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Abstract

European smart cities face a distinct decarbonisation challenge in the gas component of
urban energy consumption, which cannot be addressed through internal optimisation
alone. The European Union (EU) Mission for Climate-Neutral and Smart Cities selected
112 cities for climate neutrality by 2030, including Bucharest Sector 2, Cluj-Napoca, and
Suceava in Romania. The Mission timeline coincides with the Russian pipeline gas phase-
out under Regulation (EU) 2026/261, the 5 August 2026 transposition deadline for the Hy-
drogen and Decarbonised Gas Market Package (also referred to as the Fourth Gas Pack-
age), and the post-Hormuz energy market environment of 2026. This paper develops a
hinterland framework that links Romanian Mission cities to their rural renewable gas sup-
ply through biomethane and renewable hydrogen production, integrated with circular
bioeconomy strategies and routed through the national transmission system operated by
Transgaz. The empirical analysis combines documentary evidence from the May 2026
consultation on Government Emergency Ordinance 9/2026, institutional documentation
of Transgaz and Romgaz, and the comparative European literature on smart city renewa-
ble energy integration. Findings show that Mission city decarbonisation pathways depend
on rural-to-urban gas infrastructure calibration under the post-2024 regulatory cascade.
The paper proposes specific deployment strategies for each Romanian Mission city.

Keywords: climate-neutral cities; EU mission cities; rural-urban energy infrastructure;
biomethane; renewable hydrogen; smart city decarbonisation

1. Introduction

Smart cities have advanced as integrated platforms for urban service optimisation,
with substantial scholarly attention to digital infrastructure, smart mobility, energy man-
agement at the building scale, grid modernisation, and citizen engagement [1,2]. The bib-
liometric review of 9320 papers on smart cities and urban energy planning published
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between 1992 and 2023 by Esfandi, Tayebi and Byrne [2] identified five principal dimen-
sions of the smart city energy challenge: energy use at the building scale, urban design
and planning integration, transportation and mobility, grid modernisation and smart
grids, and policy and regulatory frameworks. The same review documented that the pol-
icy and regulatory dimension has received the least attention, a finding that is directly
relevant to the renewable gas integration challenge addressed in the present paper.

The decarbonisation of urban gas consumption is one of the dimensions of the smart
city energy challenge that cannot be addressed through internal optimisation alone. Gas
is not produced inside the city. The renewable gas that the climate-neutral city of the fu-
ture will consume is produced in the rural hinterland through anaerobic digestion of ag-
ricultural residues, livestock waste, and municipal biowaste, or through electrolytic hy-
drogen production at industrial scale. The infrastructure that connects rural production
to urban consumption operates at the regional rather than at the municipal scale, with
transmission system operators (TSOs) and distribution system operators (DSOs) as the
principal infrastructure providers. The smart-city literature has paid limited attention to
this rural-urban infrastructure dimension, partly because the conventional scope of smart
city analysis stops at the municipal boundary.

The European Mission for Climate-Neutral and Smart Cities has selected 112 cities
for climate neutrality by 2030, including 100 cities from EU Member States and 12 from
Horizon Europe-associated countries [3]. Romania is represented by three Mission cities:
Bucharest Sector 2, Cluj-Napoca, and Suceava [4,5]. The national mirror initiative M100,
hosted by UEFISCDI as national hub secretariat under inter-ministerial coordination, sup-
ports an additional ten Romanian cities on parallel climate-neutrality pathways [5]. The
Mission city timeline of 2030 coincides with three discrete European regulatory and geo-
political milestones. Regulation (EU) 2026/261 of 26 January 2026 establishes a phase-out
trajectory for Russian pipeline gas, with long-term pipeline contracts terminated by 30
September 2027. The prohibition is deferred to 1 November 2027 in Member States for
which the Commission, by 15 September 2027, adopts an implementing decision confirm-
ing risk of non-compliance with the 2027 underground storage filling target [6]. Directive
(EU) 2024/1788 and Regulation (EU) 2024/1789, comprising the Gas Package, must be
transposed by Member States by 5 August 2026 [7,8]. The Strait of Hormuz crisis that be-
gan on 28 February 2026 has elevated European fuel prices and reactivated the strategic
importance of indigenous renewable gas production [9-11].

Romania occupies a distinctive position within this environment. The Neptun Deep
deep-water gas field, scheduled to enter production in 2027 with a projected plateau pro-
duction of approximately eight billion cubic metres per year [12], repositions the country
from net importer to potential regional exporter. The Guidehouse 2022 study Gas for Cli-
mate estimates Romanian biomethane production potential at approximately two billion
cubic metres annually by 2030 and approximately eight billion cubic metres by 2050, with
anaerobic digestion as the dominant pathway and thermal gasification as a smaller com-
plement [13]. Government Emergency Ordinance 9/2026 of 27 February 2026 introduced
the first major reform of Romanian primary legislation on biomethane [14], and the Na-
tional Energy Regulatory Authority opened a consultation on further amendments on 18
May 2026 [15].

The aim of this paper is to develop and apply a hinterland framework that explains
and quantifies how the three Romanian EU Mission cities can decarbonise the gas compo-
nent of their energy use through renewable gas supplied from their rural hinterlands. It
addresses three questions: how much renewable gas the mandated network mix requires
in each city, whether the rural hinterland can supply it, and which organisational and
regulatory conditions govern the deployment. The method is a mixed documentary case
study that combines EU Mission and institutional documentation, evidence from the
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stakeholder consultation on the Romanian biomethane reform, a first-order demand—sup-
ply quantification, and a comparative analysis of European regulatory practice. For read-
ers outside the European Union, four instruments recur throughout. The EU Mission se-
lects and supports one hundred cities from the Member States, with twelve more from
associated countries, on the path to climate neutrality by 2030. The Climate City Contract
is the decarbonisation plan that each Mission city signs with national and European au-
thorities. The Gas Package and the Renewable Energy Directive set the European rules for
renewable gas. The national energy and climate plan, known by its Romanian acronym
PNIESC, sets the national targets. This paper extends the smart community framework
developed in [16] to a hinterland framework that articulates the rural-urban renewable
gas infrastructure on which Romanian Mission city decarbonisation pathways depend.
Section 2 reviews the relevant literature across urban energy planning, energy communi-
ties, circular bioeconomy, and the EU regulatory environment. Section 3 develops the con-
ceptual framework. Section 4 describes the materials and methods. Section 5 presents the
results, organised around urban demand, rural supply, regulatory enablers, European
comparative analysis, and the digital enablement of the hinterland. Section 6 discusses the
city-specific implications for Bucharest Sector 2, Cluj-Napoca, and Suceava. Section 7 con-
cludes.

