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Denmark 
World record: a 42.1% wind share in 2015 
→  Electricity consumption: 33 TWh/year 

→  Peak load: 6 GW  Minimum load: 2.3 GW 

→  5 GW wind energy and 630 MW solar PV. 

→  Interconnectors to Sweden, Norway                                                                           
and Germany: 6.4 GW. 

→  Around 60 % of thermal power production is based                                                               
    on combined heat and power. 

→  Wind energy feed-in > load during 409 hours in 2015. 

→  26th July 2015 between 6:00-7:00 am: wind share of 138.7%. 

7 Stephanie Ropenus                                                                                 22 September 2016 



Interconnectors as a flexibility option for cross-border exchange 
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Export from DK to neighbors => negative values 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Energinet.dk (2016) 

8 
Stephanie Ropenus                                                                                 22 September 2016 



Correlation between wind power generation in West Denmark 
and flows to Sweden/Norway and Germany 
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→ Correlation between 
magnitude and direction of 
power flow on 
interconnectors to Norway 
& Sweden and wind power 
generation in Western 
Denmark. 

→ ”Green battery” approach 
and cross-border balancing. 

→ Denmark and Germany: 
similar pattern, though not 
as distinct. 

Ea Energy Analysis (2015) 
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Reduction of must run generation: 
Increasing flexibility of combined heat and power (CHP) 
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→ Adapting district heating 
production to variable power 
prices: lower power prices often 
indicate high generation from 
RES-E. 

→ At very low (or negative) 
electricity prices, electric boilers 
offer cheaper heat than running 
the CHP plant. As electricity 
prices increase, it becomes 
cheaper to utilise first the more 
efficient heat pump, and then 
the turbine bypass on the CHP 
plant. 

Ea Energy Analysis on behalf of Agora Energiewende (2015) 

Stephanie Ropenus                                                                                 22 September 2016 



11 

 

Ea Energy Analysis on behalf of Agora Energiewende (2015) 

Measure Size Comment 
  
Existing measures 

    

Interconnectors to Norway and Sweden 4.1 GW Capacity to Sweden occasionally subject to limitations. 

Interconnectors to Germany 2.4 GW Export capacity very often subject to limitations. 

Flexible power generators 2.0 GW 
Average observed reduction in output from thermal power plants in periods with very 
low electricity prices compared to 2002 situation. A result of technical and regulatory 
measures. 

Electric boilers in district heating 0.4 GW   

  
Planned measures 

    

Additional interconnection capacity to 
Germany  

0.7 GW Export capacity likely to be subject to limitations. 

New interconnectors to the Netherlands 
and the UK 

1.9 GW 
Cobra cable to the Netherlands: 0.7 GW (expected in 2019). Viking link to the United 
Kingdom: 1.0-1.4 GW (expected around 2020). 

  
Examples of options towards 2030 

Flexible power generators 
(further measures) 

1.1 GW 
No generation at all from thermal power plants at very low electricity prices. Ancillary 
services and regulating power assumed to be provided from grid components, the 
demand side or flexible generators. 

Heat pumps in district heating  0.6 GW 
Assuming that 20 percent of district heating load is supplied from heat pumps. The 
specified capacity assumes 4000 full load hours. Average load is 0.3 GW. 

Additional electric boilers in district heating 
schemes 

1.0 GW > 
Technical potential is very significant. Average load of district heating is 4.3 GW and 
peak demand more than twice as high. 

Electric vehicles (EV) 
0.20 GW 
(2.5 GW) 

Average load from 500,000 EVs (20 percent of Danish passenger car fleet) is 0.2 GW. 
When charging simultaneously load may be multiple times higher as indicated in 
brackets. 

Heat pumps in individual houses 
0.15 GW 
(1.5 GW) 

Assuming all oil boilers in homes are replaced by electric driven heat pumps. Average 
load is indicated; peak load (in brackets) may be multiple times higher.  

Fuel shift in industries 0.4 GW 
Average heat load in relevant industries is more than 1.6 GW. Assumes that electric 
boilers are installed to provide a quarter of this capacity. 
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Motivation for increasing integration of Nordic and German 
electricity systems 

Ea and DTU (2015) 
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Increased integration between the Nordics and Germany → Renewable energy targets (“Energiewende“ 
in Germany, fossil fuel-free goal in Denmark) 
and vast potentials of renewables in the Nordic 
countries. 

