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What’s the automotive perspective in ramping-up H, economy fka

under the impression of multidimensional value of CO,?

Drivers for the multidimensional value of CO,
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The hydrogen ecosystem will supply different industries Hydrogen automotive position is shaped by the
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The value of CO, in the automotive industry
» Hydrogen as sustainable propulsion?
» Technology and use-case perspective for hydrogen in vehicles
» Implications of CO,on hydrogen vehicle technology decisions
» Conclusion
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The value of CO, is determined multidimensionally - and fka
Increasingly rising!
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Pressure from regulation and expectations from society
lead to monetarization of sustainability aspects
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Limitations of CO, regulation framework are increasingly fka
addressed by initiatives

oup ol AT

Target Level -37.5 % until 2030 -31 % until 2030 30 o il 2030
9 -100 % until 2035 -100 % until 2035 -30 % unti
Non-Compliance 95€/9g/km 95€/g/km 6,800 €/ g/ t-km
Fees

— Limited “real world driving” representation
Framework — CO, Tailpipe-only

l

Discussion of CO, credits in
regulation for production phase
measures

v

Increased accounting of “eco
innovations”
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EU Emission Trading System and its impact on automotive fka

Industry

Status Quo Impact

EU Carbon Permits (EUR) 65.77 -0.07 (-0.11%)

Industries covered

. _ » | Drastic increase of price level
» Electricity and heat generation /M

» Record high in Aug. 2022: ~100 €/ t
» Price level until 2018: ~10€ / t

» Further increase to 150 € / t expected! [1]

» Energy intensive industries
» Aviation as only mobility branch

[1] ClimateTrade (2022)

Relevant for automotive

_ ) 10 € / tequals to ca. 3 €/ g CO, per km in usage phase*

» Vehicle material concepts » neglectable price level compared to technological use phase measures
» Process heat generation & efficiency
100 €/t equals to ca. 30 €/ g CO, per km in usage phase*
» price level in the range of vehicle technology measures
» general electricity demand in production & such as downsizing

recycling phase.

» Paint shops (CO, equivalents)

*1 g CO2/km reduction in vehicle creates overall savings of ca. 300 kg CO, in vehicle lifetime / lifetime mileage 300,000 km

In recent years, production emissions have become a relevant factor also from a monetary perspective
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Recycling phased is increasingly relevant given carbon
footprint of battery system, motivating legislative actions

fka

Supply Chain Due Diligence

A
/,) Mandatory Carbon footprint declaration on pack level
» Proposal for Battery o,@ A
Recycling Directive &6}/') Mandatory declaration of competitive carbon performance
: : © class on pack level

being close to final S _

O)é . Battery passport & electronic exchange system
approval 7

% A .
Carbon footprint threshold on pack level
x = » Industry must establish recycling facilities located in administrative areas where OEM sell

electric cars
» Updated Battery

» Recycling facilities are required to collect, sort, store, package and ship worn-out units
Recycling

» Digital tools to trace and collect data & provision to manufacturers

» R&D program E » Electric Drive Vehicle Battery Recycling and 2nd Life Apps Program
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Overview of ESG criteria by given timeframe

Largest Focus

) Environmental
Climate m
Protection O IVWHD

Resource N\ 2022 '\ 2030 "\
Conservation a @
GTP
Air Quality m:{w
-—.‘T’?‘n I"/\NII'-T

Climate Protection

= Own vehicles and Service: Share of B/PHEV

= Supply Chain: Emissions/CO, targets

» Production: Recovered materials/CO, targets
Resource Conservation: Raw material, energy and
water usage, recycling
Air Quality: Emissions/Nitrogen based pollutants

Most OEMs are focusing on
environmental targets to be implemented
within the next decade

* Includes goals which have been announced, but yet to be given a timeframe
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Social

U

Sustainable m
Urban Mobility ESR7
Human Rights m
& People o\ NN |
Traffic Safety ém :

Sustainable Mobility to increase safety for all traffic
Human Rights is relevant for:

=  Production and commodity sourcing
Partnerships and People to increase visibility

Activities are largely ongoing, new safety
technologies to benefit society to be
considered

AN

—n Governance

Regulatory m@ @ :

Regulatory aspects is relevant for:
*= Integrity and compliance
Data is relevant for:
= Compliance management

Activities involve ethical decision making
and fair competition

1 Includes some goals planned for 2025
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Environmental, Social and Governance aspects monetize

through investor’s strategies

Automotive player (OEM / Supplier) Benefit for Investor
ESG strategy Risk reduction of portfolio
2020 2030 2040

@ M SCI Our Clients  Our Solutions Research & Insights

& — Lifecycle emissions Eﬁgt’\';tn‘flzn [O0 input costs
o g VLS ARl 2] Materials carbon-neutral
= Measuring a company’s resilience to long-term, financially relevant ESG risks
E GE-’ XEV shares Recycling materials \ / 98 o -
L
Carbon-neutral supply chain Competitive Supply Chain
Positioning / o= Reliability MﬁHHIHHS]ﬁH SUSTAINALYTICS
ﬁ@f} Reduce

