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Executive Summary  

The required  sharp decrease in CO2 and other greenhouse gas emissions by 2050 ð as committed to in 

the Paris Agreement - may drastically reduce the share of natural gas in the European energ y mix. 

Therefore, the role of European gas infrastructure may change substantially within the next thirty 

years. Taking into account the long lifetime of gas infrastructure assets, a forward -looking exercise is 

essential to take informed decisions and  to reduce the risk that existing or planned assets would 

become devalued or stranded in the medium or long term. In this context, the objective of the study is 

to assess the role of Trans-European gas infrastructure in the light of the EUõs long-term 

decarbonisation commitments.  

 

The report  provides an overview of different existing storylines developed by various stakeholders from 

industry, policy makers, research and NGOs derived from an extensive literature research. Based on 

this, well -reasoned storylines were developed for the expected development of the gas sector in Europe 

until 2050 in an ambitious decarbonisation context 1.  The report further  assesses the consequences for 

existing and planned trans -European gas infrastructure under the three developed s torylines for six 

selected TSOs2 as well as the readiness of three selected national regulatory regimes 3 in a significantly 

changing energy landscape.  

 
Assessment of existing storylines  

In general, the storylines agreed in a holistic future key role of t he gas infrastructure, its value and 

ability to store energy at large scale and across seasons, to efficiently transport energy at large scale 

and to supply industry with an energy carrier and chemical base material simultaneously. As such the 

gas infrastructureõs role is believed to change to not only providing flexibility to the energy and 

specifically the electricity system but also as an infrastructure in its own rights to provide energy 

services and material supply for other large energy users such as transport and industry. The majority 

of the studies predict a decreasing gas demand for heating uses due to significantly improved building 

insulation and the substitution of significant shares of todayõs gas-based heating appliances by more 

efficient elec tric heat pumps. However, this development does not necessarily result in a decreasing 

overall gas demand as the reduction in the heating sector can be compensated by an increase in other 

sectors such as transport or industry (e.g. steel industry). Hence, the future utilization level of the gas 

infrastructure depends on the respective strengths and magnitude of opposing trends. From a 

technological perspective, almost all the alternative and advanced gas technologies have reached a 

high technological readin ess level of at least 7 and have either already been introduced to the market 

commercially, or are close to this stage.  

 

Taking into account the variety of technical options presented in the storylines and further assessed in 

the full report of this study , a one-size-fits -all solution for all Member States seems rather unlikely. 

Yet, common rules need to be developed while providing the flexibility to select and implement the 

most appropriate options across Europe. 

 

                                                      
1 In this context it is noted that some players prefer the term defossilization as it denotes that fossil -based carbon energy carriers 

should be phased out, allowing renewable carbon -based fuels such as biomethane to be used beyond 2050, paying tribute to a 
sustainable and circular use of carbon.  
2 Energinet (Denmark), GRTgaz (France), Gaz System (Poland), Transgaz (Romania), Gas Networks Ireland , Snam Rete Gas (Italy)  
3 Denmark, France, Poland 
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Development of three well -reasoned story lines  

Three generic storylines have been developed in order to analyse po ssible future roles of gas and the 

gas infrastructure until 2050 together with their potential impacts  without claiming quantitative 

technical or economic justification by modelling . Yet, all three storylines have in common the 

achievement of the -95% GHG emission reduction target by 2050 compared to 1990 levels as an 

illustration of deep decarbonisation efforts . The storylines are defined as follows:  

(1) electricity becoming the major ene rgy carrier  for transport and buildings ; 

(2) a coordinated role of the gas and electricity infrastructures with a focus on carbon-neutral 

methane either as synthetic methane (PtCH 4) or biomethane ; and 

(3) a coordinated role of the gas and e lectricity infrastructur es with a focus on hydrogen.  

 

The three storylines w ould have a different impact on security of energy supply, in  particular the 

energy systemõs adequacy and operational reliability ,  and related co sts.,   Issues such as the i mpact of 

massive development of fluctuating renewable electricity, reduced seasonality of heat demand , 

availability and cost of different types of electricity or gas storages and back-up systems and the overall 

impact on energy end -user prices necessitate further in-depth studies. 

 

Impact of  decreasing natural gas demand and development of renewable gas on gas infrastructure  

Although the overall gas demand would remain at a high level  in storylines 2 and 3 , and only 

significantly decline  in storyline 1 , the natural gas demand would in al l three storylines drastically 

decrease. Moreover, the gas volumes transported via the TSO-grid would be lower than the overall gas 

demand, as part of the renewable gas production would be locally used or injected into the DSO -grid.   

 

In all three storylin es, the utilisation level of LNG terminals and import pipelines would significantly 

decrease, and some assets might need to be decommissioned or used for other purposes. The negative 

impact on the transmission grids and storage would be lower due to the ex pected use of this 

infrastructure for renewable gas.  Existing gas storage could in principle be used for biomethane, while 

some types (e.g. salt caverns) would be suitable for refurbishment to hydrogen and could also 

contribute to short term flexibility ne eds.  

 

While biomethane can be transported via the gas grid without major technical constraints, there is still 

some uncertainty with regard to the level of hydrogen that could be injected into the gas grid, without 

requiring adaptations to the gas transmi ssion infrastructure and end -user appliances. This issue should 

be further clarified, in order to have a better estimate of the cost impact of the refurbishments of the 

infrastructure, which would be needed to accommodate large amounts of hydrogen as expec ted in 

storylines 1 and 3.  

 

Several countries are taking initiatives to stimulate the use of natural gas (CNG or LNG) and biomethane 

in the transport sector, to replace coal or peat with gas for power generation and to support the 

development of renewable gas. While an enabling policy framework is in general in place for local 

production and use of biogas, its conversion to biomethane and injection into the gas grid is still very 

limited. Production of carbon -neutral hydrogen and transport via the gas grid are in the study and 

demonstration/pilot phase.   
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Implications of the storylines for transmission system operators  

TSO assets represent a high economic value which will be affected by the transition. The CAPEX  (which 

currently represent 40 to 65% of their  overall costs) are expected to remain at a relatively high level  in 

all three storylines, due to high investments in the past which still have to be depreciated to a large 

extent.  The overall investment levels are expected to slightly decline in the coming  10 years, but 

specific investments are expected after 2030, to refurbish grids to accommodate H 2 in storylines 1 and 

3, and to allow for reverse flows o f renewable gas between distribution and transmission, in particular 

in storyline 2.  

 

The OPEX would re main at a relatively high level  in all three storylines given that these costs are mainly 

fixed (e.g. only a small fraction is volume related) , thus the projected  falling transported gas volumes 

would not lead to a proportionate cost decrease.   

 

As for most gas infrastructure a ssets regulated Third-Party Access (TPA) tariffs apply based on actual or 

ôauthorisedõ costs, falling transported gas volumes in storylines 1 and 3 would  with stable/slightly 

decreasing overall cost levels ,  have an increasing impact on grid tariffs , which might  in the medium and 

long term  undermine the affordability and competitiveness of gas . Storyline 2 (strong development of 

biomethane) would allow maintaining the gas grid tariffs  at the lowest level . 

 

Readiness of national  regulato ry frameworks  

The following considerations result from the analysis of three national regulatory regimes :  

¶ Regulation should focus on investments in future -proof assets and enable the gradual 

replacement of  natural gas with carbon -neutral gas to avoid deval ued or stranded assets; 

¶ Depreciation rules for gas infrastructure assets  may need to be revised  to properly take into 

account the specific risks related to the changing gas demand and supply patterns; 

¶ National r egulation regarding renewable gas and conditi ons and tariffs for connection and 

access to gas infrastructure , including support schemes and priority dispatch, should be 

assessed and implemented or adapted where appropriate , in order to facilitate  the transition 

to a carbon-neutral gas supply, while a voiding dist ortions amongst energy vectors and 

technologies;   

¶ Valuing potential synergies within the energy sector and with end -users (sector coupling) 

would allow to reduce energy system costs; 

¶ Innovation and R&D will be needed to accelerate the deployment  of renewable  gas. I t is also 

deemed appropriate to clarify the possible role of grid operators in activities that contribute 

to valuing gas infrastructure , such as power-to-gas installations and gas fuelling s tations ;  

¶ Cross-subsidisation or subsidies for gas infrastructure could be considered to keep gas grid 

tariffs affordable , but might have distortive impacts ;  

¶ Security of gas supply has been an important driver for investments in gas infrastructure. In 

the future, investments would mainly be driven by  safety imperatives , development of 

renewable gas, and flexibility needs to ensure the adequacy and operational reliability of the 

overall energy system.  
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Résumé 

La forte diminution des émissions de CO2 et des autres gaz à effet de serre d'ici 2050, telle  que 

convenue dans l'Accord de Paris, pourrait réduire considérablement la part du gaz naturel dans le mix 

®nerg®tique europ®en. Par cons®quent, le r¹le de lõinfrastructure gazi¯re europ®enne pourrait changer 

considérablement au cours des trente an s à venir. Compte tenu de la longue durée de vie des 

infrastructures gazières, un exercice prospectif est nécessaire afin de prendre des décisions en toute 

connaissance de cause et ainsi réduire le risque que certains actifs existants ou prévus  nõauraient plus 

de valeur économique ¨ moyen ou ¨ long terme. Dans ce contexte, lõobjectif de cette étude est 

dõ®valuer le r¹le des infrastructures gazi¯res transeurop®ennes en prenant compte des engagements de 

l'UE en matière de décarbonisation à long terme.  

 

Le rapport présente un aperçu de différents scénarios existants élaborés par différents groupes de 

parties prenantes dont lõindustrie, des responsables politiques, des chercheurs et des ONG. Sur la base 

dõune recherche documentaire approfondie, des sc®narios bien argumentés ont été développés sur 

lõ®volution possible du secteur du gaz en Europe jusqu'en 2050, dans un contexte de décarbonisation 

ambitieux 4. Le rapport évalue en outre les conséquences de trois scénarios élaborés pour les 

infrastructures gazières transeurop éennes existantes et prévues en général et pour six GRT5 en 

part iculier , ainsi que l' adéquation de trois régimes régulatoires  nationaux6 dans un paysage énergétique 

en profonde mutation.  

