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Global CO, emissions by sector and within the transport sector
Transport accounts for over 20% of energy-related CO, emissions

LDV and HDV are the largest contributors

CO, emissions by mode

2010 2020 2030 2040 2050

2020 2025 2030 2035 2040 2045 2050 e | ight-duty vehicles we Heavy trucks
=== Other road == Shipping
® Buildings W Transport ® Industry M Electricity and heat Other Aviation Rail

JM Source: IEA “Net Zero by 2050: A Roadmap for the Global Energy Sector, May 2021



Passenger Cars
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We use a scenario-based approach to look at key markets and their

likely trajectories
Some of the main inputs we use for the automotive market are outlined below

Regulations Market
'~
N

Consumers

JM



Global car CO, legislation - strong downward trajectory will continue

220

200

180

160

140

120

100

80

60

40

20

CO, emission values (g/km), normalized to NEDC

JM

9
8
7
6
_____ _ . c
China India 2022: 113
T 2020:117
s Us 2025: 99
haETr Canada 2025: 99 4
‘.
3
em
EU 2030: 59
— historical performance "43 2
--=-- enacted target
---=== proposed target

2000 2005 2010 2015 2020 2025 2030

Source: ICCT “CO, emission standards for passenger cars and light-commercial vehicles in the EU”, January 2019

consumption (I/100 km gasoline equivalent)

40-50% ZEV
by 2030

*

b

CALIFORNIA REPUBLIC

.
100% ZEV

by 2035

»*

’k +
*+

China SAE
20% NEV by 2025
40% NEV by 2030
50%0 NEV by 2035
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Countries/States with proposed phase-out dates for new ICE car sales

Governments with official targets to 100% phase out sales or regulations of new internal combustion engine cars by a certain date

2040 Canada 2030 Iceland
‘ 2035 United Kingdom

2025 Norway

2035

Quebec
”_2035 EU

2040 British Columbia —|

2030 Washington

State —. 2035
2035 California L Massachusetts
2035 New
York State
2050 Costa Rica ‘
2035 |’
Cape Verde
2030
Singapore

2035 Chile

Target to allow the sale or
registration of new BEVs, FCEVs
and PHEVs only

M 2030
2035
2040

Target to allow the sale or
registration of new BEVs and
FCEVs only
B 2025
B 2030
B 2035
2040
2050
2050 International Zero-Emission
Vehicle Alliance (IZEVA)

Announced phase-out dates cover around 25% of global ICE sales
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...and numerous OEMs are announcing targets for the ZEV share of

their planned LDV sales

Global LDV electrification (ZEV) share, % of sales/OEM

c.100% €.100%
by 2025 by 2028 || . 100% by 2
100% A o = Qi
= iEE SEEL Except China HON
Great Wall
50%
c.40% by 2030 Except Honda, no
J— ( ‘Ui )1 commitments/ targets
@ Ua'l made for post 2030
HONDA
0%
2020 2025 2030

JM

Last new
ICE launch

2040

DA



2021 was a banner year for BEV sales, and public charging infrastructure

deployment continues to increase

6 1BEV annual view

e Volume (mn)

w—Share (%)

Sales (mn)
w

6.3%

JM Source: LMC; BNEF

2015 2016 2017 2018 2019 2020 2021

Public Chargepoints ('000)
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Main JM scenarios for the evolution of the LDV market to 2030

01

02

03

04

JM

Metric Pragmatic Evolution
(Base case)

Global LD vehicle production
in 2030/31 (million vehicles)? c.100m

EU7 legislation2

% global LD BEV
penetration in 2030/311

Share of Europe LD ICE
that is diesel in 2030/311

Note: LD - light duty, BEV - battery electric vehicle, ICE - internal combustion engine.

1. JM and IHS estimates. Production of 0-6 tonnes vehicles globally in 2030/31.

2. Expected implementation date for EU7 emissions legislation - 31st December 2026 (base case) and
31st December 2027 (faster electrification case).

