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HydroConnect
• PhD student contributing

• Effect of connecting Norwegian hydropower to the
European market

• Multiple partners
– Local power companies
– Universities/research institutes

• Combine different models
– Capacity expansion, operation scheduling, reservoir impacts
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Motivation
• Variable renewable generation
• Flexibility
• Hydropower

– Seasonal storage
– Up/down regulation

• Indicators
– Price distribution
– Income distribution
– CO2 offset
– Renewable utilization



FanSi

• Fundamental model
• Detailed hydropower

representation
• Maintains correlation

between weather
years

• Two-stage problem 
• Rolling horizon
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System description
– 2030 scenario 

considered
– Based on NVE 

prognosis
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Cases

I
Base case

II
Expanded Flex

III
Base case

High Gas Price

IV
Expanded Flex

High Gas Price

 +8GW turbine
 +10 GW pump
 +11 GW interconnectors

 +8GW turbine
 +10 GW pump
 +11 GW interconnectors

Gas fuel cost: 100 €/MWh
Coal fuel cost:135 €/MWh

 Gas fuel cost: 100 €/MWh
 Coal fuel cost:100 €/MWh
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Results
• System

– Generation mix
– Power price distribution
– Area income – who wins?
– CO2 offset from thermal generation

• Operational
– Transmission utilization
– Pumping utilization
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Generation mix in TWh
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Generation mix in TWh
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Generation mix comparison in TWh

Deltas
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CO2 emissions offset

• Production 
reduced [TWh]

• CO2 emissions
reduced [Mt]
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Power price distribution I & II
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Power price distribution I, II, III & IV
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System income change I  II

*
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System income change III  IV



16

Transmission utilization []
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Pump utilization
• TBC
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Further work
• Effect of increased VRE capacity
• Updated scenario matrix

I
Base case

*
Expanded

Flex

III
Base case

High Gas 
Price

* 

Only
transmission

*
Base case

II
Expanded Flex

* 
IV

Expanded Flex

High Gas 
Price
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References
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large-scale electricity balancing needs



20

Thanks for your attention! 
• Any questions?
• Any ideas? 
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System capacity mix [GW]

*Hydropower 
upgrade
scenario

*
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Generation mix in TWh for case I



23

Hydropower upgrades
• Solvang et al (2014)
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Transmission upgrades
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