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Table 4.4: Energy prices  

 ADAPT and TRANSFORM 

 Unit 2030 2035 2040 2045 2050 

Natural gas €2015/GJ 10.7 10.7 10.7 10.7 11.2 

Oil €2015/GJ 14.6 14.6 15.4 16.6 18.6 

Coal €2015/GJ 2.9 2.9 3.1 3.3 3.5 

Biomass, used cooking oil (UCO) €2015/GJ 16.2 16.2 16.2 16.2 16.2 

Biomass, woody, domestic €2015/GJ 5.4 5.4 5.4 5.4 5.4 

Biomass, woody, import, cheap €2015/GJ 9.7 9.7 9.7 9.7 9.7 

Biomass, woody, import, expensivea €2015/GJ 12.7 12.7 12.7 12.7 12.7 

Bio-oil €2015/GJ 8 8 8 8 8 

Bio-methanol €2015/GJ 27.3 25.4 45.9 35.7 66.4 

Bio-ethanol €2015/GJ 34.3 32.8 56.8 61.7 118.9 

Bio-kerosine €2015/GJ 33.8 29.9 41.1 23.2 45.8 

E-methanol €2015/GJ 230.8 218.0 205.3 192.5 179.8 

E-kerosine €2015/GJ 36.5 22.8 41.1 23.2 23.2 

Hydrogen €2015/GJ 24.7 20.7 16.7 12.7 8.7 

Ammonia €2015/GJ 167.2 149.0 130.8 112.7 94.5 

  



 Non-GHG and indirect CO2 emissions  



 







 

 

 



 

    

    

    

    

             

                    

            

     

    

       

           

   

    

     

                 

                  

              

              

               

               

                

       

 
 
 
  
  
  
  



 

 

   

    

    

    

    

    

             

                    

            

     

    

       

           

   

    

     

                 

                  

              

              

               

               

                

       

 
 
 
  
  
  
  



 

   

    

    

    

    

    
             

                    

            

       

           

    

           

                 

        

    

             

       

      

       

                      

            

 
 
 
  
  
  
  



 

 

 

   

   

   

   

    

    

    

    

                 

                    

            

       

           

    

           

                 

        

    

             

            

       

      

            

 
 
 
  
  
  
  



 

   

   

   

   

   

      

        

         

             

                   

           

      

                 

 
  
 
  
  
  
 
  
  

 
 



 

   

   

   

   

   

                 

     

       

       

           

   

    

     

            

             

       

                           

        

 
  
 
  
  
  
 
  
  

 
 











 



 







 





 

 



 

 

   

   

   

   

   

   

   

   

             

       

                    

            

       

           

    

           

                 

        

    

             

      

            

 
 
 
  
  
  
  



 

    

     

    

     

    

     

    

         

    

         

    

         

 

  

   

   

   

   

   

   

   

             

           

            

        

           

       

       

 
 
 
  
  
  
  



 



    

     

    

     

    

     

    

         

    

         

    

         

 

  

   

   

                

            

        

       

 
 
 
  
  
  
  



 



 

 

    

     

    

     

    

     

    

     

    

     

    

         

    

         

    

         

    

         

    

         

 

   

   

   

   

   

   

             

            

       

           

           

        

    

             

      

            

 
 
 
  
  
  
  



 

 

 

  

  

  

  

  

  

  

  

             

            

            

           

           

                 

    

      

 
 
 
  
  
  
  



Figure 5.20 Remaining CO2, non-CO2 emissions in ADAPT and TRANSFORM. The graph shows emissions 

from domestic energy use (i.e. excluding international aviation and shipping)  



 



 

  

  

  

  

  
      

                      

              

        

               

                  

                   

          

         

     

 
  
 



 

  

  

  

  

  
      

                      

              

        

               

                  

                   

          

         

     

 
  
 



 

 

  

  

  

  

  
      

          

                   

        

         

           

 
  
 







 



  

Figure 5.25  Net total electricity flows in TWh between regions in 2050 for ADAPT (left) and TRANSFORM (right)  



  

Figure 5.26  Net total hydrogen flows in PJ between regions in 2050 for ADAPT (left) and TRANSFORM (right)  
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Figure C.1 illustrates the study results regarding the biomass potentials for different scenarios 

for 2030 and 2050. 
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Import of used cooking oil (UCO) and animal fats (AF) 

Same approach is implemented for the UCO & AF import potentials. 10% of the supply 

potential within EU and from outside was considered. This resulted in an estimate of 48 PJ. 

https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Dutch%20Wood%20Pellet%20Imports%20Reach%20New%20High_The%20Hague_Netherlands_04-19-2021.pdf
https://unece.org/sites/default/files/2021-11/netherlands-country-market-statement-2021.pdf
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Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

913 Mono manure AD Green gas Agriculture PJ/yr PJ 93.0      85.8      78.7      19.70     19.70     19.70     0.000     0.000     0.000     N 1.445     1.445     1.445     20 SDE++ 2023 Eindadvies

985 Lignocellulosic ethanol production Refinery PJ/yr PJ 114.6     94.9      76.9      12.80     12.10     11.40     3.000     3.000     3.000     N 2.595     2.273     1.951     20 ADVANCEFUEL (2020), SDE++ 2021 

Eindadvies

986 Ethanol from biomass (starch) Refinery PJ/yr PJ 62.3      60.7      59.0      29.97     29.97     29.97     0.000     0.000     0.000     N 1.835     1.835     1.835     20 ECN & PBL, E-design model (2011)

987 Ethanol from biomass (sugar) Refinery PJ/yr PJ 79.6      69.8      60.1      22.95     22.95     22.95     0.000     0.000     0.000     N 2.237     2.237     2.237     20 ECN & PBL, E-design model (2011)

998 H2 from Biomass gasification H2 supply PJ/yr PJ 93.4      80.8      68.9      5.77      5.20      4.62      0.000     0.000     0.000     N 1.457     1.457     1.457     20 ECN & PBL, E-design model (2011)

1003 Micro-CHP Fuel cell (WB existing buildings) Residential PJ/yr PJ 405.7     374.2     274.2     4.27      3.84      3.41      0.000     0.000     0.000     N 1.058     1.058     1.058     15 ECN & PBL, E-design model (2011)

1012 Solar-PV Residential Residential GW PJ 871.8     731.5     591.2     12.00     10.70     9.40      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1013 Biomass gasification with CC  Electricity generation GW PJ 13,010.2  11,279.9  9,645.0   0.00      0.00      0.00      14.269    14.269    14.269    N 2.435     2.435     2.435     25 ECN & PBL, E-design model (2011)

1016 ATR with CC H2 supply PJ/yr PJ 38.1      38.1      38.1      1.27      1.27      1.27      0.000     0.000     0.000     N 1.250     1.250     1.250     20 TNO datasheet

1020 Solar thermal - Services Services PJ/yr PJ 18.0      18.4      15.2      0.06      0.06      0.06      0.000     0.000     0.000     N 1.000     1.000     1.000     15 ECN & PBL, E-design model (2011)

1021 Micro CHP fuel cel Services buildings  Services PJ/yr PJ 342.8     316.2     231.7     4.27      3.84      3.41      0.000     0.000     0.000     N 1.058     1.058     1.058     10 ECN & PBL, E-design model (2011)

1022 Soil heat pump - Services Services PJ/yr PJ 62.4      62.7      50.7      1.74      1.75      1.76      0.000     0.000     0.000     N 1.000     1.000     1.000     15 TNO datasheet

1023 Ground water heat pump - Services Services PJ/yr PJ 43.8      44.1      35.6      1.59      1.59      1.60      0.000     0.000     0.000     N 1.000     1.000     1.000     15 TNO datasheet

1024 Hybride WP boiler Services buildings  Services PJ/yr PJ 475.5     487.4     401.8     6.86      6.86      6.86      0.000     0.000     0.000     N 1.000     1.000     1.000     10 ECN & PBL, E-design model (2011)

1027 REF HR-107 - Services Services PJ/yr PJ 2.4       2.4       2.4       0.11      0.11      0.11      0.000     0.000     0.000     N 1.085     1.099     1.099     10 Vesta model PBL, TNO datasheet

1029 Solar thermal - Newly built - Residential Residential PJ/yr PJ 18.0      18.4      15.2      0.06      0.06      0.06      0.000     0.000     0.000     N 1.000     1.000     1.000     15 SDE++ 2021 Eindadvies

1035 REF HR-107 - Existing - Residential Residential PJ/yr PJ 2.1       2.1       2.1       0.10      0.10      0.10      0.000     0.000     0.000     N 1.048     1.071     1.071     10

1037 REF HR-107 - Newly built - Residential Residential PJ/yr PJ 2.7       2.5       2.3       0.10      0.10      0.10      0.000     0.000     0.000     N 1.048     0.964     0.859     10

1039 Solar thermal - Existing - Residential Residential PJ/yr PJ 18.0      18.4      15.2      0.06      0.06      0.06      0.000     0.000     0.000     N 1.000     1.000     1.000     15 SDE++ 2021 Eindadvies

1042 Wind offshore Electricity generation GW PJ 1,620.0   1,555.0   1,490.0   23.40     22.90     22.40     1.667     1.667     1.667     N 1.000     1.000     1.000     30 TNO datasheet

1043 REF H2 from SMR H2 supply PJ/yr PJ 25.7      23.1      20.6      1.04      0.94      0.83      0.000     0.000     0.000     N 1.350     1.350     1.350     20 ECN & PBL, E-design model (2011)

1044 Boilers SHT coal  Other industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1045 Hydrogen Medium Temp Boilers - Industry Other industry PJ/yr PJ 4.5       4.8       4.2       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

1046 Hot water electric boiler - Industry Other industry PJ/yr PJ 2.1       2.2       1.8       0.03      0.03      0.03      0.139     0.125     0.111     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

1047 Electric Industrial Heat Pump - Industry Other industry PJ/yr PJ 24.7      23.1      17.2      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1048 Natural Gas Industrial Heat Pump - Industry Other industry PJ/yr PJ 146.8     146.8     146.8     7.34      7.34      7.34      0.000     0.000     0.000     N 1.364     1.364     1.364     25 Danish Energy Agency (2021)

1049 CHP biomass (liquid)  Other industry PJ/yr PJ 73.1      73.1      73.1      8.39      8.39      8.39      0.000     0.000     0.000     N 1.515     1.515     1.515     15 ECN & PBL, E-design model (2011)

1050 CHP biomass (liquid) CC  Other industry PJ/yr PJ 77.0      77.0      77.0      21.00     21.00     21.00     3.551     3.551     3.551     N 1.595     1.595     1.595     15 ECN & PBL, E-design model (2011)

1051 CHP biomass (solid) CC  Other industry PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1052 CHP gas CC  Other industry PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1053 CHP biomass (solid) Industry Other industry PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1054 CHP gas  Other industry PJ/yr PJ 10.7      11.8      10.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1055 Boilers LT biomass CC  Other industry PJ/yr PJ 64.4      64.4      64.4      1.25      1.25      1.25      0.000     0.000     0.000     N 1.437     1.437     1.437     25 Danish Energy Agency (2021)

1056 Coal boiler 100-200C - Industry Other industry PJ/yr PJ 14.8      14.4      14.0      1.03      1.00      0.97      0.306     0.306     0.306     N 1.136     1.136     1.136     25 Danish Energy Agency (2021)

1057 Boilers LT natural gas CC  Other industry PJ/yr PJ 24.8      24.8      24.8      0.11      0.11      0.11      0.000     0.000     0.000     N 1.205     1.205     1.205     25 Danish Energy Agency (2021)

1059 Boilers LT coal  Other industry PJ/yr PJ 14.8      14.4      14.0      1.03      1.00      0.97      0.306     0.306     0.306     N 1.136     1.136     1.136     25 Danish Energy Agency (2021)



UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

1060 Natural Gas Low Temp Boilers - Industry Other industry PJ/yr PJ 1.3       1.4       1.3       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1061 Boilers HT biomass CC  Other industry PJ/yr PJ 63.9      63.9      63.9      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1062 Boilers HT coal CC  Other industry PJ/yr PJ 53.8      53.8      53.8      1.13      1.13      1.13      0.000     0.000     0.000     N 1.379     1.379     1.379     25 Danish Energy Agency (2021)

1063 NG DF 200-400C - Industry Other industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1064 Biomass Medium Temp Boilers - Industry Other industry PJ/yr PJ 18.4      19.0      15.8      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

1065 Natural Gas Medium Temp Boilers - Industry Other industry PJ/yr PJ 1.3       1.4       1.3       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1066 Boilers HT coal  Other industry PJ/yr PJ 14.8      14.4      14.0      1.03      1.00      0.97      0.306     0.306     0.306     N 1.136     1.136     1.136     25 Danish Energy Agency (2021)

1067 Boilers SHT biomass CC  Other industry PJ/yr PJ 63.9      63.9      63.9      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1068 Boilers SHT coal CC  Other industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1069 NG DF 200-400C  - Industry Other industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1070 Natural Gas DF > 400 C - Industry Other industry PJ/yr PJ 0.4       0.5       0.4       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1071 Biomass High Temp Boilers - Industry Other industry PJ/yr PJ 18.4      19.0      15.8      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

1072 REF Boilers natural gas Industry  Other industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1073 REF CHP gas  Other industry PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1083 REF Steam Cracking (conventional) Chemical industry Mton 

olefins/yr

Mton 

olefins

599.7     599.6     599.6     30.07     30.07     30.07     0.000     0.000     0.000     Y 72.647    72.647    76.525    15 ECN & PBL, E-design model (2011)

1090 Wind onshore Electricity generation GW PJ 1,103.0   1,076.0   1,049.0   10.00     10.00     10.00     2.570     2.505     2.440     N 1.000     1.000     1.000     25 RESolve-E model

1096 Gas Combustion STEG CC   Electricity generation GW PJ 856.3     843.5     830.7     0.00      0.00      0.00      2.204     2.204     2.204     N 1.938     1.895     1.852     20 ECN & PBL, E-design model (2011)

