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Bids for Saudi Arabia’s
300 MW Solar Plant

October 2017
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Masdar/ ACWA Marubeni JGC/ Mitsui Total Engie Cobra/
EDF Trina Canadian Solar
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World Solar Energy Map
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Tokyo Olympic Games 2020
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Surface needed to produce all the
world’s energy 556 EJ = 155.000 TWh
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Offshore Wind Development Germany

Offshore-Windkraftanlagen
in der Deutschen Bucht
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Kabelanbindungen
—— Hochspannungs-Giechstrom-Obertragung (HGO)
Drehstromabertragung Smnas e
— Weiterfuhvung in Onshore Zielsation

Natura 2000-Schutzgebiete
(dargestellt sind nur die Gebiete in der deutschen Nordsee)

Flora-Fauna-Habitat (FFH)
EU-Vogelschutzgebiet

Grenzlinien
—— Staatsgrenze

ungekirte Grenzlage im Gebiet des Ems-Astuars.
(deutsche und niederlandische Grenzautfassung)

. Sremerhaven
Grenzlinie des Hoheitsgewdssers (12-Seemeilenzone) ey o | -
Grenzlinie der Ausschlielichen Wirtschaftszone (AWZ)
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VATTENFALL BUILDS WIND FARM !
WITHOUT SUBSIDY ~) 4

19 MARCH 2018

Hollandse Kust
(noord)

Chinook

Chinook, daughter Vattenfall
700 MW wind farm
Operational 2022

Location Hollandse Kust (Zuid)
22 km from the coast
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Eemshaven; The Energy Harbor

Norned Cable 700 MW

| Cobra Cable 700 MW (2019)

Gemini Offshore Wind Farm 600 MW

Onshore Wind Farms > 275 MW

= Nuon Magnum power plant 1,320 MW
* |RWE Coal fired power plant 1,560 MW
== Engie Gas fired power plant 2,450 MW

= Cable Inland 4,000 MW
| Expansion to 5,610 MW
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Electricity and Gas Transport Grid

A Eemshaven
Diele (Duitsland)
Meeden
t
Ens
O
Baverwijk Zwolle
N,
0 < Hengelo Gronau (Duitsland)
- Diemen yd
E Arnhem
H e
V' /| Bleiswik = .
Westerlee Y Dodewaard ™ -
B e .
Maasvlakte * Wesel (Duitsland)
Geertruidenberg
|
1k
Borssele ‘|||_
Van Eyck (Belgié) a‘
Zandvliet (Belgi&) Maasbracht | { P B
A ‘ Siersdorf (Duitsland)
AN

Groningen 4
o

Delft

% "
TUDelft %

Green Hydrogen Economy

Noordelijke -
InnovationBoard



http://eduweb.eeni.tbm.tudelft.nl/TB141E/imgs/aardgas-transport-netwerk-nederland.jpg

Gaspipelines at the North Sea
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Doggersbank Energy Island

Hydrogen &
Power Links |
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Cable versus pipeline cost

Cable Pipeline (BBL)
(BritNed)
Capacity 1 GW 15 GW
Construction € 500 mln € 500 mln
Cost
Volume (year) 8 TWh 120 TWh
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. NEL 400 MW Alkaline Electrolyzer

* Working on GIGA factory concept for renewable
hydrogen production to outcompete natural gas ] .J

reforming

* Largest electrolyser plant ever designed

* Tied to solar power
* CapEx of USD ~175 million

* Benchmark CapEx ratio:
* 0.45 MUSD/MW

nel* July 2017
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Green Hydrogen competitive with
Blue Hydrogen

* Grey Hydrogen; Hydrogen from fossil fuels without
CCS. Production cost by steam methane reforming
natural gas between 1-1.5 Euro/kg

* Blue Hydrogen; Hydrogen from fossil fuels with CCS.
Production cost with Carbon Capturing and Storage
between 2.0-3.0 Euro/kg, year 2020-2025

