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The future of automotive mobility is driven by mega trends, customer preferences
and actions of the players — Today we focus on the customers but touching all

Mega trends Customer preferences
e Decarbonization e How do customer react to mega trends?
e Urbanization e What are their requirements and preferences?
e Sustainability e What will be their behavior?
¢ Digitization/Al Future of
e Bi-polar world? auto-

motive
mobility

e Strategies of players and regulators
¢ In automotive, mobility and adjacent fields

e Tech trends

Player strategies
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In 2021 with the third release of the Arthur D. Little Global Automotive Mobility Study, we
have again found several patterns beyond common belief in industry

B 13 countries with UAE included in B |3 countries Belgium, Russia and Turkey were B 10 countries China, France, Germany,
global market panel added to the markets studied in 2015 Italy, Japan, South Korea, Spain,
Sweden, UK, US
B 8,000 license holders B 8,000 driver’s license holders
, _ B 6,500 license holders
B Topics: B Topics:
- . . . . B Topics:
— Mobility profile & car ownership — Mobility profile & importance of owning a
COVID-19 car — Mobility profile & importance of
a ) , owning a car
- . — Car sharing
— New mobility services _ " Car sharing

— Autonomous driving

- Autonomous driving —  Autonomous driving

— Alternative drivetrains

— Alternative drivetrains _  Alternative drivetrains
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— EV charging

New sales models

/// B

Source: Arthur D. Little Global Automotive Study




The study analyzes trends, attitudes and preferences relevant for the future automotive
mobility mainly from a car user's perspective
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Cars in Household

4+

3
5%
2 28%

Y

Type

Private leasing Company-provided car

3%
2%

Privately owned
used car

Privately owned
new car

Source: Arthur D. Little, shares / numbers not weighted by market size, actual share of global sample
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AGENDA

1 Initial situation: Mobility patterns today
2 Autonomous driving and robo taxis
3 Alternative drive trains

4 Conclusion
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INITIAL SITUATION: MOBILITY PATTERN TODAY
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Automotive mobility is dominant today especially for commuting in and
around cities which is the prior reason for journeys

AR

Please indicate which mode(s) of transportation you typically use for...
Global

% of respondents; Multiple Choice

Commuting to Personal Vacation trlps Vacation trips Business trips Business trips
work journeys <250 miles >250 miles <250 miles >250 miles

33%

Private car 81% 75% 43%
Company car 11% 4% 3% 20%
Rental car 7% 9% 7% 7%
Car sharing 8% 8% 5% 5%
Train / long-dis. bus 7% B 23% 39% 32% 33%
Plane 4% 19% 43% 30% 49%
Bicycle / walk 15% 13% 5% 4% 4% 4%
Local public transport : 25% I 18% 9% 9% 8% 7%
Car pooling 5% 5% 3% 3% 2% 3%
Taxi 10% 11% 4% 3% 5% 4%
Other 1% 0% 0% 1% 3% 3%

Source: Arthur D. Little analysis
Note: Values weighted by population

B Marked: top 3 responses 5 b o1 Ajtomotive Study 2021
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Comfort, independence, fun and convenience are major reasons for owning
and using cars

Reasons to possess (own or exclusively use) a car
% of respondents; Multiple Choice

Comfort

Independence

Enjoy driving

Safety

Convenience

Privacy

Status / prestige
Reduce time

Family requirements
Hygiene / health

Need for work / business
Cost of mobility

Lack of local alternatives

Source: Arthur D. Little analysis

Note: Global and European values weighted by population of markets included

A

Global

B Similar motivational patterns
for car ownership across all
major markets — with few
significant regional variations

B Independence, comfort and
joy of driving are broadly
recognized as main reasons
to possess a car across all
major regions

B Prestige of possessing a car is
significantly more important in
Chinathan in USA and Europe

B Privacy of own car appears to
more relevant to US and EU
consumers than to Chinese
drivers

"G RAYAI Automotive Study 021
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People expect the car to get even more important in future

Do you expect that in 10 years, possessing a car will be as important to you as it is today?
% of respondents; Single Choice
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Much more important L0 8

