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ABSTRACT 

This study analyses the role of hydrogen in the National Energy and Climate Plans (NECPs) and identifies and 

highlights oppor tunities for  hydrogen technologies to contr ibute to effective and efficient achievement of the 

2030 climate and energy targets of the EU and its Member States.  

 

The study focuses on the potential and oppor tunities of renewa ble hydrogen, produced by electrolysers using 

renewable electr icity and of low -carbon hydrogen, produced by steam methane reforming combined with CCS. 

The oppor tunities for  and impacts of hydrogen deployment are assessed and summar ised in individual fiches  per  

Member State. 

 

The study analyses to what extent policy measures and industr ial initiatives are already being taken to facilitate 

large-scale implementation of hydrogen in this and the next decades. The study concludes by determining the 

CO2 reduction  potential beyond what is foreseen in the NECPs through hydrogen energy technologies, estimating 

the reduction of fossil fuel impor ts and reliance, the prospective cost, and the value added and jobs created . 

National teams working on decarbonisation roadma ps and updates of the NECPs are welcome to consider  the 

oppor t unities and benefits of hydrogen deployment  identified in this study.  
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Executive Summary  

Given that r enewable and low-carbon hydrogen will be essential to support the decarbonisation  of the 

energy system, i t is important to identify and assess the opportunities offered by large -scale 

deployment of  hydrogen in view of possibly  integrat ing them into future updates of the national climate 

and energy planning and roadmaps towards a low-carbon energy system. 

 

This study aims to analyse the role of renewable and low -carbon hydrogen in the National Energy and 

Climate Plans (NECPs), and to identify and high light the opportunities for hydrogen technologies to 

contribute to effective and efficient achievement of the 2030 climate and energy targets of the EU and 

its Member States. Next to the information from the NECPs, additional publicly available material an d 

the consultantõs proprietary analytical tools were used. The opportunities for and impacts of hydrogen 

deployment are assessed per Member State and are summarised in individual fiches per Member State. 

This information should contribute to ensuring that attractive options for using hydrogen technologies 

are duly considered by the Member States.  

 

This report provides an analysis of the NECPs for 2021-2030 submitted by the EU Member States (see 

Chapter 2). The analysis focuses on the extent to which hydroge n deployment is addressed by the 

NECPs, and provides an overview of the hydrogen related targets, policies and initiatives covered by the 

NECPs. 

 

Further, the report includes an  opportunity assessment  regarding the deployment of hydrogen 

technologies (see Chapter 3). The opportunities identified are mainly based on the technical potentials 

and existing  infrastructure  per Member State and reflect the national potential for hydrogen  

deployment , based on the three pillars of the value chain: production, delive ry (transport, distribution 

and storage), and use/ demand. The fourth influencing factor addresses the political and industrial 

environment in a qualitative way as an enabler for hydrogen  deployment.  

  

Finally, the report presents an overview of the nationa l impac ts of deploying renewable hydrogen  

(see Chapter 4). This includes estimates of 2030 hydrogen demand in a low and a high scenario in the 

EU Member States (plus UK) in the sectors industry, built environment, transport and power, and the 

resulting imp act in terms of greenhouse gas emission reductions, infrastructure implications as well as 

security  of energy supply, financial impacts, employment and value added.  

 

As a whole these assessments can support Member States in determining or adapting their h ydrogen 

policies and targets for 2030 and beyond and how to enable hydrogen deployment with the right set of 

policy measures. National teams working on decarbonisation roadmaps and updates of the NECPs are 

welcome to consider the opportunities and benefits  of hydrogen deployment  identified in this study.  

 

The scenario assessment shows substantial potential benefits of hydrogen deployment by 2030 .  

The main assumptions and results are hereafter briefly presented . 
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Hydrogen demand  

Two (high and low) scenarios of hydrogen demand in 2030 (42 and 183 TWh/a respectively for EU28) are 

developed, based on different levels of ambition linked to the national context in each Member State. 

The resulting values are presented in Table 0-1 and Table 0-1 .  

 

For most EU Member States, a significant increase of hydrogen demand is assumed in transport , 

especially for passenger cars, buses, trucks and trains, and to a limited extent in aviation (through 

hydrogen-based liquid fuels or Power to Liquid) and inland navigation. A significant increase of 

hydrogen demand is also assumed in industry  (especially  in refineries, chemical industry and  the iron 

and steel sector ). Some industries use at present  fossil-based hydrogen as feedstock or as reducing 

agent, which could be replaced by renewable hydrogen. Switching high temperature heat processes 

fuels to rene wable hydrogen represent s another important potential use considered in the scenarios.  In 

the building  sector, hydrogen can replace part of the current use of natural gas ; it  can in the 

short /medium  term be distributed via existing  gas grids through admixt ure to natural gas , and in the 

long term via dedicated networks . The building sector is expected to have in the low scenario a limited  

demand of hydrogen by 2030 but would have a stronger demand in the high scenario. The scenarios 

assume only a marginal share of electricity generation from hydrogen by 2030, coming from combined  

heat and power installations.  

