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Ambitious Net Zero Climate

Targets
Scotland's target: Net Zero by 204 C

Year Scottish CO,
Reduction

2030 75%
2035 80%
2040 90%
2045 100%

The UK's contribution to
stopping global warming

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/

Current Scottish Final Energy

De e dFinal Consumption 160 TWh

38 TWh 82 TWh

Scotland

40 TWh'

Transport

Electricity
M Petroleum products M Natural gas
M Electricity Bioenergy & wastes
" Manufactured fuels & Other Coal

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/
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Reducing Greenhouse Gas Emissions
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Scotland’s GHG source emissions
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The Future of Energy In Scotland — A Transition

A rapid transition from coal/oil/gas to Renewables

o O 4 o
 From centralised to localised Energy Systems
A

° A STABLE, A SMARTER
Wh0|e energy SyStem approaCh WHOLE-SYSTEM MANAGED MODEL OF

. , ] VIEW ENERGY LOCAL ENERGY
* H, for ‘hard to treat’ heat, transport, and indus! TRANSITION PROVISION

Longannet, Scotland’s last coal fired power station, closed in March 2016 6



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
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Net Zero
The UK's contribution to
stopping global warming

Committee on Climate Change
May 2019
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Building Innovative Green Hydrogen
Systems in Isolated Territories
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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

14






Net Zero
The UK's contribution to J
stopping global warming

Committee on Climate Change

May 2019
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Hyfjrogen is prodgcgd at Kittybrewster site T BOC
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CoWheels & NHS: Toyota Miral H, FCEV

Air (oxygen) flows

through front intake grills
and is supplied
to the fuel-cell stack.

Power Control Unit

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

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

Hydrogen and oxygen
react inside the
fuel-cell stack,

generating electricity

and water.

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

HYDROG! 10N

Traction Motor Fuel Cell Stack  Hydrogen Storage Tanks

Toyota Mirai .



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

L
, ¥ | _

I LGt
4 9 O

/ Hydrogen

-wheels

Co
oo

’ ‘|b

r
&

§
o r—

- r—l-l':l'
AN s\ s
§

N

&

rd
FCH

<,

L
i ]
-
2
<
K7

B

1

[y —y =




y Scotland’s
SCOTTISH
Hydrogen Clean Transport
& Fuel Cell Achievements
ASSOCIATION



Real world hydrogen trials:
Commercial and operational
Implications

RS —————
Dr. Nick McCarthy

Technical Specialist nick.mccarthy@cenex.co.uk

cenex.co.uk ¥ @CenexLCFC ™ info@cenex.co.u
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HyTrEc 2 Partners
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cenex

Interreg North Sea Region projects — HyTrEc 2

Project Name Dates No. Vehicles No. HRS
monitored monitored

2 To date: 53 Todate: UK, France,
) 3 HRS G ]
Hy-E/E& HyTrEc 2016-2022 Large Van 3 ermany,

Locations

Mediumcar 27 By 2020: Denmark,
orite Ko Soardion Midsized SUV 10 5 HRS*
Road Sweeper 2 Norway’
Small Car 2 Sweden
Small Van 8
mini bus 1

Primary focus is demonstration, skills and infrastructure creation.
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200%
150%
100%
50%
0%

Real world utilisation and BEV compatibility

Aberdeen CC EV daily mean & max duty analysis

Large Van Med SUV

B Max Daily Battery Utilisation

Medium Car

W Average Daily Battery Utilisation

Rigid Small Car Small Van
Truck
18t

24 vehicles
monitored

7 perfectly suited
to BEV

2 multiple charges
required if
possible

15 very high
utilisation

— Not suited to
BEV

cenex
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Real world utilisation and FCEV compatibility

Aberdeen CC H2 daily mean & max duty analysis L4 24 ve h | CIeS
400% monitored

% 200% » 10 perfectly
% 250% suited to FCEV

| . 12 multiple
2 o | . I_I_I_I_I refuels required if
5 ossible
w I I I- " Il Lk Il I I. I. I- LR LN Il I 1 P .
« 2very high
utilisation
Large Van Med SUV Medium Car Rigid Small Car Small Van - NOt SUited

ot | to FCEV

B Max Daily H2 Utilisation  Average Daily H2 Utilisation
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Efficiency, intensity and emissions

