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Modenhedsvurderingen tager udgangspunkt i IEA’s ETP Clean Energy Technology 

Guide, november 2021.1 

 

Figur 1 viser definitionen af modenhed ud fra TRL-skalaen, som angivet i IEA’s 

ETP Clean Energy Technology Guide.  

 

  

                                                      
1 IEA, ETP Clean Energy Technology Guide, november 2021 
https://www.iea.org/articles/etp-clean-energy-technology-guide 
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Tabel 1 viser TRL-niveauet for en række relevante teknologier for hvert 

omstillingselement. Den samlede modenhed ud fra TRL-skalaen som vurderet af 

Energistyrelsen er angivet for hvert omstillingselement. 

 

Tabel 2 viser teknologibeskrivelsen i ETP Clean Energy Technology Guide for hver 

af de teknologier, der fremgår af Tabel 1.  

 
Figur 1. Definition af TRL-niveauer for modenhedsvurdering af teknologier. Kilde: IEA, ETP 
Clean Energy Technology Guide, november 2021. 
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Tabel 1. Modenhedsvurdering for en række teknologier. Kilde: IEA, ETP Clean Energy 
Technology Guide, november 2021. 
 

Teknologi 
 

TRL Samlet 
TRL 
(vurderet 
af ENS) 

Husholdninger     
Varmepumper og fjernvarme i husholdninger  Air-to-air heat pump 10 10 
 Air-to-water heat pump 10  
 Heat exchanger 10  
 Heat pumps > Ground-source 

heat pump > Shallow 
10  

Energibesparelser i husholdninger  Smart meter 10 9-11 
 Interval/time of use meter 10  
 Control systems  9  
 Air sealing 9  
 Structural insulated panel 9  
 Extending lifetime 9  
 Natural ventilation 11  
Produktion af olie, gas og VE-brændstoffer     
Elektrificering af raffinaderier High temperature 

heating > Electromagnetic 
heating for large-scale 
industrial 
processes > Induction 

10 9-10 

 Low to medium temperature 
heating > Large-scale heat 
pump 

9  

Skift til bio-feedstock på raffinaderier Biorefining 7 7-10 
 Synthetic iso-parafins 7  
 Gasification and hydrogen 

enhacement and Fischer-
Tropsch 

5  

 Hydroprocessed esters and 
fatty acids 

9-10  

 Fatty acid methyl ester 9-10  
CCS på raffinaderier 3 Refining > Post combustion 

capture 
3-4  8-9 

 Refining > Oxy-fuelling 
capture 

5   

 Biomass > CCUS > Post-
combustion/chemical 
absorption 

8  

 CCUS > Chemical absorption 9  
 CO2 storage / Depleted oil 

and gas reservoir 
7  

 CO2 storage / Saline 
formation 

9  

 CO2 transport > 
Shipping > Port-to-port 
shipping 

6-7  

 CO2 transport /Pipeline 10  
Elektrificering af olie- og gasindvinding i 
Nordsøen 

Low to medium temperature 
heating > Large-scale heat 
pump 

9 9-10 

 High temperature 
heating > Electromagnetic 
heating for large-scale 
industrial 
processes > Induction 

10  

Metanisering af CO2 fra biogasanlæg  Methane > Methane from 
hydrogen and CO2 

6 6 

El og fjernvarme     
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Biogasomlægning fra kraftvarme til opgradering  Biomethane > Anaerobic 
digestion and CO2 
separation > without CCUS 

8-9 8-10 

 Biogas > Anaerobic 
digestion > Non-algae 
feedstock 

9-10  

 Biomethane > Biomass 
gasification - small-scale 

9  

CCS på el-, fjernvarme- og biogasanlæg 3 Biomethane > Anaerobic 
digestion and CO2 
separation > with CCUS 

7 8-9  

 Biomass > CCUS > Post-
combustion/chemical 
absorption 

8  

 CCUS > Chemical absorption 9  
 CO2 storage / Depleted oil 

and gas reservoir 
7  

 CO2 storage / Saline 
formation 

9  

 CO2 transport > 
Shipping > Port-to-port 
shipping 

6-7  

 CO2 transport /Pipeline 10  
Serviceerhverv     
Varmepumper og fjernvarme i serviceerhverv  Air-to-air heat pump 10 10 
 Air-to-water heat pump 10  
 Heat exchanger 10  
 Heat pumps > Ground-source 

heat pump > Shallow 
10  

Fremstillingserhverv og bygge-anlæg     
Energieffektivisering i procesenergi og intern 
transport 1 

