
Austrian vehicle fleet scenarios to reach 
clim

ate neutrality and CRM
 dem

and

M
artin Beerm

ann, G
erfried Jungm

eier

Final W
orkshop

Task 40 CRM
4EV

29.04.2022, online



Austria‘s
2030 M

obility M
aster Plan

(BM
K

, 2021)



O
EM

 targets

BM
K 2021



Passenger vehicle
fleet

m
odelAustria: 

2 scenarios
to

reach
clim

ate
neutrality

in 2040/2050:
„BEV

“ and
„e-Fuel“

G
H

G
 reduction

goals
2030: A

ustria about55%
 reduction

(based
on 1990)

2040: A
ustria „clim

ate
neutral“ transportation

sector

2050: E
U

 and
U

SA clim
ate

neutral

2060: R
est  ofthe

w
orld

clim
ate

neutral

Fleet m
odelling

w
ith

N
EM

O
 (N

etw
ork Em

ission 
M

odel) used
for O

LI (Ö
sterreichische

Luftschadstoff-Inventur)

D
ifferent shares

ofnew
registrations

from
2021:  

BEV and
IC

E/PH
EV

O
nly

dom
estic

passenger vehicles
(w

ithout„tank tourism
“)

Vehicle
fleet: constantfrom

2025

Total annualkilom
etres: constantfrom

2020

R
enew

able
electricity

for BEV generated
in new

pow
er 

plants
in Austria/abroad

integrated
in existing

renew
able

electricity
m

ix

C
O

2 -sources for e-Fuels:
50 –

100 kt/a from
biom

ass
(e.g. ferm

entation, com
bustion)

> 100 kt/a from
air

A
m

ountofbiofuels
for passenger vehicles

rem
ain

constantfrom
2020 (about250 kt)

C
ooperation

JO
A

N
N

E
U

M
 R

E
S

E
A

R
C

H
 (LC

A &
 m

odelling)

G
raz U

niversity of Technology (vehicle fleet) 

IE
A

 H
E

V
 Task 30 and Task 40 (m

ethodology)
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Yearly
G

H
G

-em
issions

of
passenger vehicle

fleet
in Austria 

from
1990 to

2050, based
on LCA

V
ehicle

production
ofnew

registrered
passenger cars

Im
ported

second
use

vehicles

O
peration ofvehicle

fleet
S

upply ofenergy
carriers

O
perating m

aterials
and

spare parts
D

irectvehicle
em

issions

O
peration

Vehicle
fleet

N
ew

 vehicle
registrations

Supply of
energy

carriers
O

perating m
aterials

&
spare parts

R
ecycling
vehicles

Im
port / export
vehicles

V
ehicle

end-of-life
R

ecycling
Export ofused

vehicles
(second

life)

Transportation service
–

Person-kilom
eters



Share of
N

ew
ly

R
egistered Passenger Vehicles

6

B
EV-Scenario

e-Fuel-Scenario

O
tto (inkl. H

EV)

D
iesel (incl. H

EV)

B
EV

O
tto (inkl. H

EV)

D
iesel (incl. H

EV)
B

EV

PH
EV

2040+: 25%
 IC

E/PH
EV

2028+: 100%
 BEV

PH
EV



D
evelopm

ent of
Passenger Vehicle

Fleet
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B
EV-Scenario

e-Fuel-Scenario

M
ore rapid fleetrenew

al

O
tto (inkl. H

EV)

D
iesel (inkl. H

EV)
B

EV

O
tto (inkl. H

EV)

D
iesel (inkl. H

EV)
B

EV

PH
EV

Share IC
E:

-2030: 50%
-2040:   8%
-2050:   3%

Share IC
E/PH

EV:
-2030: 80%
-2040: 50%
-2050: 33%

1990: 2.7 M
io. passenger vehicles

2019: 5.0 M
io. passenger vehicles

PH
EV

2025
2025



Passenger Vehicle
Energy

Consum
ption
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B
EV-Scenario

e-Fuel-Scenario

e-fuel(dem
and

/ energy
share):

