
   

Supplementary Data 

1 Energy Demand 

These data have first been published in: Krüger, C., Doré, L. (2022). Nachfrageszenarien – Storylines 
und Herleitung der Entwicklung der Nachfrage nach Synfuels und Grundstoffen. MENA-Fuels: 
Teilbericht 5 des Wuppertal Instituts an das Bundesministerium für Wirtschaft und Klimaschutz 
(BMWK). Wuppertal, Stuttgart, Köln, Saarbrücken. 

 

Table 1-1: Energy demand in the transport sector 

 
Country Year  Electricity  Hydrogen  synth.  

methane  
synth.  
kerosene  

synth.  
Diesel  

synth. Gasoline  synth.  
methanol  

AT 2030  7.706     1.734     422     1.011     1.454     992     624    
2040  8.455     5.298     3.573     5.606     2.167     1.060     1.967    

2050  9.204     8.862     6.404     8.573     2.697     1.156     3.077    

BE 2030  9.975     2.244     546     1.309     1.883     1.284     807    
2040  10.945     6.858     4.626     7.257     2.806     1.372     2.546    

2050  11.915     11.472     8.290     11.098     3.491     1.496     3.983    

CH 2030  7.451     1.676     408     978     1.406    959     603    
2040  8.175     5.122     3.455     5.420     2.095     1.024     1.902    

2050  8.899     8.568     6.192     8.289     2.608     1.118     2.975    

CZ 2030  9.258     2.083     507     1.215     1.747     1.192     749    
2040  10.158     6.365     4.293     6.735     2.604     1.273     2.363    

2050  11.058     10.647     7.694     10.300     3.240     1.389     3.697    

DE 2030  72.000     16.200     3.941     9.450     13.590     9.270     5.828    
2040  79.000     49.500     33.387     52.380     20.250     9.900     18.380    

2050  86.000     82.800     59.839     80.100     25.200     10.800     28.749    

DK 2030  5.041     1.134     276     662     951    649     408    
2040  5.531     3.466     2.338     3.667     1.418     693     1.287    

2050  6.021     5.797     4.190     5.608     1.764     756     2.013    

ES 2030  40.977     9.220     2.243     5.378     7.734     5.276     3.317    
2040  44.961     28.172     19.001     29.811     11.525     5.634     10.460    

2050  48.945     47.124     34.056     45.587     14.342     6.147     16.362    

FR 2030  58.281     13.113     3.190     7.649     11.001     7.504     4.717    
2040  63.947     40.068     27.025     42.400     16.392     8.014     14.878    

2050  69.614     67.023     48.437     64.838     20.398     8.742     23.271    

GB 2030  57.801     13.005     3.164     7.586     10.910     7.442     4.679    
2040  63.421     39.738     26.803     42.050     16.257     7.948     14.755    

2050  69.040     66.471     48.038     64.304    
1.1  20.230    

 8.670     23.079    
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Country Year  Electricity  Hydrogen  synth.  
methane  

synth.  
kerosene  

synth.  
Diesel  

synth. Gasoline  synth.  
methanol  

GR 2030  9.279     2.088     508     1.218     1.751     1.195     751    
2040  10.182     6.380     4.303     6.751     2.610     1.276     2.369    

2050  11.084     10.671     7.712     10.323     3.248     1.392     3.705    

IT 2030  51.633     11.618     2.826     6.777     9.746     6.648     4.179    
2040  56.653     35.498     23.943     37.563     14.522     7.100     13.181    

2050  61.673     59.379     42.912     57.442     18.072     7.745     20.617    

LU 2030 542    122     30     71     102     70     44    

2040  595     373     251     394     152     75     138    

2050  647     623     450     603     190     81     216    

NL 2030  15.070     3.391     825     1.978     2.845     1.940     1.220    
 2040  16.535     10.361     6.988     10.964     4.239     2.072     3.847    

 2050  18.001     17.331     12.525     16.766     5.275     2.261     6.017    

NO 2030  4.647     1.046    254     610     877    598     376    

 2040  5.099     3.195     2.155     3.381     1.307     639     1.186    

 2050  5.550     5.344     3.862     5.170     1.626     697     1.855    

PL 2030  32.862     7.394     1.799     4.313     6.203     4.231     2.660    
 2040  36.056     22.592     15.238     23.907     9.242     4.518     8.389    

 2050  39.251     37.791     27.311     36.558     11.502     4.929     13.121    

PT 2030  8.913     2.006     488     1.170     1.682     1.148     721    
 2040  9.780     6.128     4.133     6.485     2.507     1.226     2.275    

 2050  10.647     10.251     7.408     9.916     3.120     1.337     3.559    

SE 2030  8.941     2.012     489     1.173     1.688     1.151    724    
 2040  9.810     6.147     4.146     6.505     2.515     1.229     2.282    

 2050  10.679     10.282     7.431     9.947     3.129     1.341     3.570    

 
 
 

