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CEDREN HydroBalance: Work Packages

Feasibility of large scale development of energy balancing and storage from
Norwegian hydropower in the future European electricity market with respect
to the power system, environmental aspects, economic viability and social
acceptance.
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2. Demand for balancing

3. Flexibility as a multi-market 
commodity

4. Sustainable storage

5. Acceptance of storage
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HydroBalance Roadmap



Main findings

Cost comparison of hydropower

Demand for balancing

Flexibility as a multi-market 
commodity

Sustainable storage

Acceptance of pumped-storage

Pumped-storage incl. HVDC line cheaper than gas

25 TWH and 300 GW needed for North-Europe

Pumped-storage in a multi-market setting gives 
300% more revenue and 32% more compared to  
before expansion in the case study

Sustainable flexibility from hydro is obtainable

Yes, if it gives something back



Must look at the big picture to find the right solutions



Key actions: National policy makers 

Priority 1: Promote a transnational and level playing field for 
flexibility

Priority 2: Establish an multi-disciplinary advisory board on how 
to best develop Norwegian hydropower, including transmission 
lines and interconnectors.

Priority 3: Develop a benefit sharing scheme
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Key actions:National authorities (OED, NVE)

Priority 1: Create an overall plan for how to identify which lakes and watercourses that are  
most suitable for balancing services, and which that are not. 

Priority 2: Integrate the concept of environmental design of hydropower in license revisions 
and implementation of the water framework directive but adapted to flexible services that 
hydro needs to provide in the future

Priority 3: Develop a coherent and comprehensive planning framework concerning the 
potential for balancing services and related grid development.



Key actions: Producers
Priority 1: Make a strategy to increase the flexibility and prepare for a changed 
role

Priority 2: Use environmental design from the very beginning and collect 
information data such as bathymetric maps and temperature.

Priority 3: Give local groups the opportunity to provide direct input during the 
planning and construction phase and, specify how community benefits and costs 
are allocated.



Further information:

e-mail: Michael.M.Belsnes@sintef.no

Mobile: +47 920 90 463

www.cedren.no/Projects/HydroBalance

Thanks for your attention!



Technology for a better society



Reservoirs are natural lakes
Multi-year reservoirs 
Largest lake stores 8 TWh 
Total 84 TWh reservoir capacity
32 GW installed with max load 25 GW

Increasing share of renewable power in EU. 
Intermittent power from wind solar with need 
for balancing

Huge possibilities for more capacity including 
pump-storage in existing reservoirs - Requires 
more transmission capacity
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Norwegian hydropower for balancing

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


Key actions: Norwegian TSO

• Make and maintain a rolling plan for realizing the next cables from 
Norway.

• Coordinate plans with neighboring countries to remove local 
bottlenecks and agree on sharing of investments, profits, and risks. 
(ACER is also a component)

• Ensure that new domestic and international transmission cables are 
constructed with minimal impact on landscape and biodiversity.



International partners:

http://tromskraft.no/portalWeb/ShowProperty?nodeId=/BEA%20Repository/134020
http://www.nina.no/
http://www.sintef.no/default.aspx?id=114
http://uni.no/
http://www.niva.no/
http://www.nhm.uio.no/
http://www.glb.no/Default.aspx


1. Tech. competition: gass power vs. pump-storage

"Levelized Cost Of Energy (LCOE) incl HVDC cables"

Input data ref: 2040 
Based on IEA WEO 
scenarios and figures
Gas plant models and 
costs according to 
report for UK Dept. of 
Energy and Climate 
Change
Pumped hydro storage 
and grid data based on 
Norwegian figures; 
Producers, Regulator, 
TSO, Univ.

Increasing spot prices

Increasing CO2 prices



1. Tech. competition: Optimal energy system

• Uses data from ENTSO-E and e-Highway assuming 
80% RES in 2050

• Investment cost and variable cost for thermal units 
included

• Investment cost and cycle cost for energy storage 
included.

• With a fixed C02 quata, what is the consequences 
with different use of energy storage.

<<<



Includes: UK, Ireland, France, Benelux, Germany, West Denmark, Switzerland, Austria, Check Republic, Slovenia 

Assumes no bottlenecks in transmission system in and between countries

eHighway Scenario X7: ~100% res, ~70% from wind and solar

20-25 TWH storage needed

Discharging

Charging
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2-300 GW capacity needed 

2. Need for balancing 2050 West Central Europe
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Case study:

1 GW pump-storage

24 M€/year annuity
with 5% interest

3. Business models: Revenues in multiple markets



DA: Day-ahead ID: Intra-day 
RR: procurement 
of reserves  

RES: activation of 
reserves
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+23%

3. Case study: Revenues from flexible 
hydropower assets



3. Case study: Revenues from pump

+ 32 % with 
pump

+ 300 %
Multi market

Annuity 24 
M€



Simulated temperature changes
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4. Case study: Change in water temperature



5. Barriers and drivers  for large-scale balancing 

Method Main findings
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