1098 Biomass gasification   Electricity generation GW PJ 1,423.6   1,383.6   1,343.6   0.00      0.00      0.00      4.530     4.530     4.530     N 2.191     2.191     2.191     20 ECN & PBL, E-design model (2011)

1101 REF natural gas CCGT Electricity generation GW PJ 7.0       675.1     650.0     0.01      0.01      0.01      0.417     0.417     0.417     N 1.565     1.408     1.124     20 COMPETES model

1108 Natural gas CCGT Electricity generation GW PJ 700.1     675.1     650.0     0.01      0.01      0.01      0.417     0.417     0.417     N 1.639     1.639     1.639     20 COMPETES model

1111 Agriculture Geothermal  Agriculture PJ/yr PJ 74.9      69.1      63.2      0.80      0.80      0.80      0.000     0.000     0.000     N 1.000     1.000     1.000     20 ECN & PBL, E-design model (2011)

1113 Agriculture Biomassboiler  Agriculture PJ/yr PJ 20.4      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1114 Agriculture WKO with warmtepomp  Agriculture PJ/yr PJ 88.3      81.5      74.6      1.23      1.23      1.23      0.000     0.000     0.000     N 1.212     1.222     1.220     20 ECN & PBL, E-design model (2011)

1117 Kleinschalige biomass Combustion   Electricity generation GW PJ 3,430.7   3,334.3   3,237.8   0.00      0.00      0.00      7.583     7.583     7.583     N 1.136     1.137     1.136     15 ECN & PBL, E-design model (2011)

1118 Gasturbine 250u  Electricity generation GW PJ 393.9     393.9     393.9     0.00      0.00      0.00      0.906     0.906     0.906     N 2.632     2.632     2.632     15 ECN & PBL, E-design model (2011)

1159 REF Boilers rest Industry ebalans Other industry PJ/yr PJ 7.4       7.4       7.4       0.43      0.43      0.43      0.000     0.000     0.000     N 1.129     1.129     1.129     15

1213 REF Electricity MT transmissielijn Electricity generation GW PJ 690.0     690.0     690.0     17.25     17.25     17.25     0.000     0.000     0.000     N 1.020     1.020     1.020     25

1214 REF Electricity HT to MT transformer Electricity generation GW PJ 28.7      28.7      28.7      0.00      0.00      0.00      0.000     0.000     0.000     N 1.020     1.020     1.020     30 TNO datasheet

1215 REF Electricity MT to HT transformer Electricity generation GW PJ 28.7      28.7      28.7      0.00      0.00      0.00      0.000     0.000     0.000     N 1.020     1.020     1.020     30 TNO datasheet

1219 REF Boilers rest Residential ebalans Residential PJ/yr PJ 2.1       2.1       2.1       0.10      0.10      0.10      0.000     0.000     0.000     N 1.250     1.250     1.250     15

1220 REF Boilers natural gas Residential ebalans Residential PJ/yr PJ 2.1       2.1       2.1       0.10      0.10      0.10      0.000     0.000     0.000     N 1.950     1.984     2.069     15

1225 REF Boilers rest Services ebalans Services PJ/yr PJ 2.7       2.8       2.8       0.13      0.12      0.12      0.000     0.000     0.000     N 1.126     1.126     1.118     15

1226 REF Boilers natural gas Services ebalans Services PJ/yr PJ 2.7       2.6       2.5       0.13      0.12      0.12      0.000     0.000     0.000     N 1.073     1.110     1.110     15

1231 REF Boilers rest Agriculture ebalans Agriculture PJ/yr PJ 2.7       2.6       2.5       0.13      0.12      0.12      0.000     0.000     0.000     N 1.150     1.153     1.153     15

1232 REF Boilers natural gas Agriculture ebalans Agriculture PJ/yr PJ 2.7       2.6       2.5       0.13      0.12      0.12      0.000     0.000     0.000     N 1.111     1.111     1.111     15 ECN & PBL, E-design model (2011)

1244 REF Electricity LT distribution grid Electricity generation GW PJ 916.0     916.0     916.0     22.90     22.90     22.90     0.000     0.000     0.000     N 1.020     1.020     1.020     30 TNO datasheet

1245 REF Electricity MT to LT transformer Electricity generation GW PJ 118.8     118.8     118.8     0.00      0.00      0.00      0.000     0.000     0.000     N 1.020     1.020     1.020     30 TNO datasheet

1246 REF Electricity LT to MT transformer Electricity generation GW PJ 118.8     118.8     118.8     0.00      0.00      0.00      0.000     0.000     0.000     N 1.020     1.020     1.020     25

1248 REF CHP gas Agriculture ebalans Agriculture PJ/yr PJ 57.8      57.8      57.8      1.69      1.69      1.69      0.000     0.000     0.000     N 1.129     1.138     1.138     15

1261 REF Natural gas MD to HD connector Gas supply PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1262 REF Natural gas HD to MD connector Gas supply PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1263 REF Natural gas MD Pipeline Gas supply GW PJ 116.9     116.9     116.9     2.92      2.92      2.92      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1265 REF Natural gas LD to MD connector Gas supply PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1266 REF Natural gas MD to LD connector Gas supply PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1267 REF Natural gas LD distribution grid Gas supply GW PJ 474.1     474.1     474.1     11.85     11.85     11.85     0.000     0.000     0.000     N 1.000     1.000     1.000     25

1284 REF fossil refinery Refinery PJ/yr PJ 5.5       5.5       5.5       0.21      0.21      0.21      0.000     0.000     0.000     N 1.078     1.076     1.076     25

1285 REF CHP gas refineries ebalans Refinery PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1286 REF Boilers natural gas refineries ebalans Refinery PJ/yr PJ 4.0       4.0       4.0       0.38      0.38      0.38      0.000     0.000     0.000     N 1.112     1.111     1.111     15

1289 REF Boilers rest refineries ebalans Refinery PJ/yr PJ 4.8       4.8       4.8       0.45      0.45      0.45      0.000     0.000     0.000     N 1.167     1.158     1.106     15

1290 REF CHP rest refineries ebalans Refinery PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 1.131     1.128     1.161     15
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1327 H2 Methanation process Gas supply PJ/yr PJ 13.9      13.9      13.9      1.39      1.39      1.39      0.000     0.000     0.000     N 1.000     1.000     1.000     10

1335 H2 solar reformer H2 supply GW PJ 402.0     402.0     402.0     22.11     22.11     22.11     0.000     0.000     0.000     N 1.885     1.885     1.885     20

1339 H2 connector pipeline naar distribution grid H2 supply PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     20

1340 H2 connector distribution grid naar filling 

station

H2 supply PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     20

1351 REF ICE personencar Mobility M vehicles G vkm car 20,147.7  20,147.7  20,147.7  388.25    374.57    360.88    0.000     0.000     0.000     Y 1.904     1.823     1.823     10 PRIMES TREMOVE

1352 REF PI hybride car Mobility M vehicles G vkm car 24,846.1  24,060.4  23,274.7  334.26    317.86    301.46    0.000     0.000     0.000     Y 1.448     1.389     1.365     10 PRIMES TREMOVE

1353 REF elektrische car Mobility M vehicles G vkm car 24,037.5  23,144.6  22,251.6  249.45    239.58    229.71    0.000     0.000     0.000     Y 1.026     0.715     0.525     10 PRIMES TREMOVE

1354 CNG car Mobility M vehicles G vkm car 21,004.1  21,004.1  21,004.1  363.31    352.24    341.17    0.000     0.000     0.000     Y 1.928     1.863     1.799     10 PRIMES TREMOVE

1355 Elektrische car Mobility M vehicles G vkm car 28,958.0  26,763.5  24,569.0  300.51    277.07    253.64    0.000     0.000     0.000     Y 0.513     0.499     0.485     10 PRIMES TREMOVE

1356 REF H2 car Mobility M vehicles G vkm car 37,995.8  33,563.1  29,130.5  449.62    398.54    347.46    0.000     0.000     0.000     Y 1.136     1.136     1.136     10 PRIMES TREMOVE

1357 Diesel hybrid car with high fuel reduction Mobility M vehicles G vkm car 24,840.5  24,840.5  24,840.5  478.68    461.81    444.94    0.000     0.000     0.000     Y 0.663     0.663     0.663     10 PRIMES TREMOVE

1358 PI car Mobility M vehicles G vkm car 25,170.3  24,337.5  23,504.7  338.62    321.53    304.44    0.000     0.000     0.000     Y 1.267     1.180     1.094     10

1359 Flex boiler waste gasses Other industry PJ/yr PJ 4.8       4.8       4.8       0.45      0.45      0.45      0.000     0.000     0.000     N 1.333     1.333     1.333     15

1360 Flex CHP waste gasses Other industry PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 2.804     2.804     2.804     15

1363 E85 flex-fuel car Mobility M vehicles G vkm car 19,587.0  19,587.0  19,587.0  398.15    389.19    380.23    0.000     0.000     0.000     Y 2.087     2.087     2.087     10 PRIMES TREMOVE

1364 REF HDV truck Mobility M vehicles Bn vkm 

HDV

145,779.7 146,982.0 148,073.0 1,733.36  1,747.65  1,760.62  0.000     0.000     0.000     Y 13.273    11.669    11.084    8 PRIMES TREMOVE

1365 LNG truck Mobility M vehicles Bn vkm 

HDV

178,162.3 178,162.3 178,162.3 1,532.44  1,532.44  1,532.44  0.000     0.000     0.000     Y 18.212    18.143    18.074    8 PRIMES TREMOVE

1366 H2 HDV truck Mobility M vehicles Bn vkm 

HDV

424,034.8 298,318.4 263,862.7 2,238.35  1,870.81  1,503.28  0.000     0.000     0.000     Y 7.967     7.937     7.907     8 PRIMES TREMOVE

1370 Heat transmission grid Central heat supply GW PJ 435.0     435.0     435.0     10.50     10.50     10.50     0.000     0.000     0.000     N 1.333     1.333     1.333     25 Afman (2017)

1371 Natural Gas Medium Temp Boilers - Chemical Chemical industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1372 Natural Gas Medium Temp Boilers - Refineries Refinery PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1373 Natural Gas CHP - Chemical Chemical industry PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1374 Natural Gas CHP - Refineries Refinery PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1375 REF ammonia production Fertilizer industry Mton 

NH3/yr

Mton 

NH3

356.3     356.3     356.3     0.00      0.00      0.00      12.167    12.167    12.167    Y 29.709    29.756    29.998    20

1387 REF Natural Gas CHP - Basic metals Basic metal ferro PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1388 Natural Gas Medium Temp Boilers - Basic 

Metals

Basic metal ferro PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

1391 REF CHP rest chemical ebalans Chemical industry PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 1.137     1.118     1.114     15

1392 REF Boilers rest chemical ebalans Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.45      0.45      0.45      0.000     0.000     0.000     N 1.111     1.111     1.111     15

1395 REF CHP rest basic metal ebalans Basic metal ferro PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 1.000     1.071     1.071     15

1396 REF Boilers rest basic metal ebalans Basic metal ferro PJ/yr PJ 0.5       0.5       0.5       0.45      0.45      0.45      0.000     0.000     0.000     N 1.000     1.000     1.000     15
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1422 Flex CHP waste gasses refineries Refinery PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 2.804     2.804     2.804     15

1423 Flex boiler waste gasses refineries Refinery PJ/yr PJ 4.8       4.8       4.8       0.45      0.45      0.45      0.000     0.000     0.000     N 1.333     1.333     1.333     15

1425 Flex CHP waste gasses chemical Chemical industry PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 2.804     2.804     2.804     15

1426 Flex boiler waste gasses chemical Chemical industry PJ/yr PJ 4.8       4.8       4.8       0.45      0.45      0.45      0.000     0.000     0.000     N 1.333     1.333     1.333     15

1428 Flex CHP waste gasses basic metal Basic metal ferro PJ/yr PJ 21.2      21.2      21.2      0.76      0.76      0.76      0.000     0.000     0.000     N 2.804     2.804     2.804     15

1429 Flex boiler waste gasses basic metal Basic metal ferro PJ/yr PJ 4.8       4.8       4.8       0.45      0.45      0.45      0.000     0.000     0.000     N 1.333     1.333     1.333     15

1430 Hydrogen Medium Temp Boilers - Basic Metals Basic metal ferro PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

1431 CHP biomass (solid) CC basic metal Basic metal ferro PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1432 CHP gas CC basic metal Basic metal ferro PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1434 Biomass Medium Temp Boilers with CC - Basic 

Metals

Basic metal ferro PJ/yr PJ 63.9      63.9      63.9      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1435 Boilers HT biomass basic metal Basic metal ferro PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1436 Hydrogen Medium Temp Boilers - Chemical Chemical industry PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

1437 CHP biomass (solid) CC chemical Chemical industry PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1438 CHP gas CC chemical Chemical industry PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1439 CHP biomass (solid) chemical Chemical industry PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1440 Biomass DF 200-400C - Chemical Chemical industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1441 Biomass Medium Temp Boilers - Chemical Chemical industry PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

1442 Hydrogen Medium Temp Boilers - Refineries Refinery PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

1443 CHP biomass (solid) CC refineries Refinery PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1444 CHP gas CC refineries Refinery PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1446 Biomass DF 200-400C - refineries Refinery PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1447 Biomass Medium Temp Boilers - Refineries Refinery PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

1448 CHP biomass (solid) basic metal Basic metal ferro PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1449 CHP biomass (solid) refineries Refinery PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1461 Onshore substation and trafo offshore to 

onshore grid

Electricity generation GW PJ 167.5     167.5     167.5     0.00      0.00      0.00      0.000     0.000     0.000     N 1.015     1.015     1.015     30

1462 Solar-PV Vertical (incl. bif noise barriers) Services GW PJ 1,002.7   893.0     783.3     13.04     11.62     10.21     0.000     0.000     0.000     N 1.000     1.000     1.000     25