2. Literature Review

This review is organised as a targeted rather than a systematic review. It is scoped to
four bodies of work that bear directly on the rural-urban renewable gas interface: the
smart-city and urban energy planning literature, the literature on the EU Mission and cli-
mate-neutral city pathways, the literature on renewable energy communities and the cir-
cular bioeconomy, and the literature on renewable gas infrastructure and the European
regulatory environment. The review has a dual role in the paper. It provides the theoreti-
cal grounding for the conceptual framework in Section 3, and it supplies the comparative
European evidence on which the analysis in Section 5 draws, which is why it precedes
rather than follows the methods. Each subsection is read for what it contributes to the
hinterland argument, and the contributions are drawn together at the end of the section.

2.1. Smart Cities, Urban Energy Planning, and the Rural-Urban Interface

The smart-city literature has matured into a substantive field with bibliometric depth.
Esfandi, Tayebi and Byrne [2] established the five principal dimensions of the smart city
energy challenge and identified the policy and regulatory dimension as the least ade-
quately treated. Adel [1] examined the role of Industry 5.0 technologies in smart cities,
with attention to cyber—physical systems, renewable energy integration, and the human-
machine collaboration that enables intelligent urban services. Apanaviciené and Shah-
rabani [17] developed a framework for smart building integration into smart cities, iden-
tifying 26 factors influencing the integration across energy, mobility, water, security, and
waste management domains. Trevisan, Ghiani and Pilo [18] developed a governance and
realisation framework for renewable energy communities in positive energy districts un-
der the Italian transposition of the European Directives, with explicit attention to the
boundary between municipal and supra-municipal energy infrastructure.

The smart community framework developed in [16] articulated four strategy layers
that align urban sustainability initiatives with the European regulatory architecture: hy-
drogen and renewable gas integration, ESG and sustainability reporting, biomass initia-
tives, and renewable energy. The hinterland framework developed in the present paper
extends the smart community framework to the rural-urban infrastructure on which the
renewable gas strategy layer depends. The extension responds to a gap in smart-city lit-
erature, which has concentrated on the optimisation of urban energy consumption while
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paying limited attention to the conditions of urban energy supply when that supply orig-
inates outside the urban boundary.

2.2. EU Mission Cities and the Climate-Neutral Pathway

The EU Mission for Climate-Neutral and Smart Cities was launched by the European
Commission in 2021 as one of five missions under Horizon Europe, with the aim of sup-
porting 100 European cities in their climate-neutrality transformation by 2030, plus an
additional 12 cities from Horizon Europe-associated countries [3]. The Mission cities re-
ceive tailored advice and support through the NetZeroCities programme [4], the Mission
Platform coordinated by EIT Climate-KIC, with each participating city required to de-
velop a Climate City Contract that codifies the city decarbonisation pathway and the com-
mitment of municipal and national authorities. The three Romanian Mission cities (Bu-
charest Sector 2, Cluj-Napoca, Suceava) have received the EU Mission Label in successive
batches, recognising the substantive ambition of their respective Climate City Contracts
[3,4]. The national mirror initiative M100, hosted by UEFISCDI as national hub secretariat
under inter-ministerial coordination, supports an additional ten Romanian cities on par-
allel climate-neutrality pathways [5].

The Mission city decarbonisation pathway depends on the parallel transformation of
multiple urban systems, including buildings, mobility, district energy, and waste man-
agement. The gas component of urban energy consumption is one of the elements that the
city pathway must address. The literature on positive energy districts and on urban cli-
mate-neutrality pathways has paid extensive attention to the electrification of urban en-
ergy consumption, with limited attention to the residual gas consumption that cannot be
electrified in the relevant planning horizon. The hinterland framework developed in the
present paper addresses this gap by articulating the renewable gas supply pathway on
which Mission city pathways depend.

2.3. Renewable Energy Communities, Circular Bioeconomy, and Rural Production

The literature on renewable energy communities under the Renewable Energy Di-
rective Il and III has developed rapidly. Trevisan, Ghiani and Pilo [18] developed the gov-
ernance framework under Italian transposition. The Renewable Energy Directive provi-
sions on energy communities, transposed across Member States with national variation,
enable the legal recognition of community ownership of renewable production assets and
the local sharing of the resulting energy. The literature on circular bioeconomy provides
the complementary framework for the biological resource side of rural energy production.
Meisterl, Sastre and Puig Ventosa [19] examined the Metropolitan Area of Barcelona bio-
waste management system, identifying the regulatory and non-regulatory drivers for the
transition to biomethane production from anaerobic digestion. Feng, Aryal and Li [20]
examined the development of centralised biogas circular bioeconomy systems using agri-
cultural residues. Iragavarapu, Imam and Sarkar [21] reviewed bioprocessing of waste for
renewable chemicals and fuels. Morone, D’ Amato, Béfort and Yilan [22] provided a text-
book treatment of the circular bioeconomy concept. Sulewski, Ignaciuk, Szymanska and
Was [23] surveyed the development of the biomethane market across the European Union.
Calero, Godoy, Garcia-Heras, Lozano, Arjandas and Martin-Lara [24] traced the develop-
ment of biogas and biomethane production in Spain.

2.4. Renewable Gas Infrastructure and the EU Regulatory Environment

Cavana and Leone [25] examined the linepack management techniques required for
distribution networks to absorb biomethane injection at scale. Duma, Pollitt, Covatariu
and Giulietti [26] developed an empirical definition and measurement framework for ac-
tive distribution system operators in the electricity and natural gas sectors. The literature
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on hydrogen and biomethane convergence supports a coordinated rather than separated
regulatory architecture for the two pathways [27-30]. The Gas Package, comprising Di-
rective (EU) 2024/1788 and Regulation (EU) 2024/1789 [7,8], establishes the regulatory ar-
chitecture for renewable gas integration with the EU Mission city horizon. The Net-Zero
Industry Act (NZIA), Regulation (EU) 2024/1735 [31], introduces fast-track authorisation
procedures for strategic net-zero projects. The European Commission proposal for the In-
dustrial Accelerator Act, COM (2026) 100 of 4 March 2026, establishes a framework of
measures for the acceleration of industrial capacity and decarbonisation in strategic sec-
tors [32]. The NIS2 Directive (EU) 2022/2555 [33] and the Critical Entities Resilience (CER)
Directive (Directive (EU) 2022/2557) [34] introduce an integrated cybersecurity and phys-
ical resilience perimeter for essential service operators. Mikac [35] examined the combined
effect of the two instruments on European critical infrastructure protection. Chiara [36]
developed the conceptual case for a right to cybersecurity in EU law. The literature on the
post-2024 geopolitical environment provides the strategic context within which the regu-
latory cascade operates [37—41].

