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ABSTRACT
This study analyses the role of hydrogen in the National Energy and Climate Plans (NECPyand identifies and
highlights 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 study focuses on the potential and opportunities of renewa ble hydrogen, produced by electrolysers using
renewable electricity and of low -carbon hydrogen, produced by steam methane reforming combined with CCS.
The opportunities for and impacts of hydrogen deployment are assessed and summarised in individual fiches per

Member State.

The study analyses to what extent policy measures and industrial initiatives are already being taken to facilitate
large-scale implementation of hydrogen in this and the next decades. The study concludes by determining the
CQ reduction potential beyond what is foreseen in the NECPs through hydrogen energy technologies, estimating
the reduction of fossil fuel imports 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

opportunities and benefits of hydrogen deployment identified in this study.
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Executive Summary

Given thatr enewable and low-carbon hydrogen wil be essential to supportthe decarbonisation of the
energy system it is important to identify and assesghe opportunities offered by large -scale
deployment of hydrogenin view of possibly integrat ing them into future updates of the national cimate

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

This study aims toanalyse 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 hydrogentechnologies to
contribute to effective and efficient achievement of the 2030 climate and energy targets of the EU and
its Member States. Nextto the information from the NECPs additional publicly available materialan d
the consultantds pr o pwverewedaTheopponuailieg foriamd ampacts of dyldiogen
deployment are assessed per Member State and are summarised in individual fiches per Member State.
This information should contributeto ensuring that attractive options for using hydrogen technologies

are duly considered by the Member States.

This report provides an analysisof the NECR 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, andprovides an overview of the hydrogenrelated targets, policies and initiatives covered by the
NECPs.

Further, the reportincludes 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 pilars of the value chain: production, delive ry (transport, distribution
and storage), and use/demand. The fourthinfluencing factor addresses the poitical and industrial

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

Finaly, the reportpresents an overviewof the nationalimpacts of deploying renewable hydrogen
(see Chapter 4). This includes estimates of 2030 hydrogendemand in a low and a high scenario in the
EU Member States (plus UK) in the sectorsindustry, buit environment, transport and power, and the
resulting imp act in terms of greenhouse gas emission reductions, infrastructure implications as wel as

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

As awhole these assessmentscan support Member States in determining or adapting their h ydrogen
policies and targets for 2030 and beyond and how to enable hydrogendeployment with the right set of
policy measures. National teams working on decarbonisationroadmaps and updates of the NECPs are

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

The scenario assessmentshows substantial potential benefits of hydrogen deploymentby 2030

The main assumptions and resuls 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 contextin each Member State.

The resuting 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 ,
especialy for passenger cars, buses, trucks andtrains, and to a imited extentin aviation (through
hydrogen-based liquid fuels or Power to Liquid) and inland navigation. A significant increase of
hydrogen demand is also assumed inindustry (especialy in refineries, chemical industry and the iron
and steel sector ). Some industries use at present fossilbased hydrogen as feedstock or as reducing
agent, which could be replaced by renewable hydrogen. Switching high temperature heat processes
fuels to renewable hydrogenrepresent sanother important potential use considered in the scenarios. In
the building sector, hydrogen can replace part of the current use of naturalgas ;it caninthe
short/medium term be distributed via existing gas grids through admixture to natural gas ,and in the
long termvia dedicated networks . The building sector is expected tohave inthe low scenarioa imited
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 instalations.

Hydrogen production

To cover the hydrogen demand estimated in the 2 scenarios, 13 and 56 GW respectively of electrolyser
capacity wil have tobe instaled, assuming an averageannual utilisation rate of 4.800 ful load hours .
To this end, 68 and 291 TWh/a respectively of renewable power wil be needed, based onan
ekectrolysis efficiency of69%. 0 Sur plus o6 electricity Ibwekeariciiyhe mar ket s i n
wholesale prices can be used for this purpose as wel. However, the main share wil have to be covered
by dedicated renewable electricity sources. For three countrieswith a high readiness for COz storage,
namely Germany, the Netherlands and the UK, low-carbon hydrogen produced via steam methane
reforming (SMR) in combination with CCSis considered as an aternative . Athough a combination of
electrolysis and SMR production is expected to develop in practice , the study shows that SMR capaciy
of 2 and 9 GWHzrespectively, would be needed to fuly replace the electrolysers and cover the

corresponding hydrogen demand in these countries (16 and 74 TWhy2/a respectively).

