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Element Energy, a consultancy focussed on the low carbon energy sector

* Element Energy is a specialist energy consultancy, with an excellent reputation for rigorous and
insightful analysis in the area of low carbon energy

* We consult on both technical and strategic issues — our technical and engineering understanding of
the real-world challenges support our strategic work and vice versa

* Element Energy covers all major low carbon energy sectors:

CCUS and Industrial
Decarbonisation

Smart Energy Systems

Energy Networks

‘.?o’ ?9-

Built Environment

* We also coordinate many low carbon energy projects through our Project Management team.
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Element Energy has an unrivalled knowledge of and links with the hydrogen

industry

We are involved in much of the strategic planning around
hydrogen mobility roll-out. This includes running
H,Mobility initiatives (planning and delivering national

hydrogen transport roll-out) in Ireland, the UK and France.

We are currently working for a number of corporate clients
developing feasibility studies and business models for first
commercial renewable hydrogen deployment projects.
Example clients include Shell, Hyundai, Toyota, Iveco,
Orsted, Vattenfall, ITM Power, Inovyn and Ryse Hydrogen.

We have developed end to end renewable-hydrogen-
mobility business models, for clients including the Hype
taxis in Paris, Green Tomato taxis in London, Toyota (UK and
Ireland), Ryse/Wrigtbus, INOVYN, Motor Qil (Hellas) and
Aberdeen (buses), and a range of European truck players.

We have excellent knowledge and contacts covering all
hydrogen technologies, having initiated and then
collaborated in numerous public and private hydrogen
projects over the past 20 years, we have an extensive
network in the hydrogen sector.

Department for

Business, Energy
& Industrial Strategy

sse cLEPA
* European Association of
Automotive Suppliers

equmor @ BOSCH

Invented for life

hupe 2
oLintte Codent 6

Selection of clients and
partnersin H, projects

& BOC novyn
HYDROGENICS {::;’ @energy
Cowmeem § ™ 1 ﬁgiworks
e Ireland T gy HYLUNDAI

AR L. ‘gM

/@\ Oﬂ|r|_|qu|de (_) gmﬁgmﬁﬁ

TOYOTA
@ NISSAN [IRR
0 g

elementenergy |




Agenda

Introduction to hydrogen, fuel cells and the wider context

A strategy for deployment of hydrogen mobility technology

Conclusions on a UK Hydrogen for freight strategy
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Interest in hydrogen production projects has gown rapidly in recent years
and is expected to reach ~7 million tonnes per year by 2030

Total hydrogen projects announced globally
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Planned hydrogen production capacity scale

e The Hydrogen Insights Report (2021)
identified 228 hydrogen project around
the world 17 of which are “giga-scale” i.e.
>1GW of renewable capacity and
>200ktH2/yr

* The transport sector is a potentially large,
high-value market for hydrogen

Cumulative production capacity
Mtp.a.

Projections

Of the order 45 GW production capacity ™" 2’
by 2030

Low carbon

=>c.14 GW renewable H,
production capacity by 2025

I Projections

23
g Renewable

-
-
_____
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-
—————

Mature?

2020 21 22 23 24 25 26 27 28 29 2030

* Massive growth in hydrogen production

capacity is expected out to 2030 — over
45 GW.

* Note the largest electrolyser currently
used is 10MW at a Shell refinery.
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Current hydrogen stations compress gaseous hydrogen to be dispensed into
vehicles

P
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https://www.airliquide.com/sites/airliguide.com/files/2019/01/28/medium-to-long-term-development-of-

hydrogen-mobility-in-the-uae.pdf elementenergy | 6
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Hydrogen can be used in fuel cell, electric vehicle applications or in
traditional combustion engine vehicle types

Schematic representation of a fuel cell vehicle

@

FUEL CELL BOOST CONVERTER
A compact, high-efficiency, high-capacity
POWER CONTROL UNIT converter newly developped to boost fuel
A mechanism to optimally control both cell stack voltage to 650 V.
fuel cell stack output under various A boost converter is used to obtain an BATTERY
operational conditions and drive output with higher voltage than the input. A nickel-metal hydride battery
which stores energy recovered from

battery charging and discharging.
L SR ik deceleration and assists fuel cell

stack output during acceleration.

@

HIGH-PRESSURE HYDROGEN

0 TANKS
Tank storing hydrogen as fuel. The
MOTOR g nominal working pressure is a high

Motor driven by electricity generated pressure level of 70 MPa (700 bar).

:y:(uel cell stack and supplied by FUEL CELL STACK The compact, lightweight tanks
attery. Tovota" 3 i feature world's top level tank
A > yota’s first mass-production fuel cell, eature w P
:"‘:m“’“ SutpuL; ;;z :‘w““ DIN bp) featuring a compact size and world top storage density.
aximum torque: m level output density. Tank storage density: 5.7 wt%

Volume power density: 3.1 kW/L
Maximum output: 114 kW (155 DIN hp)

* Hydrogen fuel cell vehicles are a type of electric vehicle but instead of a battery, a fuel cell vehicle
contains a tank which can be filled with hydrogen gas.

