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AGENDA

• Introduction to Energinet – the Danish TSO for electricity and gas

• Market based system operation with high shares of wind power

• Toolbox for efficient integration of variable renewable energy

• Towards a fossil fuel independent energy system by 2050

• Visit to Energinet’s control center - 13:30-14:00 in 2 groups 
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ENERGINET
We own and operate the overall 
electricity and natural gas transmission 
system in Denmark. 

Our tasks are to integrate renewable 
energy and ensure security of supply in 
Denmark

• Independent public enterprise owned 
by the Danish Ministry of Energy, 
Utilities and Climate

• ~ 1.300 employees – 8 locations and 
headquarter in Fredericia

• Mission to ensure reliable energy for 
society

• Vision to create balance in a 
renewable energy system



THE DANISH POWER GRID
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6,913
km transmission grid

5
International 
interconnections



GAS GRID
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926
km gas pipelines and 2 
interconnectors
3,4 billion Nm3 transported

6,600 KM

Gas distribution 
network



BALTIC PIPE
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• Baltic pipe will expand the gas transmission 
capacity by up to 10 billion cubic metres per 
year (Danish gas consumption in 2016 was 2.5 
billion cubic metres)-

• Final investment decision in November 2018 
and commissioning in October 2022

• Cost estimate € 1.6-2.1 billion equally split 
between GAZ-SYSTEM and Energinet  
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ENERGINET’S CORE TASKS

• Ensure short- and long-term security of supply for electricity and gas

• Ensure well-functioning markets for electricity and gas

• Own, operate and develop the gas and electricity transmission grids
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THE ENERGY SYSTEM IN DENMARK IS CHANGING

• By 2020, wind power will constitute 50% of the electricity consumption 

• By 2030, renewable energy will constitute 55% of the energy consumption

• By 2050, Denmark will be independent of fossil fuels
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Strategic commitments of Energinet:

- Security of supply

- Efficient green transition

- Healthy investment climate



ELECTRIFICATION - INCREASED DEMAND FOR VRE IN THE POWER SYSTEM
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35%
55% 100%

100%
100%

63%

2017 2030 2050

RE share of 
energy demand

RE share of 
electricity demand

≈200 TWh ≈195 TWh
≈ 140 TWh

≈34 TWh ≈45 TWh ≈85 TWh
April 2019



AGENDA

• Introduction to Energinet – the Danish TSO for electricity and gas

• Market based system operation with high shares of wind power

• Toolbox for efficient integration of variable renewable energy

• Towards a fossil fuel independent energy system by 2050

Danish experiences on market based integration of wind power 10April 2019



PARALLEL DEVELOPMENTS  
- TOWARDS RENEWABLE ENERGY AND OPEN MARKETS
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From primary coal fired to local CHP and wind power

From vertically integrated monopoly to competitive electricity market 

Generation

Transmission

Distribution

Generation

Transmission System Operator

Trade

Distribution

2000
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DANISH WIND POWER IN 30 YEARS – 41% OF DEMAND IN 2018
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WIND POWER BECOMES COMPETITIVE 
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WHY MORE WIND ENERGY?
- CHEAPEST OPTION AND STILL GETTING MORE COMPETITIVE (LCOE)
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THE DANISH ELECTRICITY SYSTEM
- CAPACITY BALANCE
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Demand

MW Capacity and Demand – electricity Denmark



A WEEK IN SEPTEMBER
- 51% WIND AND SOLAR 
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FLEXIBILITY IN THE ELECTRICITY SYSTEM
- HOURLY DISPATCH 



SPOT PRICE, WIND POWER AND MARKET DYNAMICS
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Example 2: High winds – low price - no large power plants



OPERATION WITHOUT CENTRAL POWER PLANTS
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6 synchronous condensers    



OUTAGE MINUTES IN EUROPE
- VERY HIGH SECURITY OF SUPPLY IN DENMARK IN PERIOD WITH INCREASING SHARE OF RENEWABLES
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TOOLBOX FOR EFFICIENT LARGE SCALE RES INTEGRATION
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Strong transmission grids and interconnectors

International electricity markets

Flexible generation system

Specialized forecasting and operational planning tools



TRANSMISSION GRIDS
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New RES

• Variable RES drives grid investments

• Strong grids enable 
• Optimal utilization of generation capacity

• merit order dispatch
• Balancing in larger diversified areas
• Sharing of reserves

A positive business case for grid investments
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THE ELECTRICITY MARKETS

Trade in Nordic area:    500 TWh 4TWh                2TWh            

European market coupling 
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Operational range:   10 - 100%
Regulating rate:         3 - 4% per minute

+ Heat accumulators and electric boilers 

FLEXIBILITY OF POWER PLANTS

Source: Dong Energy



WIND POWER FORECASTING

+ on-line measurements !
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PROACTIVE SYSTEM BALANCING
- Predicted imbalance – on-line up-dated
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Predicted Imbalance

Closing the gap before the 

operating hour
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Horizontal integration
• Strong transmission grids and interconnectors
• International electricity markets - wholesale
• Flexible and controllable generation system
• Specialized forecasting and operational planning tools
• Well known roles and business models

Vertical integration
• Coupling of sectors
• Activation of demand side 
• New market players
• Data based business models
• Temporal integration50%

2020

In the next phase towards 
independence of fossil fuels 
a vertical market perspective 

will play a vital role 

VRE share

MARKET BASED INTEGRATION OF VRE
After the first 50% VRE new challenges and options arise 
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THE NORTH SEA FUTURE SCENARIO
… Much more offshore wind power
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COUPLING OF SECTORS
Simulated annual energy flows in Denmark 2035

Towards a fossil free energy system by 2050
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Eurelectric : Max 40-60% of energy demand in 2050 can be covered by electricity directly

March 2019 32



WHAT IS POWER-TO-X (PTX)?

