.089.016 1%
Total 8.766.285

Figure45: TOP 10 exportefgl142
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Carmakersare increasingly looking toward new ways to move people around, including

tapping into the rising trends of-kikesand escooters

1 TheFord Supercruiser a chopperstyle electric bikevith a 600-watt motor running

off a 48V and 10 Ah Lithiumrion battery pack using Samsung céifs.

14IMicromobility: a major asset for intermodality2021, December 15). Mobiprox. https://mobiprox.fr/micromobiiy
major-assetfor-intermodality/ (accessed on 21.02.20R2
2 lamicreY2 0 A f A G S .§3020)j Nin&enlieik 2B)y Mobiprox. https://mobiprox.fritaicro-mobilite-en-questions/
(accessed on 21.02.20p2

143 Ford

Supercruiser

Review.

(2019, November

https://electricbikereview.com/ford/supercruiserfaccessed on 20.03.20R2
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1 French carmakelPeugeot- producedbicycles long before making caras far back as
the 19" century. After going through periods of licensing out the brand to other
manufacturers, the companyrought it back iFhouse in 2010, according to the
brands website. Since then, the company has developed a whole lindiieg such
as he electricallyassisted eLCO%

1 Audi has developed its own electric scoot&espite its name, the-gon scooteris
more of a cross between a skateboard and a scooter than a traditional electric
scooter**® To be transportedn acar, bus or train, the twel&ilogram escooter can
be folded up and stored in the back of the caribpreferred pulled like a trolley:*6

1 Volkswagenhas been developing the compact Cityskater for quite some time. In the
meantime, the electrically driven lastile surfer is about to be ready for series
production. Unlike typical electric scooters, the Cityskater has a rear wheel and two
front wheels- each leg has its own running board. A steering rod provides the
necessary support, while the intuitiweeight shif from one leg to the other steers the

vehicle- similar to skiing#’

144e.CO1. (n.d.). Peugeot Cycletps://cycles.peugeot.com/elcOfaccesed on 21.02.2022

1456 carmakers that are betting electric scooters and bikesot carst are the future of city transportation. (2019, August
11). Business Insider Nederlanthttps://www.businessinsider.nl/foreaudi-bmw-vw-gm-makemobility-products2019-
8?international=true&r=US#fordupekrcruiserl (accessed on 21.02.20p2

146 Audi combines &cooter with skateboard. (n.d.). Audi MediaCenthttps://www.audi-mediacenter.com/en/press
releases/audcombinese-scooterwith-skateboard11957accessed on 21.02.2022

147 Micromobility: ~ With  Volkswagen innovations  through the city. (n.d.). Volkswagen AG.
https://www.volkswagenag.com/en/news/stories/2019/07/urbainnovativesustainable.htm{accessed on 21.02.20p2
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Identified skills and competenes in this sectar
1 Systemdngineer forBattery ManagementSystems (BMSy, one of the most desire
jobrolesin the sector, requires studies in the field of electrical engineering and good
knowledge of battery systems and lithiuion cells, with strong programming skiffs
1 Product Design Manageyanother job very desired in the sharedcromobility- with
the focus on adalid experience in building and shipping applications or software and

different design tools Sketch, Flinto, In@isj Framet*

In general, mny job rolesrely on strong IT skillsandor electronics/electrical engineering
and experience in software engineering Additional competeries include strong
communication skills, businegstelligence,measurement and tesiechnology handlingand

others.

148 Anforderungs dzy R { @ a1 SYA y 3 Sy A S dzManapamentSyseme (BMSYJIwird leidgéstemiitd. & bmz
group. https://bmz-group.csod.com/ats/careersite/JobDetails.aspx?site=4&id{a6bessed on 18.04.20R2
149 https://careers.bolt.eu/positions/60242470QZaccessed on 18.04.20p2
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The growth of sales of electric bikeskes) since the beginning of thes2dentury in Europe

has been driven by numerous factors, such as decarbonisation and activities related to
improving health quality in city centres, ageing of the population, the popularity of shared
mobility, but most of all with thedvancements itithiu m-ion battery technology"A decade

ago, the battery technology simply did not exist to supply batteries which were light and

compact enough, with adequate energy density and affordable pricftig.

Ebikes are used faecreational activitieourismand commutingandby delivery and postal
services. They are increasingly popular among the eldeng no longer have to worry about
rugged terrain In addition, gowing environmental awarenessbikesharing projects'
popularity in some cities, anthe Covid19 pandemic have helped increase thgreadof e-
bikes.

Limiting factors to evemore considerablenarket uptake in some regions might includglin

battery pricesandcustomers' worrie concerninghe limited lifespan of lithiumion batteries.

E-bikes have beestandardfor many years in countries such @king trying to tackle heavy
air pollution and dense traffic. China has been dominating the battery pack production for e
bikes investing heavily iproduction and R&Dcapabilities Some major producersuch as
CATLhave been adding extra production lines td=P(lithium iron phosphate) batteries to

meetthe increased demand for batteries forlBkes15!

150 Branquinho, L. (2021, June 14). How do electric bikes work? Cyclingnews.Com.
https://www.cyclingnews.com/features/hovdo-electrichikeswork/ (accessed on 24.02.2022)

151 EBike Battery Pack Market | 2022 27 | Industry $are, Size, Growth- Mordor Intelligence (2022).
ww.Mordorintelligence.Com. Retrieved May 5, 2022, frattps://www.mordorintelligence.com/industryreports/e-bike-

battery-packmarket(accessed on 24.02.2022)
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In 2018, the Europeas-bike market was valued at 9 Billion USDs expected to continue to
grow (seeFigure46), and s value is expected to read!8 Billion USDn 2027 .**More than
130 millionelectric bicycles (using all battery technologia® expected to be sold worldwide
between 2020 and 20282

Europe E-Bike Sales Statistics, in Units, 2012 - 2021

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Source: Europe ZIV ME

Figure46: European bbike sales2012-2021153

In Germany, for example, the sale$ e-bikes haveoutpaced sales of conventional bikes
already in2019(seeFigure4?).

