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AVL at a Glance
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Founded
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Legislation, Industry and Society Pushing for Decarbonization

Note: Not exhaustive and not all regulations might be relevant for all companies
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Cross-border adjustment

CO, tax/penalty Reporting measures Emission trading scheme
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— Vehicle Energy Consumption Caleulation Tool
Other GHG emissions than CO, Alternative fuels CO, fleet emissions Clean truck and bus regulation
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Life-cycle analyses Battery regulation Circular economy Diligence Directive
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Legislation, Industry and Society Pushing for Decarbonization

Note: Not exhaustive and not all regulations might be relevant for all companies
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Global Primary Energy Supply and Demand

P

Consumption increases Supply shifts to Renewables _'#ﬂmm&.
Sector Share unchanged
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History of Global Human-Made CO, Emissions

,Middle-of-the road"

History  Scenario (IPCC SSP 2-4.5)
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Growth of population and prosperity have been and still are the main drivers for GHG emissions.
Technology progress in all sectors needed for the entire lifecycle including production.
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External Factors and Challenges
A Comprehensive CO, Strategy Should Address 6 Key Elements

Partners of I
AVL group I

Targets

* Detailed targets over time for CO,
emissions, CO, footprint, resources

Vision
Overarching, long-term goal and commitment

/ \ Measurability
\ CO, emissions (in use), CO, footprint
i s I hori [2) CO,e : :
Orgamzai.:u‘)h‘a anc .or|!1.g 4, 55 Roadmap fﬂ_’i in value chain, resources used
Clear responsibilities, availability of \

competences and culture

\ /

- /
\\ £i S
Communication strategy 7 Methods

Communication to stakeholders ¢ * Definition and acquisition of methods
(customers, investors, staff) \1’ used for measuring and improving

I Action plan for target achievement over time I
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Achieving CO,e Targets

Corporate Level vs. Product Level

Corporate Level

Scope 1, 2, 3 emissions
Strategic actions to become
carbon neutral

2]

CO,e ... Carbon dioxide equivalent; metric measure, converting amounts of other gases
to the equivalent amount of carbon dioxide with the same global warming potential

——

Product Level

Environmental footprint for
components, drivetrains and
vehicles
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On Product Level: Lifecycle View is Essential

Raw Manufacturing Energy Fuels Driving Recycling
Material Generation

Design products for CO,e — Design products for multi lifecycle
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Sustainability in the Drivetrain
Early Development Phase Has Biggest Impact on Lifecycle GHG Emissions

DEVELOPMENT PRODUCTION END OF LIFE

. Influence to reduce CO,e footprint

Design & DOE
optimization:

Material Product Driving
availability costs efficiency

Sustainability

Biggest enabler to Balancing \,
reduce CO,e footprint objectives C 7




AVL's Method
Design to CO,e in Product Development Anticipating All Life Cycle Phases

Phase Feasibility Concept @> Deslfb% Validation Production ,/

DEVELOPMENT PRODUCTION

Activity Target definition Affordable CO,e
D —/
* Top down from Design to CO,e Achievable CO,e
corporate view
= ESG strategy
Supplier Nomination Actual CO,e

» RfQ and CO,e break down gy,
Sy ¥
CO,e optimization

p—

Localizati q » Material selection

e s » Localization an

Description  ~gam = Manufacturing and assembly

. process selection

» Risk assessment _
» DfX balancing

*= Production implementation
= Target offsetting

» Target verification

»= Production optimization
inhouse and supplier

= Vari
Data Secondary data ariant management

source Primary data

It is important to consider CO,e as a parameter in the early phase of development

QG... Quality Gate; ESG... Environmental, Social, Governance; CBAM... Carbon Border Adjustment Mechanism; EHS... Environment, Health, Safety; PLM... Product Lifecycle Management, RfQ... Request for Quotation
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AVL Method
Simultaneous Assessment of Production Cost and CO.e

L2 ocoe

CO,e
Emissions

CO,e
Emissions
Auxiliary
materials,

solvents,
lubricants

Internal logistics,
storage, scrap

Material Manufacturing

Overheads
Production

Sales

Bottom-up calculation for optimized cost and CO.,e balancing in production.
Usage of same methods create the basis for finding the sweet spot for each product.
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Up to 30 % Improvement