Table 1-2: Demand for synthetic materials from the industry sector 

 
 Country  Year Iron and steel  

Hydrogen  
 Petrochemistry 
Hydrogen  

  
Methanol  

 
 Naphtha  

 
Ammonia 

 AT  2030  231     -       -       -       -      
2040  6.326     6.236     -       -       1.361    

2050  20.252     6.236     -       -       8.508    

 BE  2030  1.454     219     -       -       -      

2040  2.815     3.177     -       -       2.586    

2050  5.620     3.177     79.146     -       2.348    

 CH  2030  -       -       -       -       -      
2040  -       -       -       -       -      
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 Country  Year Iron and steel  
Hydrogen  

 Petrochemistry 
Hydrogen  

  
Methanol  

 
 Naphtha  

 
Ammonia 

2050  -       -       -       -       -      

 CZ  2030  -       10     -       -        

2040  662     1.553     -       -       579    

2050  7.141     1.553     -       -       525    

 DE  2030  4.848     1.497     -       -       -      
2040  18.067     15.431     -       -       1.236    

2050  36.068     16.005     -       39.371     7.724    

 DK  2030  -       -       -       -       -      

2040  -       -       -       -       -      

2050  -       -       -       -       -      

 ES  2030  -       -       -       -       -      
2040  2.646     2.391    

 
 -       1.395    

2050  5.283     2.391     9.622     45.327     1.267    

 FR  2030  1.915     -       -       -       -      

2040  8.081     7.940     -       -       3.437    

2050  16.133     7.940     15.499     14.213     3.120    

 GB  2030  257     459     -       -       -      
2040  3.064     6.215     -       -       2.893    

2050  9.091     6.215     48.717     12.292     2.626    

 GR  2030  -       -       -       -       -      

2040  -       -       -       -       -      

2050  -       -       -       -       -      

 IT  2030  -       23     -       -       -      

2040  -       2.780     -       -       1.940    

2050  3.438     5.628     21.371     8.105     1.761    

 LU  2030  -       -       -       -       -      

2040  -       -       -       -       -      

2050  -       -       -       -       -      

 NL  2030  1.197     -       -       -       -      

2040  2.318     6.785     -       -       7.827    

2050  7.934     6.823     55.272     6.744     7.106    

 NO  2030  -   -   -   -   -  

2040  -   -   -   -   -  

2050  -   -   5.027     6.620     -  

 PL  2030  -   388     -   -    

2040  5.061     6.359     -   -   7.953    

2050  10.103     6.359     -   -   7.220    

 PT  2030  -   56    -   -   -  

2040  -   67    -   -   -  

2050  -   67    -   -   -  
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 Country  Year Iron and steel  
Hydrogen  

 Petrochemistry 
Hydrogen  

  
Methanol  

 
 Naphtha  

 
Ammonia 

 SE  2030  -   -   -   -   -  

2040  1.987     -   -   -   -  

2050  3.967     -   19.976     6.710     -  

 
 
 
 

Table 1-3: Energy demand of the surrounding energy system  

 

Country Year 
Total electricity 
demand 

Electricity demand 
without electricity for 
transport and hydrogen 

Electricity demand 
taken into account1 Hydrogen 

 AT  2030  75.407     71.395     51.101     -      
2040  71.824     63.446     47.041     -      

2050  68.242     55.497     39.495     -      

 BE  2030  95.215     89.647     79.192     -      

2040  97.763     85.420     84.755     -      

2050  100.311     81.193     80.155     -      

 CH  2030  70.845     67.433     42.399     -      
2040  69.497     61.419     45.595     -      

2050  68.150     55.405     39.816     -      

 CZ  2030  74.670     71.258     41.936     -      

2040  67.595     59.516     37.524     -      

2050  60.520     47.775     28.275     -      

 DE  2030  609.000     545.400     406.068     6.111    
2040  790.000     587.000     515.735     38.333    

2050  1.141.000     559.000     507.676     208.056    

 DK  2030  42.203     39.419     32.728     -      

2040  38.513     32.341     29.972     -      

2050  34.823     25.264     23.061     -      

 ES  2030  389.435     364.137     183.100     -      
2040  402.629     350.152     194.755     -      

2050  415.823     336.167     206.411     -      

 FR  2030  508.170     474.136     120.936     -      

2040  533.793     457.831     132.246     -      

2050  559.417     441.526     296.864     -      

 GB  2030  391.943     354.076     168.988     -      

 
1  Electricity demand taken into account: the share of electricity demand to be covered by wind and solar, 
excluding electricity for transportation and hydrogen (see chapter Fehler! Verweisquelle konnte nicht gefunden 
werden.).  
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Country Year 
Total electricity 
demand 

Electricity demand 
without electricity for 
transport and hydrogen 

Electricity demand 
taken into account1 Hydrogen 

2040  397.982     314.723     160.966     -      

2050  404.020     275.371     152.945     -      

 GR  2030  61.793     58.081     13.889     -      

2040  60.605     52.377     20.071     -      

2050  59.417     46.673     26.253     -      

 IT  2030  365.204     336.110     275.297     -      

2040  397.570     332.044     310.581     -      

2050  429.937     327.977     310.906     -      

 LU  2030  7.844     7.478     6.617     -      

2040  6.953     6.452     6.404     -      

2050  6.062     5.425     5.362     -      

 NL  2030  124.873     118.377     87.364     -      

2040  127.824     113.425     104.775     -      

2050  130.776     108.473     98.946     -      

 NO  2030  146.790     144.006     127.759     -      

2040  122.386     116.214     103.397     -      

2050  97.981     88.423     75.306     -      

 PL  2030  178.495     167.060     118.349     -      

2040  158.555     133.720     110.363     -      

2050  138.614     100.379     80.927     -      

 PT  2030  60.654     57.242     28.654     -      

2040  60.025     51.947     25.570     -      

2050  59.397     46.652     22.487     -      

 SE  2030  149.264     143.696     85.344     -      

2040  135.222     122.879     77.138     -      

2050  121.180     102.063     94.001     -      
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2 Techno-economic parameters 