Estimated socio -economic and environmentalimpacts

The annual coststo produce renewable hydrogen (including the cost of dedicated renewable electricity
generation), to develop the transportinfrastructure (or adapt the existingone) and end  -user
applications would in the considered scenariosreach 10 and 33 bilion EUR, respectively . The
cumulative investment s needed up to 2030 would reach 70 and 249 bilion EUR, respectively . These
activities wil generate value added in the domestic economy, amongst others , by creating jobs in
manufacturing, construction andoperation of hydrogen technologies estimated at 104 000 and 357 000
jobs respectively, and wil contribute to greenhouse gas emission reductions. This is particular ly
important in hard -to-decarbonize energy uses, such as heavy-duty transport, steelpr oduction, refining
or ammonia and methanol production. According tothe European EUC0O3232.5 scenario, there is a
remaining gap of 1.5 Gt codain emission reduction plans that needs to be closed in order to achieve
2030 goalk. In the scenarios considered, t he deployment of hydrogencould contribute20 and 67 Mt
COv/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 folowing table and infographic present the major outcomes from the scenarioassessment

Table 0-1 Main results and impact s of hydrogen deploymentby 2030 in the two scenarios modelled in the
presentstudy *

Electrolysis capacity

Hydrogen . Avoided fossil
in GWy ) Value added Jobs
Member State demand . fuelimports .
(SMR+CCSsapacity (million EUR) (FTEs)
(TWhy/a) (TWh/a)
in GWH2)2
Austria 2-6 0.6-20 4-11 303 - 980 3324 - 10509
Belgium 1-7 04-23 2-8 224 - 1140 2525 - 10735
Bulgaria 08-14 0.3-0.5 1-2 109 - 190 3354 - 6001
Croatia 0.1060.4 0.03-0.2 01-1 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 03-11 3-11 273 - 900 2728 - 8854
France 4-20 1.2-53 8-27 669 - 2680 10379 - 33648
3.0-13.7
Germany 9-41 19 - 67 1918 - 7620 23192 - 82799
(1.1 - 5.0)
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 02-1 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 01-1 18 - 120 569 - 3742
Luxembourg 0.1-04 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
0.8-3.6
the Netherlands 3-12 4-14 460 - 1930 5112 - 18204
(0.3 - 1.5)
Poland 2-6 0.7-17 3-8 343 - 870 3597 - 8608
Portugal 1-7 0.3-27 1-8 92 - 740 2500 - 18450
Romania 1-2 0.3-0.8 2-3 156 - 350 1925 - 4440
Slovakia 04-11 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 1.0-41 7-20 604 - 2360 10527 - 35827
Sweden 2-5 04-1.2 4-11 312 - 880 1106 - 2593
1.1-56
UK 4-21 7-27 664 - 2940 12532 - 45975
(0.5 - 2.5)
13 656 7 590 0 104 060 o
EU28 42 - 183 80 - 259
(1.9 - 8.9) 29 330 357 630

! The values mentioned correspond to the national production and consumption of hydrogen. Trade between EU
Member States and imports fromnon-EU countries are not considered in the scenarios.

2 | ow-carbon hydrogen production via SMR+CCS is considered as an atter native for renewable hydrogen production
via electrolysis in countries with high readiness for CO, storage, i.e. Germany, the Netherlands and the UK.
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Figure 0-1Main results and impacts of hydrogen deploymentfor the EU28 by 2030 in the two scenarios modelled in the present study
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Résumeé exeécutif

Etant donné que Ihydrogéne renouvelable et bas carbone sera essentiel en vue de soutenir la

décarbonation du systeme énergétique, il est important d'identifier et d & ® v aldswpportunités

of fertes par |le d®ploiement d e enVisafeysdrrinbégratioredans lesgr ande ®c he
planifications climatique et énergétique nationales et dans les feuiles de routeversun systéme

énergétique bas carbone.