Of the CO,e Performance of Your Product Assessment: B
Over 20 experts Find the base
in 3 excellence

centers

Adjustment of
material compositions
and quantities

AVL Vehicle
Benchmark

=

Reduction:
Change materials, '|©-l""
adapt processes

Public
Databases

e

Raw material
CO,e emissions

Primary Digital Twin

Data fManL_l- Energy-based Eco Design:
acturing control & Optimize CO,e by C
Manufacturing Process scheduling of design ’

CO,e emissions production
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Finding the right composition of propulsion, body in white,
chassis system and E/E architecture

/ 20



Life Cycle CO,e of Propulsion System Options

4.2t
31t »
3.4t Lot E20/B20
— 2% e Fuel 10%
1.6t e~  List
higher ~ efficiency 8t 50% i
vehicle improvement chassis weight &
efficiency propulsion material bio & e-Fuel
35t >.
22t»
14t ot 0.3t 1.2
> . 2t
1.3t 2.4t 1t
13t electricity battery  chassis weight & < 9t
Mix production material mat. & recycling 8t
32t 23t 0.1t 1.9t
18t
o 2t <10t
12t FC stack FC tank chassis weight &
production production material Green H,

(2023 ) (" 2035

Similar range of Life Cycle CO,e emissions for all powertrains utilizing all options.

C-Segment Vehicles

Hybrid Electric Vehicle (HEV)
Propulsion 110 kW / Fossil Gasoline

Battery Electric Vehicle (BEV)
Propulsion 150 kW / Battery 60
kWh /330 km range

Fuel Cell Electric Vehicle (FCEV)
Propulsion 110 kW / Fossil
Hydrogen

Sources: AVL, EU EEA, IEA WEO
2021, Fraunhofer ISI, ifeu

MTZ 09/2>

Sams et al.,
Design-to-CO, Using the Example of
Traction Battery Development

ATZ 02-03/24

Schmid et al.,
Design to CO,e - The Reality Check

CO, Life Cycle Emission
(180 tkm)

P Production

In-use

High dependency on energy mix, especially for BEV. Hydrogen and ICE fuel need to shift to renewable energy.
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AVL Offerings
What Could a Project Approach Look Like?

Depending on accuracy requirements for MILESTONE 03, such an approach can take 6 to 12 months

MILESTONE 03

MILESTONE 01 ® @ Data acquisition phase depending on ®
key performance indicators and

methodology

MILESTONE 05

Identify and assess measures to
reach target, including

(=] CO,e T .

s6s ooy R = Materiality (Impact on GHG reduction)

= Investment required

Project kick-off

Co,e » Quantitative data
Roadmap

» Qualitative data (estimated,

simulated) . Time-plan
In parallel: Install process for updates si S mep
(how to effectively and efficiently * Risks
gather data)
MILESTONE 02 MILESTONE 04 MILESTONE 06
Inception phase: Actual results and focal areas: 1O @ End of planning phase,

» Calculation of GHG emissions start w/ action phase
according to scope defined * Agree on measures to be
o co e co ;
YO Roadman IR during inception phase s Lomry KA realized
» Assess areas according to e.g. = Start realization
(a) amount of GHG emitted
and (b) reduction potential i
(short- to long-term)

= Check w/ initial target-setting

= Scoping of the boundaries
2] co = T t setti high-I I
560 Roadzrzap f“ ar.ge. .se 'ng ( 'd eye)
= Definition of data requirements

= Definition of partners (e.g. in
case of scope 3 suppliers and t
customers)

= Definition of methodology (e.g.
GHG protocol)

= Definition of key performance
indicators

[+

®
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E-Mobility

Redrawing the Lines of Electrification

Propulsion

System IF;?IE I_:;:_I

Battery

Electric

-~ E@{ Fuel Cell
Driveline

Energy and Infrastructure
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E-Mobility

Redrawing the Lines of Electrification

Propulsion
&> | -

Electric
Driveline

Battery

Fuel Cell

Energy and Infrastructure
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System Efficiency Concept

Efficiency Increase of up to 25 %*

100%
90%
80%
70%
60%
50%
40%
30%

20%

WLTC Vehicle Energy Consumption

10%

0%
Base vehicle

*Based on current C-segment vehicle with 60 kWh battery

Consumption
after optimization

Starting point
» Standard C-segment vehicle with a 60 kWh battery

Conclusion
= A 25 % increase in efficiency is possible by using a
highly efficient e-axle with optimized traction inverter,

electric motor, and transmission

AVL Service Offering

= Powertrain system design optimization

Benefit
= Efficiency increase of up to 25 % through improved

component application
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EDU System Comparison E@_I

