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National Perspective

Early 2020s (2022-2024) Mid-2020s (2025-2027) Late 2020s (2028-30) > Mid-2030s onward >
Hydrogen economy ‘archetype’
Production Production Production Production
Small-scale Large-scale Several large-scale Increasing scale &
electrolytic CCUS-enabled CCUS-enabled range of production
production production in at projects & several — e.g. nuclear,
least one location; I large-scale biomass I m
electrolytic production iim electrolytic projects
Networks increasing in scale —_—= @ ﬁ -
Direct pipelineg,
co-location, Networks Networks
trucked @Eb Dedicated small-scale Large cluster M1
(non-pipeling) cluster pipeline @ networks; large-scale
or onsite use network; expanded storage; integration
trucking & with gas networks |
small-scale storage —— Networks
Use " Regional or national S
e . T ¥ networks & large-scale
Me transpoi H storage integrated @&
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rall & aviation trials);
industry demonstrations;
neighbourhood

heat trial Jﬂ;

Key actions and milestones

Launch NZHF early 2022
Phase 1 CCUS cluster decision 2021

* Finalise low carbon hydrogen standard
2022

* Finalise business model 2022
Heat neighbourhood trial 2023

+ \alue for money case for blending Q3
2022

Industry applications;
transport (HGV, rail &
shipping trials) vilage
heat trial; blending
(tbe)

loo—ool®
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« Aiming for 1GW production capacity
2025

* At least 2 CCUS clusters by 2025
Heat village trial 2025

Hydrogen heating decision by 2026
+ Decision on HGVs mid-2020s

Use
Wide use in industry;
power generation &
flexibility; transport
(HGVs, shipping);

& s
heat pilot town (the) _I
wd T

« Ambition for SGW production capacity
2030

» 4 CCUS clusters by 2030
» Potential pilot hydrogen town by 2030
* Ambition for 40GW offshore wind by 2030

& electricity networks
Use
Full range of end
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users incl. steel;
power system; ﬁ
greater shipping &

aviation; potential .
gas grid conversion
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+ Sixth Carbon Budget

Supporting policy and activity: what needs to be in place to deliver?
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Networks Reqgulatory Market Grant funding Research &
& storage frameworks frameworks innovation
infrastructure

&8 @ @ &

Sector International Public & Private Industry
development activity & consumer investment development
markets Awarensss & deployment

Jbeta

b

cenex

UK Government policy support
hydrogen as key enabler to net-
Zero emissions

10 GW by 2030
Green growth agenda

Ban of non ZE vehicle sales (cars
2030, HGV<26t 2035, all HGVs
2040)

Focus on hard to electrify areas

Pre-commercial phase
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‘National Demonstration Funding

Innovate UK’s Transport Vision
forecasts a 100% penetration of ZE
HGVs by 2050 and estimates a
split of 50% hydrogen and 50%
battery electric trucks.

ZERFT Initiative provided nearly
£20m funding for feasibility and
EV truck demonstration

* 202 2025 2030 2040 2050 2021 2025 2030 2040 2050 2027 2025 2030 2040 2050 2021 2025 ::3:0::‘: 2050 2021 2025 2030 2040 2050 o Next Step Iarge SCaIe
u Fossil Fuels Hybrid Electric mHydrogen m Battery Electric o o=l demonStl’ation trials Of SO|Uti0nS
Zero Emission Road Freight Demonstrator for ZE HGVs (mCl- H2)
(ZERFD) 2030 2040 2050

* Feedin to UK strategy exp. 2025

Scale End of
Infrastruc Sale of AllHGVs
. ture and fossil- net zero
vehicle . . . compliant
. e L Nationwide fue_l_le_d Commercial
Demonstrations i HGVs
Deployment Market
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Hydrogen Vehicles _

Vans Most manufacturer / govs.
favour BEVs. Some products
expected over coming years for
hard-to-electrify applications

Trucks Early products becoming
available. Widely considered
critical for net zero targets

1.Hydrogen Tanks RS Buses Product demonstrated over last 5
(350/700/LH2 bar) /\’ 4.Electric years, deployments growing with
ggﬂ motor grant funded support
3
2.Fuel Cell Off-road Early products becoming

available. Widely considered
critical for net zero targets.
Materials handling FC Forklifts
have been available for many

Jbeta .2, ——
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Hydrogen Technology Development

This roadmap represents a snapshot-in-time view of the global automotive - Solid colour bar: TN, Dotted line bar:
industry propulsion fechnology forecast for mass market adopfion. Technology adoption for v Tochnology exists in international
Specific application-tailored technologies will vary from region to region. mass-market applications markets, but less prevalent in Europe

Low Emission ICE and Hybrid: ULEZ compliance Dedicated Hybrid: Optimised for ZEZ compliance, gec-fencing

s
[ ]