These Data have first been published in Krüger, C., Doré, L., Janßen, T. (2022). Basisszenarien – 
Ergebnisse und Infrastrukturauswertung. MENA-Fuels: Teilbericht 6 des Wuppertal InsVtuts an das 
Bundesministerium für WirtschaX und Klimaschutz (BMWK). Wuppertal, StuZgart, Köln, 
Saarbrücken.  
 

2.1 Techno-Economic parameters of generation and conversion technologies 

Table 2-1: Development of techno-economic parameters of the considered power generation 
technologies 

 Unit 2030 2040 2050 Source 

Offshore wind 
Input: Wind    

Output: Electricity    
CAPEX EUR/MW_el 1.800.000,00 1.500.000,00 1.300.000,00 

Partial report 
10 Service life a 18,00 18,00 18,00 

OPEX fixed EUR/(MW_el*a) 180.000,00 150.000,00 130.000,00 

Onshore wind 
Input: Wind    

Output: Electricity    
CAPEX EUR/MW_el 1.048.281,00 958.967,00 914.647,00 

Partial report 
10 Service life a 22,00 22,00 22,00 

OPEX fixed EUR/(MW_el*a) 30.400,00 27.810,00 26.525,00 

PV 
Input: Solar 

radiation    

Output: Electricity    
CAPEX EUR/MW_el 613.000,00 514.000,00 423.000,00 

Partial report 
10 Service life a 30,00 30,00 35,00 

OPEX fixed EUR/(MW_el*a) 9.600,00 8.300,00 7.300,00 

 



 7 

 Unit 2030 2040 2050 Source 
CSP components      

Solar field 
Input:  Solar radiation  

Output:  Solar high-temperature heat 
CAPEX EUR/MW_th 287.800,00 244.200,00 215.500,00 

Partial report 
10 OPEX fixed EUR/(MW_th*a) 6.619,00 5.617,00 4.957,00 

Service life a 25,00 30,00 30,00 

CSP turbine 
Input:  Solar high-temperature heat 
Output:  Electricity 

CAPEX EUR/MW_el 700.000,00 640.000,00 600.000,00 

Partial report 
10 

Efficiency MW_el/MW_th 0,43 0,44 0,45 
Service life a 25,00 30,00 30,00 

OPEX fixed EUR/(MW_el*a) 14.000,00 12.800,00 12.000,00 
CSP thermal storage For solar high-temperature heat 

CAPEX EUR/MW_th 213.440,00 193.031,00 174.574,00 Partial report 
10 

E2P MWh_th/MW_th 8,00 8,00 8,00 Own 
assumption 

Service life a 25,00 30,00 30,00 Partial report 
10 

OPEX fixed EUR/(MW_th*a) 4.909,00 4.440,00 4.015,00 Partial report 
10 

Round-trip 
efficiency - 0,95 0,97 0,98 Partial report 

10 
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Table 2-2: Development of techno-economic parameters of the hydrogen supply technologies 

 Unit 2030 2040 2050 Source 

AEL 
Input_1: 
Input_2: 

Electricity 
H2O 

Output_1: H2 

CAPEX EUR/MW_H2 450.000,00 450.000,00 450.000,0
0 Partial report 3 

Efficiency MWh_H 
/MWh_el2 

0,68 0,69 0,70 Partial report 3 

Service life a 22,00 25,00 27,00 Partial report 3 
Non-availability - 0,02 0,02 0,02 Own assumption 

OPEX fixed EUR/(MW_H2 
*a) 13.500,00 13.500,00 13.500,00 Partial report 3 

OPEX var EUR/MWh_H2 0,00 0,00 0,00 Own assumption 
Ratio 
Input_2/Input_1 t_ H2O/MWh_el2 0,20 0,21 0,21 Partial report 3 

PEM 
Input_1: 
Input_2: 

Electricity 
H2O 

Output_1: H2 

CAPEX EUR/MW_H2 810.000,00 660.000,00 510.000,0
0 Partial report 3 

Efficiency MWh_ H 
/MWh_el2 

0,62 0,65 0,68 Partial report 3 

Service life a 25,00 25,00 25,00 

(Assumption based 
on Bründlinger et al., 
2018; Child et al., 
2019; Schick et al., 
2018) 

Non-availability - 0,02 0,02 0,02 Own assumption 

OPEX fixed EUR/(MW_H2 
*a) 24.300,00 19.800,00 15.300,00 Own assumption: 3% 

of CAPEX  
OPEX var EUR/MWh_H2 1,20 1,20 1,20 (Child et al., 2019) 
Ratio 
Input_2/Input_1 t_ H2O/MWh_el2 0,17 0,18 0,18 Own assumption 
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 Unit 2030 2040 2050 Source 