 

Hydrogen production  

To cover the hydrogen demand estimated in the 2 scenarios, 13 and 56  GW respectively of electrolyser 

capacity w ill  have to be in stalled, assuming an average annual utilisation rate of 4.800 full load hours . 

To this end, 68 and 291 TWh/a respectively of renewable power will  be needed, based on an 

electrolysis efficiency of 69%. òSurplusó electricity from the markets in times of low electricity 

wholesale prices can be used for this purpose as well. However, the main share will have to be covered 

by dedicated renewable electricity sources. For three  countries with a high readiness for CO2 storage, 

namely Germany, the Netherlands and the UK, low-carbon hydrogen produced via steam methane 

reforming  (SMR) in combination with CCS is considered as an alternative . Although a combination of 

electrolysis and SMR production is expected to develop  in practice ,  the study shows that SMR capacity 

of 2 and 9 GWH2 respectively , would be needed to fully replace the electrolysers and cover the 

corresponding hydrogen demand in these countries  (16 and 74 TWhH2/a  respectively ).  

 

Estimated soc io -economic  and environmental impac ts  

The annual costs to produce renewable hydrogen (including the cost of dedicated renewable electricity 

generation ), to develop the transport infrastructure (or adapt the existing one) and end -user 

applications would in the considered scenarios reach 10 and 33 billion EUR, respectively . The 

cumulative investment s needed up to 2030 would reach 70 and 249 billion EUR, respectively . These 

activities will generate value added in the domestic economy, amongst others , by creating jobs in 

manufacturing, construction  and operation of hydrogen technologies estimated at  104 000 and 357 000 

jobs respectively, and will contribute to greenhouse gas emission reductions. This is particular ly  

important in hard -to-decarbonize energy uses, such as heavy-duty transport, steel pr oduction, refining 

or ammonia and methanol production. According to the European EUCO3232.5 scenario, there is a 

remaining gap of 1.5 Gt CO2/a in emission reduction plans that needs to be closed in order to achieve 

2030 goals. In the scenarios considered, t he deployment of hydrogen could contribute 20 and 67 Mt 

CO2/a respectively to  this goal, which is equivalent to 1.4% and 4.6% respectively of the required 

emission reduction.  
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The following table and infographic present  the major outcomes from the scenario assessment. 

 
Table 0-1 Main  results and impact s of hydrogen deployment by 2030  in the two  scenarios modelled in the 
present study 1 

Member State  

Hydrogen 

demand  

(TWhH2/a)  

Electrolysis  capacity  

 in GWel  

(SMR+CCS capacity   

in GWH2)
2 

Avoided fossil 

fuel imports  

(TWh/a)  

Value added  

(million EUR)  

Jobs 

(FTEs) 

Austr ia 2 - 6 0.6 - 2.0 4 - 11 303 - 980 3324 - 10509 

Belgium 1 - 7 0.4 - 2.3 2 - 8 224 - 1140 2525 - 10735 

Bulgar ia 0.8 - 1.4 0.3 - 0.5 1 - 2 109 - 190 3354 - 6001 

Croatia 0.1 ð 0.4 0.03 - 0.2 0.1 - 1 13 - 70 177 - 591 

Cyprus 0.02 - 0.1 0.01 - 0.1 0.03 - 0.1 5 - 30 97 - 599 

Czech 0.4 - 2 0.1 - 0.6 1 - 3 77 - 290 535 - 1330 

Denmark 0.4 - 2 0.1 - 0.6 1 - 2 66 - 290 558 - 1442 

Estonia 0.01 - 0.1 0.005 - 0.05 0.03 - 0.2 2 - 20 70 - 483 

Finland 1 - 5 0.3 - 1.1 3 - 11 273 - 900 2728 - 8854 

      

