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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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urface needed to produce all the world’s energy

World energy use 2019: 606 EJ = 168.000 TWh

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 3



Heat map Solar Energy 2100;

Surplus (green) or shortage (red) solar energy - energy use per km?
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How’hydrugen and electricity sarry our future

Equator

Heat map: surplus or shortage
of solar energy versus energy
use in 2100 (MWh/km?/year)
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Space and Time important cost factors
1n a renewable energy system

Space T

(transport)

Time
(Storage)
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Hydrogen and electricity production
technologies without CO, emissions
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Hydrogen and electricity are zero carbon
energy carriers, not energy sources
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The Hydrogen Cycle
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Seawater as resource for water in the desert

Demineralized water for Costs
hydrogen production Demineralized
water

2.0 Euro/m3

1,000 km transport cost
seawater and brine

ssssssss

Production costs demineralized 2.0 Euro/m3
water from seawater

TOTAL (Euro/m?® 4.0 Euro/m?

If you enlarge the seawater pipeline,
you can make demineralized water,

TOTAL (Euro/kg H,) 0.04 Euro/kg H, but also drinking and irrigation water
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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

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 10



Gas Infrastructure in Europe can be reused for hydrogen
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Gas Pipelines Europe Gas from North-Sea Gas from North-Africa European Hydrogen
Transporting gas from gas fields at 2017 production 60 GW Natural Gas Pipeline Backbone 2030
North Sea, Norway, Russia, Algeria, 190 bcm = 1.900 TWh  2x0.7 GW Electricity Cable Overall length : 32.616 km
Libya to Europe Repurposed gas : 16.864 km
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Hydrogen Transport by Ship

Organic Chemical Hydride (OCH) Technology [eIsH
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@ Fixing hydrogen to toluene produces MCH (SPERA Hydrogen) Extracting hydrogen from MCH (SPERA Hydrogen)
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Liquid Organic Hydrogen
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Energy storage is needed to deal with
renewable resource fluctuations in time
AND with energy demand fluctuations in time

Zon per maand (Zuid)

200
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Gas seasonal storage capacity in the Netherlands 100 TWh (billion kWh) =
storage capacity of 1 billion battery electric cars with 100 kWh battery.
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Hydrogen storage in Salt formations and
salt caverns caverns in Europa

dropower
prage Wind farm Offshore

I‘ wind farm
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Salt caverns in use

¢ for gas storage
DEPLETED
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Malta 0 1000
| | ]
km

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 14



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

Hot water storage in vessels

How‘hydrogen and electricity earry 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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Energy storage costs in arenewable energy
system higher than in a fossil energy system

Partial
storage

Fossil c
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Constant production i

Underground gas field/salt cavern
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Wastewater treatment plant
Echten, the Netherlands
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Electricity Consumption
wastewater treatment plant
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How\hydrogen and electricity earry our future
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Integrated wastewater treatment plant
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Waste incinerater
or waste gasifier

Advantages

« Solar and wind electricity production

« Water Electrolysis for H, and O, production

* O, for aeration saves >50% electricity for
aeration

* Lower methane and laughing gas emissions

* Heating digester by waste heat electrolyser,
resulting in more biogas production

» Biogas reforming for H, and CO, production

« CO, as feedstock in greenhouses and
industry

* Recovery ammonia from wastewater

* Increasing size of reverse osmosis plant for
irrigation and drinking water production

» Underground storage of treated wastewater
for use in dry periods
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Biogas to H, and CO, conversion
- Cost 1 kg H, + 15 kg CO,

euro

Future
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Hydrogen Markets

Feedstock/HT Heat

Electricity Balancing

Residential area

Town: gas?.coal gasmcatlon

._,’/ ,”"""‘

; N
> SQ%Ihydrogen ,Q town gas
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The Future for Steel Plant and site IJmuiden
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.~ 7 million ton'steel per year