Rapid Transition
(Faster electrification)

c.90m




LDV (0-6T): shift to

BEV will be fastest in Europe by 2030

B Gasoline ICE M Diesel ICE

ZEV

ZEV %

35

30

25

20

15

10

ul

European Uniont

@ Vehicle sales (m)

<10% c.60% 100%

2030/31 2030/31
(Base) (Fast ele.)

2021/22

¢f= N. America

== \/ehicle sales (m)

ZEV % » <590 c.30% ¢.50%

35
30
25
20
15

10

2021/22

2030/31 2030/31
(Base) (Fastele.)

China

@ Vehicle sales (m)

ZEV % ¢.10%

35

30

25

20

15

10

ul

c.35% ¢.50%

2021/22

2030/31 2030/31
(Base) (Fast ele.)

JM

Source: JM estimates based on external IHS estimates.

Note: ICE includes ICE hybrid. ICE - internal combustion engine, ZEV - zero emission vehicle.

1. Includes EU, UK, Norway, Switzerland and the Balkans.
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Our scenarios are well placed within the range of market scenarios

W ICE ZEV

Global LD electrification (ZEV) share by 2030/31

%, 0-6t
(") 289
S~ 32% 30% 30% o
55% 50%
BNEF Faster Bosch IHS Base BNEF BCG
NZS ele. case ETF

' M Note: ICE - internal combustion engine, ZEV - zero emission vehicle.
Source: external data sources (various). Note: calendar year 2030 approximated for 2030/31.



Headwinds facing the Rapid Transition scenario: Infrastructure

mE Normal mFast

Rapid
Transition

5,000
4,000 Pragmatic

' Evolution
3,000
2,000 EU Sustalnable and

Smart Mobility Strategy
1,000 /
o =™ W ] . I

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

EU/UK/EFTA Public Chargepoints ('000)

C
<

12



Headwinds facing the Rapid Transition scenario: Raw Materials
Battery cell and pack price reductions are slowing/reversing

Volume-weighted average pack and cell price split
real2021 $/kWh

684

Pack 607

215

Cell prices in Q4 2021 were
approaching $110/kWh, with
pack prices starting to increase

194
393
o - 303
© 82 226
185
B 5 101 140 132
. o o o

2013 2014 2015 2016 2017 2018 2019 2020 2021
Source: BloombergNEF.

Increasing concern about raw material availability is driving price increases and battery chemistry

changes - increasing LDV demand likely to exacerbate this; CV BEV uptake would add further pressure

JM Source: BNEF 13




Major OEMs have outlined plans to diversify their cathode chemistry
portfolios for a variety of use-cases

VOLUKE  SPECIFIC SOLUTIONS . piversified Cathods Approach Battery Highlights

lon Park lonBoost Solid Power

Highest ty Of
Lﬂ'] Sattary S ac Clr A<g §.||F0“gc|rr:’vamI y dlb All Solid-state Battery
U™ of Excellence i ny Ce ts Type |

lonBoost

L, cell Technology For L, Ideal For Larger Vehicles
L™ Commercial | Customers "L And Performance Produc

I, Scales Efficiently Across
Product Lines

+ Although OEMs like VW, Mercedes and Tesla have revealed plans to O LFP

utilise LFP for entry passenger vehicles, we are yet to see such vehicles
outside of China

High manganese
« Ford recently indicated that LFP would only be used for commercial

vehicle applications O High nickel

J M Source: Company reports
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Trucks and Buses
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Heavy Duty (6T+): electrification constrained by infrastructure build
and availability of ZEV models

M Diesel ICE

Other ICE @ ZEV

European Union?
Vehicle sales (m)

ZEV % » <190 c.5% ¢.30%

2

1.5

> I
05 . [
0 . .
2021/22 2030/31 2030/31
(Base) (Fast ele.)

¢f= N. America

== \/ehicle sales (m)

ZEV % » <19%0 c.10% ¢.20%

2

1.5
1

pe—
| ]

2021/22 2030/31 2030/31

(Base) (Fast ele.)

@ China

Vehicle sales (m)

ZEV %

2

c.5%

1.5 -

1
>

0.5

0

2021/22

c.20% c¢.35%

2030/31 2030/31
(Base) (Fast ele.)