Cette étude vise a analyser le role de 'hydrogéne renouvelable et bas carbone dans les Plans Nat ionaux
Energie Climat (PNEC), et a identifier et mettre en évidence les opportunités pour les technologies de
fThydrogene visant a contribuer a la réalisation efficace et effective des objectifs cimatiques et
énergétiques de IUE et de ses Etatsmembres & lhorizon 2030. O u t rinéornation des PNEC, des
données publiquement disponibles ainsi que des informations internes et instruments d 8 a n aduy s e
consultant ont été utiisés. Les opportunités et les impacts du dépliement de hydrogéene sont éval ués
pour chaque Etat membre et résumés dans des fiches individueles. Ces informations devraient
contribuer a assurer que les options attractives d'utiisation des technologies de fhydrogéne sont et

seront ddment prises en compte par les Etats membres.

Ce rapport présente une analyse des PNEC 2021-2030 soumis par les Etatsmembres de IUE (voir
chapitre 2). L'analyse se concentresur la mesure du déplbiement de rhydrogéne tel que prévu dans les
PNEC, et fournit un apercu des objectifs, des poltiques et des initiatives iées a lhydrogéne tek que
repris dans les PNEC.

En outre, le rapportcomprend une évaluationdesopportunités concernantle déploiement des
technologies de 'hydrogéne (voir chapitre 3). Les opportunités identifiées reposent principalement sur
les potentiels techniques et les infrastructures existantes par Etat  membre et refétent ke potentiel
national de déploie ment de hydrogéne, sur base des trois piiers de la chaine de valeur: la production,
la livraison (transport, distribution et stockage) et la demande/utiisation. Le quatriéme facteur

d'influence aborde fenvironnement politique et industriel de maniere  qualitative en tant que catalyseur
du déplbiement de hydrogéne.

Enfin, le rapport présente un apercu des impacts nationaux liés au déploiementde I'hydrogene
renouvelable (voir chapitre4). Cela comprend des estimations de la demande d'hydrogéne en 2030
dans un scénariofaible et élevé dans chaque Etat membre de IUE (plus le Royaume-Uni) pour les
secteurs de | 6industrie, da p© b dmeékctricitéd) aindi@ue finpacs por t et de
résultant en matiere de réduction des émissions de gaz a effet de serre, les implications pour kes
infrastructures ainsique la sécurité d'approvisionnement énergétique, les impacts financiers, lemploi

et la valeur ajoutée.

Dans lensemble, ces évaluations peuvent aider les Etats membres a déterminer ou a ad apter lkeurs
politiques et objectifs en matiére d'hydrogéne pour 2030 et au -deld, et a soutenir le déploiement de
fThydrogéne par des mesures politiques appropriées. Les équipes nationales travailant surles feuiles de
route pour la décarbonation et les m ises a jour des PNEC sont invitées a examiner les opportunités et

les avantages du déplbiement de rhydrogéne renouvelable telsquéi dent i fi ®s dans cette ®t
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L'évaluation des scénarios montre des avantages potentiels substantiels relatifs au déploiement de
I'hnydrogéne d'ici 2030

Les hypotheses et résultats principaux sontci-aprés brievement présentés.

Demande d'hydrogéne

Deux scénarios (haut et bas) de demande d'hydrogéne en 2030 sont développés, basés sur différents
niveaux d'ambition iés au contexte national de chaque Etat membre. Les résultats sont résumés dans
leTable 0-1 Tableau 0-1. Pour la plupart des Etats membres de IUE, une augmentation importante de
la demande d'hydrogéne est supposée dans ke transport , en particulier pour les voitures particulieres,

les bus, les camions et les trains, et dans une moindre mesure dans laviation (via les carburants

iquides a base d'hydrogéne ou Power to Liquid) et la navigationintérieure. Une augmentation
significative de la demande en hydrogéne est également présumé e dans l'industrie (notamment dans
kes raffineries, lindustrie chimique et le secteur sidérurgique). Certaines industries utilisent
actuellement I hydrog ne ddorigine fossile comme mati r e
étreremplacé par de thydrog éne renouvelable. Le passage des combustibles fossiles pour des procédés
thermiques a haute température vers de lhydrogéne renouvelable représente une autre utiisation
potentiele importante également prise en compte dans les scénarios. Dans le secteurd u béatiment ,
Thydrogéene peut remplacer une partie de lutiisation actuele de gaz naturel, il peut étre distribué a
court/ moyen terme via des réseaux de gaz existants en étant mélangé au gaz naturel, et a long terme
via des réseaux dédiés. Le secteur du batiment devrait avoir, dans ke scénario bas, une demande

imitée d'hydrogéne d'ici 2030, mais aurait une demande plus fortedans le scénario haut. Les scénarios
présument qu'une part tres imitée de lélectricité seraproduite sur base d'hydrogéene d'ici 2030,

notamment dans desinstalations combinées de chaleur et d'électricité.

