ral energy infrastructure
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AVL at a Glance

1948

Founded

75

Years of Experience

©
26

Countries
Represented

45

Global Tech and
Engineering Centers

2
11,200

Employees Worldwide

68 %

Engineers and
Scientists

11 %

Of Turnover Invested
in Inhouse R&D

2,200

Granted Patents
in Force



Strive for two goals: Climate-neutrality and energy security

United States to achieve a

50-52 percent reduction from
2005 GHG levels in 2030

Neutral

—
EU wants to become the 1st
carbon neutral continent by 2050

China will peak emissions before
2030 and aims to achieve carbon
neutrality before 2060

Japan aims for zero
emissions, carbon neutral
society by 2050

Energy

Security
)

EMPTY

orry we're
sout of fuel

Energy
Trade
-
~ Sustainable
Energy
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Global Energy Demand 2019

Primary Energy Demand - World Power Generation - World
23,700 TWh
9,900 TWh
» 13% l 44%
24% \
4%
168,000 TWh 64,000 TWh
[ Coal | Oil Gas Nuclear  [JJj Renewables

Source: IEA WEO 2020

Road Transport Sector - World

4%

1%_ 3%

'\

30,000 TWh

B Oil | Electricity |l Other fuels [ Renewables
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Fossil Energy Trade Today:
No Match of Supply & Demand Regions Demand Centers

' Supply Regions
¢

Crude Oil Movement ' = e eter
in Million tonnes p.a. (2021)

L

us
Canada
Mexico
B 5. & Cent. America
B Europe
W CIs
B Middle East
B Africa
Asia Pacific

J

58.6
Source: BP Statistical Review of World Energy 2022, Page 30, LINK

Public /7


https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf

Low Carbon Energy Alternatives for Europe

Extended life of existing
power plants

High-voltage DC lines

Hydrogen from sun

— North Africa to Europe H
ol 12

Extending the global nuclear plant
fleet’s lifetime by 10 years

would add 26000 TWh of low carbon
electricity generation.

Four cables, each 3800 km long
form the twin 1.8 GW

High Voltage Direct Current (HVDC)
subsea cable systems

Morocco

i

Source: https://xlinks.co/

H, generated in North Africa
transport via pipeline to Europe
conversion to electricity

Gas pipelines
Maghreb-Europe
mmm Medgaz
Greenstream
Trans-Saharan
Galsi

Trans-Mediterranean

Source: Transmed Pipeline (Algeria-North Italy) 2500 km
https://de.wikipedia.org/wiki/Transmed
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Energy Trade Future: Demand Centers

Green Hydrogen Production and Demand o R e Rarepe
' Supply Regions

. Favorable Conditions
. Medium Conditions

Less favorable

5 Pilot Project

Liquid Hydrogen (LH,)

Our view including ¥
PV and wind potential /
Policy support

Financial resources

Political stability

e-Methanol (e-MeOH) / e-Gasoline

Source: [IRENA] Report Green Hydrogen Policy, https://www.irena.org/publications/2020/Nov/Green-hydrogen ; AVL own research
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Energy Trade Future: Demand Centers

Green Hydrogen Production and Demand o R e Rarepe
‘ Supply Regions

. Favorable Conditions
. Medium Conditions

Less favorable

§ Pilot Project

Liquid Hydrogen (LH,)

Our view including ¥
PV and wind potential /
Policy support

Financial resources

Political stability

e-Methanol (e-MeOH) / e-Gasoline

Source: [IRENA] Report Green Hydrogen Policy, https://www.irena.org/publications/2020/Nov/Green-hydrogen ; AVL own research
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Highly Innovative Fuels - HIF Global - Haru Oni (Chile)

HIF Global and its partners celebrate the first liters of e-fuel from Haru Oni, Chile

Punta Arenas de Chile, December 20, 2022. HIF Global, the world’s

leading eFuels company, together with its partners, authorities, and community
representatives, celebrates the production of the first liters of synthetic
gasoline at the Haru Oni Demonstration Plant in southern Chile.

Source: https://www.hifglobal.com/docs/default-source/default-document-libra ress-release---first-liters-hif-haru-oni.pdf?sfvrsn=8b9c47f6_9

Public /11 M. Rothbart | AVL Energy & Sustainability Engineering | 12 September 2023 |


https://www.hifglobal.com/docs/default-source/default-document-library/press-release---first-liters-hif-haru-oni.pdf?sfvrsn=8b9c47f6_9

How many cars can be fueled from one wind turbine?

Direct use of electricity ICE
1080

el 9_6 OO OO

PtX e-Fuel
3 MW onshore 15 GWh p.a. FCEV
Chile / 5000 full Renewable
load hours per year Electricity 4 l~.