* The hydrogen gas is drawn from the tank and enters the fuel cell where it combines with oxygen in the
air to create an electric current which drives the vehicle. The only by product is water vapour

/www.toyot-.co.uk/world-of-toyota/environment/fuel-cell-vehicle elementenel’gy |
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Hydrogen fuel cell technology has a high potential to decarbonise mobility

Hydrogen mobility’s value proposition

1 Matches the duty cycles of fossil equivalents r.?
Hydrogen vehicles have the same range as fossil equivalents and can refuel in ~3-15 minutes

2 Is an ultra low carbon technology ’i\
Hydrogen produced from renewable electrolysis or CCS has almost zero carbon footprint i

3 Improves the local air quality @
FCEVs emit only water vapour and have an air filter which reduces particulate pollution

4 Reduces fuel dependence and creates economic growth f

Hydrogen can be produced locally so reduces reliance on oil exporting nations and fuel cell vehicle manufacturing can
preserve high end European engineering jobs

=
5 Can achieve parity with diesel in the future 'l

Provided policy measures are introduced to meet decarbonisation goals and hydrogen costs come down with scale,
we can expect hydrogen to achieve cost parity with diesel over the next ~10 years

elementenergy |



Fuel cell electric vehicles offer the same low emissions as battery electric
while matching the duty cycles possible from conventional drivetrains

Graphic of emissions vs duty cycle for different powertrain types

Zero
emissions

| Heavy duty
_cycle
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Introduction to hydrogen, fuel cells and the wider context

A strategy for deployment of hydrogen mobility technology

Progress and lessons

Strategic motorways and heavy freight

Cities and lighter freight

Conclusions on a UK Hydrogen for freight strategy
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Hydrogen vehicle deployments are well underway across Europe with over
3000 vehicles and 160 stations currently in operation

Vehicles by country and type
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Vehicle Type

M2+M3 Buses & Coaches
. M1 Light commercial vehicles (<3.5 fonnes)
. M1 Passenger cars

. L&+L7 Quadricycles
M2+N3 Trucks & Heavy goods vehicles
. L Two and three wheel vehicles

* The FCH JU estimates that were are
~3000 hydrogen vehicles operating in
Europe in August 2021.

https://www.fchobservatory.eu/observatory/technology-and-market/hydrogen-refueling-

H2 Stations by country by year

160 Country
Austria

140 Belgium
Czechia
Denmark

B France

B Germany

B iceland
Italy

I Netherlands
Norway

B spain

g ——— Sweden

Switzerland

I United Kingdom
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 201420152016 2017 2018 2019 2020

* These vehicles are being refuelled at ~160
fuel cell stations across Europe. Germany
leads in terms of stations and vehicles
deployed.

e The average loading of these stations is
still low (~18 vehicles/station) and is
expected to rise significantly.

stations/cumulative-data
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Conclusions: early projects have laid the foundations for vehicle deployments to accelerate, but there is mor
done for FCEVs to fulfil their potential

High level conclusions from the role out

* Technical performance of hydrogen transport solutions has been proven and efficiency continues to
improve

* Significant momentum around hydrogen is building across Europe and beyond

* Vehicle costs have come down and scale up in vehicle manufacturing is needed to meet targets and for cost
competitive manufacture (particularly for trucks)

* Policy support is still needed to incentivise deployment during this scale up period
* Ingredients for success:

— Reliable technologies (vehicles & infrastructure)

— Scale of demand

— Low cost (renewable) energy for hydrogen supplies

Fuel cell bus efficiency improvements Fuel cell bus capital costs reductions
20 1 5-1—1 GH'G
2 15 - . "
15 | Q Hy
:-.' ;E' 1.0 - - =3 FCH JU MAWP* (2014-20) targets:
10 S a = = H’Q €650k (2020) / €500k (2023)
% ®
| 8 05 - 1
Commercial rollout price range today
0 0.0
2005 2010 2015 2020 2025 2009 2012 2014  2017/18 2020 2023
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A key lesson is that jumping to scale in the hydrogen ecosystem is a rapid
way to reduce vehicle ownership costs and improve performance

Rationale for aggregating demand

* Scale reduces hydrogen fuel and vehicle costs

— Purchasing vehicles in larger quantities brings
down capital costs.

— The dispensed price of hydrogen drops rapidly
with scale e.g. 1 HGV refuel per day would
cost $15/kg and 20 HGVs per day is >57/kg

* Scale enables reliability

— ltis possible to deploy ultra-reliable stations
at scale due to the inbuilt redundancy of
multiple dispenser units.

— This is achieved by closely coupling station
deployment with large vehicle demand.

