GREEN H2 AS AN ENABLER
FOR A +100% RES SYSTEM

Flexible consumption is key with varRES

Energinet, System Development and Perspectives
Martin Hartvig, Ph.D. M.Sc.
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WE ARE WORKING
FOR THE DANES

Energinet is responsible for the supply of
gas and electricity in Denmark.

We safeguard society’s interests as we
move to a 100% green energy system.

We are a regulated TSO owned by the
Danish Ministry of Climate, Energy and
Utilities.

— ELECTRICITY TRANSMISSION GRID
GAS TRANSMISSION GRID




GREEN
TRANSITION

HOW TO BALANCE

We work hard to make the green transition
socioeconomic optimal while ensuring
security of supply
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SECURITY OF AFFORDABILITY
SUPPLY
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DANISH GREEN
TRANSITION

TODAY (2020):
68% green electricity
41% green energy

21% green gasses
2030:

100% green electricity
55% green energy

2040:
_ WAL r oA 100% green gasses
GOVERNMENT GOAL: 2050:
70% reduction in CO2-emissions by 2030 (ssore - 100% green energy
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ENERGINET

HOW TO REDUCE EMISSIONS MOST EFFICIENT?

How to get most CO2 reduction the same amount of money?

It is at least 2,7-5,2 (1,3-2,6)

times more CO2 efficient to do Indirect elektrificering
130-260gC02/kWhe

Direct electrification
350-680gC0O2/kWhe

direct instead of indirect
elektrification
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ENERGINET

RE FUELS WITHOUT SLOWING THE TRANSISTION?

If there’s a wish for maximal CO2-reduction when producing H2/PtX the production must
take place using system integration

Direct + indirect electrification System integration

Hydrogen infrastructure can be important support that electrolysers
indeed “play together! With the green transition in the power grid

Also looks expensive compared to hotspots



WIND CURTAILMENT WIND & ELECTROLYSIS
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A ONE WAY STREET SYNERGY & BUILDOUT



PTX IN EUROPE AND DENMARK

ENLERGINET
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LARGE SCALE
OFFSHORE WIND

The Danish offshore potential
exceeds the Danish direct
demand... by far

LARGE SCALE
SOLAR

Solar and wind are best
friends. It is likely that large
scale solar will closely follow
large scale wind
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SYSTEM INTEGRATION
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Windproduction (MW)
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Potential of at least
30-40 GW

offshore wind

Wind+PV share at municipality level in Denmark (2017)
VRE production compared to gross power consumption
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New flexible demand

Max classic power demand (peak load)
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SYSTEM INTEGRATION

=

Potential of at least
30-40 GW

offshore wind

Wind+PV share at municipality level in Denmark (2017)
VRE production compared to gross power consumption

Landing zone /
energy cluster J

Tap 0';("‘ for DK decarbonisation
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WIND CURTAILMENT WIND & ELECTROLYSIS
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A ONE WAY STREET SYNERGY & BUILDOUT



HYDROGEN INFRASTRUCTURE

Developments 2021: Perspectives for Denmark and Europe
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Energinet & Gasunie
April 2021
Pre-feasibility (link)

Pejlemaerke 1 Pejlemzerke 2

Power-to-X skal kunne
bidrage til opfyldelsen af
Danmarks klimalov

De regulatoriske rammer
og infrastruktur skal vaere
pa plads, s& Danmarks
styrkepositioner kan
udnyttes, og Power-to-X
pa sigt kan agere pa
markedsvilkar

Pejlemaerke 4
ENERGINET 5
[.’ft-“G Danmark skal kunne eksportere Pej I emarke 3
Power-to-X-produkter og

-teknologier

Energinet & DEA
November 2021
Market dialogue (link)

Samspillet mellem Power-to-X
og energisystemet skal
styrkes

UE ABOUT

GEN |NFRASTRUCTURE

MARKET DIALOG £

HYDRO!

Regeringens foreslar, at Danmark skal sigte efter at
bygge op mod 4-6 GW elektrolysekapacitet i 2030

Danish Government and
Parliament

December 2021 / March 2022
PtX Strategy (link)

, ECNLERGINLT
European TSOs (April/June 2021)

European Hydrogen Backbone (link)
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https://en.energinet.dk/Gas/Gas-news/2021/04/27/GUD-rapport
https://en.energinet.dk/About-our-news/News/2021/11/09/Market-dialogue-showed-broad-interest-in-hydrogen-infrastructure
https://kefm.dk/aktuelt/nyheder/2021/dec/regeringen-vil-kickstarte-udvikling-af-groenne-braendstoffer-med-milliardstoette-
https://gasforclimate2050.eu/ehb/

DANISH ENERGY ISLANDS

North Sea: capacity of 3 GW wind in
2030 rising to 10GW in 2030ies

Baltic Sea: capacity of 2 GW in 2030

http://en.energinet.dk/Green-Transition/Energy-Islands

ENERGI
B i e 2
NORTH SEA WIND POWER HUB - NSWPH g I
G N\
International massive build-out of North Sea wind (180GW) e, A e S %
Essential to meet European contribution to Paris agreement & : . "ﬁ
o ;

Combined wind landing and ICs (hub & spoke concept)

Effective integration in Europe

Co-financed by the Connecting Europe
Facility of the European Union http://northseawindpowerhub.eu



FROM A FOSSIL BACKBONE TO A RES-E BACKBONE ENERGINET

Energy balance flow for

eu I‘OStat European Union (27 countries) 2

https://ec.europa.eu/eurostat/web/energy/energy-flow-diagrams
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FROM A FOSSIL BACKBONE TO A RES-E BACKBONE ENERGINET

Energy balance flow for
eu I‘OStat European Union (27 countries) 2020

https://ec.europa.eu/eurostat/web/energy/energy-flow-diagrams
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FROM A FOSSIL BACKBONE TO A RES-E BACKBONE NERGINET
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ONE SYSTEM OF SYSTEMS CENTERED ON THE POWER GRID

(and a digital infrastructure)

ENLERGINET
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RECIPE FOR A RENEWABLE EUROPE

ACCELERATED DIRECT
RES BUI{)O}JT EFFICIENCY ELECTRIFICATION

e
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KEY MESSAGES
Hydrogen & PtX in Denmark and Europe

» Electrolysis is a tool for increased direct electrification

. System integration for competitive hydrogen

= Flexible power consumption in co-placement zones: Use it “locally” or loose it!
= Optimizing infrastructure utilization factors

. Hydrogen infrastructure can be the incitement to secure flexible power consumption

» We can decarbonize 100% using PtX

= Euroelectric: up to 60-65% can be directly electrified
. Carbon, carbon, and carbon before DAC arrives, DK stronghold on biogas

> PtXin Denmark

. Almost zero hydrogen consumption
. Infrastructure enable H2 export to Europe

= PtX in clusters have EU competitive edge, but globally?

» PtXin Europe

. Differing country roles (green, blue, importers, exporters)

. High ambitions, and strategies for coordinated roll-out

» H2 infrastructure is one piece in value-ecosystem optimization

= Enables acceleration of RES integration while maximizing value

Y 245
Martin Hartvig, M.Sc. Ph.D.

*  District heating networks for excess heat from electrolysis (and DAC) Energinet, System Perspectives
. Clusters for symbiosis networks mhr@energinet.dk

. Cross carrier optimization of e-H2 infrastructure
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