SOEL 

Input_1: 
Input_2: 
Input_3 

Electricity 
H2O  
Heat HT 

Output_1: H2 

CAPEX Euro/MW_H2 800.000,00 675.000,00 550.000,00 (Smolinka et al., 
2018) 

Efficiency MWh_ H 
/MWh_el2 

0,84 0,86 0,88 (Smolinka et al., 
2018) 

Service life a 20,00 20,00 20,00 (Smolinka et al., 
2018) 

Non-availability - 0,02 0,02 0,02 Own assumption 

OPEX fixed EUR/(MW_H2 *a) 24.000,00 20.250,00 16.500,00 (Smolinka et al., 
2018) 

OPEX var EUR/MWh_H2 0,00 0,00 0,00 Own assumption 
Ratio 
Input_2/Input_1 t_ H2O/MWh_el 0,25 0,26 0,26 Partial report 3 

Ratio 
Input_3/Input_1 MWh_th/MWh_el 0,169 0,1725 0,176 (Smolinka et al., 

2018) 
Thermochemist
ry        

CAPEX Euro/MW_ H2 9.530.611,00 5.416.368,00 3.979.660,0
0 (Rosenstiehl, 2021) 

Efficiency - 1,34 1,80 2,17 (Rosenstiehl, 2021) 
Service life a 25,00 25,00 25,00 (Rosenstiehl, 2021) 

Non-availability - 0,09 0,09 0,09 (Rosenstiehl, 2021) 
OPEX fixed EUR/(MW_ H2 *a) 190.612,00 108.327,00 79.593,00 (Rosenstiehl, 2021) 
Full load hours assumed: analogous to CSP  
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Table 2-3: Development of techno-economic parameters of the CO2 provision technologies 

   2030 2040 2050 Source 

DAC-HT2 
Input_1: 
Input_2: 

Heat HT 
H2O 

Output_1: CO2 

CAPEX EUR/(t_CO2 *h) 2.579.820,00 1.695.060,00 1.379.700,00 (Fasihi et al., 
2019) 

Efficiency t_ CO /MWh_th2 0,41 0,41 0,41 Partial report 
3 

Service life a 30,00 30,00 30,00 (Fasihi et al., 
2019) 

OPEX fixed EUR/(t_CO2 * h) 95.453,30 73.251,00 51.049,00 (Fasihi et al., 
2019) 

OPEX var Eur/t_CO2 7,20 7,20 7,20 (Child et al., 
2019) 

Ratio Input_2/Input_1 t_ H2O/MWh_th 0,78 0,78 0,78 Partial report 
3 

DAC-LT 

Input_1: 
Input_2: 

Heat LT 
Electricity 

Output_1: 
Output_2: 

CO2 
H2O 

CAPEX EUR/(t_ CO2 * h) 2.308.260,00 1.519.860,00 1.239.540,00 (Fasihi et al., 
2019) 

Efficiency Output_1 t_CO /MWh_th2 0,67 0,67 0,67 Partial report 
3 

Efficiency Output_2 t_ H2O/MWh_th 0,67 0,67 0,67 Partial report 
3 

Service life A 25,00 30,00 30,00 (Fasihi et al., 
2019) 

OPEX fixed EUR/(t_ CO2 * h) 92.330,00 60.794,00 49.582,00 (Fasihi et al., 
2019) 

OPEX var Eur/t_ CO2 7,20 7,20 7,20 (Child et al., 
2019) 

Ratio Input_2/Input_1 MWh_el/MWh_th 0,33 0,33 0,33 Partial report 
3 

 
 

 
2  Parameters based on HT-DAC with electrical heat supply 
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Table 2-4: Development of techno-economic parameters of the technologies for water provision 
through seawater desalination 

    2030 2040 2050 Source 

Reverse osmosis 
(seawater) 

Input_1: Electricity     

Output_1:  H2O    

CAPEX EUR/(t_ H2O*h) 19.359,00 14.716,00 11.037,00 (Caldera et al., 2017) 
Efficiency t_ H2O/MWh_el2 317,00 350,00 384,00 (Caldera et al., 2017) 

Service life a 30,00 30,00 30,00 (Caldera et al., 2017) 
OPEX fixed EUR/(t_ H2O*h) 788,00 613,00 438,00 (Caldera et al., 2017) 

OPEX var EUR/t_ H2O 0,00 0,00 0,00 (Caldera et al., 2017) 

Evaporation 
(seawater) 

Input_1: 
Input_2: 

Heat LT 
Electricity  

Output_1:  H2O  

CAPEX EUR/(t_ H2O*h) 24.177,00 18.308,00 13.840,00 (Caldera et al., 2017) 
Efficiency t_ H2O/MWh_th2 26,32 35,71 35,71 (Caldera et al., 2017) 

Service life a 25,00 25,00 25,00 (Caldera et al., 2017) 

