
The Role of Cross-Border Power 
Transmission in a Renewable-Rich 
Power System

– a Model Analysis for Northwestern Europe

CONECT, Riga 

15 May 2019

Yi-kuang Chen (yi-kuang.chen@nmbu.no), 
Jon Gustav Kirkerud, Torjus F. Bolkesjø

Norwegian University of Life Sciences, Norway 

Hardi Koduvere Tallin University of Technology, Estonia 

Philipp A. Gunkel, Klaus Skytte Technical University of Denmark, Denmark

Hans Ravn RAM-løse, Denmark

mailto:yi-kuang.chen@nmbu.no


Background

Source: Global Wind Atlas - capacity factor IEC class I

• Northwestern European energy systems 

feature in various characteristics

• NO, DK, UK: wind

• NO, SE: hydro

• UK, DE, FR: large demand

• Geographical integration creates a more 

stable energy system.
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Nevertheless…

• Increasing opposition against power lines
• Visual, health impacts

• Environmental impacts

• Increased power prices (in low price areas)

Source: ABBObjective

• To quantify how increased cross-border transmission capacities 
affect the power system and the power market in a 
decarbonized future towards 2050 in Northwestern Europe.
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Methodology

• Balmorel
• Bottom-up approach
• Partial equilibrium optimization model
• Endogenous generation capacity investments 

• Transmission modelling
• Existing as of 2016: FB approach for HVAC lines
• New lines: NTC approach

• Two scenarios of transmission capacities
• Planned: exogenously given
• Optimal: model-determined

Fuel Emission

Unit €/ MWh €/ t CO2

Year Coal Lignite NG Biomass

2016 7.6 4.5 15 22– 31 5

2020 8.3 2.7 20 22– 31 17

2030 9.6 3.7 30 30– 38 26

2040 9.9 3.6 33 37– 45 40

2050 10.1 3.5 37 39– 47 54

Table. Fuel and emission price assumptions
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Model Results



Optimal transmission capacity

6 Aggregated; Cross-border only



Power generation capacity

Planned Scenario
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Year 2050



Emission impact and system costs

-25%

-46%

-65%

-1 bn€

-7 bn€
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Welfare distribution
- Change in producer revenues (2050)
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Welfare distribution
- Change in consumer prices (2050)
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Conclusions

• The optimal scenario suggests additional 76 GW of cross-
border transmission capacity expansion from 2030 to 2050 

• More wind power substitutes fossil fuel based energy
• Further emission reduction

• Lower system costs

• Benefits asymmetrically distributed 
• ☺: Northern wind power producers, Northern hydro power producers, 

Western consumers

• : Fossil-fuel-based power producers, Northern consumers 

➢Barrier and/or opportunity?
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• Investment cost data derived from or estimated by established 
projects
• a pay-back period of 40 years with 3.25% discount factor  

• O&M cost: 0.1 EUR/MWh

• Efficiency: 95.8% 

• Capacity rating: 90%

Transmission assumptions
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