→ Physical grid infrastructure as a prerequisite for 
European market integration. Benefits of 
trade arise from different hourly wholesale 
electricity prices. 

→ Interconnectors as a flexibility option for 
enabling cross-border system balancing and – 
in the longer run – coordination of security of 
supply. 

→ Complementary power mixes: wind, solar PV 
and hydropower (“green battery“) – sharing of 
renewable energy resources. 
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Aim of the study ”Increased Integration  
of the Nordic and German Electricity Systems” 
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→ Assessment and discussion of economic and climate effects of increased 

integration of the Nordic and German electricity systems. 

→ Impact on power system with varying shares of renewables analyzed by 

means of a market simulation model of the electricity sector (Work Package 1). 

→ Macroeconomic effects and distributional effects among different 

stakeholders such as power consumers and producers on “both sides of the 

border“ (Work Package 2). 

→ This study may serve as the base for continued regional dialogue on the 

sharing of costs and  benefits for increased integration. 
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Approach of this study  
– Nordic-German cooperation at all levels 
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→ Initiated as a common project by Stockholm-based think tank Global Utmaning                                                    

and Berlin-based Agora Energiewende. 

→ International research consortium consisting of Ea Energy Analysis, 

Technical University of Denmark (Work Package 1) and  DIW Berlin (Work 

Package 2). 

→ Nordic-German Stakeholder Advisory Group: two Advisory Group meetings 

(in Stockholm and in Berlin) and invitation of stakeholders to participate in 

consultation of draft final reports. 
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Scenario design of the study 
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Variation 
→ Renewable energy deployment 
→ Grid expansion Nordics – Germany                     

(TYNDP 2020 and 2030) 

→ Investment in new generation capacity                     
(model optimized) 

→ Decommissioning of existing capacity                    
(model optimized) 

Common assumptions 
→ RES-E deplyoment & other investments in 

neighboring countries. 

→ Grid development in neighboring countries 
(TYNDP until 2025) 

→ Fuel and CO2 prices 

→ Electricity and heat demand 

Stephanie Ropenus                                                                                 22 September 2016 

Ea and DTU (2015) 



Assumptions 
- RES-E deplyoment in Nordic countries 

Ea and DTU (2015) 
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RES-E assumptions for Nordics  
→ Wind power generation expected 

to double by 2030. 
→ Some hydropower development 

in Norway. 
→ Biomass increase in Denmark 

and Sweden. 
→ Solar power could have a larger 

share depending on price 
development. 
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Assumptions 
- RES-E deplyoment in Germany 

Ea and DTU (2015) 
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RES-E assumptions for Germany  
→ Significant increase of RES-E 

towards 2030. 
→ Total RES-E doubles as 

compared to 2013 (reference 
year). 

→ Variable RES-E increases up to 
+260%. 

→ No new investments in coal 
capacity allowed. 

Stephanie Ropenus                                                                                 22 September 2016 

+173% +263% 



Assumptions 
- Grid Development 2013 – 2030  

Ea and DTU (2015) 
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Moderate Grid integration scenario 

Ea and DTU (2015) 

High Grid integration scenario – additional interconnections 

Stephanie Ropenus                                                                                 22 September 2016 

Additional 
+47 GW 
capacity 

Further 
+7.3 GW 
capacity 
(in core 
countries) 



Study – sequence of modeling 
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Ea and DTU (2015) and DIW (2015) 
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Examples of average annual electricity prices – different 
outcomes in different scenarios 

Ea and DTU (2015) 
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ModRE_ModTrans 

Ea and DTU (2015) 

HighRE_HighTrans 
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Modeling results 
- Average annual wholesale electricity prices. 

22 

Higher transmission capacity... 

→ leads to convergence of 
electricity prices. 

→ higher prices in the Nordic 
countries and lower prices in 
Germany. 

BUT: 

→ High renewable deployment 
sharply reduces prices in the 
Nordic region. This relative 
price drop counteracts the 
price increase induced by 
more transmission capacity. 

