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Austria‘s 2030 Mobility Master Plan
(BMK, 2021)

Target pathway to climate-neutral transport by 2040

...&voiding. passenger. transpart volvme.. shifting traflic. to activernability and public traosport. . ooooeeeeeeea.
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Private motorised transport technology
100% of cars and two-wheel motor vehicles electrified by 2040
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Framework for freight transport Flectrifying rail, eliminating domestic
Shifting freight traffic to rail, reducing freight traffic flights, using climate-neutral fuels on water

with.more efficient Jogistics, regionalismete ... e
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Fuel export
Fliminating the export of

.. fuelin.vehicle tanks

2019

Sources:
2019: Osterreichische Luftschadstoffinventur 1995-2019 (Austrian air-pollutant emission inventory), Environment Agency Austria 2021
Zielpfad bis 2040 Klimaneutralitit im Verkehr — Transition Mobility 2040 (Pathway to 2040 Climate Neutrality in the Transport Sector — Transition Mobility 2040),

Environment Agency Austria 2021
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Opel (2028)

100 % BEV

Renault

65 % BEV, PHEV, HEV

Ford Europa (2026)
100 % BEV, PHEV

OEM targets

Renault

100 % BEV

Q0 % BEV, PHEV, HEV

40 % BEV, FCEV 100 % BEV

100 % BEV
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BEV Battery Electric Vehicle

PHEV
FCEV

Plug-In Hybrid Electric Vehicle
Fuel Cell Electric Vehicle

HEV Hybrid Electric Vehicle

Volkswagen Europa

100 % BEV

50 % BEV 100 % BEV

keine neuen Verbrenner

2025

80 % BEV, FCEV

Ford Europa

Volkswagen Europa

70 % BEV 100 % BEV

General Motors

100 % BEV

2030

2035

100 % BEV, FCEV

2045

BMK 2021
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GHG reduction goals

2030: Austria about 55% reduction (based on 1990) @
2040: Austria Alimate n e u t tramspoftation sector
2050: EU and USA climate neutral

2060: Rest of the world climate neutral ]

Fleet modelling with NEMO (Network Emission
Model) used for OLI (Osterreichische Luftschadstoff-Inventur) s

Different shares of new registrations from 2021
BEV and ICE/PHEV

Only domestic passenger vehicles withoutAt atoukism )
Vehicle fleet: constant from 2025

Total annual kilometres: constant from 2020
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Passenger vehicle fleet in Austria:
2 scenarios towards climate neutrality in 2040/2050:
,BEV* (and ,,e-Fuel®)

\7 See poster in exhibition

area by G. Jungmeier

Renewable electricity for BEV generated in new power
plants in Austria/abroad integrated in existing renewable
electricity mix

Amount of biofuels for passenger vehicles remain
constant from 2020 (about 250 kt)

Cooperation
® JOANNEUM RESEARCH (LCA & modelling) 2248 )/))))
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® IEAHEV Task 30 and Task 40 (methodology) [biadiss

® Graz University of Technology (vehicle fleet) ﬁ
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Yearly GHG-emissions of passenger vehicle fleet in Austria
from 1990 to 2050, based on LCA

Vehicle production of new registrered passenger cars

Imported second use vehicles

Operation of vehicle fleet
® Supply of energy carriers

® Operating materials and spare parts

® Direct vehicle emissions

® Vehicle end-of-life

® Recycling

® Export of used vehicles (second life)
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Operating materials &

spare parts

Supply of

Transportation service 1

Person-kilometers

energy carr lers Ty _ D)
Recycling
vehicles
Ty . Ty .
New VehICIe Operatl on Ty EETD))
registrations Vehicle fleet —,| Import/ export
vehicles




Share of newly registered passenger
vehicles [%]
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Development of passenger vehicle fleet in Austria

New vehicle registrations

Otto (inkl. HEV)
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2028+: new registered vehicles: 100% BEV
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Passenger vehicle fleet [#]
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Vehicle fleet

Share ICE:

- 2030: 50%

-2040: 8% /
- 2050: 3%

Otto (inkl. HEV)
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2025+: constant vehicle fleet
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Passenger vehicle energy consumption

100% Renewable electricity in Austria 2030

Energy consumption vehicle fleet
(based on EE-Ausbaugesetz 2021)
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Source: Electricity supply 1.0, JOANNEUM RESEARCH

2020 45 TWh
2030: 27 TWh



Total GHG-emissions
[Mio t CO2-e/a]
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GHG-emissions of passenger vehicle fleet

Total GHG emissions of the fleet

Vehicle operation

cle operation

el/a]

GHG emissions from fleet operation
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2040: climate neutrality in Austria
(except 40 — 55 kt CO,-eq from N,O and CH,)
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1990: 8.5Miot CO,-eq 2030: 4.5 Miot CO,-eq
2020: 11.5Mio t CO,-eq 2040: 0 Miot CO,-eq



Total GHG-emissions
[Mio t CO2-e/a]
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GHG-emissions of passenger vehicle fleet