* Green Hydrogen; Hydrogen from renewable energy.
Production cost by electrolysis

« 2020-2025 between 2.0-3.0 Euro/kg
« 2025-2030 between 1.5-2.5 Euro/kg
« >2030 around 1 Euro/kg
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Hydrogen storage in Salt Caverns
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1 salt cavern can contain 6,000 ton hydrogen
Equivalent of 17 million Tesla Power walls
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Green Hydrogen Markets

Chemical Feedstock Electricity Balancing

[ Residentialarea ] NUON Magnum power plaﬁt

| Electricity
In case of|
shortage
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Delfzijl chemical site

Ammonia,Methanol, Hydrogen-Peroxide production

\\\
‘ Be!ﬁ ity of 17 Noordelijke
TUDelft % Green Hydrogen Economy D imndvationBoard




Existing hydrogen pipelines
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Toyota Mirai; Fuel cell car

‘ Power
‘ Control Battery
4 Hydrogen
tanks
Air/Oxygen Fuel cell
Inlet
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Fuel cell cost OYOTA

Fuel cell cost @ 500.000 units

g 100 _ AERD, U-S. DEPARTMENT OF
i 80 @ EN ERGY
Tg" Weight  volume Power
£ o0 Targets .£|.80/0 _43% +260/0
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2016 FUEL CELL STACK
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City Groningen vehicles on hydrogen
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| converts vehicles cell hydrogen;
Garbage trucks and sweepers for the city of Groningen, may 2017
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Gas and Electricity consumption
the Netherlands

Large seasonal
difference in gas
consumption due to
heating demand.

Therefore a

huge need

for seasonal storage.

Jaarlijk= gas- en elektriciteitsverbruik
10
= Trendlijn gasverbruik 2016
= Elektriciteitsverbruik 2016
= Gasverbruik strenge winter (2012)
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own Gas production Utrecht 1862-1959

>.50% hydrogen in town gas
_«Eb
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Green Hydrogen Economy Northern Netherlands 2030

Hydrogen production Hydrogen consumption
270,000t 270,000t
60,000t

300,000t methanol Delfzijl

60,000t
},oﬁog'l\?v(\’glgctrolysis 300,000t ammonia Delfzij

12,000t 100,000 cars

10,000t 1,300 busses

5,000t 50 trains
3,000t other mobility

100,000t

1,000 MW biomass-gasification 20,000t

grid balancing + heating

10,000t 100,000t

100 solar-hydrogen areas Pipeline Delfzijl and Rotterdam, Limburg,
Germany
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Green Hydrogen Economy Northern Netherlands 2030
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Legend

s Hydrogen
pipeline

EEEEE Svngas pipeline
CO pipeline
CO; pipeline
0; pipeline

. am Electricitygrid

s Non-electrified
railway

...... Bus transportation

ﬁ Hydrogen innovation
center

Green methanol

,i\ ‘Windfarm

g 1000 MW biomass
gasification

é 1000 MW electrolysis
hydrogen

Solar Hydrogen

smartcityareas
x indicates number in province

P :
y Green ammonia
Yo

X
H Hydrogen fuelingstation

x indicates number in province

h Hydrogen harbor
facilities
E Hydrogen distribution
centers

=5, Hydrogen ferry
%" Hydrogen drones
LS hydrogen sailboat

m Hydrogen bus

E Hydrogen train

4.000MW wind
NorNed Cubra

Gemini Wind /

A /\ /\
| | ’I" |

Bremen
Hamburg

Hoogeveen

Ruhr region

Rotterdam
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The Northern Netherlands uniquely
positioned for green hydrogen

* Large scale green electricity production

* Large scale green electricity import

* Existing gas knowledge infrastructure

* Existing chemical clusters; Delfzijl and Emmen

* Space in the Eemshaven

* Existing gas infrastructure which can be retrofitted

easily and cheaply to transport hydrogen
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Defying Death Valley
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