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* Why hydrogen?

« Chickens and eggs

A decision support tool for hydrogen investments
« Hydrogen value chain case studies

e Outlook
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Why are we Talking about Renewable

Hydrogen can close half of the gap between

H yd rO g e n ? current EU 2050 plans and 2DS GHG emissions

Enable the renewable energy system * Decarbonize end uses

Decarbonize transportation

Enable large-scale Distribute energy

renewables integration throughout

and power generation sectors and regions Help decarbonize

Decarbonize industry heat use

Act as a buffer to
Increase system
resilience

Serve as renewable feedstock

“MaReE|

Centre for Marine and
Renewable Energy

interreg
NhagE=Hyd#dgen Roadmap Europe, FCHIU, 2019

NUI Galway

-
<‘l )

OE Gaillimh




WHY HYDROGEN

ACROSS APPLICATIONS HYDROGEN CAN CLOSE HALF OF THE GAP TOWARDS THE 2DS

Carbon emissions gap to reach 2DS' in

2050, Mt

Segments

Z2-3wheelers = Awation

-

* Passenger vehicles =  Shipping
* Taxis and vans = [Rail

®* Buses and trucks

=  Forklifts
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~50% of gap

508

Total gap to reach

2DS" in 2050
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Hydrogen decarbonization levers

Power generation

Transportation
(DRI) l
|1 Industry heat
Industry feedstock
interreg
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Ontegration of renewables into the power
sector?

O Power generation from renewable
resources

O Replacement of combustion engines with
FCEVs, in particular in buses and trucks,
taxis and vans as well as larger passenger
vehicles

O Decarbonization of aviation fuel through
synthetic fuels based on hydrogen

O Replacement of diesel-powered trains and
oil-powered ships with hydrogen fuel-cell-
powered units

O Decarbonization of natural gas grid
through blending

O Upgrade of natural gas to pure hydrogen
grid

O Replacement of natural gas for process
heat

O Switch from blast furnace to DRI steel
O Replacement of natural gas as feedstock
in combination with CCU
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Chickens, Eggs & Hydrogen

Awareness is growing of the benefits of hydrogen but
how can investors and communities understand sector
integration and the opportunities?

Who invests first?

“I want to produce “I want to run fuel cell

renewable hydrogen but buses but who sells
who would buy it?” renewable hydrogen?”
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The Missing Links: Community Hydrogen
Forum & Decision Support Tool

Forum

Where can | learn

about hydrogen
opportunities?

.

/ Community
b, ryerogen (e

energy sources

Wind Energy
i

Solar Energy

Decision Support Tool

Hydrogen could make sense
for my community;,
organisation or company.

But how do | make it
happen?

How do | find a hydrogen
source or market?

Energy de%

Stoﬁonoujm

How do | take the next
steps?

How do | connect with
others across Europe?
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Annual energy demands for big city bus fleets

Decision Support Tool i

Hydrogen energy equivalent
- Supports NWE stakeholders
to evaluate the potential of !
hYd rogen in. Total hydrogen demand
« Sustainable community development
» Decarbonisation
» Energy security

« Achieves this b¥
demonstrating the role of
drogen produced at
onshore wind farms in
decarbonising public bus
fleets in largé cities across
the region

« Will later be expanded to include
solar and bioenergy

- Visualised in an online
interactive map of NWE

? 1 ‘:H,w\‘

\Jj il Iter'e” :‘w‘m

th erm M aREl EH e Al North-West Europe
3 | Institute IR SAMGULLLIEE CenComm




Annual energy demands for big city bus fleets

Decision Support Tool i

Hydrogen energy equivalent

- Supports NWE stakeholders
to evaluate the potential of !
hYd rogen in. Total hydrogen demand

« Sustainable community development
» Decarbonisation
» Energy security

« Achieves this b
demonstratin ¥he role of Total hydrogen supply
drogen produced at

onshore wind farms in

deca rbon iSi ng pU bl iC bUS Optimal electrolyser size at every wind farm
fleets in largé cities across |
the region Available curtailed wind at every wind farm

y

« Will later be expanded to include
solar and bioenergy

- Visualised in an online
interactive map of NWE
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Annual energy demands for big city bus fleets

Decision Support Tool

A\ 4

Hydrogen energy equivalent

- Supports NWE stakeholders
to evaluate the potential of
hydrogen in:

« Sustainable community development
* Decarbonisation

\ 4
Total hydrogen demand

Wind farm locations

A

Big city locations

» Energy security

« Achieves this b¥
demonstrating the role of
drogen produced at
onshore wind farms in
decarbonising public bus
fleets in largé cities across

