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See also material at link:
System Perspectives towards a 
robust future energi system

https://www.energinet.dk/media/y5rhoqjy/pathways-towards-a-robust-future-energy-system_energinet-2023-01-23.pdf
https://www.energinet.dk/media/y5rhoqjy/pathways-towards-a-robust-future-energy-system_energinet-2023-01-23.pdf
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DK ANALYSIS USING EUROPEAN SCENARIOS AS A FRAMEWORK

High focus on Distributed Energy in system perspective analysis
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WIND AND 
SOLAR I THE 
SCENARIOS
• Up to 35 GW offshore wind in 

the Northsea

• 35 GW solar

Systemperspektivanalyse 2022

Basis
Scenario
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SYSTEM ANALYSIS OF SECTOR COUPLING

CO2-capture from air 
(Direct Air Capture)

EnergyHub with HVDC multi-
terminal & offshore 
electrolysis plant

Potential hydrogen 
infrastructure incl. Export of 
hydrogen to Europe

Hydrogen storage in caverns

CO2-capture on 
power-plants
(biomass & waste)

Sector coupling with 
electrolysis and PtX-plants
with refinery to jetfuel and 
methanol

Ammonia production

Smaller zones analysed
in market modelling

Hydrogen pipelines investigated
Feed in HVDC/AC power lines investigated

400 kV AC lines
132-150 kV AC lines
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SECTOR COUPLING MODELLING

RE-fuels for aviation, heavy transport, ship, 
fertilizer, materials

(Jet, Diesel, Gasoline, Ammonia, RE-Plastics)

Cathalysis/ Reffinary
(Thermo-chemical)

Pyrolysis, HtL
mv. 

(Chemical)

Bio/waste. 
CHP- og DH

(Thermal)

CO2 Direct 
Air Capture

Peak load 
power 

(FC og GT) 

Onshore 
elektrolysis

Power

RE Hydrogen

RE Methan

Infrastruktur

Bio-
mass- and 

waste

RE export

Ammonia

eSMR

Offshore 
Wind via 

hubs 
HVDC/H2

Offshore 
Wind

Radial AC

Onshore 
wind

Large scale
solar

Distributed 
Solar

Biogas
(Biological)

CO2-
capture

Hydrogen 
Wind 

turbines

Classic 
power cons. 
& datacentr.

Heat-
pumps

Power to 
transport

Industry proces

RE-Export

Offshore VE

CO2-deposit

Fertilizer
(N,P,K,C)

Power

Hydrogen

Methan

Heat

Energy storage

Building 
heating

CO2-
capture

Flexibility in Sector Coupling 

CO2
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ENERGY DEMAND 
TOWARDS CLIMATE 
NEUTRALITY

MODEL CONCEPT

SYSTEM-
MODEL

Least cost system 
optimization

Wind onshore/offshore

Market-
topology

(zonal/nodal)

International market 
framework

Price electricity, 
PtX market products

Power consumption

Methan demand

CO2-deposit demand

Hydrogen demand

Jet-/diesel demand

Biomasse and 
waste potential

Teknology data 
(Capex/Opex)

Solar potential

Heatpumps
PtX
eSMR
CO2 capture & DAC
Energy storages

Framework for investment 
in infrastructure 
(hydrogen, cables/OHL, 
Gas)

INVESTMENT IN PLANTS

RE-RESSOURCES

Electricity

Hydrogen

Green methan

Methanol/Jetfuel
Ammonia

MODEL FRAMEWORK

EKSPORT OF ENERGY

Power grid

Gas- and hydrogen 
infrastructure

INVESTEMENT IN 
INFRASTRUCTURE
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ENERGYFLOW – DENMARK SCENARIO 35 GW OFFSHORE IN DK NORTHSEA

EnergiØ’er/
hubs

Hydrogen for heavy transport & 
industry

Exsport of hydrogen

Fuels for heavy transport & aviation
Industri

Power

Hydrogen

Heat

Methan

Solar/PV

Onshore 
wind

Offshore wind
– AC connected

Offshore wind –
HVDC connected

Biomass & 
waste

Biogas 
ressources

Heating

Direct Air Capture (DAC)

Classical electricity & datacenters

Power to transport (EV etc.

Power to DER heatpumps

Carbon deposit (biochar)

Power
Energy 
Input

Energy 
Service 
Output



ENERGY HUBS IN A 
SECTORCOUPLED PERSPECTIVE

(ONSHORE & OFFSHORE)



NORTH SEA ENERGY ISLAND 

The North Sea Energy Island 
will consist of a small, artificial 
island combined with 
platforms. 

3 GW
Windmills

DC-breakers 

400 kV AC 
to 525 kV DC
convertion

66 kV to 400 kV
AC convertion

Belgium

Denmark

Innovation

Direct current

Alternating current
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OFFSHORE ELECTROLYSIS POTENTIAL INVESTIGATED

ACHVDCArray 66 kVAC (LV) HVAC

H2

Comp.

