
Summer / winter balance electricity

    30 kW Photovoltaic

    70 kWh LiFePo4 batteries

1000 kWh Low temperature

Heat storage

https://geminis.pege.org/2021/seasonal-storage.htm


Oslo

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html


Berlin

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html


Vienna

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html


Rome

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html


Athens

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html


Tel Aviv

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html


Cairo

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html




1 : 1.4

Oslo : Cairo

in June



1 : 40

Oslo : Cairo

in December



62 : 1

June : December

in Oslo

2,2 : 1

July : December

in Cairo



600 kWh per month for 

household, hot water and electric cars

additional demand for space heating and cooling:

Summer / winter compensation 

only required from Vienna to Oslo



Population by latitude (image credit: Engaging Data)

Fortunately, most people live at latitudes where the 
difference between summer and winter is small:

https://engaging-data.com/population-latitude-longitude/


Proposal 1: twice as much photovoltaics:

Works for Vienna, 

but where to put so much photovoltaics?

For Oslo, on the other hand: 

Twice almost nothing is still almost nothing.



Proposal 2: much more batteries:

Money has to work, a battery has to work.

If the battery works 300 times a year, 

then it is very economical.

If the battery works only 1 time a year 

then it is very unaffordable.



Proposal 3: Hydrogen:

https://www.linde-gas.de/shop/de/de-ig/gase-kaufen/schneid-und-schwei%C3%9Fgase/wasserstoff/wasserstoff-30-lipac%C2%AEduo-wasserstoff-30-lipacduo#product1


https://emcel.com/de/warum-fasst-ein-wasserstofftank-bei-700-bar-nicht-doppelt-so-viel-wie-bei-350-bar


0.6 m³ * 21 kg/m³ = 12.6 kg H2

calculated with ideal gas it would be 0.6 m³ * 300 bar * 0.09 kg/m³ = 16.2 kg

Fuel cell efficiency according to

https://www.oeamtc.at/thema/tests/test-hyundai-ix35-fcev-40132118

Efficiency of the vehicle

According to measurements by the Vienna University of Technology, the overall efficiency of the 
Hyundai iX35 FCEV is between 30 % and 39 %, depending on the temperature.

The highest efficiency can be assumed here in domestic operation.

33.33 kWh chemical * 39 % = 13 kWh electricity

12.6 kg H2 * 13 kWh/kg = 163.8 kWh

You could calculate wrong twice: ideal gas and 60 % efficiency:

16.2 kg H2 * 33.33 kWh chemical * 60 % = 324 kWh.

This gas bottle storage weighs more than current LiFePo4 batteries

to store 163.8 kWh

https://www.oeamtc.at/thema/tests/test-hyundai-ix35-fcev-40132118


Efficient battery vs cheap hydrogen:

Efficient vs cheap

Battery vs hydrogen

In the day/night balance 

the efficient battery wins.

In summer/winter balance 

the cheap hydrogen wins.



Proposal 4: external service provider:

The external service provider is much cheaper:

Cheap underground storage vs 
expensive gas cylinders.

Cheap efficient CCPP power plants vs 

expensive moderately efficient fuel cells.



Underground

Gas Storage:

> 10 € / m³

1 m³ hydrogen = 3 kWh 

< 1 € / m³

1 m³ methane = 9.97 kWh

see study linked PDF

https://monami.hs-mittweida.de/frontdoor/deliver/index/docId/3531/file/Diplomarbeit_Markus_Zloklikovits_Erdgasroehrenspeicher_Der_oes.pdf


© InfraServ Knapsack

3.000 € / kW

39 % efficiency

1.000 € / kW

60 % efficiency

see study linked PDF

CCPP - Combined Cycle 

Power Plant

https://diglib.tugraz.at/download.php?id=576a8cb3abf29&location=browse
https://commons.wikimedia.org/wiki/File:ISK_Knapsack_GuD_2007.jpg


Efficiency in summer/winter balance:



Efficiency in summer/winter balance:
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But before the seasonal balance becomes topical:

https://www.agora-energiewende.de/service/agorameter/chart/power_generation/21.06.2020/27.06.2020/


But before the seasonal balance becomes topical:

Are in Germany 300 GW of photovoltaics and 

750 GWh of batteries required

https://www.agora-energiewende.de/service/agorameter/chart/power_generation/21.06.2020/27.06.2020/


Summer / winter 

balancing

solar power

https://youtu.be/9I04UDBeTs8