37 cities across North West Europe

A 4

Hydrogen supply chain

4,252 wind farms across
North West Europe

Total hydrogen supply

y

Optimal electrolyser size at every wind farm
A

A

the region

Available curtailed wind at every wind farm

« Will later be expanded to include
solar and bioenergy

- Visualised in an online
interactive map of NWE
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Annual energy demands for big city bus fleets

Decision Support Tool i

Hydrogen energy equivalent

- Supports NWE stakeholders
to evaluate the potential of !
hYd rogen in. Total hydrogen demand
« Sustainable community development
» Decarbonisation
» Energy security

 Achieves this b
demonstrating the role of Total hydrogen supply
drogen produced at
onshore wind farms in
decarbonising public bus
fleets in largé cities across
the I‘eg Jolp! Available curtailed wind at every wind farm

« Will later be expanded to include
solar and bioenergy

Wind farm locations

A

A 4

Big city locations Hydrogen supply chain

37 cities across North West Europe 4,252 wind farms across
North West Europe

A

4

Optimal electrolyser size at every wind farm
A

A A

- Visualised in an online — .
Interactlve map Of NWE Top up” power needed from wind farm &

grid for 24/7 operation
-
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The Decision Support Tool
How It works

Input from users

Techno-economic

e —— Technical model

Economic model Transport model




The Decision Support Tool
How It works

wind curtailment, Eyp (%) capacity factor, CF; (%) wind farm capacity, CP: (MW)

Inpbut from users

Wind curtailment volume (MWh)

Hydrogen production (kg/y) Optimum electrolyser size (MW)
Techno-economic

harameters Technical model

Required water (kg/y) Required electricity from the grid (MWh)

Economic model Transport model
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The Decision Support Tool
How It works

wind curtailment, Eyp (%) capacity factor, CF; (%) wind farm capacity, CP: (MW)

Inpbut from users

Wind curtailment volume (MWh)

Hydrogen production (kg/y) Optimum electrolyser size (MW)

Techno-economic :
Technical model

parameters
Required water (kg/y) Required electricity from the grid (MWh)
. . Travel cost Location & routes
CAPEX (€) Fixed OPEX (€) Variable OPEX (€) © by GIS

PRI |
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Transooit imoael
Operating cost relative to diesel Full operating cost

(excl. transport) relative to diesel
e
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Hydrogen Value Chain Case Studies

1. Local — Galway bus pilot

2. Regional-National — Decarbonisation of Irish city bus fleets
3. Multinational — Decarbonisation of European city bus fleets

4. Gas grid injection — Decarbonisation of heat
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Case Study — Galway, IE
Local Hydrogen Supply Chain

“Can we use wasted wind energy
from Ireland’s largest wind farm
to produce hydrogen to fuel 5
buses in Galway?”

Galway Wind Park, 174 MW
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Cathair
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Case Study — Galway, |IE
Local Hydrogen Supply Chain
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Curtailed wind operation Available wind operation Full time operation

Electricity price: 0 €£ct/kWh M 4 €ct/kWh M 8 £ct/kWh
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Case Study — Galway, |IE
Local Hydrogen Supply Chain
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Curtailed wind operation Available wind operation

w

Levelised cost of hydrogen (€/kg)

N

Bus operational cost (€/km)

1
Electricity price: 0 €£ct/kWh M 4 €ct/kWh M 8 £ct;
0
Curtailed wind operation Available wind operation Full time operation
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Case Study - Ireland
Regional-National Hydrogen Supply Chain
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Hydrogen demand (tonnes/ year) Belfast
M -0 N 14 Cork
B2 300000 ” A —(D;UT)HH
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Hydrogen supply (tonnes/ year) T
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® -180 -
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= Supply chain 2

0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Decarbonisation of public city bus fleets

Levelised cost of delivered hydrogen

0 50 100 200 Kilometers

Scale: 1:3,000.000

Wind-solar H, supply chain to city bus
networks
100% demand coverage
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Case Study - Ireland
Regional-National Hydrogen Supply Chain

Hydrogen demand (tonnes/ year) 16 Belfast Current pal’ametel‘s
g b 14 Cork — — — Future parameters
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Decarbonisation of public city bus fleets

Levelised cost of delivered hydrogen

0 50 100 200 Kilometers

Scale: 1:3,000.000

Wind-solar H, supply chain to city bus
networks
100% demand coverage
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Case Study - Ireland
Regional-National Hydrogen Supply Chain
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Hydrogen demand (tonnes! year) Belfast Current parameters
g b 14 Cork — — — Future parameters
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Decarbonisation of public city bus fleets
Levelised cost of delivered hydrogen By 2030, renewable
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Online DST — Northwest Europe
Multinational Hydrogen Supply Chain

User-friendly wind-H, supply chain costings for northwest
Europe’s 40 largest cities
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http://communityh2.eu/dst/