France 4 - 20 1.2 - 5.3 8 - 27 669 - 2680 10379 - 33648 

Germany 9 - 41 
3.0 - 13.7 

(1.1 - 5.0) 
19 - 67 1918 - 7620 23192 - 82799 

Greece 1 - 3 0.4 - 1.0 2 - 4 229 - 540 4450 - 10432 

Hungary 1 - 2 0.3 - 0.9 1 - 3 134 - 360 721 - 1548 

Ireland  0.1 - 1 0.0 - 0.3 0.2 - 1 15 - 130 246 - 1797 

Italy  4 - 20 1.3 - 6.7 7 - 26 779 - 3510 11509 - 41760 

Latvia 0.05 - 0.2 0.02 - 0.1 0.1 - 0.3 8 - 30 316 - 1222 

Lithuania 0.1 - 0.7 0.04 - 0.3 0.1 - 1 18 - 120 569 - 3742 

Luxembourg 0.1 - 0.4 0.1 - 0.3 0.2 - 1 44 - 160 420 - 1531 

Malta 0.01 - 0.05 0.003 - 0.03 0.01 - 0.04 1 - 10 33 - 224 

the Nether lands 3 - 12 
0.8 - 3.6 

(0.3 - 1.5) 
4 - 14 460 - 1930 5112 - 18204 

Poland 2 - 6 0.7 - 1.7 3 - 8 343 - 870 3597 - 8608 

Por tugal 1 - 7 0.3 - 2.7 1 - 8 92 - 740 2500 - 18450 

Romania 1 - 2 0.3 - 0.8 2 - 3 156 - 350 1925 - 4440 

Slovakia 0.4 - 1.1 0.1 - 0.4 1 - 2 59 - 160 1285 - 3609 

Slovenia 0.1 - 0.2 0.02 - 0.1 0.1 - 0.3 12 - 30 270 - 686 

Spain 4 - 17 1.0 - 4.1 7 - 20 604 - 2360 10527 - 35827 

Sweden 2 - 5 0.4 - 1.2 4 - 11 312 - 880 1106 - 2593 

UK 4 - 21 
1.1 - 5.6 

(0.5 - 2.5) 
7 - 27 664 - 2940 12532 - 45975 

EU28 42 - 183 
13 ð 56 

(1.9 - 8.9)  
80 - 259 

7 590 ð  

29 330  

104 060 ð  

357 630  

                                                             
1 The values mentioned correspond to the  national production and consumption of hydrogen. Trade between EU 

Member States and impor ts from non-EU countr ies are not considered in the scenar ios.  
2 Low-carbon hydrogen production via SMR+CCS is considered as an alternative for  renewable hydrogen production 

via electrolysis in countr ies with high readiness for  CO2 storage, i.e. Germany, the Nether lands and the UK.  
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Figure 0-1 Main results and impacts of hydrogen deployment for the EU28 by 2030 in the two scenarios modelled in the present study  
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Résumé exécutif  

Étant donné que l'hydrogène renouvelable et bas carbone sera essentiel en vue de soutenir la 

décarbonation du système énergétique, il est important d'identifier et dõ®valuer les opportunités 

offertes par le d®ploiement de l'hydrog¯ne ¨ grande ®chelle et dõenvisager son intégration dans les 

planifications climatique et énergétique nationales et dans les feuilles de route vers un système 

énergétique bas carbone.  

 

Cette étude vise à analyser le rôle de l'hydrogène renouvelable et bas carbone dans les Plans Nat ionaux 

Energie Climat (PNEC), et à identifier et mettre en évidence les opportunités pour les technologies de 

l'hydrogène visant à contribuer à la réalisation efficace et effective des objectifs climatiques et 

énergétiques de l'UE et de ses États membres à l'horizon 2030. Outre lõinformation des PNEC, des 

données publiquement disponibles ainsi que des informations internes et instruments dõanalyse du 

consultant ont été utilisés.  Les opportunités et les impacts du déploiement de l'hydrogène sont éval ués 

pour chaque État membre et résumés dans des fiches individuelles. Ces informations devraient 

contribuer à assurer que les options attractives d'utilisation des technologies de l'hydrogène sont et 

seront dûment prises en compte par les États membres. 

 

Ce rapport présente une analyse des PNEC 2021-2030 soumis par les États membres de l'UE (voir 

chapitre 2). L'analyse se concentre sur la mesure du  déploiement de l'hydrogène tel que prévu dans les 

PNEC, et fournit un aperçu des objectifs, des politiques et des initiatives liées à l'hydrogène tels que 

repris dans les PNEC. 

 

En outre, le rapport comprend une évaluation des opportunités  concernant le déploiement des 

technologies de l'hydrogène (voir chapitre 3). Les opportunités identifiées reposent principalement sur 

les potentiels techniques et les infrastructures existantes par État membre et reflètent le potentiel 

national de déploie ment de l'hydrogène, sur base des trois piliers de la chaîne de valeur: la production, 

la livraison (transport, distribution et stockage) et la demande/utilisation. Le quatrième facteur 

d'influence aborde l'environnement politique et industriel de manière qualitative en tant que catalyseur 

du déploiement de l'hydrogène.  

 

Enfin, le rapport présente un aperçu des impac ts nationaux liés au déploiement de l'hydrogène  

renouvelable  (voir chapitre 4). Cela comprend des estimations de la demande d'hydrogène en 2030  

dans un scénario faible et élevé dans chaque État membre de l'UE (plus le Royaume-Uni) pour les 

secteurs de lõindustrie, du b©timent, du transport et de la production dõélectricité, ainsi que l'impact 

résultant en matière de réduction des émissions de gaz  à effet de serre, les implications pour les 

infrastructures ainsi que la sécurité d'approvisionnement énergétique, les impacts financiers, l'emploi 

et la valeur ajoutée.  

Dans l'ensemble, ces évaluations peuvent aider les États membres à déterminer ou à ad apter leurs 

politiques et objectifs en matière d'hydrogène pour 2030 et au -delà, et à soutenir le déploiement de 

l'hydrogène par des mesures politiques appropriées. Les équipes nationales travaillant sur les feuilles de 

route pour la décarbonation et les m ises à jour des PNEC sont invitées à examiner les opportunités et 

les avantages du déploiement de l'hydrogène renouvelable tels quõidentifi®s dans cette ®tude. 
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L'évaluation des scénarios montre des avantages potentiels substantiels relatifs au déploiement  de 

l'hydrogène d'ici 2030 . 