1463 Solar-PV Bifacial vertical Agriculture GW PJ 1,002.7   893.0     783.3     13.04     11.62     10.21     0.000     0.000     0.000     N 1.000     1.000     1.000     25

1464 Solar-PV Services Services GW PJ 523.0     436.7     385.5     8.60      7.65      6.70      0.000     0.000     0.000     N 1.000     1.000     1.000     25

1465 Solar-PV large scale utilities Electricity generation GW PJ 463.7     387.4     311.0     11.15     10.83     10.51     0.000     0.000     0.000     N 1.000     1.000     1.000     25 TNO datasheet 

1466 CC add on to Haber-Bosch NH3 production Fertilizer industry Mton/yr Mton 33.5      33.5      33.5      1.00      1.00      1.00      5.600     5.600     5.600     N 0.450     0.450     0.450     20 MIDDEN

1467 NG DF 200-400C refineries Refinery PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1468 NG DF 200-400C - Basic Metals Ferro Basic metal ferro PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1469 NG DF 200-400C - Chemical Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1497 STEG H2 Electricity generation GW PJ 599.0     599.0     479.9     0.00      0.00      0.00      1.010     1.010     1.010     N 1.851     1.759     1.667     20 COMPETES model

1509 E85 flex-fuel car with high efficiency Mobility M vehicles G vkm car 23,096.2  23,096.0  23,096.0  398.15    380.23    380.23    0.000     0.000     0.000     Y 1.189     1.189     1.189     10 PRIMES TREMOVE

1511 CO2 from air capture Gas supply Mton/yr Mton 600.0     450.0     300.0     34.00     28.00     22.00     0.000     0.000     0.000     N 9.900     9.900     9.900     15

1512 CO2 storage component after capture Gas supply Mton/yr Mton 278.0     278.0     278.0     0.00      0.00      0.00      0.000     0.000     0.000     N 0.000     0.000     0.000     20 SDE++ 2021 Eindadvies

1561 H2 from Oil gasification with CC plus H2 supply PJ/yr PJ 26.6      26.6      26.6      4.01      4.01      4.01      0.915     0.915     0.915     N 1.441     1.441     1.441     20

1581 CHP biomass (liquid) Industry CC plus Other industry PJ/yr PJ 115.4     115.4     115.4     31.49     31.49     31.49     5.327     5.327     5.327     N 1.693     1.693     1.693     15

1582 Biomass CHP with CC - Industry Other industry PJ/yr PJ 125.3     124.2     98.3      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)
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1583 Natural Gas CHP with CC - Industry Other industry PJ/yr PJ 45.8      49.5      43.3      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1584 Biomass Low Temp Boilers with CC - Industry Other industry PJ/yr PJ 63.3      68.3      59.7      1.25      1.25      1.25      0.000     0.000     0.000     N 1.437     1.437     1.437     25 Danish Energy Agency (2021)

1585 Boilers LT coal Industry CC plus Other industry PJ/yr PJ 41.5      41.5      41.5      1.16      1.16      1.16      0.000     0.000     0.000     N 1.410     1.410     1.410     25 Danish Energy Agency (2021)

1586 Natural Gas Low Temp Boilers with CC - 

Industry

Other industry PJ/yr PJ 24.3      26.3      23.0      0.11      0.11      0.11      0.000     0.000     0.000     N 1.205     1.205     1.205     25 Danish Energy Agency (2021)

1587 Biomass Medium Temp Boilers with CC - 

Industry

Other industry PJ/yr PJ 62.8      67.8      59.2      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1588 Boilers HT coal industry CC plus Other industry PJ/yr PJ 53.8      53.8      53.8      1.13      1.13      1.13      0.000     0.000     0.000     N 1.379     1.379     1.379     25 Danish Energy Agency (2021)

1589 Natural Gas Medium Temp Boilers with CC - 

Industry

Other industry PJ/yr PJ 23.6      25.5      22.3      0.11      0.11      0.11      0.000     0.000     0.000     N 1.166     1.166     1.166     25 Danish Energy Agency (2021)

1590 Biomass High Temp Boilers with CC - Industry Other industry PJ/yr PJ 62.8      67.8      59.2      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1591 Boilers SHT coal Industry CC plus Other industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1592 NG DF 200-400C- Industry Other industry PJ/yr PJ 0.5       0.5       0.4       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1594 H2 from SMR with CC plus H2 supply PJ/yr PJ 20.2      19.4      18.6      3.90      3.90      3.90      0.737     0.737     0.737     N 1.421     1.421     1.421     20

1595 Biomass gasification BVSTEG with CC plus Electricity generation GW PJ 19,515.3  18,799.8  18,084.4  0.00      0.00      0.00      21.404    21.404    21.404    N 2.678     2.678     2.678     20

1599 Natural gas CCGT wCC Electricity generation GW PJ 1,455.1   1,258.0   1,066.2   0.03      0.03      0.03      1.697     1.697     1.697     N 1.768     1.768     1.768     20 COMPETES model

1607 H2 from Biomass gasification CC plus H2 supply PJ/yr PJ 141.6     141.6     141.6     14.14     14.14     14.14     1.442     1.442     1.442     N 1.543     1.543     1.543     20

1611 Biomass CHP with CC - Basic metals Basic metal ferro PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1612 Natural Gas CHP with CC - Basic metals Basic metal ferro PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1613 Biomass boiler 200-400C - Basic Metals Ferro Basic metal ferro PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

1614 Biomass CHP with CC - Chemical Chemical industry PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1615 Natural Gas CHP with CC - Chemical Chemical industry PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1616 Biomass Medium Temp Boilers with CC - 

Chemical

Chemical industry PJ/yr PJ 63.9      63.9      63.9      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1619 Natural Gas CHP with CC - Refineries Refinery PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

1620 Biomass Medium Temp Boilers with CC - 

Refineries

Refinery PJ/yr PJ 63.9      63.9      63.9      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

1622 Natural Gas Medium Temp Boilers with CC - 

Refineries

Refinery PJ/yr PJ 24.0      24.0      24.0      0.11      0.11      0.11      0.000     0.000     0.000     N 1.166     1.166     1.166     25 Danish Energy Agency (2021)

1623 Natural Gas Medium Temp Boilers with CC - 

Basic Metals

Basic metal ferro PJ/yr PJ 24.0      24.0      24.0      0.11      0.11      0.11      0.000     0.000     0.000     N 1.166     1.166     1.166     25 Danish Energy Agency (2021)

1624 Natural Gas Medium Temp Boilers with CC - 

Chemical

Chemical industry PJ/yr PJ 24.0      24.0      24.0      0.11      0.11      0.11      0.000     0.000     0.000     N 1.166     1.166     1.166     25 Danish Energy Agency (2021)

1626 Biomass CHP with CC - Refineries Refinery PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

1627 Hydropower Electricity generation GW PJ 1,183.1   1,183.1   1,183.1   0.00      0.00      0.00      0.938     0.938     0.938     N 1.000     1.000     1.000     20

1630 Heat savings - Basic metals ferro Basic metal ferro PJ/yr PJ 138.9     138.9     138.9     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

1631 Heat savings level 1 - Other industry Other industry PJ/yr PJ 18.9      18.9      18.9      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

1633 Electricity savings level 1 - Basic metals ferro Basic metal ferro PJ/yr PJ 51.7      51.7      51.7      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

1648 Diesel truck with 5% fuel consumption 

reduction

Mobility M vehicles Bn vkm 

HDV

146,559.1 148,074.0 150,764.0 1,742.62  1,760.64  1,792.62  0.000     0.000     0.000     Y 12.609    11.028    10.372    8 PRIMES TREMOVE

1650 Hybrid bus Mobility M vehicles G vkm 

bus

16,694.0  16,694.0  16,694.0  0.00      0.00      0.00      0.000     0.000     0.000     Y 8.728     8.728     8.728     10 PRIMES TREMOVE

1651 REF Fuel cell bus Mobility M vehicles G vkm 

bus

111,286.0 53,807.0  38,800.0  0.00      0.00      0.00      0.000     0.000     0.000     Y 8.280     8.280     8.280     10 PRIMES TREMOVE

1652 CNG bus Mobility M vehicles G vkm 

bus

24,192.0  24,192.0  24,192.0  0.00      0.00      0.00      0.000     0.000     0.000     Y 9.226     9.226     9.226     10 PRIMES TREMOVE

1653 REF BEV bus Mobility M vehicles G vkm 

bus

59,333.0  31,297.0  19,013.0  0.00      0.00      0.00      0.000     0.000     0.000     Y 4.140     4.140     4.140     10 PRIMES TREMOVE
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1654 ICE hybrid diesel van Mobility M vehicles G vkm 

LDV

24,469.3  24,469.3  24,469.3  0.00      0.00      0.00      0.000     0.000     0.000     Y 1.246     1.246     1.246     12 PRIMES TREMOVE

1656 Gasoline hybrid car with high fuel reduction Mobility M vehicles G vkm car 22,343.3  22,343.3  22,343.3  397.74    386.40    375.07    0.000     0.000     0.000     Y 0.755     0.755     0.755     10 PRIMES TREMOVE

1705 Biomass DF > 400 C Boilers - Industry Other industry PJ/yr PJ 6.9       7.4       6.5       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

1721 REF MSW incineration Waste GW PJ 3,670.0   3,670.0   3,670.0   65.63     65.63     65.63     0.000     0.000     0.000     Y 62.655    62.655    62.655    15

1722 Natural Gas Industrial Heat Pump - Chemical Chemical industry PJ/yr PJ 146.8     146.8     146.8     7.34      7.34      7.34      0.000     0.000     0.000     N 1.364     1.364     1.364     25 Danish Energy Agency (2021)

1723 Natural Gas Industrial Heat Pump - Basic 

Metals

Basic metal ferro PJ/yr PJ 162.6     169.1     141.8     7.34      7.34      7.34      0.000     0.000     0.000     N 1.364     1.364     1.364     25 Danish Energy Agency (2021)

1724 Geothermal Industrial Heat Pump - Industry Other industry PJ/yr PJ 86.8      72.1      58.7      3.88      3.49      3.10      0.000     0.000     0.000     N 1.000     1.016     1.036     20 ECN & PBL, E-design model (2011)

1725 REF WP Services Services PJ/yr PJ 48.6      40.4      25.5      1.20      0.96      0.72      0.000     0.000     0.000     N 1.000     1.000     1.000     15 TNO datasheet

1726 REF WP Residential Residential PJ/yr PJ 480.5     492.5     406.0     0.00      0.00      0.00      0.000     0.000     0.000     N 0.999     1.000     1.000     15 ECN & PBL, E-design model (2011)

1741 REF Boilers natural gas gas supply Gas supply PJ/yr PJ 4.0       4.0       4.0       0.38      0.38      0.38      0.000     0.000     0.000     N 1.087     1.087     1.087     15 ECN & PBL, E-design model (2011)

1742 REF CHP gas gas supply Gas supply GW PJ 3,000.5   3,000.3   3,000.2   0.64      0.64      0.64      0.000     0.000     0.000     N 1.211     1.208     1.214     15 ECN & PBL, E-design model (2011)

1743 Mono manure CHP Agriculture GW PJ 5,235.7   5,235.7   5,235.7   433.20    433.20    433.20    0.000     0.000     0.000     N 2.257     2.257     2.257     15 SDE++ 2023 Eindadvies

1744 REF AD of waste and sewage water - CHP Waste GW PJ 1,593.2   1,593.2   1,593.2   0.00      0.00      0.00      0.000     0.000     0.000     N 1.176     1.176     1.176     15

1745 Green gas from allesvergister (GFT) Waste PJ/yr PJ 46.4      46.4      46.4      4.08      4.08      4.08      0.530     0.530     0.530     N 1.010     1.010     1.010     15 SDE++ 2021 Eindadvies

1747 Biomass CHP - Refineries Refinery PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1748 Biomass CHP - Basic metals Basic metal ferro PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1749 Biomass CHP - Chemical Chemical industry PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1750 Biomass CHP - Industry Other industry PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

1754 CHP biomass (solid) Services Services PJ/yr PJ 45.5      44.9      44.3      2.48      2.48      2.48      0.000     0.000     0.000     N 1.389     1.379     1.368     15 ECN & PBL, E-design model (2011)

1756 Solar -PV industry Other industry GW PJ 523.0     436.7     368.0     6.96      6.83      6.70      0.000     0.000     0.000     N 1.000     1.000     1.000     15

1757 Geothermal HP - LT Heat for FB Industry   < 

100C

Food and Beverage 

Industry

PJ/yr PJ 57.9      57.9      57.9      0.80      0.80      0.80      0.000     0.000     0.000     N 1.000     1.000     1.000     20 Danish Energy Agency (2021)

1758 REF AD of waste and sewage water - Green 

gas

Waste PJ/yr PJ 33.0      33.0      33.0      2.38      2.38      2.38      0.000     0.000     0.000     N 1.010     1.010     1.010     15

1760  H2 car Mobility M vehicles G vkm car 38,677.7  34,173.1  29,668.6  457.69    405.78    353.88    0.000     0.000     0.000     Y 0.789     0.765     0.742     10

1763 REF BOF steel making Basic metal ferro Mton 

steel/yr

Mton 

steel

527.9     527.9     527.9     33.18     33.18     33.18     9.000     9.000     9.000     Y 16.573    16.573    16.573    30 TNO datasheet

1764 Steel making TGR-BF wCC Basic metal ferro Mton 

steel/yr

Mton 

steel

779.9     779.9     779.9     65.03     65.03     65.03     0.000     0.000     0.000     Y 19.020    19.020    19.020    30 TNO datasheet

1765 Steelmaking DR with natural gas Basic metal ferro Mton 

steel/yr

Mton 

steel

737.0     737.0     737.0     22.11     22.11     22.11     0.000     0.000     0.000     Y 10.550    10.550    10.550    30 MIDDEN