152 Facts & Statistics of Electric Bicycles [2022] + Infograf#fi22, April 27). eBicycldsttps://www.ebicycles.com/ebike
factsstatistics/(accessed on 24.02.2022)

153 EBike Market Analysis & Trends | Industry Growth 2021 to 202€ordor Intelligence Mordor Intelligence.
https://www.mordorintelligence.com/industryreports/e-bike-market#faqgaccessed on 24.02.2022)
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PRODUKTION
FAHRRADER UND E-BIKES
IN DEUTSCHLAND

(Menge in Mio. Stiick)
2.4

2.0

11

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Marktdatenprasentation 2022 Quelle: ZIV IV

Zweirad-Industrie-Verband

Figure47: Germanye-bike sales 2012021154

The European ebike marketis dominated byGermany, France, Netherlandand Italy.
However, i issomewhatscattered with many producers holding smaller market shakelile

on the other handthe e-bike battery pack markets relativelyconsolidated.

The most significarg-bike manufacturergseeFigure48)!5:

1) Giant Bicycles Co. Ltd a Taiwanesebicycle manufacturer with manufacturing
facilities inTaiwan, China, thé&etherlands,and Hungaryestablished in 1972. The
world's largest bicycle manufacturer and designer.

2) Merida Industry Co. Ltd a Taiwarbased companymanufacturing in TaiwarChina,
and Germanywhere it also has its R&D headquarters.

3) Riese & Mullerg German bicycle manufacturgsased in Darmstadt, founded in 1993.

All its bicycles are assembled by hand in Germabye of the first e-bike

Bia | N] GRI GSY CBikeNIN(ROBN.httdzy\wwiv-
zweirad.de/fileadmin/redakteure/Downloads/Marktdaten/ZIV_Marktdatenpraesentation_2022_fuer_Geésfehr_2021
.pdf (accessed on 24.02.2022)
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manufacturers to introduce Bosch DualBattégchnology and has been equipping
many series with it ever since. The battery capacity of tigkies is up to .25 kWh.

The DualBatteryechnology enables the parallel use of two batteri@s.

4) Fritzmeier System&GmbH & Co. K. (M1 Sporttechnik)¢ German machinery and
transport systems group basedsoutheastGermany, founded in 1926.

5) Yamaha Bicycleg a Japanese company founded in 1887. Its branch Yamaha Bicycles
has been manufacturingleikes since 1993.

6) TrekBicycle Corporatiorng a US (Wisconsin) based company founded in 1975 with
manufacturing sites in the & the Netherlands, Germany, Taiwan and China.

7) Cannondale Bicycle Corporatiog founded in 1971 with headquarters in the.&J
(Connecticut). Assembles bikes in Taiwan, tBahd the Netherlands.

8) ONO Motiort*® - ONOMOTION is a Berlised emobility company introducing the
ONO ECargo Bike, combinirabicycle's flexibility with a van's capacity and durability

Thel.4 kWhbattery can be replaced within seconds and allows a range of up ken30

TIREIC e Re&M
RIESE&EMULLER
cannondale @ YANAHA
ONg
Y Gurarrr
IVIETSIOR

155dzk £ . FGGSNE p ¢ SOKy 2 BtfAsy/dwwa -yh.defedus/echmlbdy/dudibatery/ adddess&l MNib
13.04.2022

1% hSdzS az2oAf Al Niakbrdedgy huS BEHIS. (2082 RApril 4). ONOMOTION Gimityps://onomotion.com
(accessed on 05.01.20p2
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The most significarg-bike battery packmanufacturergseeFigure49)5:

1) Samsung SDI Co. Ltd headquarters in South Korea, established in 1970,
manufacturing batteries in S. Koré@hina,and Hungary.

2) Yamaha Corporatiom a Japanese companfpunded in 1887

3) Yoku Energy (Zhangzhou) Co. Lté Chinese company founded in 2Q@oducing
Lithiumion polymer batteries, Lithiuabn cylindrical batteries (including LiFePO4
batteries) and Lion battery pack®¥’

4) Kingbo Power Technology Co. Limited Chinese company developing and producing
hightech lithium-ion batteries, Lipolymer batteres LiFePO4 batters, Liion battery
system3®8

5) Liv Cycling; specialisingn bicycles and components for women. Part of the Giant
group (Taiwan)

6) Shimano Inc¢ producing bicyclesand components. Established in 1921 in Japan,
having main production sites in Childalaysiaand Singapore

7) Panasonic Industry Europe GmbH part of the Panasonic Industrial Solutions
company, which belongs to the global Panasonicugmwith headquarters in Japan.
Panasonic was founded in 1955.

8) BMZ GmbH involved inthe entire product life cycle of crogadustry lithiumion
battery systems.The group is headquartered in Karlstein, Frankfurt am Main,
Germany, with additional manufturing facilities in China, Poland, and thesU

9) Mahle GmbH- is an automotive partsmanufacturer based iStuttgart Germany
havingproduction plants and research and development ceain Germanythe UK,
the U.S, Brazil, Japan, China, India, Poland, Spain, Slovenia and Luxembourg

10)Vvarta AGg a German battery manufacturer with headquarterssiiwangen, founded
in 1887 has severalmanufacturing sites in many countries in Europe and beyond

157 Zhangzhou Yoku Energy Technolog Co.Ltd. (n.d.). Www.YoukuenergyRétmeved May 10, 2022, from
http:/ /www.yokuenergy.com/index.php?m=content&c=index&a=showé&catid=7&i@Ec8essed on 24.02.2022)

158 Top Lithium lon Battery in Germany | German Lithium lon BatteBeimany, UK, Russia. (n.d.). Lithium lon Battery
Manufactues Germany. Retrieved May 10, 2022, friottps://kingbopower.com/about.phgaccessed on 24.02.2022)
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11)JohnsonMatthey - a British company headquartered in London, Englastablished
in 1817 withmanymanufacturing sites in Europe and beyond

o
I SAMSUNG SDI
SHIMANO
m-n A8 @ YAMAHA
M VARTA
KINGB®

voxu_. &iv

Figure49: E-bike battery packmanufacturers(selection)

Ebikes usually carry a battery pacwith a capacityranging from approx0.3¢1.0 kWh

(sometimeswith extensionsktoredinside or outside thérameor attached to the rackSome
longrangemodels can carrg bigger battery witra capacityof 3.3 kWh, for examplé>® The
battery pack is often replaable. The batteries are the costliesomponent.For example,

a0.5 kWh ebike battery pack canostaround EUR 500.