Smart meter 10 9-10  
 

 Interval/time of use meter 10  
 Control systems  9  
 Air sealing 9  
 Structural insulated panel 9  
 Extending lifetime 9  
Elektrificering i procesenergi og intern transport 1 Cement kiln > Electrification 

(direct) 
4 4-10  

 
 High temperature 

heating > Electromagnetic 
heating for large-scale 
industrial 
processes > Induction 

10  

 Low to medium temperature 
heating > Large-scale heat 
pump 

9 
 

 

 Low to medium temperature 
heating > Electromagnetic 
heating for large-scale 
industrial 
processes > Infrared 

9  

 Shipping/Operations > Cold 
Ironing (landstrøm) 

9  

Bio- og PtX-brændstoffer i intern transport  Ikke beskrevet - - 
Gas og PtX-brændsler i direkte fyrede processer 2 Cement kiln > Partial use of 

hydrogen 
4 3-4  

 Manufacturing > Ancillary 
processes > Hydrogen for 
high-temperature heat 

3  

CCS i fremstillingserhverv 3 Biomass > CCUS > Post-
combustion/chemical 
absorption 

8  8-9  

 CCUS > Chemical absorption 9   
 CO2 storage / Depleted oil 

and gas reservoir 
7  
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 CO2 storage / Saline 
formation 

9  

 CO2 transport /Pipeline 10  
 CO2 transport > 

Shipping > Port-to-port 
shipping 

6-7  

Transport     
Elektrificering og brint i vejtransport  Battery electric 

vehicle > Passenger car 
9 8-11 

 Battery electric 
vehicle > Light commercial 
vehicle 

9  

 Battery electric 
vehicle > Urban transit bus 

9  

 Battery electric 
vehicle > Truck 

8-9  

  Battery electric 
vehicle > Battery > Lithium-
ion 

9-11  

 Hydrogen fuel cell electric 
vehicle > Hydrogen tank 

8-9  

 Hydrogen fuel cell electric 
vehicle > Truck 

7-8  

 Hydrogen fuel cell electric 
vehicle > Polymer electrolyte 
membrane fuel cell 

9  

 Hydrogen Refuelling Station 9  
 CO2- and electrolytic 

hydrogen-based produced 
with variable renewables 

8  

 Production > Electrolysis > P
olymer electrolyte membrane 

9  

 Production > Electrolysis > Al
kaline 

9  

Elektrificering og brint i søfart  Shipping/Hydrogen fuel cell 
electric vehicle > Solid Oxide 

7 3-9 

 Charging and 
refueling  > Bunkering >  
Hydrogen 

3  

 Shipping/Hydrogen fuel cell 
electric vehicle > Molten 
Carbonate 

7  

 Shipping/Hydrogen fuel cell 
electric vehicle > Proton 
Exchange Membrane 

7  

 Shipping/Battery electric 
vehicle 

8-9  

 Shipping/ Fast charging 7  
 CO2- and electrolytic 

hydrogen-based produced 
with variable renewables 

8  

 Production > Electrolysis > P
olymer electrolyte membrane 

9  

 Production > Electrolysis > Al
kaline 

9  

Bio- og PtX-brændstoffer i vejtransport  Ethanol-fuelled diesel engine 9 9 
 Methanol-fuelled engine 9  
 Truck > Liquefied biogas 9  
 Truck > Compressed biogas 9  
Bio- og PtX-brændstoffer i søfart  Shipping/Ammonia-fuelled 

engine 
4-5 8-10 

 Charging and 
refuelling > Bunkering >  
Ammonia 

9  

 Shipping/Methanol-fuelled 
engine 

8-9  
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 Shipping/Biogas-fuelled 
engine 

9-10  

Bio- og PtX-brændstoffer i luftfart  Ikke beskrevet - - 
Affald     
Genanvendelse og affaldsreduktion  Novel physical separation 10 7-11 
 X-ray transmission 9  
 Copper recycling > Extraction 

from cables > Ultrasonic 
separation 

10-11  

 New recycling techniques 
with reduced 
downcycling > Chemical 
depolymerization for 
polystyrene 

9  

 New recycling techniques 
with reduced 
downcycling > Pyrolysis 

9  

 New recycling techniques 
with reduced 
downcycling > Solvent 
dissolution for PET 

7  

CCS på affaldsforbrændingsanlæg  Biomass > CCUS > Post-
combustion/chemical 
absorption 