1766 Steelmaking DR with ext. H2 Basic metal ferro Mton 

steel/yr

Mton 

steel

414.0     414.0     414.0     12.42     12.42     12.42     0.000     0.000     0.000     Y 11.928    11.928    11.928    30 TNO datasheet

1767 Hisarna Basic metal ferro Mton 

steel/yr

Mton 

steel

356.0     332.2     308.3     60.00     50.25     40.50     0.000     0.000     0.000     Y 14.600    14.600    14.600    30 TNO datasheet

1768 Hisarna wCC Basic metal ferro Mton 

steel/yr

Mton 

steel

520.0     437.5     355.0     355.00    210.25    65.50     0.000     0.000     0.000     Y 18.830    18.830    18.830    30 TNO datasheet

1769 REF MWT Agriculture Mobile machinery PJ/yr PJ 287.9     287.9     287.9     0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     15

1770 REF MWT Services Mobile machinery PJ/yr PJ 287.9     287.9     287.9     0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     15

1771 REF MWT Industry Mobile machinery PJ/yr PJ 287.9     287.9     287.9     0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     15

1772 Hybride MWT Agriculture Mobile machinery PJ/yr PJ 619.2     619.2     619.2     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.825     0.825     0.825     15

1773 Hybride MWT Services Mobile machinery PJ/yr PJ 619.2     619.2     619.2     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.900     0.893     0.887     15

1774 Electric MWT Services Mobile machinery PJ/yr PJ 619.2     619.2     619.2     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.438     0.438     0.438     12
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[Mln euro(2015)/UoA]
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1775 REF wood stove residential Residential PJ/yr PJ 22.5      22.5      22.5      0.80      0.80      0.80      0.000     0.000     0.000     N 1.604     1.604     1.604     15 Biomass Futures project (2012)

1776 REF AD boiler - Other Industry Other industry PJ/yr PJ 26.1      26.1      26.1      1.30      1.30      1.30      0.000     0.000     0.000     N 1.000     1.000     1.000     15 SDE++ 2021 Eindadvies

1780 REF rest non energetic and other conversions Chemical industry PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 177.710   278.62 215.833   25

1781 Hybride MWT Industry Mobile machinery PJ/yr PJ 619.2     619.2     619.2     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.825     0.825     0.825     15

1782 Electric MWT Industry Mobile machinery PJ/yr PJ 619.2     619.2     619.2     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.400     0.400     0.400     15

1783 ULCOWIN Basic metal ferro Mton 

steel/yr

Mton 

steel

0.0       768.0     640.0     0.00      54.00     45.00     0.000     0.000     0.000     Y 14.010    14.010    14.010    30 TNO datasheet

1784 ULCOLYSIS Basic metal ferro Mton 

steel/yr

Mton 

steel

0.0       858.0     715.0     0.00      69.60     58.00     0.000     0.000     0.000     Y 14.540    14.540    14.540    30 TNO datasheet

1795 Electric Medium Temp Boilers Other industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

1798 MSW incineration CC Waste GW PJ 5,176.3   5,176.3   5,176.3   65.67     65.67     65.67     0.000     0.000     0.000     Y 62.655    62.655    62.655    25

1799 Post-Combustion CC in Refineries Refinery Mton/yr Mton 270.0     270.0     270.0     12.09     12.09     12.09     4.960     4.960     4.960     N 4.290     4.290     4.290     20 TNO datasheet

1800 CO2-afvang chemical add-on Chemical industry Mton/yr Mton 266.5     266.5     266.5     8.00      8.00      8.00      0.000     0.000     0.000     N 5,766 5,766 5,766 20 SDE++ 2023 Eindadvies

1801 CO2-afvang basic metal add-on Basic metal ferro Mton/yr Mton 266.5     266.5     266.5     8.00      8.00      8.00      0.000     0.000     0.000     N 5,766 5,766 5,766 20 SDE++ 2023 Eindadvies

1818 Hybride WP boiler (boilerdeel, existing 

buildings)

Residential PJ/yr PJ 23.6      19.9      16.2      0.86      0.86      0.86      0.000     0.000     0.000     N 1.087     1.087     1.087     15 TNO datasheet

1819 Hybride WP boiler (WP-deel, existing buildings) Residential PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 0.974     0.974     0.974     15 TNO datasheet

1834 CNG van Mobility M vehicles G vkm 

LDV

19,508.8  19,508.8  19,508.8  331.65    331.65    331.65    0.000     0.000     0.000     Y 2.700     2.700     2.700     12 PRIMES TREMOVE

1835 H2 van Mobility M vehicles G vkm 

LDV

36,490.7  32,068.6  27,646.5  713.47    627.01    540.55    0.000     0.000     0.000     Y 1.200     1.200     1.200     12 PRIMES TREMOVE

1836 BEV van Mobility M vehicles G vkm 

LDV

25,220.7  23,803.7  22,386.7  261.73    247.02    232.32    0.000     0.000     0.000     Y 0.612     0.612     0.612     12 PRIMES TREMOVE

1837 PI van Mobility M vehicles G vkm 

LDV

23,821.5  23,351.7  22,881.9  365.64    358.43    351.22    0.000     0.000     0.000     Y 0.894     0.894     0.894     12 PRIMES TREMOVE

1838 LNG inland navigation freight Mobility 1000 

vessels

G tkm 3,537.5   3,537.5   3,537.5   0.00      0.00      0.00      0.000     0.000     0.000     Y 0.117     0.106     0.096     30 PRIMES TREMOVE

1841 REF ICE van Mobility M vehicles G vkm 

LDV

21,231.4  21,231.4  21,231.4  636.94    636.94    636.94    0.000     0.000     0.000     Y 2.938     3.128     4.031     12 PRIMES TREMOVE

1852 REF Nuclear power plant Electricity generation GW PJ 7,104.1   7,104.1   7,104.1   157.76    157.76    157.76    0.000     0.000     0.000     N 2.864     2.857     2.857     50

1853 Nuclear energy Gen IV - Electricity production Electricity generation GW PJ 6,318.0   6,318.0   6,318.0   77.00     77.00     77.00     2.470     2.470     2.470     N 2.941     2.941     2.941     60 Scheepers (2021)

1855 SNG from lignocellulosics Gas supply PJ/yr PJ 87.0      78.5      70.0      5.00      4.50      4.00      3.000     3.000     3.000     N 1.531     1.531     1.531     35 SDE++ 2021 Eindadvies

1859 SNG from lignocellulosics with CC Gas supply PJ/yr PJ 90.0      81.0      72.0      5.00      4.50      4.00      4.000     3.500     3.000     N 1.554     1.554     1.554     35 SDE++ 2021 Eindadvies

1860 Bio-DME production Refinery PJ/yr PJ 68.0      61.0      54.0      4.00      3.50      3.00      3.000     2.500     2.000     N 1.522     1.522     1.522     35

1862 Biomass gasification + FT towards diesel Refinery PJ/yr PJ 77.0      69.5      62.0      5.00      4.50      4.00      3.000     3.000     3.000     N 1.580     1.580     1.580     35 SDE++ 2022 Eindadvies

1864 Biobenzine from biomass Refinery PJ/yr PJ 97.8      97.8      97.8      3.91      3.91      3.91      0.000     0.000     0.000     N 1.602     1.602     1.602     35 Hannula (2013)

1879 Biobenzine from biomass LP Refinery PJ/yr PJ 96.6      96.6      96.6      3.86      3.86      3.86      0.000     0.000     0.000     N 1.221     1.221     1.221     35 Hannula (2013)

1881 H2 from SMR CC  from shifted syngas low H2 supply PJ/yr PJ 27.8      25.2      22.7      0.85      0.77      0.69      0.000     0.000     0.000     N 1.354     1.354     1.354     25

1882 H2 from SMR CC  from shifted syngas high H2 supply PJ/yr PJ 31.4      28.6      25.7      1.00      0.91      0.82      0.000     0.000     0.000     N 1.429     1.429     1.429     25
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1883 H2 from SMR CC  from PSA tail gas low H2 supply PJ/yr PJ 32.0      28.8      25.6      1.06      1.06      1.06      0.000     0.000     0.000     N 1.375     1.375     1.375     25

1884 H2 from SMR CC  from PSA tail gas high H2 supply PJ/yr PJ 34.2      30.8      27.3      1.09      1.09      1.09      0.000     0.000     0.000     N 1.313     1.313     1.313     25

1885 H2 from SMR CC  from flue gas H2 supply PJ/yr PJ 46.1      41.5      36.9      1.34      1.34      1.34      0.000     0.000     0.000     N 1.445     1.445     1.445     25

1888 H2 from Biomass gasification  Fast Internally 

Circulating Fluidized Bed’ (FICFB) gasifier 

centraal

H2 supply PJ/yr PJ 120.7     120.7     120.7     5.96      5.96      5.96      0.000     0.000     0.000     N 1.668     1.668     1.668     20

1891 H2 from thermochemical water splitting 

centraal

H2 supply PJ/yr PJ 363.6     327.3     290.9     25.95     23.35     20.76     0.000     0.000     0.000     N 3.472     3.472     3.472     20

1892 H2 from photocatalysis PEC centraal H2 supply PJ/yr PJ 218.4     196.5     174.7     21.02     18.91     16.81     0.000     0.000     0.000     N 12.216    12.216    12.216    20

1893 H2 from supercritical waterelktrolysis of 

biomass lokaal

H2 supply PJ/yr PJ 199.2     179.3     159.4     79.70     71.73     63.76     0.000     0.000     0.000     N 2.722     2.722     2.722     20

1939 P2L FT pathway, external H2, incl direct air 

capture

Refinery PJ/yr PJ 65.0      51.0      37.0      3.00      2.00      1.00      0.000     0.000     0.000     N 2.094     2.055     1.925     20

1940 P2L FT pathway, external H2, external CO2 Refinery PJ/yr PJ 15.0      13.5      12.0      1.00      0.00      0.00      0.000     0.000     0.000     N 1.508     1.495     1.391     20

1956 P2L FT pathway, low temp electrolysis, direct 

air capture

Refinery PJ/yr PJ 115.0     84.5      54.0      5.00      3.50      2.00      0.000     0.000     0.000     N 2.717     2.570     2.545     20

1957 P2L FT pathway, low temp electrolysis, 

external CO2

Refinery PJ/yr PJ 65.0      47.0      29.0      3.00      2.00      1.00      0.000     0.000     0.000     N 2.131     2.011     1.817     20

1960 P2L FT pathway, high temp electrolysis, direct 

air capture

Refinery PJ/yr PJ 97.2      91.1      64.6      4.86      4.56      3.23      0.000     0.000     0.000     N 2.371     2.301     2.226     20

1961 P2L FT pathway, high temp electrolysis, 

external CO2

Refinery PJ/yr PJ 67.3      61.3      32.3      3.37      3.06      1.62      0.000     0.000     0.000     N 1.785     1.741     1.691     20

1996 Marine fuel vessel Bunkers PJ/yr PJ 50.0      50.0      50.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     20

2005 Pyrolysis fuel production Refinery PJ/yr PJ 39.6      34.2      28.8      4.17      3.60      3.03      0.000     0.000     0.000     N 2.110     2.110     2.110     20 Sierk de Jong (2017)

2006 Alcohol-to-jet Refinery PJ/yr PJ 8.9       7.0       5.1       1.14      0.90      0.66      0.000     0.000     0.000     N 1.209     1.209     1.209     20 Sierk de Jong (2017)

2007 HEFA Refinery PJ/yr PJ 11.3      11.3      11.3      1.81      1.81      1.81      0.000     0.000     0.000     N 1.139     1.139     1.138     20 S. de Jong (2017)

2010 Natural Gas Direct Firing HT400 - Ferro Basic metal ferro PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2011 Electric Direct Firing HT400 - Ferro Basic metal ferro PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2012 Hydrogen DF > 400 C  - Basic Metals Ferro Basic metal ferro PJ/yr PJ 1.5       1.5       1.5       0.05      0.05      0.05      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2013 Biomass DF 200-400C - Basic Metals Ferro Basic metal ferro PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2014 Biomass DF > 400C - Basic Metals Basic metal ferro PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2015 Electric High Temp Boilers - Basic Metals Basic metal ferro PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2016 Electric Medium Temp Boilers - Basic Metals Basic metal ferro PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2020 Electrification of Steam Crackers Chemical industry Mton 

olefins/yr

Mton 

olefins

422.9     422.9     422.9     30.07     30.07     30.07     0.000     0.000     0.000     Y 85.832    85.832    85.832    20

2023 Waste Gas CHP - Chemical Chemical industry PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

2024 Waste Gas CHP with CC - Chemical Chemical industry PJ/yr PJ 52.9      52.9      52.9      0.48      0.48      0.48      0.000     0.000     0.000     N 1.294     1.294     1.294     25 Danish Energy Agency (2021)

2025 Natural Gas DF > 400 C - Chemical Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2026 NG DF 100-200C- chemical Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2027 Hydrogen High Temp Boilers - Chemical Chemical industry PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2028 Biomass DF > 400 C - Chemical Chemical industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2029 Biomass DF > 400C - Chemical Chemical industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2030 Waste Gas High Temp Boilers - Chemical Chemical industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2031 Waste Gas Medium Temp Boilers - Chemical Chemical industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2032 Waste Gas High Temp Boilers with CC - 

Chemical

Chemical industry PJ/yr PJ 28.9      28.9      28.9      0.11      0.11      0.11      0.000     0.000     0.000     N 1.184     1.184     1.184     25 Danish Energy Agency (2021)

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

2033 Waste Gas Medium Temp Boilers with CC - 

Chemical

Chemical industry PJ/yr PJ 28.1      28.1      28.1      0.11      0.11      0.11      0.000     0.000     0.000     N 1.219     1.219     1.219     25 Danish Energy Agency (2021)