 
Lõ®valuation des sc®narios existants 

En général, les scénarios prévoient un futur r¹le cl® de lõinfrastructure gazi¯re, compte tenu 

notamment de sa capacit® ¨ stocker de lõ®nergie ¨ grande ®chelle et à travers des saisons, à 

transporter efficacement lõ®nergie ¨ large distance et ¨ fournir ¨ lõindustrie un vecteur énergétiq ue qui 

sert également comme produit chimique de base. En tant que tel, le r¹le de lõinfrastructure gazi¯re va 

changer, non seulement en offrant  de la flexibilité au système énergétique,  et ,  en particulier ,  au 

système électrique , mais aussi en tant quõinfrastructure permettant de fournir des services 

énergétiques et d es produit s de base aux grands utilisateurs dõ®nergie tels que le transport et 

lõindustrie. La plupart des études prévoient une diminution de la demande de gaz pour le chauffage en 

raison de lõisolation des bâtiments considérablement améliorée et du remplacement de parts 

importantes des appareils de chauffage au gaz par des pompes à chaleur électriques plus efficaces. 

Cependant, cette évolution n'entraîne pas nécessairement une diminution de la d emande globale de 

gaz, l a réduction d ans le secteur du chauffage pouvant être compensée par une augmentation dans 

d'autres secteurs, tels que le transport ou l'industrie (par exemple, la sidérurgie). Par conséquent, le 

niveau d'utilisation futur de l'infra structure gazière dépend de  lõintensit® et de l'ampleur de tendances 

opposées. D'un point de vue technologique, presque toutes les technologies de gaz alternatives et 

avancées ont atteint un niveau de maturité  technologique élevé d'au moins 7 et ont déjà é té 

commercialisées ou sont au stade de commercialisation . 

 

                                                      
4 Dans ce contexte, il est important de noter que c ertains acteurs préfèrent le terme «  défossilisation  è parce quõil d®note le 

renoncement aux combustibles à base de carbone, ce qui permet le s combustibles à base de carbone renouvelables (comme le 
biom®thane) dõ°tre utilis®s au-del¨ de 2050, ce qui sõinscrit dans le cadre dõune utilisation durable et circulaire de carbone.  
5 Energinet (Danemark), GRTgaz (France), Gaz System (Pologne), Transgaz (Roumanie), Gas Networks Ireland (Irlande) , Snam Rete 
Gas (Italie).  
6 Danemark, France, Pologne. 
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En tenant compte de la variété  dõoptions technologiques pr®sent®es dans les scénarios ci-dessus et 

présentées en plus de détail dans le rapport, une solution unique valable pour tous les États memb res 

semble peu probable. Néanmoins, des règles communes devraient  être établies, tout en leur 

permettant la flexibilit® de choisir et dõ®tablir les options les plus pertinentes ¨ travers lõEurope. 

 
Lõ®laboration de trois sc®narios bien argument®s 

Trois scénarios génériques ont été d®velopp®s afin dõanalyser le futur r¹le possible du gaz et des 

infrastructures gazières dõici 2050,  et dõ®valuer  leur impact potentiel, toutefois sans se servir dõune 

modélisation quantitative. Les trois scénarios ont en commun dõatteindre lõobjectif de r®duction des 

émissions de GES de 95% en 2050 par rapport aux niveaux de 1990, ce qui implique des efforts 

importants afin de  réaliser une telle décarbonisation profonde. Les scénarios sont définis ci-après : 

(1) Lõ®lectricit® devenant le vecteur principal dõ®nergie dans les secteurs du transport et des 

bâtiments;  

(2) Un r¹le coordonn® des infrastructures de gaz et dõ®lectricit® davantage intégrées, en mettant 

lõaccent sur le m®thane neutre en carbone, sous forme de m®thane synth®tique (PtCH4) ou de 

biométhane;  

(3) Un rôle coordonné des infrastructures de gaz et dõ®lectricit® davantage intégrées, en mettant 

lõaccent sur lõhydrog¯ne.  

 

Les trois scénarios auraient un impact diff®rent sur la s®curit® de lõapprovisionnement ®nerg®tique, en 

particulier lõad®quation et la fiabilit® op®rationnelle du syst¯me ®nerg®tique, ainsi que les co¾ts y 

associ®s. Certaines questions telles que lõimpact du d®veloppement massif de lõ®lectricit® renouvelable 

intermittente , la saisonnalité réduite de la demande de c hauffage, la disponibilité et le coût du 

stockage de gaz ou dõ®lectricit® et des syst¯mes de secours, ainsi que lõimpact g®n®ral sur le prix 

de lõ®nergie pour lõutilisateur final, n®cessitent encore des études approfondies.  

 

Lõimpact de la baisse de la demande de  gaz naturel et le développement du gaz renouvelable sur 

les infrastructures gazières  

 

Bien que la demande de gaz globale reste à un niveau élevé dans les scénarios 2 et 3, et ne diminue 

que de manière significative dans le scénario 1, la demande d e gaz naturel diminuerait 

considérablement dans les trois scénarios. De plus, les volumes de gaz transportés via le réseau des GRT 

seraient inférieurs à la demande globale de gaz, car une partie de la production de gaz renouvelable 

serait utilisée localeme nt ou injectée dans le réseau des GRD. 

 

Dans les trois scénarios, le niveau d'utilisation des terminaux GNL et des gazoducs d'importation 

diminuerait considérablement, et certains actifs pourraient devoir être mis hors service ou utilisés à 

d'autres fins. L'impact négatif sur l õutilisation des réseaux de transport  et du stockage serait moins 

élevé en raison de l'utilisation prévue de cette infrastructure pour le gaz renouvelable. Le stockage de 

gaz existant pourrait en principe être utilisé pour le biométha ne, tandis que certains types (par 

exemple les cavernes de sel) pourraient être reconditionnés pour stocker de l'hydrogène et pourraient 

également contribuer aux besoins de flexibilité à court terme.  

 

Tandis que le biométhane p eut être transporté via le ré seau de gaz sans contraintes techniques 

majeures, il existe encore des incertitudes quant au niveau dõhydrog¯ne pouvant °tre inject® dans le 

réseau sans que lõinfrastructure gazi¯re et les appareils des utilisateurs finaux n®cessitent des 
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adaptations. Cette question devrait °tre clarifi®e afin dõavoir une meilleure estimation de lõimpact 

technique et économique des adaptations de lõinfrastructure n®cessaires pour accueillir de grandes 

quantit®s dõhydrog¯ne, comme pr®vu dans les sc®narios 1 et 3. 

 

Plusieurs Etats membres de lõUE sont en train de prendre des initiatives pour stimuler lõutilisation du 

gaz naturel ( GNC ou GNL) et du biométhane dans le secteur du transport, le remplacement du charbon 

ou de la tourbe par du gaz naturel pour la production dõ®lectricité et le développement du gaz 

renouvelable. Bien quõun cadre politique favorable soit en g®n®ral en place pour la production et 

lõutilisation locales du biogaz, sa conversion en biométhane et son injection dans le réseau de gaz 

restent encore très limité s. La production dõhydrog¯ne neutre en carbone et son transport  via le réseau 

de gaz sont en phase dõ®tude et de d®monstration. 

 
Les enjeux  des scénarios à prendre en compte par  les gestionnaires de s réseaux de transport  

Les actifs des GRT ont une valeur é conomique importante qui sera affect ée par la transition  

énergétique . Les dépenses en capital (représentant entre 40% et 65% de leurs coûts totaux) sont 

prévues de rester à un niveau relativement élev é dans les trois scénarios, notamment  à cause des 

investissements importants dans le passé, qui doivent encore, dans une large mesure, être dépréciés. 

Le niveau dõinvestissement global devrait l®g¯rement baisser au cours des dix prochaines ann®es, mais 

certains investissements spécifiques sont attendus après 2030 pour remettre en état les réseaux afin de 

permettre le transport de lõhydrog¯ne dans les sc®narios 1 et 3, et de permettre des flux inverses de 

gaz renouvelable entre les réseaux de distribution et de transport  (en particulier dans le deuxième 

scénario).  

 

Les co¾ts dõinvestissement et dõexploitation demeureraient ¨ un niveau relativement ®lev® dans les 

trois scénarios, étant donné que ces coûts sont principalement fixes ( seulement une petite partie  est 

liée au volume) , alors la baisse prévue des volumes de gaz transportés ne conduirait pas à une 

diminution proportionnelle des coûts.   

 

Etant donné que pour la plupart des infrastructures gazières les tarifs dõAccès aux Tierces Parties sont 

régulés sur base des coûts de réseau réels ou ôapprouvésõ, la baisse des volumes de gaz transportés 

résultant des  scénarios 1 et 3, aurait un impact négatif sur les tarifs  de réseau, vu le fait que les coûts 

globaux resterai ent plus ou moins stables ou diminueraient seulement légèrement. Cette évolution 

pourrait ,  à moyen et  à long terme , avoir un impact négatif sur l e caractère abordable et concurrentiel 

du gaz. Le scénario 2 (développement élevé de biométhane) permettrait de maintenir les tarifs de 

réseau au plus bas niveau. 

 

L'adéquation  des régimes rég ulatoires  nationa ux 

Les considérations suivantes résult ent de notre  analyse de trois régimes régulatoir es nationaux : 

¶ La réglementation devrait être axée sur des investissements dans des actifs qui  répondent aux 

besoins futurs et devrait faciliter  le remplacement progressi f du gaz naturel par un gaz neutre 

en carbone; 

¶ Il convient de r®viser les r¯gles dõamortissement applicables aux infrastructures gazières afin 

de tenir compte des risques li®s aux tendances changeantes de lõoffre et de la demande de 

gaz ; 

¶ La réglementation  nationale concernant les gaz renouvelables et les conditions et tarifs de 

raccordement et dõacc¯s ¨ lõinfrastructure gazi¯re, y compris les régimes de soutien spécifique 
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ainsi que lõaccès prioritaire, devraient être évalué s, et le cas échéant introduits o u adaptés 

afin de faciliter la transition vers un approvisionnement en gaz neutre en carbone  tout en 

évitant de créer des distorsions entre vecteurs technologies ou technologies; 

¶ Une valorisation optimale des synergies potentielles au sein du secteur de lõénergie et avec les 

utilisateurs finaux (couplage sectoriel) permettrait de réduire les coûts du système 

énergétique;  

¶ Lõinnovation et la recherche et le développement seront nécessaires pour accélérer le 

déploiement du gaz renouvelable. Il est également ju gé approprié de clarifier le rôle éventuel 

des gestionnaires de réseau dans des activités qui permettent de valoriser lõinfrastructure 

gazière, notamment les installations de conversion de lõ®lectricité en gaz et les stations-

service de gaz; 

¶ Des subventions croisées ou des subventions publiques pourraient être envisagées pour des 

infrastructures gazières afin de maintenir les tarifs des réseaux de gaz à un niveau abordable, 

mais de telles subventions pourraient avoir des effets de distorsion; 

¶ La sécurité de lõapprovisionnement en gaz a ®t® un moteur important des investissements dans 

les infrastructures gazières. À l'avenir, les investissements dans ce secteur seraient 

principalement motivés par des considérations de s ûreté, de déploiement du gaz renouvelabl e 

et des besoins de flexibilité pour garantir l'adéquation et la fiabilité opérationnelle du système 

énergétique global.  
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1 Introduction  

The European Union has agreed on ambitious energy and climate policy goals that aim at, among 

others, limiting the globa l climate warming while ensuring secure and competitive energy supply at an 

affordable cost to society. This ambition is supported by the 2030 EU policy framework on climate and 

energy targets and the framework for an òEnergy Union with a forward-looking climate policyó. The 

initial target of 27% renewable energy by 2030 has in June 2018 been raised to 32%, while the energy 

savings target has been increased from 27% to 32.5%.7 

 

The long-term EU energy policy objectives include an 80% to 95% reduction of gre enhouse gas emissions 

by 20508. With the 2015 Paris Agreement 195 UNFCCC members committed to limit the increase in the 

global average temperature to well below 2°C, and to pursue efforts to limit the temperature increase 

even further to 1.5°C above pre -industrial levels. 9 The Paris Agreement acknowledges that the global 

action will require adequate efforts to stop the increase of accumulated GHG in the atmosphere and to 

achieve climate neutrality  in the second half of the century.  