Les hypothèses et résultats principaux sont ci -après brièvement présentés. 

 

Demande d'hydrogène  

Deux scénarios (haut et bas) de demande d'hydrogène en 2030 sont développés, basés sur différents 

niveaux d'ambition liés au contexte national de chaque État membre. Les résultats sont résumés dans 

leTable 0-1  Tableau 0-1. Pour la plupart des États membres de l'UE, une augmentation importante de 

la demande d'hydrogène est supposée dans le transport , en particulier pour les voitures particulières, 

les bus, les camions et les trains, et dans une moindre mesure dans l'aviation (via les carburants 

liquides à base d'hydrogène ou Power to Liquid) et la navigation intérieure. Une augmentation 

significative de la demande en hydrogène est également présumé e dans l'industrie  (notamment dans 

les raffineries, l'industrie chimique et le secteur sidérurgique). Certaines industries utilisent 

actuellement l'hydrog¯ne dõorigine fossile comme mati¯re premi¯re ou agent r®ducteur, lequel pourrait 

être remplacé par de l'hydrog ène renouvelable. Le passage des combustibles fossiles pour des procédés 

thermiques à haute température vers de l'hydrogène renouvelable représente une autre utilisation 

potentielle importante également prise en compte dans les scénarios. Dans le secteur d u bâtiment , 

l'hydrogène peut remplacer une partie de l'utilisation actuelle de gaz naturel; il peut être distribué à 

court / moyen terme via des réseaux de gaz existants en étant mélangé au gaz naturel, et à long terme 

via des réseaux dédiés. Le secteur du bâtiment devrait avoir, dans le scénario bas, une demande 

limitée d'hydrogène d'ici 2030, mais aurait une demande plus forte dans le scénario haut. Les scénarios  

présument qu'une part très limitée  de l'électricité sera produite sur base d'hydrogène d'ici 2030, 

notamment d ans des installations combinées de chaleur et d'électricité.  

 

Produc tion d'hydrogène  

Pour couvrir la demande d'hydrogène estimée dans les 2 scénarios, 13 et 56 GW de capacité 

d'électrolyseurs devront respectivement être installés, en suppo sant un taux d'utilisation annuel moyen 

de 4.800 heures à pleine charge. A cet effet, 68 et 291 TWh / an d'électricité renouvelable seront 

respectivement nécessaires, sur la base d'un rendement d'électrolyse de 69%. L'électricité 

«excédentaire» des marchés en période de faible s prix de gros de l'électricité peut également être 

utilisée à cette fin. Cependant, la majeure partie devra être couverte par des sources d'électricité 

renouvelable dédiées. Alternativement, les scénarios supposent que dans trois pays relativement 

avancés en vue du stockage de CO2, à savoir l'Allemagne, les Pays-Bas et le Royaume-Uni, de 

l'hydrogène bas carbone peut être produit via le vaporeformage du méthane (SMR) en combinaison avec 

le CCS. Une capacité SMR de 2 et 9 GWH2 respectivement, seraient nécessaires pour remplacer les 

électrolyseurs et ainsi couvrir la demande d'hydrogène correspondante dans ces pays (16 et 74 TWh H2 / 

an respectivement).  

 

Impac ts soc io -économiques et environnementaux estimés  

Les coûts annuels de production d'hydrogène renouvelable (y compris le coût de production d'électricité 

renouvelable dédiée), de développement de l'infrastructure de transport (ou d'adaptation de 

l'infrastructure existante) et des applications des utilisat eurs finaux s'élèveraient respectivement dans 

les scénarios envisagés à 10 et 33 milliards d'euros. Les investissements cumulés nécessaires jusqu'en 

2030 atteindraient respectivement 70 et 249 milliards d'euros. Ces activités généreront de la valeur 

ajouté e dans lõéconomie européenne, notamment en créant des emplois dans la fabrication, la 

construction et l'exploitation des technologies de l'hydrogène, estimés respectivement à 104 000 et 357 
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000 emplois. Elles contribueront à la réduction des émissions de g az ¨ effet de serre, ce qui sõav¯re 

particulièrement important dans les applications dõ®nergie difficiles à décarboner, telles que le 

transport  lourd,  la production d'acier, le raffinage ou la production d'ammoniac et de méthanol. Selon 

le scénario européen EUCO3232.5, il reste un écart de 1,5 GtCO2 / an dans les plans de réduction des 

émissions qui doit être comblé pour atteindre les objectifs de 2030. Dans les scénarios envisagés, le 

déploiement de l'hydrogène renouvelable pourrait contribuer à cet object if  à concurrence de 

respectivement 20 et 67 Mt de CO2, ce qui équivaut à 1,4 et 4, 6% de la réduction requise des émissions. 

Le tableau et l'infographie suivants présentent les principaux résultats de l'évaluation d es 2 scénarios. 