Supply Demand
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Global OEMs and new market entrants see hydrogen as a promising
technology and are investing heavily into it

Plans for hydrogen vehicle deployments 2020 EU truck market share & FC trucks

Others

* 6 0of the 7 dominant European truck Renault
manufacturers have announced programs to
develop fuel cell vehicles. Daimler and Volvo
have announced a €1.2 billion joint product lveco
development program for fuel cell trucks.

Daimler

venture
e — 0
_am  Volvo

* These 6 companies have plans for vehicles to

enter series production between 2024-2028. Scania

* This behaviour is being driven largely through
EU CO2 emission standards for heavy-duty
vehicles for reducing emissions from new trucks
for 2025 (15%) and 2030 (30%). The 2030
target will require new non-fossil
technologiesii.

A Hyzon truck in the
Netherlands

* New market entrants are moving faster, Hyundai are the
EU market leaders with 50 hydrogen trucks operating in
Switzerland with plans for 1600 by 2025. Hydrogen truck
specialists Nikola and Hyzon also have 100s of trucks
operating globally.

https://ec.europa.eu/clima/eu-action/transport-emissions/road-transport-reducing-co2-emissions-vehicles/reducing-co2-emissions- l
heavy-duty-vehicles en e ementenergy 16
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The major barrier to hydrogen vehicle deployment is the ownership cost

Hydrogen vs Diesel trucks presently Hydrogen vs Diesel trucks in future
1.6 - 1.0 -
1.4 -
0.8 -
1.2 A
c 1.0 - £ 0.6 -
4 4
E 0.8 - g
0 06 A g 0.4 -
0.4 7 0.2 -
0.2 7
00 - 0.0 -
’ Diesel 2022 Hydrogen 2022 Hydrogen 2030s Diesel 2030s
* At present, hydrogen fuel cell trucks are a * Itis expected that diesel truck ownership costs
nascent industry and a hydrogen truck is will increase over the coming decade as fuel
expected to cost around twice as much as prices increase and emissions standards for
diesel to own and operate. new trucks drive up capital costs.

How do we overcome the ownership cost gap to get to the point of diesel price parity?

B Fuel Cost B Maintenance Cost Capital Cost | i Ownership cost gap

elementenergy | v



The Swiss 1600 trucks project has pioneered the concept of aggregated

demand for hydrogen freight

Swiss 1600 truck overview organogram

Truck supplier Fuel suppliers

@ 1{,}nergy .
HYUNDAI ALPIQ

Truck operators

fenaco coop MIGROS Galliker,

E.VMIURPEAG CAMION TRANSPORT _L‘
TRANSPORTE UND LOGISTIK :®= Q,ng!ggg
—\ ! 4
Transport AG

The project now has 46 trucks in operation across 9

stations and aims for 1600 trucks by 2025.

The combination of aggregated demand and generous
road tax exemptions for zero emission vehicles
(~€50,000/year) allowed the project to pioneer.

Swiss Truck Refuelling Stations

Pred Hunzenschwil S
S o.m : i o hars ‘ Rumlang g St:Ga[Ien
. Zofingen . . .“

: e Gossau
Miintschemier Geuensee . o
1 .

e

— _’ :
. ‘"’ Rothenburg ,

Gl

July 2021

First trucks operated by the 7 original operators
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Government support schemes for zero emission trucks are being announced
across Europe

Government support schemes are being announced in Europe and Globally

* Germany has already announced a scheme to subsidise 80% of vehicle and infrastructure
delta costs to diesel vehicles with any company able to claim up to €15 million per year. States
surrounding Germany are expected to announce similar schemes.

e The UK is expected imminently to announce a c.£100 million fund called the Zero Emission
Road Freight Trail.

* France has introduced tax break laws which allow a 40% over depreciation of low carbon
trucks.

I -
[ GIL"; ,,,,,,, H=E -

HM Government

ﬂe National ';. UK Hydrogen Strategy

POUR UN
PLAN NATIONAL

HYDROGENE

AMBITIEUX & COHERENT

#®Hydrogen Strategy

Lus
PROPOSITIONS
DE LA FILIERE
HYDROGENE
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Numerous projects are looking to copy this approach across Europe and
even round the world

Aggregoted Hydrogen
Freight Consortium

H2Accelerate  AaF

&==ab HyTruc

* H2Accelerate is a * The UK Aggregated * HyTrucks one of Europe’s

collaboration with the
aim to accelerate the use
of hydrogen as a fuel for
heavy duty road
transport in Europe.

* The group targets 60,000
trucks and 400 stations in

operation across Europe
by 2030.

Hydrogen Freight
Consortium aims to
accelerate the
deployment of fuel cell
vehicles for freight
applications

The group expects to
deploy 100 fuel cell
trucks in the UK by 2025
and 1000s by 2030.