The lithiumion batteries used in-bikesoften havea cylindrical shape and their chemistry
variants includéNickel Manganese Cobalt (NMC), Lithium Cobalt Oxide (LCO), and Lithium Iron
Phosphate (LFP§° Lithiumrion battery technology has been dominatirayer lead acid
battery technologyseeFigure50).

159 Optibike. (n.d.). The Best LoRange BBike. Retrieved August 22022, from https://optibike.com/longangetouring/

160 George, N. (2020, June 2Fbike battery advice from a battery engineeBomEV. Retrieved May 10, 2022, from
https://www.som-ev.com/blog/everythingabout-e-bike-batteriesfrom-a-battery-engineer(accessed on 24.02.2022)

Co-funded by the ety Alliance for Batteries Technology, Training and SKNISBATTSProject number 6126 7&PP1-20191-SEEPPKASBSAB.
Erasmus+ Programme XX ¢KS 9dzNRLISIY /2YYA&aA2yUd &dzlJL2 NI F2N G§KS LINE R&ARE762 Y
of the European Union A does not constitute arendorsement of the contents, which reflects the views only of the authors, and the Commissio

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

K 2


https://www.som-ev.com/blog/everything-about-e-bike-batteries-from-a-battery-engineer
https://industry.panasonic.eu/
https://matthey.com/
https://bmz-group.com/index.php/en/bmz-company/about
https://www.mahle.com/en/about-mahle/
https://www.varta-ag.com/en/
https://kingbopower.en.made-in-china.com/company-Dongguan-Boyuan-Electric-Co-Ltd-.html
http://www.yokuenergy.com/
https://www.liv-cycling.com/global
https://www.yamaha-motor.eu/gb/en/#/
https://www.shimano.com/en/
https://www.samsungsdi.com/index.html

falbatts (=

Alliance for Batteries Technology, Training and Skills

E-Bike Battery Pack Market- Revenue Share (%) by Battery Type, 2021

@ Lithium lon
@® Lead Acid

Source: Mordor Intelligence \Il{

Figure50: Used battery types in 20241

Regardinghe range on a single charge, citypies can reach approx. 8D km, standard €
bikes with 04¢0.5 kWh battery 10120 km and longest rangelekesapprox.350-400 km?6?
Unlike electric cars, the battery capacity ebies and their rangé consideredsufficient,
although thereis alwaysroom for improvementregardingthe lifespan of the battery, its
performance,charging speed, weigldnd coss. The wltage of the ebike batteries differs
based on the required performancmainly rangingrom 36 V up to 72/, with 36 V and 48 V

variants being the most commapseeFigure51).1%!

Compared to a conventional bike, afbike has an electric motor, speed and torque sensors,
battery management system, charger, controllers and otkemponents Ebike types
include city likes,mountainbikes and cargo bikes. Some companies offer advanced systems

and services, such as navigation, d@héft, remote diagnosticer AB$%2

161 Karni, 1. (2021, November 168)hat is Ebike Range on Single Charge? How Far BikdS Go? EagyBiking. Retrieved

May 10, 2022, fronhttps://easyebiking.com/howfar-canelectricbikesgo/ (accessed on 24.02.2022)

162 Tottoc, J. K. M. (2021, July Bpp 10 Electric Bike Companies. Yahoo Fin&eteieved May 10, 2022, from
https://finance.yahoo.com/news/topl0-electricbike-companies
102206305.html?guccounter=1&guce_referrer=|aHROcHM6LY93d3cuz29vZ2xILmNvbS8&guce_referrer_sig=AQAAANKRG
3XhGONHhjuJR8RVQSXVDdYkvCK_burJepDVV7bPLAEKpZOkF45SIYyYyxfS_Pww5LCWF65zrZW6GYpemxLoDi
OvNif626V5Gq5b8GhGv5Fhc4hsFM9stXvvyla3aqQVYvl_LIznNrgKhuvdaKpOSchaFUE7gglded€saation 24.02.2022)
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Figure51: Structure of a battery packé3

Jobroles relevanto batteries in ebikes can include the following:

1 R&D ¢ developing and designing batteries and other electric systems-bokes

1 Manufacturing¢ battery pack/ebike assembly

1 Servicingg servicing or replacement of malfunctioning or eafilife battery packs and
cells, refurbishing of the battery packs

1 Operation - assistance at charging or battery swapping pointshéncase of ebike
sharing projects the staff responsible fothe monitoring of State of Charge (SoC),
collecting and chaiigg of ebikes

1 Disassembly- of endof-life e-bikes and battery packs

163 DRIVE SYSTEMBZ GROUMBatteriehersteller und Batteriesystemaitps://bmz-group.com/index.php/en/battery
systemsen/drive-systemgaccessed on 24.02022)
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This chapter analyses battery devices that can move in the atmosphaeeoplanes and
drones. Nevertheless, there are also some exciting developments congetevices capable

of operating inthe orbit and outer space satellites and spaceships.