18

More important | %4

52
51 54
34 42 49 53 59 57 59 22
Same (no change) 49 58

46

19 99
21 18 23
20 16 18 22
Less important 12 15 16

12
Muchlessimportant_ m sl Bl s O3 8 | Kl == B

Source: Arthur D. Little analysis
Note: Global average weighted by population Global Automotive Study 2021
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Covid seems to have an effect on the growing importance of cars for mobility
customers

How does the current Covid-19 crisis affect your opinion on the importance of having a car?
% of respondents; Single Choice
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Much more important & 13 15 11
20
More important | <=0 | SRR el B L e e L L
43
62
34 43 48 52 49 51 56 58 56 60
Same (no change) 45 48

40

17
10 11 7 12

Much less important ES ns. ﬁil E - e mm 9 8 é é é 11

Source: Arthur D. Little analysis

Note: Global average weighted by population Global Automotive Study 2(921
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Despite the importance of owning a car, a third of all respondents are ready
to give up their car for new mobility services if they match their need

Given the new mobility services that are available today, would you consider giving up your own car?
Single Choice

B 60% of respondents would

Would consider giving up own car Would not give up own car . L
‘ 1 consider giving up one own
f | | car for new mobility services
v relationships in the US
with >50% of respondents
unwilling to release their car
o 13% 15% 35% 36%
Source: Arthur D. Little analysis B Yes, for all cars in my household No

Note: Global and European values weighted by population of markets included | Yes, for secondary car - but will keep primary car Global Automotive Study 21021

Darhanc
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AUTONOMOUS DRIVING AND ROBO TAXIS
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Respondents across all regions are currently most concerned about the

safety of autonomous vehicles

What are your concerns regarding autonomous driving?
Multiple choice, hypothetical in %

Global

S/
o
=
=

Data security / privacy
(e.g. vehicle sharing personal information or being hacked)

Safety risk due to human error 5
(e.g. drivers, pedestrians become less cautious due to feeling safer)

Safety risk due to machine error
(e.g. technical inability to avoid accidents in certain scenarios)

Liability 38

(question of responsibility in case of accidents)

Insufficient technological readiness level 35

Prestige rm
(no interest in autonomous driving because | always want to drive mysel

Price
(unwillingness to pay for autonomous driving technology price premium)

:
¥

Other ﬁl

Source: Arthur D. Little analysis
Note: Global and European values weighted by car sales of markets included
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B Respondents across all
regions are most concerned
about safety risks implicated
with AD (>50%) — trend could
be an implication of latest
accident news

B Priceis not a significant
criteria in China (9% only),
whereas it is especially
important in Europe and US

B |Interestingly, Chinese
respondents are most
concerned about security of
their private and personal data

B |n general very homogenous
results across all regions

Global Automotive Study 2021
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If available, robo taxis will replace various short-distance transport modes —
own vehicles and public transport are most threatened to be substituted
For short journeys (< 20 minutes travel time), if you would use a semi / fully AV, which form(s) of transport would it

typically replace?
Multiple choice, hypothetical in %

)

»

Global

Own car / rental car

Car sharing 1 2

Taxi 21 3

Public transport (train / bus)
17

Bicycle / micro-mobility 11

Other

None

FE'HIH{C
‘E'IIH{O

Source: Arthur D. Little analysis
Note: Global and European values weighted by car sales of markets included
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B Homogenous results across
regions for replacement of own
car — roughly half of the
respondents from EU, US, and
China would replace their own
car with AV

B More than a third of respondents
in China would replace taxi and
public transport by AV

B Besides own car replacement,
public transport is currently the
most “threatened” transport
form, especially in China and
Europe

B Except own cars, US respondents
show low willingness to replace
any other transport form

Global Automotive Study 2021



But congestion is already hindering car use today — Will future automotive mobility be

blocked by congestion?

Congestion levels in selected cities

Regulative counter measures

Hours per year spent in congestion
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Congestion charge

Number plate
restrictions
Parking space
restrictions

Road diets and
closures



In mixed robo-human traffic capacity will decrease — but with 100% AD and
optimized rule adaption capacity factor can be as high as 5-10

ADL micro simulation of real world intersection

1.007 B Without radical regulation
- A 625% % AD will decrease street
capacity

B Which society will be ready
to pay the price for
congestions-free traffic?