>

largest initiatives aiming
to deploy zero-emission
heavy vehicle fleets in the
region aims to have 1000
hydrogen-powered trucks
in Belgium, The
Netherlands and West
Germany by 2025
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elementenergy
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The Aggregated Hydrogen Freight Consortium is a demand led project to
accelerate the deployment of fuel cell trucks and vans in the UK

Overview of the AHFC members

/

Truck OEMS

carapULT & PropubTS £
Degartment TOYOTA
for Transport ‘ .
< >
highways [m A Member of The Linde Group
e%g\an! (ovate

Consortium Steering committee Core AH

groups
& i
HYUNDAI @Anglnﬂme on
elementenergy

I
Van Operator group
41

2

HYUNDRAI

v
Truck Operator group

7. & ooy
Wiates PrODUCTS £ Sainsbury’s wmian ,
Eddie Stobart  XPoLogsocs /ij «

SHermes  (§:SUTTONS @ ==

@ "
Ministry
== BT @ O

Cadent (JISON "emly Lk

K/
Northern
Gas Networks

@RIVUS w

7@ wmam O

BritishGas nationalgrid ~ openreach Sainsburys

y

Van OEMS

2%

'\

VATTENFALL

e Inovyn
PrODUSTS £ @

¢ @

RENAULT VAUXHALL

The vehicle supplier
selection is made
purely by the operator
group based on
commercial
considerations.

elementenergy |

21



The group is also looking to develop intercity hydrogen hubs on major truck

routes in the UK

Major routes which artic trucks operate on

2018 Articulated HGVs

Million Annual HGV count

Sum of both directions

)/ Source: MDST, GBFMV6.2
- <0.25
0.25...0.5

— 0.5..1

1.2

2.3

3.4

4.5

5.6

=6

AHFC depots near major motorways
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* Truck route data and depot locations point strongly to refuelling stations being deployed close
to clusters of truck depots along the London, Liverpool and Leeds “Y-shape” trunk routes.
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The multimodal hydrogen vehicle valley/hub concept looks to achieve scale

around transport hubs

Multimodal hydrogen hub concept

* The second deployment strategy which is
being pioneered successfully is the city
based hydrogen transport hub concept.

* This aims to achieve scale of refuelling
system by coordinating a large number of
multimodal hydrogen vehicle operators
to purchase vehicles synchronously and
collaboratively.

* The process of starting finds a transport
hub e.g. city, airport, port etc. and seeks
to build a minimum of two/three large,
public hydrogen stations which have
anchor tenants

Hub visualisation

elementenergy |
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The range of hydrogen vehicles available to cities has expanded rapidly over

the past 2-3 years

Hydrogen vehicle classes

Light weight municipal / Private hire
'-'L- vehicles

= B4 H2 demand: 2kg/day

* Fully developed market and available to
order in the 100s in the UK

Vans
H2 demand: 2kg/day

e Renault/ Vauxhall vans will be available
from 2022/2024.

Refuse collection vehicles
H2 demand: 20kg/day

* Only diesel combustion engine retrofits
are currently available. Fuel cell models
are expected in ~2024

Buses
H2 demand: 15kg/day

* 20 buses in operation. Two UK based
OEMs building production lines capable
of meeting orders for 100s of FC buses

Forklifts
H2 demand: 1kg/day

* Toyota will be demonstrating the first UK
FC forklift at the Teesside International
airport from January 2022

Delivery Trucks
H2 demand: 15kg/day

* Hyundai lead with UK start-up Electra
doing first demonstration trials in 2021,
large OEM models expected in ~2023

Trains

{ H2 demand: 300kg/day

* Alstom are in negotiations with parties to
deploy the first H2 trainsin the UK in 2023

Ships
H2 demand: 500kg/day

* Government's clean maritime
competition will open in the spring of
2022.

elementenergy
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The hub concept can be applied to any city with sufficiently large transport

demand

Indicative overview map of a Transport Hub Concept in Leeds UK

Leeds Bradford airport

Bus depot

Central police station

Taxi depot fleet
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elementenergy |

26



Hydrogen valley and transport hub concepts are being delivered across
Europe and in the UK

Example projects

The French "Zero Emission
Valley” obtains a European

Fmanmal support

e La Région g }

Jan 26, 2021 - 09:48 pm

UK invests £3 million in Tees Valley

hydrogen transport hub

nnnnnnnnnnnn

HysetCo moves to run 600 hydrogen cabs in Paris
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By joining the trunk route strategy with a city scale hub strategy, a nation

can create a cost effective, nationwide refuelling network

Description of approach

*  Marry the hydrogen hub
concept with the truck
trunk route strategy in a
hub and spoke model and
create a network of large,
well loaded public stations
that allow any vehicle to
travel relatively freely
across large distances.

* This will need centrally
coordinated and efficiently
spent public funds of the
total magnitude of ~£200-
300M and could be
achieved by any country.