In the last ten years, there have been 2S@tellite explosions in orbit, and ten of them
occurred due to batteries with the old nickieydrogen battery technolog Nowadays,
satellites are using modern lithition batteries with no issues yet. Currently, lithitaom
technology is extensively tested. One of the critical activitteen the satellite is at the end
of its life,is to drain the batteries to have almtso energy to eliminate possible ignite while

out of service'64

Thelnternational Space StatiofiSS) is the most complex space object. In 2021 the astronauts
had a mission to change batteries from old nielkgtirogen to modern lithiumon. According

to NASA, the task required 13 different astronauts and 14 spacewalks. Boeing provided new
spacegrace lithiuntion cells. The technology consists of standard 18650 cells used in many
applications on Earth. The following task for astronauts is to change six solar arrays to enable

enough power for the new battery systelf?.

Aeroplanes
Thelimitations for ar travel usingbattery-powered aeroplanesare relatively high, andlue

to limited operational ranggit has so far been mostly limited to pilot projects in regicaal
transport (see Table 5). Nevertheless, for example, it is increasingly used within large
agglomerations or for specific short trips as amr-taxi" as a convenient and fast way of

(future) travelling'®®

164 Testing space batteries to destruction for cleaner sk&&19). The European Space Agency.
https://www.esa.int/Safety SecuritfClean_Space/Testing_space_batteries_to_destruction_for_cleaner_(sldesssed on
24.05.2022)

185 Garcia, M. (2021, February Zpacewalkers Complete Mtitear Station Battery UpgraddsASA.
https://www.nasa.gov/feature/spacewalkersomplete multi-yeareffort-to-upgradespacestation-batteries/ (accessed on
24.05.2022)

166 National Renewable Energy Laboratory. (nHlctrification of Aircraft: Challenges, Barriers, and Potential Impacts
https://www.nrel.gov/docs/fy220sti/80220.pdfaccessed on 24.05.2022)
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Fuel costs can be reducday up to 90 %
and maintenance costsy up to 50% The
revitalisation of some routes due to lows

operationalcosts

Increased use of smaller airports that g

closer to the passengers

Noise reductiorby 85%

Potential economic boom amall airports

that are currently less used

Around45 %of flights globally arevithin reach of electric aircraft (under 500 miles), currently

projected to reach the market by 2030. This could help to decarbonise the aeroplane industry

significantly6’

Drones

Techndogy advancements in lithiuson batteries, their decreasing cos@nd at the same
time, good energy density and reasonable weight have helpeddiiobal widespreadof
remote-controlled crewless aerial vehicleslrones- in recent yeargseeFigure53). Other
drivers include the availability of cheap microprocessors and the possibflityarrying

cameras enabled byergingradio-controlled aircraft and smartphone technoladf{?

167 National Renewable Energy Laboratory. (n.Blgctrification of Aircraft: Challenges, Barriers, and Potential Impacts
https://www.nrel.gov/docs/fy220sti/80220.pdfaccessed on 24.05.2022)

168 https://interestingengineering.com/drief-history-of-dronesthe-remote-controlledunmannedaeriatvehiclesuavs
(accessed on 24.05.2022)
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Droneshave been imilitary usefor decades. However, in recent years have become popular
among hobbyists and irommercial or other professional usesuch as e. g. delivery,
surveillance, lavenforcement, cinematography, agriculture, protecting animals, headtte c
construction or mining% Amazors pilot delivery project Prime AiiseeFigure52), tested in

Californiais one of the examples that attracted considerable media attention.

L

amazon
e Prirrsa v

Figure52: Pilot delivery project by Amazo¥i©

169 Alkobi, J. (202, February 22).The Evolution of Drones: From Military to Hobby & Commer&alcepto.
https://percepto.co/the-evolution-of-dronesfrom-military-to-hobby-commercial/(accessed on 24.05.2022)

170 staff, A. (2022, June 13)Amazon Prime Air prepares fodrone deliveries US About Amazon.
https://www.aboutamazon.com/news/transportation/amazeprime-air-preparesfor-drone-deliveries  (accessed  on

24.05.2022)
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A d

>d worldwide market growth for commer irone

Revenue (in billion U.S. dollars) Drones sold (in thousands)
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Figure53: Drones market grow’?

In addition, the recent Russg@dJkraine military conflict has amplified the significance of using

drones that can provide redgime military intelligence or even carry bomhsijssiles,and

other weaponsAs a result, te drone battery marketis projected to grow from USD 4.0 billion

in 2021 toUSD 9.6 billion by 202@&t a CAGR of 199 from 2021 to 2026.

Aeroplanes

Many of the announced futuristic aviation projects are just sketches @eipar pure visions.

Nevertheless, some exceptions exisbompanies already listed on the stock market or signed

contracts with major corporations worldwide

1 Lilium Jetis based in Munich, Germany. The company bets on developing first of its

kind electic vertical takeoff and landing je (see Figure54). It is now undergoing

acertification process under thEuropean Union Aviation Safetyyency(EASA}/?

171Buchholz, K. (2019, February 28hmmercial Drones are Taking Off. Statista Infographics
https://www.statista.com/chart/17201/commecialdronesprojectedgrowth/ (accessed on 24.05.2022)

2. 2NN} a2 Wo Ldienmdetie\ETOL Rrdijéht fnchesm onvdrds EASA Certifiéd@anTechnica.
https://cleantechnica.com/2022/04/14/liliurqet-evtol-projectinchestowardseasacertification/ (accessed on 24.05.2022)
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Figure54: Electric vertical takeoff and landing jet’3

i Eviationis an Israebased company developing an-alectric passenger aeroplane
named Alice(see Figure55). It shall accommodate nine passengers and two crew
members. Thelane is in the process of testing under the US Federal Aviation Agency
(FAA) rules’*

Figure55: Alice ¢ a battery aeroplane by Eviatiori®

173Lilium Jet The FirsElectric VTOL (eVTOL)-Jdatium (2022). Evtol.Com. https://lilium.com/jefaccessed on 24.05.2022)

(accessed on 24.05.2022)

