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Flashlight on PassCar Regional Trends

(European Perspective December 2023)
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Flashlight on PassCar Regional Trends

(European Perspective December 2023)

*) Renawable Energy Directive

EUROPE

*Tank to Wheel CO,
= Push to BEV
= ICE Sales stop 2035
*CO, neutral fuel
as potential back-
door for ICE ?

*Funding schemes
and RED" not in
favor of e-fuels

*EU7 late changes,
timing & content
still discussed

“Dogmatic” Political Dogma:
Electrification]  “ICE is bad — BEV saves the worid !”
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Flashlight on PassCar Regional Trends

(European Perspective December 2023)

\ Changes in NEV Share
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Engine Power / Efficiency Trends
EUROPE versus ASIA

Stoichiometric Gasoline Engines
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Europe is applying same modular base ICE “s both for Stand Alone and Hybrid,
Asia is developing new Dedicated Hybrid Engines with top efficiency
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Flashlight on PassCar Regional Trends

(European Perspective December 2023)

*) Renawable Energy Directive
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Different political priorities — Europe on economically risky path
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PassCar Production Volumes
IHS Prediction 10/2023 vs. 10/2022 vs. 10/2021
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Most significant drop of production volumes in Europe and Japan
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PassCar Technology Split
IHS Prediction 10/2023 vs. 10/2022 vs. 10/2021
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BEYV prediction stabilizing esp. in Europe and China
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Pollutant Emission
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EU Pollutant Emission Legislation versus
Statistical Relevant Driving Conditions
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EU6 = EUZ7: From “Focus on statistical relevant areas”
towards "Emission-free always and everywhere”
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EU Pollutant Legislation History (schematic) 69
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Euro 7 - Damage already happened —o

Production Forecast A-Segment Vehicles Europe
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Risk of a Too Severe EU7Z Leg

Production Forecast A-Segment Vehicles Europe
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Risk of a Too Relaxed EU7 Legislation

Production Forecast A-Segment Vehicles Europe
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Actual Council Proposal swinging back to EU6e™ level
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Risk of a too relaxed EU7 Legislation

Production Forecast A-Segment Vehicles Europe

1.3m
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EU7 acc. to Council proposal would fully open EU-ICE Market for Chinese OEM s

G. Fraidl, WASEDA Symposium; , | | 14 Dezember 2023 |



EU: Emission & Energy Related Legislation

EU Vehicle Emissions are regulated by:

- 3 different legislations, which are made by
« 3 different EU Commission Directorate-Generals (DGs)

CO, legislation by DG-CLIMA.

DG Climate fights against climate change at European and international level.
« Limits CO2 average fleet emission. This the discussion about "Ban of ICE”, H2 and e-fuels.

Pollutant emission legislation by DG-CROW:

DG Internal Market, Industry, Entrepreneurship focuses on internal and global market, goods,
services, growth and intellectual properties.

» Limits the pollutant emissions

« Defines how CO2 is measured

Periodical Technical Inspection by DG-MOVE:

%@ .I;emdica' DG Mobility and Transport aims to promote a mobility that is efficient and environmentally
1=Q Temeal  friendly.

Lispecion  «  Defines the requirements of the periodical technical vehicle inspections.
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Understanding how EU legislations are made

EU legislation making process is complex:

Q} EU legislation making process:
A The EU Commission proposes a legislation

followed by a negotiation between the
 European Commission
* European Parliament
* European Council

The EU government

European

L £ | Trilogue:
« & Trilogue is an informal negotiation between the
» - . European Parliament, the Council and the
European European CommiSSion
= Parliament Council i 1 : )
_ The aim is to reach a provisional agreement and
Uk issntaton The resolving outstanding issues on a legislative proposal
(0} e Citizens . - . . .
Prime Ministeig from the EU Commission, that is acceptable to all.
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Euro 6d, 6e & Euro 7 Implementation passenger Cars

