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THE ENERGY BACKBONE

ENSURE BALANCE

WORKING FOR THE SOCIETY

— ELECTRICITY TRANSMISSION GRID

GAS TRANSMISSION GRID
=== PLANNED

Energy island location and
connections only illustrative




A BALANCING ACT

We work to make sure that the green
transition is carried out in an economically
responsible way without compromising on
Denmark’s already very high security of

supply.

GREEN
ENERGY
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SECURITY OF SUPPLY
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AFFORDABILITY



WORLDCLASS ENERGY SYSTEM

Denmark in top 3 out of 125 countries every year since 2016

ELECTRICITY 99.99%

RECORDS OF THE TIME

47.3% wind and solar 42 seconds of
power in the electricity unserved electricity in 2021
grid in 2021

26% biogas in the gas grid
in 2021

ENERGINET

T

GAS ALWAYS
ON TAP

Zero gas supply failure
in 2021



HE ORGANIZATION

Energinet Group has +1400 employeesin 11
locations. The headquarter is located in Fredericia. LR

Energinet Gr‘oup Internal Audit

Business
Services

Engineering and
Construction
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SYSTEM OPERATOR

The subsidiary Energinet System Operator has +330
employees and was established in 2021. The goal is

to unite the system operation for electricity and gas.

System
Operator

International
Relations

System Business and

Development Markets System Operation Energy Islands

ENERGINET

System Development
Strategic planning (incl. TYNDP),

system perspective and grid development

Business and Markets
Markets, data, digitalization, system value
and regulation (Prisma, JAO)

System Operation
Control centre, system performance,

operations development, Nordic regional
security coordinator (RSC)

Energy Islands
Development, construction, and operation

of the world’s first two energy islands

International relations

European cooperation on gas, Baltic Pipe,
sector coupling and PtX, global
engagement




OUR VISION



STRATEGY

WINDS OF CHANGE

The enormous offshore wind resources and the boom in renewable energy on market terms are
Denmark’s core strengths. These core strengths may result in extensive climate impact reductions
in otherwise difficult sectors such as agriculture and transport, concurrently with the
transformation to a 100% green energy system. With these new winds follow new opportunities.
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LEADERSHIP THAT ACCELERATES THE TRANSITION
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THE DANISH GAS
SYSTEM

Past, present and future




THE GAS SYSTEM IS
CHANGING

e Historically high — peak in 2005

The Danish Energy Agency project the production
and consumption of gas based on political
ambitions

* Phasing out gas consumption for household and
district heating

* Converting industry to green gas supply to
reduce emissions from use of coal and oil.

 Growth in production of green gas — towards
+100%

History of Danish consumption of gas and production of biomethane
History €« :—) Projection

I Heat & Power production I ndustry
Household heating Transportation

s Other Gas consumption
Biomethane (new prediction) Biomethane (old prediction)

= e = (|d prediction




ENLERGINET

A FUTURE WITH A GREEN GAS SECTOR

Development in Denmark’s gas consumption

2022 2025 2030
‘
23 TWh 20 TWh 11 TWh
RE: 30 pct. of RE: 52 pct. of RE: 114 pct. of
domestic gas domestic gas domestic gas

consumption consumption consumption

(¢]

j’%' Challenges

ﬂ * Natural gas is not 100 pct. green
* Decreasing gas consumption
* Local surpluses of biogas

N

“0Y- Opportunities

) * Export of biomethane.

* Baltic Pipe utilize existing grid and
support Polish green transition

* Heavy industry as gas consumers

* PtX and Hydrogen
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PAST: HOW THE DANISH GAS SYSTEM WAS DESIGNED
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PRESENT: GREEN TRANSITION: MORE BIOMETHANE
AND REDUCED DEMAND
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FUTURE: OVERSUPPLY OF BIOMETHANE — WHAT TO DO?

<
~
)

&

ieat'ng E

o
(==}
=]

Industry

Distribution — low pressure

\/

Linepack

storage g

Biomethane

Coal conversion —
new gas demand

\/

Linepack
storage

[}
o
[}

i

M/R

Distribution — low pressur

1)

Heating

o
(==}
=]

Industry

M/R

Distribution — low pressur

Linepack
storage

Biomethane

New low pressure
pipeline — Evida

Feverseﬂow— Energinet solution

X

Heating

g

Industry

o’

Combined heat Biomethane

and power

Th

Biomethane

ENERGINET

Transmission — High pressure
=

Direct connetion ﬂ

—

1

=
|

Energinet

solution

’E_‘;_L‘I’_‘I 1
s v




GAS GOES

GREEN

A future with other types of green gas:

57 biomethane facilities

34 new biomethane facilities in
pipeline

Improves security of supply

Electricity to gas (methanation)
Pyrolysis
Thermal gasification

New technology?