Ea and DTU (2015) 
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Modeling results – High renewable shares are a crucial driver                                           
for increasing value of transmission capacity. 
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→ On an annual basis, power 
will be exported from Nordics 
to Germany. 

→ In reality, on an hourly basis, 
trade patterns are more 
complex. 

→ ModRE scenarios: all Nordic 
countries are exporters, with 
Norway and Sweden 
exporting 13-14 TWh/year. 

→ HighRE scenarios: Norway 
and Sweden export 51-56 
TWh/year in total. Finland 
becomes net importer. Ea and DTU (2015) 
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Different hourly prices constitute a case for trade 
- Price spread in wholesale electricity prices. 

Ea and DTU (2015) 

24 

Duration curve for price spread Germany and South West-Norway 
→ Large trade potential between 

regions with hourly price 
differences (even if average price 
was similar). 

→ Example Norway & Germany: 
• In ModRE scenarios: prices lower 

in Norway in 6,200 hours. 
• In HighRE scenarios: prices 

lower in Norway in around 7,000 
hours. 
 

→ Export of hydropower from Norway 
to Germany and of wind power 
surplus from Germany to Norway. 
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Integration may enhance reductions in CO2 emissions... 
             ... Grids are a prerequisite for deploying higher RES-E shares. 

Ea and DTU (2015) 
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CO2 emissions in the Nordic countries and in Germany in the four scenarios 
→ Four major factors: 

• Reduced curtailment, 
• Improved options for choosing 

regions, including domestic 
network integration (”hinterland”), 

• Increased competitiveness of 
biomass-fueled power plants, 

• Increased investments in RES-E. 
 

→ Reduction of CO2 of 40% to 55% as 
compared to 2013 for power & heat. 

→ Direct extra effect of additional 
transmission capacity limited, RES-
E deployment is the main driver. 
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Distributional effects among stakeholders 
- Moderate Renewable scenario 

Ea and DTU (2015) 
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Change in stakeholder rent across actors & countries (DIW, 2015) There are two types of distributional 
effects: 

→ across countries or regions. 

→ across stakeholders within one 
country (electricity consumers, 
electricity producers and grid 
operators). 

→ Distributional effects are strongest 
within Nordic countries. 

→ Reverse impact on power producer 
and consumer surplus induced by 
price convergence. 
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Distributional effects among stakeholders  
- High Renewable scenario... in general: distributional effects 
within countries stronger than between countries. 

DIW (2015) 
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Change in stakeholder rent across actors & countries (DIW, 2015) → Distributional effects are primarily 
driven by increases in rent for wind 
power and hydropower generation 
in Nordics. 

→ Decreasing producer surplus for all 
generation types in Germany. 

→ Finland: reverse case as compared 
to ModRE scenario with consumers 
gaining now, but all producers 
(except for wind) lose. 

→ Issue regarding acceptance? 
Distribution between consumers 
and producers in Nordics. 

 

 Stephanie Ropenus                                                                                 22 September 2016 
Arrows indicate difference as compared to 
changes in ModRES scenario. 
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Available and physical interconnector capacity 

Ea Energy Analysis (2015), based on data from Energinet.dk 
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Market available interconnector capacity between West DK and Germany 
Data for 2015 only covers the period from 1st January to 5th May → Until 2008, the available southbound 

capacity was on average                               
1,100-1,200 MW. 

→ Since then, it has declined year by 
year and reached a low of                          
appr. 300 MW in the first months of 
2015. 

 

→ Simultaneously, the technical capacity 
has increased from 1,200 MW in 2002 
to 1,780 MW in 2015. 
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Examples of Nordic reports and studies including German 
grids... 
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→ Impact of future wind energy deployment and 

                                                   German grid expansion is also discussed in 

                                                   the Nordic countries. 
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Towards the future: 
Electricity Market Act and Renewable Energy Act 2017: 
New instruments for RES-E deployment & grid expansion in Germany 

31 

New! The 3% Approach – Electricity Market Act 
 For grid planning, transmission system operators are obliged to 

assume peak shaving of 3% of the electricity annually fed in by 
wind energy and solar PV installations (Network Development 
Plan). 

 Underlying idea: there may be very few hours per year with 
extremely high wind energy and solar PV feed-in. It is not efficient 
to expand the grid to accommodate RES-E during these very few 
hours. 

