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European gas
infrastructure company
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Strategy

Optimising the value Strengthening Making the transition
of our existing assets our leading position towards more
as cross-border gas sustainable energy use
infrastructure company possible
in Europe




We foresee that gas infrastructure will play a key roleina
decarbonised energy system with increased electrification /= ™
wind %}f
A smart role for green molecules provides for a :}2 = £
reliable and affordable energy system. =
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Wind production profile

HYDROGEN & FUEL=:

Renewable Energy ogan Crner

DAILY electrical production and load profiles

Northern Europe Wind Output: September - October 2015, Stacked
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Gas can be stored more efficiently than electricity

Cavern Gas can be stored more efficiently

than electricity

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

Battery
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Electron and Molecule Storage in perspective

Powerwall Battery Mega battery Pumped hydro Storage in
storage natural gas field
TE5LA »
D, = [ e kg o

10 kwh 100 kWh 130 MWh 250 GWh

=energy =400 km = 10000

for 1day of driving powerwalls

for 1 home
H: gas bottle Hz tubetrailer Liquid Hz storage Hzin salt

(Cape Canaveral) cavern

EX-Ty =

30 kWh 240 GWh 46.000 GWh
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Transport of gas is much cheaper and more efficient

Power Gas
éﬁl\led = 260 km bbl company » 230 km
V' " €600 mio = € 500 mio
' = 20 GW capacity
= 1 GW capacity
= € 230/kW/100 km = € 11/kW/100 km S
% Nord Stream = € 9/kW/100 km
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Hydrogen Demand
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Towards 2030 - Hydrogen demand and supply

Dutch Climate Agreement:
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2 September 2020

#10

500 MW in 2025
4 GW in 2030
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Refit from natural gas to hydrogen pipeline

<> : = Smart Delta Resources (Zeeland):
" Y . - Hydrogen for the region

PRy = Energy savings
= Road transport savings

= CO, emission reduction

SLUISKIL

R
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www= Possible H,-transport grid
based on existing gas pipelines

ﬂ Industry cluster

Hydrogen storage

Hamburg
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Unique opportunity to develop green hydrogen

Solar/wind Hydrogen Salt
resources backbone Caverns
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Coherent approach

90+ Hydrogen Europe CEOs ready to
— support Clean Hydrogen Alliance i
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. needed to kick start the . >
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Existing grids as starting point

Electricity Grid -+ Hydrogen Grid -+ Methane Grid — Combined Grid

GESUHE faTennet

Capacity 20 GW Capacity 350 GW | Connection Points

1. Power Plants:
methane of hydrogen ->

Tennet Gasunie Gasunie electricity
.. . 2. Electrolysis:
Electricity grid (220 & 380kV) H-gas grid (80 bar) G-gas grid (67 bar) electricity -> hydrogen
Investment plans: Hydrogen grid 2030, Feed in green gas
Reinforcement exisiting grid To connect industrial via manifold line
New connections wind at sea clusters and storage

N
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Location P2G

Electricity .

Shifting of PtH-
to gas demand
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Key insights

1 An energy
system
based on
domestic
renewables
will need a
firm
integration of
gas and
electricity
networks.

2 Great
need for
hydrogen and
methane
storage.

Expansion of

cavern
storages for
hydrogen in

NL foreseen.

3 Need for
further
expansion of
electricity grids
after 2030 due
to growing
demand, but
smart sector
coupling can
decrease it.

No major
expansion of
gas grids
foreseen.

4 Adequate
allocation of
P2G sites
needed to
stay within
the financial
and spatial
planning limits
for
investments in
electricity
grids.

5 Import of
green gas
(methane or
hydrogen) can
significantly
reduce the
need for
investments
in electricity
infrastructure.



Moving towards
2030 and 2050
with hydrogen

The energy transition requires new
forms of infrastructure and
intelligent use of existing networks.
Gasunie wants to invest in new
infrastructure for renewable gases
such as hydrogen.

