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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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Levelized Cost of Electricity
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World Solar Energy Map
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Surface needed to produce all the
world’s energy 556 EJ = 155.000 TWh
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Tokyo Olympic Games 2020
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Offshore Wind Development Germany
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Kabelanbindungen
—— Hochspannungs-Gleichstrom-Ubertragung (HGO)

Drehstromabertragung bt

—» Weiterfuhrung in Onshore-Zielstation

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) o aremerhaven
Grenalinie des Hoheitsgewssers (12-Seemeilenzone) o Wehebaltm L
~— Grenzlinie der Ausschiieflichen Wirtschaftszone (AWZ) _
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VATTENFALL BUILDS WIND
FARM WITHOUT SUBSIDY

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

} Eemshaven
Diele (Duitsland)
Meeden
RN
A
+
Ens
ord
Baverwijk Zwolle
< ( Hengelo Gronau (Duitsland)
2 d hi2in Diemen e
i - Arnhem
F /| Bleiswik 2/
Westerlee Y Dodewaard
= S,
Maasvlakte "™ Wesel (Duitsland)
Geertruidenberg
ﬂ —
0 D,

/

Borssele | ‘"!—/

Van Eyck (Bolgd) ==y Iﬁ‘ Il Aardgas
Zandviiet (Balgic) aasbracht /Xy Rommerskirchen (Duitsland)
“‘ Siersdorf (Dutsland) 02040 80 120 160 I otie
;4 E Kilometers —— Pijpleiding
© EBN 2012

‘ Delft .
TUDelft Y Developing the Hydrogen Economy 10




European Gas Infrastructure
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5 GW Mohammed Bin Rashid Al
toum Solar Park in Dubai

University of
Technology
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700MW CSP, ot
$3.9 billion investment
Central Tower

Parabolic Troughs
Auxiliary solar PV

Tariff

PPA

Dispatch:
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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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ransport and Distribution gas grids
can be easily converted to hydrogen

* No technical issues, compressor needs to be adjusted

* System design development necessary; hydrogen quality, flow velocity,
pressure, odorization, hydrogen measurement equipment, sensors, etc.

* Conversion cost are 5-10% of investment cost new pipeline

Leeds
City
Gate

DNV-GL GTaz0zr2
5 juli 2018

Toekomstbestendige
gasdistributienetten

Verkenning
waterstofinfrastructuur

The Green s v KOO T
Hydrogen

Economy ST
in the Northern
Netherlands

Quality
Progress
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Hydrogen production

HYDROGEN

Production technologies

Natural gas Steam reforming 72%

Bio Gas Solid Oxide Fuel Cell 80% (40-40)

Coal/Qil Gasification 56%-+ (=syngas)

Biomass Gasification 44%+ (=syngas)

Electricity + Electrolysis 75-80% (90% exp.)

Water Alkaline and PEM a
Sunlight + Photoelectrochemical 14% (lab)

Water Energy source ¢
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Gas-Hydrogen production with CO,
storage in Smeaheia field

U Mbilica o '
Shore

Natural Gas

Magnum power plant on hydrogen
Nuon-Vattenfall, Statoil, Gasunie
July 2017
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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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Hydrogen Cost development

Investment | Efficiency | Electricity Price | Hydrogen

cost Offshore Wind

Euro/kW Euro/MWh :
600-900 72-75% 40-50 3-4

300-600 75-718% 30-40 2-3

250-400 78-80% 25-35 1.5-2.5
After <250 >80% 20-30 1-1.5
2030 = Grey H,
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Hydrogen cost at fueling station
10 NOK = 1 Euro

Galr i = W

" Renewables Electrolysis Distribution Dispensing Fossil parity

oo 0
(]

® - > > ©
™ . High pressure Efficient dispensing
' Sl distribution

20 MW / 8 tons per day 1,000 — 1,500 kg 100% availability
[truck

http://nelhydrogen.com/assets/uploads/2018/07/nel-q1-2018-presentation.pdf
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Gas and electricity consumption Solar power production
in the Netherlands in Germany

Soarlie gas: on elekiiciteteverbruik SOLAR POWER GENERATION IN GERMANY 2015
10 Solar energy sets a new all-time summer record and beats peak power output
= Trendlijn gasverbruik 2016
= Flektriciteitsverbruik 2016 * Summer record
= Gasverbruik strenge winter (2012) 141 bnkwh
75
? 5 Peak power
o 25.8 m kw
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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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ROOF

100 kWh
5-9 £ct/kWh

DESERT

W

“\._-"'\-.__‘
S

_>2;3 kWh

1 Ect/kWh

ELECTROLYSIS
50 kWh per kg H;

TRAMSPORT
10 kWh per kg H;

ENERGY COSTS ENMERGY COSTS

0.3-05£€/kgH, 0.3-1.2€/kgH;

—

FUEL CELL
60% efficiency,
input 4.25 kg H;
ENERGY COSTS
5.1-8.9 £ct/kWh

INVESTMENT
COSTS
0.1 Ect/kWh

Roof versus Desert Solar

ROOF
ELECTRICITY

€5-9
per 100kWh

8
OMLY DURING DAY TIME

/A

HOME

DESERT
ELECTRICITY

€5.2-9

per 100kWh

E
DAY AND NIGHT
W
SUMMER AND WINTER

In a renewable energy system it is all about system cost, not system efficiency
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Hydrogen Coalition Gasunie

3-4 GW electrolyser capacity 2030  Backbone Hydrogen Infrastructure
2030, 15 GW capacity, 1 billion Euro
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