




Germany’s Energy Supply – Status Quo
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Total Primary Energy Consumption in 2023 – 2.997 TWh

Based on data from AG Energiebilanzen e.V. 2023

https://ag-energiebilanzen.de/energieverbrauch-ist-2023-kraeftig-gesunken/


 

   

     

     

     

     

     

     

            

 
  
 
 
  
  
 
 
  
 
  
 
 
 
 
 
 
  
 
 
  
 
 
 
  
 

     

               

               

                  
        

Germany’s Energy Supply – In a Climate-Neutral Future 

4Based on Agora Energiewende 2021; dena 2021; BDI 2021; SCI4climate 2022 

 

   

     

     

     

     

     

            

 
  
 
 
  
  
 
 
  
 
  
 
 
 
 
 
 
  
 
 
  
 
 
 
  
 

     

               

               

                  
        

Defossilization of energy supply using only domestic renewables is theoretically possible, but hardly 

practicable. Importing renewable energy will likely be crucial for Germany's future energy system. 

▪ Energy efficiency measures and 

electrification lead to a reduction in 

primary energy demand.

▪ Electricity from domestic wind and 

solar energy will become the central 

pillar of energy supply.

▪ PV and wind power capacities must 

quadruple (from 150 to ~600 GW) to 

supply the required renewable energy. 

▪ An additional PV and wind capacity of 

~300 GW would be needed to fully 

produce the required synthetic fuels 

domestically. 



Global Availability of Renewable Energies – Wind 

5The World Bank Group (2019) / https://globalsolaratlas.info/download/world 



Global Availability of Renewable Energies – Solar Radiation 

6The World Bank Group (2019) / https://www.worldbank.org/en/topic/energy/publication/solar-photovoltaic-power-potential-by-country



Options for (Renewable) Energy Import 
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„Green“ electricity

Benefits
❖ No / very low 

conversion losses 

❖ All technology

components

available on a large scale

Limitations & Challenges 
❖ Bound to inflexible infrastructure (power lines),  

→ overseas transport not/barely possible

❖ Some sectors can’t be electrified (e.g.  aviation  steel)

❖ Large-scale storage technology not yet available (except 

pumped storage power plants) 

„Green“ molecules 

Benefits
❖ Easy integration of large-

scale energy storage 

❖ Development of flexible, 

global markets possible

❖ Use of hydrogen and/or hydrogen derivatives is 

potentially in (nearly) all sectors possible 

Limitations & Challenges 
❖ Necessarily losses due to conversion from electrical 

energy into hydrogen and/or hydrogen derivatives

❖ Technological readiness and/or availability of some 

components currently not yet given
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Hydrogen Conditioning Options
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Hydrogen Conditioning
(Aim: Increase volumetric energy density)

Physical Conditioning
(Elementary hydrogen)

Liquid Hydrogen
(-253 °C)

Compressed Gaseous Hydrogen (up to 
700 bar)
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Hydrogen Conditioning Options
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Hydrogen Conditioning
(Aim: Increase volumetric energy density)

Physical Conditioning
(Elementary hydrogen)

Chemical Conditioning
(Chemical bound to another molecule)

Liquid Hydrogen
(-253 °C)

Compressed Gaseous Hydrogen (up to 
700 bar)

Liquid Organic Hydrogen Carrier

(H0LOHC nH2 ⇌ HnLOHC)
Ammonia

(N2+3H2 ⇌ 2NH3)
Methanol

(CO2+3H2 ⇌ CH3OH+H2O)
Methane

(CO2+4H2 ⇌ CH4+2H2O)

Metal-Hydride

(Me+H2 ⇌ MeHx)
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Energy Supply Chains based on Hydrogen 
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Electrolysis Conditioning Transportation 
Re-

conditioning
Supply of 

Elementary H2

Supply of 
H2 Derivate

Carrier 
Molecule

Green 
Electricity

H2

Water

H2O
N2

CO2 : carbon dioxide | H2 : hydrogen | H2O : water | N2 : nitrogen



Energy Supply Chains based on Hydrogen 
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LOHC molecule   