Production d'hydrogéne

Pour couvrir la demande d'hydrogéne estimée dans les 2 scénarios, 13 et 56 GW de capacité
d'électrolyseurs devrontrespectivement étre instalés, en suppo santun taux d'utiisation annuel moyen
de 4.800 heures a pkine 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 Iélectricité peut également étre
utiisée a cettefin. Cependant, la majeure partie devra étre couverte par des sources d'électricité
renouvelable dédiées. Aternativement, les scénarios supposent que danstrois pays relativement
avancés en vue du stockage de CQ, a savoir [Alemagne, les Pays-Bas et le Royaume-Uni, de
fhydrogéne bas carbone peut étre produit via le vaporeformage du méthane (SMR) en combinaison avec
e CCS. Une capacité SMR de 2 et 9 GW- respectivement, seraient nécessaires pour remplacer les
électrolyseurs et ainsi couvrir la demande d'hydrogéne correspondante dans ces pays (16 et 74 TWh 2 /

an respectivement).

Impacts socio -économiques etenvironnementaux estimés

Les colts annuels de production d'hydrogéne renouvelable (y compris le coltde production d'électricité
renouvelable dédiée), de développement de linfrastructure de transport (ou d'adaptation de
linfrastructure existante) et des applications des utiisat eurs finaux s'éleéveraient respectivement dans
les scénarios envisagés a 10 et 33 miliards d'euros. Les investissements cumules nécessaires jusqu'en
2030 atteindraient respectivement 70 et 249 miliards d'euros. Ces activités généreront de la valeur
ajouté e dans Béconomie européenne, notamment en créantdes emplois dans la fabrication, la

construction et lexplbitation des technologies de fhydrogéne, estimés respectivement a 104 000 et 357

vi
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000 emplois. Eles contribueronta la réduction des émissionsdegaz ~ effet de serre, ce
particuliérement importantdansles appl i c at i o ndificiesG®écarboger, ®les que e

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

le scénarioeuropéen EUC03232.5, il resteun écartde 1,5 GtCO2/ an dans les plans de réduction des

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

déploiement de hydrogéne renouvelable pourrait contribuera cet objectif a concurrence de

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

Le tableau et linfographie suivants présentent les principaux résultats de lévaluation d es 2 scénarios.

Tableau 0 1 Principaux résultats et impacts du déploiementde I'hydrogene d'ici 2030 dans les deux scénarios
modélisés par la présente étude *

Electrolyse
Demande en GWy Importation évitée de L
) ) Valeur ajoutée
Etat membre dohydr (SMR+CCS combustibles fossiles -
" (millions EUR)
(TWhy,/a) capacit é (TWh/a)

en GWH2)4

3.0-13.7
Allemagne 9-41 19 - 67 1918 - 7620 23192 - 82799

(1.1 - 5.0)
Autriche 2-6 0.6-2.0 4-11 303 - 980 3324 - 10509
Belgique 1-7 04-23 2-8 224 - 1140 2525 - 10735
Bulgarie 0.8-1.4 0.3-0.5 1-2 109 - 190 3354 - 6001
Croatie 0.1604 0.03-0.2 01-1 13-70 177 - 591
Chypre 0.02-0.1 0.01-0.1 0.03-0.1 5-30 97 - 599
Danemark 04-2 0.1-0.6 1-2 66 - 290 558 - 1442
Espagne 4-17 1.0-41 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 1.2-53 8- 27 669 - 2680 10379 - 33648
Greéce 1-3 04-10 2-4 229 - 540 4450 - 10432
Hongrie 1-2 0.3-0.9 1-3 134 - 360 721 - 1548
Irlande 0.1-1 0.0-0.3 02-1 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 01-1 18 -120 569 - 3742
Luxembourg 0.1-04 0.1-0.3 02-1 44 - 160 420 - 1531
Malte 0.01 - 0.05 0.003 - 0.03 0.01- 0.04 1-10 33-224

0.8-3.6

PaysBas 3-12 4-14 460 - 1930 5112 - 18204

(0.3 - 1.5)
Pologne 2-6 0.7-1.7 3-8 343 - 870 3597 - 8608
Portugal 1-7 0.3-27 1-8 92 - 740 2500 - 18450
Roumanie 1-2 0.3-0.8 2-3 156 - 350 1925 - 4440

: 1.1-5.6

Royaume Uni 4-21 7-27 664 - 2940 12532 - 45975

(0.5-25)
Slovaquie 04-11 0.1-04 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 reflétent la production et consommation nationales d'hydrogéne. Le commerce entre les Etats membres
de IUE et les importations en provenance de pays tiers ne sont pas pris en compte dans les scénarios.