 
Tableau 0 1 Principaux résultats et impacts du déploiement de l'hydrogène d'ici 2030 dans les deux scénarios 
modélisés par la présente étude 3 

Etat membre  

Demande 

dõhydrog¯ne 

(TWhH2/a)  

Electrolyse  

en GWel 

(SMR+CCS 

capacit é  

en GWH2)
4 

Importation évitée de 

combustibles fossiles  

(TWh/a)  

Valeur ajoutée 

(millions EUR)  

Emploi  

(ETP) 

Allemagne 9 - 41 
3.0 - 13.7 

(1.1 - 5.0) 
19 - 67 1918 - 7620 23192 - 82799 

Autr iche 2 - 6 0.6 - 2.0 4 - 11 303 - 980 3324 - 10509 

Belgique 1 - 7 0.4 - 2.3 2 - 8 224 - 1140 2525 - 10735 

Bulgar ie 0.8 - 1.4 0.3 - 0.5 1 - 2 109 - 190 3354 - 6001 

Croatie 0.1 ð 0.4 0.03 - 0.2 0.1 - 1 13 - 70 177 - 591 

Chypre 0.02 - 0.1 0.01 - 0.1 0.03 - 0.1 5 - 30 97 - 599 

Danemark 0.4 - 2 0.1 - 0.6 1 - 2 66 - 290 558 - 1442 

Espagne 4 - 17 1.0 - 4.1 7 - 20 604 - 2360 10527 - 35827 

Estonie 0.01 - 0.1 0.005 - 0.05 0.03 - 0.2 2 - 20 70 - 483 

Finlande 1 - 5 0.3 - 1.1 3 - 11 273 - 900 2728 - 8854 

France 4 - 20 1.2 - 5.3 8 - 27 669 - 2680 10379 - 33648 

Grèce 1 - 3 0.4 - 1.0 2 - 4 229 - 540 4450 - 10432 

Hongr ie 1 - 2 0.3 - 0.9 1 - 3 134 - 360 721 - 1548 

Ir lande 0.1 - 1 0.0 - 0.3 0.2 - 1 15 - 130 246 - 1797 

Italie  4 - 20 1.3 - 6.7 7 - 26 779 - 3510 11509 - 41760 

Lettonie  0.05 - 0.2 0.02 - 0.1 0.1 - 0.3 8 - 30 316 - 1222 

Lituanie 0.1 - 0.7 0.04 - 0.3 0.1 - 1 18 - 120 569 - 3742 

Luxembourg 0.1 - 0.4 0.1 - 0.3 0.2 - 1 44 - 160 420 - 1531 

Malte 0.01 - 0.05 0.003 - 0.03 0.01 - 0.04 1 - 10 33 - 224 

Pays-Bas 3 - 12 
0.8 - 3.6 

(0.3 - 1.5) 
4 - 14 460 - 1930 5112 - 18204 

Pologne 2 - 6 0.7 - 1.7 3 - 8 343 - 870 3597 - 8608 

Por tugal 1 - 7 0.3 - 2.7 1 - 8 92 - 740 2500 - 18450 

Roumanie 1 - 2 0.3 - 0.8 2 - 3 156 - 350 1925 - 4440 

Royaume-Uni 4 - 21 
1.1 - 5.6 

(0.5 - 2.5) 
7 - 27 664 - 2940 12532 - 45975 

Slovaquie 0.4 - 1.1 0.1 - 0.4 1 - 2 59 - 160 1285 - 3609 

Slovénie 0.1 - 0.2 0.02 - 0.1 0.1 - 0.3 12 - 30 270 - 686 

                                                             
3 Les valeurs reflètent la production et consommation nationales d'hydrogène. Le commerce entre les États membres 

de l'UE et les impor tations en provenance de pays tiers ne sont pas pr is en compte dans les scénar ios.  
4 La production dõhydrog¯ne bas carbone via SMR + CCS est considerée comme alternative pour  la production 

dõhydr ogène renouvelable dans des pays avancés en vue du stockage de CO2, à savoir  l'Allemagne, les Pays-Bas et le 
Royaume-Uni.  
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Suède 2 - 5 0.4 - 1.2 4 - 11 312 - 880 1106 - 2593 

Tchéquie 0.4 - 2 0.1 - 0.6 1 - 3 77 - 290 535 - 1330 

EU28 
42 ð 183 

 

13 ð 56 

(1.9 - 8.9)  
80 ð 259 

 

7 590 ð  

29 330  

104 060 ð  

357 630  
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Definitions and abbreviations  

CCS Carbon capture and storage 

CCU Carbon capture and utilisation  

CCUS Carbon capture, utilisation and storage  

CHP Combined heat and power  

CO Carbon monoxide 

CO2 Carbon dioxide 

DRI Direct reduced iron  

DSO Distribution system operator  

EC European Commission 

ENTSOG European Network of Transmission System Operators for Gas 

ETP Equivalent Temps Plein 

ETS Emissions Trading System 

ETR Energy Transition Related 

EU European Union 

EUCO3232.5 Policy scenario reflecting the 32% renewable energy and 32.5% energy 

savings targets and their impact on the EU energy system  

FCH JU Fuel cells and Hydrogen Joint Undertaking  

FTE Full-time equivalent  

GHG Greenhouse gases 

H2 Hydrogen 

IGCC Integrated gasification combined cycle  

IPCEI Important Projects of Common European Interest  

LNG Liquefied natural gas  

Low-carbon hydrogen Hydrogen produced by steam methane reforming (SMR) combined with 