Character ﬂ New type
OBD 6-2, WLTP, EVAP, ISC, FCM approval
Euro 6d-ISC-FCM _

RDE: NO,1.43,PN 1.5 All new
registrations
OBD 6-2, WLTP, EVAP, ISC, FCM
EA Eu ro 6e RDE: NO. 1.1 0’ PN 1.34 Last date of
* registration
- OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d,.;,
EB Euro 6e-bis RDE: NO, 1.10, PN 1.34
- OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d
EC Euro 6e-bis-FCM by
RDE: NO, 1.10,PN 1.34

( tbd Euro 7 (European Commission proposal)* l_ )

Mandatory dates:

EU-Commission proposes mid 2025 (NT+AT)
for EU7 introduction

European
Commission
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Euro 6d, 6e & Euro 7 Implementation passenger Cars

Mandatory dates:

Character o ﬂ New type
OBD 6-2, WLTP, EVAP, ISC, FCM approval
AT (e AEEA e _ RDE: NO, 1.43, PN 1.5 All new

registrations
OBD 6-2, WLTP, EVAP, ISC, FCM
S registration

) OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d, .,
EB Euro 6e-bis RDE: NO, 1.10, PN 1.34
OBD 6-2, WLTP, EVAP, ISC, FCM, Amblent, AES Flag, UF .

tbd Euro 7 (European Commission proposal)* l_

EC Euro 6e-bis-FCM

( tbd Euro 7 (Council Position)?

EU-Council proposes begin 2027(NT) / 2028 (AT)
for EUZ7 introduction

European
Council

G. Fraidl, WASEDA Symposium; , | | 14 Dezember 2023 |



Euro 6d, 6e & Euro 7 Implementation passenger Cars

Mandatory dates:

TA- LT
Character S New type
OBD 6-2, WLTP, EVAP, ISC, FCM ﬂ approval
AP Euro 6d-ISC-FCM _

RDE: NO, 1.43,PN 1.5 All new
registrations
OBD 6-2, WLTP, EVAP, ISC, FCM
S registration
a OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d, .,

. OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d
EC Euro 6e-bis-FCM g nec

tbd Euro 7 (European Commission proposal)? l_
tbd Euro 7 (Council Position)? | EE—

( thd Euro 7 (Parliament Position)? ! )

EU-Parliament proposes begin 2027 (NT) / 2028 (AT)
for EU7 introduction

European
Parliament
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Euro 6d, 6e & Euro 7 Implementation passenger Cars

TA-
Character

Euro 6d-ISC-FCM _

EA Euro 6e

EB Euro 6e-bis

EC Euro 6e-bis-FCM

tbd Euro 7 (European Commission proposal)?
tbd Euro 7 (Council Position)?

tbd Euro 7 (Parliament Position)?

Proposed Euro 7 would repeal Euro 6e
2base on final Council Position - Vote (09/2023)
3based on final Parliament Position - Vote (11/2023)

OBD 6-2, WLTP, EVAP, ISC, FCM

OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d, .,

Mandatory dates:

New type
OBD 6-2, WLTP, EVAP, ISC, FCM approval
RDE: NO, 1.43,PN 1.5 All new

registrations

Last date of
registration

RDE: NO, 1.10, PN 1.34

RDE: NO, 1.10, PN 1.34

OBD 6-2, WLTP, EVAP, ISC, FCM, Ambient, AES Flag, UF d, ..
RDE: NO, 1.10, PN 1.34

| I
| T
I T

Status according to Regulation (EU) 2017/1151, (EU) 2017/1154, (EU) 2017/1347, (EU) 2018/1832 and (EU) 2023/443
Ambient = increased extended ambient conditions for RDE compliance

AES flag = indicator for active AES

UF d,.;, = updated utility factorbased on d,., = 2,200 km

UF d,.. = updated utility factorbased ond,..= 4,260km

AES requirements (full map stoichiometric operation) coming on top

_
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Efficient & Robust CO, Reduction and Energy Supply

1.Primary Energy
Source

—— |
2.Energy Carrier,
Storage,
Infrastructure

S

3.Vehicle Portfolio
T A

Does Europe follow the logic sequence ?
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CO, - Electricity Consumed - gCO,/kWh™)

Energy Scenarios are Decisive for Lifecycle CO,

Primary Energy CO, at Plug™)