OPEX fixed EUR/(t_ H2O*h) 438,00  263,00 87,00 (Caldera et al., 2017) 
OPEX var EUR/t_ H2O 0,00 0,00 0,00 (Caldera et al., 2017) 
Ratio 
Input_2/Input_1 MW_el/MW_th 0,04 0,05 0,05 (Fasihi et al., 2019) 

 

 Table 2-5: Development of techno-economic parameters of the heat supply technologies 

 Unit 2030 2040 2050 Source 

LT electric heater & 
HT electric heater 

Input_1:  Electricity      

Output_1:  Heat    

OPEX fixed EUR/MW_th 505,00 505,00 505,00 (Hamburg Institute 
and Prognos, 2020) 

CAPEX3 EUR/MW_th 62.500,00 62.500,00 62.500,00 (Hamburg Institute 
and Prognos, 2020) 

Service life a 20,00 20,00 20,00 (Hamburg Institute 
and Prognos, 2020) 

Efficiency MW_th/MW_el 0,99 0,99 0,99 (Hamburg Institute 
and Prognos, 2020) 

OPEX var EUR/MWh_th 0,00 0,00 0,00 Own assumption 

 
 

 
3  Assumption for CAPEX: 25 percent surcharge for a heating blade to achieve higher temperatures (own 
assumption). 
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Table 2-6: Development of techno-economic parameters of the technologies for synthesis gas 
production 

 Unit 2030 2040 2050 Sources 

High-temperature 
co-electrolysis 

Input_1: 
Input_2: 
Input_3: 
Input_4: 

Electricity 
Heat HT 
CO2 

H2O 
Output_1:  Synthesis gas 

CAPEX EUR/MW 950.000,00 810.000,00 620.000,00 
Partial report 3, 
(Rosenstiehl, 
2021) 

Efficiency MWh_syngas/ 
MWh_el 0,81 0,84 0,88 Partial report 3 

Service life a 20,00 20,00 20,00 (Smolinka et 
al., 2018) 

OPEX fixed EUR/(MW_syngas*a) 28.500,00 24.300,00 18.600,00 (Smolinka et 
al., 2018) 

Ratio 
Input_2/Input_1 MWh_th/MWh_el 0,17 0,17 0,18 n/a4 

Ratio 
Input_3/Input_1 t_ CO /MWh_el2 0,08 0,11 0,13 n/a5 

Ratio Input_4/Input_6 t_ H2O/MWh_el 0,24 0,23 0,22 Partial report 3 

Thermochemistry 
Syngas 

Input_1: 
Input_2: 

H2O  
CO 2 

 

Output_1:  Synthesis gas  

CAPEX EUR/MW_syngas 9.018.379,
00 5.125.261,00 3.765.770,00 (Rosenstiehl, 

2021) 

Efficiency MWh_syngas/t_ H2O 1,62 2,28 2,85 (Rosenstiehl, 
2021) 

Service life a 25,00 25,00 25,00 (Rosenstiehl, 
2021) 

Unavailability - 0,09 0,09 0,09 (Rosenstiehl, 
2021) 

OPEX fixed EUR/(MW_syngas*a) 180.368,00 102.505,00 75.315,00 (Rosenstiehl, 
2021) 

Ratio 
Input_2/Input_1 t_ CO2 /t_ H2O 0,33 0,47 0,59 (Rosenstiehl, 

2021) 
 

 
4 No data available, therefore the same ratio as for high-temperature electrolysis is assumed here 
5 No data available, therefore the same ratio as for thermochemical synthesis gas is assumed here 
6 Corresponds to 1.3 tons of water per ton of synthesis gas 
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 Unit 2030 2040 2050 Sources 

RWGS 

Input_1: 
Input_2: 
Input_3: 
Input_4: 

Hydrogen 
Electricity 
Heat HT 
CO2 

Output_1: 
Output_2: 

Synthesis gas 
H2O 

CAPEX EUR/MW_syngas 121.242,00 121.242,00 121.242,00 (Rezaei and 
Dzuryk, 2019) 

Efficiency 
Output_1 MWh_syngas/MWh_ H2 0,93 0,93 0,93 (Rezaei and 

Dzuryk, 2019) 
Efficiency 
Output_2 t_ H2 O/MWh_ H2 0,07 0,07 0,07 (Rezaei and 

Dzuryk, 2019) 

Service life a 30,00 30,00 30,00 (Giesen et al., 
2014) 

OPEX fixed EUR/(MW_syngas*a) 3.637,00 3.637,00 3.637,00 Own assumption: 
3 % of CAPEX 

OPEX var EUR/MWh_syngas 0,00 0,00 0,00 Own assumption 
Ratio 
Input_2/Input_1 MWh_el/MWh_ H2 0,21 0,21 0,21 Partial report 3 

Ratio 
Input_3/Input_1 MWh_th/MWh_ H2 0,10 0,10 0,10 Partial report 3 

Ratio 
Input_4/Input_1 t_ CO2 /MWh_ H2 0,19 0,19 0,19 (Rezaei and 

Dzuryk, 2019) 
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Table 2-7: Development of techno-economic parameters of the synthesis processes, including 
preparation 

  Unit 2030 2040 2050 Source 

Methanization 

Input_1: 
Input_2: 