Understanding differing duty cycles and energy requirements




BEV Ms and FCEV

Battery Electric Car
Grid-to-Motor Efficiency = 86% 0
Electricity Charger _’ Li-ion Battery Inverter & 86 A)
e 93% efficient | " | 93% efficient [ || coing, Motor
in Car
Hydrogen Production I I Fuel-Cell Car
Grid-to-Motor Efficiency = 25%
Electricity H,O Electrolysis H, Compressor | HzFuel Cell Inverter & Z S(y
A - - : 0

from Grid <= 700, efient 90% efficient a0% effcient | " Elehe Mopt

I'1

The above argument ignores three critically important issues:

. Presents a false conflict between BEVs to FCEVs — Ignores the opportunity to displace ICE fossil fuel vehicles!
. Duty cycles requirements and refuelling / recharging
. Self-weight of vehicles as power and range increase
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H2FCs Vs ICE

% Change in WTW g.CO2e/km vs Cenex-Model Diesel Comparator (ACC)

” l In a fuel cell system:
-10%
-20%
30% *  SMR H2 has 38% to

0% 46% less CO,e

E 50% emissions per km

X 0%
70% 4 SMR H2 has 100% less
-80% AQ emissions at the
-90% point of use
-100% Mirai 1X35 Kangoo

H Grid Electricity Green Tariff *  m 100% SMR sourced H2
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Bus depot commercial assessment

BEV and H2FC bus depot infrastructure comparison
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Bus duty cycle

*+ BYD-Ebus (best in class 2017/18)
* Range =155miles, 4.5 hour* charge time

* Average FC/hybrid bus (CHIC 2016 report)
* Range =218 miles, 15 minutes refuel

Aberdeen  aperdeen - Dundee intercity journey (~70 miles

shortest route: assume 1.5 hour journey time)

* 100% EV bus = 7 trips in 24 hours (4.5 hour
break every 2 trips)

* FC-EV hybrid = 15 trips in 24 hours (0.25 hour
break every three trips)
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Bus model back-to-base economies of scale

« BEV Bus - FCEV Bus

— 80 to 150 kW charger — 30 kg of hydrogen per

— 1 or2bus? bus

— 20+ chargers will require — 4 pumps, eight nozzles
multiple million pound  Through put of 8 buses in
electrical connections 30 minutes (or less)

— Extra buses for day time — Small scale HRS very
charging? expensive

Increased depot footprint?
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BEV and FC Bus depot example - BEV

° 150 kW Charge p0| nt — 00000 150 kW Charger, Installation and Grid-reinforcement Cost Estimate
c.£93,000 installed
« Grid reinforcement per oo

1MVA (c.6 chargers)
£ £12,000,000
B Eé’ggg’ggg % £10,000,000
1 1 S £8,000,000
« Assume 150 kW < o000
charger can charge two * =00 31, 5,883,000
buses per nlght’) £2,000,000 |6, £558,000 11, £2.023,000
° Where doeS th|S graph = 2 12 22 32 42 52 62 72 No. of buses charged
level off?

| ow =—=High
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BEV and FC Bus depot example - HRS

e H RS prices Wldely 700 bar HRS Cost Estimate
variable £3,500,000

° 2017 V_VO rst case £3,000,000
scenario £2,500,000
prese nted £2.000,000 33, £3,000,000

13, £2,250,000

« Data based on

£1,500,000

Installed costs exc. street works

multiple projects £1.000.000 3, £1,750,000

over a ten year T

perlod £500,000

extrapolated from £0

33 refuels 0 10 20 30 40 50 60

Maximum bus refuels per day

onwards
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Large HGV commercial assessment
commercial assessment

BEV and H2FC range and energy storage comparison for 15t
payload
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15 t payload model (40 t HGV)

* BEV semi-truck
* Assume 15 t payload HGV requires 550 kWh battery, and has a range of ~400 km
* Estimated battery mass is 400 kg = 6.4 kWh/kg
* HGV requires 1.375 kWh per km
* mass of battery per km =(1.375/0.26) = 5.3 kg/km

e FCsemi-truck

* Assume 15 t payload requires 448 kg of fuel cell (228 kW peak power)
* 5 kg of H2 requires 85 kg of tanks

