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Simulated2030 North Sea wind power during 
theǎǘƻǊƳ ŦǊƻƴǘ ƻŦ ζ/ŀǊƳŜƴηΧ

Source: Aigner(NTNU)
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Χbut it is the Net Loadthat matters

ÅThe system will seethe aggregatednet imbalance
ïUnforeseenvariationsin load, wind and solar
ïNet load= LoadςWind ςSolar

Challenges:
ÅFlexibility of thermal power plants (ramp rates, start/ stop operation)
ÅWith very high RE share, thermal plants can be pushed out of the market ς

security of supply has to be fulfilled

Sources: NREL, Holttinen (VTT)
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Study of power production cost in Europe

ÅOnly cost is considered

ïMarket simulation not included

ïAssessment of the most cost-effective 
solutions in the near term

ÅIn-house study
ïTime period 2030-2040

ïBased on IEA WEO scenarios and figures

ïGas plant models and costs according to report for 
UK Dept. of Energy and Climate Change

ïPumped hydro storage and grid data based on 
Norwegian figures; CEDREN, NVE and Statnett
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Three scenarios
2025 ς2050 perspective

1. 2DS ςIEA 450 Scenario:
ïGas price 29.5 ϵ/MWh

ïCO2 price 93.9 ϵ/ton 

2. 4DS ςIEA New Policy Scenario:
ïGas price 34.8 ϵ/MWh

ïCO2 price 35.2 ϵ/ton

3. Low Gas price Europe:
ïGas price 19.7 ϵ/MWh (USA level)

ïCO2 price 35.2 ϵ/ton  (as 4DS)



Norwegian University of Science and Technology 7

Norwegian hydropower for balancing

ÅThe reservoirs are natural lakes

ÅMulti-year reservoirs 

ÅLargest lake stores 8 TWh

ÅTotal 84 TWhreserviorcapacity

ÅBalancing capacity estimates 2030

Å29 GW installed at present

Å+ 10 GW with larger tunnels and 
generators

Å+ 20 GW pumped storage

Å30 GW total new capacity

ÅWithin todays environmental limits

ÅRequires more transmission capacity

http://www.google.no/url?sa=i&rct=j&q=pumped+hydro+storage&source=images&cd=&cad=rja&docid=D3Lm9uVG263WbM&tbnid=QtkjWQaNOwJdDM:&ved=0CAUQjRw&url=http://ga.water.usgs.gov/edu/hyhowworks.html&ei=whkyUbaBLYTeswajl4GYCQ&bvm=bv.43148975,d.Yms&psig=AFQjCNFedxN-V7HnSqDjlLN0t5rqF6Al6Q&ust=1362324266274068
http://www.google.no/url?sa=i&rct=j&q=pumped+hydro+storage&source=images&cd=&cad=rja&docid=D3Lm9uVG263WbM&tbnid=QtkjWQaNOwJdDM:&ved=0CAUQjRw&url=http://ga.water.usgs.gov/edu/hyhowworks.html&ei=whkyUbaBLYTeswajl4GYCQ&bvm=bv.43148975,d.Yms&psig=AFQjCNFedxN-V7HnSqDjlLN0t5rqF6Al6Q&ust=1362324266274068
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Peak load and base load have different cost
ú/MWh
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Pumped hydro power is cost-effective for 
balancing in all scenarios

ú/MWh
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Newest estimates confirms the competitivness

of Norwegian pumped hydro
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BalancingReserve CapacityvsEnergy

ωReserve capacity (RC) 
[EUR/MW]

ωTSOs ensure sufficient 
reserves in the system 
during operation 

Reserve 
procurement

ωBalancing energy (BE) 
[EUR/MWh]

ωTSOs activate reserves to 
counteract system 
imbalances

System 
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Source: Doorman (NTNU)
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Country wiseannualbalancingreserve 
allocation(GWh/yr)

Source: Jaehnert(NTNU)
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Integration of balancing markets

ÅDetailedEuropean grid modelbased
on DC power flow

ÅRepresentationof day-ahead, intra-
dayand balancingmarkets

ÅCo-optimizatingday-aheadscheduels
and reserve procurementsbasedon
forecasts

ÅScenarios for load, generationand 
grid capacityyear2020 and 2030

Source: Farahmand (NTNU/SINTEF)