Read together, the four bodies of literature define the gap that this paper addresses.
The smart-city literature in Section 2.1 establishes the dimensions of the urban energy
challenge but stops at the municipal boundary, leaving the rural-urban supply interface
unexamined. The Mission-city literature in Section 2.2 details the decarbonisation of urban
systems but treats residual gas demand only lightly. The renewable energy community
and circular bioeconomy literature in Section 2.3 shows that the rural resource, the bio-
methane potential, the digestate loop and the community ownership models are substan-
tial and well theorised, but it is developed largely in isolation from the urban demand it
could serve. The renewable gas infrastructure and regulatory literature in Section 2.4 sup-
plies the technical and legal architecture, from reverse-flow management to the Gas Pack-
age and the cybersecurity perimeter, but it is not yet connected to a specific urban decar-
bonisation setting. The contribution of this paper is to join these four strands at the scale
of the Mission city and its hinterland, which is the object of the framework developed
next.

3. Conceptual Framework

The hinterland framework developed in this paper is an empirical extension of the
smart community framework articulated in [16], applied to the rural-urban renewable gas
infrastructure on which Mission city decarbonisation pathways depend. Its scope is de-
liberately bounded to renewable gas, that is, to biomethane and renewable hydrogen
routed through the gas transmission and distribution networks. Other renewable sources
such as solar and wind enter the framework only as inputs to electrolytic hydrogen pro-
duction, and demand-side electrification pathways lie outside its scope. Within this
boundary, the framework articulates three physical layers, the rural production capacity,
the transmission and distribution infrastructure, and the urban consumption capacity,
that, together, constitute the operational scope of the renewable gas strategy layer identi-
fied in [16]. The Mission city is the analytical focal point, with the rural hinterland and the
regulatory architecture treated as conditions that shape the operational viability of the city
pathway. Figure 1 presents the framework.

To analyse how these physical layers are coordinated, the framework adds an organ-
isational lens adapted from the tradition of organisational antecedents of sustainability
transitions, of which the work of Jabbour and colleagues on stakeholders and business
models for the circular economy [42] is representative. Five dimensions are operational-
ised for the rural-urban interface, applied at the regional rather than the firm scale and to
the set of actors that must coordinate across that interface, namely municipal authorities,
transmission and distribution system operators, renewable gas producers, and rural
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community stakeholders. Awareness is the mutual understanding among these actors.
Formalisation is the documented procedures and roles for their coordination. Measure-
ment is the data infrastructure for tracking production, transmission and consumption; it
is operationalised as the digital enablement layer of Section 5.5 and is also what renders
the rural-urban hinterland smart in the sense used across the smart-city literature [1,2].
Governance is the cross-sectoral coordination arrangement, and resource allocation is the
dedicated capital, technology and personnel. Each dimension is carried into the empirical
analysis, and their combined application across the three Mission cities is mapped in Sec-
tion 6.

The framework is applied through the analytical sequence of urban demand, rural
supply, regulatory enablers, European comparative analysis, and digital enablement,
which provides the structure of Section 5. The unit of analysis is the Mission city pathway,
with the rural hinterland, the transmission infrastructure, and the regulatory architecture
as conditions that shape the city pathway. The framework is not offered as a new theoret-
ical construct; it is an empirical extension of established frameworks applied to a new
urban-centric setting, and its contribution lies in making the rural-urban renewable gas
interface an explicit analytical category.

Conditioning layer: regulatory architecture
PNIESC and National Hydrogen Strategy, RED lll, Gas Package (EU) 2024/1788 and 2024/1789, AFIR, NIS2 and CER

6 A ( 2 a R
RURAL PRODUCTION TRANSMISSION AND URBAN CONSUMPTION
(the hinterland) DISTRIBUTION Mission city, analytical focal point
Biomethane, anaerobic digestion Transgaz, national TSO Bucharest Sector 2
Renewable hydrogen, electrolysis Regional distribution operators Cluj-Napoca
Suceava
Romanian Plain, Dobrogea, injection, reverse-flow management,

Transylvanian Basin, Moldavian Plateau active distribution system operation Climate City Contracts, 2030 target

\ & J | J

Organisational coordination across actors: five dimensions

Awareness Formalisation Measurement Governance Resour:ce
allocation
mutual understanding procedures and roles digital enablement cross-sectoral
among actors for coordination Section 5.5 coordination Sl technology;
personnel
The Mission city pathway is the unit of analysis; the rural hinterland and the regulatory architecture are conditions that shape it.

Figure 1. The hinterland framework. Three physical layers, from rural renewable gas production
through transmission and distribution infrastructure to urban consumption in the Mission city, are
coordinated across actors through five organisational dimensions and conditioned by the regulatory
architecture. The grey dotted connectors indicate that each physical layer is coordinated through all
five organisational dimensions. Green denotes the rural production layer, grey the transmission and
distribution layer, blue the urban focal point together with the measurement dimension operation-
alised in Section 5.5, and amber the four remaining organisational dimensions. The instruments
named in the conditioning layer are the Gas Package [7,8], the Network and Information Systems
Security Directive (NIS2) [33], the Critical Entities Resilience (CER) Directive [34], the National In-
tegrated Energy and Climate Plan [43] and the National Hydrogen Strategy [44]; the Renewable
Energy Directive III (RED III) and the Alternative Fuels Infrastructure Regulation are named in the
figure only to complete the regulatory perimeter and carry no numbered reference. Source: authors’

own elaboration.
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4. Materials and Methods

The study adopts a mixed-methods case study design centred on the three Romanian
EU Mission cities and their renewable gas supply hinterland. The case selection rationale
combines theoretical and empirical considerations. Bucharest Sector 2, Cluj-Napoca, and
Suceava are the three Romanian cities formally selected for the EU Mission for Climate-
Neutral and Smart Cities, with EU Mission Label recognition and Climate City Contracts
in place. The cities differ in size, regional location, and economic structure, providing var-
iation across the case set within a common Mission framework. The Mission city timeline
of 2030 coincides with the Gas Package transposition deadline of 5 August 2026 [7], the
Russian pipeline gas phase-out trajectory under Regulation (EU) 2026/261 [6], and the
post-Hormuz energy market environment of 2026.