 30kgof H2 for ~320 km

* mass of 224 Kw FC = 448 kg

* mass of H2+ tank per km =1.7 kg
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Self-weight of vehicle energy store as range increases

15t Payload HGV BEV & FC (228 kW peak)

mass comparison
— 6,000

oo
=
n -
o 5,000 -~
= ”
Q ”
S -~
& 4,000 _
S P
= ”
2 ”
v 3,000 P ~
9 ”
© ~ 4
£ 2,000 - -
= - -1
2 - - -
3 1,000 B
o~ -
‘5 - ;
X L
E 0 -
E 0 200 400 600 800 1,000 1,200
- Range (km)

= e<Batterymass = <FC+ H2+tanks mass



TTSI/Kenworth/Toyota FCEV truck trials

2011 Vision Vehicles Class 8 FCET
Range: 150 miles

2017, Kenworth / Toyota Mk1 Class 8 FCET
Range: 200 miles

2018, Kenworth / Toyota Mk 2 Class 8 FCET,
+12 kWh battery (With sleeper cab)
Range: 300+ miles
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Other H2-HGV projects to watch




Hyzon portside H2 transports
* 400 trucks

Hyzon (Horizon) commissioned in
£ 2 2019
1 GVW/GCW ?? .
Config/Cab 4x2 / Day On SChedU|e to )
Range 2 manufacture more in
- - H2 (3 tanks)
_ H2P ?? 2020
Bat ” — Including
FC Stack size 100 kW
downturn due to

COVID19




Hyundai Xcient Scania
£ demo
£ lease GVW/GCW ??/ 27t
GVW/GCW 19t / 36t Config/Cab 4x2 / Day
Config/Cab 4x2 / Day Range 310 miles
Range 248 miles H2 33 kg
H2 32 kg (7 tanks) H2 P 350 bar
= H2 P 350 bar Bat 56 kWh
Switzerland Bat 73 kWh Asko demonstration FcStackssize 90 kW
(2019) FC Stack size 190 kW (2020)
Nikola Tre (CNH/IVECO) . lestes DAF(with Shell/Toyota) R
GVW/GCW TBA GVW/GCW 28t
Config/Cab 6x4/ Sleeper Config/Cab 6x2
Range 500 miles + Range 250
H2 TBA H2 30 kg
H2 P TBA H2 P 350 bar

Bat

FC Stack size

TBA
120 kW (TBC)

Bat
FC Stack size

72 kWh
88 kW




1 prototype only
(ended 2017?)

£
GVW/GCW
Config/Cab
Range

H2

H2 P

Bat

FC Stack size

H2SHARE
34t

6x2

225 miles
31 kg
350 bar
120 kWh
100 kW

GM

Concept only

Hyundai HD6

Freightliner (Daimler) & Mack (Volvo)

A

cenex
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Not just H2FC

« All of the above companies are also involved in BEV-HGV
 Low mileage, low weight HGVs are a key market as well




:
ot

cenex

In conclusion
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« BEVs and H2FCs are NOT mutually exclusive — fossil fuel
displacement is the goal

« BEV technology and infrastructure is improving and reducing cost
every year

« H2 technology and infrastructure is improving and reducing cost
every year

« Operational constraints are a dominant factor in BEV/H2FC Capex
breakpoints
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Thank you for listening

kRN
Dr. Nick McCarthy

Technical Specialist nick.mccarthy@cenex.co.uk

£ www.cenex.co.uk ¥ @CenexLCFC = info@cenex.co.uk




Making Hydrogen Transport Work: Insights and

Experience from Aberdeen

Andrew Win
Programmes and Projects Manager
@H2Aberdeen
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ABERDEEN

CITY COUNCIL
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Aberdeen

Aberdeen leading the global energy transition
* Net Zero Vision with an aim to be a climate positive City
* A Strategic Infrastructure Plan to support this vision

Aberdeen is an established centre of excellence for hydrogen and
fuel cell technologies

* Europe’s largest real-world deployment of hydrogen vehicles

Transport is a sector enabler given that it is a higher value use
compared to heat and industrial applications.

Implemented quicker than the other sector applications, thus
providing a pivotal “first mover” advantage.