Hydrogen 
CO2 

Output_1 
Output_2: 
Output_3: 

syn. methane 
H2O 
Heat LT 

CAPEX EUR/MW_SNG 600.000,00 350.000,00 200.000,00 Partial report 3 
Efficiency 
Output_1 t_SNG/MWh_ H2 0,75 0,8 0,85 Partial report 3 

Efficiency 
Output_2 t_ H2 O/MWh_H2 0,19 0,18 0,17 Partial report 3 

Efficiency 
Output_3 MWh_th/MWh_ H2 0,25 0,2 0,15 

Own 
assumption: 
Remaining 
energy is 
converted into 
waste heat 

Service life a 26,00 27,00 28,00 

(Assumption 
based on 
Bründlinger et 
al., 2018; Child 
et al., 2019; 
Schick et al., 
2018) 

Unavailability - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/(MW_SNG*a) 18000,00 10500,00 6000,00 

(Agora 
Energiewende, 
2018),  
3% of CAPEX  

OPEX var EUR/MWh_SNG 0,00 0,00 0,00 Own 
assumption 

Ratio 
Input_2/Input_1 t_ CO2 /MWh_ H2 0,17 0,16 0,15 

Own 
assumption 
based on 
stoichiometric 
calculation 

Ammonia synthesis 
Input_1: 
Input_2: 

Hydrogen 
Electricity 

Output_1:  Ammonia 

CAPEX EUR/MW 717.815,00 717.815,00 717.815,00 (Bartels, 2008) 

Efficiency MWh_ammonia/ 
MWh_H2 

0,78 0,78 0,78 (Bartels, 2008) 

Service life a 30,00 30,00 30,00 (Bartels, 2008) 
OPEX fixed EUR/MW 493,00 493,00 493,00 (Bartels, 2008) 
Ratio 
Input_2/Input_1 Share 0,06 0,06 0,06 (Bartels, 2008) 
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  Unit 2030 2040 2050 Source 

Methanol synthesis 

Input_1: 
Input_2: 
Input_3: 

Hydrogen 
Electricity 
CO2 

Output_1: 
Output_2: 
Output_3: 

syn. methanol 
Heat LT 
H2O 

CAPEX EUR/MW_Methanol 1.283.807,0
0 

1.283.807,0
0 

1.283.807,0
0 Partial report 3 

Efficiency 
Output_1 

MWh_methanol/ 
MWh_H2 

0,88 0,88 0,88 Partial report 3 

Efficiency 
Output_2 MWh_th/MWh_ H2 0,38 0,38 0,38 Partial report 3 

Efficiency 
Output_3 t_H2 O/MWh_ H2 0,09 0,09 0,09 Partial report 3 

Service life a 30,00 30,00 30,00 (Fasihi et al., 
2016) 

Unavailability - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/ 
(MW_Methanol*a) 51.352,00 51.352,00 51.352,00 

Own 
assumption: 4% 
of CAPEX 

Ratio 
Input_2/Input_1 MW_el/MW_ H2 0,27 0,27 0,27 Partial report 3 

Ratio 
Input_3/Input_1 MW_el/t_ CO2 0,22 0,22 0,22 Partial report 3 

Methanol-to-diesel7 

Input_1: Methanol 
Output_1: 
Output_2: 
Output_3: 

syn. Diesel 
Heat LT 
H2O 

CAPEX EUR/MW_Diesel 1.250.000,0
0 

1.250.000,0
0 

1.250.000,0
0 

(Brynolf et al., 
2018) 

Efficiency 
Output_1 

MWh_Diesel/ 
MWh_Methanol 0,66 0,76 0,87 Partial report 3 

Efficiency 
Output_2 

MWh_th/ 
MWh_Methanol 0,09 0,09 0,09 Partial report 3 

Efficiency 
Output_3 

t_H2 O/ 
MWh_Methanol 0,10 0,10 0,10 Partial report 3 

Lifetime a 30,00 30,00 30,00 (Arnold et al., 
2018) 

Unavailability - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/(MW_Diesel*a) 50.000,00 50.000,00 50.000,00 (Brynolf et al., 
2018) 

OPEX var EUR/MWh 0,00 0,00 0,00 Own 
assumption 

 

 
7  Assumptions were made regarding the techno-economic parameters analogous to the methanol-to-gasoline 
process. 
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  Unit 2030 2040 2050 Source 

Methanol-to-gasoline 

Input_1: Methanol 
Output_1: 
Output_2: 
Output_3: 

syn. Gasoline 
Heat LT 
H2O 

CAPEX EUR/MW_petrol 1.250.000,0
0 

1.250.000,0
0 

1.250.000,0
0 

(Brynolf et al., 
2018) 

Efficiency 
Output_1 

MWh_petrol/ 
MWh_Methanol 0,66 0,76 0,87 Partial report 3 

Efficiency 
Output_2 

MWh_th/ 
MWh_Methanol 0,09 0,09 0,09 Partial report 3 

Efficiency 
Output_3 

t_H2 O/ 
MWh_Methanol 0,10 0,10 0,10 Partial report 3 

Lifetime a 30,00 30,00 30,00 (Arnold et al., 
2018) 

Unavailability8 - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/(MW_petrol*a) 50.000,00 50.000,00 50.000,00 (Brynolf et al., 
2018) 