8  8-9  

 CCUS > Chemical absorption 9   
 CO2 storage / Depleted oil 

and gas reservoir 
7  

 CO2 storage / Saline 
formation 

9  

 CO2 transport > 
Shipping > Port-to-port 
shipping 

6-7  

 CO2 transport /Pipeline 10  
Landbrug, gartneri, skove og fiskeri     
Fodertilsætningsstoffer  Ikke beskrevet - - 
Håndtering af gylle og gødning  Ikke beskrevet - - 
Udtag af lavbundsjord  Ikke beskrevet - - 
Fordobling af det økologiske areal  Ikke beskrevet - - 
Brun bioraffinering som for eksempel pyrolyse  Ikke beskrevet - - 
Dyrkning af plantebaserede fødevarer og 
planteprotein  

Ikke beskrevet - - 

Yderligere skovinitiativer  Ikke beskrevet - - 
Energieffektiviseringer i procesenergi og intern 
transport i landbruget 1 

Smart meter 10 9-10 

 Interval/time of use meter 10  
 Control systems  9  
 Air sealing 9  
 Structural insulated panel 9  
 Extending lifetime 9  
Elektrificering i procesenergi og intern transport i 
landbruget 1 

Shipping/Operations > Cold 
Ironing (landstrøm) 

9 9-10 
 

 High temperature 
heating > Electromagnetic 
heating for large-scale 
industrial 
processes > Induction 

10  

 Low to medium temperature 
heating > Large-scale heat 
pump 

9 
 

 

 Low to medium temperature 
heating > Electromagnetic 
heating for large-scale 
industrial 
processes > Infrared 

9  

Bio- og PtX-brændstoffer i intern transport i 
landbruget  

Ikke beskrevet - - 
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Andet     
Regneeksempel for DAC (baseret på 1 GW 
havvind) 3 

Liquid DAC (L-DAC) 6 6  

 Solid DAC (S-DAC) 6  
 CO2 storage / Depleted oil 

and gas reservoir 
7  

 CO2 storage / Saline 
formation 

9  

 CO2 transport /Pipeline 10  

Anm 1. NB intern transport indgår ikke i IEA’s rapport 

Anm 2. NB konvertering til gas indgår ikke i IEA’s rapport 

Anm 3: Modenhed styret af modenhed for fangst  
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Tabel 2. Teknologibeskrivelser. Kilde: IEA, ETP Clean Energy Technology Guide, november 
2021. 

 
 
Husholdninger  
Varmepumper/fjernvarme i husholdninger 
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Energibesparelser i husholdninger  
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Produktion af olie, gas og VE-brændstoffer  
Elektrificering af raffinaderier 
 

 
 

 
 
Skift til bio-feedstock på raffinaderier 
 
 



 

Side 12/34 
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CCS på raffinaderier 
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Elektrificering af olie- og gasindvinding i Nordsøen 
 

 
 

 
Metanisering af CO2 fra biogasanlæg  
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El og fjernvarme  
Biogasomlægning fra kraftvarme til opgradering  
 

 
 

 

 
CCS på el-, fjernvarme- og biogasanlæg 
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Serviceerhverv  
Varmepumper/fjernvarme i serviceerhverv  
Se under Varmepumper/fjernvarme i husholdninger 
 
Fremstillingserhverv og bygge-anlæg  
Energieffektivisering i procesenergi og intern transport  
Se under Energibesparelser i husholdninger 
 
Elektrificering i procesenergi og intern transport  
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Bio- og PtX-brændstoffer i intern transport  
Konvertering til gas/PtX-brændsler i direkte fyrede processer  
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CCS i fremstillingserhverv 
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Transport  
Elektrificering og brint i vejtransport 
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Elektrificering og brint i søfart  
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Bio- og PtX-brændstoffer i vejtransport 
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Bio- og PtX-brændstoffer i søfart  
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Bio- og PtX-brændstoffer i luftfart  
Affald  
Genanvendelse og affaldsreduktion  
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CCS på affaldsforbrændingsanlæg  
Se under CCS i fremstillingserhverv 
 
Landbrug, gartneri, skove og fiskeri  
Fodertilsætningsstoffer  
Håndtering af gylle og gødning  
Udvidet lavbundspotentiale  

Fordobling af det økologiske areal  
Brun bioraffinering som for eksempel pyrolyse  

Dyrkning af plantebaserede fødevarer og planteprotein  
Yderligere skovinitiativer  
Energieffektiviseringer i procesenergi og intern transport i landbruget 
Elektrificering i procesenergi og intern transport i landbruget  
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Bio- og PtX-brændstoffer i intern transport i landbruget  
Andet  
Regneeksempel for DAC (baseret på 1 GW havvind) 
 

 
 

 

 

 
 

 