Examples of PtX-products

• Hydrogen (electrolysis)

• Synthetic gaseous fuels (PtG) as for instance methane/SNG

• Synthetic fluid fuels (PtL) as for instance methanol, kerosene (jet fuel), DME, gasoline, diesel

• Ammonia (PtC): Basic element in fertilizer. Can also be used directly as fuel. Does not need a carbon 
source and does not emit CO2 during combustion.
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Conversion of (RE-)electricity via electrolysis to hydrogen, fuels, chemicals

From green electrons to green molecules!
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FROM INDIVIDUAL POWER GRID CONNECTIONS TO HYBRID SOLUTIONS

www.northseawindpowerhub.eu
34
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THE ENERGY VALUE CHAIN IS TRANSFORMING
- and traditional assumptions are challenged

• Green energy has to be subsidized

• Electricity can not be stored

• Electricity and gas consumers are 

passive and inflexible

• All consumers receive the same 

product

active and flexible

do not demand and 

And it will require a lot of software !

does not have 



SUMMING UP

• Danish plans and goals:

• 2020: Wind power will constitute 50% of the electricity consumption 

• 2030: RES will constitute 100% of the electricity consumption                       
and 55% of the energy consumption

• 2050: Denmark must be independent of fossil fuels

• Toolbox until now – horizontal integration:

• Strong transmission grids and interconnectors

• International electricity markets

• Flexible and controllable generation system

• Specialized forecasting and operational planning tools

• Long term enablers – vertical integration:

• Flexibility in a coherent energy system – sector coupling

• Transformation of the energy value chain – data driven business models 

• Demand side flexibility

• Both local and large-scale solutions
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WWW.ENERGINET.DK

THANK YOU FOR THE ATTENTION
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https://en.energinet.dk/


ENERGINET GROUP

Executive Board

Thomas Egebo, Torben Thyregod, Torben Glar Nielsen

Electricity Transmission
Henrik Riis

Electricity System 
Operator

Søren Dupont Kristensen

Gas TSO
Torben Brabo

Gas Storage Denmark 
Adam Elbæk

Gasdistribution Denmark
Carsten Jensen

DataHub
Martin Lervad  Lundø

Engineering and 
Construction
Peter Hodal

Business Services
Marianne Hansen

Strategy and 
Communications
Stina Willumsen

Digitalisation
Nicolaj N. Peulicke

Group Legal 
Affairs

Annette Ikast

Group Finance
Thomas Berg Jakobsen
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Internal Audit
NN (TEG varetager)
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ENERGY CONSULTANCY

ENERGINET’S INTERNATIONAL KNOWLEDGE SHARING 
Large and small projects since 2010

USA
Offshore Wind Power, seminarer

Kina
Integration af vindkraft mv., rådgivning og 

undervisning

Mexico
Partnerskab med CENACE

Vindintegration, Vestas 

El Salvador
VE integration, seminar

Colombia
VE integration, seminar og rådgivning

Uruguay
Vindintegration, rådgivning

Brasilien
Vindintegration, Vestas

Chile
Vindintegration, seminar

Cuba
VE integration, seminar

Belgien
Offshore Wind Power, rådgivning

Island
HVAC cabling, rådgivning

Egypten
Netanalyser, rådgivning 

EAPP
TSO discipliner, uddannelse

Etiopien
Vindkraftintegration, undervisning & 

rådgivning

Kenya
TSO discipliner, uddannelse

Indien
Ancillary services, seminar
Vindintegration, seminar

Estland
Netmodellering, undervisning

Dubai
Tariffering, rådgivning 

IRENA
VE-integration, rådgivning og 

undervisning

Sydafrika
Network Codes, VE integration,  

rådgivning og uddannelse

Etiopien
Vindintegration, Vestas

Iran
Vindintegration, Vestas

Vietnam
Vindintegration, Vestas

Myanmar
Vindintegration, Vestas

Indonesien
Vindintegration, rådgivning

Japan
Nordisk Elmarked mv., seminar

Australien
Vindintegration, seminarer

Georgien
Network codes, rådgivning og 

undervisning

Thailand
Vindintegration, Vestas

Elsystemudvikling, seminar

Tanzania
Vindintegration, uddannelse

Togo
Elforsyning, rådgivning

Curacao
Netstabilitet, seminar

Sri Lanka
Systemdrift, rådgivning

Ukraine
Datahub, systemdrift, rådgivning og 

undervisning

Myanmar
Vindintegration mv.,

Rådgivning og undervisning

Vietnam
Vindintegration mv., 

Rådgivning og undervisning
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