CC(U)S 

MS Member State 

NECP National energy and climate plan 

OGE Open Grid Europe 

P2X Power to product  

PtL Power to liquid  

PV Photovoltaic  

Renewable hydrogen Hydrogen produced by electrolysers using renewable electricity  

R&D Research and development 

RD&I Research, development and innovation  

R&I Research and innovation 

SET Plan Strategic Energy Technology Plan 

SME Small and medium enterprises  

SMR Steam Methane Reforming 

TEN-E Trans-European Energy Networks 

TSO Transmission system operator 

TYNDP Ten-year network development plan  
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1 Context  

1.1  Introduction  

1.1.1  Objective and scope of the study  

According to the EUõs long-term vision for a climate neutral economy 5, the role of renewable and low -

carbon hydrogen will become essential to effectively and efficiently decarbonise the energy system. It 

is hence important to timely identify and acknowledge the opportunities offered by the large -scale 

deployment of  hydrogen, and to properly consider its deployment  potential . To pick up existing 

opportunities and prepare th e medium- and long-term framework, it is deemed appropriate to duly 

integrate hydrogen into national climate and energy plans and roadmaps towards a low-carbon energy 

system. 

 

This study aims to analyse the role of hydrogen in the NECPs for 2021-2030, and to identify and  

highlight the opportunities for hydrogen technologies to contribute to effective and efficient 

achievement of the 2030 climate and energy targets of the EU and its Member States. The approach for 

reaching the 2030 targets has been developed and documented in the NECPs, which determine the 

pathways chosen by the Member States. If the EU wants to capture the full socio -economic, 

environmental and energy system benefits  of deploying hydrogen technologies, it is important that the  

opportunities of hydrogen deployment are properly considered by all Member States. Hence, the 

overarching objective of this study is to òidentify opportunities in terms of jobs, growth, 

environmental sustainability and energy security through the inclusion of hydrogen energy 

technologies in the NECPsó.  The opportunit ies for and impact s of hydrogen deployment are assessed 

per Member State and are summarised in individual fiche s per Member State. This study does not aim to 

replace NECPs or national roadmaps but can contribute to ensuring that attractive options for using 

hydrogen technologies are duly considered by the Member States.  

 

The study covers all EU Member States (plus the UK) and focuses on the period up to 2030 (i.e. the 

period of time covered by the N ECPs). While there are major opportunities for hydrogen already up to 

2030, the large -scale deployment of renewable and low -carbon hydrogen is expected to mainly take off 

as of 2030. The study hence assesses to what extent policy measures and industrial initiatives are 

already being taken t o facilitate the large -scale implementation of hydrogen in th is and the next 

decades. Finally, the study focuses on the potential and opportunities of renewable hydrogen, produced 

by electrolysers using renewable electr icity and of low -carbon hydrogen, produced by steam methane 

reforming  (SMR) combined with CC(U)S. In this analysis, national demand  is assumed to be covered by 

national production ; cross-border trade between Member States and imports from non -EU countries are 

hence not considered. Grey hydrogen (hydrogen produced by steam methane reforming without CC(U)S) 

is also not considered, as its future  deployment would not be compliant with the 2030 and 2050 policies 

and objectives.  

 

The study concludes by determining the CO 2 reduction potential beyond what is foreseen in the NECPs 

through hydrogen energy technologies, estimating the cost involved and jobs created. National teams 

working on decarbonisation roadmaps and updates of the NECPs are welcome to consider the additional  

                                                             
5 European Commission (2018a). COM/2018/773, A clean planet for  all. A European strategic long -term vision for  a 

prosperous, modern, competitive and climate neutral economy  
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CO2 reductions and the opportunities and economic benefits of hydrogen deplo yments identified in this 

study.  

 

1.1.2  Structure of the report  

Chapter 1 (this chapter), provides an introduc tion  to this assignment, as well as the methodology used 

for the opportunity  and scenario assessment.  

 

Chapter 2 provides an analysis of the final NECPs  for 2021-2030 that were available in April  2020 and 

of the draft NECPs for the other  Member States. The analysis focuses on the extent to which hydrogen 

deployment is addressed by the NECPs, and a detailed overview of the hydrogen related targets, 

policies and initiatives covered by the NECPs.  

 

Chapter 3 provides the results of the opportunity assessment  based on four influencing factors. The 

opportunities i dentified are mainly based on the technical potentials and existing infrastructure in each 

Member State and reflect the national potential for hydrogen, based on the three pillars of the value 

chain: production, delivery (transport, distribution and storag e), and demand. The fourth influencing 

factor addresses the political and industrial environment in a qualitative way as an enabler for 

hydrogen deployment.  