2016 Paris Agreement:

erl }
* 40-50% in 2030
* 85-100% in 205

/

Groningen
Seaports

@ conversion

@ Transport

O Storage
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HyStock

HyStock Pilot ProJeCt e ey somsimenou s
= Pilot project S O
= 1,1 MW . > '
= 8500 solar )
panels v
= Cavern storage S
(start with tube
trailers)

= QOpen access
facilitity
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H2M Project

Development of low carbon hydrogen economy

Refit Vattenfall
Magnum power plant from
natural gas to hydrogen

g

equinor %

VATTENFALL

gaSurHEe

@ Natural Gas
@ Hydrogen Gas (H,)

Electricity
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Refit Vattenfall Magnum power plant from natural gas to hydrogen

VATTENFALL o
M
g
- - equinor
Option 1: Option 2: Option 3:
H2 production in H2 production in NL NH3 production in
Norway Norway

EH: Eemshaven;

CCGT = Magnum power plant;

SMR = steam methane reforming plant to split natural gas into hydrogen and CO2;
HB = Haber Bosch process to convert hydrogen into ammonia

N
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Concept of H2M Project

T i g gy
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1 infrastructure ! Storage Plant
: “addition” .
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. . 0 Gasunie
Precondition: whole supply chain, 95% C02 capture (location EnergyStock)

N
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[ 111> D

LEMENTEINS

Elektralyseur

Speicher

regensrativer Windstrom
Wasserstoff

(normale} Erdgaslsitung

Erdgasletung mit einem
Wasserstoifantsil von 2%

@ Thyssenga?

gasue  a@rTennet

Einspeisung

2% Wasserstoff in
bestehends L- und
H-Gasleitungen

Lieferung Methanisierung Einbindung Leitungssystem
100% Wasserstoff an eines Kavernen- mit 100% Wasserstoff:
Primarzielgruppen speichers fur Liefe- Einstieg in die
rungen grolerer Wasserstoff-Welt
Mengen an 100%
Wasserstoff fur

Chermigindustrie
und Mobilitat
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North Sea Wind Power Hub

180 GW offshore wind capacity in the North Sea | {}{,?,:‘(';‘;5336 "

= Cost savings can be achieved by integrating capacity
into a single offshore hub

= Contributes to the balancing of NWE electricity markets,
including in the form of hydrogen conversion and
transportation.

= Consortium with TenneT, Energinet, Gasunie, and
Port of Rotterdam
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NortI-I_,_

Europe’s largest green hydrogen project

NortH,: One single integrated chain in which renewable pawer generated by offshore wind
farms is used for large-scale green hydrogen production, transmission, storage and supply.
With this ambitious initiative, Gasunie, Groningen Seaports and Shell Nederland will halp
achieve the targets from the Dutch Climate Agreement

We will be supplying more green hydrogen to Industry in the Netherlands and
Morthwestern Europe, reducing carbon emissions by T megatons a year. This inftiative will
give the green hydrogen market a real boost!

Scale-up in 2040;
Maore offshore wind farms and electrolysis

Scaling up green hydrogen SDGW
preduction from 100%

new wind power 40 GW
e wew

[ Other rojects

024 2027 2030 2020 050
Hydragen supply to Groen H,
varicus sectors unage

B
‘E- =i
= B el
Tranepart & mohility
Husdn ervamnment

2024 2027 2080 2040 2050

I

e

North Sea wind b/ zuan
farms generats er

Hamburg
The electrolyser produc = .
hydrogen from 1040 i
renswable power \

Hydrogen stored
in underground cavems

[_' Antwerp

)l

Hydiogen bulfer ¢ " s 0
e g W B ‘ foe fluctistion and Motk create: 030 ta 10+
g&Su-"l'l'E witiil owes nareration jotes in the northen Netherlands in 2040
ety bR 2




2 September 2020 #27

crossing borders in energy

Green Octopus - potential group of projects for IPCEI application

Buld o backbone and value cirain i M@“
-[-D‘ er/ grm MMO‘QM W for Climate Action ()

Large amounts of clean hydrogen will be produced locally or abroad
will be imported via the ports,

will be transported by converted natural gas or new infrastructure

towards large scale endusers of hydrogen

AB B F b B L
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What is required?

Scaling up

Phased roll-out
Programmatic approach
Cooperation

Funding
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Moving towards
2030 and 2050
with hydrogen

@ conversion

@ Transport
O Storage

2016 Paris Agreement: Hydr Hydrogen refuelling stations
Clolbral wasT Retr t E T ' f \ d bus

Hydrogen district Stad  Narth SeaWind Farm Backbone £ HyNetherlands HaM phase 2 Narth Sea Wind Pawer Hub
‘t Haringviiet [ - Upsgaling trol th 4 # s