ENERGINET

Biomethane facility




GAS STORAGE DENMARK
OWNS AND OPERATES

‘ ' OF THE GAS COMES FROM

GAS STORAGE FACILITIES
ON A COLD DAY |




GAS QUALITY

Dealing with gas quality of biomethane

23
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Relativ densitet (-)
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Limits in Danish Gas
Regulation

== == Danish Gas Regulation
Special Supply

% Danish North Sea Gas
(South Arne)

Danish North Sea Gas

(Tyra)

B Mixed gas from Germany

A Russian Gas

+ Norwegian gas from EPII

X Upgraded Biogas (98 %
methane)




GAS QUALITY - OXYGEN

The Danish rules for biomethane allows for
more oxygen-content than neighbouring
countries.

* Increased biomethane challenges the
possibility for transit/export

e Current procedure for mixing of
biomethane with fossil gas is adequate

* A procedure for handling operational stop
related to Baltic Pipe gas flow is needed

N

-
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Transmission grid

Gas with low oxygen content
from the North Sea

— Gas with high oxygen content
from biomethane




GURANNTEES OF ORIGIN
(‘GO’)



GAS MARKET AND
GUARANTEE OF
ORIGIN (‘GO’) MODEL

v' Renewable gas market model approved by Regulator
(2010)

Certificate model implemented (2011)

AN

Certificates evidence under ETS and transport fuel
guota in Denmark

v' Energinet appointed Issuing Body for Guarantees of
Origin for renewable gases in grid (2021) —incl.
biomethane and hydrogen

v’ Certificates for hydrogen being developed

iGASSTORAGE

™

o

MARKET

GAS MARKET

GAS NET 1@

O—— OO

BIOGAS PRODUCER CONSUMER

MARKET FOR GUARANTEES ORIGIN

ENERGINET
REGISTRATION SYSTEM




ENERGINELT

EUROPEAN RENEWABLE GAS REGISTRY

Vision:

More info: www.ergar.org

Renewable gas will be tradable cross border in an increasingly integrated European
market via the gas grid and used in all end use sectors

Mission:

Building on national renewable gas registries a trustworthy transparent and
standardized documentation scheme for cross border transfers of renewable gas
certificates will be established for renewable gas injected to the European gas grid.
Ensuring that double sale and double counting of the green value is avoided.

Status:

Registries handling 80-90% of renewable gas injected to European grid

Two ERGAR schemes being developed
*  ERGAR MB: RED Il compliant scheme for mass balancing European gas grid

*  ERGAR CoO: Book & Claim system for disclosure and voluntary reporting
Transfer hub established
First commercial transfers

Network and knowledge sharing

REGATRACE partner

Energinet is associated via ERGaR collaboration
28


http://www.ergar.org/

FUTURE PLANS IN DENMARK

1.

Import/export European registries

New types of GOs being developed:
v" GO: REDII compliant

v' GO+: REDII plus additional
information/requirements

v" GO Balance: balancing injection and withdrawal
hourly basis

v" GO for hydrogen and methanised gas in grid

IGO) +
IGOI

Balance

ENLERGINET



HYDROGEN

Just the fact that hydrogen

comes from electrolysis is fine.

For the same reason that an
electric vehicle is renewable
without consideration to time
and place of charging.

RENEWABLE
HYDROGEN

Hydrogen must have a ‘GO’
and must be priced and
marketed as renewable

without contributing to the EU
CO, reduction targets.

RENEWABLE+
HYDROGEN

Hydrogen must have a ‘GO’
and must be priced and
marketed as renewable AND
simultaneously contribute to
the EU CO, reduction targets.



‘GO’-CONCEPTS FOR RENEWABLE ENERGINET
HYDROGEN IN THE GRID

Overview GO RENBO

Documentation structure
Unit: 1TMWHh

Plant data 0 0

Udstedelsestidspunkt
Unikt digitalt certifikat

Lifetime 12 months 12 months

Co-location DK Bidding zone

Additionality (V]
Concurrency Q
Price flexibility 6

Declaration of renewable .
End purpose Fuel documentation
hydrogen

Can be issued for direct Q Q
lines and grid connections



YDROGEN

Present and future work with hydrogen infrastructure

32



ENERGINET
FAST UPSCALING OF PTX-PROJEKTS/VISIONS

Publicly annonced PtX projects and visions in Denmark in 2030 have gone from 40 MW to almost 7.000 MW since january 2020.

Stgrre offentliggjorte PtX projekter/visioner de seneste ar

Development of announced
electrolyzer capacity i 2025 and 2030
in public known projects

Metanol-projekt ved Udmeldt kapacitet
European Energy v. Nordjyllandsveerket — 300-400 MW (MW) P | drift i 2025 | drift i 2030
Hanstholm Havn— MW tbd Green CCU Hub Aalborg— 120 MW
Primo 2019
X - Primo 2020
Greenlab Skive & Eu row!n: :elr;ng— SEDMI\:JW
N : urowind Handest— Pri 2021
Green HyScale— 400 MW Ae
feen Myscwe . - ',‘ Green Hydrogen Hub — 1.000 MW
4 Nl . Primo 2022
REDDAP - 10 MW

In
operation In operation by 2030

‘ by 2025

Fr »