  

Chapter 4 provides an overview of the national impac ts of deploying hydrogen . This includes estimates 

of 2030 hydrogen demand in a low and a high scenario in the EU Member States (plus UK) in the sectors 

industry , built environment,  transport and power, the resulting environmental impact in terms of 

greenhouse gas emission reductions, infrastruct ure implications as well as security  of energy supply, 

financial impacts, employment and value added. 

 

As a whole these assessments can support Member States in determining or adapting their hydrogen 

policies and targets for 2030 and beyond and how to supp ort hydrogen deployment with the right set of 

policy measures. 

 

Chapter 5 presents the conclusions and recommendations .  

 

In addition, the report includes the following annexes:  

¶ Annex A ð Detailed methodology, assumptions and sources; 

¶ Annex B - Hydrogen energy technologies information ; 

¶ Annex C - Assumptions for socio-economic assessment at sector level; 

¶ Annex D - Reference data for Scenario Assessment per Member State; 

¶ Annex E - Scenario assessment ð Hydrogen demand related inputs and results . 

 

1.2  Methodology  

This section provides a brief overview on the methodology used in this study. More details and the 

assumptions used to estimate the impacts of hydrogen deployment are presented in the annexes. 

 

1.2.1  Methodology used for the analysis  of the NECPs 

The NECPs and other relevant national documents are reviewed in order to identify main references to 

hydrogen and PtX, potential sources of hydrogen, targeted use sectors, the role of hydrogen in the 
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energy system and the political ambition to deploy hydro gen generation, delivery and end -use 

applications. The review also addresses any national hydrogen related objectives mentioned either in 

the NECP or in a specific national hydrogen roadmap or strategy. The expected national hydrogen 

consumption in 2030 (where available in the NECP) is compared to the technical potential and the 

outcome of the two scenarios considered in th is study. 

 

1.2.2  Assessment per EU Member State of opportunities for hydrogen deployment  

The opportunity assessment per EU Member State encompasses: 

¶ Technical potential for do mestic r enewable and low-carbon hydrogen production  and its 

potential contribution for  providing flexibility  to the energy s ystem; 

¶ Existing methane transport, distribution and storage infrastructure  and its potential use for 

hydrogen; 

¶ Current and potential hydrogen demand in the different end -use sectors; and 

¶ Enabling national environment , or drivers that can trigger  hydrogen development . 

 

Each of these aspects has been assessed qualitatively using a selection of indicators (see table in annex 

A). The indicators are used as the basis of the analysis of the opportunities for deploying renewable and 

low-carbon hydrogen technologies in the different Member States (see results presented in chapter 3 ). 

 

1.2.3  Scenario assessment per EU Member State of hydrogen deployment  

The scenario assessment aims to estimate the impacts of hydrogen technology deployment on the 

national energy system, economy and GHG emissions in each of the EU Member States. In order to 

address uncertainty , two scenarios  are defined with a low and high share of hydrogen  demand  in 

industry (refining, steelmaking and chemical industry including ammonia, methanol and  

olefins/aromatics production), heating & cooling  in the built environment , transport (passenger cars, 

buses, trucks, trains, aviation and inland navigation) and electricity generation . The òLowó scenario 

assumes a limited penetration of hydrogen in the different end -use application ; while the òHighó 

scenario assumes that hydrogen development will be strongly supported by increasing competitiveness 

of hydrogen technologies and enabling policy measures.  More details on these scenarios can be found in 

Annex E. 

 

The analysis employs a proprietary input -output calculation model which can be subdivided into two 

major modules and related sub -modules (see Figure 1-1). In the first step (Module 1), the hydrogen 

demand is estimated in different sectors and sub -sectors as a starting point of the analysis (Sub -module 

1a) and these results are used for the sizing of the corresponding hydrogen -related technologies for 

generation  (for electrolysis in all EU28 and for SMR+CCS in the  3 concerned countries ), infrastructures 

and end-users such as electrolysis, gas grids or end user applications (Sub-module 1b). In the second 

step (Module 2), the outcomes from the first module are used to assess the corresponding 

environmental and financial impact s (Sub-module 2a) as well as the impact s on security of energy 

supply, employment  and value added (Sub-module 2b) in each EU Member State. 
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Figure 1-1 Structure of the input -output model employed in the scenario  assessment 

 

 

Based on the bottom-up approach, the calculation model for the hydrogen demand in each Member 

State (Sub-module 1a) includes three major input parameter sets (see  

). First, the size and volume indicators relate d to the development of the overall demand in the 

respective sectors and sub-sectors, such as production volumes (e.g. crude steel production in tonnes 

per year), vehicle usage (e.g. number of person -kilometres driven per year), or the annual energy 

consumption. The second set of parameters is related to the technology split specifying the share of 

hydrogen technology in certain volume indicators. This corresponds to the penetration rate of hydrogen 

in the given market  segment. These parameters are derived from techno -economic assessments in 

available literature for the EU as a whole for the timeframe  until 2030 and generally considered as cost -

effective on the basis of the literature sources.  

