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Someday...

”Yes, my friends, I believe that
water will one day be employed as
fuel, that hydrogen and oxygen
which constitute 1t, used singly or
together, will furnish an
mexhaustible source of heat and
light, of an intensity of which coal
1s not capable.”

Jules Verne, The Mysterious Island,
1874
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We foresee that gas infrastructure will play a key
role in a decarbonised energy system with
increased electrification

217 GW installed capacity

A smart role for green molecules provides for a

reliable and affordable energy system. wind [
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Gas can be stored more efficiently than electricity

Gas can be stored more
Cavern efficiently than electricity Battery

Volume

= 1 cavern with 1 mIn m3 of
hydrogen equals 240,000 MWh (=
6,100 tons H,)

Equivalents

» 24 min. power walls (10 KWh,
Tesla)

= 2400 of the largest batteries in the
world (100 MWh, Tesla)

Experience

» H, storage in caverns is an existing
technology

= Many years of experience in the UK
and US

Costs

» Storing hydrogen is factor 1000
cheaper versus electricity in power
wall
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Transport of gas is much cheaper and more
efficient than transport of electricity

Power Gas
. = 230 km
@Ned 260 km bblcompany -
V¥ " €600mio = € 500 mio

; = 20 GW capacity
» 1 GW capacity
P
= €230/kW/100 km = € 11/kW/100 km

S NodStream = € 9/kW/100 km
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Hydrogen grids

Hydrogen Pipelines
km

1. Air Liquide network in Belgium and France
= Length: ~1000 km
- Operating pressure: ~100 bar
- Diameter: ~25-30 cm
2. Air Products pipeline in Rotterdam
- Length: ~140 km
3. Air Liquide pipeline in Rhine-Ruhr
= Length: ~240 km

Figuur 4 - idi van Air Liquide

Netwerk Belgié - Nederland: 2.225 km
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/Refit from natural gas to hydrogen pipeline

Project Symbiose Zeeland Region

Refitting an existing natural gas pipeline to hydrogen transport

DOW has excess hydrogen and YARA uses hydrogen for fertilizer production
(((
the reglon AICL

SDR
@»,' T 'i-

= Existing 16", 66 bar, 12 km natural gas pipeline

= QOperational as hydrogen pipeline end of 2018

= Saves 20-40 kton CO2 emissions per year
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Hydrogen supply and demand scenarios
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Proposed dedicated Hydrogen Network in the

Netherlands

e

Connects large
industrial centers in
the Netherlands,
supply, storage, other
countries

Can be operational in
2030, also in smaller
steps

Capacity 5 - 29 GW

1,5 billion € (including
storage)
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Infrastructure Outlook 2050

« Joint study Gasunie and TenneT
 Netherlands and Germany

TEI'II'IET

i.li"‘.-‘.-i"!.]-Z.Zl:"".'l:l‘:Ifl!.'l'll'."fli_l"r' ng power furthe

Electricity network + hydrogen network + methane network = comblned network

; — 7;:7 e

Capacity 20 GW Capacity (H2+CH4) 350 GW Connection points:

1. Power plants (methane or hydrogen)
2. Electrolysis
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Method

Scenarios
“Net voor de
Toekomst”

CE Delft

A

-

Generate hourly
data

ETM van
Quintel

@ ENERGY TRANSITION MODEL

ndependent, Comprehensive and Fact

Calculate
demand per area
and per market

Calculate energy
transport using
integrated model

TenneT-GTS

Visualise energy

flows and
bottlenecks

---None---

Normal
High
Overloaded
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[02050 - scenarios

Local

National

International

Power & Light

25% base-load savings through more efficient
appliances. Substantial electrification of industry

25% base-load savings through mare efficient
appliances. Substantial electrification of industry

259 savings through more efficient appliances

Low-temperature heat

High penetration of heat grids and all-electric
(restrictions on green gas, no Hz distribution)
Savings: 23%

High penetration of hybrid heat pumps burning
Hz (and green gasg) (restrictions on green gas)
Savings: 23%

High penetration of hybrid heat pumps burning
Hz and green gas (mild restrictions on green
gas). Savings: 12%

High-temperature &

Circular industry and ambitious process

Circular industry and ambitious process

Biomass-based industry:

feedstock industry innovation: innovation: 55% savings
60% savings 60% savings 35% biomass
55% electrification 55% electrification 14% electrification
97% lower COz emissions 97% lower COz emissions 95% lower CO2 emissions
Passenger transport 100% electric 75% electric 50% electric
25% hydrogen 25% green gas
25% hydrogen
Freight transport 50% green gas 50% green gas 25% synthetic fuels
50% hydrogen 50% hydrogen 25% green gas
50% hydrogen
Renewables generation 84 GW solar 34 GW solar 16 GW solar
16 GW onshore wind 14 GW onshore wind 5 GW onshore wind
26 GW offshore wind 53 GW offehore wind 6 GW offeshore wind
Conversion and storage 75 GW electrolysis 60 GW electrolysis 2 GW electrolysis
60 GW battery storage 50 GW battery storage 5 GW battery storage
Hydrogen 100 TWh domestic generation 158 TWh domestic generation 73 TWh import
4 TWh domestic generation
Methane 23 TWh domestic biomethane 46 TWh domestic biomethane 24 TWh domestic biomethane
35 TWh imported natural gas 55 TWh imported natural gas 72 TWh imported natural gas
Biomass 28 TWh import

Table 2: Main characteristics of the Dutch scenarios

N
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Time series
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Example snapshot 1

Hydrogen
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Ry LHBCH

i

Local scenario

June 2050, 12:00 afternoon
Elektrolyses near location of sun and wind

Sunny summer day, high wind, low energy demand
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Example snapshot 2

= Cold winter evening

Electricity

Hydrogen

International scenario

February 2050, evening
maximal production storages
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---None---
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Example comparison

=  Sunny summer day, high wind, low energy demand

Electricity = Electricity ==

P ik

Shifting of PtH:
to gas demand
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Some conclusions

= Energy networks need further integration. The existing gas network
can be split into a hydrogen and methane network, with enough
capacity in 2050

= Also after 2030 electricity networks will need to grow to
accommodate the growing demand for electricity

= Total seasonal storage needs: ~35 TWh. Of this, 15 TWh of hydrogen
is needed (for which North Netherlands has enough potential for
caverns)

= Important to place and size electrolysis in close discussion with both
electricity and gas TSQO's. Location close to renewable electricity
production helps integrating large amounts of wind/solar energy

» Gasunie, TenneT, and regional network operators, will in 2021 report
on an integral infrastructure study 2030-2050 (legal requirement)
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Gasunie (joint) hydrogen projects
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a raw material can helpto
achieve CO2-reduction
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| Hydrogen is a clean energy o
carrier: Hz combustion Q L % National hydrogen
Q = | ields only water vapour. ¥ el transport network
— = " Y g H2-pipeline network
links major industrial
areas Eemshaven,
IImuiden, Rotterdam),
Chemelot, Zeeland
and the Ruhr area

Hydrogen pipeline
Linking hydrogen
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and the Delta region
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