— External safety auditing Investment M , _

o o> o c . Risk x4 | ; OODYS ESG Solutions

O eview su chains orporate nnovative

) Digital PPy 9 Reputation / \ & x Strategy

N gita

transformation Reduction of
injury rates
2: Consumer Business
Manager’s ethical o - Preferences Ethics
L o h Reaction time to
o o charta o
S & code of conduct violations I
8 g Review materials and comodities < . : Transparency to
Lower capital cost for OEM / supplier

stakeholders

ESG targets become a relevant factor in investment and have a direct impact on financing costs of OEM and suppliers
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» The value of CO,in the automotive industry
Hydrogen as sustainable propulsion?
» Technology and use-case perspective for hydrogen in vehicles

» Implications of CO,on hydrogen vehicle technology decisions
» Conclusion
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CO, in the sustainability perspective: Can Hydrogen compete fka

with BEV?
Life Cycle Assessment Passenger Car and Commercial Vehicle LCA
= Production phase -
- . — MDT
= Utilization phase 120 ‘Qi y 120 ~ B
. c 240.000 km 750.000 km
End-of-life 100 100 I %
= | g
Emissions over Life Cycle 80 < 80 ; 2
- 9 '
60 | > 60 E
3
40 40 -
Possible Parameters: 20 20
= Energy mix... (% of renewables)
o . 0 0
Driven mileage... (100.000-300.000km) ECEV BEV ECEV BEV

Manufacturing location... (USA/Europe/China)

B Energy/Fuel production and usage B Production + Disposal
= Energy storage size (esp. battery) Power mix: 100% Renewable
FCEV can compete with BEV regarding life cycle CO, footprint especially
with increasing battery size of BEV (or smaller buffer battery for FCEV)

However BEV outperform FCEV in use-phase due to higher efficiency

= LCA Studies can come to different results, and

due to different boundaries and parameters
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» The value of CO,in the automotive industry
» Hydrogen as sustainable propulsion?

Technology and use-case perspective for hydrogen in vehicles
» Implications of CO,on hydrogen vehicle technology decisions
» Conclusion
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Wide range of commercial vehicle applications and fka

requirements provide market for multi-technology strategy

Commercial Vehicles Application Fields Requirements at vehicle level
Share of t-km in EU road freight transport — by distance class
[ =
"0'0™0"0Y o g
| .
N A s - -
oo™ 070 43% » 35-75t
” égo 4330 - » 100 — 200 km
dailv range daily range Power Low l m
yrang » Daily return to depot
» Partially multi-day .
trips Utility Low l High_
18%
Safety Low U]
-R [_] Distances up to 300 km
@ () .
» 75—161 [ Distances 300 — 500 km Sustainability Low I le ]
» 200 — 400 km [ Distances over 500 km
daily range
» Daily return to depot Comfort Low U '—Iigh I
Cost Low Uign
' i W i
o Q0 —=D Quality / Lifetime Low W iol) |
Construction Agriculture Mining
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Vehicle application fields interrelate with the expectations fka

formulated for energy storage options

Energy storage system requirements Energy storage system characteristics
| e " "
......... ......... ................... . . ...................
To'oo™0oY () () Compressed Liquefied Battery
Cost Costs
Service effort Weight Service effort . Weight
o...  eT :
SRR B
L _ o S gTe s Vol. Ener
Lifetime | Vol. Energy density Lifetime .. .._.- » i 6 densitygy
Performance POy Lo Performanc
inabili E tent Sustainability © . G Energy
Sustainability N nergy conten y e 8 content
et % Suitable for
Tank speed Suitability for series production Tank speed series
production

147

Weight-sensitive use cases can create a significant advantage from using H, solutions
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Voices of key-players regarding BEV and FCEV commercial fka

vehicles: Hydrogen will be in the fleet

- Daimler Truck _ FAW - Hyundai
- Tesla "Battery electr_ic and “Develop in the three “Hydrogen is the best
Hydrogen "is not fuel-cell electric — both technical routes: BEV suitable fuel for heavy
realistic* technologies needed” hybrid, and FC, to duty trucks by ensuring a
“It's just crazy, achieve global leadership short refueling time af"d
basically.” ’ ey in key core technologies long-distance driving
" DAIMLER by 2030” .
FUSO GGEZE. Hvdunnnl
T=5Lnm @ FAW
- VW Group - PACCAR
"Scania favors battery- - Volvo Truck "Hydr(zgenllstcr:]ertalnly
- n an option in the
electric over hydrogen “Battery-electric med!oum and long term
MAN sees hydrogen as vehicles and fuel cell for powering trucks”
an interesting addition electric vehicles with a
longer range will be key @
on this journey" DA E
TIQ/\TON A\ LN e
Y—T