 Distribution system operators may, but do not have to use the 
3%-approach in distribution grid planning. 

 

One building 
block! 
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Electricity Market Act and Renewable Energy Act 2017: 
New instruments for RES-E deployment & grid expansion 
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Two 
more building 
blocks! 
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Outlook and food for thought... 
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→ Grid expansion – both between and within countries – enables regional balancing of renewable 
energy feed-in with variable generation patterns. 

→ Closer integration will reduce CO2 emissions due to better utilization of renewable electricty. 

→ Different hourly electricty prices between different regions provide a case for trade. However, 
sufficient grid capacity is a prerequisite for efficient utilization. 

→ Higher integration will lead to the convergence of electricity prices between the Nordics and 
Germany. But even with more integration, the Nordics will see lower wholesale electricity prices if 
they deploy large shares of renewables themselves. 

→ Internal grid expansion facilitates both cross-border trade and deployment of good wind sites within 
countries. Acceptance is a crucial issue for cross-border and internal grid expansion. Distributional 
effects need to be accounted for as they impact incentives for different sorts of market players, such 
as electricity producers and consumers for or against integration. 

→ Asymmetric effects for large and small countries need to be accounted for. 
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Reading suggestions – Studies by Agora Energiewende 
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Study ”Increased Integration of the Nordic and German Electricity Systems”                                                            
by Ea and DTU (2015) and DIW (2015). 

→ https://www.agora-energiewende.de/fileadmin/Projekte/2014/nordic-german-integration-
project/Agora_Increased_Integration_Nordics_Germany_SHORT_WEB.pdf  

 

Study ”The Danish Experience with Integrating Variable Renewable Energy” by Ea (2015). 

→ https://www.agora-energiewende.de/fileadmin/Projekte/2015/integration-variabler-erneuerbarer-
energien-daenemark/Agora_082_Deutsch-Daen_Dialog_final_WEB.pdf  

 

Report ”A Snapshot of the Danish Energy Transition” by Agora EW and DTU (2015). 

→ https://www.agora-energiewende.de/fileadmin/Projekte/2015/integration-variabler-erneuerbarer-
energien-daenemark/Agora_Snapshot_of_the_Danish_Energy_Transition_WEB.pdf  
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Thank you for  
your attention! 

 
Questions or Comments? Feel free to contact me:  

Agora Energiewende is a joint initiative of the Mercator 
Foundation and the European Climate Foundation. 

Agora Energiewende 
Rosenstraße 2 
10178 Berlin 

T +49 (0)30 284 49 01-00 
F +49 (0)30 284 49 01-29 
@ info@agora-energiewende.de www.twitter.com/AgoraEW 

Please subscribe to our newsletter via 
www.agora-energiewende.de 

Stephanie.Ropenus@agora-energiewende.de 
P +49 (0)30 7001 435 - 122 
M +49 (0)151 7263 6418 
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Electricity generation in the four different scenarios 
in the Nordics and Germany combined 
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 Ea and DTU (2015)  
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Projected electricity demand for individual countries (incl. grid 
losses, excl. power plant consumption, electricity 
consumption for distric heat and for pumped hydro storage) 
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 Ea and DTU (2015)  
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Main flow direction: North to South, but still power flows from 
Germany to the Nordic countries 

Ea and DTU (2015) 
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Net annual import to the Nordics and Germany → Main flow direction: from Nordic countries to 
Germany, particularly in the HighRE 
deployment case. 

→ Surplus in Nordic region with high renewable 
deployment is one of the main drivers for 
increasing transmission capacity. 

→ Case for trade due to hourly price deviations. 

→ Question of future decisions on coal-fired 
power plants and nuclear power plants in the 
region as well as in neighboring countries 

→ As a whole region, the Nordics and Germany 
combined are a net exporter (from 4 TWh to 
50TWh). 
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Sources for the RES-E setup in the scenarios 
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 Ea and DTU (2015)  
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Level of RES-E and nuclear power generation in Moderate 
RES-E scenario compared to electricity consumption in 2030 
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 Ea and DTU (2015)  
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Generation mix in the Nordics and Germany in the different 
scenarios 
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Ea and DTU (2015) 
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Generation mix in the Nordics and Germany in the different 
scenarios 
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Ea and DTU (2015) 
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Moderate Grid Expansion - Assumptions 
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Ea and DTU (2015) 