-2040: about1 M
io. t / 50%

-2050: about0.5 M
io

t / 30%

Petrol

D
iesel

B
EV

Electricity

FAM
E/H

VO

Ethanol
Petrol

D
iesel

Electricity

FAM
E/H

VO

Ethanol
e-D

iesel

e-Petrol

1990: 31 TW
h

2019: 45 TW
h

2040: 26 TW
h

2040: 17 TW
h



D
irect

G
H

G
-Em

issions: Passenger Vehicle
Fleet O

peration
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2040: clim
ate

neutrality
in A

ustria
(except40 –

55 ktC
O

2 -eq from
N

2 O
 and

C
H

4 )

1990:   8.5 M
io

t C
O

2 -eq
2019: 11.5 M

io
t C

O
2 -eq



LCA Based
G

H
G

-Em
issions

of
Passenger Vehicle

Fleet
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B
EV-Scenario

e-Fuel-Scenario2040: about1 M
io. t e-Fuel

(C
O

2 from
airand

biom
ass)

M
aintenance

Vehicle
operation

Energy
supply

N
ew

ly
registered vehicles

E
nd oflife

Vehicle
export

Total

M
aintenance

Vehicle
operation

Energy
supply

N
ew

ly
registered vehicles

E
nd oflife

Vehicle
export

Total

1990: 13 M
io

t C
O

2 -eq
2019: 17 M

io
t C

O
2 -eq

2040
2050

2040
2050



LCA based Total Prim
ary Energy D

em
and of

Passenger Vehicle Fleet
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B
EV-Scenario

e-Fuel-Scenario

M
aintenance

Energy
supply

*)

N
ew

ly
registered vehicles

E
nd oflife

Vehicle
export

Total

M
aintenance

Energy
supply

*)

N
ew

ly
registered vehicles

E
nd oflife

Vehicle
export

Total

*)incl. energy
for vehicle

operation
1990: 54 TW

h
2019: 68 TW

h

2040: about1 M
io. t e-Fuel

(C
O

2 from
airand

biom
ass)



D
ifference of LCA Based Total Prim

ary Energy D
em

and 
of Passenger Vehicle Fleet
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66 TW
h

2040

For com
parison:

A
ustrian total electricity

supply
in 2020: 75 TW

h



N
ew

 vehicle
registrations

O
tto (inkl. H

EV)

D
iesel (incl. H

EV)

B
EV

O
tto (inkl. H

EV)

D
iesel (incl. H

EV)
B

EV

PH
EV

2028+: new
registered vehicles: 100%

 BEV

PH
EV

D
evelopm

ent of
passenger vehicle

fleet
in Austria

Vehicle
fleet

O
tto (inkl. H

EV)

D
iesel (inkl. H

EV)
B

EV

Share IC
E:

-2030: 50%
-2040:   8%
-2050:   3%

PH
EV

2025+: constantvehicle
fleet



Passenger vehicle
energy

consum
ption

BEV
-scenario

Petrol

D
iesel

B
EV

Electricity

FAM
E/H

VO

Ethanol

1990: 31 TW
h

2020: 45 TW
h

2030: 27 TW
h

2040: 17 TW
h

100%
 R

enew
able

electricity
in A

ustria 2030
(based

on EE-Ausbaugesetz 2021)

20 –
35 g CO

2 -Äq/kW
h

S
ource: E

lectricity
supply

1.0, JO
A

N
N

E
U

M
 R

E
S

E
A

R
C

H

Energy
consum

ption
vehicle

fleet



G
H

G
-em

issions
of

passenger vehicle
fleet

BEV
-scenario1990:   8.5 M

io
t C

O
2 -eq

2020: 11.5 M
io

t C
O

2 -eq
2030:   4.5 M

io
t C

O
2 -eq

2040:      0 M
io

t C
O

2 -eq

G
H

G
 em

issions
from

fleetoperation
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O
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N
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C
H

4 )

M
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Vehicle
operation

Energy
supply

Production
ofnew
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E
nd oflife

Vehicle
export

Total

Total G
H

G
 em

issions
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fleet



G
H

G
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of

passenger vehicle
fleet

BEV
-scenario
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Total GHG-emissions 
[Mio t CO2-e/a]
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neutrality
in A
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(except40 –
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O

2 -eq from
N

2 O
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C
H

4 )