Hydrogen
Electrolysis

3 MW onshore 6 GWh p.a. BZE;QO S

Germany / 2000 full Renewable
load hours per year Electricity a Q Q Q ® ®

Electricity

2000 FLh average number of full-load hours Germany, Source: IG Windkraft, www.igwindkraft.at

5000 FLh average number of full-load hours Chile, Source: Decarbonization of the mobility sector: potential of Power-to-X technologies, https://www.ifkm.kit.edu/downloads/2019 12 17 Seminar KIT Audi.pdf

Tank-to-Wheel: C-Segment Car, 12,000 km p.a., 18 kWh/100 km or 5 1/100 km or 1 kg H,/100 km

Process efficiencies: Battery electric: transmission losses 5%, charging losses 8% | Hydrogen: 81% H2 electrolyser efficiency, 25% transmission losses liquification H,, 5% compression losses to 700bar | e-Fuel: 43% e-Fuel production efficiency, distribution losses 3%, refueling losses 2%

Direct use of electricity shows highest efficiency.
Only true when vehicle charging at same time when electricity is produced. € = 200 cars

M. Rothbart | AVL Energy & Sustainability Engineering | 12 September 2023 |


http://www.igwindkraft.at/
https://www.ifkm.kit.edu/downloads/2019_12_17_Seminar_KIT_Audi.pdf

Efficiency in Energy Conversion of Renewable fuels
Germany vs Chile

y

(0) [0)
Sl Both countries: 300% .
ha .
H, electrolysis efficiency: 67 - 82% o
LR e 0
250% E-Fuel total process efficiency: 38 — 55% ] 250% . .
3 -
g
200% - Lo Chile .
Germany c
+
150% = 150% S
\ N
e R
100% Battery electric 100% MTG Gasoline X
- e — E——
Sw-_ A —
= - V| e ey
50% 2 — e 50% \
- === \
5 e V==="0
MTG Gasoline ~ o
0% hsptioa et 0%
Wind to electricity energy charging/ tankto total Wind to electricity energy charging/ tankto  total
Electricity tofuel/ transport refuelling wheel efficiency Electricity to fuel/ transport refuelling wheel efficiency
(Germany) refining (Chile)  refining SR L T
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Long-Distance Transport:
Different Routes for hydrogen-based energy carriers

H, Production Conversion Storage Transport Storage Distribution & Use Feasibility

H2 as Gas or Liquid

. . LH - Energy-intensive
Liquefaction : I —6— Liqugfgction
Crygenic K )
crvge — ., S e Transport

Solar & Wind cooling/losses
+
Direct = Electrolysis , - :
Hydrogen Hydration Toluene/ (MC:nl_ga_urdl:'lg ) - Egﬁ:{%‘;'s'igtne_”s've
— —— oluene ;
LOHC H +Toluene mmmp MCH - ,empty" carrier
(e.g.MCH) 2 —— —— —— | | — Liquid to be
CH; "H& : 'Q]M transported back
-------------- _ Reconversion to H2 - Energy-intensive
or SMR Ammonia Ammonia Reforming
+ Synthesis NH; —
Ammonia Carbon +Nitrogen sy [__=__] i ﬁ&
N Capture e = CE ===
3 'IQ& [_—‘—— Use of NH; + Direct replacement in
— m memm)  €XiSting processes
(¢}
%ﬂ& Methanol Synthesis Methanol Use of Methanol / + Direct replacement
Derivatives _ E-Gasoline in existing processes
Methanol Lﬁ. —_ - Conversion Energy
e — e E———
H;C-OH +CO, ‘ ﬁ = mmmm)  LOSSES
Fischer-Tropsch Use of E-Diesel / + Transport & direct
Synthesis & Refining . E-Kerosene replacement in existing
[__=_1 Synthet|c Fuel [——=—1 processes
Synfuel e = Or Syn Crude S~ S - Conversion energy
(Simplified; several other methods existing) mep H, =) Ny CO,, LOHC mmmp H,-based Energy Carrier

Public / 15
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Challenges

COSTS AVAILABILITY
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Long-Distance Transport:

COSTS %
EXAMPLE

Different Routes for hydrogen-based energy carriers

H, Production Conversion

Storage Transport Storage Distribution & Use Feasibility

Liquefaction

Crygenic
e ! a'h‘
Solar & Wind
“ a8

H2 as Gas or Liquid - Energy-intensive

" ;-
—m— Liquefaction
Lﬁ- - Transport

600 0 ; cooling/losses
Direct @ T i : _
e Electrolysis dration Toluene/ Unloading - Energy-l_ntenswe
—=r— —r— MCH - Toluene onversion;
LOHC +Toluene mmp = = MCH ( ) _ . empty" carrier
MCH H —— s e iqui
(e.qg. ) ) || H — Liquid to be
CH, "H& ¢ 'Q]M transported back

(Simplified; several other methods existing)

