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WE ARE WORKING

FOR THE DANES

Energinet is responsible for the supply,of
gas and electricity in Denmark. +h54r09€h

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

05

SECURITY OF AFFORDABILITY
SUPPLY




ENLERGINET
OVER 40 YEARS WITH WIND POWER IN DENMARK
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ENERGINET

OVER 40 YEARS WITH WIND POWER IN DENMARK
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IN PROJECTIONS DEMAND AND SUPPLY DO NOT ALWAYS
MATCH... BUT PRYSICS ENFORCES THIS BALANCE...
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IN PROJECTIONS DEMAND AND SUPPLY DO NOT ALWAYS
MATCH... BUT PRYSICS ENFORCES THIS BALANCE...
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WIND CURTAILMENT WIND & ELECTROLYSIS

SvAR AV @ ﬁﬁ%

A ONE WAY STREET SYNERGY & BUILDOUT



What do we need to do?



FROM FOSSIL CHAINS TO A RES-E ECOSYSTEM ENERGINET




FROM FOSSIL CHAINS TO A RES-E ECOSYSTEM
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While makring sure we min[ sum(CO2emissions(yr) ]



ENERGINET

HOW TO REDUCE EMISSIONS MOST EFFICIENT?

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

Direct electrification
350-680gC02/kWhe
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It is at least 2,7-5,2 (1,3-2,6)
times more CO?2 efficient to do

direct instead of indirect
elektrification

~0g/kWhe

~680g/kWhe

~350g/kWhe

T
il

Indirect elektrificering
130-260gC02/kWhe

% ~260gC0O2/kWh (520)



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



IN PROJECTIONS DEMAND AND SUPPLY DO NOT ALWAYS
MATCH... BUT PRYSICS ENFORCES THIS BALANCE...

000000

2022

22222222222222

000000

A NEED FOR REA
FLEXIBILITY IN TH

STOP

TRANSITION

)




INTEGRATION OF HYDROGEN — NOT ONE SIZE FITS ALL

ENLERGINET

Norway
Blue hydrogen
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GRID PLANNING IS MORE THAN HARDWARE

COMPENSATION
OBLIGATION

ENERGINET

Tarifs and connection
conditions

CONNECTION
CONTRIBUTIONS
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CAPACITY TARIFF
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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
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NORTH SEA WIND POWER HUB - NSW»‘. e . .
International massive build-out of North Sea wind (180GW) v . L. 5 "; X
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THE TSO'S VISION OF A

“EUROPEAN HYDROGEN
BACKBONE™

European Hydrogen Backbone vision for 2040
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H2 Network Germany & Denmark

Hyperlink 3 (PCl) + Danish backbone West (PCl)
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HYDROGEN INFRASTRUCTRE 1 A
DEVELOPMENT IN DENMARK |
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INTEGRATED ENERGY SYSTEM &
HYDROGEN INFRASTRUCTURE

\fﬁ” Socioeconomic integration of large-scale
% renewables require sector coupling of power and

hydrogen

grid, reduces grid new and offers competitive

Cross-planning maximizes utilization of existing
tariffs

Hydrogen infrastructure should serve large &
s %) small, producers and consumers
é ‘ é New fleksible demand can balance the power
grid and provide ancillary services

£ | ADanish Hydrogen Backbone is closely linked to
the European system

Martin Hartvig, M.Sc. Ph.D.

Energinet, System Perspectives
mhr@energinet.dk | +45 6124 3311




The end



Additional slides



A evida
ENLERGINET

EJERSKAB OG DRIFT AF FREMTIDENS
DANSKE BRINTINFRASTRUKTUR

Afklaring af Energinets og Evida's rolle i brintsystemet

Ny politisk aftale om ejerskab og drift af brintinfrastruktur giver Energinet
og Evida en rolle i udviklingen af r@grledningsinfrastruktur

Energinets rolle er:

At forbinde greenseoverskridende rgrbaseret brintinfrastruktur til et dansk
modtagepunkt,

At forbinde brintinfrastruktur i offshorergrledninger og
%raenseoverskridende brintrgrledninger pa tvaers af landet med et
rintlager, en sakaldt rygrad,

At udfgre opgaven som systemansvarlig virksomhed

Evida's rolle er
At forbinde indenlandske brintproducenter og forbrugere,
For at forbinde ovenstaende til et sammenkoblet brintsystem.




Setting the scene: The need for ancillary services increase

’x‘en transition increases the q?ed ]
alancing |
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Scenario report: Expectations on future AS provision needs

ENERGINET

Frequency-dependent

FO‘O;

Reason for increase?
DK1 share of CE's 3 GW

iIncreases.
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ENLERGINET

HOW DO WE PROCURE RESOURCES?

TSOs must ensure that we have enough
available balancing resources in all hours
+1.000 MW as backup for Denmark

(°) <<(Q/ ﬁ%@ \/O ‘Q,b
L4 \@\Q & To secure enough balancing resources in all Q Both the voluntary bids and contracted
%;Q\b hours, the TSOs can purchase capacity bids are available in the actual energy
< contracts — this is done before DA market. markets with merit order dispatch.

Financial Day ahead Intraday Balancing Physics

(DA) market

Week, Month, Year 12:00 Day-1 -1 hour -45 min. Operation hour




Eksempel

ENLERGINET

Eksempel - CY2010 - 2040 (DK1)

Eksempel - CY2010 - 2040 (DK1)

BRINTINFRASTRUKTUR ENABLER FLEKSIBILITET

Mere VE i kontakten hos Fru Jensen og billigere brint og PtX braendsler

(Samt hgj forsyningssikkerhed: effekttilstraekkelighed og systemydelser)
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SYSTEM INTEGRATIOT % i v | CNLERGINET
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Consumption [PJ]

ENLERGINET

DK SOM EKSPORT@R AF ENERGI-MOLEKYLER*

Dansk forbrug af energi-molekyler Dansk produktion af energi-molekyler
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* Kul og biomasse er ikke medtaget i beregningerne



SOCIO-ECONOMIC ANALYSIS

CBA following the ENTSO-e’s methodology and Danish guidelines — General principles

ENLERGINET

Benefits

Costs

SCC

OPEX

S1|nsaJ AdN 404 28uey

Benefits

- Socio-Economic Welfare (SEW) includes producer surplus (PS), consumer
surplus (CS) and congestion rent (CR) and is based on market simulation
results

- Additional benefits from CO, reduction (SCC) is based on the CO, reductions
[tons of CO,] in the market simulations and a societal cost of CO,.

Costs

- CAPEX/OPEX for transmission assets based on technical analysis

- NPV (Net Present Value)

- NPV can be provided as a range based on extreme values for benefits and
costs.

- Average NPV value consists in average benefits and costs values.