400 :
-—_— Baisis: IEA-WEO 2020/22
350 |\ === Basis: IEA-WEO 2019
\> *) CO, of electricity production
“~. corrected by trading and losses
300 g
250 \ .. Current Policy
x ‘\é\cenal"lozmg
200 \‘\\C S
150 Stated Policy
Scenario
. STEPS
Sustainable
0 | Developraent
. ~ —~
Scenario DS
2020 2025 2030 2035 2040 2045 2050

Current Policy Scenario,gio CPS

Worst Case Scenario

Stated Policy Scenario STEPS

Reflecting all announced policy intentions and
targets

G. Fraidl, WASEDA Symposium; ,

| | 14 Dezember 2023 | 29 | AVL ¥&



Impact of Energy Scenarios on Total CO,**) EUROPE

Primary Energy CO, at Plug® Annual PC-Fleet CO, **) Cumulative PC-Fleet CO,*")
400 ; 1200 28 "
. —— Basis: IEA-WEO 2020/22 1100 .8 CPS ,,+75 /o
* -~ 4
£ 350 [\ . =---_ Basis: IEA-WEQ 2019 % * 7 / \
3 , © 1000 + 24 K
i \> *) CO, of electricity production > o %
N “~. corrected by trading and losses ) Q 22 3
8 300 5 Q 900 '
\\ w
2 S ? - g_20
< 250 . Current Policy | @ £ 18
qE) ‘\é\CEI"IaI"I()ZOIQ g 700 :E 16
3 ~.. CPS M 9 o
@ 200 e 4w 600 w14
o \~\ 0 1
o s E 500 g 1
Z 150 Stated Policy| ¢ o
:g §Cenal’i0 B 400 8 10
fr} ' N 0 g
Q o]
' Sustainable 2 200 E .
o 50 |"Developrriant c g 5
O - L 200 bt L ey (&)
. —~ r ~—~ 100 ;\ID;\‘ 2 ........ 4
0 gvegmcnrlo :)_):) 0 = ‘) | 0 **) Well to Wheel + Production
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Primary energy CO, has decisive impact on fleet CO,
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Evolution of Energy Scenarios EUROPE 2019-2022

200 Primary Energy CO,") CO, Mitigation Curves for 1,5° target
o, — Basis: IEA-WEO 2022
350@”:\ ===+BasisT IEA-WEO 2020 Constant emissions
\\\\---- Basis: IEA-WEO 2019 4%8t 1 | for nine years will
R 2 ' use up the remaining

carbon budget

30

N w
(8, o
o o
.'. -
. ’I
X
o

Starting mitigation in 2019
_ will require monumental
20 \ mitigation rates

200

150

Starting mitigation

For a >66% chance N in 2000 would have
o 10 | ©f staying below 1.5 'C. \ required a mitigation
Remaining budget: W\ rate of about 4%/yr
420 GtCO; "N

Mitigation curves after

CO, - Electricity Consumed - gCO,/kWh™)

>0 Raupach et al. 2014. TR o S —
*) CO, of electricity production 0+ - - :
0 corrected by trading and losses 1980 2000 2020 2040 2060 2080  21(
2020 2025 2030 2035 £ & robbie andrew ¢ Dala'GCP » En g budaet fram IPCC SR1.!

Are we too optimistic in predictions for Primary Energy CO, reduction ?
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Europe: Delayed Primary Energy CO, Reduction
versus Accelerated BEV Introduction

Primary Energy CO, at Plug®) Technology Share
400 100% - p—
*) CO, of electricity production corrected by
trading and losses, based on data from
International Energy Agency, WEO 2019, 2022 90%

350 |-\

BEV
2019

80% -
BEV
2020

70% -

\ Delayed Primary
= \ Energy CO, &,

CO, - Electricity Consumed - gCO,/kWh*)

i BEV
200 Statad Policy reduction g0% 2021
Scenario -+ o
150 .
Accelerated BEV Pore
= = 30% -
o introduction °
20% - r —
Sustainable — —"'-9“1/
0 pEVEIGpITETit 10% -
. Scenario SDS 0% Source: IHS 10/2022, 10/2021 10/2020 10/2019
(+]
2018 2023 2028 2033 2038 2043 2048 2020 zozz zoz4 zoze zozs zoso

EU Reality: Higher Lifecycle CO, emission than with a system optimized approach
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Why so Different Technology Approaches ?