2034 Electric High Temp Boilers - Chemical Chemical industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2035 Electric Medium Temp Boilers - Chemical Chemical industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2036 Electric Industrial Heat Pump - Chemical Chemical industry PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2037 Mechanical Vapour Recompression - Chemical Chemical industry PJ/yr PJ 40.2      36.2      32.1      0.03      0.01      1.14e-03  0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2040 Natural Gas CHP - Fertilizers Fertilizer industry PJ/yr PJ 11.6      11.6      11.6      0.40      0.40      0.40      0.000     0.000     0.000     N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

2041 Natural Gas CHP with CC - Fertilizers Fertilizer industry PJ/yr PJ 46.7      46.7      46.7      0.48      0.48      0.48      0.000     0.000     0.000     N 1.276     1.276     1.276     25 Danish Energy Agency (2021)

2042 Biomass CHP - Fertilizers Fertilizer industry PJ/yr PJ 31.8      31.8      31.8      1.36      1.36      1.36      2.010e-05 2.010e-05 2.010e-05 N 1.176     1.176     1.176     25 Danish Energy Agency (2021)

2043 Biomass CHP with CC - Fertilizers Fertilizer industry PJ/yr PJ 96.0      96.0      96.0      2.00      2.00      2.00      0.000     0.000     0.000     N 1.387     1.387     1.387     25 Danish Energy Agency (2021)

2044 REF NG Steam 200-400 boiler - Fertilizer Fertilizer industry PJ/yr PJ 3.7       3.7       3.7       0.35      0.35      0.35      0.000     0.000     0.000     N 1.111     1.111     1.111     15

2045 REF NG Steam 100-200 boiler - Fertilizer Fertilizer industry PJ/yr PJ 3.7       3.7       3.7       0.35      0.35      0.35      0.000     0.000     0.000     N 1.111     1.111     1.111     15

2046 Natural Gas High Temp Boilers with CC - 

Fertilizers

Fertilizer industry PJ/yr PJ 24.0      24.0      24.0      0.11      0.11      0.11      0.000     0.000     0.000     N 1.166     1.166     1.166     25 Danish Energy Agency (2021)

2047 Natural Gas Medium Temp Boilers with CC - 

Fertilizers

Fertilizer industry PJ/yr PJ 24.8      24.8      24.8      0.11      0.11      0.11      0.000     0.000     0.000     N 1.205     1.205     1.205     25 Danish Energy Agency (2021)

2048 Hydrogen High Temp Boilers - Fertilizers Fertilizer industry PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2049 Hydrogen Medium Temp Boilers - Fertilizers Fertilizer industry PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2050 Biomass High Temp Boilers - Fertilizers Fertilizer industry PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

2051 Biomass Medium Temp Boilers - Fertilizers Fertilizer industry PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

2052 Biomass High Temp Boilers with CC - Fertilizers Fertilizer industry PJ/yr PJ 63.9      63.9      63.9      1.24      1.24      1.24      0.000     0.000     0.000     N 1.421     1.421     1.421     25 Danish Energy Agency (2021)

2053 Biomass Medium Temp Boilers with CC - 

Fertilizers

Fertilizer industry PJ/yr PJ 64.4      64.4      64.4      1.25      1.25      1.25      0.000     0.000     0.000     N 1.437     1.437     1.437     25 Danish Energy Agency (2021)

2054 Electric High Temp Boilers - Fertilizers Fertilizer industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2055 Electric Medium Temp Boilers - Fertilizers Fertilizer industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2056 Natural Gas Industrial Heat Pump - Fertilizers Fertilizer industry PJ/yr PJ 146.8     146.8     146.8     7.34      7.34      7.34      0.000     0.000     0.000     N 1.364     1.364     1.364     25 Danish Energy Agency (2021)

2057 Electric Industrial Heat Pump - Fertilizers Fertilizer industry PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2058 Mechanical Vapour Recompression - 

Fertilizers

Fertilizer industry PJ/yr PJ 40.2      36.2      32.1      0.03      0.01      1.14e-03  0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2059 Hydrogen DF > 400 C  - Industry Other industry PJ/yr PJ 1.5       1.5       1.5       0.05      0.05      0.05      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2060 Hydrogen Low Temp Boilers - Industry Other industry PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2061 Electric High Temp Boilers - Industry Other industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2062 Mechanical Vapour Recompression - Industry Other industry PJ/yr PJ 40.2      36.2      32.1      0.03      0.01      1.14e-03  0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2067 NG DF 200-400C - Industry Other industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2072 Biomass DF > 400C  - Industry Other industry PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2081 Naphtha from pyrolysis biooil gasification and 

FT process

Refinery PJ/yr PJ 79.0      79.0      79.0      3.16      3.16      3.16      0.000     0.000     0.000     N 1.751     1.751     1.751     15

2086 10% Co-processing in Conventional Refinery Refinery PJ/yr PJ 5.5       5.5       5.5       0.21      0.21      0.21      0.000     0.000     0.000     N 1.076     1.078     1.079     25

2089 Fast Pirolysis with upgrading Refinery PJ/yr PJ 11.0      10.7      10.4      0.58      0.56      0.54      0.000     0.000     0.000     N 1.993     1.993     1.993     15

2090 Electrification of Refineries Refinery PJ/yr PJ 5.7       5.7       5.7       0.11      0.11      0.11      0.000     0.000     0.000     N 0.882     0.882     0.882     15

2091 Natural Gas DF > 400 C- Refineries Refinery PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2092 NG DF 200-400C - Refineries Refinery PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2093 Hydrogen DF > 400 C - Refineries Refinery PJ/yr PJ 1.5       1.5       1.5       0.05      0.05      0.05      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2094 Biomass DF > 400 C - Refineries Refinery PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2095 Biomass DF > 400C - Refineries Refinery PJ/yr PJ 7.0       7.0       7.0       0.10      0.10      0.10      0.040     0.040     0.040     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2097 Electric Medium Temp Boilers - Refinery Refinery PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050
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Life-
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2100 Mechanical Vapour Recompression - Refinery Refinery PJ/yr PJ 40.2      36.2      32.1      0.03      0.01      1.14e-03  0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2104 Electric High Temp Boilers - Refinery Refinery PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2114 Aquathermal Central heat supply PJ/yr PJ 199.1     177.8     156.5     3.98      3.56      3.13      0.000     0.000     0.000     N 1.325     1.325     1.325     30 TNO datasheet

2115 Solar thermal for district heating without 

storage (all sectors)

Central heat supply PJ/yr PJ 23.8      21.4      19.0      0.31      0.28      0.25      0.000     0.000     0.000     N 1.024     1.024     1.024     25 TNO datasheet

2117 Solar PV floating > 1 MWp Electricity generation GW PJ 579.7     484.2     388.8     13.90     13.58     13.26     0.000     0.000     0.000     N 1.000     1.000     1.000     25 TNO datasheet

2118 SOEC small-scale H2 supply GW PJ 2,110.0   1,825.0   1,540.0   10.00     10.00     10.00     0.000     0.000     0.000     N 1.130     1.130     1.130     20 TNO datasheet

2119 H2 Alkaline small-scale H2 supply GW PJ 1,380.0   1,320.0   1,260.0   110.00    100.00    90.00     0.000     0.000     0.000     N 1.500     1.485     1.470     30 TNO datasheet

2120 H2 Large-scale electrolyser H2 supply GW PJ 700.0     700.0     700.0     20.00     15.00     10.00     0.000     0.000     0.000     N 1.500     1.485     1.470     30 TNO datasheet

2121 REF AD of waste and sewage water - Heat Waste PJ/yr PJ 25.0      24.7      24.3      0.69      0.69      0.69      0.000     0.000     0.000     N 1.176     1.176     1.176     15 TNO datasheet

2122 Geothermal heat production, ultradeep, 

baseload

Other industry PJ/yr PJ 67.2      60.5      53.7      3.88      3.49      3.10      0.000     0.000     0.000     N 1.030     1.030     1.030     25 Danish Energy Agency (2021)

2124 Solar thermal for process hot water without 

storage

Other industry PJ/yr PJ 31.7      28.6      25.4      0.15      0.14      0.12      0.000     0.000     0.000     N 1.024     1.024     1.024     25 TNO datasheet

2125 Biomass boiler for built environment > 5MWth Central heat supply PJ/yr PJ 17.3      17.3      17.3      0.91      0.91      0.91      0.000     0.000     0.000     N 1.111     1.111     1.111     15 TNO datasheet

2126 Air source heat pumps - households Residential PJ/yr PJ 43.3      35.1      27.0      0.67      0.53      0.40      0.000     0.000     0.000     N 1.000     1.000     1.000     20 TNO datasheet

2127 Rooftop PV agriculture Agriculture GW PJ 520.0     435.0     350.0     12.57     12.21     11.85     0.000     0.000     0.000     N 1.000     1.000     1.000     15

2128 H2 PEM small-scale H2 supply GW PJ 1,430.0   1,345.0   1,260.0   80.00     70.00     60.00     0.000     0.000     0.000     N 1.530     1.475     1.420     25 TNO datasheet

2132 Heat savings level 2 - Other industry Other industry PJ/yr PJ 61.7      61.7      61.7      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2133 Electricity savings level 2 - Other industry Other industry PJ/yr PJ 61.7      61.7      61.7      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2143 Pyrolysis Oil Production from biomass Refinery PJ/yr PJ 74.8      72.1      69.4      4.11      3.97      3.82      0.000     0.000     0.000     N 1.133     1.133     1.133     20

2145 Electric truck with 600 km range Mobility M vehicles Bn vkm 385,486.2 271,198.5 239,875.2 2,695.69  1,896.48  1,677.44  0.000     0.000     0.000     Y 5.896     5.873     5.851     8 PRIMES TREMOVE

2146 SMR with cryogenic membrane PSA CC H2 supply GW PJ 951.1     864.7     778.2     29.77     27.06     24.36     0.000     0.000     0.000     N 1.372     1.372     1.372     20

2148 Mono manure AD for heat Agriculture GW PJ 800.0     788.9     777.8     22.22     22.22     22.22     0.000     0.000     0.000     N 1.110     1.110     1.110     15 SDE++ 2019 Eindadvies

2149 H2 Boilers - Households Residential PJ/yr PJ 2.4       2.3       2.2       0.12      0.11      0.11      0.000     0.000     0.000     N 1.031     1.031     1.031     15 Vesta model PBL

2150 H2 Low Temp Boilers - Services Services PJ/yr PJ 2.7       2.6       2.5       0.13      0.12      0.12      0.000     0.000     0.000     N 0.990     0.990     0.990     25 Danish Energy Agency (2021)

2162 Geothermal diep district heating Central heat supply GW PJ 1,523.0   1,370.7   1,218.4   105.00    99.50     94.00     0.001     0.001     0.001     N 1.000     1.000     1.000     25 SDE++ 2021 Eindadvies

2163 Geothermal shallow district heating Central heat supply GW PJ 1,259.0   1,133.1   1,007.2   125.00    112.50    100.00    0.001     0.001     0.001     N 1.000     1.000     1.000     25

2165 H-B NH3 with external H2 Fertilizer industry Mton Mton 302.8     302.8     302.8     10.00     10.00     10.00     0.000     0.000     0.000     Y 29.160    29.160    29.160    20

2166 Electrolyse H-B NH3 Fertilizer industry Mton Mton 979.0     881.1     783.2     22.88     22.88     22.88     0.000     0.000     0.000     Y 38.757    38.757    38.757    20

2169 HVO from UCO Refinery PJ/yr PJ 11.3      11.3      11.3      1.81      1.81      1.81      0.000     0.000     0.000     N 1.065     1.065     1.065     20 S. de Jong (2015)

2170 Terraced houses - startlabel B or DC 

retrofitted to B

Residential M terraced 

houses

M 

terraced 

houses

16,290.0  16,290.0  16,290.0  0.00      0.00      0.00      0.000     0.000     0.000     Y 33.688    33.688    33.688    25 TNO datasheet

2171 Terraced houses - startlabel A+ Residential M terraced 

houses

M 

terraced 

houses

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 8.860     8.860     8.860     25 TNO datasheet

2172 Apartments - startlabel B or DC retrofitted to 

B

Residential M 

apartments

M 

apartmen

ts

10,763.4  10,763.4  10,763.4  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2173 Other dwelllings - startlabel B or DC retrofitted 

to B

Residential M other 

dwellings

M other 

dwellings

18,891.1  18,891.1  18,891.1  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2174 Terraced houses - startlabel GFE Residential M terraced 

houses

M 

terraced 

houses

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2175 Terraced houses - startlabel DC Residential M terraced 

houses

M 

terraced 

houses

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2176 Terraced houses - startlabel A Residential M terraced 

houses

M 

terraced 

houses

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

2177 Apartments - startlabel GFE Residential M 

apartments

M 

apartmen

ts

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2178 Apartments - startlabel DC Residential M 

apartments

M 

apartmen

ts

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2179 Apartments - startlabel DC/B retrofitted to A Residential M 

apartments

M 

apartmen

ts

22,727.9  22,727.9  22,727.9  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2180 Apartments - startlabel A/A+ Residential M 

apartments

M 

apartmen

ts

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2181 Other dwelllings - startlabel GFE Residential M other 

dwellings

M other 

dwellings

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2182 Other dwelllings - startlabel DC Residential M other 

dwellings

M other 

dwellings

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2183 Other dwelllings - startlabel A Residential M other 

dwellings

M other 

dwellings

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     5 TNO datasheet

2184 Other dwelllings - startlabel A+ Residential M other 

dwellings

M other 

dwellings

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2185 Offices - B label Services km2 GFA km2 GFA 115.0     115.0     115.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2186 Offices - GFE label Services km2 GFA km2 GFA 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.783     0.783     0.783     5

2187 Offices - DC label Services km2 GFA km2 GFA 25.0      25.0      25.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2188 Offices - A label Services km2 GFA km2 GFA 140.0     140.0     140.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2189 Offices - A+ label Services km2 GFA km2 GFA 170.0     170.0     170.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2190 Energy in education - GFE label Services km2 GFA km2 GFA 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.386     0.386     0.386     5

