Hydrogen and water from the deserts

Em. Prof. Dr. Ad van Wijki




Low cost solar and wind electricity only at locations with high
solar irradiation or high wind speeds
AND lots of available cheap space
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Long-term average of photovolaic power potential (PVOUT)
Daily totals: 20 2.4 2.8 3.2 36 4.0 44 4.8 5.2 5.6 6.0 6.4

. L /W
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Surface needed to produce all the world’s energy
556 EJ = 155.000 TWh
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T U D e I ft Mohammed Bin Rashid Al Maktoum Solar Farm Dubai; SiemensGamesa 14-15 MW offshore wind turbine
3.000 MW ready, expansion to 5.000 MW Rotor diameter 222 meter



Heat map Solar Energy 2020;

Surplus (green) or shortage (red) solar energy - energy use per km?
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Hovfhydrogen and electricity tarry our future

Heat map: surplus or shortage
of solar energy versus energy
use in 2020 (MWh/km?/year)
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Heat map Solar Energy 2100;

Surplus (green) or shortage (red) solar energy - energy use per km?
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Hovfhydrogen and electricity tarry our future
Equator

Heat map: surplus or shortage
of solar energy versus energy
use in 2100 (MWh/km?/year)
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Hydrogen, like electricity, Is an energy carrier
Hydrogen is also a feedstock

Hydrogen production technologies, without CO, emissions

alkaline electrolyser Methane Pyrolysis Plant Photolysis Module
en Krupp Germany Monolith Nebraska US Solhyd start up Belgium




Energy Transport system

costs, capacities and configuration
Hydrogen transport cost 5-10 times cheaper than electricity transport

50-100 GW 5-30 GW 0.5-4 GW 0.01-0.1 GW
Capacity

Liquid/gas
pipeline

ﬁ&ﬁfhydrogen and electricity sarty our future

substance

Costs
Elé Worldwide

1 x liquid 5-10 x liquid 5-10 x gas 10-20 x electricity

Liquid Gas Electricity Hot water
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Energy pipeline transport costs and capacities Worldwide energy transport system 7
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Energy storage is needed to deal with
renewable resource fluctuations in time
AND with energy demand fluctuations in time
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m Gas demand EU 2016-2020

Eurostat 2023



Energy storage characteristics:.
energy volume, power and charge/discharge time scale

Presented at a double logarithmic scale Presented at a double linear scale
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Energy storage Investment Costs

Investment costs (euro/kWh)

Super capacitor 50,000 - 100,000

Li-ion batteries 100 - 400

Puinpediiydio/power 100200 Hydrogen storage in salt caverns is

100 to 200 times cheaper than electricity
storage in pumped hydro power

3 EEN ;‘{N ER GY Hot water storage in vessels
FOR ALL -

ﬁé(vf‘hydrogen and electricity tarry our future

Hydrogen in salt caverns 0.5-1.0

Natural gas in salt caverns 0.2-0.4

Hot water in aquifers 0.05-0.1

Natural gas in empty gas fields 0.01-0.1

Oil in tanks 0.01

Coal in open air almost 0
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Base load solar hydrogen Morocco to Germany
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Base load solar H, Levelized Cost
from Morocco to Germany of Hydrogen
LCoH €/kg H,

Assumptions
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Sol ar-Hyd rogen Solar electricity cost = 0.01 €/kWh 1.0-1.5
: Full load hours = 2,000 hours/yr ' '
production Electrolyser efficiency = 50 kWh/kg H,

100 GW solar = 4 million ton H,
Required surface = 1,800 km?

ATLANTIC MOROCCO

ot EcTowG s Salt cavern Flexible production to base load; daily 0.1-0.2*
ol S e - cycles
ke I storage
pipe"ne Pipeline capacity = 20 GW 0.3**
( Full load hours = 8,000 hours/yr
Marf;;kesh Transport Pipeline length = 3,000 km
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1.4-2.0 €/kg H,

=0.035-0.050
N €/KWhHo 4,

*Pedro Quintela de Saldanha; Sines H2 Hub; a cost perspective of the transmission &

storage infrastructure of the Sines green hydrogen hub, TU Delft, MsC thesis, April 2021

**Gas for Climate/Guide house; "Extending the European Hydrogen Backbone; A European 1
Hydrogen Infrastructure vision covering 21 countries." April 2021
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Demineralized water cost from sea water transported over
1,000 km is only 4% of total hydrogen production cost at 1 €/kg

Transport costs seawater 1,000 1.0
3 3 . .
(2 m” seawater per m demineralized water)
Production costs demineralized water 2.0
; < Transport costs brine 1,000 0.5
“GREENSENERGY . .
FORALL » (1 m brine per m” demineralized water)
R Other costs (pump energy) 0.5
Total (€/m3 demineralized water) 4.0 €/m3
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Hydrogen/hydrogen carriers in a carbon-free energy system

1. To deliver cheap solar and wind energy cost-effectively at the right time and place (transport and storage)

2. To decarbonize hard to abate energy use (industry, feedstock, mobility, heating and balancing electricity system)

Finally cost competition between imported hydrogen with regionally produced

hydrogen and electricity

Energy carmrier

Hydrogen
Sources of energy ) Backbone of energy system ) End uses

4. Decarbonize
transport

5. Decarbonize industry
energy use

4 Enable large-scale, 4 Distribute energy across
efficient renewable sectors and regions

energy integration R, 6. Serve as feedstock

using captured carbon

r Help decarbonize
building heating

T D If 3. Act as a buffer to
e Source: Hydrogen Counal increase system resilience
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https://hydrogencouncil.com/wp-content/uploads/2017/06/Hydrogen-Council-Vision-Document.pdf




New book release

Expected October 2023

Five years after the book SoLaR POWER
TO THE PEOPLE, it js tii

design an energy sysg
e e inlelllgently S0 that everyone on the
W;\d van Wuk plane} has enough (Icav.1 energy, The
¥ hope is that this book wiy be a source
EIS van der ROQSt ofinsplralion for all adminisnators,
Jos BOEI’Q Policymakers, busin
and private Citizens who want to make
A sustainable contribution,

www.greenenergyforall.eu

Kwp

I Hydrogen
Europe

&/

This book was made possipie by:
Hydrogen Europe « fiye Fountains « j0g press . Liina3

www.profadvanwi)
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Can be ordered soon
www.profadvanwijk.com
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