% AD in traffic

No-adapfi — Littlea n Radicél adaption
— es for AD ,
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If cities really migrated to robo taxis, there will be an impact on car sales — How drastic
depends on regulation: Will Public Transport users be allowed to partly migrate?

Impact of robo taxis on car sales

Mobility scenarios

egulated progressive Disruption of
transition — mobility system
smart city

~ 97 mUnits ~ 101 mUnits
~ 5% of autonomous MOD** ~ 8% of autonomous MOD

Incremental
transition
to new mobility

~ 103 mUnits
< 1,5% of autonomous MOD

* from traditional vehicles to autonomous, shared mobility models; ** MOD = Mobility on Demand

Source: Arthur D. Little analyses
17
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Transport sector plays an important role for CO2 reduction goals — But it is the only
sector with still higher emissions than 1990 and is still highly relying on oil

Sectoral GHG emissions from transport by mode

: Rail
Industry el e 20 Navigation
Int’l Aviation 1% 13%
3% Int'l Navigation
3% _ Other
Civil aviation

13%

/m’

20% Transport

29%
Energy

1204 Road

0 c .
306 Residential & Transport
Commercial

>949% ol

GHG emissions 2020 > 1990
Waste management

Source: IEA, European Environment Agency 2016, European Commission 2016, Arthur D. Little analysis 19
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There is a clear accelerating trend towards BEV but with still a lot of support
for ICE or hybrid

Replacement trend, based on respondents’ likely drivetrain selection for next car
In %, EU + UK 1

B Although traditional drivetrains
will remain important for the
foreseeable future, 46% of Euro-
pean ICE owners say they are
likely to choose an alternative
drivetrain when replacing their

car
ICE
B Among ICE drivers, few are wil-
ling to go fully electric — hybrids
are at a clear advantage
B Drivers of fully electric vehicles
are most satisfied — nearly 73%
say they would choose a BEV
e again
PHHEEVV Eb': B Other drivetrains such as H2 or
BEV Nk natural gas, remain peripheral
Other?2 4.0 ——

in the view of customers

Source: Arthur D. Little analysis
Notes: 1) Weighted according to car sales; 2) Other includes natural gas & hydrogen Global Automotive Study 2(921
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Price, charging and range are the most discouraging factors to go BEV

BEVs — discouraging factors
In %, by market (global ranking)

Relative importance (rank)

o=

1

2

‘ USA . China
5 6

Outside top-6

Limited battery life

50.9
%

Charging takes too long

4

38.5
%

Limited operating range

49.8

%

Lack of charging
possibilities when
travelling

38.4
%

Lack of charging
possibilities at home

34.9 @
% g

Price

56.8%

@ 146%

Source: Arthur D. Little analysis; Notes: 1) Weighted according to car sales; 2) Other includes natural gas &

hydrogen

Global Automotive Study 2021
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Strong opponents of hydrogen argue with the bad efficiency, which is especially misleading
If you go green energy: Where to get the electric power from when needed where needed?

Common perspective on BEV vs FC efficiency

,Fuel cells = fool sells
»otaggeringly dumb®

Cars: Battery electric most efficient by far

Direct i Hydrogen Power to liquid
battery electric vehicle fuel cell vehicle conventional vehicle

Tank to wheel

22% 13%

Overall efficiency

(Elon Musk about FCEV) (

Source: Transport & Environment, Elon Musk
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Europe is not a favorable location to produce green energy like by solar — The yield in top
locations is easily double allowing for transport and buffering so it is there when needed

SOLAR RESOURCE MAP
PHOTOVOLTAIC POWER POTENTIAL (@) worweankerore | ESMAP  (ETEED)

wt 4t e ¢ PHOTOVOLTAIC POWER POTENTIAL

EUROPE SOLARGIS ]
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PHOTOVOLTAIC POWER POTENTIAL
AFRICA

Average annual sum of PVOUT, period 1994-2016
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! 500 km

s
This map is licensed by Solargis under the Creative Commons Atiribution license (GC BY-SA 4.0), You are encouraged to use
content of the map Lo benefit yourself and others in creative ways. For more please visil http://