Public /17

-, - N,, CO,, LOHC wms) H,-based Energy Carrier

M. Rothbart | AVL Energy & Sustainability Engineering | 12 September 2023 |



Hydrogen Transport Cost

? %E
500 km

Near-term

Transport costs options

per kg H,

1000 km

COSTS
EXAMPLE

2000 km

]

Vessel, CGH, (Inl. waterw., 100 MW)! = 1.93 €

3.23€  583€

Truck, CGH, (Road, 100 MW)? 2.48 €

4.33 € 8.03 €

8.43 €

11.73 €

]

Vessel, LH, (Ocean, 500 MW, 2035+)2 0.83 €

0.87 € 0.95 €

36’ Pipeline onshore (15 GW, 2035+)2 0.37 €

0.50 € 0.76 €

1.03 €

1.02 €




Overview of Different Hydrogen Production EXAMPLE
and Transportation Scenarios: Local vs. Zonal

Local production (today) Local production (future)

r

Intercontinental supply

»

SN

2

e
Veng
-

2

w ‘ 'y

5 gy e

Self-production for a large-scale PV buffer Large-scale PV farm-based
consumer (~8,000 h/a) (~1,000 h/a) production (~4,000 h/a)
15 €/MWh at production site
A 150: Gl A S0-SEtah A 180 €/MWh at utilization site
EEFl 20 MW AEL E=fl 200 MW PEM E=Bl 2,000 MW PEM
) Storage capacity for 1 month s Storage capacity for 1 month ) Storage capacity for 1 month
=" production volume == production volume =" production volume
A Production on-site, A Production on-site, o 3200 km transportation per vessel
o no transportation kilometers Qo no transportation kilometers o 290 km transportation with truck

Public
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COSTS
EXAMPLE

Levelized Costs of Hydrogen Supply [€/kg H,]

Local Hydrogen production Hydrogen import

Scenario 2:

Scenario 1:
Hydrogen from Northern Africa

Production at fuel station

Comment: Some
Studies project
transport cost at
approx. 1 €/kg

=
WS¢ e
L and

Today (grid. electricity) Future (PV buffer) Today (CGH,) Future (LH,)

1.1 14.8

11.7 13.7

10.2 0.0 10.2
69 01 ? .0
- - 2.0
Production Transport Hydrogen Production Transport Hydrogen Production Transport Hydrogen Transport Hydrogen Production Transport Hydrogen Transport Hydrogen
& storage & storage & storage @ Trieste & storage @ Graz & storage @ Trieste & storage @ Graz
(vessel) (truck) (vessel) (truck)
B crrex [orex [lLcoH  LCOH: Levelized costs of hydrogen Strateay Engineers/AVL simulation, 2022

M. Rothbart | AVL Energy & Sustainability Engineering | 12 September 2023 |
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EXAMPLE ==

Long-Distance Transport:
Different Routes for hydrogen-based energy carriers

H, Production Conversion Storage Transport Storage Distribution & Use Feasibility

Use of E-Diesel / + Transport & direct
E-Kerosene replacement in existing

—=— Synthetic Fuel —=— processes
Or Syn Crude - Conversion energy
m. mmmm)  |OSSes

m=) N,, CO,, LOHC wmmp H,-based Energy Carrier

Fischer-Tropsch
Synthesis & Refining

Synfuel ‘ )_
% ]
2]

(Simplified; several other methods existing) - 4,

|

)
9
&

HaEE
HEEE
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Upscaling of Solutions for new Fuels

One Fuel Filling Station™: Scenario Germany:
supplying in avg. 3.7 Min. Liter fuel per year 20% of each station supply is e-Fuel
(Germany: 14000 stations) - 1 Mio. Liter e-Fuel per year
e e P PP OO PP DO e PP PP PP PP PP PP PP PO PP D PR RPOPP POPDRRERRREEE

Selected Synthetic Fuel Production Projects A A
pgrr e B A AN

A bl iy SIS o
- _ X i

o 15350MO|00||// PSS T seseesseeessnepsnepnneen 025 fUel stations isessssesseeseesseessernse

n. vyear ) R T T TR RO R RO R REEPREEREEE

2026 - 550 MIn. I/year - 1.5 GW i , COODORORDeD0DRTO0D0CO0OR0CODE000D0000D0000DRDEDO0DDDRDO0D00000D000DR000D

- 7 Z TP E R I ONE R C R RN E R TN T O T E RN E RO R T ET NI IR TR

* Plant sizes are own assumptions based on announced e-Fuel volume = f Porsche ﬁﬁﬁﬁﬁﬁmﬁﬁﬁi“ﬁ““ﬁmiimﬁﬁ““iii“mﬁﬁﬁ““ﬁ’miii