Source: JM estimates based on external IHS estimates.

JM

1. Includes EU, UK, Norway, Switzerland and the Balkans.

Note: ICE includes ICE hybrid. ICE - internal combustion engine, ZEV - zero emission vehicle.
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Our scenarios are well placed within the range of market scenarios

W ICE

ZEV

Global HD electrification (ZEV) share by 2030/31

%, >6t
) 13% 12%
239 | 230%  20%  19% 4% ° °
| I I I I
Bosch | Faster Morgan  BNEF BNEF Base KGP /
ele. Stanley NZS ETF case LMC

Note: ICE - internal combustion engine, ZEV - zero emission vehicle.
Source: external data sources (various). Note: calendar year 2030 approximated for 2030/31.

JM

KGP Global ZEV Scenarios

Fuel Economy & Environment IPCC 2.0 IPCC 1.5
4.0 - 4.0 - 4.0 -
3.5 4 35 | 3.5 -
3.0 /W_\ 3.0 3.0
259 —zrv 2.5 1 — ZEV 2.5 1 — ZEV
20 1 — Non-ZEV 2.0 1 — Non-ZEV 2.0 ~ — Non-ZEV
1.5 1.5 1.5 4
1.0 1.0 | 1.0 4
0.5 0.5 - 0.5 -

.0
2016 2020 2025 2030 2035 2040

26% ZEV

.0
2016 2020 2025 2030 2035 2040

19% ZEV

.0
2016 2020 2025 2030 2035 2040

2030: 159% ZEV

But things might move faster!

100% fossil free Volvo Group vehicles from 2040  VOIVO sees up to 35% of its
| ing ZEV 2
T sales being by 2030

BATTERY ELECTRIC

Carbon neutral electricity

FC share?
trucks FUEL CELL ELECTRIC

Carbon neutral hydrogen

ROLLING FLEET

Combustion engine

" LBoinG
Bio fuels, hydrogen

Ll L]
2020 2030 2040 2050
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APC see lowest HGV TCO for Fuel Cells, and see BEV/FCEV having
70% of the European MD/HD market by 2040

APC TCO BEV ADJUSTED FOR PAYLOAD AND
STOPPAGE (44T TRUCKS)

AN AAA

S Diesel ICE ®#FCEV ==BEV
£ 000 -
£ 000
£40
2020 2025 2030 2035

> 7.5 t in Europe

2040

APC Europe 2040 powertrain forecast

70%

’ BEV/FCEV

o’/

Net-zero ICE « LNG/ICNG » PHEV = BEV » FCEV
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Fuel cell electric vehicle and hydrogen infrastructure development

> ‘e, @ g
\x ,}:’I CALIFORNIA REPUBLIC
« >1m FCEVs in 2030 « >1.8m FCEVs in 2030 » Strong drive towards « Zero emission vehicle mandate
. >1,000 hydrogen refuelling + >500 HRS in 2030 hydrogen economy - 50k FCEVs by 2025

« 800k FCEVs by 2030
« 900 HRS by 2030

stations (HRS) by 2030

« $2.2bn investment by 2022 « 200 HRS by 2025

EU Sustainable and Smart Mobility Strategy calls for 500 HRS across EU by 2025, and 1,000 by 2030

FCEV/HRS deployment by 2030 from EU Member States National Hydrogen Strategies

- - —
] [
B . North-Rhine
avaria Westphalia
LDV 20-50k (2028) 80k 6k 15k (2025) 5% of road 5-7.5k
300k (2030) transport powered
HCV 0.8-2k (2028) 3k 15k 3k (2025) 2k 2/ i
HRS 400-1,000 (2028) 400 200 50 (2025) 150 50-100 100-150

\J M Note: FCEV - fuel cell electric vehicle; HRS - hydrogen refuelling station 19



Number of all H2 refuelling stations worldwide
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Hydrogen Refuelling Station (HRS) infrastructure development

Development of H2 refuelling infrastructure worldwide

685
~_ = o
Hftatlons.org 434
369
328
274

215 214

186 181
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

JM

Source: H2stations.org by LBST
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Development of H2 refuelling infrastructure split by region

S
Hitations.org ‘
NIRRT | I I

2012 2013 2014 2015 2016 2017 2018 2019 2020
BAS EU NA ™ RoW
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Hydrogen Refuelling Station (HRS) infrastructure development

Hydrogen ° .
Highway :
in Europe .

