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Motivation: to enable making the electricity system carbon free by 2030 it will be required to replace base load as well

as peaker power plants by renewable energy power plants

Scoping analysis performed to request funding for a project showing applicability of redox flow battery

Funding selection criteria are based on:

a) LCoE reduction or

b) CO2 savings

Adding storage to the RE plant will not lower the LCoE, although it will (probably) improve the revenue by 

time shifting the production to times with low RE availability but that is not a criteria to obtain financial support.

So we focus on the CO2 savings.

The proposed system can be used to replace fossil fuel power stations in two different options:

1. Create a baseload power station which is capable to generate 90-95% of the time the nominal power where the

power is coming directly from a wind farm and indirectly from the redox flow battery that is charged at times when

the wind farm is producing more power than the nominal power of the “base load” power station has.

2. Create a power station that replaces a (gas) power station that provides services in the ancillary services, frequency

containment reserve market and the automatic Frequency Restoration Reserve (aFRR) market.

INTRODUCTION



Scoping analysis do show that it is possible to replace existing base load and ancillary services power station by renewable

energy power station in combination with a (H2Br) redox flow battery.

Renewables energy power plants (wind combined with e.g. solar ..) can provide base load power generation when combined

with a redox flow battery

Renewable energy power plants (wind energy combined with e.g. solar ..) can provide and ancillary services when

combined with a redox flow battery system

Other options to improve the economics of the system is to

provide time shift between production and delivering power to the grid

KEY TAKEAWAYS
SUMMARY



Wind Farm:

Virtual wind farm 2 GW, located North Sea, 30- 40 km of the coast North 

of the Netherlands 

15 MW (virtual) wind turbines, with rotor diameter of 250 m, hub height 

of 155m. Rotor power density of 305 W/m2.

Wind farm power density 5 MW/km2, regular lay-out 

Wind power matrix determined taking into account wake losses

10 year 1 hourly hind cast data for the wind at hub height from Dutch 

Offshore Wind Atlas (DOWA)1

Battery: 

Redox Flow battery with high efficiency compared to Electrolysers / Fuel 

cell system 

Nominal power and storage capacity is outcome of the study

BACK GROUND DATA USED

1Royal Netherlands Meteorological Institute KNMI



The location selected considers a hypothetical offshore wind farm of a size of 2 GW and an export cable connection  of 2 GW tot the 

onshore redox flow battery. 

This location is selected due to its proximity to the upcoming TNvdW wind farm, being representative for the expected conditions for 

existing and future wind farms in the Dutch Exclusive Economic Zone. 

The grid connection, between battery system and electricity grid is up to 1 GW. 

1. OFFSHORE GENERATION WIND POWER PROFILES
LOCATION

 

      

       

       

       

          

                          

 

   

   

 

   

   

 

   

   

 

   

   



Conversion efficiency of H2-Br redox flow battery

based on previous project the efficiency as a function of the  conversion power 

CONVERSION EFFICIENCY IN CHARGING AND DISCHARGING
REDOX FLOW BATTERY 

(dis-)charge [power ratio of nominal battery power



Simple requirements

Being able to provide predictable power for at least 90% of the time 

Provide power at low cost 

REQUIREMENTS
BASELOAD POWER STATION



Power market for different time scales (TenneT.org) 

ANCILLARY SERVICE MARKET

The power market is divide in 3 main segments (EU?):

The bulk market where the day ahead and intra day trade takes 

place and the

Balancing market 

On top, the the PPA market where power purchase agreements 

are made for much longer periods, month/years or project 

lifetime. 

The FCR or primary reserve market is a locally 

designed fully automatic system ensuring a constant 

ratio between frequency change and installed power 

with a maximum ramp time of 30 seconds to 

contracted power level. 

In  this scoping analysis we investigated whether the 

RE plant combined with a redox flow battery system 

would be able to provide services in the balancing 

market with the focus on the aFRR service. 



ANALYSIS OF YEAR 2021 DATA

IMBALANCE MARKET IN THE NETHERLANDS

IGCC 

Contribution 

Up

IGCC 

Contribution 

Down

regulating 

up

regulating 

down reserve up

reserve 

down 

MW MW MW MW MW MW

Min 0 0 0 0 0 0

Mean 51 63 43 57 1 0

Max 823 999 643 1081 155 60

std. Dev. 101 117 84 91 7 2

IGCC = International Grid Control Cooperation

IGCC contribution: IGCC is based on "netting" of instantaneous imbalance values from the 

participants 

Compared to contracted power the max up/down power is relatively small

This might or will probably change when the majority or all of the power is from renewable sources



DIFFERENT SETUP BETWEEN CONVENTIONAL AND RE-POWER 
PLANT FOR THE IMBALANCE MARKET

max range up and down of gas peak plant(left) versus a battery system (right)



Replacing a gas power station

At the moment the FCR and aFRR market are operated by gas turbine powered plants. 

CO2 production of a gas turbine powered system is ~ 

With present efficiencies reached of 55% resulting in 370 gCO2/kWhe (0.37TON CO2/MWh)

Replacing a coal power station, and equal analysis of the coal power stations characteristics in 

the NL

For coal the specific CO2 emission are estimated at 660 gCO2/kWhe (0.66TON CO2/MWh)

CO2 SAVING 



A TYPICAL DAY OF OPERATION & POWER DURATION CURVES

 

      

       

       

       

                      

 
 
 
  
  
  

 

         

        

                                         

For a power station rated at 43% of the Wind Farms power and max storage set at 20 days



VARYING THE POWER OF THE BASELOAD STATION - DAYS OF 
STORAGE 

Without full economic analysis 

it’s difficult to determine the 

optimal ratio of the baseload 

power station power / wind farm 

nominal power

Reminder, the net capacity factor of 

the wind farm is 58%.



Conclusions

Both options, i.e. providing base load power to the grid and balancing the grid in the ancillary services market seem an 

option.

The overall efficiency of the battery in the ancillary services market is in the order of 80-85% 

The overall efficiency of the battery in the base load power station mode is ~ 85%

CO2 could be set equal to the CO2  emissions of the gas peaker plant or the base load power station.

Questions

Will base load power stations still be needed in a fully renewable electricity system or are they relics of the past?

Are there other initiatives in EU or US or ? aiming at replacing peaker and base load power stations?

BASED ON SCOPING ANALYSIS
CONCLUSION  / QUESTIONS