 

The required sharp decrease in CO2 and other greenhouse gas emissions by 2050 may drastically alter 

the share of natural gas in the European energy mix. Therefore, the role of the European gas 

infrastructure may also change substantially within the next thirty years. Taking into account the long 

lifetime of gas infrastructure assets, a forward -looking exercise is essential to take informed decisions 

and to avoid that existing or planned assets could become devalued or stranded in the medium or long 

term.  In this context, the objec tive of the study is to assess the role of Trans -European gas 

infrastructure in the light of the EUõs long-term decarbonisation commitments. In order to gain a better 

understanding of possible evolutions, several existing storylines across the world have b een analysed in 

task 1 and, on the basis of this input, three possible storylines have been defined for the EU in task 2.  

 

The selected storylines which have been developed are the following:  

(1) electricity becoming the major energy carrier for transport and  buildings; 

(2) a coordinated role of the gas and electricity infrastructures with a focus on carbon -neutral 

methane either as synthetic methane (PtCH 4) or biomethane ; and 

(3) a coordinated role of the gas and electricity infrastructures with a focus on hydrogen .  

 

Task 3 assessed the consequences for (existing and planned) trans -European gas infrastructure under 

the three developed storylines for six selected TSOs. Task 4 assessed the readiness of three selected 

national regulatory regimes in a significantly chang ing energy landscape. 

 

 Scope 

The study focuses on large gas infrastructure, in particular cross -border pipelines, national transmission 

networks, LNG terminals and gas storage. 

                                                      
7 EC (2018) Energy efficiency first: Commission welcomes agreement on energy efficiency. http://europa.eu/rapid/press -
release_STATEMENT-18-3997_en.htm  
8 In the context of necessary reductions according to the IPCC by developed countries as a group, to reduce emissions by 80 -95% by 
2050 compared to 1990 levels. In the Low Carbon Roadmap (2011), the Commission considered GHG reductions not only in the energy 
system but also in other sectors, notably agriculture (but did not consider emissions from land use change (e.g. role of GHG sinks). 
9 See [https://ec.europa.eu/clima/policies/strategies/2050_en ] and [ http://unfccc.int/paris_agreement/items/9485.php ]  

http://europa.eu/rapid/press-release_STATEMENT-18-3997_en.htm
http://europa.eu/rapid/press-release_STATEMENT-18-3997_en.htm
https://ec.europa.eu/clima/policies/strategies/2050_en
http://unfccc.int/paris_agreement/items/9485.php
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Task 1 focuses on the collection, selection and assessment of European and five  non-EU storylines for 

their gas infrastructure strategies, comprising the future role of potentially CO 2-free gases including 

fossil natural gas with CCS, biomethane, synthetic methane from PtG and hydrogen, preferably until 

the year 2050.  

 

In t ask 2 of t his study, three generic storylines for the possible future development of the European gas 

demand are developed. Each storyline addresses fundamentally different energy system configurations 

to be able to evaluate to full range of potential developments in the gas sector.  

 

Task 3 focuses on the following TSOs and related Member States:  

¶ Energinet (Denmark); 

¶ GRTgaz (France); 

¶ Gaz System (Poland); 

¶ Transgaz (Romania);  

¶ Gas Networks (Ireland); 

¶ Snam Rete Gas (Italy). 

 

Task 4 addresses the regulatory regimes from t hree of the 6 countries assessed in Task 3: Denmark, 

France and Poland. 

 

 Methodology  

The methodology for Task 1 comprised a wide literature research in order to arrive at a comprehensive 

overview of storylines and their analysis of a selected subset of mos t relevant storylines. In this 

context, a list of criteria with growing level of detail has been developed and applied to both collection 

and sorting of storylines. The results of the analysis were presented for a number of selected aspects 

such as general scope of the study, decarbonisation level of the storyline, future role of gas, type of gas 

and type of stakeholders involved in the development of a specific storyline. Further detailed aspects 

are covered in a separate full background report: Role of ga s and gas infrastructure, potential 

environmental impact, technological aspects, regional aspects and political and economic aspects.  

 

Next to the storyline collection, selection and a ssessment, five non-EU storylines on the future role of 

their gas sectors have been assessed, namely Russia/Ukraine/Belarus, Japan, Norway, China and MENA 

countries providing relevant insights into market perspectives, strategies and technology developments.  

 

The storyline development within Task 2 is  mainly based on the liter ature review of task 1.  To be able 

to derive a semi -quantitative estimation on the possible development of gas demand in Europe, a 

simple and straight -forward approach is used. For each storyline, the gas demand per country/region is 

estimated based on a f ew central assumptions. Those assumptions are based on learnings from the 

literature review or are taken directly from literature. Gas demand is estimated for 2030 and 2050 for 

the power, the heating, the transport and the industry sector. Values for 2020 and 2040 are linearly 

interpolated also using todayõs gas demand in each sector. The relevance of different energies is 

altered  in each storyline , resulting in the storylines òstrong electrificationó, òstrong development of 

methane (CO2 neutral)ó and òstrong development of hydrogenó.  
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The methodology for Tasks 3 and 4 consisted of an in-depth literature review,  using both EU level and 

Member State specific data sources. These included, for example, the following:  

¶ EU level statistics (Eurostat) ; 

¶ EU level publications regarding gas markets from ACER/CEER; 

¶ EU level publications regarding gas infrastructure  from ENTSOG and GIE (including ENTSOGõs 

TYNDP10, the system development map 11, transmission capacity map 12, etc. ); 

¶ TSO annual reports and TYNDPs; 

¶ NRA and other national publications .  

 

The literature review was complemented by interviews  with representatives  from the TSOs and NRAs in 

the selected Member State s. Based on the information gathered, country -specific  chapters were 

developed including the following inf ormation:  

¶ Existing and planned gas infrastructure in the Member State; 

¶ Main national developments that influence investments in and use of gas infrastructure ; 

¶ TSOõs business model and financial indicators;  

¶ Regulatory framework (only for Poland, France and Denmark). 

 

Based on this input, we assessed the of the three storylines developed in tasks 1 and 2 on existing and 

planned gas infrastructure as well as on gas grid tariffs and TSOõs business, and evaluated the readiness 

of the current regulatory framework s to cope with current and expected changes.  Summaries of the 

findings at country level are presented in the Annex , and the full assessment is included in the previous 

report for Tasks 3 and 4. 

 

 Structure of the report  

The report is structured as follows:  

¶ Chapter 1 provides an introduction to the study, along with  the scope and methodology; 

¶ Chapter 2 provides a review of existing 2050 storylines;  

¶ Chapter 3 presents the three storylines developed;  

¶ Chapter 4 provides an overview of relevant developments to st imulate the deployment of 

(renewable) gas; 

¶ Chapter 5 assesses the main consequences of the three storylines for both gas infrastructure 

and the considered TSOs; 

¶ Chapter 6 assesses the readiness of selected national regulatory frameworks in a changing 

environment.

                                                      
10 http://www.entsog.eu/publications/tyndp#ENTSOG -TEN-YEAR-NETWORK-DEVELOPMENT-PLAN-2017 
11 https://www.entsog.eu/maps/system -development -map 
12 https://www.entsog.eu/maps/transmission -capacity -map 

https://www.entsog.eu/maps/system-development-map
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2 Review of existing 2050 -storylines   

The objective of Task 1 was to identify the potential developments in the gas sector and other sectors 

towards deep decarbonisation by 2050 on the basis of existing literature. To this end, the study 

identifies a nd assesses strategy papers and analyses results with wide European coverage, which 

provide plans, visions (= storylines) or scenarios (= quantified storylines) for the future European gas 

sector, or individual elements thereof, on the pathway to deep Euro pean decarbonisation in 2050. 

Whereas the focus is on European developments, the study also analyses five international storylines, in 

those regions where natural gas and other gases that can be transported via gas infrastructure to 

Europe or play an impor tant role today or may play one in the future, or which are otherwise relevant 

for Europe. The international storylines can provide a better understanding of potential best practices 

and economies of scale. They cover Russia in connection with Ukraine and Belarus, Japan, Norway, 

China as well as the Middle East and North Africa (MENA) region. In order to compare the different 

storylines and to understand the ambitions behind them, a structured approach is employed already for 

the phase of collecting them. T he methodology therefore comprises three sub -tasks, one to define the 

search and sorting criteria (Sub -task 1.1), the second to select relevant storylines in order to achieve a 

comprehensive overview (Sub-task 1.2), and the third to assess their contents ( Sub-task 1.3).  

 

 Categorization of existing storylines  

In general, the existing storylines can be classified according to three major criteria: (1) 

decarbonisation level of the energy system, (2) role of gas in the energy system (energy demand and 

supply) and of gas infrastructure and (3) type of gas (namely natural gas with CCS ð which would 

present a 10% CO2 leakage in practical applications 13 - , synthetic methane from PtCH 4, biomethane and 

hydrogen from PtH2).  