Ho

Aberdeen

& A climate-positive
#0250 city at the heart of
the global energy
transition
AVison & rospectus for Aberdeen

P o s

48



Facilitate vehicle deployments by a
range of stakeholders in the region

H=

Aberdeen

49



Develop hydrogen refuelling
Infrastructure

Aberdeen Hydrogen Bus Proj .
Mm’wgm B roject

Agreen Aberdeen
2y o

L= N

3

(

s &
@
[
1!

Aberd

een
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Aberdeen Hydrogen Bus Project

An innovative public-private partnership

Was Europe’s largest fuel cell electric bus fleet: 10 buses in total

* 4 buses FlrSt f"

* 6 buses

@ Stagecoach

* 1production & refuelling station

Dedicated bus maintenance facility

PROJECT PREPARATIO AND

2010- 2011 2012- June 2014 March
2011 2013 2015-March
2019

Ho

Aberdeen

51



Aberdeen Hydrogen Bus Project

More than

MILES 2 million

>98%

AVAILABILITY
OF STATION

DRIVEN 1.15m|"|0 Passengers
n K
g

89% 211,859 e

AVAILABILITY [ Eo-lz mins refuelling time

260 miles | EESEUE 1 OO
. TONNES OF CO2 SAVED*

1

52



Market Constraints

Vehicle Price

Component and Servicing
Costs

Servicing Supply Chain
Maintenance & Technicians

Hydrogen production &
infrastructure costs

He

Aberdeen

53



Aberdeen Hydrogen Hub Hd

Phase 1 — provision of a resilient, cost
effective supply of green hydrogen on a
commercial basis to the marketto support
the existing and proposed transport
projects.

Phase 2 — Expansion in the short to
medium term to connect to larger volume
utilisation of hydrogen — trains, trucks and
marine.

Phase 3 — Whole sc}/stem approach to
suppl¥ and demand. Innovation, skills and
transition hub to_squort expansion of the
local supply chain. Pursue the ambition
for Aberdeen to be the centre of a brand
new E_ner?_Y production business,
exporting H2 to the world.

Aberdeen

>£700m Gross Thousandsof @ @ @
@ Value Added to jobsin & around w ” ﬁ
Scotland by 2030 Aberdeen

J

E PX)erdeen Hydrogen Hug
BANNO >Pﬁ I

L
@ k Phase 1: Road Transport focus, MW scale /

= markets
Phase 2: Other transport, multi-MW scale =2

Phase 3: Economy-wide hydrogen roll-out
Further low carbon and renewable energy sector development
Expansion of local skills base and supply chains

54



Aberdeen Hydrogen Hub Schematic

#ht

Wind Turbines

.

Key: Dashed lines
B Hydrogen indicate potential
B Water modular expansions
W Grid Electricity
B Renewable Electricity a

W Signals a

%

Plant PLC

Electrolyser

—p COompressor

Water

National Grid

Aberdeen

First Bus D
'IM.' irst Bus Depot
— Tube Trailer =————pm—> 53

Refuelling Station
!!IL““ Kittybrewster

(]
> Tube Trailer =———7—> H}

7 Refuelling Station
1711
ACHES

Hydrogen
Buﬂer Storage

Tube Trailer ———— H}
1

| Refuelling Station

, 111111 -
() O

L.—.» TubeTrailer — . = J

I I

! | Potential Additiona
1 r-——» 3
ol ; !

. O .

L= »TubeTrailer .. - .3 Refuelling Stations
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Aberdeen Hydrogen Hub Opportunity H @
=
Aberdeen

* Opportunity is to deliver a commercially robust hydrogen supply project in Aberdeen

* Keyissues :

* Identify a firm, long term demand picture:
* building off existing Public Sector commitments:
* afirm contribution from the Private Sector would support this.
* acting on an emerging opportunity from the rail sector could provide required

scale

e Address additional supply challenges:
* better understanding eligibility to claim RTFC’s in the long term impacts likely H2

fuel price.