Stephanie Ropenus                                                                                 22 September 2016 



ModTrans scenario – included projects 
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Ea and DTU (2015) 



High Grid Expansion (HighTrans scenario) - Assumptions 
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Ea and DTU (2015) 
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High Grid Expansion (HighTrans scenarios) - Assumptions 
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Ea and DTU (2015) 
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National unweighted electricity prices in the scenarios 
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Ea and DTU (2015) 
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Change in electricity price weighted by supply and demand 
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Ea and DTU (2015) and DIW (2015) 
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Change in national rents 
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DIW (2015) 
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High share of combined heat and power: 
Integration of power and heat as a challenge or an opportunity? 

Energinet.dk (2015) 
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Reduction of must run generation: 
Increasing flexibility of combined heat and power (CHP) 

Ea (2015), based on experience with the Copenhagen heating system. 
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Stylized illustration of heat generation at a large Danish power plant in relation 
to the power price Turbine bypass in order to increase 

flexibility of CHP 

 

→ Turbine bypass is possible for steam 
turbine plants. 

→ Instead of feeding steam from the boiler 
to the turbine, the steam is used directly 
for heat production. 

→ Electricity production can be reduced 
when there is a need for regulating down 
in the electricity system. 

→ Avoid start-up/shut-down. 
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But there’s one more challenge: The Grid! 
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Bundesbedarfsplangesetz (2013) 

Planned transmission grid expansions 
until 2022 

Fraunhofer IWES (2013) 

Installed wind capacity (103 GW, 
Scenario „Best Sites“) 2033  Wind power is installed mainly near the 

coast in the North of Germany, but key 
consumptions centers are located in the 
South. 
 
 
Additional power lines are necessary to 
transport wind electricity from North to 
South (3 HVDC corridors). 
 
However, there has been a delay in grid 
expansion (planned: 8,000 km of new 
transmission lines; built: around 700 km). 
 
Redispatch and curtailment measures have 
increased over the years. 
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With wind and solar, the new power system will be based on 
two technologies that completely change the picture. 
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Gross electricity generation of renewable energies 
2000 - 2035 

Electricity generation and consumption in a 
sample week 2023 

AGEB (2015a), BNetzA (2014), BNetzA (2015b), 
own calculations Fraunhofer IWES (2013) 

Specific  
characteristics of  

Wind and Solar PV 

High  
capital costs 2 

Very low  
variable cost 3 

Variable 1 

GW 
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To begin with: Objectives of the Energiewende… 
… what are we aiming for? 

AGEB (2016), BReg (2010), EEG (2014), own calculations           * preliminary 
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Gross electricity generation 1990, 2016 and 2050 
Phase out of Nuclear Power 
Gradual shut down of all nuclear power plants until 
2022 

Increase in efficiency 
Reduction of power consumption compared to 
2008 levels: - 10% in 2020; - 25% in 2050 

Development of renewable energies 
Share in power consumption to increase to:  
40 - 45% in 2025; 55 - 60% in 2035; ≥ 80% in 
2050 

Reduction of Greenhouse Gas Emissions 
Reduction targets below 1990 levels:  
- 40% by 2020; - 55% by 2030; - 70% by 2040;  
- 80% to - 95% by 2050 
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Renewables are the most important source in the electricity 
system – followed by lignite and hard coal 

AGEB (2016)             * preliminary 
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Share in gross electricity generation by fuel 2015 

AGEB (2016)             * preliminary 

Gross electricity generation by fuel 1990 - 2015 

Stephanie Ropenus                                                                                 13 September 2016 



1. Expansion corridor for RES-E deployment is maintained: 
RES-E share of 40 - 45% by 2025 and 55 - 60% by 2030. 
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Share of renewable energies in gross electricity consumption 2000 - 2015 and targets 2025 - 2035 

AGEB (2016), EEG (2014)                                     * preliminary 
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Since 2002, Germany has produced more electricity than it 
consumes – 2014 marked a new record with 8% of power 
production being exported to neighbouring countries 
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Gross electricity generation and gross electricity consumption 2000 - 2015 

AGEB (2016)                    * preliminary 
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