Online DST — Northwest Europe
Multinational Hydrogen Supply Chain

User-friendly wind-H, supply chain costings for northwest
Europe s 40 largest cities

Map Satellite
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Percentage of city bus fuel displaceable by renewable H2 for different
electrolyer operation modes
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Hydrogen would dlsplace 70%
of Dublin bus fleet fuel use
with curtailed operation of

the electrolyser, or 100% with

full time operation


http://communityh2.eu/dst/

Online DST — Northwest Europe
Multinational Hydrogen Supply Chaln

Percentage of operat\onal costs for hyd rogen buses fDr dlfferent electricity

User-friendly wind-H, supply chain costings for northwest
Europe s 40 largest cities

Map Satellite

Stockholm Ta!)inn
®

Estonia |

A Dublin fueI ceII bus could operate
with costs from 26% higher than diesel
b (full time electrolyser operation, cheap

e 58— electricity) to 67% higher (curtailed
operation, expensive electricity)
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http://communityh2.eu/dst/

Online DST — Northwest Europe
Multinational Hydrogen Supply Chaln

es from hydrogen s to city bus fleet

User-friendly wind-H, supply chain costings for northwest
Europe s 40 largest cities

Map Satellite
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Over 80% of the hydrogen available to
fuel the Dublin bus fleet must be
transported over 200 km (from the

west coast) but the wind resource
http: //communltyhz eu/dst/ makes it worthwhile

The DST can inform potential hydrogen

‘/M RE| (iterreg B suppliers and users where they can make the
R NUI G 1 a .
therm i et a “H '(\j";rrfgo"r‘f;f‘ Europe  greatest impact and how much it could cost
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Gas grid injection supply chain

LCOH watal hg) LCOH total €Aag) N LCOH 1otal ¢iag) N
5.7 *5.7 .n.7
R ) e ¢ A o3 B o @ A 279 o * A
Da.n @ 0%) [ .°. 0.1 o f'_xb. T 08.n 5 uh. " o
® 3 o oa’-- ®n-1n Qo : 3.#‘0 ® .13 Q v e %
®-n o Q e o a‘ ®-1 = L Se » P a ®-n - - Ao e ‘ﬁ ~
A Inwamen pors “ 9 0 T P LR % s iwomporn wiPe A48 o %%
Cooest ioutes 1) A C’ Cuosest outes = % -;); Cosss motes 8 3"\* ,:}5 g
G D wtwny 00 %" s o [ 28 g% a4 [T LT L S
o o g-P 0 LN & oo ¢ > . -+ a0 o > .
o EOGR e o g SRty 557 Mgy
o e g L B S X 3 3 e @, Q
“* 0@ .“ e . ”‘: % o ,’o
- -~ | -
@ Y o
* R 2 R ¢ ' R
3-_1 - o " 4 8.- - S - P 50- - x5 e 4
o v N : ’ Y o ’
R .' " & , 4 o .A L 2 P o .A @ L
7, oo ""g»"' o TP pa “.'lii.. o, P g TR0
‘\‘) 3“ ' r}a at o 0‘ s 9 .‘* " oY 4 "’(, ‘A‘ 9 .'* N\ a
8‘:‘- Leh L4 R b’o' s L4 R b’clf_ s A LN
% l).. 3’ L ' oo OO. J'. } L > ® IDD. ‘.. } > & ve
[ L o0 - o0
& i
¢ W = X0 viomenn P 0 ™ NO Vicrawy 0 W0 = 20 shorawmny
LIS B N [ - fea b A | T W W T RN W
a) Scae 12000 000 b) Scas 19000 WO C) Soate 19000 000

Curtailed wind, high price Available wind, high price Full capacity, high price

Levelised cost (2030) of hydrogen delivered to gas grid

© inerreg =
th erm i M a R E | rl N G.al_way North-West Europe 25
it cenerovernesns DURED IRl GenComm



https://www.mdpi.com/1996-1073/13/7/1798

Gunawan, T.A.; Singlitico, A.; Blount, P.; Burchill, J.; Carton, J.G.; Monaghan, R.F.D. At What Cost Can Renewable Hydrogen Offset Fossil Fuel Use in Ireland’s Gas

Network? Energies 2020, 13, 1798. Full paper: https://www.mdpi.com/1996-1073/13/7/1798

Gas grid injection supply chain
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Key messages

- Renewable hydrogen suppliers and consumers need to
understand each other before investing.

« The Community Hydrogen Forum aims to facilitate this.

- The Hydrogen Decision Support Tool guides northwest
Europe stakeholders through the first steps of
appreciating their opportunities.

« Current DST focus is wind-hydrogen-bus but new
features will include solar, gas grid injection and
industrial heat.

- Join us at http://communityh2.eu/
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