174 Head, J. O. A. E. (2022, April B)LILINE I OKAYy 3 FANBRG FtAIKAGZ . S MIr Cuardny. Qa ! £ A C
https://theaircurrent.com/aircraftdevelopment/eviatioralicereadiesfirst-flight-faa/ (accessed on 24.05.2022)

Co-funded by the o Alliance for Batteries Technology, Training and SKHISBATTSProject number 6126 7&PP1-20191-SEEPPKABSAB.
Erasmus+ Programme o i ¢KS 9dzNRLISIY /2YYA&aA2yUd &dzlJL2 NI F2N G§KS LINE R&ARE762 Y K7
of the European Union A does not constitute arendorsement of the contents, which reflects the views only of the authors, and the Commissio

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


https://theaircurrent.com/aircraft-development/eviation-alice-readies-first-flight-faa/

{nalpatts

Alliance for Batteries Technology, Training and Skills

Drones
Major players include the following companiggeFigure56)*>:

1 EaglePicher Technologies (US)

1 Plug Power (US)military drones
1 Shenzhen Grepow Battery Co. Ltd (China)
1 RRC Power Solutions (Germany)
1 HES Energy Systems (Singapgra)litary drones
1 Inventus Power (US) military drones
1 Oxis Energy Ltd. (UK)nilitary drones
EAGLEPICHER
==LiLium
oxi
I
Y ® 8 N SREFGLY
A EVIATION
3
Figure56: Aeroplanes and drones manufacturefselection)
Aeroplanes

Eviation announced a range of up8a5 km (440 nautical miles) for its battery aeroplane on
one chargé’® The central power unit of the electric jet consists of two powerful electric

engines from a UBased company MagniX with joined powarup to 650kW, and the jet

175 Drone Battey Market (2021). Markets and Marketdttps://www.marketsandmarkets.com/MarkeReports/drone
battery-market131005766.htm{accessed on 21.05.2022)
176 Eviationg Eviation Alice(2022). Eviatiorhttps://www.eviation.co/ (accessed on 24.05.2022))
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powers a large batterpack of820 kWhup to 980 kWh(currently inthe prototype stage, final
battery capacity not published yet}’

Eviation has not provided details about its battery technology but aims to have on board
72interchangeable battery moduledistributed across 2 packs t@rovide power across the

whole electric jet equally*’®

Drones

Compared to other battery applications mentioned in this report, the capacity of batteries
used in drones iselatively tiny. It commonly ranges between @§25000 mAh and has
avoltage of 37¢22.2 V, depending on the drone's size and purpose. For example, common

hobby drones can have a battery witlv3/ or 74 V andl,000¢2,500 mAh

There are drones designed to remain in the air as long as possible or, on the other hand, high
performance sports drones requiring quick bursts of energy. There are also very special drones
being developed, such as drones designed to carry heavy payloads ordrooes for special

purposes.

The drone battery marketcan besegmented into lithiurrbased, nickebased, and fuel cell
based. The lithiunbased has been dominating and is expected to lead the market in the
future.”>Particularlythe lithium-polymer (LiPotechnology isrendy. The advantages of LiPo
include high energy densityelative to their size and weight, higher voltage per caiid
aslower rate of dischargeHowever, they are sensitive to properer charging to avoid
overheatingand ignition’® Future battery technologies such &ghium-metal and lithium

sulphur with high energy density and other advantages are promising for the drones

segmentt’®

177 Randall, C. (2021, August 4P @Al GAZ2Y I ANDONI Fil LINB & Sy (i aElectiive.Odty A O € R
https://www.electrive.com/2021/07/04/eviatioraircraft-presentstechnicaldetailsfor-alice/ (accessed on 24.05.2022)

178 Posts, V. M. (2021, May 12%2 K| { 6S 1y26 I 02dz [ Af A dzYy @dol.Cofnt ¢ h [ ol

https://evtol.com/features/lilium-evtolbatterieswhat-we-know/ (accessed on1205.2022)
179 Editorial Staff. (2020, June 1Yhe need for battery safety systems for drané@ower Electronics News.
https://www.powerelectronicsnews.com/theneedfor-battery-safety-systemsfor-drones/ (accessed on 21.05.2022)
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Job roles and skills relevant to electric aeroplanes and electric drones can include the following
Aeroacoustic Engineer

Aerodynamicist

Compliance Verification EngineeFlight & Human Factors

Electricalpropulsion engineer

Flight Control Laws Engineer

Lead Material & Processes EngineEnergy Storage Systems

Power Electronics Design Engineer

Stress EngineerEnergy Storage System

=4 =/ = A4 4 A4 A4 -4 -2

Test Engineet Battery Abuse
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The application of batteries in trains is in a relativedyly stage which is why this chapter is
rather brief and also has a simplified structuModern trains are eitheprimarily electri¢

using a pantograph taking electricity from the grid or priityadiesel with a small electric
engine or dieseélectric combining both technologies. On average%&6f European railways

were electrified in 2019, with some countries reaching up t@®glectrification.

The first fullybattery-powered trainshave ben launched andested in real conditions-or
example, the ompany Union Pacific Railroad ordered 20 battpoyvered freight locomotives
from Wabtec and Progress RaiThe goal is to test them in California and Nebraska heavy

traffic areasts?

Apart fromthe US, European companies are somehow progressing too. For example, in the
Netherlands,Stadlercompanysuccessfully tested its battery trains with Arriva Netherlands
that are intended to be used on neglectrified lines. Another main factor was to use the

regenerative brakingpower, which is not commonly used in regular tratfs.

A German companglstom successfully testec battery train in Bavaria in December 2021
(see Figure 57). In partnership with the Technical University in Berlin, the company
demonstrated the economic benefits of using batteries in trains in either-@lectrified or

partially-electrified train lines'8?