2191 Energy in education - DC label Services km2 GFA km2 GFA 30.0      30.0      30.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2192 Energy in education - B label Services km2 GFA km2 GFA 135.0     135.0     135.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2193 Energy in education - A label Services km2 GFA km2 GFA 165.0     165.0     165.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2194 Energy in education - A+ label Services km2 GFA km2 GFA 195.0     195.0     195.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2195 Energy in industrial halls - GFE label Services km2 GFA km2 GFA 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.322     0.322     0.322     5

2196 Energy in industrial halls - DC label Services km2 GFA km2 GFA 20.0      20.0      20.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2197 Energy in industrial halls - B label Services km2 GFA km2 GFA 80.0      80.0      80.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2198 Energy in industrial halls - A label Services km2 GFA km2 GFA 105.0     105.0     105.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2199 Energy in industrial halls - A+ label Services km2 GFA km2 GFA 125.0     125.0     125.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2200 Energy in hospitals - GFE label Services km2 GFA km2 GFA 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.825     0.825     0.825     5

2201 Energy in hospitals - DC label Services km2 GFA km2 GFA 30.0      30.0      30.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2202 Energy in hospitals - B label Services km2 GFA km2 GFA 135.0     135.0     135.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2203 Energy in hospitals - A label Services km2 GFA km2 GFA 165.0     165.0     165.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2204 Energy in hospitals - A+ label Services km2 GFA km2 GFA 190.0     190.0     190.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2205 Energy in rest services - GFE label Services km2 GFA km2 GFA 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.571     0.571     0.571     5

2206 Energy in rest services - DC label Services km2 GFA km2 GFA 30.0      30.0      30.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2207 Energy in rest services - B label Services km2 GFA km2 GFA 135.0     135.0     135.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2208 Energy in rest services - A label Services km2 GFA km2 GFA 165.0     165.0     165.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2209 Energy in rest services - A+ label Services km2 GFA km2 GFA 195.0     195.0     195.0     0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25

2219 REF Natural gas boilers - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2220 REF Natural gas CHP - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 17.7      17.7      17.7      0.64      0.64      0.64      0.000     0.000     0.000     N 1.250     1.191     1.124     15

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

2221 REF rest boilers - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 7.4       7.4       7.4       0.43      0.43      0.43      0.000     0.000     0.000     N 1.163     1.163     1.163     15

2222 REF Anaerobic Digestion to Green Gas - FBI Food and Beverage 

Industry

PJ/yr PJ 46.3      46.3      46.3      4.08      4.08      4.08      0.527     0.527     0.527     N 1.010     1.010     1.010     15 SDE++ 2021 Eindadvies

2224 Deep geothermal heat - FBI Food and Beverage 

Industry

PJ/yr PJ 67.2      60.5      53.7      3.88      3.49      3.10      0.000     0.000     0.000     N 1.030     1.030     1.030     25 Danish Energy Agency (2021)

2231 Electric boiler - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2232 Electric Heat Pump - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2233 Biomass boilers - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

2234 Natural Gas boilers - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2235 Hydrogen boilers - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2236 Anaerobic Digestion boilers - Low Temp - FBI Food and Beverage 

Industry

PJ/yr PJ 25.0      24.7      24.3      0.69      0.69      0.69      0.000     0.000     0.000     N 1.133     1.133     1.133     15 TNO datasheet

2237 REF process_salt Chemical industry Mton 

salt/yr

Mton salt 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 1.860     1.860     1.860     15

2238 MVR brine vaporization_salt Chemical industry Mton 

salt/yr

Mton salt 30.2      30.2      30.2      1.50      1.50      1.50      0.000     0.000     0.000     Y 1.640     1.640     1.640     15

2239 REF Natural Gas Medium Temp Boilers - Salt Chemical industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2240 Hydrogen Medium Temp Boilers - Salt Chemical industry PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2241 Electric Medium Temp Boilers - Salt Chemical industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2243 REF Membrane Electrolysis_chlorine Chemical industry Mton 

Chlorine/yr

Mton 

Chlorine

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 10.120    10.120    10.120    15

2244 Zero gap membrane electrolyser_chlorine Chemical industry Mton 

Chlorine/yr

Mton 

Chlorine

3.6       3.6       3.6       0.55      0.55      0.55      0.000     0.000     0.000     Y 9.496     9.496     9.496     15

2245 REF Natural Gas Medium Temp Boilers - 

Chlorine

Chemical industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2246 Electric Medium Temp Boilers - Chlorine Chemical industry PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2247 Biomass Medium Temp Boilers - Chlorine Chemical industry PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

2248 Deep geothermal heat - Chlorine Chemical industry PJ/yr PJ 67.2      60.5      53.7      3.88      3.49      3.10      0.000     0.000     0.000     N 1.030     1.030     1.030     25 Danish Energy Agency (2021)

2288 Electric boiler - 200-400C - FBI Food and Beverage 

Industry

PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2289 Biomass boiler - 200-400C - FBI Food and Beverage 

Industry

PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

2290 Natural Gas boiler - 200-400C - FBI Food and Beverage 

Industry

PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2291 Hydrogen boiler - 200-400C - FBI Food and Beverage 

Industry

PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2293 Waste Heat Industrial Heat Pump - Industry Other industry PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2294 Waste Heat Industrial Heat Pump - chemical Chemical industry PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2295 Waste Heat Industrial Heat Pump - fertilizer Fertilizer industry PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2296 Waste Heat Industrial Heat Pump - FBI Food and Beverage 

Industry

PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2297 Hot water electric boiler - Industry Other industry PJ/yr Pj 1.9       1.9       1.9       0.03      0.03      0.03      0.139     0.125     0.111     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2298 Hot water electric boiler - FBI Food and Beverage 

Industry

PJ/yr PJ 1.9       1.9       1.9       0.03      0.03      0.03      0.139     0.125     0.111     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

2299 Hot water NG boiler - Industry Other industry PJ/yr PJ 1.2       1.2       1.2       0.06      0.06      0.05      0.253     0.255     0.257     N 1.064     1.064     1.064     25 Danish Energy Agency (2021)

2300 Hot water Biomass boiler - Industry Other industry PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2301 Hot water H2 boiler - Industry Other industry PJ/yr PJ 2.7       2.6       2.5       0.13      0.12      0.12      0.000     0.000     0.000     N 0.990     0.990     0.990     25 Danish Energy Agency (2021)

2302 Hot water waste gasses boiler - Chemical Chemical industry PJ/yr PJ 4.8       4.8       4.8       0.45      0.45      0.45      0.000     0.000     0.000     N 1.176     1.176     1.176     15

2307 Electric boiler HT100to200 - Waste Waste PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2308 NG boiler HT100to200- Waste Waste PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2309 Biomass boiler HT100to200 - Waste Waste PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.124     1.124     1.124     25 Danish Energy Agency (2021)

2310 H2 boiler HT100to200 - Waste Waste PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2314 NG Direct Firing - Basic metal non-ferro Basic metal non-ferro PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2315 Electric Direct Firing - Basic metal non-ferro Basic metal non-ferro PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2316 Hydrogen DF > 400 C - Basic metal non-ferro Basic metal non-ferro PJ/yr PJ 1.5       1.5       1.5       0.05      0.05      0.05      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2319 Biomass Hotwater Boiler - Services Services PJ/yr PJ 18.7      17.9      17.0      1.14      1.10      1.07      0.306     0.306     0.306     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2320 H2 boiler - District heating Central heat supply PJ/yr PJ 2.7       2.6       2.5       0.13      0.12      0.12      0.000     0.000     0.000     N 0.990     0.990     0.990     25 Danish Energy Agency (2021)

2321 NG boiler - District heating Central heat supply PJ/yr PJ 1.2       1.2       1.2       0.06      0.06      0.05      0.253     0.255     0.257     N 1.064     1.064     1.064     25 Danish Energy Agency (2021)

2322 e - boiler - District heating Central heat supply PJ/yr PJ 1.9       1.9       1.9       0.03      0.03      0.03      0.139     0.125     0.111     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2323 NG CHP - District heating Central heat supply PJ/yr PJ 31.7      31.4      31.1      1.59      1.59      1.59      0.951     0.951     0.951     N 1.111     1.111     1.111     25 TNO datasheet

2324 Ground source heat pumps - households Residential PJ/yr PJ 30.7      30.1      29.5      0.32      0.32      0.32      0.000     0.000     0.000     N 1.000     1.000     1.000     20 TNO datasheet

2325 Hybrid heat pumps (boiler part) households Residential PJ/yr PJ 23.6      19.9      16.2      0.86      0.86      0.86      0.000     0.000     0.000     N 1.390     1.390     1.390     20 TNO datasheet

2328 Hybrid heat pumps (HP part) households Residential PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.006     1.011     20 TNO datasheet

2329 REF NG Direct Firing - High Temp - Fertilizer Fertilizer industry PJ/yr PJ 15.0      15.0      15.0      0.18      0.17      0.15      0.000     0.000     0.000     N 1.111     1.111     1.111     15 Danish Energy Agency (2021)

2330 Direct Firing NG 200-400 C - Chemicals Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2331 Direct Firing Elec 200-400 C - Chemicals Chemical industry PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2332 Direct Firing NG 200-400 C - Ferro Basic metal ferro PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2333 Direct Firing Elec 200-400 C - Ferro Basic metal ferro PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2338 Direct Firing NG 200-400 C - non ferro Basic metal non-ferro PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2339 Direct Firing Elec 200-400 C - non ferro Basic metal non-ferro PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2340 Natural Gas Boilers 200-400 C - non ferro Basic metal non-ferro PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2341 Electric Boilers  200-400 C- non ferro Basic metal non-ferro PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2342 Hydrogen Boilers 200-400 C- non ferro Basic metal non-ferro PJ/yr PJ 4.4       4.4       4.4       0.56      0.56      0.56      0.000     0.000     0.000     N 1.110     1.110     1.110     25 Danish Energy Agency (2021)

2343 Electric Boilers 100-200C - non ferro Basic metal non-ferro PJ/yr PJ 2.2       2.2       2.2       0.03      0.03      0.03      0.025     0.025     0.025     N 1.010     1.010     1.010     25 Danish Energy Agency (2021)

2344 Electric HP < 100 C non ferro Basic metal non-ferro PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2346 Post-Combustion CC Add on - Fertilizer Fertilizer industry Mton/yr Mton 283.5     220.1     156.6     0.00      0.00      0.00      0.000     0.000     0.000     N 1.130     1.295     1.460     20 MIDDEN

2349 Direct Firing NG 200-400 C - Industry Other industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2350 Direct Firing Elec 200-400 C -Industry Other industry PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2351 Direct Firing NG 200-400 C - Refinery Refinery PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2352 Direct Firing Elec 200-400 C - Refinery Refinery PJ/yr PJ 1.9       1.9       1.9       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2353 Direct Firing WG 200-400 C - Chemicals Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2354 Direct Firing WG > 400 C - Chemicals Chemical industry PJ/yr PJ 0.5       0.5       0.5       0.01      0.01      0.01      0.025     0.025     0.025     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2356 REF methanol from NG Chemical industry PJ/yr PJ 18.0      16.0      14.0      0.90      0.80      0.70      0.000     0.000     0.000     N 1.364     1.364     1.318     30 TNO datasheet, MIDDEN

2357 Methanol from lignocellulosics Chemical industry PJ/yr PJ 64.0      57.5      51.0      4.00      3.50      3.00      3.000     2.500     2.000     N 1.606     1.606     1.606     20 Uslu (2020)

2359 Methanol to olefins Chemical industry Mton 

olefins/yr

Mton 

olefins

607.1     607.1     607.1     36.43     36.43     36.43     0.000     0.000     0.000     Y 41.140    41.140    41.140    20 Uslu (2020)

2360 Methanol from ext. H2 and ext. CO2 Chemical industry PJ/yr PJ 8.0       7.5       7.0       0.20      0.19      0.17      0.000     0.000     0.000     N 1.234     1.234     1.234     20 Uslu (2020)

2361 Methanol from ext. H2 and direct air capture Chemical industry PJ/yr PJ 44.0      33.0      22.0      2.00      1.50      1.00      0.000     0.000     0.000     N 1.750     1.750     1.750     20 TNO datasheet

2362 Methanol to Gasoline Refinery PJ/yr PJ 9.7       9.7       9.7       0.49      0.49      0.49      0.000     0.000     0.000     N 1.217     1.217     1.217     20 Hennig (2021)

2363 Natural Gas boilers - Low Temp - chemical Chemical industry PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)
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2364 REF Glass production conventional furnaces Other industry Mton 

glass/yr

Mton 

glass

147.9     147.9     147.9     4.44      4.44      4.44      0.000     0.000     0.000     Y 5.443     5.443     5.443     15  MIDDEN

2365 Glass production with electric cold-top 

furnaces

Other industry Mton 

glass/yr

Mton 

glass

345.2     345.2     345.2     10.85     10.85     10.85     0.000     0.000     0.000     Y 6.090     6.090     6.090     15  MIDDEN

2366 Glass production with efficient furnaces Other industry Mton 

glass/yr

Mton 

glass

187.4     187.4     187.4     5.92      5.92      5.92      0.000     0.000     0.000     Y 4.720     4.720     4.720     15  MIDDEN

2367 REF Ceramics production in conventional kilns Other industry Mton 

ceramics/yr

Mton 

ceramics

147.9     147.9     147.9     7.40      7.40      7.40      0.000     0.000     0.000     Y 1.740     1.740     1.740     30 MIDDEN

2368 Ceramics production in electric kilns Other industry Mton 

ceramics/yr

Mton 

ceramics

0.0       271.2     271.2     0.00      13.61     13.61     0.000     0.000     0.000     Y 2.300     2.300     2.300     30 MIDDEN

2371 LNG truck with 13% energy consumption 

reduction

Mobility M vehicles Bn vkm 

HDV

185,678.5 185,678.5 185,678.5 1,597.10  1,597.10  1,597.10  0.000     0.000     0.000     Y 15.844    15.784    15.725    8 PRIMES TREMOVE

