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Levelized Cost of Electricity

Solar PV

Onshore wind
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IRENA, January 2018, Renewable Power Generation Costs 2017
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World Solar Energy Map
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5 GW Mohammed Bin Rashid Al
olar Park in Dubai
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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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Hydrogen is an energy carrier

HYDROGEN

Production technologies

Natural gas Steam reforming 70-75%
Bio Gas Auto-thermal reforming >75%
Solid Oxide Fuel Cell 80% (40-40) l
Coal/Oil Gasification 56%+ (=syngas)
Biomass Gasification 44%+ (=syngas)
Electricity + Electrolysis 75-80% (90% exp.)
Water Alkaline and PEM @
Sunlight + Photoelectrochemical 14% (lab)
Water Energy source a
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20 MW Alkaline Electrolyser;
ThyssenKrupp

Hydrogen
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Bloomberg NEF, August 2019

Cost of Hydrogen
Hydrogen is set to decrease in price powered by green electricity

M Conservative estimate M Optimistic

2019 2030

Source: BNEF
Refers to hydrogen produced from alkaline electrolysis

1 $/kg = 0,025 $/kWh
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Offshore Wind Development Germany
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Kabelanbindungen

—— Hochspannungs-Glechstrom-Obertragung (HGO)
Drehstromibertragung st

——» Weiterfuhrung in Onshore-Zielstation

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

Flora-Fauna-Habitat (FFH)
EU-Vogelschutzgebiet

Grenzlinien
—— Staatsgrenze

ungeklrte Grenzlage im Gebiet des Ems-Astuars.
(deutsche und niederlandische Grenzauffassung) aremerhaven
Grenalinie des Hoheitsgewssers (12-Seemellenzone) o Wehebtom hond
-~ Grenalnie der Ausschiiefichen Wirtschaftszone (AWZ)
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Cable versus pipeline cost

Cable Pipeline (BBL)
(BritNed)
Capacity 1 GW 15 GW
Construction € 500 miln € 500 miln
Cost
Volume (year) 8 TWh 120 TWh
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Hydrogen backbone the Netherlands 2030

G * Low caloric gas pipelines will become available, because the
o Groningen gas field has to reduce production to O in 2022

* 1 Transport pipeline capacity for hydrogen about 12 GW

* Conversion cost to hydrogen about 1.5 billion Euro
* Connections to Germany (Ruhr-area, Bremen-Hamburg and
Belgium (Antwerp, Zeebrugge)

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

0 B Existing gas pipeline
Retrofitted compressors
6 New hydrogen pipeline
0 Industrial cluster

@ ~ . Hydrogen storage in salt cavern
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Monthly Gas consumption and
Solar power generation in Germany

SOLAR POWER GENERATION IN GERMANY 2015

Solar energy sets a new all-time summer record and beats peak power output

Monthly natural gas consumption in Germany.
Data: BDEW 2018.

Gas consumption in terawatt hours (TWh)

Summer record
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Hydrogen storage Salt formations and
in Salt Caverns caverns in Europa

Crude oil

N?ml gas
Brlne
prod uction

Hydrogen

Bl i B

SALT CAVERNS
Depleted
RESERVOIRS (KEBB)
1 salt cavern can contain 3,000-6,000 ton hydrogen d A ey
(100 million Euro)
Equivalent of 120-240 GWh or 8,5-17 million home batteries (14 kWh) Red colored caverns in use for natural gas storage

(12-24 billion Euro)
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Potential for Hydrogen Storage in
Salt Caverns

I Onshore
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Hydrogen is a
carbon free energy carrier
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Further reading about hydrogen
www.profadvanwijk.com

hydrogen

the key to the energy transition

The Green
Hydrogen

Economy
in the Northern
Netherlands
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