Total GHG emissions of the fleet

Vehicle operation

Energy supply
— ‘\‘&\

1990 1995 2000 2005 2010 2015 2020 2025 0 2035 2040 2045 2050

2040: climate neutrality in Austria
(except 40 — 55 kt CO,-eq from N,O and CH,)
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GHG emissions of vehicle production

Production. of
batteries

(w/o battery)

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050



GHG emissions [kg CO2-€]
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GHG emissions of battery pack production
(example 50 kWh, China, 2020)

GHG emissions of battery production GHG emissions of material production
5000 4500 3500 Battery capacity: 50 kWh
4250 4200 3000
4000 00 3800 500 2600 2550 2450
§ - 2200
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S 1000
2000 2 I
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1000 o0
NMC 111 NMC 622 NMC 811 NCA LFP
B Cathode paste B Aluminum
0 B Graphite Copper
B Ethylene/Dimethyl Carbonate M Electronic
NMC 111 NMC622 NMC 811 B PP+PET (Plastics) B Glycol coolant
B Material emissions ™ Energy battery factory Total :;"F? ™ Binder PVDF
| ee

Energy demand battery factory: 55-65 kWh / kWh battery capacity Source: Battery Lifecycle model, Joanneum Research



Battery capacity for BEV fleet in Austria
[GWh/a]
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Batteries for BEV fleet

GWh battery capacity for the BEV fleet Market shares of cathode chemistries

In Austria

50 100%

45 90%

20 X 80% P,

. g o : : :
. Wide range of scenarios

30 $ Disruptive technologies?

2 S o Share of recycling for

20 S cathode materials?

15 ;‘ 20%

10 10%

> 0%2022 2030 2040 2050

0 ENCA HLFP ®mNCM111 m®mNMC622 ENMC811 ®LMR-NMC M Li-Air/Li-S

2022 2030 2040 2050
2020: 75 kWh/battery 2040: 110 kWh/battery NMC-scenario with 60-70% NMC batteries

2030: 100 kWh/battery  2050: 140 kWh/battery
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Critical raw material demand for BEYV fleet
NMC-scenario with 60-70%

Metal demand for cathode chemistries )
NMC batteries
40000
e T
?35000
NeA e 5
© 30000
LMR- g : '
we HHREENT———_ & 25000 Wide range of scenaric
2 Disruptive technologies?
(Veshpg = £ 20000 ,
5 Share of recycling for
< 15000 .
\Veryy 0 Z cathode materials?
g 10000
vekiay = B 3
8 5000
0 0,2 0,4 0,6 0,8 1 12 5
Metals kg/kWh battery capacity 0
’ 2030 2040 2050
WL M Ni B Mn m Co H Fe m Al WL H Ni E Mn m Co

Ni-demand BEV fleet in Austria 18-19kt/a — Ni-demand Industry in Austria ~ 24 kt/a

(Source: Country factsheet Ni-Institute)



JOANNEUM N
RESEARCH D
LIFE L

Future Nickel supply for batteries

Batteries to become almost 30% of nickel market by 2030

Global nickel consumption by first use, 2020 Global nickel consumption by first use, 2030
Total market: 2.4mt Total market: 4.7mt
Castings Other Other
1% 1% 0%

Plating

Batteries
28%
Alloy steel
3%
Castings
1%
Plating
3%
Mon-ferrous _/
6%
Alloy steel
3%

Source: INSG, Macquarie Commodities Strategy, October 2021
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How to cover the additional Nickel demand for batteries?
Nickel is complicated...

Nickel production routes J\{ Nickel

Significant
growth in
NPI production

J—w (SE-Asia)

due to stainless

Nickel ores

v v :

W Z=n = steel production

eaching / smeiurn (RKEF) (blast fumace / H H

st in China
intermediate g Coal fonreduction BUT
In blast fdnace +

Refini Vart H aroical Fossil poweNin EAF

efinin arious technsques | metaliurgical | ..

- D Wv | CO2-emissions
Pl | per ton Ni via NPI

. y (299 %) v v v ‘ 3-10 times higher

roducts an Oxide Sinter Ferronickel | Nickel Pig Iron .
nickel content (75-78 %) (15-45 %) | (NP1) (2-17 %) « (40-80 t CO2-e/t Ni)

‘ ‘ than via sulfidic Ni

l (8-12 t CO2-e/t Ni)

Applications

Aloys Stainless Steel.
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Eﬁ Findings

Climate Neutrality 2040 in Austria passenger vehicle fleet is possible with BEV

Main challenges are

® rapid renewal of fleet with high share of BEV registration

® Renewable power supply covering the demands of all sectors (mobillity, industry, buildings)

Main influences to reach climate goals in passenger vehicle fleet are:

Increasing high number of newly registered BEV

Development of vehicle stock

Development of annual driven mileage of vehicle fleet

Generation of additional renewable electricity for BEV

Climate neutral raw material processing in the main resource countries remains big challenge

Next: discussion and scenarios for climate neutral mobility in Austria for persons & goods using all
transportation modes
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