 

Types of gas 

For the sake of this study, t he term ògasó is not limited to natural gas, i.e. of fossil origin. Rather, the 

term ògasó is used for gaseous energy carriers, including 

a) Natural gas  (mainly CH4) from fossil sources; in full decarbonisation by 2050 only relevant with 

CCS14, e.g. NG power p lant with pre - or post-combustion CCS, 

b) (Renewable) synthetic methane  (e-CH4), synthetic methane produced from H 2 from (renewable) 

electricity through water electrolysis and CO 2 obtained from organic processes, or captured from 

air by elevated temperature p rocesses 

c) Biomethane  (bio-CH4), i.e. methane from organic matter (purified biogas), produced by anaerobic 

digestion or thermal gasification, and  

d) (Renewable) Hydrogen  (H2): either fossil -based hydrogen in combination with CCS, e.g. from 

steam methane reformi ng of natural gas, or produced through water electrolysis from (renewable) 

electricity.  

Mixtures of methane with hydrogen, often dubbed hythane are not addressed as a separate type of gas.  

                                                      
13 See e.g. for natural gas with CCS [RWE 2016] or for coal with CCS [2005] 
14 CCS stands for Carbon Capture & Storage and describes a group of concepts which either capture CO 2 released during the 
combustion or extract the carbon contained in fossil energy carriers or the flue gas and , in both cases, stores it preferably for an 
unlimited period of time in underground structures at very large scale. In the first case,  pure hydrogen is produced as energy carrier 
which burns without delivering CO 2 to the atmosphere  (and it is equivalent to steam reforming described in point (d)) .  
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In this context, the literature research reveals four different sto ryline categories with different 

characteristics  which are further explained below .  

 
Figure 2-1 Classification of the storylines according to the decarbonisation level of the energy system and the 
role of ga s for energy supply and of gas infrastructure (roman number explained in the text)  

 

 

 

¶ In the first storyline category (referred to as òGreen gases expansionó) the gas demand 

remains high until 2050, but the GHG emission targets will be achieved through a switch of gas 

type from fossil natural gas to synthetic methane, biomethane or renewable hydrogen ;  

¶ The storylines in the second category (referred to as òGreen energy efficiencyó) typically 

achieve the same level of decarbonisation and utilise the same ty pes of gas. The overall gas 

demand, however, decreases as electricity becomes the major energy carrier mainly due to 

the better overall efficiency of direct power use in all demand sectors ;  

¶ In the third storyline category (referred to as òFossil energy efficiencyó), the overall gas 

demand also decreases, but the GHG emission reduction targets are less ambitious, typically 

less than 80%, whereas this study takes the 95% reduction as starting point for the storylines. 

Therefore, in such storylines fossil nat ural gas is used in selected niches to stabilize the 

renewable energy system (e.g. through the use of fossil natural gas fuelled gas turbines) ;  

¶ In the fourth storyline category (referred to as òBusiness as usualó), fossil natural gas is used in 

the same way as today or even more extensively mainly in order to substitute other more CO 2-

intensive fuels such as coal and petroleum products. Obviously, this leads to the highest GHG 

emissions often failing to achieve ambitious environmental goals. However in ord er to avoid 

the GHG emissions, some storylines in this category also advocate the use of CCS technology in 

combination with steam methane reforming (for hydrogen production), possibly also producing 

negative CO2 emissions in combination with biomethane, an d coal gasification (for hydrogen or 

synthetic methane production).  
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The threat of devalued or stranded assets of the gas infrastructure is high in the second and third 

storyline categories as the existing infrastructure designed for current gas demand w ould not be needed 

anymore if gas demand would decrease significantly as assumed in such storylines. 

 

The major objective of the literature review in Task 1 is to understand and summarize different 

strategies, visions, plans or ideas for the development of a  future gas infrastructure towards a clean 

energy system in Europe from the perspective of different stakeholders, markets and Member States. 

Therefore, a wide literature research has been carried out in order to arrive at a comprehensive 

overview and to d evelop a good understanding of storylines across Europe. In order to analyse a large 

number of documents in an efficient way, a structured approach based on well -defined search and 

sorting criteria has been followed. In this context, a list of criteria wit h growing level of detail has been 

developed and applied to both collection and sorting of storylines.  

 

The physical production pathways and their interdependencies are depicted in Figure 2-2.  The figure 

shows the major processes and energy flows involved to produce the final gas types (from the above 

list) from the relevant primary energy sources (natural gas, biomass, electricity and coal). In addition, 

the major auxiliary media are presented. If fossil energies are applied, their use makes only sense in 

combination with decarbonization 15 technology (CCS & CCU) in an otherwise decarbonized world. Even 

though the use of CCS does not enable the production of fuels without GHG emissions, as in practical 

applications a  share of up to 10% of the CO2 still escapes into the atmosphere 16.  Combining CCS to the 

use of biomethane would lead to negative carbon emissions , yet with high costs and limited overall 

potential.  

 
Figure 2-2 Types of energy gases assessed in this study and their interdependence  

 

                                                      
15 Some prefer the term ôdefossilizationõ as it denotes that fossil based carbon energy carriers should be phased out, allowing 
renewable carbon based fuels such as biomethane to be used beyond 2050, paying tribute to a sustainable and circular use of c arbon. 
16 See e.g. for natural gas with CCS [RWE 2016] or for coal with CCS [2005].  



The role of Trans-European gas infrastructure in the light of the 2050 decarbonisation t argets 

18 

 

 Selection of storylines  

In order to conduct a comprehensive literature review on the future role of gas and gas infrastructure 

across Europe, a wide range of documents has been collected for a stepwise analysis. The search for 

adequate literature was mainly based on the joint expertise of the consortium, in -depth discussions 

with the client, personal interviews with selected experts from different European Member States and 

extensive desktop research17. In total, the literature collection comprises 260 documents, referred to as 

primary literature, with different scope, level of detailedness and overall results. At this point it is 

important to highlight that this primary literature co ntaining storylines or storyline elements is a basis 

for the in -depth analysis in chapter  2.3Error! Reference source not found.  while secondary literature 

with a large number of additional documents has been used to b etter understand individual aspects of 

the various storylines, specifically in a regional context .  

 

As indicated in Figure 2-3 two-thirds of the documents from the primary literature identified based on 

the search criteria have been published in 2016 or later and the majority of which are hence assumed 

to take into account the climate protection goals of the Paris Agreement of December 2015. Only 33% 

of the documents have been published before the Paris Agreement ou t of which only 9 documents are 

dated before the Fukushima nuclear disaster in March 2011. Since the focus of this study is on the role 

of the European gas infrastructure, most of the documents, in terms of regional scope, cover the 

European Union or individual Member States. Some selected studies take a global perspective (13%) or 

cover other non -EU countries (9%) mainly in line with the analysis of the non -EU storylines presented in 

the Tasks 1 and 2 report  whereas a small fraction of the literature (3%) is of a more general character 

without a specific geographic scope.  

 
Figure 2-3 Year of publication (left) and regional scope (right) of collected documents  

 

 

The distribution of the stakeholders involved in  the preparation of the selected documents either as 

main author or as a client (see Figure 2-4) shows a good balance between industry (43% of all 

documents) and policy makers (33%). Analyses provided by research institutes account for around 18%. 

The comparatively low figure of 6% for studies motivated by non -profit / non -governmental 

organisations (NGO) is related to the fact that analyses conducted by a professional author for an NGO 

                                                      
17 The research was eased by a command of a wide set of language skills: English, German, French, Spanish, Polish, Nordic languages 

and Russian as some of the key documents were only available in the language of the individual country.  
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have been classified as ôindustry workõ. In this context, the balance between the stakeholders of the 

underlying studies ensures that the future role of European gas and gas infrastructures has been 

analysed from different perspectives and by taking into account the various stakeholde r interests and 

points of view.  

 
Figure 2-4 Distribution of stakeholders involved in study preparation (left) and study focus (right) of the primary 
literature identified (* Multiple study foci per document a re possible)  

 

 

 

Moreover, and as illustrated in Figure 2-4, the primary literature collected also covers a wide range of 

relevant topics. Most studies focus on research questions related to the future gas demand a nd 

potential innovative technologies for gas production, transportation and use. 18 This is followed by 

analyses addressing climate policy issues as well as by studies explicitly assessing the role of the gas 

infrastructure today and in the future. Supply re sources and security of supply are less frequently 

covered topics in the literature collected as these play a major role for fossil natural gas, but typically 

a lesser role for new and clean gas technologies. It is worth mentioning that studies focusing on  fossil 

natural gas without CCS or CCU were partially disregarded already during the collection process as a 

key aspect of this study is the deep decarbonisation of the future energy system. Although most studies 

are in English language, the literature rev iew has also taken into account documents in other languages 

from different Member States, in particular in German, French, Spanish, Polish, Dutch, Danish, 

Norwegian, Russian and Ukrainian.  

 

Furthermore, around half of the documents have been identified a s containing in-depth analyses with 

multiple scenarios (with 3 scenarios on average and 5 scenarios as a maximum). Thus, the total number 

of storylines collected in the course of this literature review amounts to more than 360 individual 

storylines.  

 

In order to narrow down such a large number of storylines for a more detailed analysis a selection 

process has been employed based on the following three steps (see Figure 2-5):  

1. Regional coverage: The total number of 36 1 individual storylines was reduced to 283 (78% of all 

storylines) based on the regional scope by focusing on the European Union or single Member 

States; 

                                                      
18 In this context  all type s of gas are included as defined previously.  
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2. Time horizon: Secondly, the collection was further narrowed down by filtering only those 

storylines covering a long-term perspective until 2050, resulting in 158 storylines (44%) 

matching both aforementioned criteria;  

3. Finally, 110 storylines (30%) were selected as most relevant for a more detailed analysis based 

on the expert judgment of the researchers/sc ientists.  

 
Figure 2-5 Down-selection of storylines from the primary literature for further analysis  

 

 

 

The distribution of the relevant storylines in respect of the publication year and stakeholders is simil ar 

to the corresponding distribution of the entire primary literature with a slight shift towards more 

recent as well as industry and NGO-related studies. Also, the study focus is similar to the primary 

literature with major scope on demand, technological solutions and climate policy, and with a reduced 

coverage of supply resources and security of supply issues. However, the selected storylines tend to 

address infrastructure issues less frequently than the unfiltered document collection revealing a 

potentia l research gap in this area in the context of the decarbonisation of the gas sector. 

Furthermore, half of the selected studies include multi -sectoral analyses by taking into account all 

demand sectors for gas, namely power, heating, industry and mobility s ectors. Thus, the focus of the 

storylines is well balanced across the different markets for gas.  