Average annual sum of PVOUT, period 19942016

1000 1200 1400 1600 1800 2000  kWh/kWp hotovolaic power potential (PVOUT)
3.2 3.6 4.0 A 4.8 52 5.6 6.0 6.4

S <\Wh/kWp

Yearly totals: 730 876 1022 1168 1314 1461 1607 1753 1899 2045 2191 2337

This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.
Source: SOLARGIS

23



Example calculation: The proposed efficiency gap closes with renewable generation in
global top locations like Africa

1

2)

Electricity = Electricity = Electricity v
0% buffering 100% buffering importviaH2 ¥ Hydrogen Bl Hydrogen '
Sol | a 0 0 0 a o o
olar pane

1kWp solgr panel forl year % % % (L-B % %

. 4 . 4 4 4 4
Energy
at origin 1000 kWh 1000 kWh 2000 kWh 1000 kWh 2000 kWh

‘ 0% ‘ _30%1§‘Itiggrglysis 'r -229/ electrolysis 'r -2294 electrolysis 'r -22%gelectrolysis
Energy 1000 kWh 702 1560 780 1560
after production .

¥ -59% transport ¥ -5% transport $-40%2 CHPP& ‘ ¥ -22% transport ¥ -30%2transport
Energy transport
at charging 950 kWh 667 kWh 934 kWh 616 kWh 1092 kWh
station

¥ -10% charging ¥ -10% charging ¥ -10% charging ¥ 0% ¥ 0%
Energy 855 kWh 600 kWh 840 kWh 616 kWh 1092 kWh
in the vehicle

¥ -15% motor ¥ -15% motor ¥ -15% motor $ -49%3' % $-49%3 ° %
Power 727 KWh 510 kWh 714 KWh 314 kWh 556 kWh
at wheels
Effici 4 100% 98%

78% electrolysis and 90% CHP efficiency, assuming that heat is utilized and counted as efficient

Long range transport of hydrogen highly uncertain, here assumed with 10% loss for
hydrogenation and dehydrogenation via MCH, so far only shown in experiments (Popov et al

(https://www.ingaa.org/file.aspx?id=10929 )

3) 60% efficiency of fuel cell and 15% efficiency loss of DC/AC inversion and motor
4) Compared to base case no buffering Germany

Sources: globalsolaratlas.info, www.vcoe.at, Volkswagen, Expert interviews, Arthur D. Little

A
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https://www.ingaa.org/file.aspx?id=10929
http://www.vcoe.at/
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When moving from fossils to renewables the understanding of efficiency must change.
One needs to start with the yield and not a barrel - and it is CO2 free anyhow

Efficiency with fossil fuels Efficiency with renewables

@ _ S8 @ _
Do @wo | e

1628 kWh
one barrel of oil

264 g CO2/kWh

50%
process efficiency
(illustrative)

814 kWh
traction energy

518 g CO2/kWh

200 to 2400 kWh p.a.
vith one kWp solar panel

0 g CO2/kWh?
To be

50%
process efficiency
(illustrative)

100 to 1200 kWh p.a.
traction energy

0 g CO2/kWh?

To be
optimized

B The inputis fossil oil; thus, efficiency is defined as ratio L
between input of oil and traction energy

optimized
Renewable energy is collected from renewable resources and is
carbon-free replenished; thus, input are collection resources

B With an increase in efficiency, CO2 emissions reduce, |
and finite oil resources get conserved

Efficiency is either increased by higher yield of the collection
resource or a better process; in any case CO2 is not emitted

B Efficiency is directly linked to energy costs B Cost are more linked to renewable energy collection and

processing, and less to the efficiency of energy use

Efficiency is crucial and linked to the process

Efficiency is less important and is linked to the

with direct CO2 impact renewable collecting resources with no CO2 impact

Assuming production, logistics, installation and maintenance are CO2 neutral as required for decarbonization and planned by many governments for 2050 latest
Source: Arthur D. Little analyses

25
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Hydrogen is needed yet for another reason: To achieve EU Paris goals 2030, the existing fleet
needs to decarbonize and thus H2 based reFuels are needed

g CO2/km (real ICE consumption)

