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* includes both “up” and “down” reserves
source: Svenska kraftnät, data from 2024-04-01
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• New speed requirements are an issue

• Continuous and more energy intense 
provision is creating difficulties



FCR-N

* assumed value
** average FCR-N price between 2021-2023, source: Svenska kraftnät
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Case 0 Case 1 Upgrade hydropower unit



Case 2

* interpretation of new FCR requirements, source: Svenska kraftnät
[1] Mongird et al.: An evaluation of energy storage cost and performance characteristics, Energies, 13, 2020
[2] Diaz-Gonzalez et al.: Energy storage in Power Systems, John Wiley & Sons, 2016

Stand-alone storage system



Case 3 Hybrid system with energy storage

[3] Laban, Norrlund, Lundin: Storage system design for improved primary frequency control from hydropower units, 
IEEE Transactions on Energy Conversion, 38, 2023



Case 3.1 Optimized hybrid system with energy storage

[3] Laban, Norrlund, Lundin: Storage system design for improved primary frequency control from hydropower units, 
IEEE Transactions on Energy Conversion, 38, 2023

Start

Load hydropower tests 

Pick control parameters
and size factor 

Design control algorithm to 
satisfy FCR requirements 

Calculate power and 
energy ratings

Simulate and calculate 
lifetime

Calculate cost

Minimum?



0 k€

-180 k€

+27 k€
+153 k€
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