Stations.org

® public H2 station
° planned

Status January 2022
© Ludwig-Bolkow-Systemtechnik G

<250km>

Rapporteur proposing HRS to be
deployed every 100km along the
EU TEN-T network by end of 2027 g

4

JM

Source: H2stations.org by LBST -

Hydrogen Refuelling Stations in Northamerica

@

\_j
Hitations.org
‘a }

@in operation
planned
Status January 2022

© Ludwig-Balkow-Systemtechnik GmbH www.|bst.de

Hydrogen Refuelling Stations in Asia

. ° O\J .
(] o e o g
o 00%q, * 90 ¢
3 » ’a w
o ° o’
L4 ® 5 k \‘_._j
9 o 9 ~
Stations.org
00 *H,
@ in operation
planned °

Status January 2022
© Ludwig-Bolkow-Systemtechnik GmbH www.lbst.de
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Recent Examples of Fuel Cell Electric Vehicles on China’s Roads

Heavy-Duty FCEVs Beijing Winter Games
\

" According to the IEA more than 90% of the = >1000 FCEVs were deployed during the Beijing
world’s commercial FCEVs are on China’s roads Winter Games, including ~500 buses

= 170 hea‘avy—duty FCEVs hit China’s roads during = Demonstrates China’s leading role in building the
Q2/Q3 *21 powered by JM and REFIRE technology industrial value chain for FCEVs

= JM components are powering over 1,300 FCEVs in
China including some of these vehicles in Beijing

JM 22



A sign of things to come?

Beijing Summer Games 2008

BEV fleet for the Summer Games

FCEV fleet for the Winter Games

Beijing Winter Games 2022

JM

23
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Rail is the transport sector most on the way to electrification today

Global transport activity by fuel, 2019

Passenger Freight

Liquid fuels
Natural gas
Electricity

Rail Cars Aviation Rail Trucks Marine Aviation
shipping

JM Source: BNEF. Note: Automotive segments reflect vehicle-km. Other passenger (freight) segments show passenger-km (ton-km). For road transport,
liquid fuels include oil products and biofuels. 25



Further electrification with some clean H, gets rail to very low CO, by 2050

100% 50
=
80% 40 &
O
=Ts)
40% == 20
20% « 10

2020 2030 2040 2050

W Oil w Bioenergy M Hydrogen M Electricity CO; intensity (right axis)

Catenary electrification economics don't
work well for regional lines, where both
battery electric and fuel cell electric
trains (eg Alstom Coradia i-Lint FC train
(above)) will play significant roles

JM Source: IEA “Net Zero by 2050: A Roadmap for the Global Energy Sector, May 2021; https://www.alstom.com 26



Marine
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Current IMO and EU Policy Framework

IMO intends to reduce the total annual GHG emissions EC FuelEU Maritime: Proposed
(CO,, CH,4, N5O, water vapour, fluorinated gases) from reduction in GHG intensity of the
international shipping by at least 50% by 2050 vs 2008 energy used on-board by a ship
3500
mmmmm Design and technical measures (EEDI) 80
3000 Wss Operational measures (SEEMP) o
W= Emissions gap to fill using innovative
2500 measures, fuels and technologies 'O\B‘ 60
E - == « Business-as-usual emission scenario E 50
c 5
€ 2000 o
(o) 3 40
= 2
E 1500 z
8N E 20
e
1000 5 10 I
G ]
-50% from 2008 Y o =
500 2025 2030 2035 2040 2045 2050

0 Zero emissions
2010 2015 2020 2025 2030 2035 2040 2045 2050
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MMMCZCS view on zero shipping path if ammonia enabled as a fuel