* This represents a relatively
low cost way to begin
decarbonising the hard to
treat transport sectors

Indicative strategy for how the UK might create an H2 strategy

SCOTLAND

e
Dundee
o)

-
S

Isle of Man

!
1
1

z Cambridge
ND o
ENGLAND ¢,

WALES

Brighton
Southampton [e]

Key

City based hydrogen
transport hub

Strategic motorway

network unlocked for

freight

Motorway based
refuelling stations
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The transport deployment strategy needs to align closely with existing and
planned hydrogen production and delivery infrastructure

Likely hydrogen production plant sites Types of hydrogen delivery
Green hydrogen hubs  Blue hydrogen hubs

403D Pipeline H
Q- |
Liqu —_——
szesvuey
NonnwmQ QHUM' """"""
) Q"’“"“ 2 20 200 2000 20,000  kg/day
e ® o
aar » There are 4 types of hydrogen delivery
commonly employed today which are listed
above.
«  First mover hydrogen sites that require * Each is suited to different demand volumes and
delivered hydrogen should aim to be near large different site constraints.
planned or existing hydrogen production hubs. * The further hydrogen is transported the higher
* Large-scale blue H2 hubs are long term ~10 the added cost of delivery.
year infrastructure projects and are known. * Note that projects are underway to transport
 Large-scale green H2 hubs will likely be located hydrogen thrc?ugh the national gas grid, so
near to large, low cost renewable energy sites stations seeking to futureproof may want to

locate near to gas grid points.
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An integrated national strategy for hydrogen would link large production sources to large freight
stations via dedicated pipelines

Large scale hydrogen production
Hydrogen for freight is a rapidly developing

technology which is growing in maturity. m':'.‘;w ¥ et

» Numerous OEMs are developing \»Jk'y\'

vehicles

» Vehicles costs are decreasing and
efficiency and reliability is improving.

Hydrogen as a transport fuel will become
widely available at low costs over the
coming decade.

» Dozens of large scale blue and green
projects announced in the UK

» Hydrogen transport costs will drop
rapidly at scale — pipeline delivery will
become commonplace

» Next generation refuelling stations
are cutting costs and increasing
availability

elementenergy | 3



Thank you for your attention
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Road Transport Contribution to CO,

2019 levels
UK Greenhouse gas emissions by sector, 2019 UK Transport Emissions, 2019
Other™*, 4%
Waste, 4% 55.36% — Cars and taxis

<

Afﬂtlﬂt{l:llri '& Transport, 27% Y% Gree_nh9use
o gas emissions

by transport
mode, 2019

- 15.94% - Heavy goods vehicles

15.74% - Light duty vehicles

Total Domestic GHG

Emissions in 2019:

Residential,
15% 454.7 MICO2e

4.95% — Domestic shipping

2.51% — Buses and coaches

Energy, 21% -
1.39% - Rail

1.16% - Domestic aviation
0.44% — Motcrcyles and mopeds
0.58% - Other road transport
1.92% - Other trangport

Business, 17%

Heavy goods vehicles account for 4.3% of total

Sources: gov.uk and DfT . . .
greenhouse gas emissions in the U.K.

Volvo Trucks
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Emission Standards and Frameworks

Air Qualit Decarbonisation
PM Euro Level Emissions VECTO
(g/kWh)
EURO [57 . 4l_j
0.40 0 ECTO
Euro 1
1993 -15%
0.30
-30%
0.20
Euro 2
1996
0.10
Euro 3 -50%
2000
Euro 5 2009 Euro 4 2006 ‘
0.00 >
1 2 3 4 5 6 7 8 2019 2025 2030
E
b NOX (g/kwh)

Volvo Trucks
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Well-to-wheel decarbonisation

What are our options?

Renewable ‘drop-in’ fuels

Improving current diesel technology

——

N s/

Volvo Trucks

Liquified methane/biomethane

Electric

2022-03-11
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The Volvo Roadmap

Carbon
neutral

Fossil-free

100%

BATTERY ELECTRIC
Carbon neutral electricity

Fuel cell
share?

Share of FUEL CELL ELECTRIC

trucks

Carbon neutral hydrogen

UK: no non-zero ‘
emission HGVs
O% below 26 tonnes

2020 2025 2030 2035 2040 2045 2050

Volvo Trucks

~ UK - No non-zero
emission HGVs

2022-03-11
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The Transition to Electric

Europe Volume Ambitions

2050

-50% CO,

vs 2019

-100% CO,

vs 2019

Stronger market
position

M BEV FCEV

15000..III
— =

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

41
2030 target equals ~45-50% electrified trucks

Volvo Trucks
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Key Enablers for the Transition