In parallel with batterypowered testing trains, Alstom company also works loydrogen
technology to compare the longerm testing results of both technologies in reabrld

conditions. Besides testing in Germany, the company tested its hydrogen trains

180 Johnson, K. (2022, February 4)BatteryPowered Trains Are Picking Up SpeedNired.
https://www.wired.com/story/battery-poweredtrains-gatherspeed/(accessed on 24.05.2022)

BLLFLIASYZ Wo [/ & (Trah ef HBatteryedverédtdirabh® in thg Bletherlands a Succ&sslwayNews.
https://railway-news.com/triatof-battery-poweredtrains-in-the-netherlandsa-success{accessed on 24.05.2022)
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in Ustiand Labem and other c#is in the Czech Republic. The goal is to teshibmelectrified

routesin the country and calculate the actual savings.

Figure57: Battery train by Alstoms3

Job roles and skills relevant étectric trains can include the following
Jobroles
1 Rail Operations Manager
Electrical & Mechanical Engineer
Logistics Engineer
Dispatch Worker
Rail maintenance technician
Train maintenance technician

Rail logistic coordinator

= = 4 a4 a4 a4 -

The train driver andrain operator

LRt S6y2ad !'[{¢ha LInSRaAlGlI AT "aiSO01SYd GNNRALW2RAGSOEE
https://www.kr-ustecky.cspolecnostalstompredstavilausteckemukraji-vodikovyvlakbudoucnosti/d1767533(accessed

on 24.05.2022)

183 Alstom presents its battesgowered multiple unit train in Saxony2021). Alstom.https://www.alstom.com/press
releasesnews/2021/9/alstompresentsits-battery-poweredmultiple-unit-train-saxony(accessd on 24.05.2022)
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Skills:
1 Digitalisation

1 Data collection, monitoring
1 Cyber security
1 Sensindechnologies
1 Smart metering
1 Connectivity and terminal technologieprogramming
1 Smart power supply
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Inland waterway vessels are both tourism/passenger and cargo vessalstomer demand

for green solutions antkchnologcal developmentsof lithium-ion batteries are among the

key factors driving the segment towards electrificatidmother key driver is reducing the
total cost of investing in electrical solutions for ship owners over many years. Total cost is
reduced both becauspricesfor battery packsare fallingtowards 2030(seeFigure58) and
because the cost of technology for propulsion and electrical installations onboardvesse

expected to fall due to industry maturity and market size.

Nickel-rich battery pack cost ($/kWh)2
200

180
160 ¢
—
140 *\\\7 126
120 —
— 10
100 97—
5'1\_-—-—-.-_
80 8 g — 7
Teslatarget® _ _ _ _ _ _ _ o o _____ > 65 -

60 (2023-25) s8

0
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=—o— BCC base case (2021) Bloomberg NEF (2021) IHS Markit (2021) —e— UBS (2021)

input from >10 experts

Figure58: Battery price outlooks4

The reduced investment cost will enable more shipowners to "go green" for new builds and
retrofit existing vessel fleets over time. It can be expected thatttheist/ passenger fleeto

take the lead because customer demand is more mature in this segimamtcargo.

Today, EU emission regulations amot the key driver for electrification in the inland
waterways segment. However, we expect this to change rapidilgeaEU emissions trading

scheme (ET®uts a price ommaritime emissionsin 2023, companies chartering large vessels

184Bostin Consulting Group 2021: Predicted reduction of battery packs towards 2030 (Corvus internal study)
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will be required topurchase allowance®r 20 %of their emissions from ships that call at EU
ports, rising to100%by 2026 18>

There is a l[ygh market potential for the electrification of Inland Waterways in Européoth

in terms of retrofit and for nevbuilds

1 >15,000 inlad vessels in Europeith ~6,000 applicable for electrification. ;0
vesselsare expectedto be hybrid or fully electric by 2030.

1 Mostly retrofit (~75%), but also potential for newuilds

1 Growthisexpected to happen after 2025. SeveraHtbded projectsvere initiated to
boost the adoption.

1 European river cruise fledtassteady growth and young fleetc indicating high
potential for both newbuilds and retrofits

1 A fragmented customer landscape requires standsedisolutions

1 Inland wateways fleet isdeal for electrification alarge volume of smaller vessels, near
shore (less costly to build charging infrastructure connecteithéayrid), and vessels are

"within public sight"(Visible emissionare avital driver for electrification).

Regulatory & incentive programs

Under the European Green Deal program and the Sustainable & Smart Mobility Sttategy

followingincentive programs and national ambitionan be identifiedselectior)8618:

1 NAIADES Il Action Plan entitléBoosting futire-proof European inland waterway
transport’ focuses on the shift of freight transport to inland waterways and the séstor
irreversible path to zer@mission. The objectives of this action plan are etnat
stimulatng or promoting zereemission and digital waterborne transport.

1 CoProgrammed Partnership on ZeEmmission Waterborne Transport as well as the

inclusion of waterborne transport applications in the EU Innovation Fund.

185 AZG2NRO SEGSyaazy 2F 9! 0a Ol Nb @922, Yund\R)STranspdst ik Envitbhdesty A I K|
https://www.transportenvironment.org/discover/historiextensionof-euscarbonmarketgetsgreenlight-from-

parliament/(accessed on 10.05.2022)

186 Towards futureproof inland waterway transport in Europe (2021). Waterborne.
https://www.waterborne.eu/images/210919_Towards_futuqgoof_inland_waterway_transport_in_Europe.pdéccesed

on 10.05.2022)

187 Corvus Energy market outlook report 2022. (Corvus internal study)
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1 Germany (2021)The European Commissi@pproved a $156 M German scheme to
sustainably modernise the inland waterway fleet

1 Netherlands (2021): Zeremissions vessgtan get grants from DKTI

1 Netherlands (2019): The government will examine the electrical and hydrogen charging
infrastructure required for inland shipping

1 Netherlands (2019): Ambition of 150 zeemissions inland vessels by 2030

1 Netherlands (2019): Ambition for additional efforts for growth and integration of zero

emissions inland vessels

Customer demand & prefrences

1 Visible emissionscustomers irntourism &passenger segmentgefer green solutions
to non-green solutions when given a choice. This will speed up the shift towards green
solutions as soon as the market offerings become differentiated.