Speed Increase Saves 10 % CO,e

Starting point CO,e EDU system, %
106 %

= PMSM with best power density & efficiency 100 %
= IM, EESM, SynRM use no rare earth - focus on EESM
= Other trade-offs not considered (e. g. supply chain)

Speed
increase

52
Conclusion

» Speed increase saves 10 % CO,e

28

-10 % CO,e

AVL Service Offering

= CO, assessment and Design to CO,
Benefit

. . ) Baseline AVL High EESM
= Reduction of CO, footprints by design measures. PMSM  Speed PMSM

Add. components for EESM rotor excitation incl. in power inverter
H motor mgea rbox H jnhverter Gearbox including EDU housing & rotor shaft incl. bearings
Source: A. Angermaier et.al., Electric drive units with high power density & sustainability, Vienna Motor Symposium 2024 All scaled to same peak power of 160 kW
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Traction Battery Cover
Over 20 % CO,e Saving Potential for Steel and SMC

Starting point
= Variation of battery cover material

. = Variation of the production location

=  With the view on lifecycle, beyond costs additional
parameter need to be balanced.

= Over 20 % CO,e saving potential for steel and SMC

AVL Service Offering

Variant Cost [e] CF [kg CO,.] Weight [kg] = CO, assessment and Design to CO,
Steel 70 66 183 @

Aluminum 117 ss @ 7 Benefit

SMC* 147 A 67 10

= Reduction of CO, footprints by design measures

rounded to the nearest whole number *SMC ... Sheet Moulding Compound
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Traction Battery Cell
Simultaneous Cost and CO,e Assessment for Battery Production

Selected CO,e Reduction Potentials ] _
Hungary Starting point

= Standard NMC622 cells
Sweden e NMC 622 " = Adaption of manufacturing process
P .5 c
g= 5% Ez
O > ) e GHG -
] 5 <% g2& Conclusion
© o o = £ 5
o C - c (e} 0O
L i SR Qo
) < &

NMC 811
» Increase of CO,e performance by change of production
- | - location and cathode material change

Product Cost Impact CO,e reduction might come at higher costs

BALANCED
B N o

>
2 _ _
x 5 . EE AVL Service Offering
S'= £ Tl C = $ . . :
L;) > §g 5 B % = CO, assessment and Design to CO, (in manufacturing)
= © X = =25
Se > E 5 B
2 Y 85 03
fu < L -
v o Benefit
© 8
o *60 kWh pack with NMC622/G cells = Reduction of CO, footprints by process improvements
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CO,e Assessment of Fuel Cell Propulsion System
Based on Toyota Mirai 1 & 2, Hyundai Nexo, AVL fuel cell demo truck

Starting point

» State of the art fuel cell stack system

100 % = HEV . . L
S Battery = Consider scale-up measures and material variation
(O]
QN E-Drive
© Conclusion
> 75%
0 = BOP = Fuel cell stack and hydrogen storage production make up
% for over 70 % of CO,e footprint
)]
UEJ 50 % = Stack = Production efficiency & electricity mix improvement
(Ip potential of 30 %
O ;‘xtz:“““
. ® Valves,
S  25% Receptacle, g= AVL Service Offering
© Piping >
5 - .
5 m Hydrogen CO, assessment and Design to CO,
g Vessel
0 -
0 % Benefit
= Reduction of CO, footprint by design measures & process
Fuel Cell System Reference: 100 kW, Hydrogen Storage Capacity Reference: 5 kg improvements
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E-Mobility
Redrawing the Lines of Electrification

o

Propulsion
System

Battery

Efficiency increase of up to 25 % Over 20 % CO,e savings
for steel and SMC

Electric

-~ Fuel Cell
Driveline

Speed increase saves 10 % Production efficiency &
CO,e electricity mix improvement

potential of 30 %

Energy and Infrastructure
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Summary

The design and development
has the highest impact on
the CO,e of the subsequent
phases.

CO,e reduction in energy
supply is essential in all
stages of the life-cycle.

Design-to-CO,e will become
an integral part of future
RFQs.
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Contact

0 &

LOCATION PHONE EMAIL WEBSITE
AVL List GmbH (+43) 316 787 4169 martin.rothbart@avl.com www.avl.com
Hans-List-Platz 1
8020 Graz
Austria LINKEDIN

martinfromaustria
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