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Levelized Cost of Electricity

Onshore wind Solar PV Offshore wind Concentrating solar
power
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Source: IRENA Renewable Cost Database and Auctions Database. IRENA, January 2018, Renewable Power Generation Costs 2017
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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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Pipelines
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Hydrogen production

Efficiency HYDROGEN
TOday Production technologies

Natural gas
Bio Gas

Steam reforming
Auto-thermal reforming
Solid Oxide Fuel Cell

Coal/Qil Gasification

Biomass Gasification

Electricity + Electrolysis

Alkaline and PEM

Sunlight + Photoelectrochemical

70-75%
>75%
80% (40-40)

56%+ (=syngas)

44%+ (=syngas)

75-80% (90% exp.) A
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Elektrolyse van Water

wATERSTOF € Water wordt O _ Water
MAKEN gesplitst met H 4 (H:0)
groene stroom
in zuurstofen

waterstof. ( )

A -
— Waterstof (Hz)

Zuurstof (Oz)
Ha
@ Het water-
stof wordt
opgeslagen.
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Design capacity Hy

20 MW Alkaline Electrolyser

1000 Nm*/h

5 MW module MW module

4000 Nm¥h

Efficiency electrolyzer (DC)

Power consumptian (DC)

> 82%,0"

max. 4.3 kWh/Nm? H,

> 82%u”

max. 4.3 kWh/Nm* H;

Water consumption <1/Nm?® Hz <11/Nm?* H.
Standard operation window 10% - 100% 10% - 100%
Ha product quality at elactrolyzer outlet > 09.95% purity (dry basis) > 99,858% purity (dry basis)

H; product quality after treatment (optional)

Hz product pressure at module outlet

as required by customer, up to 99.9938 %

=300 mbar

as required by customer, up to 89,9998 %

~300 mbar

Operating temperature

upta 90°C

upto90°C

* HHY = calculated with reference to higher heating value of hydragen.
All values may vary depending on operating conditions
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Offshore Wind Development Germany
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Offshore-Windkraftanlagen

in der Deutschen Bucht
Offshore-| ™
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Kabelanbindungen

—— Hechspannungs-Gleichstrom-Obertragung (HGO)
Drehstromibertragung
— Welterfihnung in Onshore Zielstation

Natura 2000-5chutzgebiete
i ie Gebiete in der

(e,

Flora-Fauna-Hatitat (FFH)
EU-Vogelschuszgebiet

Grenzlinien
—— Staatsgrenze

ungekfite Grenzlage im Gebiet des Ems Astuars
(deutsche und niederlandische Grenzauftassung)

Grenzinie des Hoheitsgewissers (12-Seemeilenzone)
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Acable (Denema

Electricity and Gas Transport Grid

Capacity 350 GW
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Hydrogen backbone the Netherlands 2030

0 * Low caloric gas pipelines will become available, because the
Groningen gas field has to reduce production to O in 2030
* 1 Transport pipeline capacity about 10-15 GW

* New hydrogen pipeline connections to offshore wind farms

* Connections to Germany (Ruhr-area, Bremen-Hamburg and
= Belgium (Antwerp, Zeebrugge)

0 * European connections to France, Austria, Italy, etc.

@ Existing gas pipeline

. . Retrofitted compressors

0 - New hydrogen pipeline
o Industrial cluster

0 . Hydrogen storage in salt cavern

1("U Delft ?I:fygyf Groene Waterstof 13
e




Gas and electricity consumption Solar power production
in the Netherlands in Germany

Snare g e elekiriciteitoverbruk Bl SOLAR POWER GENERATION IN GERMANY 2015
10 s Solar energy sets a new all-time summer record and beats peak power output

- Trendlijn gasverbruik 20146

= Elektriciteitsverbruik 2016 EREIEAE NI * Sumrgerrecord
14.1 bn kWh

= Gasverbruik strenge winter (2012)

= Peak
eaK power
258 mkw .

PJ per dag
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Waterstof opslag
in Zout Koepels
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1 zout koepel bevat 6,000 ton waterstof (kosten 100 miljoen Euro)

Dat is 240 miljoen kWh of 17 miljoen thuis batterijen van 14 kWh
(kosten 240 miljard Euro)

Zout formaties en zout
koepels in Europa

Rood gekleurde koepels in gebruik voor aardgas opslag
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Green Hydrogen Markets

Chemical Electricity Balancing

[ Residenfialarea NUON Magnum power plant

________

Electricity
In case of|
shortage

H, production ‘ %

H, refueling
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Stadsgas productie Utrecht 1862-1959

>.50% waterstof in stadsgas
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Remeha Hydrogen Boiler

Q Waterstof [R remeha
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Hybrid Heat Pump + Boiler
Natural gas shifting to hydrogen
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e Farm: Home Fuel cell systems Japan

e Japan 200.000 sold 2017
Tromoon e Aim 1.4 million end 2020
* Panasonic with Viesmann started
— sales in UK and Germany in 2017
* Kyocera makes systems for

Hot water unit Fuel cell
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The Future is Electric!

Tesla Model S Toyota eral
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Toyota Mirai; Fuel cell car

) Power
Control
Batt
. Unit i
0 e
Hydrogen
tanks
HE““'--ﬂ
Air/Oxygen Fuel cell
Inlet
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Hydrogen versus petrol safet

0 seconds

3 seconds (ignition)

Hydrogen Petrol

Hydrogen Petrol
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%Hydrogen Petrol
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Defying Death Valley
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Further reading about hydrogen
www.profadvanwijk.com

S hydrogen

the key to the energy transition

SOLAR ' WER

The Green
Hydrogen
Economy

in the Northern
Netherlands
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