4 Laproduction d 8 hydr og  ne Va&MR+CE&®sbansiderée comme alternative pour la production

d 6 hrpgénerenouvelable dans despaysavancés en vue du stockage de CQ, a savoir Alemagne, les Pays-Bas et le
Royaume Uni.
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Suede 2-5 04-12 4-11 312 - 880 1106 - 2593
Tchéquie 04-2 0.1-0.6 1-3 77 - 290 535 - 1330
13 0656
42 6183 80 6259 7590 o 104 060 o
EU28 (1.9 - 8.9)
29 330 357 630
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Definitions

and abbreviations

CCs Carbon capture and storage

CCuU Carbon capture and utilisation

CCUs Carbon capture, utiisation and storage

CHP Combined heat and power

CO Carbon monoxide

CQ 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

EUCO03232.5 Policy scenario reflecting the 32% renewable energy and 32.5% energy
savings targets and theirimpact on the EU energy system

FCHJU Fuel cels and Hydrogen Joint Undertaking

FTE Ful-time equivalent

GHG Greenhouse ga®s

Ho Hydrogen

IGCC Integrated gasification combined cycle

IPCEI Important Projects of Common European Interest

LNG Liguefied naturalgas

Low-carbon hydrogen

Hydrogen produced by steam methane reforming (SMR) combined with
CC(U)s

MS Member State

NECP National energy and cimate plan
OGE Open Grid Europe

p2X Power to product

PtL Power toliquid

PV Photovotaic

Renewable hydrogen

Hydrogen produced by electrolysers using renewable electricity

R&D

Research and development

RD&lI Research, development and innovation
R&l Research and innovation

SET Plan Strategic Energy Technology Plan
SME Smal and medium enterprises

SMR Steam Methane Reforming

TENE Trans-European Energy Networks

TSO Transmission systemoperator

TYNDP Ten-year network development plan
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1 Context

1.1 Introduction

1.1.1 Objective andscope of the study
Accor ding t o-ternhvsiorEfd & simateoneugral economy 3, the role of renewable and low-
carbon hydrogenwil 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 toanalyse 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 chosenby the Member States. If the EU wants to capturethe ful socio -economic,
environmental and energy systembenefits of deploying hydrogen technologies, it is important that the
opportunities of hydrogen deployment are properly considered by al Member States. Hence, the
overarching objective of this studyisto o0i denti fy opportunities in terms of |
environmental sustainability and energy security through the inclusion of  hydrogen energy
technol ogi es .iThe oppdrtanit iNsHoC &nsl inpacts of hydrogen deployment are asses®d
per Member State and are summarised in individual fiche s per Member State. This study does not aim to
replace NECPs or nationalroadmaps but can contribute to ensuring that attractive options for using

hydrogen technologies are duly considered by the Member States.

The study coversal EU Member States (plus the UK) and focuseson the period up to 2030 (i.e. the
period of time coveredby the N ECPs).While there are major opportunities for hydrogen already up to
2030, the large -scale deplbyment of renewable and low -carbon hydrogenis expected tomainly take off
as of 2030. The study hence assesses towhat extent policy measures and industrial initiatives are
akeady being takent o faciitate the large -scale implementation of hydrogenin this and the next
decades. Finaly, the study focuseson 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 CQU)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 countriesare
hence not considered. Grey hydrogen (hydrogen produced by steam methane reforming without CQU)S)
is also not considered, asits 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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CQ reductions and the opportunities and economic benefits of hydrogendeplo yments identified in this

study.

1.1.2 Structure of thereport
Chapter 1 (this chapter), provides an introduction tothis assignment, as wel as the methodology used

for the opportunity and scenario assessment.