 

Figure 2-6 shows the relevance of different types of gas covered by the selected storylines. Natural gas 

from fossil  sources, biomethane and hydrogen provided by water electrolysis are covered most 

frequently as future types of gas. However, in comparison to the other two gases, at EU average 

biomethane is given a lower priority, i.e. only few studies put biomethane as an energy carrier at the 

forefront with high priority, One reason could be that biomethane already is a commercial fuel other 

than hydrogen and synthetic methane. Interestingly, power -based synthetic methane (òpower-to-

methaneó) is given high priority by a comparatively small number of storylines. In addition, few studies 

also consider hydrogen production from steam methane reforming with subsequent carbon capture and 

storage and usage (CCS or CCU) to ensure emission free energy use. However, this solution seems to be 
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a concept developed by individual stakeholders from only a few Member States and Norway as main 

advocate with ample of experience. Finally , few storylines address renewable gas imports, and if they 

do then the issue is examined with a lower lev el of detail revealing a potential research gap.  

 
Figure 2-6 Type of gas in the selected storylines with average and high priority (* Multiple gas type counts per 
storyline are possible)  

 

 

As illustrated in Figure 2-7, the vast majority of the selected storylines (91%) expect GHG emission 

reductions in 2050 beyond 80% in line with the current EU goals (80% to 95% reduction) whereas only 

few storylines do not achieve t his target. This is not surprising as the criterion of strong decarbonisation 

has been applied already during the literature collection process as well as for the expert judgment on 

the relevance of the corresponding documents. Almost half of the storyline s (44% of the selected 

storylines) assume a very strong decarbonisation of the energy system with more than 95% GHG 

emission reduction by 2050.  

 

A large number of the selected storylines assumes or projects a decreasing demand for gas until 2050 

(76%; see Figure 2-7). This is further broken down into almost 20% of the selected storylines predicting 

a significantly decreasing gas demand (i.e. almost no gas demand) typically caused by the use of 

electricity as a majo r energy carrier (e.g. electrification of transport and/or heating) based on 

renewable sources, and 57% expecting a moderate decrease (i.e. lower gas demand than today). 

However, still a significant number of storylines (24%) expect a constant or even grow ing gas demand. 

This is mainly due to the strategy of switching from CO 2-intensive fuels such as coal or oil to 

comparatively less carbon-intensive natural gas within the power and mobility sectors. In general, more 

recent studies also examine deeper decar bonisation of the energy system than the older studies.  
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Figure 2-7 Share of selected storylines by expected gas demand until 2050 (left) and GHG emission reduction 
until 2050 (right)  

 

 

Figure 2-8 demonstrates a clear correlation between the GHG emission reduction until 2050 and the 

expected gas demand in 2050; and Figure 2-9 demonstrates a clear correlation between the GHG 

emission reduction until 2050 and the preferred type of gas. On the one hand, more than 70% of the 

storylines with a GHG emission target less ambitious than 80% reduction predict constant or increasing 

gas consumption in the future. In such storylines, (fo ssil) natural gas is the most important energy 

carrier (57% of the relevant storylines) followed by biomethane, both typically substituting coal in the 

power sector. Also, some storylines with a GHG reduction level between 80% and 95% allow for the use 

of (fossil) natural gas since it is valued as being comparatively clean and as an adequate option to 

balancing the intermittent feed -in of renewable power plants.  

 

On the other hand, almost all storylines analysing strong decarbonisation of the energy system above 

the 95% target expect a decreasing role of gas in the future. Thus, increased or constant gas demand 

could be mainly associated with less ambitious climate goals, while strong climate goals seem to go 

hand in hand with decreasing gas demand. 

 

In this context it is relevant to note that some studies expect an increasing demand for gas in single 

sectors, in particular in the power sector to provide flexibility and in the transport sector. However, 

the overall gas consumption is typically falling based o n strongly decreasing gas demand in the other 

sectors, e.g. in the heating sector through improved building insulation and switching to electricity for 

heating using high energy efficiency electrical heat pumps.  
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Figure 2-8 Correlation between GHG emission reduction and expected gas demand until 2050  

 

 

In the studies, such strong decarbonisation of the energy system does not allow for the use of natural 

gas from fossil sources and thus most storylines recommend using renewable electricity for the 

production of hydrogen or synthetic methane (66% of the storylines). This is mainly due to the fact that 

both gases are able to store large amounts of energy on a seasonal basis in an almost fully renewable 

energy system at comparatively low costs. 34% of the studies cover biomethane in strong 

decarbonisation storylines. In essence, the stronger the GHG reduction ambition, the higher the 

importance of synthetic methane and hydrogen and the lower the importance of nat ural gas; 

biomethane is rather covered independently of the GHG reduction ambition, which is possibly relat ed 

to its limited overall potential.  

 
Figure 2-9 Correlation between GHG emission reduction until 20 50 and type of gas  

 

 

In general, and based on the literature review, the storylines on the future role of gas in the energy 

system can be classified and grouped according to three major criteria: (1) decarbonisation level of the 

energy system, (2) role of  gas for energy supply and of gas infrastructure and (3) type of gas. Figure 2-1 

provides an overview of potential storylines in a portfolio representation based on the first two criteria, 

which  be analysed in chapter Error! Reference source not found. . 
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 Analysis of European and non -EU storylines  

The collection and sorting of storylines in is based on the following main criteria:  

¶ General scope  of the study (regional cover age by EU regions, time horizon, energy demand 

sectors considered and study focus);  

¶ Decarbonisation level  of the storyline ( -95% GHG reductions by 2050 (compared to 1990) as 

agreed with DG ENER as target for this study);  

¶ Future role of gas  (expected deve lopment of gas demand and its share in different demand 

sectors (power, heating, mobility, industry);  

¶ Type of gas  (natural gas from fossil sources, power -based synthetic methane, biomethane and 

hydrogen); and  

¶ Type of stakeholders  involved in the developm ent of a specific storyline for the critical 

appraisal of its motivation.  

 

The above list of criteria is further detailed and supplemented by additional aspects for the storyline 

assessment: Role of gas and gas infrastructure; Potential environmental impa ct ; Technological 

aspects; Regional aspects and Political and economic aspects. The detailed assessment of storylines 

applying a second list of further detailed criteria can be found in the Tasks 1 & 2 report  of this Study.  

 

2.3.1  Major results of the existing s torylines  

In general, the majority of storylines assessed agreed in a holistic future key role of the gas 

infrastructure, its value and ability to store energy at large scale and across seasons, to efficiently 

transport energy at large scale and to supply industry with an energy carrier and chemical base 

material simultaneously. As such the gas infrastructureõs role is believed to change to not only 

providing flexibility to the electricity system but also as an infrastructure in its own rights to provide 

energy services and material supply for other large energy users such as transport and industry. 

Outstanding examples are the use of gas in chemical and other industry such as steel making as well as 

fertilizer, methanol and polymer production. In order to b ecome fully effective, sectoral integration of 

the end-use sectors (households, mobility, industry, agriculture) and energy infrastructures (electricity, 

gas) has been identified as mandatory by some of the storylines, to be pursued and supported political ly 

by an adapted regulatory framework in the short -term.  

 

The analysis of the relevant storylines reveals that the majority of the studies predict a decreasing gas 

demand for heating uses due to significantly improved building insulation and due to the sub stitution of 

significant shares of todayõs gas-based heating appliances by more efficient electric heat pumps. 

However, this development does not necessarily result in a decreasing overall gas demand as the 

reduction in the heating sector can be compensate d by an increase in other sectors such as transport or 

industry (e.g. steel industry). Hence, the future utilization level of the gas infrastructure depends on 

the respective strengths and magnitude of the opposing trends from above. Although the assumptio ns, 

approaches and results in most of the analysed storylines are reasonable, some studies leave open 

questions with respect to the use of fossil natural gas in an almost fully renewable energy system. 

Biomass potential19 transparent comparison of all techn ological options, limits for the electrification in 

specific energy demand sectors (e.g. heavy -duty vehicles) and consistent energy price assumptions are 

the most important.  

 

                                                      
19 None of the studies on biomass potential consider the aquatic biomass potential.  
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From a technological perspective, almost all the alternative and advanced gas tec hnologies have 

reached a high technological readiness level of at least 7 (out of a scale of 9 20) and have either already 

been introduced to the market commercially, or are close to this stage21. In addition, biomass 

potentials in Europe are limited. Moreove r, synthetic methane is exposed to potentially high CO 2 supply 

costs as biogenic CO2 resources are strongly decentralized and limited in availability, and CO 2 

extraction from air is costly. Hydrogen and fuel cell technologies have only recently started 

commercialization and need to be integrated into the energy system in order to achieve the necessary 

ramp-up in the energy market. Also, hydrogen used in the gas grid would require an adaptation of the 

existing gas infrastructure and possibly larger transport  and storage capacities taking into account the 

lower energy content of hydrogen per volume compared to methane. Hydrogen and fuel cells enable 

the gas infrastructure to better harmonise with the electricity grid for efficiency reasons and because 

they rep resent customer-friendly end -use technologies hydrogen and fuel cells . Yet, they may possibly 

be of ôdisruptiveõ nature. Countries like China entering this market seriously could have a big impact on 

any current cost -projections and feasibility assumptions .  

 

The literature review also shows that the different CO 2 emission reduction targets of -80% and -95% lead 

to significantly different designs of the future energy system. Although in the -80% case fossil natural 

gas still is a good source for balancing fl uctuating power generation, in the -95% case the power, 

heating and transport sectors must become fully zero carbon by 2050 squeezing out all fossil fuels from 

the market. In this case, the required flexibility in the energy system will have to be provided  by 

renewable gases such as synthetic methane, biomethane or hydrogen and other measures such as 

demand response / demand side management, trans -European power exchange, etc. Moreover, the role 

of large -scale energy storage and renewable energy imports wil l become increasingly important. In 

addition, recent studies explicitly warn of methane leakages from natural gas extraction and transport 

with a GHG impact of about a factor 34 or 86 higher than from CO 2, in particular for shale gas, with a 

severe impact on global climate change 22. Such increased methane emissions have been identified as 

potential roadblock for alternative natural gas production by some studies. The same might go for the 

future of piped imports from suppliers with a jurisdiction in which me thane leakage at source and in 

transport to the EU border are not addressed.  

 

A number of storylines stress that strong decarbonisation of the future energy system will necessitate 

behavioural changes of the end user such as different mobility habits and m ore resource-saving 

lifestyle. Moreover, the societal acceptance of new energy infrastructure projects such as new 

overhead high voltage power lines, the costs of DC undergrounding,  CCS or the use of appliances 

compatible with the new renewable gases will become crucial for an important future role of gas in the 

energy system. In this context, missing public acceptance with respect to the above -mentioned issues 

could become a major roadblock.  