Volvo Trucks

AN EFFICIENT TRANSPORT SYSTEM

RANGE | PAYLOAD | CHARGING

Leiceszer

Atherstone Wigstoq

kS Nuneaton
“m Bedworth

Market
; Lutterworth Harboro¥gh
/ N
~ Ullcoventry. o/ Kefbe
=z T &y {
= Kenilwbrth - “Ss—
. St \
" Walwick \ o
Nertitampton

atford
n Avon

SUBSIDIES FROM GOVERNMENTS

PURCHASE OF | INFRASTRUCTURE | TAXES
VEHICLES
Early Elevated Broad
adaptation adaptation adaptation

Financial Logic

Image driven Selected Segments

& Markets Financial Logic
customers
Wide-spread

2022-03-11
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Battery Electric Vehicles

Medium Duty Vehicles

Volvo 2-speed transmission and electric motors

Modular power box

Cooling system Energy Storage Systems

Volvo Trucks

Vv O L vV O

Heavy Duty Vehicles

Volvo 12-speed transmission and electric motors

Energy Storage Systems

Cooling system

2022-03-11
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Volvo Battery Electric Rigids

GVW GVW Incentive - FH
tonne tonne*
16
2 axle up to 1 tonne Q\—.—,
18
Q‘_I'O"
26 3 axle up to 1 tonne Q‘_l'l"
. . Qw
No incentive for Q
G | 11

32 4 axles

Volvo 1
2022-03-11
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Volvo Battery Electric Tractors

GCW tonne GCW Incentive - tonne FM FMX FH
No incentive for
40 40 tonne @\_. @\—‘ @‘—.
44 No incentive for @ &3 @ﬁd @W
44 tonne @ﬁ @W @ﬁ

Volvo Trucks
2022-03-11
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Electrifying the Industry

Volvo Trucks

TOP 5 BODY TYPES
5,500

4,500
B Qs 2021

B 04 2020

3,500

2,500

1,500

500

TRACTOR BOX VAN TIPPER REFUSE DROPSIDE

= RA— AR B — A==

2022-03-11
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Energy Density

What'’s required for 300km of range?

Volvo Trucks

Vv O L vV O

Scale Comparison

100 litres of diesel + tank

v

Approximate mass = 130kg

70kg LNG + tank

A 4

Approximate mass = 150kg

x6 Energy Storage Systems
432kWh of useable energy

Approximate mass = 3000kg

2022-03-11
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Vehicle Architecture

e

Ve il BN

SIOICHE

|
=

\ <« 3900mm__ —————————» J

18000kg Gross Vehicle Mass Limit

|
40000kg Gross Combination Mass Limit

Volvo Trucks

2022-03-11 48
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8x2/4 Rigid Units

32 Tonne Gross Combination Mass

Steel suspension > Air Suspension

No mass incentive for zero-emission — 32 tonne GVM limit

3-star London Direct Vision on FM/FMX possible ***

Low Noise and Zero Tailpipe Emissions

Volvo Trucks



VOLVO TR/.TON

VOLVO GROUP

Daimler Truck

ROUTE ‘ ELECTRIC ‘ FINANCIAL | CHARGING ‘ MAINTENANCE
SIMULATIONS TRUCKS SERVICES INFRASTRUCTURE & REPAIR

FINANCE | LEASING RENTAL |  SUBSCRIPTION

2022-03-11 50
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eHighway
Reducing emissions of road freight

In line with the National Infrastructure Strategy, fairer, faster, greener

© Siemens 2021 | Justin Moss | Rail Infrastructure, Electrification SI E M E N S
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Road freight emissions

What is eHighway

German trial projects

DFT trial request

Potential roll out

Recap
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Zoom Summary

Page 54

eHighwa

10 Sinon

e
Gars & Taxis Vans _Dom. Otver
Shippog

s

-

Int1 Aviation
sn

HGVs are the largest polluters outside of private

cars in the transport industry producing

approximately 21million tonnes per annum; 17%

of the total in transport

Pag

eHighway

Reduci

Accelerating the shift to
ission vehicles:

© Siemens 2020 | Justin Moss | Rail Infrastructure, Electrification

- PO

The Ten Point Plan
for a Green Industrial
Revolution

SIEMENS

SIEMENS

eHighway
Reduc

eHighway is being successfully trialled by Siemens in Frankfu
Overhead cables for road freight is a proven technology that

maximizes the reduction in HGV emissions.

eHighway is an established Siemens technology on trial across Europe since 2016. Sweden, Denmark
and France have advanced plans to implement this solution — the start of a pan European option to

decarbonise road freight.

Page 57 ai

Analyses for other countries also find catenary cost-effective UK Example:
report on published July, 2020

“Overhead catenaries and compatible HGV's are the most energy-efficient and cost-effective solution to

fully decarbonise the UK’s road freight network. Their deployment is essential if the UK is to achieve its Carbon
budgets through to net-zero GHG emissions by 2050. The technology is proven and the transition from the
current diesel-centric approach to catenary-powered electric vehicles can be handled with hybrid vehicles.”

SIEMENS

Recent
!