Green Fuels for DK— 1.300 MW

Primo 2021:
400 MW

‘ [
W A
" HySynergy - 1.000 MW
H2 Energy Europe — 1.000 MW ’
H@ST— 1.000 MW I
European Energyv. Made— 12 MW:

- ' - : Primo 2021:
Linde v. Aabenraa Havn — 100 MW i EX
*4°a EuropeanEnergy v. Kassg — 54 MW

' ‘ . ! - ?
o A '
Primo 2022: Primo 2022:
2.500 MW 6.900 MW

Source: https://brintbranchen.dk/danske-brintprojekter/ and publicy annonced PtX projects in Danish media.



https://brintbranchen.dk/danske-brintprojekter/

VALUE OF DANISH HYDROGEN INFRASTRUC

ELEKTROLYSE

HYDROGEN PRODUCERS

HYDROGEN STORAGE

(=t

Ji

INDUSTRY

L9

TRANSPORT

HYDROGEN CONSUMERS

H,

PROCESS CUSTOMERS

©)

METHANOL
AMMONIA

HYDROGEN PIPELINE

EXPORT TO INTERNATIONAL MARKETS

RENEWABLE ENERGY PRODUCERS

W/
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RE PRODUCTION
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ELECTRICITY TRANSMISSION GRID
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Energi per ar [TWh)
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ENLERGINET

MARKET DIALOG FOR HYDROGEN INFRASTRUCTURE

Expressed need for hydrogen infrastructure before 2030 for both producers and

consumers of hydrogen

Entry (TwWh)fordelt pa regioner i 2030 og 2040

Nordjylland
2030: 0,9
2040: 2,6

Midtjylland
2030: 1,0
2040: 2,0

@® Entry @
@ Exit
[ J
® a6
°® L4 Syddanmark
2030: 3,6
® 2040: 5,7
®
@
2025 2030 2035 R 2040 2045 2050
r

)
Sjeelland
2030:1,7
3 2040:1,7
b
A

PROJECT MATURITY

Feasiblity
9

y Beslutning
9

WANTED ACCESS TO
INFRASTRUCTURE

@ Timing af infrastruktur '

2022 2024 A3‘026 2028 2030

DISTRIBUTION OF
PRODUCERS AND
CONSUMERS

‘ Forbruger
30%

ALTERNATIVE
TRANSPORT COST

Gennemsnit = 8,31 EUR/MWh

nJ
0

5 20 25

10 15
Pris [EUR/MWh]
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PRE-FEASIBILITY STUDIE OF HYDROGEN INFRASTRUCTURE

FROM DENMARK TO GERMANY
A -

NORTH SEA ENERGY ISLAND

3 GW offshore wind i 2033 (*later
expanded to 10 GW)

Energinet has knowledge off
new and possible solar power

projects with at total capacity of
up to 16 GW

BALTIC SEA ENERGY ISLAND

(BORNHOLM)
2 GW offshore wind in 2030

S

Example of hydrogen infrastructure



gaSU"HE ENERGINET

EXAMINED HYDROGEN SYSTEMS

Route:  Holstebro - Heidenau
Capacity: 8,6 GWh/h

) .‘Pipeline: 440 km
(a.;

Route:  Esbjerg - Heidenau Scenario 4
Capacity: 8,6 GWh/h
‘fipeline: 340 km

Scenario 3

m— Newly constructed H2 pipelines
ww=== Repurposing of natural gas pipelines
B compressor Station

37



MATURE INFRASTRUCTURE

=== Import / Export + Depleted field

STRETCHING TOWARDS ALL o

* City, for orientation purposes
* Energy Hub / Offshore (wind) hydrogen production

DIRECTIONS IN 2040 T

The report published shows a vision for a

Oslo « *Helsinki
* L)

~ k hydrogen pipeline ~&
53,000 Km  isfrastructure L s JF
%
over 60 O of

In 28 countries which is based on

by 2040 repurposed existing
natural gas pipelines

Making it possible to create the

Bordeaux

European Hydrogen Backbone at
affordable costs

https://gasforclimate2050.eu/wp-content/uploads/2022/04/EHB-A-European-hydrogen-infrastructure-vision-covering-28-countries.pdf

©2032§ European Hydrogen Backbone, all rights reserved



ENERGINET

ENERGINET ASSOCIATED ACTIVITIES

International Energy Counseling: Acellerating the green

transition globally since 2010 Our purpose is to accelerate the
" green transition globally via
How do we work: knowledge-sharing and capacity

* Specific expertise that other consultancy businesses are building:
unable to provide:

* Experiences from Energinet employees E Presentations

* We use long-distance capacity building and twinning
Workshops

e Usually takes about 6-12 months for each project (from

Terms of Reference to Evaluation) Reviews

* However, partnerships and projects can have varying
durations

Long-term peer-to-peer
partnerships

QD
i
% Training and education
>




ENERGINELT

OVERVIEW OF PARTNERSHIP COUNTRIES

+ Poland,
Kenya and France
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QUESTIONS

Contact: Mobile: +45 29717821 Mail: RSJ@energinet.dk
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