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Background 

• Higher supply in the 
electrical grid causes an 
increasing demand for 
operating reserves 

• Possibilities are flexible 
loads, storages or flexible 
production 

• Storages can supply 
electrical energy or store it. 

• Redox-Flow-Batteries have 
high electrical efficiences 
and a flexible scaling  



Operation principle of Vanadium 
Redox Flow Batteries 

• Redox Flow Batteries use 
Vanadiums ions solved in 
an liquid. 

•  If different types of ions 
are brought together the 
react and produce 
electricity.  

• The liquid can easily be 
stored in reservoirs 



Operating numbers for RFB 

• Energy density : 80 Wh/L  

• Energy efficiency:  >80% (Round-Trip) 

• Self-discharge: no self-discharge  

• Number of cycles : >10000 

• Power costs: 1000 €/MW 

• Capacity costs : 150 €/MWh 

 



Technical potential – automotive 
sector 

• RFB are also used as storage systems in the 
automotive sector 

• In 2013 an american company developed a 
first car with a RFB as storage 

• Power: 480 KW 

• Range: up to 600 km 

 

 



Technical potential – „Smart Redox 
Flow Control“ 

Smart Redox Flow Control 

• Control loops for devices of 
redox flow battery 

• Determination of set points 

• Optimization of the process 
cycle  -> energy efficiency 

• Interface with energy 
management system 

 



Business model 

• Installing a 20 MW/100 MWh RFB on an piece 
of land in the Aachen region 

• Offer positive and negative primary operating 
reserves and earn money therefore 

• The demand for operating reserves is 
tendered each week 

• Cheapest offers are taken first, in the last time 
every offer had to be taken 

 

 



Market analysis 

• Prices  for primary operating reserves are about 
3500€/MW at the moment 

• Increasing supply by renewables will increase the 
price for operating reserves in the future 

• At the moment there are only 21 participants in the 
market for primary operating reserves, none with 
this capacity/power 

 

 



Financing Concept 

• Founding a GmbH with three shareholders, 
who invest 40% of the total costs 

• Finance 60% of total costs with a bank loan 
with 2% interest rate 

• Storage systems don‘t recieve subsidies for 
their consumed/produced energy 

• No special financing options available (KfW) 

 



Cost calculation - Investment 



Cost calculation – Labour costs 



Financing plan 



Financing plan 



Self costs 



Cost calculation – Turn over / 
revenue  

• 2 weeks each year are planned for maintaining  

• Using current figures, our storage will be used each 
week 



Cash flow with fixed power price  

All  numbers in Euro 



Cash flow with increasing power 
prices 

All numbers in Euro 



Conclusion 

• With only 21 competitors it is likely for us to be 
taken, even with higher prices 

• Calculating with the current price doesn‘t give a 
profitable business model 

• For a profitable company an increasing price for the 
operating reserves is needed 

• The trend from the past years shows an increasing 
price for primary operating reserves 

• Because of the small markets there is a good chance 
for  high revenues 

 

 

 



Sources 

• https://www.regelleistung.net/ip/action/static/provider (called at 01/02/2015) 

• http://forschung-energiespeicher.info/aktuelles/quickinfo-
einzelansicht/Redox_Flow_Batterien/ 

• http://kettya.com/2012/redox_battery02.jpg 

• http://forschung-
energiespeicher.info/fileadmin/user_upload/projektassets/PV_Nutzen/3_BMU_PV
-Nutzen_BMS_perfekt.jpg 

• http://www.fraunhofer.de/content/dam/zv/en/press-media/2013/big-
image/pi16_redox-flow_g_umsicht.jpg 
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