The data sources combine four principal categories. The first category is the EU Mis-
sion documentation [3], including the Climate City Contracts of Bucharest Sector 2, Cluj-
Napoca, and Suceava, the NetZeroCities programme documentation [4], and the M100
mirror initiative documentation, comprising the UEFISCDI-operated national hub and the
Government of Romania framework memorandum [5]. The second category is the insti-
tutional documentation of the Romanian gas infrastructure, including the operational
specifications and investment plan documents of Transgaz as the national transmission
system operator and of Romgaz as the largest national producer. The third category is
private stakeholder consultation evidence concerning Government Emergency Ordinance
9/2026, including unpublished discussion points and email correspondence exchanged on
18 May 2026 between the Romanian Association for Sustainable Fuels, the National En-
ergy Regulatory Authority, and PATRES, together with the formal stakeholder response
submitted by ACS on the same date [14,15]. This ordinance, adopted on 27 February 2026,
introduced the first substantial reform of the Romanian primary legislation on bio-
methane. The consultation is the process through which the National Energy Regulatory
Authority gathers positions from the main stakeholder groupings before finalising the
secondary regulation, namely the renewable gas producers represented by ACS and PA-
TRES, the transmission and distribution network operators, and the regulator. The diver-
gent interests of these groupings are analysed in Section 5.3. These materials are used only
as evidence of the stakeholder consultation process and of the issues raised during that
process, not as publicly issued ANRE guidance. The fourth category is the comparative
European literature reviewed in Section 2.

The analytical strategy proceeds through documentary analysis of the EU Mission
and M100 documentation [3-5], the institutional documentation of Transgaz and Romgaz
[45,46], the regulatory consultation documentation [14,15], and the comparative European
literature, with triangulation across at least two of the four data source categories for each
empirical claim. The author discloses participation in the Romanian energy policy stake-
holder community as President of the Romanian Association for Sustainable Fuels, with
the disclosure documented in the Conflicts of Interest declaration. The methodological
mitigation rests on the explicit triangulation criteria rather than on disclosure alone. Em-
pirical claims supported only by stakeholder consultation evidence are flagged in the
analysis for interpretive caution.

To ensure that the demand-supply balance and the emissions estimates are repro-
ducible, the quantitative analysis applies a fixed set of documented conversion and emis-
sion factors. Renewable gas volumes are converted to energy using a net calorific value of
about 10.6 TWh per billion cubic metres, consistent with the Gas for Climate methodology
[13]. Avoided combustion emissions are computed with the natural gas emission factor of
56.1 tonnes of carbon dioxide per terajoule, equivalently 0.202 tonnes per megawatt hour,
set out in Regulation (EU) 2018/2066 [47] and derived from the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories [48]; biomethane that substitutes fossil gas is treated

https://doi.org/10.3390/urbanscil0080437



Urban Sci. 2026, 10, 437

8 of 23

as carbon neutral at combustion under the same instruments. The 2030 renewable gas
benchmark of about five per cent of the gas network follows the biomethane objective of
the updated Romanian National Integrated Energy and Climate Plan [43]. City emission
baselines and neutrality gaps are taken from the respective Climate City Contracts, so that
every derived figure in the demand-supply balance and the emissions estimate can be
reconstructed from these inputs.

Three limitations are acknowledged. The case selection is restricted to the three Ro-
manian Mission cities, with the comparative European analysis providing partial mitiga-
tion. The cross-sectional design captures the situation as of mid-2026 and does not predict
the trajectory through the 2030 Mission deadline. The reliance on documentary and insti-
tutional sources rather than on stakeholder interviews limits the depth of operational in-
sight available, although the documentary and institutional sources used are extensive
and substantive. The quantitative demand—-supply balance in Section 5.4 is computed on
an annual-average basis; the pronounced seasonal profile of urban gas demand, driven by
winter district heating, is material for the sizing of injection, reverse-flow and storage ca-
pacity, but does not affect the annual balance on which the renewable gas substitution
target is defined.

5. Results

5.1. Urban Demand: Renewable Gas Consumption in Romanian Mission Cities

The three Romanian Mission cities differ substantially in their urban gas consump-
tion profiles. Bucharest Sector 2 is one administrative sector of the Bucharest metropolitan
area, which is the country’s largest concentration of urban gas demand, so the sector’s
own gas demand is only a fraction of the metropolitan total. The Climate City Contract of
Bucharest Sector 2 includes the decarbonisation of district heating and residential gas con-
sumption among the pathways toward the 2030 Mission target. Cluj-Napoca operates a
different consumption profile, with proportionally lower district heating demand and a
higher share of distributed residential and commercial gas use, reflecting the smaller ur-
ban scale and the polycentric morphology. Suceava is the smallest of the three cities and
the most representative of medium-sized European cities, with a mixed industrial-resi-
dential consumption profile and substantial seasonal variation driven by district heating
in the cold months. Together, the three cities illustrate the demand side of the renewable
gas substitution challenge across different urban scales and hinterland types, from a large
metropolitan sector to a small city whose centralised heating is supplied from biomass
rather than gas.

The Climate City Contracts of the three Mission cities provide the planning frame-
work within which renewable gas substitution can be specified as part of the broader
pathway toward 2030 climate neutrality, alongside building energy retrofit, transport
electrification, district heating decarbonisation, and waste management improvement.
The implementation of renewable gas substitution depends on the availability of bio-
methane and renewable hydrogen at the city scale, which depends in turn on the rural
production capacity and the transmission and distribution infrastructure that connects
rural production to urban consumption.

The demand that this pathway must serve is a demand for energy, mandated to in-
clude a rising renewable share rather than expressed as a preference for a particular mol-
ecule, and its composition is expected to shift over the Mission horizon. In the near term,
biomethane is the substitute that the existing gas network can absorb without modifica-
tion, and it carries the mandated renewable gas share that the demand—-supply balance
later quantifies. Renewable hydrogen enters later and unevenly, pulled by industrial
offtake rather than by household demand, which is why its deployment differs sharply
across the three cities. Bucharest Sector 2 lies within the Bucharest and Ploiesti hydrogen
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valley of the National Hydrogen Strategy [44], anchored by the refining offtake at
Petrobrazi. Cluj-Napoca lies within the Cluj and Targu Mures valley, anchored by the fer-
tiliser offtake at Azomures and by the lernut gas-fired capacity operated by Romgaz [49].
Suceava lies outside any designated hydrogen valley, so its pathway is biomethane-led,
drawing on the agricultural and forestry resources of the Moldavian Plateau and Buco-
vina. The parallel entry of the Neptun Deep field, with an expected plateau of approxi-
mately eight billion cubic metres from 2027, repositions Romania as a potential regional
exporter and relaxes the security constraint. It does not, however, alter the city decarbon-
isation logic. The mandated renewable share applies to consumption irrespective of the
origin of the conventional gas, and electrification reduces the baseline gas demand only
gradually.