173 : : B Trajectories show average emission of car
Targets not achievable without

addressing existing fleet!

sales each year to reach Paris-based EU
2030 CO2 emission targets

B Trajectory A shows avg. emissions of sales

114 fiaiecioni) 18 to"3Q, which are neefjed to compensate

Maximizing emissions 2030 for existing fleet and achieve the target of 97g

93 (2.7L) B Trajectory B calculates a theoretic starting

68 Trajectory B: : point for ’18 to go linear towards tech
Reaching smallest feasible optimum
(3.3Lto 2.0L)

_ ® Trajectory C shows avg. sales emissions,
TS o when reducing linearly from 18 down to zero
Linear from ’18
(5.0Lto 0.0L) B Without addressing the old fleet, even the
18 19 20 21 22 23 24 25 26 27 28 29 30 years older EU targets can’t be met

Feasible area, assuming 2 I/100km (NEFZ) is lowest possible to achieve

Source: Arthur D. Little analyses

Not feasible area, assuming 2 1/100km (NEFZ) is lowest possible to achieve 26
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H2 and eFuels will be a win-win for the climate and industry

Holistic assessment model

Technology comparision: . Better

Goal for stopping Climate change

55% CO2 reduction 2030 to 1990 (all sectors)

= Existing fleet partially CO2-free with green e-fuels
= Open technology mix for sales 'Ieet operated by green energy

® Industrial production incl. cells with green energy (H2-based)
= Sustainable use of resources

Source: Arthur D. Little

Equally

Science based approach

Economic wealth

Sustained industrial value generation in Europe

= Smooth not disruptive powertrain transition (eFuels, H2ICE,
...) while going consequently zero emission and leading edge

= Industrial production incl. cells, electrolyzers, carrier ships, fuel
cell systems and vehicles kept in Europe and leading edge

27
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The future of mobility will need to be sustainable beyond green only — Will it be an
automotive mobility and what does it mean for the car industry?

B
B Green

~——

e .

2 Safe
ACCIDENT

A Affordable
~pE  &reliable

Zero emission
Customers are open, the more practical the better
To really meet climate goals in Europe green H2 is needed

(Near) Zero fatalities will be possible by autonomous driving
When will it come?

No congestion, space for e.g. pedestrians
Will cities use the potential of AD and go 100% AD and robo taxi?
Or continue to go away from cars?

Affordable mobility for the masses
Today by subsidies for Public Transport (PT)
Robo taxis have the potential for cheap and reliable transport
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Currently it rather seems that due to electrification and sustainability industrial value
shrinks at OEMs and suppliers — But there is another option

= Going green is mandatory and BEVs increasingly accepted by customers

* To really meet climate goals the existing fleets needs to be addressed be refuels
based on global green H2

- When green H2 is available, H2 FuellCell cars and eFuel ICE are good solutions
—> Electrolyzers will become a great industrial market as well providing infrastructure
= Autonomous driving will be there (sooner or later) and be a real game change for

mobility
= AD will enable robo taxis and can avoid congestions if applied 100% with optimized
rules

—> It is important for the car industry to win the AD battle
- Cars can be an ideal sustainable mobility solution for the future if we allow so

30
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Arthur D. Little has been at the forefront of innovation since
1886. We are an acknowledged thought leader in linking
strategy, innovation and transformation in technology-intensive
and converging industries. We navigate our clients through
changing business ecosystems to uncover new growth
opportunities. We enable our clients to build innovation
capabilities and transform their organizations.

Our consultants have strong practical industry experience
combined with excellent knowledge of key trends and
dynamics. ADL is present in the most important business
centers around the world. We are proud to serve most of the
Fortune 1000 companies, in addition to other leading firms and
public sector organizations.

For further information, please visit www.adlittle.com or
www.adl.com.

Copyright © Arthur D. Little Luxembourg S.A. 2022.
All rights reserved.

Contact

Dr. Klaus Schmitz
Partner

schmitz.klaus@adlittle.com
+49 175580629
Nymphenburger Str. 4

80335 Miinchen
Germany
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