OPEX var EUR/MWh_petrol 0,00 0,00 0,00 Own 
assumption 

Methanol-to-kerosenes9 

Input_1: Methanol 
Output_1: 
Output_2: 
Output_3: 

syn. kerosene 
Heat LT 
H2O 

CAPEX EUR/MW_Kerosene 1.250.000,0
0 

1.250.000,0
0 

1.250.000,0
0 

(Brynolf et al., 
2018) 

Efficiency 
Output_1 

MWh_kerosene/ 
MWh_Methanol 0,66 0,76 0,87 Partial report 3 

Efficiency 
Output_2 

MWh_th/ 
MWh_Methanol 0,09 0,09 0,09 Partial report 3 

Efficiency 
Output_3 

t_H2 
O/MWh_Methanol 0,10 0,10 0,10 Partial report 3 

Lifetime a 30,00 30,00 30,00 (Arnold et al., 
2018) 

Unavailability - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/(MW_Kerosene
*a) 50.000,00 50.000,00 50.000,00 (Brynolf et al., 

2018) 

OPEX var EUR/MWh_Kerosene 0,00 0,00 0,00 Own 
assumption 

 

 
8  Assumption analogous to methanol synthesis. 
9  Assumptions were made regarding the techno-economic parameters analogous to the methanol-to-gasoline 
process. 
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  Unit 2030 2040 2050 Source 

Fischer-Tropsch synthesis (HT) 

Input_1: Synthesis gas 
Output_1: 
Output_2: 
Output_3: 
Output_4: 
Output_5: 
Output_6: 

syn. naphtha 
syn. Gasoline 
syn. kerosene 
syn. Diesel 
Heat LT 
H2O 

CAPEX10 EUR/MW_Naphtha 1.542.998,0 1.542.998,0 1.542.998,0 (Borugadda et 
al., 2020) 

Efficiency 
Output_111 

MWh_naphtha/ 
MWh_syngas 0,20 0,20 0,20 

Own calculation 
based on Klerk 
(2011) and own 
assumptions 

Efficiency 
Output_2 

MWh_petrol/ 
MWh_syngas 0,12 0,12 0,12 

Own calculation 
based on Klerk 
(2011) and own 
assumptions 

Efficiency 
Output_3 

MWh_kerosene/ 
MWh_syngas 0,10 0,10 0,10 

Own calculation 
based on Klerk 
(2011) and own 
assumptions 

Efficiency 
Output_4 

MWh_diesel/ 
MWh_syngas 0,10 0,10 0,10 

Own calculation 
based on Klerk 
(2011) and own 
assumptions 

Efficiency 
Output_512 

MWh_th/ 
MWh_syngas 0,27 0,27 0,27 (Fasihi et al., 

2016) 
Efficiency 
Output_6 

MWh_H2 O/ 
MWh_syngas 0,08 0,08 0,08 (Fasihi et al., 

2016) 
Service life a 30,00 30,00 30,00 Partial report 3 

Unavailability - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/ 
(MW_Naphtha*a) 81.779,00 81.779,00 81.779,00 

Own 
assumption of 
5.3% CAPEX/a 
based on 
Bründlinger et 
al. (2018) and 
Agora 
Verkehrswende 
(2018) 

OPEX var EUR/MWh_Naphtha 0,00 0,00 0,00 Own 
assumption 

 

 
10  Cost data do not correspond exactly to the design of the FT synthesis shown here, as no data are available for the 
design shown here. In addition to the data presented in Borugadda et al. (2020) the costs for land procurement are 
added, as these are not included in Borugadda et al. (2020) (assumption: costs for land procurement correspond to 2.5 
% of the total investment). 
11 Efficiencies of output_1 to output_4 are based on own calculations which may be subject to error 
12  Efficiencies of Output_5 and Output_6 are taken from a different data source than the efficiencies of Outputs_1 
to Outputs_4. Therefore, the overall efficiency of the FT synthesis is only an approximation. 
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  Unit 2030 2040 2050 Source 

Fischer-Tropsch synthesis (LT) 

Input_1: Synthesis gas 
Output_1: 
Output_2: 
Output_3: 
Output_4: 
Output_5: 
Output_6: 

syn. Diesel 
syn. naphtha 
syn. Gasoline 
syn. kerosene 
Heat LT 
H2O 

CAPEX13 EUR/MW_Diesel 1.038.134,00 1.038.134,00 1.038.134,00 (Borugadda 
et al., 2020) 

Efficiency 
Output_114 

MWh_diesel/ 
MWh_syngas 0,29 0,29 0,29 

Own 
calculation 
based on 
Klerk (2011) 
and own 
assumptions 

Efficiency 
Output_2 

MWh_naphtha/ 
MWh_syngas 0,08 0,08 0,08 

Own 
calculation 
based on 
Klerk (2011) 
and own 
assumptions 

Efficiency 
Output_3 

MWh_petrol/ 
MWh_syngas 0,07 0,07 0,07 

Own 
calculation 
based on 
Klerk (2011) 
and own 
assumptions 

Efficiency 
Output_4 

MWh_kerosene/ 
MWh_syngas 0,07 0,07 0,07 

Own 
calculation 
based on 
Klerk (2011) 
and own 
assumptions 

Efficiency 
Output_515 

MWh_th/ 
MWh_syngas 0,27 0,27 0,27 (Fasihi et al., 

2016) 
Efficiency 
Output_616 

MWh_ H2O/ 
MWh_syngas 0,08 0,08 0,08 (Fasihi et al., 

2016) 