5.2. Rural Supply: Biomethane and Renewable Hydrogen Production in the Hinterland

The Romanian biomethane production potential is concentrated in the rural hinter-
land of the urban consumption centres. The Guidehouse 2022 study Gas for Climate [13]
estimates the total potential at approximately two billion cubic metres annually by 2030
and approximately eight billion cubic metres by 2050, including both anaerobic digestion
and thermal gasification pathways. The geographic distribution of the potential matches
the agricultural and forestry resource base of Romania, with the Transylvanian Basin, the
Romanian Plain, the Moldavian Plateau, and the Dobrogea region as the principal pro-
duction zones. The proximity of each Mission city to its rural production hinterland var-
ies: Bucharest Sector 2 draws on the Romanian Plain and Dobrogea, Cluj-Napoca draws
on the Transylvanian Basin, and Suceava draws on the Moldavian Plateau and the for-
ested hinterland of Bucovina (Figure 2).

Legend

@ EU Mission city

— Gas transmission (schematic)
> Hinterland bio-resource zone
[ Industrial hydrogen anchor

P Suceava

~
R Moldavian Plateau
Bucovina

Cluj-Napoca

Azomures (Targu Mures)

Transylvanian Basin

Petrobrazi (Ploiesti)

Dobrogea’

Bucharest
Sector 2

Romanian Plain 4

Figure 2. Schematic map of the three Romanian EU Mission cities, their rural bio-resource hinter-
lands, the principal industrial hydrogen anchors, and the gas transmission links between them. The

map is schematic and not drawn to scale. Source: authors” own elaboration.

The renewable hydrogen production capacity in Romania is in the early stages of
deployment, with the first commercial-scale electrolysis projects entering operation from
2024 onward. The industrial offtake of renewable hydrogen is concentrated in the
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petrochemical and fertiliser sectors. The Petrobrazi refinery operated by OMV Petrom is
the principal confirmed candidate, with two green hydrogen electrolyser projects of 20
MW and 35 MW under construction, the first module of the 20 MW unit delivered in
March 2026, and proposed European Investment Bank financing of about EUR 165 million
under appraisal [50,51]. The Azomures fertiliser plant in Targu Mures, currently Roma-
nia’s only operational fertiliser producer (running at partial capacity since its restart in
July 2025) [52], represents a further potential offtake site. The hydrogen production path-
way from biomethane reforming provides a regulatory connection between the bio-
methane production capacity and the hydrogen offtake demand. The Mission city path-
ways do not directly consume industrial hydrogen at scale, but the industrial hydrogen
offtake competes for the same biomethane production capacity, and the integrated plan-
ning of biomethane allocation between urban gas consumption and industrial hydrogen
production is one of the strategic questions that the hinterland framework articulates.

The circular bioeconomy dimension of the rural production capacity provides the
linkage between biomethane production and the agricultural value chain. The digestate
produced as a co-product of anaerobic digestion is a high-quality organic fertiliser that
can be returned to the agricultural land that supplies the feedstock, closing the nutrient
loop at the regional scale. The integration of biomethane production with the circular bi-
oeconomy strategy of the agricultural value chain is one of the conditions that distin-
guishes the substantive deployment of renewable gas from the purely industrial deploy-
ment, with implications for rural development policy and the EU Mission city pathway
design [19-22].

5.3. Regulatory Enablers and Frictions

Because the value of the consultation evidence lies in the conflicts of interest it re-
veals, the stakeholder landscape is set out first, in the spirit of the stakeholder-pressure
analysis on which the framework draws [42]. Four groupings hold distinct and partly op-
posing interests. The renewable gas producers, represented in the consultation by ACS
and PATRES, seek low and predictable connection costs and a clear legal status for bio-
methane, because these determine the bankability of their projects. The network opera-
tors, the national transmission operator and the regional distribution operators, seek full
recovery of connection and reinforcement costs and the preservation of network integrity
and security. The state, acting through the National Energy Regulatory Authority, must
reconcile the 2030 renewable gas target with the protection of consumers from cost pass-
through and with the security of the gas system. The industrial offtakers exposed to car-
bon pricing, the fertiliser, petrochemical, steel and aluminium producers identified in Sec-
tion 5.1, seek access to certified low-carbon molecules at a competitive cost. The central
friction, which of these parties bears the cost of connecting rural biomethane to the net-
work, sets producers against operators, with the consumer carrying the residual through
the tariff. Where the Romanian proposals diverge from the European mainstream, the di-
vergence is best read not as a technical error but as an attempt either to accelerate deploy-
ment by relieving producers of the connection cost, or to shield operators and consumers
from that cost. The analysis below assesses each proposal against the European experience
on that basis. One of the authors participates in this process as President of ACS, a pro-
ducer-side association, which is disclosed in the Conflicts of Interest statement, and the
interpretive mitigation is the explicit triangulation of every claim against the independent
European comparative literature.

The private stakeholder consultation materials exchanged on 18 May 2026 between
ACS, ANRE, and PATRES concerning Government Emergency Ordinance 9/2026 [14,15]
address eleven points of proposed amendments to the Romanian primary legislation on
biomethane. The materials indicate a substantive coherence challenge between the
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proposed amendments and the dominant European regulatory architecture, in three prin-
cipal areas. First, the proposed reanalysis or elimination of definitional anchoring of bio-
methane within the natural gas sector would, if implemented in the form proposed, pro-
duce a transitional gap in the cybersecurity perimeter of the National Information Security
Directive transposition [33,34,53,54] and in the critical infrastructure protection frame-
work [55]. The European comparative analysis confirms that no leading Member State
maintains a separate conceptual regime for biomethane outside the natural gas sector [23-
25].

Second, the proposed treatment of grid connection costs diverges from the European
mainstream. The current Romanian regime imposes the full cost on the biomethane pro-
ducer, which the consultation proposes to invert by transferring the full cost to the net-
work operator. The European comparative analysis confirms that neither approach
matches the European mainstream, which applies structured cost-sharing arrangements
with the producer bearing a capped share [23-26]. On the basis of this comparison, the
approach recommended by the present analysis is structured cost-sharing combined with
tariff-based recovery and with state aid schemes under the Industrial Accelerator Act [32]
and the Net-Zero Industry Act [31].

