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Electricity, Gas and Hydrogen Transport Grid
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Gas and Electricity consumption in the Netherlands 2018
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Hydrogen Markets
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Natural gas

Auto-thermal reforming (ATR)

Methane Pyrolysis

Coal Partial Oxidation/Gasification

Underground coal gasification

Solid Biomass, Gasification
Biogenic waste Plasma gasification
Wet Biomass, Super critical water gasification

Biogenic waste Microbial Electrolysis Cell
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Hydrogen, like electricity, is an energy carrier
Source  [Process/Technology ___|Maturity _______|Main output __|Colourof Hydrogen ____

Steam methane reforming (SMR) Mature

Grey/Blue, depending on the capture
technology and the process input energy 50-
90% of CO, can be captured and stored.

Grey/Blue, with ATR using part of the
produced H, as energy for process heat, 100%
CO, emission capture and storage is possible

Turquoise, indirect CO, emissions are zero if
green electricity or part of the produced
hydrogen is used as process energy

Brown/Blue,

depending on the CCS technology 50-90% of
CO, can be captured and stored.
Green

Negative CO, emissions possible
Green

Negative CO, emissions possible

All shades of grey to green and pink
depending on the source for electricity
production.

With electricity from renewable resources,
green H, and from nuclear, pink H, is
produced, both with zero CO, emissions
Green



Electrolyzer system capex’ for different learning rates

USD/KW

~660-1,050 Hydrogen Insights
Learning rate

2020?

1. Only ncludes stack and balance of plant. No

2010-20 learning rates of
comparative technologies

39% for batteries

35% for solar PV

19" for wind onshore

2030 2030 2030
(12% learning rate) (15% learning rate) (20% leamning rate)

and ly, buiding, coat or ransps ule

2. Range based on diferent slectrolyzer size classes of 2-20 MW
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|.com/wp-content/uploads/2021/02/Hydrogen-Insights-2021.pdf

Technology structure electrolysers
similar to solar PV, batteries, fuel cells

Technology structure:

Cells as the fundamental production unit

Cells are grouped or stacked together in modules or stacks as
a physical production unit.

A number of modules/stacks together with balance of plant
equipment is the system production unit.

These technologies do not have mechanical components and
operates at low temperatures.

Only balance of plant cost scale with system size, but
module/stack or cell cost do not scale with system size.

Electrolyser technology learning rates expected in same range as solar PV and batteries
Mass production of cells and stacks will bring down Capex cost rapidly
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Electricity price USD 40/MWh CAPEX USD 450/kW,
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Notes: MWh = megawatt hour. Based on an electrolyser efficiency of 69% (LHV) and a discount rate of 8%.

Source: IEA 2019. All nghts reserved.

cost of hydrogen production by operating hour for different electrolyser investment costs (left) and different
(right) , from The Future of Hydrogen (IEA 2019) (LHV efficiency 69% is HHV efficiency 81%)

Hydrogen production cost; LCoH



Offshore (Floating) integrated Wind-Hydrogen Turbines
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. SiemensGamesa SG 14-222 DD offshore wind
. turbine 15 MW with electrolyser in turbine

SG 14-222 DD 14-15 M

i

Plan for offshore production of hydrogen

10MW turbine (floating deepwater)

Solar panels on upper deck
Spar-buoy Semi-submersible Tension Leg Platform Control deck
\ Electrolyser unit
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Hydrogen out

Anchoring to
seabed

o Offshore wind-hydrogen turbine
‘ B equal investment cost as | -

. . o R ERM UK, 10 MW floating offshore wind turbine
TU Delft Offshore Wlnd-eleCtI'ICIty turbine with electrolyser at turbine platform
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https://www.offshore-mag.com/business-briefs/equipment-engineering/article/14176217/siemens-gamesa-introduces-more-powerful-offshore-wind-turbine

Offshore wind hydrogen projects in development

Aquaventus and Aquaductus (Germany) NortH2 (Netherlands)
10 GW offshore wind Hydrogen 10 GW offshore wind Hydrogen
1 million ton hydrogen (= 5.000 full load hours) 1 million ton hydrogen (= 5.000 full load hours)

Fully Operational 2035 .
RWE, Equinor, Orsted, Boskalis + others 3-4 GW onshore electrolyser 2030 in Eemshaven
6-7 GW offshore electrolyser <2040

