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The Danish energy sector is on a journey towards a reliable, sustainable 
energy system rooted in an international market 

Paradigm changes in the Danish energy system… 

Oil Coal Gas Biomass 

 

 

 

• Oil fired plants 

• Oil crisis 

• Retrofit for coal 

 

 

 

• State-of-the-art 

CHP 

• Gas network  

• Climate change 

starts to gain 

attention 

 

 

 

• Wind power 

grows 

• From single 

turbines to wind 

farms 

• Interconnectors 

1970s 1980s 1990s 

From oil to coal CHP champion Wind power 
 

 

 

• New market 

framework 

• Sector on 

commercial 

terms 

• Large scale 

offshore wind 

2000s 

Liberalization  

 

 

• World leader in 

offshore wind 

• High share of 

green energy 

• Integration via 

flexibility 

• Smart energy 

2010s 

Green & flexible 

0 

100 

50 

% 

50 

0 

% 

100 100 

50% 

0 

% 

Thermal Thermal 
Wind 

…cause changes in the underlying structure of the energy system 
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Flexibility services will have an increasing role in responding to 
the paradigm shift in the energy system 

Wind 

Under- 

utilized  

CHPs 

Increasing 

interconnec-

tivity 

Distributed 

generation 

Storage 

EVs 

Smart grid 

DR 

HPs 

Solar PV 

Nukes 
CCGT 

plants Hydro 

Coal 

plants 

▪ Rapid, radical and extensive changes in supply and 

demand structures are about to fundamentally shake the 

whole power industry 

▪ A new system steered by weather will emerge 

▪ A one-in-a-century reshuffling of the marketplace will 

pose major threats to existing structures 

▪ Yet tremendous opportunities exist to grasp for 

foresightful market participants 
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Government objectives put the Danish energy system under pressure for 
change… 

Production  

Transmission 

Distribution 

Consumption 

… which has extensive impact on the energy value chain 

* Note: 11,4% refers to non-adjusted data. If the data is adjusted for the low emissions in 1990 due to large hydro reserve in the Nordics, the 

reduction is 23,8%. While the Kyoto target refer to non-adjusted data, it remains unclear what the Government target refers to. 

** Note: No coal for power production, neither oil burners for heating in 2030 

 Significant extension of wind and biomass to 

provide RE power 

 Heat constrained operation on CHPs cause 

surplus power production 

 Need for increased interconnector capacity 

and enhancement of the transmission net  

 Pressure to store RE within heating, 

cooling and the gas transmission. 

 Pressure on distribution net capacity and ability 

to integrate wind, local PV production and new 

loads 

 Increase in “green" and efficient customer 

solutions 

 Power based energy consumption 

 Deployment of distributed generation 
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Government targets are driving this process… 

CO2 emission reduction 

relative to 1990 

% RE in electricity and 

heating** 

% RE in all sectors 

% Wind penetration 

relativ to demand 
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Source: Danish Ministry of Climate, Energy and Building, 

Group Regulatory Affairs 
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Projected volumes of wind power in the energy system Potential impact for balancing 

Source: Energistyrelsen 

Note: distribution between onshore and offshore can vary 
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*Data from West Denmark, January 2010 

(Energinet.dk – Markedsdata) 

Key integration questions are… 

• How do we store excess amounts of RE power? 

• What will be our back-up power production during 

low or no wind? 

• How do we handle the ramping from RE power 

production and new loads? 

• How de we secure strong and reliable power grids? 

The 50% wind integration challenge in 2020 is unprecedented in history! 



Example: Who will deliver system services in the hours when wind 
power push the CHPs out of the market ? 

RES are stressing CHP 

operation and pushing 

them out of the market 
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We need to mobilize technologies that accelerate 
the energy system integration… 

Timescale (hour-day-week-month-year) 
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Securing 

power quality 

Shifting  

night and day 

Storing for 

the weather 

Leveling the 

seasons 

Supercaps, 

Flywheels, 

Batteries 

Electric vehicles, 

Heat pumps, 

Battery's 2nd life,     

Smart Grid 

Central heat 

storage, CAES, 

Biomass, 

Interconnectors 

Central gas 

storage, 

Electrolysis, 

Interconnectors, 

pumped hydro, 

Energy Island 
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… and manage the system intelligently to maximize 
the value of available energy resources! 

Complexity 
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Understand 

your business 

Operate the 

business 

Develop the 

business 

Data Mining 

• Quality 

• Security 

• Monitoring 

• Availability 

Analytics & 

Modeling 

• Correlations 

• Pattern recognition 

• Simulation 

Regulation & 

Optimization 

• Condition based 

monitoring 

• Online 

performance control 

Advanced Computing & 

Forecasting 

• Supply, demand and 

price forecasting 

• Predictive maintenance 

• Hedge optimization 

• O&M Value chain 

optimization 

• Maintenance 

and fault finding 

in operation… 

•  Asset optimization 

and diagnoses… 

•  Production 

planning, online 

monitoring and 

optimization… 

•  Market 

integration and 

trading… 8 



Key strands to solve the puzzle… 
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Smart grid capability for CA/OPEX savings 

(congestion and voltage mgt.) 
Distribution Security of supply 

Decentral generation Backup function DeCHP expansion 

Energy Infrastructure … 1990 2000 2010 2020 2030 

Bio refineries Central production Fossil based 

co-production 

Unit & fleet 

intelligence 
Convert to 

balancing plants 

… 

Power transmission National balance Regional (hydro balance) Inter regional (link with NL, UK, …) 

Wind expansion Off-shore maturement 

Participation in balancing 

Land wind COE reduction 

Controlable flexible loads Demand response and VPPs (PowerHub) 

District heating Buffer for RE surplus Coproduction efficiency  

"Green gas" 
Storage of 

green-gas 

Conversion 

technologies 
Expansion 

Distributed generation 
Firming 

PV  

mCHP and 

V2G 

Bio refineries 

Smart grid capability  

(congestion and voltage mgt.) 

Flexibility markets "short markets" 

(5min) 
Long contracts Commercial 

optimization 

Several energy infrastructures will be affected by the future RE/DER 
integration challenge 
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Thank you for listening 