Third, and unlike the first two proposals, the proposal to regulate biomethane in the
distribution network as a distinct regime is a useful step. Most European biomethane
plants connect to the distribution network rather than to the high-pressure transmission
network [23,25], so a regime designed for distribution matches where the gas actually en-
ters the system. The proposal is useful, however, only if it also addresses reverse flow,
that is, the need to push surplus biomethane from a low-demand distribution area back
up into the transmission network. Cavana and Leone [25] show that reverse flow is the
main technical limit once biomethane exceeds a certain share of local demand. Three con-
ditions make the regime work. The same minimum technical standards must apply to
every distribution operator. The distribution and transmission operators must coordinate,
within the cybersecurity rules [33-36]. And the regulator must issue the detailed second-
ary rules quickly, within about twelve months of the primary law, so that producers are
not left waiting.

5.4. European Comparative Analysis and Lessons for Romanian Mission Cities

The European comparative analysis identifies which design choices the European
mainstream treats as settled, which remain contested, and which have produced subopti-
mal outcomes in early-adopter Member States. The unitary supply licensing approach
with distinct accounting is comparatively mature across Germany, France, Denmark, the
Netherlands, Italy, and Sweden, with no leading Member State operating separate bio-
methane licensing regimes [23]. Structured cost-sharing for grid connection has been in-
stitutionalised in different forms in Germany and France. Under the German Gas Network
Access Ordinance (GasNZV), connection costs are shared 25 per cent by the connecting
biomethane plant operator and 75 per cent by the network operator, with the plant oper-
ator share capped at EUR 250,000 for connecting lines up to one kilometre [56]. Under the
French Code de I'Energie, Articles L. 452-1 and L. 452-1-1, a tariff-funded coverage meets
60 per cent of the biomethane connection cost up to EUR 600,000, with the producer bear-
ing the remainder and the coverage recovered through the regulated network tariff [57].
The distribution-level injection is dominant in Italy and Denmark. In Italy, the regulation
of reverse flow at the distribution level is currently piloted under ARERA Resolution
404/2022/R/gas rather than fully settled [58]. In Denmark, biomethane integration is sup-
ported through a competitive subsidy tender administered by the Danish Energy Agency,
while grid operation is handled by Energinet as transmission system operator and Evida
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as the national distribution operator, and producers bear the cost of their upgrading unit
and direct connection under nationally harmonised terms [59].

The Mission city implications of the comparative analysis are direct. Bucharest Sector
2 can draw on the German model of structured cost-sharing for the grid connection of
biomethane production facilities in the Romanian Plain hinterland, with tariff-based re-
covery routed through the Transgaz transmission network. Cluj-Napoca can draw on the
Italian model of distribution-level integration for the biomethane production facilities in
the Transylvanian Basin hinterland, with explicit reverse-flow management at the distri-
bution scale. Suceava can draw on the Danish model of operator coordination for the bio-
methane production facilities in the Moldavian Plateau and Bucovina forested hinterland,
with the integration of small-scale community-owned production into the distribution
network. The Climate City Contracts of the three Mission cities can incorporate these com-
parative lessons in the specification of the renewable gas substitution pathway toward
2030.

This comparative step does more than import three European models. It shows that
a single national framework does not fit a country whose cities differ as much as these
three. Each Romanian Mission city is matched to the European model whose scale and
connection level suit its hinterland: transmission-scale cost-sharing on the German pattern
for the large Bucharest metropolitan market, distribution-level integration on the Italian
pattern for the polycentric Cluj market, and community-scale operator coordination on
the Danish pattern for the dispersed Suceava market. This within-country tailoring is, to
the authors’ knowledge, not yet applied in the European biomethane literature, which
tends to treat national models as uniform, and it is the element of the analysis with the
widest transferability, because any Member State with heterogeneous urban and rural
structures can apply the same matching logic rather than adopt a single national template.
Table 1 sets out the correspondence between each city, its hinterland and its supply and
consumption profile, and its European reference model.

Table 1. Mission city renewable gas pathway analysis.

.. ., Hinterland Pro- . Consumption Pro- European Reference
M t ly Profil
ission City duction Zone Supply Profile file Model
Large-scal i- 4
Bucharest ~Romanian Plain o 8¢ o oc CroP Test High district heat- German GasNZV

dues; transmission- . . . structured cost-shar-
ing and residential .

Sector 2 and Dobrogea S
level injection ing

Mixed crop and live-
Transylvanian Ba- P . . Polycentric residen- Italian distribution-
stock feedstock; distri-

sin . . . . tial and commercial level integration
bution-level injection

Cluj-Napoca

Danish operator co-
. Small-farm and for- Mixed industrial- . p .
Moldavian Plateau . . . ordination with
Suceava . estry residues; com- residential, seasonal
and Bucovina . O small-scale produc-
munity-scale injection peak ton
it

Source: Author compilation based on the Climate City Contracts of the three Romanian Mission
cities  (Bucharest Sector 2  contract accessible at  https://netzerocities.app/_con-
tent/files/knowledge/4438/district_2_ccc_bucharest_.pdf (accessed on 23 July 2026), with the Cluj-
Napoca and Suceava contracts accessible through the corresponding city profiles on netzeroci-
ties.app (accessed on 22 July 2026)), the comparative European regulatory literature [23-26], and the
institutional documentation of Transgaz as the national transmission system operator available at
https://www.transgaz.ro (accessed on 30 June 2026). In this table, GasNZV denotes the German Gas

Network Access Ordinance (Gasnetzzugangsverordnung).
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To move from the qualitative pathways to a measurable assessment, Table 2 sets out
a demand-supply balance for the three Mission cities. City gas consumption is taken from
the greenhouse gas inventories of the respective Climate City Contracts, which report the
annual natural gas demand of each city, and is corroborated against the sustainable de-
velopment and energy planning documents of the cities and their counties. On this basis,
the annual city gas demand is about 0.18 billion cubic metres for Bucharest Sector 2, about
0.27 for Cluj-Napoca, and about 0.033 for Suceava, the last reflecting the city’s small scale
and its biomass district heating, which burns no fossil gas, although about half of the city
dwellings still use individual gas boilers. The mandated renewable gas volume is taken
as about five per cent of city demand, consistent with the biomethane objective of the up-
dated National Integrated Energy and Climate Plan [43], whose 2030 target of 4.27 TWh
corresponds to about 0.40 billion cubic metres at the national level. The hinterland bio-
methane potential is allocated from the national potential of about two billion cubic me-
tres estimated by the Guidehouse study [13] on the basis of the agricultural, livestock, and
forestry resources of each development region, with energy crops excluded in line with
the sustainability constraints applied in that study. The balance is conservative, yet its
central result is robust. In every city, the regional hinterland resource is large relative to
the city gas demand, from about 1.2 times at Cluj-Napoca, where the resource is of the
same order as demand, to about 3.9 times at Bucharest Sector 2 and about 9 times at
Suceava. For the three Mission cities and their hinterlands, the binding constraint on the
renewable gas substitution pathway is therefore not the availability of the resource but
the calibration of the infrastructure and the coordination of the actors, which is the central
argument of this paper. At a national scale, biomethane remains a partial contributor, on
the order of one-fifth of gas demand, so the abundance identified here is specific to these
low-demand urban nodes set on large rural catchments, with renewable hydrogen com-
plementing biomethane over the longer horizon. Table 3 then translates these volumes
into avoided emissions and into a contribution to each city’s 2030 neutrality gap.