M
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Vehicle
operation

Energy
supply

Production
ofnew

registered vehicles

E
nd oflife

Vehicle
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Total

Total G
H

G
 em

issions
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fleet
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Production
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Production
ofnew
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Production
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G
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G
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production



G
H

G
 em

issions
of

battery
pack production

(exam
ple

50 kW
h, China, 2020) 
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Batteries
for BEV

 scenario
G

W
h

battery
capacity

for the
B

EV fleet
in A

ustria
M

arket shares
ofcathode

chem
istries
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Battery capacity for BEV fleet in Austria 
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h/battery
2030: 100 kW

h/battery
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h/battery
2050: 140 kW

h/battery
N

M
C

-scenario w
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 N

M
C

 batteries
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C
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 batteries?
W

ide range
of
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Disruptive

technologies?
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for 
cathode

m
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Future dem
and

BEV fleetin Austria    ~ 18-20 kt/a 
Todaysdem

and
by

industry
in Austria ~ 24 kt/a

(Source: Country factsheetN
i-Institute)
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Future N
ickel supply

for batteries



H
ow

to
cover

the
additional N

ickel dem
and

for batteries?
N

ickel is
com

plicated…

40%
 / 60%

Significant
grow

th
in 

N
PI production

(SE-Asia)
due to

stainless
steelproduction
in China

BU
T

CO
2-em

issions 
per ton N

ivia N
PI 

3-10 tim
eshigher

(40-80 t CO
2-e/t N

i)
than

via sulfidic
N

i
(8-12 t CO

2-e/t N
i)

Coalfor reduction
In blast furnace

+
Fossil pow

er in EAF



U
pdate EU

 battery-directive
(expected for July 2023)

M
inim

um
 recycling

rate:
ŀ2026: 35 %

 Lithium
, 90 %

 N
ickel, Lead, C

opper, C
obalt

ŀ2030: 70 %
 Lithium

, 95 %
 N

ickel, Lead, C
opper, C

obalt
M

inim
um

 share
ofrecyclate:

ŀ2030: 12%
 C

obalt; 85%
 Lead; 4%

 Lithium
; 4%

 N
ickel

ŀ2035: 20 %
 C

obalt; 85 %
 Lead; 10 %

 Lithium
; 12 %

 N
ickel

C
arbon Footprint-(C

F) declaration
[kg C

O
2-Äq/kW

h] oftotal electricity
stored

during
lifetim

e
ŀfrom

1.7.2024: obligatory
C

F-declaration
ŀfrom

1.1.2026: C
lassification

based
on C

F-classes
(t.b. defined

by
EC

)
ŀfrom

1.6.2027: C
om

pliance w
ith

m
axim

um
C

F (t.b. defined
by

EC
)

ŀvalid also for im
ported

batteries

R
eporting supply

chains, socialdue diligence
for C

obalt, G
rafite, Lithium

, N
ickel (based

on guideline
U

N
EP 

s-LC
A)

IT-technologies –
battery

pass, EU
-battery-database



State-of-the-art processes and challenges of battery-recycling
Pre-treatm

ent (State-of-the-art)
C

hallenges: therm
al runaw

ay, reduced
alum

inium
yield

w
ith

highertem
peratures

Pyrom
etallurgy

(State-of-the-art)
C

hallenges:m
etalrecovery

as
alloy

(N
i, C

o, C
u), requires

hydrom
etallurgicalrefining

for m
etalrecovery. Li, M

n, A
l into

slag
(recovery

is
challenging), energy

intensive process.
H

ydrom
etallurgy

(in developm
ent)

C
hallenges

: pre-treatm
ent / sorting

ofdifferent battery
chem

istries
for constantprocess

input, long
process

tim
e, 

w
aste

w
atertreatm

ent
D

irectrecycling
(in developm

ent)
C

hallenges: sorting
ofdifferent chem

istries, very
sensitive to

changes
in inputm

aterial
Sequence

and
interplay

ofprocesses
depending

ofinput
quality

and
chem

istry, required
quality

ofoutputm
aterial as

biggesttechnicalchallenge
to

reach
EU

 recycling
targets

Source: N
igl 2021
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