Pipeline: Gascade, Gasunie, RWE, Shell _ : _
Pipeline: connect to hydrogen backbone + salt . Shell, Gasunie, Groningen Seaports, Equinor, RWE+ others

cavern storage . Pipeline: Connect to Hydrogen backbone + salt cavern storage

oy
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Gas Infrastructure in Europe can be reused for hydrogen
Gas Pipeline Capacity 10-20 GW, Electricity cable capacity 1-2 GW
Gas transport cost roughly a factor 10 cheaper than electricity transport
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Gas Pipelines Europe Gas from North-Sea Gas from North-Africa European Hydrogen Backbone
Transporting gas from gas fields at 2017 production 60 GW Natural Gas Pipeline 75% re-used gas pipelines
North Sea, Norway, Russia, Algeria, 190 bcm = 1.900 TWh 2x0.7 GW Electricity Cable 25% new hydrogen pipelines
Libya to Europe 40.000 km pipelines
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Hystock/Gasunie

Salt Cavern Hydrogen storage

5 SO — — - B\ "‘ The future of energy storage

energysteck
fast cycle gas storage

s Zuidwending-Veendam 10 salt caverns, 5 in Zuidwending-Veendam 10 salt caverns, 2 in
TU DeI f t use for gas storage preparation for hydrogen storage, ready 2026
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Hydrogen storage in Salt formations and
salt caverns caverns in Europa
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for gas storage
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1 salt cavern can contain up to 6,000 ton (= 236.4 GWh HHV) hydrogen,
Salt Cavern CAPEX = 0.5 Euro per kWh, Total Salt cavern CAPEX is 100 million Euro

TU Delft For comparison, with battery CAPEX 100 Euro per kWh, Total battery CAPEX would be 23.6 billion Euro 12



Tata Steel on green hydrogen, biogas and electricity
Offshore wind turbine require between 100-200 ton steel per MW

Energy balance 2040 o, Compier

Steel production
+/- 225 Turbines (20 MW)

N S

Hz network DRI1 DRI 2
. J Q D D GasUnie Hydrogen Grid

Ta’[a ﬁteel IJmU|dlen l . +/- 75 Turbines (20 MW) ﬂ U’
=f-million tonrﬁeel'p r-year 12GW
12,5 Million ton €0, em ssmns/year \ /\\ /.\@@.

7% of Dutch CO emissions g

' ﬁ Tennet Electricity Grid

% Tata Steel chooses for hydrogen 15-9-2021
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SoluForce
Flexible composite pipe for hydrogen transport
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AMF Bakery Systems
Hydrogen Tunnel Oven

Hyét Hydrogen
Electrochemical hydrogen compressor and purification

Domestic heating with hydrogen boilers

Remeha Remeha:

Hydrogen boiler

HYDRA (launched March

2019)
o, ; Natu;al s* <KL
0 190  |g/kWh

= o | 20 iefpar Worcester Bosch:

po 0 | ’%Wh"s hydrogen ready boiler
4 YRR T I;;:'“’ (launched Nov. 2019)
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** Tretour = 30°C, 30% load




RESATO Assen
Hydrogen compressor for fuelling stations
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ZEPP Solutions
Building hydrogen fuel cell drive trains

Jos Scholman/New Holland,
manufacturing diesel/nydrogen dual fuel
tractor, with H2 injection in diesel engine
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And Our King drives on hydrogen
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Thank you for your attention!

For further reading, see: www.profadvanwijk.com

"“_

hydrogen HydrBge! HYDROGEN
: the key to the energy transition The Brldge between Afrlca ‘E‘ B
SOLAR POWER and EUFO? y — /ACT /

TO T A E PEO PLE . —— Towards the Creation ;f the European
Hycl/rogén Economy
g

Jorgo Chatzimarkakis
Constantine Levoyannis

Green Hydrogen e
for a European Green Deal Ad van Wllk

A 2x4 iti Frank Wouters

Prol. Dr
Jorg!

The Green
Hydrogen

Economy
in the Northern
Netherlands

. e s - =S == 2 SN A Prof -Dr. A M Van Wﬂ‘k’//:’//: £ 8 Hydrogen April 2021
== Ad ik S ST hp i {
0 van Wik, ELS VAN DER Roest, Jos B 3 c SSSS : Ir. f Wouters » —— . e ghp w Dii w Europe f Hydroge: Europe

November 2017 September 2019 April 2020 April 2021

Waterstof voor gebouwverwarming MargotP.C. Weilnen
Naar 500.000 woningen op waterstof in 2030 Zofia L k‘SZ(')

HYDROGEN
PRODUCTION AND

ENERGY TRANSITION Shapmg an
Inclusive

Ad van Wijk et all

Samira Farahani Editors

Ad van Wijk

Hydrogen, key to a Energy

carbon-free energy sytem

Transition

¥

Hoe @ N2 ! OPEN ACCESS &) Springer
Chris Hellinga BGE : - -
Ad van Wijk

May 2021 September 2021 September 2021 October 2021




