News story
UK embraces hydrogen-fuelled future
as transport hub and train announced

BUSINESS HQ
Trials of UK's first hydrogen-powered train begin. 14th October

Scotland set for hydrogen-powered train and rail
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Hydrogen Rail Revolution?



By applying this approach to the 15,400 single track kilometres (STK) of unelectrified rail network in Great
Britain, we have calculated a need to provide:

O 6 0 O

11,700 STKs of Battery operation over Hydrogen operation over 2,300 STKs where there is
electrification. 400 STKs of infrastructure. 900 STKs of infrastructure.  no clear technical choice.
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TRACTION DECARBONISATION NETWORK STRATEGY

INTERIM PROGRAMME BUSINESS CASE
Executive Summary

https://www.networkrail.co.uk/wp-content/uploads/2020/09/Traction-Decarbonisation-Network-Strategy-Interim-
Programme-Business-Case.pdf



Average EV range is rising

Kilometers Current and upcoming range for EV models
700 Legend:
B - .
600 et HOnUS,
500 " I [ ] f l o HQ in Europe
- . ?
400 . * ? = . : 3 L H g ° g
- , ‘- 1| . ss= Battery-cell energy densities have
. = . b4 . . .
200 : oo, b8P wew.  almosttripled since 2010
. e i - 4l S 2020:379km Cell energy density (Whikg) Cathode chemistry
| R - Lt - 7 350
& . B 4
v LCO
2006 2008 2010 2012 2014 2016 2018 2020 2022 Model year 300 . . 3
Source: BNEF, EPA, automaker announcements. For models without a verified EPA range, a value was estimated by converting from the oLMO
WLTP/NEDC Regions correspond to q - 3
BloombergNEF | - LMOLNO
B
200 . oNCA
150 ! . #NCA+
Lithium-ion battery prices keep falling 1 ’ oG (111)
Battery pack price (real 2019 $/kWh) » #NMC (622)
1,183 Down 87% \ oNNC (B11)
from 2010-19 0

2006 2008 2010 2012 2014 2016 2018 2020 2022

. Source: BNEF; company reports
21 eeq BloombergNEF
588
381
293 218
I IIrrE

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020e
Source: BNEF 2019 lithium-ion battery price survey

BloombergNEF




I 5 \3 \ O
o = - g
v -
v
PR A\ N
& -‘ iy /‘. ..
P - N7 “ o
,/‘,f — 2 RS < ‘,.".,‘}Q?‘;“v{ =y
/ SN P e

L Ll | & SSaaammm Design battery with end of
- life recycling in mind.

Environmental Concerns — Lithium and rare metal extraction



Geothermal project in England secures
@ puines & urtan Rights funding to help pilot lithium-extraction
e i S s . technology

Home  LatestNews ~So.Africa: Report says ..
Harvesting Vital Lithium From Sea Water
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Tesla to make EV battery cathodes without cobalt

Cutting cobalt makes batteries cheaper

Environmental Concerns — Lithium and rare metal extraction
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https://royalsociety.org/-/media/policy/projects/synthetic-fuels/synthetic-fuels-briefing.pdf
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Renewable Intermittency and Storage
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Hydrogen for
the future:

eeeeee Delivering
Zero-carbon in
heavy INndustry




Business

%

17.51

Industrial
processes

million tonnes CO2

. 79.0
equivalent

Incidental lubricant combustion

. . 0.0
in engines

0.00

Refrigeration and air
conditioning

10.7

Closed foams
Firefighting

Solvents

One component foams

Iron and steel - combustion
and electricity

Industrial combustion and
electricity (excl. iron and steel)

Commercial and

miscellaneous combustion and 11.7 2.60
electricity

Electronics, electrical

mgulahon, sglen.tlﬂc research, 06 014
military applications and

sporting goods

Non energy use of fuels 0.0 0.01
Accidental fires 0.0 0.00
N,O use as an anaesthetic 0.6 0.13

Decarbonising Industry

%

million tonnes CO2 equivalent 10.2 2.27

Sinter production

Cement production

Lime production

Soda ash production & use

0.4

Glass production 0.08
Fletton brick production 0.0 0.00
Ammonia production 0.8 0.18
Aluminium production 0.1 0.02
Nitric acid production 0.0 0.01
Adipic acid production 0.0 0.00
Other - chemical industry 0.3 0.06
Halocarbon production 0.0 0.01
Magnesium cover gas 3 Gl
Iron and steel production @
Titanium dioxide production o cpvL
Bricks production 0.3 0.07
Non ferrous metal processes 0.0 0.00
Use of N,O 0.0 0.01

https://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes



Almost half of fuel consumed for energy can be electrified with technology

available today.