Offshore windpower
EnergyHub Onshore/feedin zone

Electrolysis

Electrolysis

Gen DC (LV)

Electrolysis

H2

Flexibility in Sector Coupling 
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Offshore elektrolyse
20 MW integreret på

vindmølle
(lavt estimat)

Offshore elektrolyse
20 MW integreret på

vindmølle
(højt estimat)

Offshore elektrolyse
500 MW på platform

(lavt estimat)

Offshore elektrolyse
500 MW på platform

(højt estimat)

Onshore elektrolyse
HVDC elinfra.
(lavt estimat)

Onshore elektrolyse
HVDC elinfra.
(højt estimat)
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Hydrogen production cost 2030 (LCOH)
100 KM from coast (EUR/KG H2)CAPEX (30 Years, 4 %) + OPEX

Havvind Elektrolyse Rørinfra. Elinfra.

CONCEPTS FOR 
ELECTROLYSIS
CONNECTED TO 
OFFSHORE HUBS

Hydrogen production cost without
additional benefit from electricity
production

HYDROGEN TURBINES ELECTROLYSIS ON PLATFORMS ELECTROLYSIS ONSHORE

Offshore 
electrolysis

integrated in 
WTG 

(low estimate)

Offshore 
electrolysis

integrated in 
WTG 

(high estimate)

Offshore 
electrolysis
on offshore 

platform 
(low estimate)

Offshore 
electrolysis
on offshore 

platform 
(high estimate)

Onshore 
electrolysis

(low estimate)

Onshore 
electrolysis

(high estimate)

Offshore 
wind

Electrolysis Hydrogen
pipe

Power infrastructure



HYDROGEN INFRASTRUCTURE

AS PART OF SECTOR COUPLED SYSTEM
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INVESTMENT IN 
HYDROGEN 
INFRASTRUCTURE
• Hydrogen pipes are invested

from a cost efficient 
optimization

• Scenario up to 35 GW North sea
analysed



DEVELOPMENT OF POWER SYSTEM AT LARGE SCALE 

RE TOWARDS A CLIMATE NEUTRAL SYSTEM

14
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• Thermal power production very
low in many hours during the year

• Flexible power consumption a 
very large balancing ressource to 
ensure stability

• System stability and Gridforming
capability from Power Electronic 
Interfaced Devices 
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POWER PRODUCTION AND FLEXIBLE CONSUMPTION 
(SCENARIO WITH 35 GW OFFSHORE WIND IN NORTHSEA)

Vedvarnede energiproduktion i DK
Fleksibelt elforbrug (varmepumper, elektrolyseanlæg mv.)
Termisk elproduktion

WIND AND SOLAR 
DOMINATES POWER 
PRODUCTION IN 2035 
SCENARIO

Wind and solar

Flexible consumption

Renewable energy from wind and solar)
Flexible consumption (PtX, heatpumps, EV’s)
Thermal power production
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BALANCING OF 
FORECAST-ERROR
FROM LARGE SCALE
OFFSHORE WIND
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Forecastfejl 1 time før drifttidspunkt (varighedskurve) Forecastfejl 1 dag før drifttidspunkt (varighedskurve)

EXAMPLE – FORECAST ERROR FROM OFFSHORE WIND
(Day ahead and 1 hour before operations time in scenario with 6 GW hubs in the 

Nordsea (climate year 2008))

Forecast error day ahead (duration) Forecast error hour ahead (duration)

Forecast error day ahead Forecast error hour ahead
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BALANCING OF 
FORECAST-ERROR
FROM LARGE SCALE
OFFSHORE WIND
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(no security of supply issue)
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RESEARCH AND DEVELOPMENT (R&D ROADMAP)
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FROM SCENARIO ANALYSIS TO R&D ROADMAP

Future scenarios for energy system

Identification of challenges

R&D roadmap

Project portfolie R&D

GAB analysis

Innovation, research, analysis

SME dialog

International cooperation

Flexibility in Sector Coupling 
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R&D ROADMAP
• Overview long term system 

development key areas

• Figure shows selected
development areas

Digital Twin from  
planning to 
realtime operation

Automated system operation use 
assets secure and optimized

Price signals ensure
optimal investment and 
operation of assets

Concepts for 
new 
technologies

Data-backbone 
supports price
signals, system 
operation and 
planning
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KEY TAKE AWAYS FROM THE ANALYSIS

Hydrogen system can
reduce need for 
overhead power lines

Large scale storage of 
hydrogen essential for 
security of supply

A need for close
coupling of market and 
physices to harvest
synergies from sector
coupled system

Potential for offshore 
hydrogen infrastructure
and electrolysis on 
offshore hubs and 
wind-turbines

Co-optimisation in 
planning, design and 
operation of power and 
hydrogen essential

Scenarios towards 35 
GW offshore DK 
Northsea and 35 GW 
PV analysed

R&D focus areas identified



Thanks for attention
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