" 42,5 Million ton CO, emissions/year
- 7% of Dutch CO,, emissions




DRI (Directed Reduced Iron) Proces on Natural Gas

Iron Ore
o W
0 &N
nton iron per ye )RI R m

AV 4

In-situ Reforming
CH,+H,O0 — CO + 3H,

Natural gas/
Hydrogen
to reactor

Reduction
Fe,O; +3CO — 2Fe° + 3CO,

Fezo3 +3H2 E— 2Fe° + 3H20
Carburization

P 3Fe+CH, — Fe,C+2H,
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Emirates Steel
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DRI (Directed Reduced Iron) Plants
mature technology

One Module:

2.0 Mtpy

Carbon 3.0-4.0%
Met. 94%-96%

Hot DRI feed to EAF

Startup 2013

One Module:

2.5 Mtpy
Carbon 3.0-4.5%
Met. 94%-96.5%
Cold DRI

Startup 2013

on Natural Gas

Ezz Steel

wie

One Module:

1.95 Mtpy
Carbon 1.5-2.5%
Met. 94%-96%
Cold DRI

Startup 2015
24



Tata Steel on green hydrogen and electricity

Energy balance 2040 a0 c..,p.

Steel production
+/- 225 Turbines (20 MW)

4-5GW

/ \ 400.000-500.000 ton green H, @@

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

+/- 75 Turbines (20 MW) u ﬂ

1-2 GW

/&\ 5-10 TWh green electricity /\\ I::> /6\ /.\@.

EAF 1 EAF 2

Transforme
r
‘ ! Tennet Electricity Grid

Tata Steel the Netherlands chooses for hydrogen 15-9-2021 25
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Manufacturing Offshore Wind Turbine components
only possible at the coast, because of Size and Weight
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Offshore wind turbine require between 100-200 ton steelkpec MW
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De toekomst voor mobiliteit is elektrisch!

Tesla Model S Toyota Miral
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Toyota Miral, second version
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Waterstof Brandstofcel Elektrisch Transport

" Doosan:
Waterstof drones Waterstof brandstofcel trein
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Caetano: Waterstof bus met Hyzon-Holthausen: Productie
Toyota brandstofcel waterstof brandstofcel trucks
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Veiligheld: Waterstof versus benzine

O seconds 3 seconds (ignition)
Hydrogen Petrol Hydrogen Petrol
A— W w——r o ——)
60 seconds
$Hydrogen Petrol
"u

—
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Dual fuel Tractor, waterstof bijmengen in diesel motor
-80% van diesel wordt vervangen door waterstof)
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Power to Hydrogen and Heat Nieuwegein
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Hydrogen /Ré-FueIIing Station, 2621 ‘
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Electrolyser Realisation in progress



Stadsgas productle Utrecht «
Gem-eentgpykbg-asfabrlek 1862 1959
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Remeha

cu

Remeha
HYDRA

Hydrogen|Natural gas
co, 0 9 %
0 190 g/kWh

0 2500  |kg/jaar*
CO 0 48 ppm
NOx 20 30 mg/kWh Hs
Efficiency** 115 108 % LCV

97 97 % HCV
Output Heating 24 24 kw
Output DHW 28 28 kw

* At average gas consumption
- **Tretour = 30°C, 30% load

Waterstofketel

(Maart 2019 gelanceerd)

Verwarmen met waterstofketels

Worcester Bosch

Gasketel die geschikt is voor waterstof
(15-11-2019 gelanceerd)
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Slimme hybride oplossing, kosten efficient en weinig overlast:
- Isoleren wat eenvoudig en goedkoop kan

- Warmtepomp voor basislast; COP 5,2 ipv COP 3,4
- Aardgas/Waterstofketel voor pieklast in winter
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Panasonic: Huis Brandstofcel systemen Japan

Japan 270.000 verkocht 2018
Doel 5.3 miljoen verkocht eind 2025

Reforming aardgas naar H, + CO,, + warmte
1 kW brandstofcel zet H, om in elektriciteit+warmte

Brandstofcel
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e bestellen op: www.profadvanwijk.com

Ad van Wijk, Els vala der Roest, Jos Boere

@Rﬂ EDEREEN

Hoe waterstof en elektnatelt onze toekomst dragen
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