1 Green cargaransport chains more and more cargo ownermainly within consumer
goods are asking for greener transport choicesrealuce theiraggregatedemissions
footprint. This trend should move goods from r@ad inland waterways as soon as
agreen alternatie is in place.

1 Renewable energgrowth - Europe is at the forefront of introducingind and surto
the energy mix. Inland waterways need a network of charging stations and related grid
based infrastructure to speed the transition. This combination is &pematch.

1 Standardisedinfrastructure and technology solutions small companies typically
operate inland waterways segmeawith only a few vessels in their fleet. This indicates
that most vessels will need to use the same shbased infrastructureTherefore,
aset of standardised technology solutions would be very beneficial to keeping costs

and investments low
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The Netherlands is among the leaders in the electrification of tigenest. In this regard,
the following flagship initiatives are worth mentioning
! Alphenaar Cargo vesséf
Sustainable inland shipping company Zero Emission Services (ZES) BV has started
operations with the Alphenaar, the first Dutch inland vessel to userchtangeable
energy containers for propulsigiseeFigure59). The Alphenaar sails between Alphen
aan den Rijn and Moerdijk transporting beerfoS Ay S{1 Sy > %9{ Qa TFANAI
{1 Port of Rotterdant®

The Port of Rotterdam has announced that free sHoased power is available at

Maaskade in Rotterdam for large inland vessels that participate in a trial with shore
based power from a battery systerButch green energy supplier Skoon Energy has
installed a battery system there on behalf of the Port of Rotterdam Authority to

strengthen the local shorbased power supply for inland shipping.

1 The Nationaal Groeifond§°
The NationaalGroeifonds, an initiative of the Dutch Ministries of Economic Affairs
& Climate Change and Finance, is investing in Zero Emission Services (ZES) to speed up
the implementation of ZES' system solution for inland shipping. According to ZES, the
company WiINBE OSA @S GKS epn YAftA2Y O0F NRBdzy R bPpn
value chain in which it operates. It will be used to develop 75 battery containers for
maritime applications (ZES packs), 14 docking stations where the ZES packs are

charged and 45 ettrified inland vessels.

188 prevljak, N. H. (2021, SeptemberHiyst Dutch zer@mission inland vessel starts.@pffshore Energy.
https://www.offshore-energy.biz/firstdutch-zero-emissioninland-vesselstartsop/ (accessed on 15.05.2022)

189 prevljak, N. H. (2022, March 1Bprt of Rotterdam: Free shore powsym battery for inland vessel©®ffshore Energy.
https://www.offshore-energy.biz/portof-rotterdam-free-shore power-from-battery-for-inland-vessels/(accessed on
15.05.2022)

190 Habibic, A. (2022, April 1&utch govt accelerating sustainable inland shippi@ffshore Energyttps://www.offshore-
energy.biz/dutchgovt-acceleratingsustainableinland-shipping/(accessed on 15.05.2022)
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Figure59: First Dutch zereemission inland vess&i®

Market situation:

Table6: Data on inland waterway freight transpo@f192

Segment # Of vessels # Of companies # Of employees
Cargo / Freight 16,000 5,662 22,902
Tourism / Passenger 8,000 4,028 23,187
Total 24,000 9,690 46,089
Data from 2020 (estimate) 2018 2018

Market facts

Observations from market factseeTable6):
1. Smaliscale companiep(imarily familyowned): Average .8 employees per company
2. Smallscale companies: averageb2/essels per company

3. Smallscale vessels: averaggo employees per vessel (less for Cargo, more for Tourism)

Germany and the Netherlandswere the main contributors to the EU inland waterway
transport, accounting for 7@ of the total in 2020. The Netherlands led on two froFisst,
the country recorded the highest volume of freight transported per inhabitant with 20 tonnes

and almost half (496) of the registered freight transport vessels on EU inland waterways.

191 Zelichowska, K. (2021, November 3)rostat data on inland waterway freight transpomlandvaterwaytransport.
https://www.inlandwaterwaytransport.eu/eurostatiata-on-inland-waterway-freight-transport/ (accessed on 15.05.2022)
192 Statistics Explained2021). Eurostahttps://ec.europa.eu/eurostat/statistics
exdained/index.php?title=Inland_waterways_freight_transportquarterly_and_annual_dat@ccessed on 24.05.2022)
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The fleet of cargo inland vessels in Europe consists of allB@0 vesselsegistered in Rhine
countries,3,500 vesselsegistered in Danube countries a@¢B300 vesselsegistered in other
European countries. Total approximately,0®0 vessels. Fleet size has declinedapgrox.

10% over the ladive years, whilst tle total load capacity has been stable.

The Netherlands, Germany and Frandeve the highest number of companies and
employment in inland waterway freight transport. For passenger transport, the leading

positions are held by the Netherlands, Germany, Italy, and Sweden.

Passenger companies in Europe are activilaenfollowingsegmens: river cruises, datrip
navigation on rivers, canals, and lakds addition, he ferry transport of passengers is also
part of the sector. Germany is leadinggardingemployment in passenger transport with

more than6,000persons employedThe Nethednds follows with more thaB,000persons

SIEMENS

< Echandia
Corvus Energy
safFT
AR

Energy Storage Solutions

Figure60: Vesses manufacturers(selection)
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The currenttechnological maturityfor Maritime Energy Storage Systems (BE&Shigh.
Battery manufacturers in Europe can, together with European shipbuilders, deliver integrated
solutions for tourism, passenger vessels, and cargo vessels. BESS is@pti@bl® power

both fully electric and hybrid vessels.

From a technologial point of view, inland waterway vessels are somewsiatilar to
maritime vesselsdescribed in detail in the first ALBATTS project WP5 desk research®port.
Vessels use the same batteries as BEVs but on a larger scale. One of the differences is in
battery pack architecture where vessels use more battery packs connected together as

asystem of modules.