2372 H2 truck with energy consumption reduction Mobility M vehicles Bn vkm 

HDV

426,861.1 300,846.8 266,093.2 2,259.66  1,889.88  1,520.10  0.000     0.000     0.000     Y 7.144     7.117     7.090     8 PRIMES TREMOVE

2374 Pyrolysis of plastic waste with hydrotreating Chemical industry PJ/yr PJ 202.9     202.9     202.9     10.22     10.22     10.22     0.000     0.000     0.000     N 1.153     1.153     1.153     20 Fiviga (2018)

2375 Waste Gas 200-400C Boilers - Refineries Refinery PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2376 Waste Gas 200-400C Boilers CC- Refineries Refinery PJ/yr PJ 28.9      28.9      28.9      0.11      0.11      0.11      0.000     0.000     0.000     N 1.184     1.184     1.184     25 Danish Energy Agency (2021)

2377 Waste Gas 100-200C Boilers - Refineries Refinery PJ/yr PJ 1.4       1.4       1.4       0.06      0.06      0.05      0.139     0.125     0.111     N 1.111     1.111     1.111     25 Danish Energy Agency (2021)

2378 Waste Gas 100-200C Boilers CC - Refineries Refinery PJ/yr PJ 28.1      28.1      28.1      0.11      0.11      0.11      0.000     0.000     0.000     N 1.219     1.219     1.219     25 Danish Energy Agency (2021)

2380 DME truck Mobility M vehicles Bn vkm 

HDV

160,845.2 160,845.2 160,845.2 1,912.49  1,912.49  1,912.49  0.000     0.000     0.000     Y 12.120    12.120    12.120    8 PRIMES TREMOVE

2381 DME truck with 18% energy consumption 

reduction

Mobility M vehicles Bn vkm 

HDV

163,810.0 163,810.0 163,810.0 1,947.74  1,947.74  1,947.74  0.000     0.000     0.000     Y 9.892     9.892     9.892     8 PRIMES TREMOVE

2382 Methanol for shipping from NG Refinery PJ/yr PJ 18.0      16.0      14.0      0.90      0.80      0.70      0.000     0.000     0.000     N 1.364     1.341     1.318     30 TNO datasheet, MIDDEN

2383 Methanol vessel Bunkers PJ/yr PJ 50.0      50.0      50.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     20

2384 NG to LNG for shipping Gas supply PJ/yr PJ 16.2      14.5      12.9      0.48      0.44      0.39      0.000     0.000     0.000     N 1.097     1.097     1.097     20 SDE++ 2021 Eindadvies

2385 LNG vessel Bunkers PJ/yr PJ 50.0      50.0      50.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     20 PRIMES TREMOVE

2386 Biogas to Bio-LNG for shipping Gas supply PJ/yr PJ 16.2      14.5      12.9      0.48      0.44      0.39      0.000     0.000     0.000     N 1.097     1.097     1.097     20 SDE++ 2021 Eindadvies

2387 Synthetic LNG production from ext. H2 and 

CO2

Gas supply PJ/yr PJ 30.1      28.5      26.9      1.87      1.83      1.78      0.000     0.000     0.000     N 1.081     1.081     1.081     20

2388 Methanol from lignocellulosics with CC Chemical industry PJ/yr PJ 71.0      64.0      57.0      4.00      3.50      3.00      3.000     2.500     2.000     N 1.547     1.547     1.547     20 Uslu (2020)

2389 Methanol from biogas Chemical industry PJ/yr PJ 18.0      16.0      14.0      0.90      0.80      0.70      0.000     0.000     0.000     N 1.377     1.355     1.334     30 TNO datasheet, MIDDEN

2392 Lignocellulosic ethanol production with CC Refinery PJ/yr PJ 87.0      78.5      70.0      5.00      4.50      4.00      3.000     3.000     3.000     N 2.495     2.495     2.495     20 ADVANCEFUEL (2020), SDE++ 2021 

Eindadvies

2393 Bio-DME production with CC Refinery PJ/yr PJ 73.0      65.5      58.0      4.00      3.50      3.00      3.000     2.500     2.000     N 1.552     1.552     1.552     35 SDE++ 2021 Eindadvies

2396 Other dwelllings - startlabel A retrofitted to A+ Residential M other 

dwellings

M other 

dwellings

10,034.3  10,034.3  10,034.3  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2397 Terraced houses - startlabel A retrofitted to 

A+

Residential M terraced 

houses

M 

terraced 

houses

10,004.5  10,004.5  10,004.5  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2398 Other dwelllings - startlabel DC/B retrofitted 

to A

Residential M other 

dwellings

M other 

dwellings

31,443.0  31,443.0  31,443.0  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2399 Terraced houses - startlabel DC/B retrofitted 

to A

Residential M terraced 

houses

M 

terraced 

houses

27,991.7  27,991.7  27,991.7  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2400 Apartments - startlabel GFE retrofitted to DC Residential M 

apartments

M 

apartmen

ts

8,633.3   8,633.3   8,633.3   0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2401 Apartments - startlabel GFE retrofitted to B Residential M 

apartments

M 

apartmen

ts

14,628.1  14,628.1  14,628.1  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet
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2402 Other dwelllings - startlabel GFE retrofitted to 

DC

Residential M other 

dwellings

M other 

dwellings

15,352.8  15,352.8  15,352.8  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2403 Other dwelllings - startlabel GFE retrofitted to 

B

Residential M other 

dwellings

M other 

dwellings

35,085.4  35,085.4  35,085.4  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2404 Terraced houses - startlabel GFE retrofitted to 

DC

Residential M terraced 

houses

M 

terraced 

houses

10,280.7  10,280.7  10,280.7  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2405 Terraced houses - startlabel GFE retrofitted to 

B

Residential M terraced 

houses

M 

terraced 

houses

19,678.9  19,678.9  19,678.9  0.00      0.00      0.00      0.000     0.000     0.000     Y 0.000     0.000     0.000     25 TNO datasheet

2407 Bioethylene via bioethanol Chemical industry Mton 

olefins/yr

Mton 

olefins

95.0      95.0      95.0      10.96     10.96     10.96     0.000     0.000     0.000     Y 86.890    86.890    86.890    20 Uslu (2020)

2408 Biomass gasification + FT towards diesel with 

CC

Refinery PJ/yr PJ 86.0      77.0      68.0      5.00      4.50      4.00      3.000     3.000     3.000     N 1.586     1.586     1.586     20 SDE++ 2022 Eindadvies. 

2409 H2 from waste gas steam reforming with  CC  

from flue gas

H2 supply PJ/yr PJ 46.1      41.5      36.9      1.34      1.34      1.34      0.000     0.000     0.000     N 1.346     1.346     1.346     25

2410 Steam Cracking (adapted) for co-processing III 

(more pyoil)

Chemical industry Mton 

olefins/yr

Mton 

olefins

599.6     599.6     599.6     30.07     30.07     30.07     0.000     0.000     0.000     Y 72.647    72.647    72.647    20

2412 Nuclear energy EPR (Gen III+)  - Electricity 

production

Electricity generation GW PJ 7,080.0   6,584.0   6,088.0   100.40    100.40    100.40    4.940     4.940     4.940     N 2.941     2.941     2.941     60 Scheepers (2021)

2418 Compression HP, air source, large 10MWth - 

District heating

Central heat supply GW PJ 760.0     760.0     760.0     2.00      2.00      2.00      0.473     0.473     0.473     N 1.000     1.000     1.000     25

2419 Biomass (wood chips) CHP, small ~19 MWth - 

District heating

Central heat supply GW PJ 6,000.0   5,900.0   5,800.0   273.00    272.00    270.00    2.556     2.583     2.611     N 1.040     1.040     1.040     25

2422 Compression HP, air source, IWH, medium 3 

MW - Distict heating

Central heat supply GW PJ 860.0     860.0     860.0     2.00      2.00      2.00      0.695     0.612     0.750     N 1.000     1.000     1.000     25

2428 REF BEV van Mobility M vehicles G vkm 

LDV

23,838.8  22,136.5  21,506.1  247.39    229.72    223.18    0.000     0.000     0.000     Y 1.176     1.078     1.078     12 PRIMES TREMOVE

2429 REF electric truck Mobility M vehicles Bn vkm 

HDV

385,486.2 271,198.5 239,875.2 2,695.69  1,896.48  1,677.44  0.000     0.000     0.000     Y 6.120     6.120     6.120     8 PRIMES TREMOVE

2430 REF ICE bus Mobility M vehicles G vkm 

bus

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 10.038    10.045    10.744    10 PRIMES TREMOVE

2431 REF ICE inland navigation freight Mobility 1000 

vessels

G tkm 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 0.111     0.101     0.091     20 PRIMES TREMOVE

2432 ICE inland navigation freight - 15% fuel 

reduction

Mobility 1000 

vessels

G tkm 1,418.4   1,418.4   1,418.4   0.00      0.00      0.00      0.000     0.000     0.000     Y 0.095     0.086     0.078     30 PRIMES TREMOVE

2433 Battery electric inland navigation freight Mobility 1000 

vessels

G tkm 8,874.1   6,407.7   5,670.5   0.00      0.00      0.00      0.000     0.000     0.000     Y 0.044     0.045     0.047     30 PRIMES TREMOVE

2434 Fuel cell inland navigation freight Mobility 1000 

vessels

G tkm 9,496.8   6,743.6   5,862.4   0.00      0.00      0.00      0.000     0.000     0.000     Y 0.061     0.062     0.065     30 PRIMES TREMOVE

2435 Electricity savings level 1 - FBI Food and Beverage 

Industry

PJ/yr PJ 42.6      42.6      42.6      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2438 Heat savings level 2 - FBI Food and Beverage 

Industry

PJ/yr PJ 54.8      54.8      54.8      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2439 Electricity savings level 2 - Chemical Chemical industry PJ/yr PJ 92.9      92.9      92.9      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2440 Electricity savings level 3 - Chemical Chemical industry PJ/yr PJ 185.8     185.8     185.8     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2442 Electricity savings level 2 - Fertilizer Fertilizer industry PJ/yr PJ 104.2     104.2     104.2     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2444 Electricity savings level 2 - Basic metals ferro Basic metal ferro PJ/yr PJ 76.1      76.1      76.1      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)
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2445 Electricity savings level 3 - Fertilizer Fertilizer industry PJ/yr PJ 208.3     208.3     208.3     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2447 Electricity savings level 3 - Basic metals ferro Basic metal ferro PJ/yr PJ 152.3     152.3     152.3     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2448 Heat savings - Het Nieuwe Telen - Agriculture Agriculture PJ/yr PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2449 Heat savings - Insulation package - Agriculture Agriculture PJ/yr PJ 15.1      15.1      15.1      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2450 Heat savings - 2e scherm - Agriculture Agriculture PJ/yr PJ 48.3      48.3      48.3      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2451 Heat savings - 3e scherm - Agriculture Agriculture PJ/yr PJ 58.0      58.0      58.0      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2452 Heat savings - selective ventilation - 

Agriculture

Agriculture PJ/yr PJ 543.5     543.5     543.5     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2453 Heat savings - existing buildingskassen - 

Agriculture

Agriculture PJ/yr PJ 2,898.5   2,898.5   2,898.5   0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2454 Heat saving - Low temperature heating - 

Agriculture

Agriculture PJ/yr PJ 130.4     130.4     130.4     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2455 Electricity savings - meet en regeltechniek - 

Agriculture

Agriculture PJ/yr PJ 28.0      28.0      28.0      0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2456 Electricity savings - distribution & feeding - 

Agriculture

Agriculture PJ/yr PJ 356.0     356.0     356.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2457 Electricity savings - bevochtiging - Agriculture Agriculture PJ/yr PJ 759.0     759.0     759.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2458 Electricity savings - selective cooling - 

Agriculture

Agriculture PJ/yr PJ 762.0     762.0     762.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2459 Electricity savings - LED lightning - Agriculture Agriculture PJ/yr PJ 973.0     973.0     973.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.000     1.000     1.000     10 Menkveld (2023)

2461 External NH3 for fertilizer industry Fertilizer industry Mton 

NH3/yr

Mton 

NH3

0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     Y 20.300    20.300    20.300    30

2464 Ammonia vessel Bunkers PJ/yr PJ 50.0      50.0      50.0      0.00      0.00      0.00      0.000     0.000     0.000     Y 1.000     1.000     1.000     20

2465 ammonia production (energy carrier) H2 supply PJ/yr PJ 19.2      19.2      19.2      0.00      0.00      0.00      0.654     0.654     0.654     N 1.600     1.594     1.588     20

2467 H-B NH3 with external H2 (energy carrier) H2 supply PJ/yr PJ 16.3      16.3      16.3      0.54      0.54      0.54      0.000     0.000     0.000     N 1.567     1.567     1.567     20

2468 Electrolyse H-B NH3 (energy carrier) H2 supply PJ/yr PJ 52.6      47.4      42.1      1.23      1.23      1.23      0.000     0.000     0.000     N 2.084     2.084     2.084     20

2470 Ethylene from mechanical recycling (high yield) Chemical industry Mton 

olefins/yr

Mton 

olefins

967.0     967.0     967.0     48.50     48.50     48.50     0.000     0.000     0.000     Y 110.854   110.85

4   

110.854   15

2482 H2 from NH3 cracking H2 supply PJ/yr PJ 12.5      12.5      12.5      0.50      0.50      0.50      0.000     0.000     0.000     N 1.535     1.535     1.535     30 IEA (2019)

2483 Ethylene from mechanical recycling (low yield) Chemical industry Mton 

olefins/yr

Mton 

olefins

967.0     967.0     967.0     48.50     48.50     48.50     0.000     0.000     0.000     N 0.000     0.000     0.000     15