Urban Services
and Off-highway

Roadmaps collate insight,
foresights and predictions
from across industry,

Low emission ICE: (blended and low carbon fu Emission zone compl running on net zero fuels academia and govern ment

New ICE architectures: High efficiency (=5 New ICE architectures: Net zero fuels with emission zone compliance:

BEV: Light Duty technology transfer Tailored BEV: High adoption, cost effect xmisftries, ubiquitous charge capability (fast and wireless)
Zero tailpipe emissions led

Fuel cell: Specific high utilisation vehicles, fast re-charge, off-highway Cost effective fuel cell: Cost competitive with BEVs

Long Range
and Off-Highway
Net-zero* emissions led

Hybrid: Augmenting ICE performance Dedicated Hybrid: Tailored for occasional urban uses and high utilisation

BEV Specific Platforms: (H ] BEV: Power and energy dense chemistries with ultra-rapid charge capability ° H 2 Ve h I C I eS u Sed I n u rban L] Oﬁ_
Fuel cell: High utilisation applications, specific fleets Fuel cell: TCO competitive for small fleet operators h |g hwa,y aﬂd |S|a.n d e n e rgy

supply

External Bespoke EV off-highway: Remote sites with local grid infrastructure (e.g. micro-grid, battery swapping, tethered, semi-tethered)

Energy Source
Net-zero* emissions led

Catenary Electric HGV: pantograph, specific high-utilisation routes

MNew ICE and Fuel Cell off-highway: Remote site net-zero or zero-emission mobile and closed-loop fuelling o Co—develo pment Of IC E and
s s s s s s s s Fuel Cell vehicles

2020 2025 2030 2035 2040 2045 2050

s o BRSO - Deployment support subsidies
=23 20080y to 2035 (ish)

Drivers and Regulations Policy, environmental, social and economic drivers that exert influence on vehicle design and powertrain choices
Tachnology Enablers Engineering and technology enablers that exert influence on vehicle design and powertrain choices

Hybrids = Mild, HEV, PHEV and range extender

@ bEta 4 www.betatechnology.co.uk
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Hydrogen Trucks

Introduction

Early product appearing on the market in response to demand signals
from fleets and governments

Technology entering demonstration phase supported by government
funding

Considered as key enabler for ZE HGVs

Vehicle Availability (UK) e.g.

Diesel trucks can be converted to operate on hydrogen and diesel (H,
DF) from ULEMCo

Hyzon Motors supply rigid and artic trucks

Ballard Motive suppling 19 FC RCVs to Glasgow City Council
Product availability increasing this decade

OEM product (Daimler, Volvo, Iveco) expected from 2023 — 2025 +

Infrastructure

Limited public infrastructure.
Current infrastructure subsidised through national and EU funded
programmes.

Qbeta @

Ballard Motive FC 26t RCV

70 kW FC

20 — 30 kgs H2 @ 350 bar

30 kWh battery
10 min refuel

10 tonne payload
160 km range

Hyzon HyMax-450

6 X 2 (44t)

30 kgs H2 @ 350 bar
120 kW FC

70 kWh battery

450 kW Motor Power
300 — 500 km range

700 bar and Liquid H2 being developed for range

improvement

www.betatechnology.co.uk



Hydrogen Buses

Single decker
N
3!

Manufacturer

Battery
Model i Capacity/Fuel

Claimed

cenex

No. of Seats

Type Tank size Range (Capacity)
| t d t CaetanoBus H2 City Gold FCEV Upto37.5kg | 500 km 31 (65)
ntr 1on - _
oductio Wrightbus GB Kite FCEV 3550 kg 700-1.000 | 45 (90)
Hydroliner km

« Hydrogen buses are a developing technology, with limited, but
growing, model availability.

Double decker

Batt .
- Key markets expected to be long range coaches and buses Manufacturer  Model Fuel Type ?E.':E%f"e' Clamed | N o Seatd
«  Government funding (ZEBRA) has recently covered 75% of bus Wrightbus rectdec FCEV 27 kg 450km | 65 (86)

and infrastructure costs
« UK Gov targets 25% ZE Buses by 2030

Go-Ahead forges ahead with plans to launch
hydrogen buses in the UK this summer

Public transport operator Go-Ahead Group has completed 15-year hydrogen supply deal, as it
strives for a fossil-fuel-free fleet of buses in the UK by 2035.

Vehicle Availability (UK)
* Two suppliers (Wrightbus and Caetano)

60 FCEV buses currently operational in the UK

CIRCULAR ECONOMY TECH & INNOVATION TRANSPORT

Infrastructure

« Limited public infrastructure.

» Current infrastructure subsidised through national and EU funded
programmes.
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