Current status on the eHighway

Page 61 Resticisd | © Semers 2022/ MO UKI RCG RIS | 16022022

led on two sections of
n freeways (A1, A5) and

actor units of an OEM

SIEMENS

eHighway is an essential solution for climate protection

in heavy road freight transport

...combines the advantages
of electric railroads with the
flexibility of trucks

...can be scaled
up quickly

...changes the
appearance SR
on motorways

... is the most economical €
solution

SIEMENS
lngenuity for Ufe

...supports the
achievement of the

o Coz climate targets in the
transport sector

.. Realization in the
international
context thanks to

Standardization

‘ ‘ ...is compatible
with other drive
.'j technologies
and fuels

SIEMENS



eHighway
Reducing emissions of road freight

The problem statement

UK Transport GHG emissions by mode, 1990 and 2018

Domestic Emissions (%)

Total
1990:
MtCO,e

e = i

International Emissions (MtCO.,g)

16

|
|
|
|
I o,
i - L
Total !
2018: .
124 . &
MtCO,e !

Vans Dom. Qther Int’l Aviation  Int’l

Cars & Taxis HGVs -
Shipping Shipping

Source: 2018 UK greenhouse gas emissions™

Page 55

© Siemens 2021 | Justin Moss | Rail Infrastructure, Electrification

Figure 2: UK Domestic GHG emissions, 2018

MtCO,e
300

250
200

150

Transport

100 m Ene_rgy
Business

Agriculture”
\m Waste

Other**

2010

2018

* Includes Land Use, Land Use Change and Forestry
** Includes Public and Industrial Processes emissions

Energy Supply

23%

Business
18%

Residential

Transport became the
largest emitting sector of
GHG emissions in 2016
This follows large decreases in
energy emissions while transport
emissions have remained
relatively static.

451 million tonnes of CO,
equivalent (MtCO,e)

is the total net domestic
greenhouse gas emissions from
all UK sectors in 2018, down
2.1% from 2017.

Agriculture
& LULUCF*  Other**

15%

SIEMENS



eHighway
Reducing emissions of road freight — potential solutions

Zero emission trucks are possible with renewable energy, SIEMENS
but efficiency varies greatly lngenuity for Life
o Pathway Range Efficiency Example
Cost perkm | WTW vehicle
Electric Road Systems
?‘rcild eTruck 60 km 0
_ — P 19 ct/km 7%
Battery
l— Grid e 4 eTruck 48 km 0
| oo | v 20 ct/km 62%
Hydrogen
100 kWh CH,-fuel " uel cel 24 km 0
6.0 ct/kWh : : ( :z.t;js;} ' c tFrI:l-:::lk ' 55 ct/km 29 A'
93 kWh | B3 kWh .'I ESkWh | 65 kWh "I 2.7 kWhikm
Power-to-Gas 2
Electro- NG- 17 km 0
= f lysis n = L{ET\\'OI’F‘." 70 Ct’km 20 /n
B KWh |

1) Including storage
Source: German Ministry of Environment
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eHighway
Reducing emissions of road freight

- ‘ L eHighway is being successfully trialled by Siemens in Frankfurt,
gt daein Lo VA Overhead cables for road freight is a proven technology that
maximizes the reduction in HGV emissions.

pantograph, capable of connecting
while driving at any highway speed

\\\\ o2 S e =
Ih.

"80..

efficiency level with
overhead contact lines

L9 C—— =§ ~ — I

Driving on non-electrified
roads (€.g..when overtaking
or “first and.last mile®) is
ensured by the hybrid drive |3
technology of the truck and
on-board energy storage

Braking energy can
be recovered

.
sy
3
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Dynamic charging via catenary is compatible with other alternative drive
technologies and fuels

Truck types

=0 Artic truck
(2 axles)

=08 Artic truck

(3 axles)
— Rigid truck
= (2 axles)
— Rigid truck
o (3 axles)
Page 58

Drive system

-2 | Parallel-hybrid

—> 4

Serial-hybrid

Full electric

]

On-board source
of electricity

3] Battery (small)

Battery (medium)

Battery (large)

2]

Fuel cell

mi

Combustion
engine

@

Engine (small)

H@]o

Engine (medium)

Engine (large)

{©]o

Non-electrical
source of energy

Diesel

Bio fuel

CNG/LNG

Hydrogen

> E E i

‘ Showing combinations already realized in projects so far ‘

© Siemens 2021 | Justin Moss | Rail Infrastructure, Electrification

SIEMENS



Truck manufacturers are electrifying their vehicle platforms —
tractor units such as this hybrid truck are already available

- e # vy LK
N 2 [ ety

Source: Scania Press relaese
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https://www.scania.com/group/en/scania-to-supply-15-trucks-for-german-e-highways/




Current status on the eHighway




ELISA project: Completion on schedule - with minimal disruption to traffic flow

) - "