2484 Ethylene from plastic gasification Chemical industry Mton 

olefins/yr

Mton 

olefins

1,450.0   1,450.0   1,450.0   72.75     72.75     72.75     0.000     0.000     0.000     N 9.094     9.094     9.094     15

2485 Waste heat  - Heat Pump - Refinery Refinery PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

2486 Heat<100C  - Heat Pump - Refinery Refinery PJ/yr PJ 22.3      20.1      17.8      0.89      0.80      0.71      0.000     0.000     0.000     N 1.000     1.000     1.000     25 Danish Energy Agency (2021)

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



 

UoC: unit of capacity

UoA: unit of activity

Technology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Fulfills 

Service 

demand 

(yes/no)? 2030 2040 2050

Life-

time 

[yr] Data source

2501 Steam network (100-200 degC) Central heat supply GW PJ 125.0     125.0     125.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.053     1.053     1.053     25

2502 Steam network (200-400 degC) Central heat supply GW PJ 125.0     125.0     125.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.053     1.053     1.053     25

2508 Aromatics production via biomass Chemical industry PJ/yr PJ 17.5      17.5      17.5      0.88      0.88      0.88      0.000     0.000     0.000     N 2.782     2.782     2.782     20

2509 Methanol to aromatics Chemical industry PJ/yr PJ 2.5       2.5       2.5       0.12      0.12      0.12      0.000     0.000     0.000     N 1.152     1.152     1.152     20

2511 Small Modular Reactor - electricity only 

modus

Electricity generation GW PJ 7,026.2   6,534.0   6,041.7   99.64     99.64     99.64     4.902     4.902     4.902     N 1.504     1.504     1.504     60 NRG/TNO Systeemstudies: 

eigenschappen van SMRs

2515 Gasification of mixed plastic waste to 

methanol

Chemical industry PJ/yr PJ 38.1      38.1      38.1      15.88     15.88     15.88     0.000     0.000     0.000     N 1.513     1.513     1.513     20 Afzal (2023)

2516 Mechanical recycling of plastic waste Chemical industry Mton 

olefins/yr

Mton 

olefins

384.0     384.0     384.0     19.00     19.00     19.00     0.000     0.000     0.000     Y 55.850    55.850    55.850    20

2517 Offshore platform including converter Electricity generation GW PJ 450.0     450.0     450.0     0.00      0.00      0.00      0.000     0.000     0.000     N 1.010     1.010     1.010     30

2518 Mechanical recycling of plastic waste with 

high yield

Chemical industry Mton 

olefins/yr

Mton 

olefins

384.0     333.0     312.0     19.00     17.00     16.00     0.000     0.000     0.000     Y 55.850    41.950    36.870    20

2519 Gasification of mixed plastic waste to 

methanol with high yield

Chemical industry PJ/yr PJ 38.1      38.1      35.0      15.88     15.88     14.55     0.000     0.000     0.000     N 1.513     1.513     1.387     20 Afzal (2023)

2520 Pyrolysis of plastic waste with hydrotreating 

with high yield

Chemical industry PJ/yr PJ 202.9     202.9     187.9     10.22     10.22     9.39      0.000     0.000     0.000     N 1.153     1.153     1.090     20 Fiviga (2018)

2521 Biomethanol via direct gasification with ext H2 Chemical industry PJ/yr PJ 57.1      51.3      45.5      3.60      3.15      2.70      0.000     0.000     0.000     N 1.440     1.440     1.440     20

2522 Steel making with AEF using imported HBI Basic metal ferro Mton 

steel/yr

Mton 

steel

283.0     283.0     283.0     8.49      8.49      8.49      0.000     0.000     0.000     Y 3.603     3.603     3.603     30 MIDDEN

Investment cost 

[Mln €(2015)/UoC]

Fixed O&M cost 

[Mln euro(2015)/UoC/yr]

Variable cost 

[Mln euro(2015)/UoA]

Energy input [PJ] per 

UoA



 
UoC: unit of capacity

UoA: unit of activity

Tech-

nology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Energy 

input [PJ] 

per UoA

Storage 

losses per 

hour [%]

Time to 

completely 

charge/disch

arge [hr]

Life-

time 

[yr] Datasource

1268 CAES storage Electricity generationPJ PJ 23,148.0  21,990.5  20,833.0  375.00    375.00    375.00    0.140     0.140     0.140     1.000     0.00000   50 TNO datasheet

1269 CAES - charge component Electricity generationPJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.429     8.00   50 TNO datasheet

1270 CAES - discharge component Electricity generationPJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     12.00  50 TNO datasheet

1294 H2 vessels on pipeline charge H2 supply GW PJ 192.1     158.7     125.3     0.46      0.34      0.22      0.000     0.000     0.000     1.000     1.00   20 TNO datasheet

1295 H2 vessels on pipeline discharge H2 supply GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     1.00   20 TNO datasheet

1296 H2 vessels on pipeline H2 supply PJ PJ 4,166.7   3,333.3   2,500.0   83.33     66.67     50.00     0.000     0.000     0.000     1.000     0.00000   20 TNO datasheet

1297 H2 vessels on distribution net charge H2 supply GW PJ 192.1     158.7     125.3     0.46      0.34      0.22      0.000     0.000     0.000     1.000     1.00   20 TNO datasheet

1298 H2 vessels on distribution net discharge H2 supply GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     1.00   20 TNO datasheet

1299 H2 vessels on distribution net H2 supply PJ PJ 4,166.7   3,333.3   2,500.0   41.67     33.33     25.00     0.000     0.000     0.000     1.000     0.00000   20 TNO datasheet

1300 A-CAES - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     5.00   40 TNO datasheet

1301 A-CAES - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.550     10.00  40 TNO datasheet

1302 A-CAES storage Electricity generationPJ PJ 72,222.0  69,444.5  66,667.0  939.00    476.30    13.60     0.560     0.560     0.560     1.000     0.00000   40 TNO datasheet

1303 Pb battery - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     4.00   5 TNO datasheet

1304 Pb battery - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.180     4.00   5 TNO datasheet

1305 Pb battery storage Electricity generationPJ PJ 63,333.3  59,722.2  56,111.1  888.90    833.35    777.80    0.222     0.222     0.222     1.000     0.05000   5 TNO datasheet

1306 NiCd battery - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     2.00   12

1307 NiCd battery - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.333     4.00   12

1308 NiCd battery storage Electricity generationPJ PJ 78,125.0  70,312.5  62,500.0  1,562.50  1,406.25  1,250.00  0.781     0.625     0.469     1.000     0.05000   12

1309 NaS battery - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     4.00   10

1310 NaS battery - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.124     6.00   10

1311 NaS battery storage Electricity generationPJ PJ 92,777.8  87,638.9  82,500.0  1,391.67  1,314.58  1,237.50  0.870     1.054     1.238     1.000     0.13440   10

1312 Li ion battery - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     2.50   15 TNO datasheet

1313 Li ion battery - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.180     2.50   15 TNO datasheet

1314 Li ion battery storage Electricity generationPJ PJ 48,888.9  42,777.8  36,666.7  976.11    829.72    683.33    0.725     0.725     0.725     1.000     0.05000   15 TNO datasheet

1315 VRB battery - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     6.00   10 TNO datasheet

1316 VRB battery - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.370     6.00   10 TNO datasheet

1317 VRB battery storage Electricity generationPJ PJ 148,611.1 148,611.1 148,611.1 1,944.44  1,944.44  1,944.44  0.083     0.083     0.083     1.000     0.00000   10 TNO datasheet

1318 ZnBr battery - discharge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     10.00  12

1319 ZnBr battery - charge component Electricity generationGW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.299     12.50  12

1320 ZnBr battery storage Electricity generationPJ PJ 93,750.0  84,375.0  75,000.0  1,875.00  1,687.50  1,500.00  0.703     0.633     0.563     1.000     0.00000   12

1321 H2 ondergronds - charge component H2 supply GW PJ 40.0      40.0      40.0      2.80      2.80      2.80      0.000     0.000     0.000     1.000     1.00   20 TNO datasheet

1322 H2 ondergronds - discharge component H2 supply GW PJ 48.5      48.5      48.5      1.94      1.94      1.94      0.000     0.000     0.000     1.000     1.00   20 TNO datasheet

1323 H2 ondergronds storage H2 supply PJ PJ 50.0      50.0      50.0      2.25      2.25      2.25      0.000     0.000     0.000     1.000     0.00000   50 TNO datasheet

1329 H2 filling station - discharge component Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     0.03   15

1470 H2 tank PI FCEV car - charge component Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     0.03   10

1471 H2 storage medium in vehicle Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     0.00000   10

Investment cost [Mln 

€(2015)/UoC]

Fixed O&M cost [Mln 

€(2015)/UoC/yr]

Variable cost 

[Mln €(2015)/UoA]



 

UoC: unit of capacity

UoA: unit of activity

Tech-

nology 

ID Technology name Sector UoC UoA 2030 2040 2050 2030 2040 2050 2030 2040 2050

Energy 

input [PJ] 

per UoA

Storage 

losses per 

hour [%]

Time to 

completely 

charge/disch

arge [hr]

Life-

time 

[yr] Datasource

1471 H2 storage medium in vehicle Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     0.00000   10

1472 H2 tank PI FCEV - discharge component Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     6.67   10

1473 H2 storage Filling Station - charge component Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     1.00   20

1474 H2 storage filling station Mobility PJ PJ 18,180.3  18,180.3  18,180.3  181.43    181.43    181.43    0.000     0.000     0.000     1.000     0.00000   20

1478 Electricity from battery for EV driving Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     5.33   10

1479 Battery in EV car/LDV Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     0.10000   10

1480 EV charging - home Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     8.00   10

1481 EV charging - office Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     8.00   10

1482 EV charging - car park Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     2.00   10

1483 EV charging - Fast charging Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     1.00   10

2151 Electricity from battery for EV truck driving Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     8.00   10

2152 Battery in truck Mobility PJ PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     0.10000   10

2153 EV truck  charing - car park Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     2.00   10

2154 EV truck  charing - Fast charging Mobility GW PJ 0.0       0.0       0.0       0.00      0.00      0.00      0.000     0.000     0.000     1.000     1.00   10

Investment cost [Mln 

€(2015)/UoC]

Fixed O&M cost [Mln 

€(2015)/UoC/yr]

Variable cost 

[Mln €(2015)/UoA]

UoC: unit of capacity

UoA: unit of activity

Tech-nology IDTechnology name UoC UoA 2030 2040 2050 2030 2040 2050

Life-

time 

[yr] Data source

1212 Onshore HV transmission line GW PJ 2.119     2.119     2.119     0,0350% 0,0350% 0,0350% 30 TNO datasheet

1264 HD natural gas transmission pipeline GW PJ 0.341     0.341     0.341     0,0002% 0,0002% 0,0002% 30 Based on Boots (2005)

1330 HD hydrogen transmission pipeline GW PJ 0.426     0.426     0.426     0,0003% 0,0003% 0,0003% 30 Based on ID 1264, but scaled by 80%

1456 Offshore HVDC grid GW PJ 1.133     1.133     1.133     0,0003% 0,0003% 0,0003% 30 North Sea Energy project

2506 CO2 network for CO2 storage Mton/yr Mton 0.014     0.014     0.014     0,0000% 0,0000% 0,0000% 25 ZEP

Investment cost [Mln 

€(2015)/(UoC*km)] Losses per km [%]
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• 

• 

• 

• 

• 

• 

http://www.advancefuel.eu/en/project
https://doi.org/10.1039/D3GC00679D
https://www.pbl.nl/modellen/nev-rekensysteem-competes
https://ens.dk/en/our-services/technology-catalogues
https://doi.org/10.1016/j.fuproc.2021.106776
https://www.iea.org/reports/the-future-of-hydrogen
https://www.pbl.nl/en/middenweb
https://north-sea-energy.eu/nl/home/
https://www.pbl.nl/sites/default/files/downloads/pbl-2021-achtergronddocumentatie-resolve-e-model_4646.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2021-achtergronddocumentatie-resolve-e-model_4646.pdf


• 

• 

• 

• 

• 

• 

https://energy.nl/datasheets/
https://www.pbl.nl/modellen/vesta
https://www.globalccsinstitute.com/archive/hub/publications/119811/costs-co2-transport-post-demonstration-ccs-eu.pdf
https://www.globalccsinstitute.com/archive/hub/publications/119811/costs-co2-transport-post-demonstration-ccs-eu.pdf
https://doi.org/10.1016/j.jechem.2020.04.021




                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                           

                          

                           

               

                 

                        

                  

                 

               

                

                               

               

                           

                       

                  

                         

                           

                          

                           

              

                 

                        

                 

                 

               

                

                               

              

                           

                       

            

                

            

                

            

                



                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                           

                          

                           

               

                 

                        

                  

                 

               

                

                               

               

                           

                       

                  

                         

                           

                          

                           

              

                 

                        

                 

                 

               

                

                               

              

                           

                       

            

                

            

                

            

                



                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                           

                          

                           

               

                 

                        

                  

                 

               

                

                               

               

                           

                       

                  

                         

                           

                          

                           

              

                 

                        

                 

                 

               

                

                               

              

                           

                       

            

                

            

                

            

                



                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                           

                          

                           

               

                 

                        

                  

                 

               

                

                               

               

                           

                       

                  

                         

                           

                          

                           

              

                 

                        

                 

                 

               

                

                               

              

                           

                       

            

                

            

                

            

                



                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                           

                          

                           

               

                 

                        

                  

                 

               

                

                               

               

                           

                       

                  

                         

                           

                          

                           

              

                 

                        

                 

                 

               

                

                               

              

                           

                       

            

                

            

                

            

                



                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                          

              

                 

                        

                  

                 

               

                

                               

              

                          

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                          

                          

                           

              

                 

                        

                  

                 

               

                

                               

              

                           

                       

                  

                         

                           

                          

                           

               

                 

                        

                  

                 

               

                

                               

               

                           

                       

                  

                         

                           

                          

                           

              

                 

                        

                 

                 

               

                

                               

              

                           

                       

            

                

            

                

            

                