Elementary hydrogen 

Hydrogen derivative 

N2

CO2

GH2

CO2 Source 

Air 
Separation

LH2

Regasification
LH2 Tanker 

Transportation

Methane 
Synthesis

Haber-Bosch (NH3) 
Synthesis

Methanol Synthesis

LOHC 
Hydrogenation

Methane 
Liquefaction 

NH3

Liquefaction

GH2 Compression

Oil Tanker 
Transportation

Oil Tanker 
Transportation

LNG Tanker
Transportation

GH2

Liquefaction

NH3 Tanker 
Transportation

GH2

Supply

LOHC 
Dehydrogenation

NH3

Cracking

Methanol 
Cracking

Methane 
Reformation

NH3

Supply

Methane 
Supply    

Methanol 
Supply    

GH2

Compression
GH2 Pipeline 

Transportation

CO2 : carbon dioxide | GH2 : gaseous hydrogen | H2 : hydrogen | H2O : water | LH2 : liquid hydrogen | LNG : liquid natural gas | LOHC : liquid organic hydrogen carriers | N2 : nitrogen | NH3 : ammonia





Energy Supply Cost
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

Type of Energy Supply

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub


Energy Supply Cost
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

Transportation Option

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

Energy Carrier Option

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub


Energy Supply Cost

19

    

    

    

    

    

    

    

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

                               

                

                                    

 
 
 
  
 
  
 
 
 
  
  
 
 
  
  

 
 
 
 
  
 
 
 
 
 
 

              

                

                 

                   

CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

High cost dependency on transportation 

distance due to linear scaling of material 

and compression expenses 

Negligible (re-)conditioning expenses 

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

High energy and investment 

expenses for liquefaction

Additional hydrogen production to 

cover boil-off losses during 

transportation (distance-depending)

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

CO2 supply 

leads to high 

costs while

Wasserstoffproduktion zur

Kompensation von 

Energiewandlungsverlusten

CO2 supply leads to high 

costs while N2 supply is 

relatively cheap

Additional hydrogen production 

to cover energy losses caused 

by re-/conditioning

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub
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CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

Additional hydrogen 

production to cover heat 

demand of reconditioning

Expenses for the purchase (and 

renewal) of the LOHC molecule 

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub


    

    

    

    

    

    

    

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

 
  
 
 
  
 

 
 
  
 
 
  
 

                               

                

                                    

 
 
 
  
 
  
 
 
 
  
  
 
 
  
  

 
 
 
 
  
 
 
 
 
 
 

              

                

                 

                   

Energy Supply Cost

25CGH2: compressed gaseous hydrogen | LH2: liquid hydrogen | LOHC: liquid organic hydrogen carrier (benzyl-toluene) | MeOH: Methanol | NH3: ammonia | SNG : synthetic natural gas

Results based on work from: Carels et al. 2023; Sens et al. 2022a; Sens et al. 2022b

Without the reconditioning to elementary 

hydrogen, the losses to be compensated 

by additional production and the 

quantities to be transported are 

significantly reduced

https://www.agora-energiewende.de/fileadmin/Projekte/2022/A-EW_306_SNG_Imports_WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922031275?dgcid=author
https://www.sciencedirect.com/science/article/pii/S0196890422005386?via%3Dihub


Energy Supply Cost – Determination Factors
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Cost of sustainable carbon

Transportation distance

Existing infrastructure

Type of final energy demand

Cost of “green” 
electricity

Determination 
factors



Energy Supply Cost – Implementing Closed CO2 Cycles
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Supply of 
Elementary H2

H2

CO2 Shipping CO2 Liquefaction

Hydrogen SNG / Methanol CO2

Re-
conditioning

Conditioning Transportation 
Hydrogen 

Production

Centralized SNG/methanol 
utilization is likely to be a 

prerequisite for efficient CO2

capture, e.g. reforming to hydrogen
Costs of CO2 supply via a closed 
cycle are distance-dependent

Closed CO2 cycles can be a way to reduce the cost of CO2 provision and thereby the cost of energy 
supply based on green carbon-based carriers.



Energy Supply Cost – Implementing Closed CO2 Cycles
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Energy Supply Cost – Implementing Closed CO2 Cycles
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Conclusion

30

▪ The import of hydrogen and/or hydrogen-based energy carriers will an all likelihood play a 

crucial role in a defossilized energy supply. 

▪ For shorter distances, the import of gaseous hydrogen via pipelines (<  . 4 €2022/kWhLHV) 

and of liquid hydrogen via ship (≈  . 6 €2022/kWhLHV) obtain the lowest energy supply cost. 

▪ Supply of elementary hydrogen based on hydrogen carrier molecules imported via ships 

generally shows higher costs. Hence, supply costs are less dependent on transportation 

distance. 

▪ If hydrogen derivates are supplied, the energy supply cost can be decrease significantly 

(≈  .   €2022/kWhLHV), since the energy and cost intensive recondition process is not needed. 

▪ Energy supply based on green hydrocarbons is significantly influenced by the cost of CO2

provision. The implementation of a closed CO2 cycle might reduce the overall energy supply 

cost. 
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