 

The assessment of the existing storylines also reveals that Eastern Europe and Western Europe have 

different approaches and policy priorities with regards to the supply of gas. Whereas Eastern Europe at 

this moment seems to focus mostly on security of supply for natural gas and pursues a substitution of 

                                                      
20 The EC has published the following definition of Technology Readiness Level (TRL) at 
http://ec.europa.eu/research/participants /data/ref/h2020/other/wp/2016_2017/annexes/h2020 -wp1617-annex-g-trl_en.pdf  
21 In the full study report a comprehensive technology review has been undertaken in view of all gas types considered and existi ng 
storylines screened and structured by TRL in table 4 and scale / power rating (LHV), efficiency (LHV) and specific investment in table 
5. 
22 These values contradict todayõs agreed greenhouse gas equivalence factor of 25 as current convention 
(https://ec.europa.eu/eurostat/statistics -explained/index.php/Glos sary:Carbon_dioxide_equivalent )  
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coal by fossil natural gas to reduce CO2 emissions, Western Europe seems more concerned about the 

decarbonisation of the gas grid by 2050. The number of major stakeholders promoting a consequent 

decarbonisation of the gas grid through full substitution of fossil natural gas by other renewable gases 

such as hydrogen, synthetic methane or biomethane is growing. Some isolated storylines including CCS 

technology have been identified, e.g. for the UK or the Netherlands proposing hydrogen production 

form natural gas and for Pol and considering coal gasification hydrogen or synthetic methane 

generation.  

 

On a sideline, and as an interpretation from the storyline assessment, the authors of this study 

understand that todayõs role of the gas infrastructure in balancing seasonal demand fluctuations will 

probably have to be adapted to also balance more short - and medium-term supply fluctuations in the 

future, having a possible impact on how to consider both the annual gas transport and storage volumes 

and the short -term peak requiremen ts. This role will have to be assessed in more detail by dynamic 

modelling.  

 

As the use of biogas and biomethane as well as the use of any other form of renewable energy or 

electricity will strongly depend on the regional as well as total resources and spe cifically the technical 

and economic potentials, it is suggested to take up this discussion in great detail in future analyses of 

individual members statesõ own assessments as well as at European level. 

 

2.3.2  General appraisal of the selected storylines  

 

Methodology and detailedness of the storylines  

Literature differs widely in terms of methodology and detail of publications. Most important in the 

context of this study, however, is the fact that so far only very few storylines are using complex and 

powerful met hodologies and present detailed results (and assumptions or input parameters). If full 

coverage of the European Union at country level granularity, an hourly time resolution, a timeline until 

2050 and a climate ambition of 95% GHG reduction by 2050 were taken as additional criteria, the 

selection would go down to zero.  

 

In order to showcase the variety of methodologies employed and the detail of the results published, 

two examples are pointed out in the following, the first describing a powerful methodology  with 

detailed results published, and a simpler approach with generic results published. A number of 

storylines are in between these two examples, many focusing on an individual Member State.  

 

Among the most powerful methodologies the ones by ENTSO-E and ENTSOG [Entsog 2018] are to be 

mentioned for the development of the TYNDP 2018 scenarios, currently available as draft edition. Input 

is generated in a scenario development process involving stakeholder consultations, electricity sector 

assumptions and results come from a mix of top -down (e.g. European targets on renewable energies) 

and bottom -up (e.g. country -level demand data, technology penetration, installed plan t capacity, etc.) 

approaches, commercially available market modelling tools are used to determine how the power 

system will behave in each zone, for each hour of the year, and each of the three climate situations 

included (warmer or colder / dryer or wette r years), energy consumption is predicted, the penetration 

of electricity demand side technologies (including demand response, electric vehicles, heat pumps and 

home storage) is forecasted, gas demand data for scenarios include a sectoral breakdown for all  

countries. Results are published at country -level. However, the scenarios are only calculated until the 
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year 2040 while GHG emissions are allegedly targeted at 80% to 95% reduction by 2050. Furthermore, 

only gas and electricity are covered while other fue ls are not included, notably oil -based transport 

fuels, bio -energy other than biomethane, etc. GHG reductions are results of market forces and policy 

measures in the various scenarios, and result from different assumptions on fuel prices (coal, gas, oil) 

and on GHG emission allowances. 

 

A simpler, but nonetheless scientifically sound, approach has been employed by [ADEME 2018] with the 

aim of refining the methodology in future steps by 2019 using global optimization models of all energy 

carriers and uses. It is a prospect ive techno-economic study and serves to analyse techno-economic 

conditions for achieving 100% renewable gas in 2050. Covering France, the approach is based on existing 

energy scenarios calculated in a previous study achieving a GHG reduction by 2050 above 70%, and aims 

at testing the techno -economic feasibility of achieving 100% renewable gas production by 2050. Three 

renewable gas production technologies are included: fermentation of wet biomass (incl. residues) 

producing methane; gasification of dry bioma ss (including residues) producing methane; Power-to-Gas 

producing methane (and hydrogen as long as it can be injected into the gas grid and mixed with 

methane without adaptations of the gas grid). Power -to-Hydrogen (PtH2) has been excluded where it 

would r equire a dedicated hydrogen grid. The study focuses on 2050, no trajectory of the transition 

from today towards 2050 has been included. Electricity for Power -to-Gas is primarily ôexcessõ power; 

data are based on a detailed study with regional and hourly re solution. In 2050, the renewable gas is 

produced to 100% in France; no gas imports are assumed. Gas grid adaptations have been analysed and 

optimised for four typical regions (départements). The results are published in an 18 -page extended 

summary report only; more detailed results are not available. However, the study is based on detailed 

previous energy-climate scenario work published in great detail in 2017.  

 

Reasonability of the storylines  

In general, the selected storylines apply reasonable approaches,  and present plausible results compared 

to the input assumptions and parameters. However, some examples of issues meriting discussions and 

further research are highlighted in the following.  

 

GHG reduction ambition by 2050  

[Entsog 2018] targets GHG reductions of -80% to -95% by 2050. However, GHG reductions calculated 

until the year 2040 in the various scenarios on the one hand vary considerably between the scenarios , 

and on the other hand the share of fossil gas in the overall gas mix is still rather high in 2040. 

Unfortunately, the draft report does not discuss this issue, so it remains open which scenario would 

achieve the GHG reduction by 2050. In general, the sel ected storylines cover the full spectrum of -80% 

to -95% GHG reduction by 2050, while less ambitious storylines have not been selected. It needs to be 

emphasized here that a number of studies specifically point to the fact that structural differences 

develop in the energy system between a -80% GHG reduction ambition and the -95% ambition. In other 

words, a solution for -80% may not be viable for a simple extrapolation to -95%. 

 

Biomethane focus versus synthetic methane and hydrogen  

There is a slight tendenc y in the literature to study biomass -based gas production pathways in more 

detail than the renewable electricity -based pathways providing synthetic methane or hydrogen, e.g. in 

[Ecofys 2018] or [ADEME 2018]. Furthermore, Power -to-Hydrogen has been excluded in [ADEME 2018] 

where it woul d require a dedicated hydrogen grid or other dedicated infrastructure; only hydrogen 

admixture to methane in the gas grid is covered. As a consequence, hydrogen applications such as fuel 
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cell electric vehicles are not covered. Similarly, [FhG-ISI 2017a] have excluded fuel cell electric 

vehicles from the very detailed cost optimization modelling approach for Germany because of alleged 

excessive technology costs.  

 

Incumbent gas sector stakeholders seem to tend towards favouring methane in the development 

towards renewable gas because of the existing infrastructure rather than to fully explore new 

opportunities provided by hydrogen. The latter would require a refurbishment of the existing gas 

infrastructure to hydrogen, but on the other hand opens opportunities based on significantly higher 

efficiencies of fuel cells compared to conventional technologies, notably in transport. However, 

[Northern Gas Networks, et al. 2016]  in the UK is either an excep tion to the rule, or is a forerunner just 

as the Dutch TSO2020 Synergy Action [CEF 2017] developing hydrogen for transport and its admixture to 

natural gas in the grid. Furthermore, incumbent gas sector stakeholders seem to favour the more 

traditional biomethane production over gas production using renewable power (synthetic methane,  

hydrogen) [Ecofys 2018].  

 

How much electri fication in the heating and transport sectors is possible and economically 

advantageous?  

In general, relevant storylines agree qualitatively that future gas demand will come under pressure 

notably in the heating sector. On the one hand, heating energy dema nd will more or less strongly 

decrease based on improved insulation of buildings, and to a small extent by more efficient heating 

technologies. And on the other hand, electric heat pumps in buildings using ambient, low -temperature 

heat and electricity or d istrict heating systems based on renewable heat or electric heat pumps 23 will 

compete with gas -based technologies potentially reducing the share of gas in space heating. Both, 

assumptions and results on the share of gas-based technology versus electricity -based technologies in 

the heating sector vary widely.  

 

In the transport sector, gas plays a very small role today, but is anticipated by many studies to gain a 

significant market share from the oil -based dominance of today. This may be based on commercially  

available internal combustion engine propulsion systems fuelled by methane, or increasingly on fuel cell 

electric vehicle technology currently in the commercial market entry phase fuelled by hydrogen. 

However, battery electric vehicles compete with gas ve hicles. Current major competitive disadvantages 

of electric vehicles are higher (but falling) prices, a thin (but developing) electric recharging network 

and a growing hydrogen refuelling station infrastructure, while environmental advantages are strongly 

based on zero local emissions and full renewable potential. In passenger cars and light duty vehicles, all 

technologies compete, while long -distance freight traffic has demanding range requirements which can 

only be met by diesel or methane combustion engi ne trucks, and fuel cell electric or overhead line 

electric trucks. The latter concept is notably being developed in Germany and Sweden, and requires a 

new overhead line infrastructure on major traffic routes [FhG-ISI 2017b]. Available studies vary widely 

in their assumptions or results on the share of methane combustion engi ne vehicles versus battery 

electric vehicles versus hydrogen fuel cell electric vehicles in the passenger car, light and heavy duty 

vehicle segments.  

