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Goals set up by the Danish 

government 

100 % renewable energy in 2050 

100 % renewable energy for 

electricity and heat in 2035 

All oil boilers removed in 2030 

(mainly to be substituted by heat 

pumps) 

Wind turbine shall produce 50% of 

electricity consumption in 2020 
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CAES In Denmark 
Environmental Challenges 



Technical Infrastructure is OK 



But…. Environmentally 
problematic 



Actual case example: Protests against 
flushing brine to the Limfjord from salt dome 

• Plans for expansion and refurbishing of natural gas store in Danish salt dome 



Protesters 



The objections / status 

• Protest issues 
– Nutrients , foam creation 

– environmentally hazardous substances and metals in the salt brine  

– Consequences for international environmental protected areas (Natura 2000) 

– Terms for operation 

– Monitoring Requirements 

– Assessment methodologies 

 

• Status 
– Expansion plan withdrawn 

– Pilot project for refurbishing of existing caverns has been completed 

– Refurbishing of remaining caverns awaiting permissions 



  

• If CAES shall have future in Denmark a qualified guess is 

that it will not be allowed, if the salt brine is discharged to 

inland marine waters such as the Limfjord, Mariager Fjord 

or other fiords.  
 

• This leaves two discharging options.  
– The first is to discharge to open waters, which would be the North Sea or 

Kattegat.  

– The second option is retrieving the salt from the brine for industrial salt 

production.  

 

Environmetal framework for CAES  







Simulating in energyPRO Pumped Hydro 
(Pumpspeicherkraftwerk)  

in the German Sekundärregelleistungsmarkt 



• SRL: Sekundärregelleistungsmarkt  

• HT: Hoch tarif, weekdays from 08 to 20 

• NT: Niedriger tarif, all other periods 

 

Abbreviations 



Different strategies 

A) Offering positive SRL in HT-time slice 

B) Offering negative SRL in NT-time slices 

C) Splitting up time slices: Half time slice for SRL 
and  half time slice for Intraday trade   



Plant data 

• Storage capacity 24,8 MWh 

• Turbine capacity 2,6 MW 

• Pumping capacity 3,0 MW 

• Turbine efficiency 77% 

• Pumping efficiency 82% 

 

 



• Offering positive SRL in 8 hours HT slice 

• Buying on intraday market next NT slice 

• Trading surplus capacity on intraday market 

Strategy A: Offering positive 
SRL in HT-time slice 



strategy A, weekdays 



strategy A, weekend 



• Offering negative SRL in 8 hours NT time 

slices 

• Selling electricity on intraday market next 

HT slice 

• Trading surplus capacity on intraday market 

 

Strategy B: Offering negative SRL 
in NT-time slices 



strategy B 



strategy B 



• Offering positive SRL at first half of HT time 

slices 

• Offering negative SRL at first half of NT 

time slices 

• Intraday in second half of time slices  

Strategy C: Splitting up time 
slices 



strategy C 



strategy C 



strategy C 



• Reference, trade on spotmarket 47.145 € 

• Strategy A  56.306 € 

• Strategy B                                           132.268 € 

• Strategy C                                           143.779 € 

Economy 



Simulating in energyPRO the 
economy in Bulk Electricity Storage 

in Denmark 



Spot market trading – example 1 



Spot market trading – example 2 



Spot market trading – example 3 



Spot market trading – example 4 



Spot market trading – example 5 



Spot market trading – example 6 



Spot market and balancing power trading – example 1 



Spot market and balancing power trading – example 2 



Spot market and balancing power trading – example 3 



Spot market and balancing power trading – example 4 



Spot market and balancing power trading – example 5 



Spot market and balancing power trading – example 6 



Sample Title 

Sample Sub Title 

(1000 EUR) Spot market Spot and Regulating power market 

2012 2.226 3.550 

2011 1.664 2.862 

2010 1.310 2.946 

2009 1.142 2.266 



 

Other alternatives 



Statkraft´s view 

Fra vår side er det et poeng å få frem 

at store vannkraftmagasiner i Norge 

kan bidra med fleksibilitet inn i 

kraftsystemet selv uten investeringer i 

pumpekraft. Magasinene er store nok 

til at vi kan holde igjen store mengder 

energi og importere fra Danmark når 

det er et overskudd der, også 

eksportere til Danmark når det blåser 

mindre. 



Statkraft´s view 

Hvordan utvekslingen skjer vil være 

avhengig av prisforskjeller og 

overføringskapasitet (kabler). Skal vi 

benytte denne muligheten bedre er det 

behov for enda bedre 

overføringskapasitet mellom Norge og 

Danmark enn det er i dag. 



Statkraft´s view 

Jeg håper at stoRE prosjektet tar med 

seg at stor vannkraft med store 

magasiner kan bidra med lagring og 

fleksibilitet også uten pumper. Om ikke 

annet så bør det tas med i en 

anbefaling for videre arbeid, ettersom 

det ikke er en del av mandatet til 

prosjektet. 



Sample Title 

Sample Sub Title 



We have made live test of the economic benefit for a 21 MW wind farm 
of offering themselves downward regulation to the TSO 

 



http://emd.dk/el/ 

 



 



 

END. 