Chapter 2 provides an analysis of the final NECPs for 2021-2030that were available in April 2020 and
of the draft NECPs for the other Member States. The analysis focuses on theextentto 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 ineach
Member Stateand reflect the national potential for hydrogen, based on the three pilars of the value

chain: production, delivery (transport, distributionand storag e),and demand. The fourth influencing
factor addresses the poiltical and industrial environment in a qualitative way as an enabler for

hydrogen deployment.

Chapter 4 provides an overview of the national impacts of deploying hydrogen .Thisincludes estimates
of 2030 hydrogendemand in a low and a high scenario in the EU Member States (plus UK) in the sectors
industry, buit environment, transportand power, the resulting environmental impact in terms of
greenhouse gas emission reductions, infrastruct ureimpiications as wel as security of energy supply,
financial impacts, employment and value added.

As a whole these assessmentsan 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 presentsthe conclusions and recommendations .

In addition, the reportincludes the folowing annexes:
1 Annex AdDetailed methodology, assumptions and sources;

Annex B - Hydrogen energy technologies information ;

1

1 Annex C- Assumptions for socio-economic assessment at sector level;
1 Annex D- Reference data for Scenario Assessment per Member State
1

Annex E - ScenarioassessmentdHydrogen 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 presentedin the annexes.

1.2.1 Methodology used for the analysis of the NECPs
The NECPs and other relevantnational documents are reviewed in order to identify main referencesto

hydrogen and PtX, potential sources of hydrogen, targeted use sectors, the role of hydrogenin the
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energy systemand the political ambition to deploy hydro gengeneration, 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 this study.

1.2.2 Assessment per EU Member State of opportunities for hydrogen deployment
The opportunity assessment per EU Member Stateencompasses:
1  Technical potential for do mestic r enewable and low-carbon hydrogen production and its
potential contribution for providing flexibiity to the energy system;
1 Existing methane transport, distribution and storageinfrastructure andits potential use for
hydrogen;
Current and potential hydrogen demand in the different end -use sectors;and

Enabling national environment, or driversthatcan trigger hydrogendevelopment.

Eachof these aspects has been assessedjualitatively 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 hydrogentechnologies in the different Member States (see results presentedin chapter 3).

1.2.3 Scenario assessment per EU Member State of hydrogen deployment
The scenario assessmentaims to estimate the impacts of hydrogentechnology deployment on the
national energy system, economy and GHG emissionsin each of the EU Member States.In order to
addressuncertainty , two scenarios aredefined with a low and high share of hydrogen demand in
industry (refining, steeimaking and chemical industry including ammonia, methanol and
olefins/aromatics production), heating & cooling in the buit environment , transport (passenger cars,
buses, trucks, trains, aviationand inland navigation) and electricity generation . The oLowO6 scenari o
assumesa limited penetration of hydrogen in the different end -use application; whie t he 0 Hi gho
scenarioassumes that hydrogen development wil be strongly supported by increasing competitiveness
of hydrogentechnologies and enabling policy measures. More details on these scenarios canbe 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 andsub -sectors as a starting point of the analysis (Sub -module
1la) and these results are used for the sizing of the corresponding hydrogen -related technologies for
generation (for electrolysis in al EU28 and for SMR+CC#$& the 3 concerned countries), infrastructures
and end-users suchas electrolysis, gas grids or end user applications (Sub-module 1b). Inthe second
step (Module 2), the outcomes from the first module are usedto assessthe corresponding
environmental and financial impact s (Sub-module 2a) as wel 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 -outputmodelemployedinthe scenario assessment
Module 1: Demand estimation and technology sizing Module 2: Impact calculations
1a: Estimated hydrogen demand 2a: Environmental and financial impact

H,-related GHG

Hydrogen demand in the low and high scenarios by 2030 .
reduction

Investment needs
in the sectors industry, buildings, transport and power

‘ Share of GHG Annual costs
reduction target (CAPEX, OPEX)

H, price an
revenues

2b: Impact on security of supply, jobs and

economy
Related jobs

1b: Hydrogen generation, infrastructure and end users

Renewable power

End users
or natural gas

Electrolysis
or SMR+CCS

H; refuelling

Avoided fossil

\ 4 fuel /imports

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

H, transport
via truck trailer

Power grid

Reduction import
dependency

Value added for
the economy

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

). First,the sizeand volume indicatorsrelate d tothe development of the overal 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 -kiometres driven per year), or the annual energy
consumption. The second set of parameters is related to the technology spit specifying the share of
hydrogen technology in certainvolume indicators. This corresponds to the penetrationrate 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 generaly considered as cost -
effective on the basis of the literature sources.