“Z y Europe Japan
- 100% — 100%
LN
u AR 00% 90%
- 80% Il FCEV S0%%
70% a B BEV 70% a
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| 60% I.I-ll- I PHEV 60% =
Bl o
50% - 50% =
o Bl FHEV O
40% - 40% w
T (M)HEV o
30% 30% o
ICE -
20% 20% _"C:o“,y
10% 1 rel = 10% -
-I'-“'—"unly \/ ’
\ 0% | | | | | | | 0% - Source: IHS Q4 2022 ; 0 - 6t PC+LCV
S © D O N o SR R X I
: DG A SR A PV FID DD
. WA AT AT AT AT AP PRSP

CO, Legislation ("Tank to Wheel” or "Well to Wheel”) is decisive
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Cumulative PassCar Fleet Total CO, Emission™
EU vs. Japan Technology Scenario, EU Energy Scenario

*) Well to Wheel + Production, EU STEPS Energy Scenario, EU fleet volume & milage

6 i | | i ] EU-STEPS 26 . | . | .
24 {ee “EU” Tech Scenario ------- Energy Scenario 24 - "Japan" Tech Scenario
i Total CO5:19;=-vnto R 2 Total CO,:18,7 bnto
< 20 ! =Y 20
S <
118 o 18
4 TRL. T YL ,
o R -
S 16 : “Japan T g u
S Scenar 5
T e o TR o A Z
= 14 3 14
() &) .
= ., _ EProduction > - B Production
& T = OWTT
c 10 o 10 :
2 W mTTW
m I
o 38 3 8
£ S
" 6 6
o
O
gL _— e
> g o N S’,() bn to

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 20-2-;) 2625 2630 2635 2640 2645 2050
With "EU Energy Scenario”,
a “"Japan Tech Scenario” would offer similar Total CO,, however, at significantly lower cost !
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Cumulative EU-PassCar Fleet Total CO, Emission™
EU vs. Japan Technology, Japan Energy Scenario

*) Well to Wheel + Production, EU STEPS Energy Scenario, EU fleet volume & milage

26 26
5 ' | ' | JAPAN | |
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o 8 43,50 unig N 8
- S
. 6 | 6
o
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4 i 4 b
2 7 - 9,0 bn to
0 0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

With “"Japan Energy Scenario”,
a "Japan Tech Scenario” would offer both lower Total CO, and significantly lower cost !

G. Fraidl, WASEDA Symposium; , | | 14 Dezember 2023 | 35



Technical Optimum

1.Primary Energy
Source
R

—

2.Energy Carrier,
Storage,
Infrastructure

v
_ = | poNTPUT
3.Vehicle Portfolio BEFORE

Political Reality

A
3.Primary Energy

Source
/\%
//\

2.Energy Carrier,

Storage,
Infrastructure

/\
//\

1.Vehicle Portfolio
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Technical Optimum Political Reality

1.Primary Energy ;Rff&f?ﬁfﬁ ?1:':; ~ 3.Primary Energy
Source Ml significant impact on Source
T e climate relevant CO, | e L
. emissions than the )
2.Energy Carrier, technology scenarios 2.Energy Carrier,
Storage, Storage,
Infrastructure = EU discussions Infrastructure

- should have focused /////\\\

more on Primary

3.Vehicle Portfolio Energy CO, reduction 1.Vehicle Portfolio
and less on ICE-ban!
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Automotive
Economy
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The Challenge

EU Politics might So what can
not chose the we do ?
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Quick Wins
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System Optimized Hybrids




Dedicated Hybrid Engine
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Mean Efficiency in WLTP - %
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Hydrogen Combustion Engine

Has started with commercial vehicles - proceeding with PassCars ?
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Hydrogen Combustion Engine
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Shaping the Electrification Transformation
Across All Applications
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AVL 800 Volt Pionieer: eCarTec Award 2012

Maximaler Wirkungsgrad - %
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Change in Development Philosophy
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3 Net Zero Development & Validation
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3 Net Zero Development & Validation
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