Share of total estimated fuel consumption for energy, 2017, % A BestPractices
SteamTechnical
Brief

Examples of processes Technology status

Other
(potential not assessed')

Industrial
Heat Pumps
for Steam
and Fuel
Savings

Melting in glass furnace, reheating of
slab in hot strip mill, and calcination of Research or pilot phase
limestone for cement production

Very-high-temperature heat
(>1,000°C)

Steam reforming and cracking in
the petrochemical industry

High-temperature heat

(400-1,000°C) Available today

Medium-temperature heat . e . ,
p100 400°C 18 Drying, evaporation, distillation, and activation  Available today ‘
( - ) #77 "% u.s. Department of Energy
E /(| Energy Efficiency and Renewable Energy
¢ * &7 Bringing you a prosperous future where energy is clean, abundant, reliable, and affordable

Low-temperature heat 1

(<€100°C) Washing, rinsing, and food preparation Available today

Electrified Industrial Heating

https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/plugging-in-what-electrification-can-do-for-industry
https://www.energy.gov/sites/prod/files/2014/05/f15/heatpump.pdf




UK Historical Energy Usage
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|ChemE i “UK’s electricity demand is the
smallest of the three, annual

WORLDWIDE

Hydrogen: The future fuel today transport demand is 1.4 times
A collection of articles on generation, storage, electricity' and heat iS 2.7 t—imes

transport and utilisation

electricity. Therefore, to
electrify these demands with
intermittent electrical supply
would be predicated on building
generation, transmission

and distribution assets equating
with industrial levels of battery
deployment to transfer
summer power to winter heat.”
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Renewable Intermittency and Storage



Natural gas flow chart 2018 (TWh)
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https://www.gov.uk/government/statistics/natural-gas-chapter-4-digest-of-united-kingdom-energy-statistics-dukes




Petroleum Flow Chart 2019 (million tonnes)

Crude Oil &
NGL Exports

Crude Stocks
Net Stock build

01

Crude OIl &
NGL Production

51.8

Crude Oil & NGL Imports

463

Backflow from petrochemical plant g 4

Feedstock Imports 59

Petroleum Imports 333

Refinenes

Stocks

0.6

Net Stock

build

Feedstock Marine Bunkers
Exports
23
Energy Industry Use
39
21 Product Exports

20.6

Transformation
04

Transport

309

495

Inland Delivery

Other
Industry
22
Domestic
04 23
Misc.
Backflow to refinery Non-Energy Use 34

6.5

Renewable Intermittency and Storage

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/904777/DUKES_2020_Chapter_3.pdf



Electrification and Energy Efficiency Usage
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Gas no CCS — accept short term

emissions
Hydrogen storage  ~_. .t ccs
seems to be Thermal
accepted in the Batteries

absence of analysis Hydro
of alternatives and  Nuclear

combinations. Imports
Bio-fuels

E-fuels
Tidal
Geothermal
Gravitricity

Energy Storage — a compelling case for hydrogen?
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Environmental Innovation and Societal Transition

journal homepage: www elsevier.com/locateleis

major uncertainties with a decarbonised gas pathway. Incumbents are over-selling
areen-gas to policy makers in order to protect their interests and detract from the

et ng et ia: Ay ncumben touse oo s [mportance and value of electrification. Policy and research recommendations are
an lectriying fufure i

Riched Loves™, Bridet Woodman’ Jamie Spei
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Institutionalised Hydrogenism

https://www.sciencedirect.com/science/article/pii/S2210422420300964
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1,050 Tweets
. . . Nigel Cornwall - 2nd
Tweets Tweets & replies Media Likes ‘ Director at Hydrogen East and New Anglia Energy
- — - 3h- ®
Z : 2 EMEC in Orkney adds storage to tidal for
hydrogen boost - via @reNEWS._. Thanks Tom. We are working hard at Hydrogen East to
renews.biz/64307/emec-add... assemble an evidence base that demonstrates the benefits of
#hydrogen across use cases. We are also seeking to engage
) n O L with DNOs and GDNs to work out what works best in terms of
heat decarbonisation on a place-based basis, and to try to
Hydrogen East @HydrogenEast - 1d accelerate the transition through use of local energy area
@ Hydrogen: where is low-carbon fuel most planning.
useful for decarbonisation? Interesting
piece on different applications and key It is not feasible to electrify everything and | do not see the
issues spoilt only by the usual hatchet job gas network being ripped out not least because of increasing

use of biogas and, over time, hydrogen. Indeed, if we are to
reach #netzero affordably, clean gas will have an important
role to play, and there is a growing case for conversion of
power that might otherwise be constrained off. The
consumer dimension is also v important in terms of
affordability and disruption. Scaling is problematic owing to
the upfront costs. Too little thought is being given to suitable
funding models and smoothing costs as well as to consumer
education.

by Tom Baxter on use for heating (place
based and specific use cases do have a
role).

I am sorry if my choice of language was a bit off-beam. | think
| was reacting to seeing the same sentiments used in various
opinion pieces you have authored (EnergyVoice, media

Hydrogen: where is low-carbon fuel pieces).
most useful for decarbonisation? ) . . i
theconversation.com Engagement is key to understanding positions, resolving
differences and finding pathways forward. Always happy to
O Lun Q2 2 discuss.

#heatdecarbonisation
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https://publications.jrc.ec.europa.eu/repository/bitstream/JRC118592/towards_net-zero_emissions_in_the_eu_energy system_-
_insights_from_scenarios_in_line_with_2030_and_2050_ambitions_of the european_green_deal _on.pdf



Where is the holistic evidence for the UK’s
potential pathways to net zero?

Energy

Power o
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Lifestyle
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CO, Tax

Storage

Conclusion



"Over-selling Hydrogen in the
UK

tom.baxter@btinternet.com