 
Figure 1-2 Approach for estimation of hydrogen demand  

 

At present , some industrial sectors such as ammonia production or refining processes , already use 

conventional hydrogen from fossil fuels e.g. through steam methane reforming (SMR) or as a by -product 

from other chemical processes. In this case the penetration rate also corresponds to renewable 



Oppor tunities ar ising fr om the inclusion of Hydr ogen Ener gy Technologies in the National Ener gy & Climate Plans   

5 

hydrogen6 or  alternatively  in the countries with local carbon storage potential (Germany, the 

Netherlands and the UK), to low -carbon7 hydrogen.  

 

Finally, the estimated  hydrogen demand in 2030 in each sector and subsector is for each Member State 

calculated based on th e previous results and technology specific energy consumptions and efficiencies. 

In this way , the Sub-module provides annual demand levels for renewable (or in selected Member States 

low-carbon) hydrogen in TWhH2/a based on lower heating value. Both scenar ios assume that in 2030 

renewable or low -carbon hydrogen will be provided to partially substitute current conventional 

hydrogen production and to cover additional demand (e.g. from the transport sector).  

 

The bottom-up approach of the hydrogen demand calcu lation provides input data for the assessment of 

the technology and infrastructure implications per Member State (Sub -module 1b). The assessment 

includes calculations of the need for dedicated renewable power generation (and in some Member 

States alternatively for natural gas  based SMR capacity ) by taking respective efficiencies into account 

as well as the sizing of the electrolysis (or alternatively of SMR with CCS) based on typical utilisation 

rates. Moreover, the analysis estimates the number of  end-user units in each sector and sub-sector such 

as the number of FCEVs or hydrogen-powered CHPs as well as corresponding requirements on the 

power, gas and refuelling infrastructures (including H 2 transport via truck trailers to the refuelling 

stations).  

 

Environmental and financial impacts (Sub -module 2a) are calculated based on the estimated hydrogen 

demand and expected size of the hydrogen technology deployment  along the entire value chain (i.e. 

hydrogen generation as well as corresponding infrastruc tures and end users) from Module 1. It includes 

H2-related GHG emission reduction and corresponding share in the national GHG emission reduction 

target, investment needs and annual costs for the required hydrogen technologies and infrastructures 

as well as H2 cost and revenues.  

 

The impact  of hydrogen deployment on security of energy supply (Sub-module 2b) is assessed 

quantitatively based on avoided fossil fuel consumption and imports which can be directly derived from 

the calculations. The corresponding r eduction in import dependency in % -points is then computed by 

comparing the specific import dependencies, typically expressed on percentage -basis as the share of 

imported energy in total energy demand, between the cases with and without national hydrogen 

production and consumption.  

 

The effects on value added and employment are assessed using supply chain analysis of hydrogen 

technologies. The impact s on the national economy resulting from capital e xpenditure and operation & 

management are estimated for every Member State  using input -output tables. The value added is 

defined as the sum of labour costs, taxes and profits. The effects on employment are derived from 

labour costs of investment in and operation of hydrogen technologies and are quantified  as a full -time 

employment equivalent.  

  

                                                             
6 Renewable hydrogen corresponds to hydrogen produced via electrolysis based on fully renewable power generation 

such as wind energy or  PV. 
7 Low-carbon hydrogen corresponds to hydrogen produced via steam methane reforming (SMR) combined with carbon 

capture and storage (CCS). 
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1.3  Hydrogen is a key option in the long-term decarbonisation strategy  

The European Union has agreed on the long-term climate target of reducing its greenhouse gas 

emissions by 80-95% by 2050. In December 2019, the European Commission unveiled a European Green 

Deal aimed at putting the European Union on track to reach net -zero global warming emissions by 2050. 

This Green Deal demonstrates the ambitions of the Commission in climate protection and i ncludes a 

roadmap of key legislative actions over the coming two years.  

 

Hydrogen and its  infrastructure are covered in the Commission communication on the Green Deal 

under:  

The transition to climate neutrality also requires smart infrastructure . Increased cross-border and 

regional cooperation will help achieve the benefits of the clean energy transition at affordable prices  to 

the citizen . The regulatory framework for energy infrastructure, including the TEN -E Regulation, will 

need to be reviewed to ensu re consistency with the climate neutrality objective. This framework should 

foster the deployment of innovative technologies and infrastructure, such as smart grids, hydrogen 

networks or carbon capture, storage and utilisation, energy storage, also enablin g sector integration. 

Some existing infrastructure and assets will require upgrading to remain fit for purpose and climate 

resilient. 8
  

 

According to the European Commission Long-Term Strategic Vision9
, hydrogen would cover 10% of final 

energy consumption in 2050 in the 1.5 -degree scenarios 1.5TECH and 1.5LIFE, and some 17% in the 2-

degree H2 scenario; in other scenarios, hydrogen has a smaller but still relevant role (see graph below).  

 
Figure 1-3 Share of en ergy carriers in final energy consumption in the Long -Term Strategy  

 

 

                                                             
8 European Commission (2019), COM/2019/640. The European Green Deal 
9 European Commission (2018b), In-depth analysis in suppor t of the Commission communications COM(2018) 773: A 
Clean Planet for  all ð A European long-term strategic vision for  a prosperous, modern, competitive and climate 

neutral economy  












































































































































































































































