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Hydrogen infrustructure, supply chain

H2 H2
Electrolyzer Storage Storage Hydrogen fuelling

~ i —— — " Be

Passenger cars

Transformation Transformation

Electric line

- —— Hydrogen transportation

—ty e

q % ICAE 2017 - International Conference on Applied Energy, August 21-24, Cardiff, U.K




Hydrogen infrustructure, supply chain

F —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— q
% Hydrogen production .*
| === Pipeline system 2
— Motorways
I Primary roads

Electrolyzer
» -

Hydrogen fuelling

—— ﬂa >

Passenger cars

——— Edectric line
=== Hydrogen transportation
E}' e e
y - ¢

——

i

I
I
I
I
I
I
e o o ——— — ——

q % ICAE 2017 - International Conference on Applied Energy, August 21-24, Cardiff, U.K



Hydrogen infrustructure, supply chain

Electrolyzer
& -

Hydrogen fuelling

> =

Passenger cars

|
-

——— Hlectric line

== — Hydragen ltiiﬁﬂﬂibh
- . e e
—

e

q % ICAE 2017 - International Conference on Applied Energy, August 21-24, Cardiff, U.K




Electricity mix

Legend
§ Existing HRS

Modeling framework

e High share of nuclear in electricity production,

e Big share of renewable energy sources in
followed by hydro

L electricity mix
Electricity mix
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= motorway
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Modeling framework

e High share of nuclear in electricity production, e Big share of renewable energy sources in
followed by hydro R electricity mix

J J
) )

Electricity mix

e Nuclear as a driver for hydrogen production and

Hydrogen economy Hydrogen
production /| production Yy,

e Wind energy as a driver for hydrogen production
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Moddeling framework

N
e High share of nuclear in electricity production, e Big share of renewable energy sources in
o followed by hydro o electricity mix
Electricity mix ) Electricity mix
I
e Nuclear as a driver for hydrogen production and « Wind energy as a driver for hydrogen production
Hydrogen economy Hydrogen
production /| production
e An assumed share of FCEV of 2.4% by 2030 and 28.5% by 2050 in light duty cars in case of high penetration of
Hydrogen hydrogen [4]
demand

FCEV Fuel Cell Electric Vehicle
[4] IEA (2015) Technology Roadmap, Hydrogen and Fuel Cells
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Moddeling framework

Electricity mix

Hydrogen
production

Hydrogen
demand

Hydrogen
demand

N
e High share of nuclear in electricity production,
followed by hydro
J
N
e Nuclear as a driver for hydrogen production and
economy
J

Electricity mix

Hydrogen
production

e Big share of renewable energy sources in
electricity mix

e Wind energy as a driver for hydrogen production

-

e An assumed share of FCEV of 2.4% by 2030 and 28.5% by 2050 in light duty cars in case of high penetration of

hydrogen [4]

e Constant need of transportation with a population
growth [5]

[4] IEA (2015) Technology Roadmap, Hydrogen and Fuel Cells
[5] EUROSTAT (2016) Transport statistics

Hydrogen
demand

e Increasing need of transportation with an
decreasing population growth [5]

AN
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Moddeling framework

250 2500
Amin (FR) : Minimum annual hydrogen demand in France corresponding to a low FCEV fuel range of 0.008 kg/km
Amax (FR) : Maximumannual hydrogen demand in France corresponding to a high FCEV fuel range of 0.012 kg/km
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Total installed capacity, Thewindpower 2016
Monthly electricity generation in Germany in 2016, Fraunhofer 2017
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Moddeling framework

250 2500

Amax (DE) : Maximumannual hydrogen demand in Germany corresponding to a high FCEV fuel range of 0.012 kg/km
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Total wind installed capacity in GW
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Total installed capacity, Thewindpower 2016
Monthly electricity generation in Germany in 2016, Fraunhofer 2017

m q % ICAE 2017 - International Conference on Applied Energy, August 21-24, Cardiff, U.K

11



Results, NRW Hydrogen demand in 2030

Legend

% Hydrogen wind production
+  Fuel station in NRW

~ consumption in 2050 n tpd) e
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Legend - oy

% Hydrogen wind production L
+  Fuel station in NRW
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* Legend /
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% Hydrogen wind production f
* Fuel station in NRW ‘
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Methododol
infrustructure

Legend

* Hydrogen production (from wind)

@ Distribution hubs
Fuel station in NRW
=== Pipeline system
—— Motorwaya B
Primary roads
Secondary roads
[ NRW region
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Legend

* Hydrogen production (from wind)

@ Distribution hubs
Fuel station in NRW
—=-= Pipeline system
— Motorways
Primary roads -
Secondary roads °
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Legend

* Hydrogen production (from wind)

© Distribution hubs

* Fuel station in NRW
—=-= Pipeline system
— Motorways

Primary roads
Secondary roads Dortmund

- Linking the production nodes (1) to the
distribution nodes (6)
- Using the optimal road network
- Using the pipeline network
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
—— Motorways

Primary roads ST
u

A

Secondary roads

G

=> Merging the two optimum networks into one
- Tree leafs are enumerated (5)
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Legend

* Hydrogen production (from wind)

© Distribution hubs
Fuel station in NRW
—-= Pipeline system
—— Motorways

Primary roads
Dortmund

A

Secondary roads

- Each pair of leafs is taken
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
— Motorways

Primary roads
Secondary roads . Dortmund

,Aq(

- Only the two paths (following the road and the pipeline
system) to link this two leafs are kept
- The cost is compared
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
— Motorways

Primary roads
Secondary roads Dortmund

- The cost comparison doesn’t justify the road
transportation link => deleted
- Replaced by the pipeline link
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
— Motorways

Primary roads
Secondary roads ; o Dortmund

N

- The flow via the road system is uploaded
- Two different leafs are taken
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
— Motorways

Primary roads
Secondary roads . Dortmund
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
—— Motorways

Primary roads
Secondary roads Dortmund

- Here the cost comparison justify
the road transportation link
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Legend

* Hydrogen production (from wind)

© Distribution hubs

Fuel station in NRW
—-= Pipeline system
— Motorways

Primary roads
Secondary roads Dortmund

=> Merging the two optimum networks
into one
- A new merged optimal transportation
system
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Scenario [2]
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Conclusio

New P Scenario [2]
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e  Minimum cost pipeline system e  Minimum cost road transportation

e Compressed gas e Different state of aggregation
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New P Scenario [2]
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e  Minimum cost pipeline system Minimum cost road transportation

e Compressed gas e Different state of aggregation

l’—* Merged optimum transportation system 4—1
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