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Presentation Outline

* Meet our Scottish Hydrogen & Fuel Cell Association members

* Global Climate Change & the UK CCC |led Net Zero response

* Hydrogen’s Role in Delivering Net Zero: ‘Reaches the Parts...’

* Learning by Doing with Hydrogen Transport Activities in Scotland
* Partnership working examples in Fife, Orkney, and Aberdeen

* Making Hydrogen Transport Work with hydrogen hubs

* Building local skills & expertise with international partnerships



SHFCA Members: Building a Hydrogen Economy

SSGN @ 3 ASéR

e EANGK TOYOTA Q\Rm"cﬁ'if- EMECYV—

l////BOC > BALLARD i PMEC. ARUP
: o bl
& ) ITM POWER w ABERDEEN ‘#"’ @W&w s .?..M

Pale Blue Dot. CC T Logan

DNV:-GL

HYDROGENICS

nnnnnnnnnnnnnnn

UL:IWDU !appmw*er (j(]QU(]T( o l‘!’)'] UNIVERSITY
r ‘ ~ \\\ Ve, Edinburgh Naplev € 0F ST, ANDREWS
Hg / CALVERA kiw&‘ Q“\ , /) UNIVERSITY
arcola w?)/”" = - "'5 ‘ L‘CHESTERFIELD
energy ﬁ - SPECIAL CYLINDERS
FRY:
Scottish Enterprise } ] “ Nedstack ~ Sl ?HA Brintbranchen

HIE
= N 7 4
SPUFE] piohiands sna vinas crverproe g SCOTTISH ((1-:Chile

DEVELOPMENT INTERNATIONAL

SHFCA members include Micro, SMEs, Corporates, Local Authorities, Academics, & Partners



Climate Choices: the need for rapid action
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+1.9°C in 2100/+1.4°C by 2200
Emissions peak by 2029; Negative
emissions by 2080

+2.7°Cin 2100/+2.8°C by 2200
Emissions peak by 2049

Climate Action

+3.1°Cin 2100/+3.7°C by 2200
Emissions peak by 2089

+4.8°C in 2100/+7.8°C by 2200
Emissions peak between 2100 -
2150
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Source: Projections based on CMIP5 RCP scenarios, graphic from warningstripes.com



https://www.warningstripes.com/

Scotland’s Contribution to Stopping Global Warming

Scotland’s target: Net Zero by 2045 e
C p”g'b' S
Reduction
2030 759
2035 80%
2040 90%
2045 100%

The CCC advises combined use of renewables and
CCS for rapid and effective carbon reduction



https://www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming/

Reducing Greenhouse Gas Emissions
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Current Scottish Final Energy Demand

38 TWh

Scotland

40 TWh' =

Tranzport
Electricity
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Future of Energy in Scotland: (Dec 2017)
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https://www.gov.scot/publications/scottish-energy-strategy-future-energy-scotland-9781788515276/pages/4/

Future of Energy in Scotland — Transition to Net Zero

A rapid transition from coal/oil/gas to Renewables: \ :"Eﬁ ?
\ ; -

* From centralised to localised Energy Systems

* Whole energy system approach WHOLESYSTEM  MANAGED  MODELOF
( ) . VIEW ENERGY LOCAL ENERGY
* H, for ‘hard to treat’ heat, transport, and industry TRANSITION PROVISION

Longannet, Scotland’s last coal fired power station, closed in March 2016



Scotland’s Renewable Energy Growth

Diagram 4: Electricity generated (GWh) from renewable sources, Scotland, 2000-2015
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Net Zero
The UK's contribution to
stopping global warming

Committee on Climate Change
May 2019 *




. 2011: The Hydrogen Office
at Methil, Fife




Levenmouth Energy System

H2 vehicle fleet
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17 hydrogen vehicles: 10 5FC-RE, 5 H2-ICE vans
= 2 x world first H2-ICE Refuse Collection Vehicles
~* Diesel-hydrogen conversions by ULEWNCC
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Net Zero
The UK's contribution to
stopping global warming

Committee on Climate Change
May 2019

ay: >100% Green Electricity

Renewables generate > 100% of Orkney’s electricity
Over 50MW of installed renewable capacity

>1000 renewable installations for 10,000 households

.