 

                                                      
23 District heating system can rely on other heat sources as well, including gas -based technologies such as CHP systems, CCGT or fuel 
cells. Also, gas-based boilers or fuel cells for the combined production of heat and power  are viable options for installation in 
buildings.  
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Consistent scenario comparisons of these options in heating and transport within a unified, European 

methodologic framework would help better understand market opportunities for the different gas 

types, competitive strengths and weaknesses of the competing technologies, societal advantages, 

infrastructure requirements in both gas and electricity (as covered by [Entsog 2018], albeit with limited 

exploration of the above -mentioned transport aspects), necessary fuel supply infrastructures (electric 

charging, hydrogen ref uelling, overhead lines, etc.).  

 

Electricity prices for synthetic methane or hydrogen production  

For Power-to-Gas, renewable electricity price assumptions seem high in some studies, and low in 

others. In [ADEME 2018] average electricity prices are assumed to be 67 -82 û/MWh in 2050 (grid costs 

including adaptation and storage go on top), while [Ecofys 2018] calculates hydrogen production costs 

of 23 û/MWh for a hydrogen quantity of 24 bcm/a. As the latter price for hydrogen seems to be low 

even at marginal electricity costs of 0 û/kWh this example shows that further research is required to 

consolidate the assumptions at European level as it is well known that hydrogen production costs can 

vary significantly with the assumptions (i.e. electricity price and electrolyser specific investment) and 

local conditions (elect rolyser utilization). The above mentioned figures typically do not take into 

account the game changing effect of China entering this market, both on technology cost and 

development, and upscaling potential. It is worth mentioning that solar and wind power production cost 

reductions continue to be faster than anticipated by experts. In this sense, most storylines may prove 

to be on the conservative side in terms of renewable electricity costs [FhG-ISE 2018], [McKinsey 2018].  

 

Emerging challenges have short -term impact on storylines  

The literature review of storylines reveals changing development trends over the past years that 

coincide with concrete events or developments of historic nature (see Table 5 below). Cause and effect 

relationships may only be assumed here, but do not require rigorous scientific proof in the framework 

of this study. Rather, this illustrates that most storylines and scenarios developed before 2014 have 

been assessed as not providing value to the present study; in general, only more recent storylines 

provide relevant information and insights.  

 

These changing trends notably relate to the level of ambition of protecting the global climate, to 

resource depletion issues and to local air quality, to list the most important in the context of this study. 

All stakeholders developing storylines seem to have become more and more aware in recent years of 

the urgency for action in view of ambitious climate targets for 2050, a timeframe only 3 2 years into the 

future. This is reflected in quickly developing parameter sets, sometimes significantly adjusted within 

short timeframes.  

 
Table 2-1: Emerging challenges for the energy market evolution since 2011  

Event/development  Impact  Changing parameters  

Nuclear disaster in Fukushima / Japan March 

11, 2011 

¶ Diminishing role of nuclear power (e.g. Germany)  

¶ Push for and strong focus on (fluctuating) renewable 

electricity  

¶ Need to develop large -scale, long-ter m next to small -scale, 

short-term energy storage technologies and concepts  

Ukraine/Russia unrest begins in February 2014 ¶ Security of supply considerations for natural gas  

¶ Push for PtG pathway as alternative gas source  

¶ Emerging importance of gas infrastr ucture  
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Event/development  Impact  Changing parameters  

Paris Agreement signed at 21st Conference of 

the Parties of UNFCCC in Paris on 12 

December 2015 

¶ Wide acceptance of the 2°C goal  

¶ Gradual understanding that this requires full decarbonisation 

for the  EU/ -95% GHG emission reduction by 2050 

¶ Sectoral integration becoming important issue  

¶ PtX gaining momentum 

Volkswagen diesel pollutant emission scandal 

gradually emerging since September 2015 

¶ Perception of underestimated role of mobilityõs contribution 

¶ Diesel technologyõs apparent failure as low CO2 silver bullet  

¶ Push for e-mobility (BEVs and FCEVs across all transport 

modes) 

Local pollution challenges in Chinaõs 

Megacities 

¶ Chinaõs boom in renewable electricity, gas imports and 

alternative energy technologies in transport  

 

2.3.3  Five non -EU storylines affect ing the future role of gas in Europe  

In addition to the European storylines, this study also analyses the major developments in the gas 

sector of five non -EU regions, namely Russia/Ukraine/Belarus, Japan, Norway, China and MENA 

countries. These provide rel evant insights into market perspectives, strategies and technology 

developments. For the selection of non -EU storylines the highest priority was broad consistency with 

the climate goals as defined by the Paris Agreement. Furthermore the storylines should e ither:  

¶ contain relevant experience for the EU to learn from; or  

¶ provide the potential for technology and/or energy trade, e.g. gas import to the EU; or  

¶ impact the cost reduction rates of technologies, and thereby the commercial viability, of 

these technologies in the EU. 

 

The selected world regions are shown on the map in Figure 2-10. Three of the five regions (NO, MENA, 

Russia and Eastern Europe) are in direct proximity to Europe with major gas export potentials towards 

Europe, the other two (JP, CN) farther away and potential competitors to Europe in terms of renewable 

gas imports.  

 
Figure 2-10 Selection of world regions for non -EU storyline assessment  

 

 

Based on Russiaõs role as the worldõs largest exporter of natural gas today and the dominance of 

Ukraineõs and Belarusõs role as gas transit countries, little evidence was found in literature on any 

activities to reduce the carbon burden of natural gas in this region. However, even though not being 

widely discussed, the existing natural gas pipeline infrastructure could be used to import renewable 
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gases from east to west in the future. Only recently hydrogen from methane cracking was earmarked as 

potential transition strategy to rene wable hydrogen in the longer term 24. 

 

With an electricity shortage and a high dependency on fossil energy imports today, Japan has identified 

hydrogen as a clean fuel to import fossil energy in the short to mid -term, and renewable energy at a 

growing pace until 2050 from other world regions such as Australia or South America. Even though the 

energy strategies of Europe and Japan have different foci with Japan creating a secure electricity 

resource base, the proposed technologies along the value chains are si milar, which opens opportunities 

to Europe for cooperation or as competitor.  

 

Although Norway is a major exporter of natural gas, the country has succeeded in becoming the 

blueprint country for the application of relevant clean energy technologies such as  battery electric 

vehicles, and has started introducing hydrogen, e.g. for clean propulsion in maritime applications. In 

this context, a strong development of renewable electricity in Norway, based on its vast wind energy 

potentials and pumped hydropower p lants, could enhance the existing gas and electrical link to Europe 

in view of balancing power services for European grids, or concerning large green energy quantities 

imported to Europe both as electricity and as clean gas.  

 

China may leapfrog the gas infrastructure technology development in many aspects as both methane 

and hydrogen grids will be developed to transport increasing quantities of green gas. Also, hydrogen 

and fuel cell technologies are now being commercialized at a yet unnoticed speed, offer ing Europe the 

role of co -operator or competitor.  

 

The huge renewable energy potential of North Africa and the Middle East as one possible source for 

energy imports at large scale have so far focused on electricity imports to Europe. For the import of 

large renewable energy quantities, the gas infrastructure has great potential. In all cases of export to 

the EU, indigenous use, for instance in the case of MENA for desalination, will need further 

consideration This, however, would have to be put into focus by the major stakeholders on both sides.  

 

For the above-mentioned export possibilities in some cases the methane leakage issue needs to be fully 

assessed and addressed as well as the potential under consideration of the regionsõ own energy or 

electricity n eeds. 

 

 

                                                      
24 Technical Workshop òCarbon-free hydrogen production from natural gas ó, facilitated by Zukunft Erdgas e.V., 

Berlin, August 31, 2018. 
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3 Development of three storylines  

Three generic storylines have been developed in order to analyse potential future roles of gas and the 

gas infrastructure until 2050 together with their potential impacts. The storylines address 

fundamentally differ ent energy system configurations based on (1) electricity becoming the major 

energy carrier, (2) a coordinated role of the gas and energy infrastructures with a focus on methane gas 

either as synthetic methane (PtCH 4) or biomethane and (3) a coordinated ro le of the gas and energy 

infrastructures with a focus on hydrogen gas. All three storylines have in common the achievement of 

the -95% GHG emission reduction target by 2050 compared to 1990 levels as an illustration of deep 

decarbonisation effort . Moreover, in all three storylines Europe is subdivided into five different regions 

comprising Member States in geographical proximity and with similar interests in energy and 

environmental policy: òNorthwestó (BE, DE, DK, FR, IE, IT, LU, NL, SE, UK), òSouthwestó (Spain and 

Portugal), òSoutheastó (mainly Balkan countries), òEastó (Czech Republic, Poland and Slovakia) and 

òNortheastó (Baltic countries and Finland). Based on current consumption levels, gas demand in the 

Northwest region is a factor of three higher tha n in the other four regions together, underlining the 

outstanding role of these Member States for the future development of the gas sector in Europe  and 

pointing at the different individual Member Stateõs energy policies. 

 
Figure 3-1 Representation of the five European regions for further analysis  (left) and todayõs gas consumption 
by region (right)  

  

Green: Northwest; Orange: Southwest; Red: Southeast; Blue: East; Grey: Northeast.  

 

To be able to derive a  semi-quantitative estimation on the possible development of gas demand in 

Europe, a simple and straight -forward approach is used. For each storyline, the gas demand per 

country/region is estimated based on a few central assumptions. Those assumptions are based on 

learnings from the literature review or are taken directly from literature. Gas demand is estimated for 

2030 and 2050 for the power, the heating, the transport and the industry sector. Values for 2020 and 

2040 are linearly interpolated also using todayõs gas demand in each sector. 

 

In the power sector, 2030 gas demand is estimated based on figures from the latest ENTOS-Gõs ten-year 

network development plan. For 2050, a factor is used to calculate gas demand for electricity 

production based on the e lectricity demand today. This factor is derived from literature. The gas 

demand in the transport sector is estimated based on an assumption regarding the share of gas -powered 

vehicles (trucks and passenger cars) in combination with a slightly increasing tr ansport demand. In all 

storylines, directly electric driven vehicles (e.g. BEV, overhead wires) take a relevant share of the 
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transport sector. In the heating sector, a significant reduction of total heat demand is assumed for all 

countries/regions. In addi tion, for each storyline the share of heat from gas and the type of gas is 

assumed. For this, todayõs share of gas (per country) in the heating sector is the basis. In the industry 

sector, a reduction of gas demand based on literature values is the fundame ntal assumption to estimate 

future gas demand.  