Table 2. Estimated demand-supply balance of renewable gas for the three Romanian Mission cities.

. Mandated Re- Hinterland Bio-
City Gas Con- newable Gas by methane Poten- Potential Versus
Mission City (Hinterland) sumption (bcm 2030, About 5

ial D
per Year) per Cent (bcm tial (bem per emand
Year)
per Year)
Bucharest. Sector 2 (Romanian 018 0.009 0.70 39
Plain, Dobrogea)
Cluj-Napoca ("ljransylvaman 0.27 0.014 032 19
Basin)
Suceava (Molda.vian Plateau, 0.033 0.002 0.30 91
Bucovina)
National (calibration) 10.34 0.40 2.00 0.2

Source: authors’ estimates. City gas consumption from the greenhouse gas inventories of the Bu-
charest Sector 2, Cluj-Napoca, and Suceava Climate City Contracts, corroborated against the cities’
and counties’ sustainable development and energy planning documents; the national row from the
Romgaz Annual Report 2024 [46], consistent with the published national gas balance. The Bucharest
Sector 2 figure was cross-checked against a population-based apportionment of national consump-
tion using the 2021 census [60], which converges to within about ten per cent; the Cluj-Napoca and
Suceava figures rest on their Climate City Contract inventories, which reflect their non-standard
heating mixes. The hinterland biomethane potential is a regional technical potential, allocated from
the national potential in [13] on the development-region feedstock base rather than the city area,
with energy crops excluded, so the potential-versus-demand ratio expresses the abundance of the

regional resource relative to the Mission-city demand. For Suceava, the resource is weighted toward
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Bucovina forestry residues, and even its anaerobic-digestion component alone exceeds the city gas
demand. The mandate column applies the five per cent network-share objective of the National
Integrated Energy and Climate Plan [43] to each city demand; the national row is the plan’s absolute
2030 biomethane target of 4.27 TWHh, about 0.40 billion cubic metres, equivalent to about 3.9 per cent

of national consumption. Values are approximate and rounded.

Table 3. Avoided combustion emissions from hinterland renewable gas and their contribution to

the 2030 neutrality gap of the three Romanian Mission cities.

Avoided Emis- Contribution to

L. . Baseline Emis- 2030 Neutrality sions, Full Gas 2030 Gap at Full
Mission City

sions (tCOze) Gap (tCOze) Substitution  Substitution (per
(tCOze per Year) Cent)
Bucharest Sector 2 1,184,461 940,719 391,347 41.6
Cluj-Napoca 1,167,223 949,757 570,203 60.0
Suceava 289,055 233,152 70,283 30.1

Source: authors’ calculations. Emission baselines and 2030 neutrality gaps from the greenhouse gas
inventories and targets of the respective Climate City Contracts (Bucharest Sector 2 baseline for
2016; Cluj-Napoca and Suceava for 2021). Avoided emissions are the city gas demand from the Cli-
mate City Contract inventory, namely 1,937,363 megawatt hours for Bucharest Sector 2, 2,822,786
for Cluj-Napoca, and 347,936 for Suceava, multiplied by the natural gas emission factor of 0.202
tonnes of carbon dioxide per megawatt hour [47]; biomethane substituting fossil gas is treated as
carbon neutral at combustion. The full substitution column replaces the city’s entire fossil gas de-
mand, which the hinterland potential in Table 2 is sufficient to supply in every case, and reports a
combustion-scope technical upper bound; on a lifecycle basis, the avoided emissions would be

lower by roughly ten to twenty per cent.

At full substitution, the avoided emissions correspond to about 41.6 per cent of the
2030 neutrality gap in Bucharest Sector 2, about 60.0 per cent in Cluj-Napoca, and about
30.1 per cent in Suceava. Under the near-term five per cent mandate, the contribution is
much smaller, between about 1.5 and 3.0 per cent of each gap, which sets the policy floor.
At this level, renewable gas is a structural component of the gas-related share of the 2030
target, not a marginal one, on condition that the rural-urban supply is mobilised beyond
the regulatory minimum. The contribution is largest in Cluj-Napoca, whose baseline is the
most gas-dependent, and smallest in Suceava, whose gas demand is the lowest of the three
because its centralised heating is supplied from biomass rather than gas, a pattern that
confirms the city-specific character of the pathways.

5.5. Digital Enablement of the Rural-Urban Hinterland

Of the five organisational dimensions through which the framework in Section 3 ar-
ticulates the hinterland, the measurement dimension, defined as the data infrastructure
required for tracking production, transmission, and consumption, is the one that the pre-
ceding analysis has invoked without specifying. Governance and formalisation are carried
by the regulatory and coordination analysis of Section 5.3, and resource allocation by the
cost-sharing analysis of Sections 5.3 and 5.4, but the data layer on which several of those
findings depend has so far remained implicit. This subsection operationalises the meas-
urement dimension and, in doing so, renders the rural-urban interface genuinely smart.
Three digital capabilities are central, and each is the precondition for an analytical move
already made in the preceding subsections.

The first capability is the digital twin representation of the transmission and distri-
bution interface. A digital twin is a virtual representation of a physical asset that is up-
dated from real-time sensor data and supports simulation, anomaly detection, and
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predictive maintenance across the asset lifecycle [61]. Applied to the rural-urban gas hin-
terland, a digital twin covers the transmission network operated by Transgaz and the re-
gional distribution networks. It turns the reverse-flow management that Cavana and Le-
one [25] identify as the principal technical limit on distribution-level injection into an op-
erable control task rather than a static capacity rule. It is also the environment in which
the transmission—distribution operator coordination required by the Danish model and
the Suceava deployment profile can be simulated and rehearsed. The digital twin is there-
fore not an addition to the recommendations of Section 5.3 but the capability without
which those recommendations cannot be implemented.