BEV-Focus vs. FC-Focus
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Relevance of hydrogen for different mobile applications is

shaped by the energy-depended use-cases

: Energy carrier : H, Potential
Requirements 2030+ H, Storage H, Conversion 2050
m Sustainability
PCs und pressure, quantities, D Medium
i o energy content (arge | BaUeN Hydrogen | CGH,@700 bar Fuel Cell (FC)
seg.)
ﬂ-a-@ ;I]DdCVs Cost, range (energy Hydrogen, Battery, CGH. LH FC/ D High
density & content) LNG 2,772
busses
\' Construct.
&ﬂ. and Utility, energy content, Hydrogen, Synfuel, CGH,@350 bar/ @700 bar -
amagricult. power Battery LH, FC/ HICE High
@ machinery

= Hydrogen has arelevance in weight-sensitive and / or range sensitive use cases
= Commercial on- and off-highway vehicles do have a high hydrogen potential in the long-term

= Fuel cells will be the major energy converter in hydrogen vehicles, hydrogen combustion engines might have a potential in off-
highway vehicle segments

= Compressed hydrogen (CGH,) will play major role as energy storage for hydrogen vehicles
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» The value of CO,in the automotive industry
» Hydrogen as sustainable propulsion?
» Technology and use-case perspective for hydrogen in vehicles

Implications of CO,on hydrogen vehicle technology decisions
» Conclusion
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Case study hydrogen storage: Alternatives towards lower CO, fka

footprint of production phase realize cost advantages too

Reference Evaluation of production phase
(ﬁ; 8 » Hydrogen long-haul tractor (’A
O._O.O » Energy storage: 4*CGH, a 15kg H, .g\ , % 40 - 34,78
Sustainability C()\l 30 A |_| EP-Matrix
O 20 A C-Fiber

State-of-the-Art i 0 | 6.21 12,65 % o
Type 4 storage: non-metallic liner, CFRP wrapping % 0 tee

»  Specific costs system: 400 € / kg H, Steel CFRP CFRP

(optimum) (conservative)

»  Gravimetric storage density: 17 kg / kg H,

e Gravimetric storage density Scenarios: Baseline ETS 20 €/tCO,, Future: 150 €/tCO,

Economy
D 24.000 € ; 1020 kg & 4000 -
® 30.000 A 24.000 25.645 24.443 28.521
Alternative material for liner: UHS Steel S
. ) c 20.000 H 12.600 13.407

Ultra high-strength steel tube L 10.000 -
»  Specific costs system: 210 € / kg H, *Assumption) c% 0
»  Gravimetric storage density: ~45 kg / kg H, <ascumption) Steel Steel CFRP ~ CFRP  CFRP  CFRP

) o ] Baseline ETS 150 Baseline ETS 150 Baseline ETS 150
© Systemcosts @ Sustainability, Recycling, LCA opt)  (opt)  (con)  (con)
D 12600 € ; 2700 kg ' Emission trading could massively influence economy of production
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Case study hydrogen storage: Heavy alternatives show fka

monetary drawbacks in potential future regulation schemes

Reference Evaluation of use phase (based on regulation scenario)

Assumption: 5,04 kg CO,, per kg Green Hydrogen, Avg. Payload 14 t.
» Tailpipe emission legislation onl o
N PP g y (;4\ 8. +17.8 g CO,/km
= » No difference between technology c_ 2 3 T
@- - options as TPE are always Zero Sustamabiiy S3E . _
S50 ~ difference of
23 © 1.27 g CO, per t-km
Potential future scenario: Energy-based regulation s I -
o~ CFRP SOA  UHS Alternative
» Accounts for the differences in 7 ©
energy consumption in use phase 555
/ \ and the CO, emission factor of the Economy
respective fuel | . : g
\ / » Technology measures for BEV and CO,-reductionin 2030 23 & ’_.1
. ; =)
FCEV become relevant for CO will cgst 88— |
2 ca. 950 € per g / fkm UR-RON
regulation, e.g. lightweight design for long-Hau| HBV [1] S &
o~ L
- - - _‘_._,_,.r"
~ o »  State-of-the-Art saves ca. [ Qe CERP SoA _ UHS Alternative
(Hy 8 0.35 kg H,/100 km in typical long-
Oc—'o haul driving cycle sceumpion ' Evaluation of alternatives in use phase highlights
efficiency impact of lightweight design
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» The value of CO,in the automotive industry

» Hydrogen as sustainable propulsion?

» Technology and use-case perspective for hydrogen in vehicles
» Implications of CO,on hydrogen vehicle technology decisions
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Conclusion — strategic implications of multidimensional value

o1 CO, fka

CO, Value
» Strong push of legislation and society to reflect life cycle aspects

» OEM have to force sustainability, esp. CO, footprint in the automotive value chain with

/'::E
MCOZ ] ambitious ESG targets
A

i » Regulatory development combines GWP of life cycle with economic boundary conditions

Technology
Perspective
» Hydrogen in vehicles is a promising technology option, LCA evaluation shows energy storage
\A size (#battery) dependency in the sustainability perspective in the BEV-FCEV competition
S
Implications » LCAJ/CO, importance in technology strategies and product development process rises
e.® 0 significantly
000 » Newl/alternative technologies and materials are becoming attractive and open up
.-"' . °’°.. perspectives for suppliers/OEM in the ramping-up of XEV ecosystems
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