Ry

Ground surveys




All three field tests show that the overhead line for trucks can be integrated
into the existing road infrastructure

iinde

ck r
cohmarn i k_Gemn w
Ie { » - |

-k-Travem
~Zentrum

_Moi*slingglj P |
m_—— "f*\\\  hf

|
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eHighway
Reducing emissions of road freight

glgmate
ange
I@ Comn%ittee
HM Government
Context ,
The Ten Point Plan
Accelerating the shift to for a Grgen Industrial
zero emission vehicles: Revolution
“We will invest £20 million next SHMnG bk b S e Kb md ey

year in freight trials to pioneer
hydrogen and other zero
emission lorries, to support

industry to develop cost- S
effective, zero-emission HGVs N
in the UK.” e |
’/| | ‘ / |

Innovate
UK

Page 64  © Siemens 2021 | Justin Moss | Rail Infrastructure, Electrification SI E M E N S
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eHighway
Reducing emissions of road freight

1. The only feasible way to get UK road freight to 80%+
CO, reduction by 2050 is to electrify long haul.

~

immingham - Armthorpe Immingham - Doncaster Armthorpe - Doncaster Immingham - The North

Giatale Denopt Fuel Dalivery Urban Dalivery (asticron) [l Fusi Doivery 2. eHighway is the highest TRL technology available:

gmriapen’ Ngesbrteatiell 0 fe = Well tested and proven =» ready for prime time

oMo - Arthore Bamtery Pewer ’ SO o Dwlvery - Armalcrpe Rattery Powes

= Lowest energy and carbon emissions

=  Small batteries

= Interoperable with Europe

= Practical roll-out/transition scenarios
» Attractive business cases

p180

S 50 = Full fuel tax recovery
L G ==
N g —

— 3. UK pilot project is needed to de-risk remaining issues
o o-HICHWAY = .
sissemme N prior to roll-out.

IMMINGHAM-CRIMSBY

PONT & PETROCHEMICAL
FACHITY
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Analyses for other countries also find catenary cost-effective UK Example:
report on published July, 2020

White Paper

Decarbonising the UK's Long-Haul Road

Freight at Minimum Economic Cost Rece nt
Podcast !

Phase 1 Phase 2 Phase 3

Distance [lane-km]: 3,261 km Distance [lane-km]: 4,247 km Distance [lane-km]: 6,300 km
Construction time: 2.0 years Construction time: 2.6 years Construction time: 2.5 years
Infrastructure cost: £5.6 Bn Infrastructure cost: £5.1 Bn Infrastructure cost: £7.1 Bn
HGV-km coverage: 31% HGV-km coverage: 50% HGV-km coverage: 65%

Source: Centre for Sustainable Road Freight
Page 66  Restricted | © Siemens 2022| SMO UKI RC-GB RI S | 16.02.2022



http://www.csrf.ac.uk/2020/07/white-paper-long-haul-freight-electrification/
https://podcasts.google.com/feed/aHR0cHM6Ly9hbmNob3IuZm0vcy81MzRlZmFhNC9wb2RjYXN0L3Jzcw?sa=X&ved=0CAMQ4aUDahcKEwj4jKrQg4nxAhUAAAAAHQAAAAAQDQ

eHighway is an essential solution for climate protection SIEMENS
In heavy road freight transport Ingesmity for tife

...supports the
achievement of the

) C02 climate targets in the
transport sector

...combines the advantages
of electric railroads with the
flexibility of trucks

...can be scaled %
up quickly ¥

...changes the
appearance
on motorways

4

... Realization in the
international
context thanks to
Standardization

‘ ‘ ...is compatible
with other drive
H'j technologies
and fuels

... is the most economical €
solution
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Questions? SIEMENS

Your contact for questions about the eHighway lngemaity for tife

Justin Moss
Head of Strategy, Electrification

Siemens Mobility UK&I, United Kingdom

+44 (7808) 822 682
[ustin.moss@siemens.com

TEe

eHighway

B Elekirisch in die Zukunft

S e Gerrit Stumpe
| ' eHighway Business Development

R\ B s +49 (173) 702 7740
. 'ijf. % ' gerrit.stumpe@siemens.com
— www.siemens.com/ehighway

Siemens Mobility GmbH, Erlangen, Germany

#eHighway
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http://www.siemens.com/ehighway
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http://www.siemens.com/ehighway

Disclaimer

© Siemens 2021

Subject to changes and errors. The information given in this document
only contains general descriptions and/or performance features which
may not always specifically reflect those described, or which may
undergo modification in the course of further development of the
products. The requested performance features are binding only when
they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of

Siemens AG, its affiliated companies or other companies whose use by
third parties for their own purposes could violate the rights of the
respective owner.
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< The Supply
- Chain Network

V.
y

European Union

European Regional
Development Fund

Any Questions?

A=COM i

™ EAST RIDING

o OF YORKSHIRE COUNCIL