: : e e e e e SRR RO REORIEEEENE
Saudi Aramco (2020-2023) = ™=

Bilbao: 2.9 Min. Liter pa (2.3 kton/year) o .
Neom: 2 Min. Liter pa. gasoline (35 Barrel/day) ARABIA / fuel stations

OPERATIONAL DATE

2024 2024
PROJECTCAPACITY
12 tpd Methanol
35 bpd gasoline

PROJECTCAPACITY
2.3 Kton/y

aramco

CO, ABATEMENT CO, ABATEMENT
6.9 Kton/y 5.6 Kton/u

= Significant
1/10 fuel station upscaling is
required

e

IFE project @ AVL (2024)

35.000 I/year Diesel - 200 kW,
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From Technology Scenario to Fleet CO,-Europe

Technology Share — New Registrations Annual PC-Fleet CO, Emission*)

Annual PC-Fleet CO, Emission¥*)

100% 1100 100%
X 90%
e '2 80% 1000 STEPS)n)) 00% STEPSzozz
5 8 20% Energy Energy
> @© - -
55 sox ~ 900 Scenario Scenario
o 't * 80%
£Q 50% *
[S} 2 o ©
23 40% S 800 3
Z 30% - 1 70%
9 o
20% E 700 &
10% o 2 60%
0% 2 o
2020 2025 2030 2035 2040 2045 2050 £ 600 o
3 o
w ~ 50%
oo Technology Share - Actual Fleet Europe S s00 3
% (s} e
0, + ! 0,
90% g g 40%
80% i 400 =
5% 70% 4 2 30%
_UC;_.g)_; 60% E 300 . e N <
g5 : 20%
2 g 40% < 200 °
S ©
@ << 30%
20% 100 - N \ 10% - :
10% *) ... STEPS,,,, Electricity Scenario *) ... STEPS,q,, Electricity Scenario
0% o **) Well to Wheel + Production 0% **) Well to Wheel + Production
(] (o]
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

From 2035 onwards, annual fleet CO, will be dominated by BEV
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Impact of E20(HVO) and 20% e-Fuel on CO,e™
EUROPE

Fuel Scenario Annual EU-PC Car Fleet CO, Cumulative PC-Fleet CO,
100% 600 ,
’ E5
90% MTG/FT-Diesel 550 —E20
- MTG
80% ._g
(] 1
E 450 v 60
70% € S
. 400 o
o 9 § 5.0
60% T 350 5
s s
50% S 300 '&’ 4.0
E20/HVO : :
0 '(‘: 250 <
0% é E 3.0
Y 200 c
a (2]
30% E |q__)
>
§: 150 ® 20
20% £
100 3
1.0
10% 50
= 9 *) Well to Wheel + Production
0% 0 f 0.0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

E-Fuel impact in Europe: limited since production late and limited availability.
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Global passenger car fleet today and tomorrow

2020 2030

o O O OO O O o o S O D o O O O O o o o o o

5 5 5 5 5 5 o o o 5 Fleet life-time: S S S o o o o T T o o o o

e Y e e e e = T approx. 17 years OO T TH TS SOy

SO SCS TS TS 3% growth p.a. O o SO CH S

S C ~SCo TS 6-7% renewal p.a. O T C TS

oo« SO TS o o o T e ~SCo s

- 1.3Mrd - o= oS o o 1.7Mrd =<

S ST o o o o< SOo S

SO Yo OO o o Yo Y emc

TSSOSO PR e OO T o< Y P

Y e oY Y e e o Y PR Y e o e e o Y

Y e o Y e e o S o D Co oo o o oo o o

R CH TR 1 9 BEV 10 % BEV o oo co i oo iu i oo o O
<—> 10 mIn. Veh. with combustion engine <—> 10 mIn. Veh. battery electric Source: EIA, 2021, Link ; IEA, 2022, Link

Urgent need to de-fossilize the existing fleet.



https://www.eia.gov/todayinenergy/detail.php?id=50096
https://www.iea.org/articles/global-ev-data-explorer
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Does energy availability drive the propulsion portfolio?

Average Propulsion Power (KW)
60.000

G
—
D

12.000
PTG/PTL/Bi0,qy. gen
4.000 <

3.000

Hyd

ke > Hydrogen based fuels are needed for the
200 future global trade with renewables
Battery Electric

150

-
Ramp-up of production capacity is heavily

50 n
Bﬁ needed to accelerate CO, reduction
0 _A—...

The existing global on-road fleet will
defossilize faster using e-fuels

1000 2000 3000 4000 5000 6000 7000 8000
Operation Time (h/pa)
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Contact

©

LOCATION

AVL List GmbH
Hans-List-Platz 1
8020 Graz
Austria

PHONE

+43 (316) 787 4169
+43 (664) 83 79 430

&

EMAIL WEBSITE

martin.rothbart@avl.com www.avl.com/energy
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