Fuel costs' (USD/GJ) decline over time, though there remains uncertainty on absolute fuel cost levels

2030 2050
ool [ | 17-26 16-27
pomerwne [ [l 2028 [ Il
Bomethane [ | 19-23 B . 14-18
Bueamnia | 22-25 - 16-26

e-Ammonia -:-o--'a - 16-23
e-Methanol PS) s B
Globalized est e-Methane PS) - 42-55 . 24-32

fuelproduction @~ |f=z=ssomzsssoososooooooie

costs e-Methanol (DAC) | B | B

Globalized est LSFO . 813 - 17
fuel prices LNG . 6-10 -3_”

e-NH; $16-23/GJ by 2050

e-MeOH $22-29/GJ by 2050

J M Source: MMMCZCS, Position Paper, Fuel Option Scenarios, October 2021

Fuel composition & energy demand in the “a Path to Zero® in EJ/year

Around 52% e-NH; by 2050

IRENA 1.5°C pathway has 43% e-NH;

29



Aviation
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45 FLY
NET

IATA member airlines recently pledged net zero by 2050

Sustainable Aviation Fuel (SAF) seen as a major enabler of this target
IATA estimates SAF use needs to increase 4,500x from today (~ 0.0017 mb/d, to 7.8 mb/d)

The Challenge: Forecasted
increase of air transport passenger
traffic

The plan: Contribution to achieving 13% contribution from new
Net Zero Carbon in 2050 aircraft technology

Passengers
(billions)

10 billion passengers
1.6 Gigaton of CO2

Scenario contribution

to net zero
19% By 2025 By 2030 By 2035

3%
Electric or

Hydrogen Hydrogen

S Y4 § New technologies

13%

Sustainable Aviation Fuel (SAF)

Offsetting/carbon capture

Infastructure/operation

New technologies Regional and short-haul
services in 2030s and 2040s

2021 2025 2030 2035 2040 2045 2050

J M Source: IATA 31



SAF mandates are being proposed to accelerate its uptake

European Commission “Fit for 55”: Proposed
SAF Mandate for planes fuelling at EU airports

® Minimum SAF Share (%)

70

60

50

40

30

20

10

0

Minimum Share of SAF/e-fuel (%)

JM

2025

2030

2035

® Minimum e-fuel Share (%)

2040

2045

2050

UK Govt scenarios for incoming UK SAF
mandate - currently under consultation

SAF uptake as a % of total aviation fuel demand in the UK
80.00%

no% Scenarios D/E closest to EU proposal
60.00%
50.00%
40.00%
30.00%

20.00%

==g==N0 intervention
g Scenario A - Low ambition

Scenario B - High ambition
=@==Scenario C - Fast industry development

=g Scenano D - Late SAF breakthrough

US SAF Grand Challenge (led by DoE, DoT, Dept of Agriculture) =e=Scenaro E - Early SAF breakinrough
aims to reduce the cost, enhance the sustainability, and expand
the production and use of SAF while:
Reducing LCA GHG emissions by at least 50%

Enabling 100% SAF use across entire US fuel demand by 2050
(130bn L pa), with an interim 2030 SAF target of 11bn L pa

32



SAF will play a key role, but what about H,?

Z

1st passenger carrying flight
with 100% SAF on Dec 1st 2021

Chicago to Washington DC

Enabled by JM technology

JM

RO Hydrogen combustion demonstrator

A380 7 Hydrogen

multimodal &1y) combustion
test platform engine

4 liquid Liquid
hydrogen = hydrogen
tanks distribution
L system

AIRBUS

Increasing focus on the potential of
H, to decarbonise aviation

Combustion for long haul
Maybe FC for regional

Airbus targeting 2035 for commercial
H, combustion application, with trials
scheduled for middle of this decade
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Conclusions

LDV well on the way
with BEV uptake

HDV focus on BEV and
FCEV, with H, ICE
investigations
underway

Rail already largely
electrified

Ammonia and
methanol-based
routes for marine

SAF and H, for
aviation

I

There are routes to decarbonise all sectors of the

transport network by or shortly after 2050