Lifetime a 30,00 30,00 30,00 Partial report 
3 

Unavailability - 0,05 0,05 0,05 Own 
assumption 

OPEX fixed EUR/(MW_Diesel*a) 5.502 5.502 5.502 Own 
assumption 
of 5.3% 
CAPEX/a 
based on 
Bründlinger 
et al. (2018) 
and Agora 
Verkehrswen
de (2018) 

OPEX var EUR/MWh_Diesel 0 0 0 Own 
assumption 

 

 
13  Cost data do not correspond exactly to the design of the FT synthesis shown here, as no data are available for the 
design shown here. In addition to the data presented in Borugadda et al. (2020) the costs for land procurement are 
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added, as these are not included in Borugadda et al. (2020) (assumption: costs for land procurement correspond to 2.5 
% of the total investment). 
14 Efficiencies of output_1 to output_4 are based on own calculations which may be subject to error 
15  Efficiencies of Output_5 and Output_6 are taken from a different data source than the efficiencies of Outputs_1 
to Outputs_4. Therefore, the overall efficiency of the FT synthesis is only an approximation. 
16  It is unclear whether the data presented in Fasihi et al. (2016) also include water for upgrading and would have 
to be deducted accordingly from the water output of FT synthesis including treatment (as modeled here). 
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2.2 Techno-Economic parameters of technologies for energy transport 

 

Table 2-8: Development of techno-economic parameters of the technologies for energy 
transport 

  Unit 2030-2050 Source 
Electricity     

HVDC17     

CAPEX EUR/(km*MW) 1.062,00 Based on Vrana and Härtel 
(2018) 

Efficiency distance dependente dependent Share/(1,000 km) 0,97 Own assumption 

Service life A 40,00 (Cebulla, 2017) 
Ammonia       
Pipeline offshore       

CAPEX EUR/(km*MW) 109,37 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependente dependent Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 55,80 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependente dependent Share/(1,000 km) 1,00 Own assumption 
Hydrogen     

Pipeline offshore     

CAPEX EUR/(km*MW) 341,70 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependente dependent Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 174,34 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependente dependent Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependente dependent Share 0,97 Partial report 12  

OPEX fixed EUR/(MWh*km) 54,82 
Average value for routes 
considered based on sub-
report 12 

 

 
17  The costs for converter stations are allocated to the distance dependente-specific costs based on the average 
transportation distance dependente 
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  Unit 2030-2050 Source 
syn. methanol     

Pipeline offshore     

CAPEX EUR/(km*MW) 114,00 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependente dependent Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 58,16 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependent. Share 1,00 Own assumption 

OPEX fixed EUR/(MWh*km) 3,06 Own assumption 

syn. naphtha     

Pipeline offshore     

CAPEX EUR/(km*MW) 54,38 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 27,75 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependent. Share 1,00 Own assumption 

OPEX fixed MW 1,20 
Average value for routes 
considered based on sub-
report 12 

syn. methane     

Pipeline offshore     

CAPEX EUR/(km*MW) 154,23 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 78,69 
Own calculations based on 
Peters et al. (2006) and 
IEAGHG (2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependent. Share 0,99 Partial report 12 

OPEX fixed EUR/(MWh*km) 11,17 
Average value for routes 
considered based on sub-
report 12 
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  Unit 2030-2050 Source 
syn. Diesel     

Pipeline offshore     

CAPEX EUR/(km*MW) 57,64 
Own calculations based on 
Peters et al. (2006) and IEAGHG 
(2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 29,41 
Own calculations based on 
Peters et al. (2006) and IEAGHG 
(2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependent. Share 1,00 Own assumption 

OPEX fixed EUR/(MWh*km) 1,20 
Average value for routes 
considered based on sub-report 
12 

syn. Gasoline     

Pipeline offshore     

CAPEX EUR/(km*MW) 57,31 
Own calculations based on 
Peters et al. (2006) and IEAGHG 
(2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 29,24 
Own calculations based on 
Peters et al. (2006) and IEAGHG 
(2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependent. Share 1,00 Own assumption 

OPEX fixed EUR/(MWh*km) 1,20 
Average value for routes 
considered based on sub-report 
12 

syn. kerosene     

Pipeline offshore     

CAPEX EUR/(km*MW) 65,60 
Own calculations based on 
Peters et al. (2006) and IEAGHG 
(2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Pipeline onshore     

CAPEX EUR/(km*MW) 33,47 
Own calculations based on 
Peters et al. (2006) and IEAGHG 
(2013) 

Efficiency distance dependent. Share/(1,000 km) 1,00 Own assumption 
Tanker     

Efficiency distance dependent. Share 1,00 Own assumption 

OPEX fixed EUR/(MWh*km) 1,20 
Average value for routes 
considered based on sub-report 
12 
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