Figure 1-2 Approach for estimation of hydrogen demand

High scenario:

H,-based technology
(e.g. H,-DRI in t/a)

Corresponding

Historical _ hydrogen
market size: Conventional Specific H, ) demand
technology consumption in TWhy,/a
Conventional
technology Market growth (€.8. 58 kgp/ tsteel)

(e.g. blast in high and low
furnaces scenario

in t/a) Low scenario:

H,-based technology
(e.g. H,-DRI in t/a)

Corresponding
_ . hydrogen
Specific H, demand

consumption in TWhy/a
(e.8. 58 kg / tsteer)

At present, some industrial sectors suchasammonia productionor refining processes , aready use

Conventional
technology

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

Netherlands and the UK), to low -carbon’ hydrogen.

Finaly, the estimated hydrogen demand in 2030in each sector and subsector is for each Member State
calulated based on th e previous results and technology specific energy consumptions and efficiencies.
Inthisway, the Sub-module provides annual demand levels for renewable (or in selected Member States
low-carbon) hydrogenin TWhy/a based on lower heating value. Both scenar ios assume thatin 2030
renewable or low -carbon hydrogenwil be provided to partialy 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 calkulations of the need for dedicated renewable power generation (and in some Member
Statesaltternatively for natural gas based SMRcapacity ) by taking respective efficiencies into account

as wel as the sizing of the electrolysis (or akernatively of SMR with CCS) based on typical utiisation
rates. Moreover, the analysis estimates the number of end-user units in each sector and sub-sector such
asthe number of FCEVs or hydrogenpowered CHPs as wel as corresponding requirements on the
power, gas and refueling infrastructures (including H 2 transportviatruck trailersto the refueling

stations).

Environmental and financial impacts (Sub -module 2a) arecalulated based on the estimated hydrogen
demand and expected size of the hydrogentechnology deployment along the entire value chain (i.e.
hydrogen generationas wel as corresponding infrastruc tures and end users) from Module 1. Itincludes
Hz-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 wel as Hz cost and revenues.

The impact of hydrogen deployment on security of energy supply (Submodule 2b)is assessed
guantitatively 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, typicaly expressed on percentage -basis as the share of
imported energy in totalenergy demand, between the cases with and without  national hydrogen

production and consumption.

The effects on value added and employment are assessedusingsupply chain analysis of hydrogen
technologies. The impacts onthe national economy resulting from capital e xpenditure and operation &
management are estimated for every Member Sate 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 asa ful-time
emplyment equivalent.

% Renewable hydrogen corresponds to hydrogen produced via electrolysis based on fully renewable power generation
such as wind energy or PV.

" Low-carbon hydrogen corresponds to hydrogen produced via steam methane reforming (SMR) combined with carbon
capture and storage (CCS).
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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 2050.1n December 2019, the European Commission unveiled a European Green
Deal aimed at putting the European Union on tracktoreach net -zero global warming emissions by 2050.
This Green Deal demonstrates the ambitions of the Commission in climate protectionand i ncludes a

roadmap of key legislative actions over the coming two years.

Hydrogen and its infrastructureare coveredin the Commission communication on the Green Deal

under:

The transitionto climate neutrality also requires smart infrastructure . Increased crossborder and
regional cooperation wil 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, wil
need to be reviewed to ensu re consistency with the cimate neutrality objective. This framework should
foster the deployment of innovative technologies and infrastructure, suchas smart grids, hydrogen
networks or carbon capture, storage and utiisation, energy storage, also enablin g sector integration.
Some existing infrastructure and assets wil require upgrading to remain fit for purpose and cimate

resiient. 8

According to the European Commission LongTerm Strategic Vision® hydrogenwould 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 Hz scenario;in other scenarios, hydrogenhas a smaler but stil relevant role (see graph below).

Figure 1-3 Share of en ergycarriersin final energy consumptionin the Long -Term Strategy

8 European Commission (2019), COM/2019/640. The European Green Deal

° European Commission (2018b), Indepth analysis in supportof the Commission communications COM(2018) 773: A
Clean Planet for al & A European longterm strategic vision for a prosperous, modern, competitive and climate
neutral economy

Trinomics &


































































































































































































































































































































