56



Demand for hydrogen as a transport

fuel (tonnes/day)

Demand Growth Scenario ,
H -

Aberdeen

Fuel demands to be met by the Aberdeen Hydrogen Hub by vehicle type (baseline)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Limited growth in
demands while
further validation

3.5

- Buses
[ | Municipal RCVs/HGVs
Il Other HGVs

Linear growth assumed in
baseline (in practice steps
could be expected)

2.3
of latest Cars and vans
generation FC 2.0
bl;j:iEtal:?eﬂ?w NB: demands could
project) 12 1.8 also arise from other
{_,\_‘ 0.8 = applications(e.g. rail
05 0.6 10 0.. and marine sectors)
0.7 0.3 but were excluded
m m 03 03 04 from the baseline
scenario.
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Year

57



Public Sector Fleet

Ultra-low emission public sector fleet and buy-in by private sector partners by 2025

Engaged vehicle manufacturers to map out real world,
commercially available solutions

Undertake fleet renewal programmes and establish
H2 demand for various vehicle categories

Develop a Joint Procurement Framework with interested
public sector partners.

Profile of additional demand that regional private sector
partners could achieve, with support of ONE and Scottish
Enterprise

58



Public Sector Fleet

Ultra-low emission public sector fleet and buy-in by private sector partners by 2025

Aberdeen City Council, with its public sector
partners and Universities have committed to a fleet

replacement programme to deliver 2025 public
sector targets

Now includes SEPA, Scottish Water and SNH and
other North East Scotland Local Authorities

Commissioned a fleet review to identify appropriate
vehicle type and operational requirements for the
adoption of ULEV (BEV and Hydrogen FCEV)

Inform a joint procurement of fleet vehicles across
the organisations by spring 2021

SE PA' NORTH EAST

Hr:u\t:l-r A»] ‘:'. COLLEGE

N HS H Scottlsh

Water

Trubed b e Scotlasd

Gramplan
GAST

Scottish Natural Heritage

All of nature for sl of Scottand

ABERDEEN

CITY COUNCIL

e

meﬂ::: Aberdeenshire

COUNCIL

59



Public Transport: Buses
100% hydrogen-fuelled bus fleet by 2030

Deployment of JIVE-funded bus project (15 vehicles) by
2020.

Expand the existing hydrogen bus fleet to 25 buses by 2021
to support Low Emission Zone policy and hydrogen hub
commercial model.

Private sector investment in hydrogen fuel cell buses by
2022

100% hydrogen-fuelled bus fleet by 2030 through a
partnership  between vehicle OEMs, operators,
Government and stakeholders.




Demand for hydrogen as a
transport fuel (tonnes/day)

=
o

Securing Demand is Essential to Deploying Hydrogen

Production at Scale

Hydrogen Demand scenarios

Demand growth _

. + trains + marine o mmem =TT

4| 2020Demand~0.2 growing to - S 2030 Demand 3.5 T/ day:
~0.4T [ day with new buses: P s
Buses: 10+15 7 Fuses e

1 ' ’ Demand growth Car / Vans: 800
Car/Vans:~14

i HGV's: 70
HGV's (RCV's): 2 No growth

n -I_ ——== -I — T T T T T T 1

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

No growth 25 buses only; no new demand

Gradual transition of public sector

RELL R fleets & local freight to hydrogen

As above + 10 trains in 2025 + 8
boats by 2028

Demand growth + trains and
marine

Buses

Buses, cars (e.g. taxis), council
RCVs, HGVs

Buses, cars, council RCVs, HGVs,

trains, boats

0.4 tonnes hydrogen/day

3.5 tonnes hydrogen/day

8.5 tonnes hydrogen/day

Note: the potential for Aberdeen to be involved in Hydrogen train trials, starting +/- 2025 has increased recently, which would double the Demand growth case.
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Making Hydrogen Transport Work: Insights and

Experience from Aberdeen

Andrew Win
Programmes and Projects Manager
@H2Aberdeen
“
ABERDEEN Aberdeen

CITY COUNCIL
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= INNOVate UK

i

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. 67



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
300 mile range
Trials in 2020

10,360 uttratowemission

egistered | atthe end
of September 2018 (a 23% increase since
the end of March 2018)

Change in emissions by key transport
mode 2015-2016:

>

T ﬁﬂ
+3.2%

wcosing  14:8%  +2.2%

Internaticaal
awation)

* Domestic air travel is the highest emitter per passenger kilometre
v

HyFlyer ZeroAvia 6-seater zero-emissions aircraft ss
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Aberdeen’s South Harbour
£350M infrastructure investment
Logistics for offshore renewables

Hub site for green hydrogen
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Energy System 2030/40
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