o

By 2014 Orkney was generating 120% of its

O :: !1 . il annual electrical demand from Renewables
..'”:: & L
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Hydrogen into Heat, Power, Transport

Hydrogen refuelling station by ITM Power in Hydrogen vans from Symbio used by
Kirkwall, opened May 2018. Refuels the Symbio Orkney Islands Council together with one
vans used by Orkney Islands Council. of the five Calvera hydrogen trailers



Growing the Orkney H, project portfolio

— ——

HySeas Il —H2020 €21m EU funded HyDime — Innovate UK project UK’s first H,

project World first fuel cell ferry now injection system for hydrogen/diesel APU for
scheduled for construction and destined Shapinsay ferry. Led by Ferguson Marine with
for operation in Orkney Orkney Islands Council & EMEC as partners.

€11m EU INTERREG (ITEG) £28.5m BEIS ReFLEX project for Orkney Virtual Energy System
Orkney projects with Hydrogen now approximately £65M in total.



http://www.shfca.org.uk/news/2018/6/18/hyseas-iii-the-worlds-first-hydrogen-powered-sea-going-car-ferry-destination-orkney
http://www.shfca.org.uk/news/2018/10/8/569jnaen9n8hq5l9mzlgunwwouqjw9
http://www.shfca.org.uk/news/2018/6/12/orkney-islands-to-lead-11-million-iteg-project-to-integrate-tidal-power-grid-and-hydrogen
http://www.emec.org.uk/press-release-energy-system-of-the-future-to-be-demonstrated-in-orkney/

HyFlyer — H2 Fuel Cell Plane

6 seater plane with H2 fuel
cell electric power train

300 mile range

Trials being carried out at
Cranfield

250 mile flight from Orkney
planned in late 2020

I
SHFCA members involved:
2 Z=ROAVIA
r FUEL CELL

EMECW { o SYSTEMS

THE EUROPEAN MARINE ENERGY CENTRE LTD

HyFlyer ZeroAvia 6-seater zero-emissions aircraft



Net Zero |
C sl b Aberdeen: Energy Transiion Zone
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2014 Ambition: Be the Energy Capital of Europe
SRS

A Hydrogen Economy for
Aberdeen City Region




Kittybrewster: Green Hydrogen produced on Site
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CoWheels & NHS: Toyota Mirai H, FCEV

Air (oxygen) flows
through front intake grills
and is supplied
to the fuel-cell stack.

Power Control Unit

H

The generated electricity
is supplied to the
electric motor,
which propels the vehicle.

N

Hydrogen stored in the
tanks (yellow cylinder)
is supplied to the
fuel-cell stack.

3

Hydrogen and oxygen
react inside the

fuel-cell stack,
generating electricity
and water.

o ﬁ;

The only by-product of
creating electricity in
the fuel stack is water,
which is emitted
through the tailpipe.

HYDROGEN STATION

Traction Motor Fuel Cell Stack  Hydrogen Storage Tanks

Toyota Miral



https://ssl.toyota.com/mirai/assets/modules/carpagehowitworks/Docs/MY18_Mirai_eBrochure_FuelCellTech.pdf

H “ 2019: some of Aberdeen s 50+ Hydrogen
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>  Aberdeen’s new fleet
of 15 double-deckg;s
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2020 Ambition: Leading the Energy Transition
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A Hydrogen Economy for
Aberdeen City Region







Aberdeen hub for a Hydrogen Highlands Highway




Hydrogen Transport Hubs — Opportunity Mapping
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Energy System 2030/40
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Key Take-Aways

* Breadth of our Scottish Hydrogen & Fuel Cell Association membership
* Global Climate Change & the UK CCC led Net Zero response

* Hydrogen’s Role in Delivering Net Zero: ‘Reaches the Parts...’

* Learning by Doing with Hydrogen Transport Activities in Scotland

* Partnership working examples in Fife, Orkney, and Aberdeen

* Making Hydrogen Transport Work with hydrogen hubs

* Building local skills with international partnerships



https://www.ukcop26.org/

Next year in Glasgow... e
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SCOTTISH

Hydrogen

& Fuel Cell

ASSOCIATION
Thanks for Listening

nigel.holmes@shfca.org.uk