Central assumptions and prerequisites valid for all three storylines are listed in the following bullet 

points:  

¶ All three storylines successfully achieve a 95% GHG emission reduction by 2050 compared to 

1990 levels; 

¶ Emissions from certain industrial processes and from agriculture can be considered 

òunavoidableó. These emissions are assumed to account for the great majority of the 

remaining 5% of 1990s GHG emissions. As a consequence, all energy related GHG emissions 

need to be fully avoided to achieve a 95% emission reduction. This means that by 2050, 

virtually no fossil energy carriers will be consumed (without CCS) in the energy sector;  

¶ The 95% GHG emission reduction target is assumed to be agreed as of today, i.e. there will be 

no change in the target ambition over the timeframe until 2050. This is important to avoid any 

undesirable developments or lock -in effects (e.g. a late introduction of near zero emission 

technologies) an 80% reduction target might allow  or require, and to enable a high level of 

planning security for all stakeholders;  

¶ A wide societal acceptance of the 2050 emission reduction target in all Member States is 

assumed. People show high commitment and acceptance towards required measures to ach ieve 

this target. As a consequence, infrastructure expansions and adaptions can effectively be 

pursued; new technologies (e.g. new heating systems, new transport technologies) can 

successfully be introduced. New technologies such as e.g. hybrid end -user appliances find 

acceptance and support  a cost -efficient transition to a fully decarbonised light transport and 

domestic heating sector by reducing stress on the electricity grid in times of peak 

consumption;  

¶ An increasing integration of the energy systems a nd markets towards a fully integrated, well -

functioning EU internal energy market for electricity and gases by 2050 is assumed;  

¶ Most of the international ambitions (except of the U.S.) regarding emission reductions are 

assumed to be consistent with the amb itions in Europe in accordance with the Paris 

Agreement. This is a prerequisite for avoiding carbon leakage and economic disadvantages for 

EU companies (especially the energy intensive and export oriented industry) and Member 

States as a consequence of a 95% emission reduction target;  

¶ The EU is anticipated to experience a moderate economic growth until 2050. This results in a 

slightly increased demand in road transport (tkm, Pkm) until 2050. The energy demand of the 

industrial sector remains constant at abo ut todayõs level thanks to increasing energy efficiency 

on the one hand and economic growth on the other. The residential and commercial heat 

demand is significantly reduced to about half of today's values by applying efficient heating 

systems and deep insulation of buildings;  

¶ The energy demand of aviation and maritime transport is assumed to be supplied without 

having any relevant impact on the European gas pipeline infrastructure. For this sector, energy 

is provided e.g. via domestic or imported Power -to-Liquids (PtL) or other fuels.  If applied as 

LNG fuel from PtCH4 could also be used in e.g. maritime applications.  

 

The following table shows the major parameters of the three storylines. 25 

                                                      
25 When referring to innovative technologies in the conte xt of chapter 3 , we consider the technologies which have been studied in 
more detail in the full report of this study, with a focus on gas provision, infrastructure and end -use. 
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Table 3-1 Main assumptions per story  

Storyline:  Stro ng electrification  
Strong development of 

methane  
Strong development of 

hydrogen  

Category Criteria  Parameter  

General aspects 

Macroeconomics Moderate growth 

International context  Strong international climate ambitions  

Acceptance High public acceptance for energy transition  

Energy market Well-functioning EU internal energy market  

Decarbonisation path Medium Fast Slow 

Energy system 

Long-term energy storage  Low, hydrogen High, methane Medium, hydrogen 

Utilisation of ga s pipeline 
infrastructure (compared 
to today; on Energy basis) 

Significantly reduced  Constant Reduced 

Power grid 
expansion/investments  

High Medium Medium 

Cross border power 
transfer capacity  

High Medium Medium 

Pressure on renewable 
potentials  
(in contrast to other storylines)  

Low High Medium 

Total efficiency of energy 
system 

High Low Medium 

Flexibilities  
Batteries, DR/DSM, 

electrolysis (minor role)  

CH4 production (and re -
electrification);  

also batteries and DR/DSM  

H2 production (and re -
electrifi cation);  

also batteries and DR/DSM 

 2030 2050 2030 2050 2030 2050 

Power sector 

Gas for power production  
(compared to today)  

Increasing Increasing Decreasing Increasing Decreasing 

Share methane High Low High High High Low 

Share hydrogen Low High Low Low Low High 

Transport sector 
(Road) 

Transport demand Increasing 0.5% p.a. (tkm, Pkm) 

Public road 
transport 
and private 
cars 
(Share of 
vehicles) 

Electric  Medium High Low Medium Low Medium 

Methane None None Low High None None 

Hydrogen None Low None None Low High 

Other High None High None High None 

Heavy goods 
transport, 
commercial 
vehicles 
(Share of 
vehicles) 

Electric  Low High Low Medium Low Medium 

Methane Low Low Low High None None 

Hydrogen Low Low None None Low High 

Other High Low High Low High Low 

Other transport  
Rail No gases, mainly electric  

Maritime, Air, é No gases, mainly PtL 

Heating sector 
(Residential/  
Commercial)  

Heating demand Significantly decreasing, -50% by 2050 

S
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Electric  Medium High Medium Medium Low Medium 

Methane Medium Low Medium Medium Medium Low 

Hydrogen None Low None None Low Medium 

Other 
(e.g. direct biomass)  

Low, about at todayõs level 

Industry Gas demand Significant decrease Moderate decrease 

Domestic gas 
production  

Natural gas Medium Negligible Medium Negligible Medium Negligible 

Synthetic methane  Low Low Medium High Low Low 

Biomethane Low Low Medium High Low Low 

Hydrogen Low Medium Low Low Low High 
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 Storyline 1 ð Strong electrification  

In this storyline, decarbonisation i s achieved by strong and profound electrification of the most 

important energy consuming sectors in Europe . The direct use of electricity enables a highly efficient 

distribution and use of energy, but will generate high infrastructure investment needs which might be 

challenging due to lack of public acceptance. The pressure on renewable potentials is, compared to the 

other storylines, on a reduced level as domestic production of gas from electricity is limited, while  the 

lower level of energy variety  might negatively affect  security of energy supply. The 2050 emission 

reduction target ( -95%) is achieved in time, with major emission reductions already materialising 

around 2030. The importance of gas as energy carriers is significantly reduced.  

 

Despite the seemingly small role of gas in this storyline, gas and gas infrastructure (especially gas 

storage, transport and re -electrification units) would be crucial to the stability of the energy system as 

a whole. Gas assets would continue to provide a large share o f the required dispatchable peak power 

production capability, as well as important long -term and strategic energy storage. It is therefore 

important to ensure that all relevant infrastructures remain available to the energy system throughout 

the transforma tion process.  

 

3.1.1  General drivers  

Today, major technologies required for the electrification of the European energy system such as 

battery electric vehicles, electric heat pumps, PV, hydro and wind power already exist. In this 

storyline, these technologies se e (further) rapid commercial expansion already in the short to medium -

term, enabling a rather quick substitution of relevant shares of fossil energies with a related reduction 

of emissions. This is possible by first focusing on applications that can be con sidered as rather easy to 

electrify which are notably the heating sector, passenger cars and delivery vans. Other applications 

such as long-distance transport or industry processes are decarbonised mainly after 2030. The focus on 

strong direct electrificat ion without the wide usage of hybridized (e.g. electricity plus gas hybrid) end 

user appliances results in a rather high stress on the electricity transport and distribution grid. This will 

require relevant investments in the electricity storage, transport  and distribution infrastructure as well 

as in assured power production capacities. In the short -term, further development of fossil technologies 

is significantly reduced and then completely stopped. CCS and CCU technologies might be an exemption 

for a lim ited number of member states. Instead, technologies which enable the production, transport, 

storage and use of renewable electricity are increasingly in the focus of R&D and commercialization. 

This enables a continuous improvement in terms of e.g. efficien cy and costs, and also widens the 

possible field of applications for these technologies.  

 

Assuming that even in the long -term some applications cannot be supplied directly with electricity (e.g. 

due to technical, economic and/or practical reasons), hydroge n production, (long -term and strategic) 

energy storage, (intercontinental) energy transport and end -use technologies are also continuously 

under development, however, initially with reduced efforts. These technologies become available and 

are being introdu ced to the market on a larger scale after 2030. Compared to technologies that directly 

use electricity, hydrogen plays a lesser but unneglectable role in 2050. For some niche applications, 

methane (first fossil then renewable) and liquid fuels (PtL) remain  an option until 2050 either due to 

the lack of other viable options or due to the easy availability of renewable methane (from biomass or 

electricity) in some regions or for some stakeholders. In 2050, other renewable energies (except for PV 
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and wind) such as geothermal or the direct use of biomass for heating 26 are used at about the same 

level as today.  

 

The power sector is ramping up renewable energy sources rather quickly. The increasing demand for 

electricity from the heating and the transport sector is  satisfied by increasing installations of mainly PV 

and wind power (on and offshore). To geographically balance fluctuating power production from these 

sources, the European power grid is continuously expanded. Pumped hydro power potentials e.g. in 

Norway are well -integrated into the power system to provide short -term electricity storage. In the 

medium to long -term additional flexibilities are provided e.g. by stationary batteries and demand 

response / demand side management (incl. charging of electric vehi cles and operation of heat pumps). 

Towards 2050, electrolysis for hydrogen production provides some additional flexibility and seasonal 

electricity storage. Assured power capacity is provided by hydrogen re -electrification and biomass fired 

power plants.  

 

In 2050, no fossil energies are used in the European energy system. Electricity is the most commonly 

used energy carrier in all sectors ensuring high energy efficiency. Applications that are not suitable for 

direct electrification exist and usually rely on  hydrogen as energy carrier. Hydrogen is also used for 

seasonal and strategic energy storage as well as for intercontinental trade. Further CO 2-neutral energy 

carriers such as renewable methane and liquid energy carriers are used in small amounts, mainly i n 

aviation and maritime transport. Overall, the use of the existing gas infrastructure is at a low level.  

 

3.1.2  Gas demand until 2050  

The development of the total gas demand per sector and per region is shown in Figure 3-2. Gas demand 

decreases from about 4.000 TWh/a today to about 2.500 TWh/a by 2040. After 2040, gas demand 

decreases less strongly to 2,400 TWh/a by 2050. 

 
Figure 3-2 Development of total gas demand per region  (own assumpti on) 

 

 

Figure 3-3details the contribution of each sector to the total gas demand. Demand reductions in the 

heating and industry sector are partly compensated for by increasing demand from the power sector 

until 2040. Between 2040 and 2050, further reductions are almost completely compensated by 

increasing demand from the transport sector.  

 

                                                      
26 Assuming that particle emissions from biomass for heating are not of concern anymore  














































































