Challengesrelevant to the full electrification afhe inlandwaterways fleet:

1 Charging infrastructure for inland waterways is not widely accessibl@day.

We should not expect fast growth in building charging infrastructure for a segment
dominated by small companies with limited investment funds. Incentives programs and
public funds, together with adequate regulation, could speed up the developmethieof
charging infrastructure. Without accessible charging, shipowners will postpone their
decision to convert their vessel fleet to electric. Charging infrastructure is the crucial
enablerfor the electrification of inland waterways.

1 Standardisation of charging plugs and AC/DC supply (charging power).
Inland waterways would benefit from a similar regulation as is in place for BEVS/BETS;
standardisation o€harging plugs for AC/Déhergy supplyStandardising plugs and AC/DC
supply can ensure economies stale for the segment with many small companies.
Maritime organisations likeThe European Inland Waterway Transport Platform" (IWT)
and others could lead joirefforts for this segment to unite charging standardisation.

1 Grid capacityfor electrical pover ischallengingacrossndustries and European countries

including the inland waterways segment.

193 Chapter 3.5.2 Vessels in ALBATTS D5.1 report, availdtitpsat/www.project-
albatts.eu/Media/Publications/4/Publications_4 20200930_12811.pdf
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Job rolesand skillgelevantto batteries for inland waterways include the following:

1 R&D- developing and designing batteries and other electrical systemsoitime
operations, requiring high safety and robustness to fit Class society regulations to
secure the highest standard passenger and crew safety.

1 Manufacturing- battery pack/modules assemblgto complete Marine Battery Energy
Storage Systems (BESS).

1 Servicing commissioning andesvicingvessels in operation, at the dock, on board or,
if possible, remotely.

1 Operation- educationand training of crew in maritime safety, operations, charging,
and manoeuvring of vessels with Battery Energy Storage Systems (BESS)

1 Disassembly end-of-life BES@nd battery packseady for reuse or recycling.
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This section provides an overview of the job roles and skillsetsed heavy-duty electric
vehicles vansand other mobile battery applications motorcycles, ebikes, escooters,
drones, satellites, trainand inlard waterwayvessels They ardased on the number gbb

advertisementsanalysedoy the project membersdata set 160job advertisements

Needs are categorised by the following structurerfoobile battery applicationsvith
general descriptiosin respestive chapters below:

Design and Development

Manufacturing

Maintenance

Sales, Services, and Support

TechnicaProjectManagement

Higher importance is given to theectorspecificand transversaltechnical skills/knowledge
seen per individual category. On the other hand, academic, soft, and transversal basic skills

are summarised for the whole data set

Job roles included in this chapter incluémgineers, engineering techaians, drafters,
software developers/engineers, or industrial designeingineers generally develop
economical solutions to technical problems according to the requirements or specifisation
by applying various principles of science and engineering tqubs. Engineers link research,
development, and theory into practice by developing commercial and industrial solutions via

engineering desigmrocess as seen ifFigure61 below.
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Figure61: Engineering Design Procé%s

Engineers use computers and software tools to produce and analyse designs and simulate or

test the systems. Computers are also necessary to mogitality control processes.

194 What is the Engineering Design Process? A Complete .G@ig22). TWIhttps://www.twi-global.com/technical
knowledge/fags/engineeringlesigrprocesgaccessed on 30.07.2022)
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Engineerganwork in offices, laboratories, or industrial plants/factories and are employed by
companies that manufactureslectric vehicles and other mobile battery applications
Engineering positions at@ghly demandedylobally in the manufacturing sector, partictia

in the automotive sectar

Engineers work with otheengineering teams scientists, and managers, such as industrial
managers to design new processes fonanufacturing electric vehicles and other mobile
battery applications anaptimise them. h addtion to the engineers (whiteollars), blue
collar positions are also needgsuch as engineering technicians or mechanical drafters who

assist engineers.

Electrical engineergsandesign, develop, test, and supervise the manuifiaicig of electrical
components and design the electrical circuits and other electrical systems (electricity

distribution, heating systems, agonditioning, lighting, visual displays and ot)er

Electronics engineerfocuson electronic components andystens, such as control systems

They do not focus on the distribution and generation of electricity.

Industrial engineerswork on the effectiveness of the productiory people, machines,

materials, information, or energy to manufacture. They innovate ufacturing processes.

Materials engineersievelop, process, and test materials to be used in the vebicéother
mobile battery application.nhportance is given to innovativeustainable, lightweight, and

durable materials

Mechanical engineersdesign, develop, and test tools, machines, and other mechanical
devicesinside the vehicle or other mobile applications themselves or the amed to
manufacture/repair/maintain thevehicle and other mobile battery applicatianSther fields

of interestincludesteering systers transmissions or drivetrains.
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Software developer®r System Engineers (embeddedatBery Management SystemsBMS
design and create software or systems where they amplynputer science conceptsnd
mathematical analyis to create and evaluat&SWsystem applicatios that make the
computer run within the vehicle. EVs are heavily compuatantrolled For example onboard
computers are used to produce and distribute the proper amount of electricity to power the

vehicle ingiven conditions or to control the charging and various other systems asithe

BMS.

SKILLS ANODOMPETENCE NEEDS
Resultof the job advertisements analysis and the desk reseégebFigure62, Figure63and

Figure64)
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Figure62: Design and Developmentg SectorSpecific Competence Needs
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Figure64: Design and Developmerg CrossSecbral SpecifilkKnowledgeNeeds
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Circuit Boards

Manufacturing of electric vehiclesd other mobile battery applicationrequiresaskilled and
large workforce(seeFigure65, Figure66 and Figure67). Relevant systemare often more
complex than in traditional vehiclesand applications thus requiring more complex and
innovative manufacturingprocesses and methods. Many workers mightdaxperiencen

ICE vehicle manufacturing or other related sectors.
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