The second capability is the smart metering and Internet of Things monitoring of
biomethane injection at the point of grid connection. The grid-modernisation and smart-
grid dimension that Esfandi, Tayebi and Byrne [2] place among the five principal dimen-
sions of the smart-city energy challenge extends, in the hinterland framework, beyond the
municipal boundary to the rural injection points where biomethane enters the network.
Advanced metering infrastructure at these points supplies the real-time quality, pressure,
and flow data on which the active distribution system operation defined by Duma, Pollitt,
Covatariu and Giulietti [26] depends, and on which the Climate City Contracts rely to
track progress toward the 2030 target. This instrumentation is the concrete content of the
measurement dimension and the substrate for the cyber—physical integration of renewa-
ble gas production that Adel [1] situates within the Industry 5.0 transformation of cities.

The third capability is the data platform that tracks and certifies the renewable attrib-
utes of the gas. The European market for renewable gas relies on Guarantees of Origin to
prove the renewable character of a unit of gas and to allow that attribute to be transferred
independently of the physical molecule, with the avoidance of double counting and dou-
ble disclosure as the central integrity requirement. Distributed-ledger approaches to the
issuance and transfer of Guarantees of Origin provide the tamper-evident traceability that
this requirement demands, as demonstrated by the blockchain-based issuing platform de-
veloped under the TRINITY project [62]. For the Romanian Mission cities, a platform of
this kind connects the rural biomethane and renewable hydrogen production to the urban
consumption recorded in the Climate City Contracts, and it supplies the auditable evi-
dence base on which the climate-neutrality claim of the Mission city pathway ultimately
rests. Because this platform handles operational data for essential energy infrastructure,
it is designed within the cybersecurity perimeter of the NIS2 and Critical Entities Resili-
ence Directive transpositions [33-36], so that the measurement and resilience dimensions
of the hinterland are built together rather than in sequence.

With the measurement dimension operationalised, the framework is complete across
all five organisational dimensions, and the rural-urban hinterland is constituted as a
smart, data-driven coordination system for the city, not merely as a piece of infrastructure
attached to it. The digital enablement layer is also the point at which the renewable gas
substitution pathway connects to the digital systems that the Climate City Contracts al-
ready deploy for the building, mobility, and grid dimensions of the Mission city, which
indicates a concrete agenda for the integration of the hinterland into the wider smart-city
architecture.

6. Discussion

The hinterland framework articulates the rural-urban renewable gas infrastructure
on which Romanian Mission city decarbonisation pathways depend. The framework is an
empirical extension of the smart community framework of [16], applied to a new urban-
centric setting through the analysis of three Romanian EU Mission cities and their rural
supply hinterland. The principal contribution of the framework is the articulation of the
rural-urban interface as a substantive analytical category of the smart city energy
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challenge, complementing the building-scale, urban-design, transport, grid-modernisa-
tion, and policy dimensions identified by Esfandi, Tayebi and Byrne [2]. The contribution
responds to the bibliometric finding that the smart-city literature has paid limited atten-
tion to the rural-urban infrastructure dimension, partly because the conventional scope
of smart city analysis stops at the municipal boundary. A second element of the contribu-
tion is that the operationalisation of the measurement dimension in Section 5.5 completes
the framework across all five organisational dimensions, and makes explicit the digital
substrate on which the reverse-flow management, the active distribution system opera-
tion, and the Climate City Contract progress-tracking depend.

The five organisational dimensions of the framework are applied across the three
Mission city pathways as follows. Awareness and formalisation are exercised in the stake-
holder consultation on Government Emergency Ordinance 9/2026 analysed in Section 5.3,
where the mutual understanding and the documented procedures among municipal au-
thorities, the transmission and distribution operators, the producers and the rural stake-
holders are still being negotiated. Governance is expressed in the operator-coordination
arrangements that differ by city, that is, transmission-scale cost-sharing for Bucharest Sec-
tor 2, distribution-level integration for Cluj-Napoca, and small-scale community coordi-
nation for Suceava, as set out in Sections 5.3 and 5.4. Resource allocation is captured in the
cost-sharing and state-aid analysis of Sections 5.2 and 5.3, which determines who bears
the connection and production costs. Measurement is operationalised as the digital ena-
blement layer of Section 5.5, and its salience differs by pathway, and is most demanding
for the transmission-scale Bucharest deployment and the reverse-flow-intensive Cluj de-
ployment, and lightest for the community-scale Suceava deployment. Taken together, the
five dimensions show that the rural-urban interface is coordinated physically, through
regulation, and organisationally, and that the coordination task is itself city-specific.

The Romanian application of the framework illustrates the city-specific deployment
strategies that the rural-urban infrastructure can support. Bucharest Sector 2 is positioned
to deploy a structured cost-sharing arrangement for the grid connection of large-scale bi-
omethane production facilities in the Romanian Plain and Dobrogea hinterland, with the
Transgaz transmission network as the principal infrastructure carrier. The metropolitan
demand for renewable gas substitution in district heating and residential consumption
provides the offtake that justifies the production-scale capital investment. The Climate
City Contract of Bucharest Sector 2 can incorporate the structured cost-sharing arrange-
ment as one of the specifications of the renewable gas substitution pathway.

Cluj-Napoca presents a distinct deployment profile that draws on the Italian model
of distribution-level integration. The Transylvanian Basin hinterland of Cluj-Napoca con-
tains substantial agricultural and livestock resources that support medium-scale bio-
methane production at the distribution level, with the regional distribution system oper-
ator as the principal interface infrastructure. The Cluj-Napoca Climate City Contract can
incorporate the distribution-level integration model with explicit attention to the reverse-
flow management that Cavana and Leone [25] identify as the principal technical constraint
above certain penetration thresholds. The polycentric morphology of the city, with multi-
ple residential and commercial demand centres, matches the distributed production pro-
file of the rural hinterland.

Suceava represents the most challenging deployment profile, both because of the
smaller urban scale and because of the more complex rural hinterland. The Moldavian
Plateau and Bucovina forested hinterland support small-scale community-owned bio-
methane production, including production based on forestry residues and on the agricul-
tural waste streams of the small-farm structure characteristic of the region. The Danish
operator coordination model provides the regulatory and operational template for the in-
tegration of small-scale community-owned production into the distribution network. The
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Suceava Climate City Contract can incorporate the operator coordination model with ex-
plicit attention to the renewable energy community provisions of the EU Directives trans-
position. The renewable energy community framework, developed for the Italian context
by Trevisan, Ghiani and Pilo [18], provides the governance reference for the community
ownership of the production assets.

Beyond the city-specific deployment strategies, the analysis identifies several cross-
cutting points that apply across the three Mission cities. The Climate City Contracts must
address the regulatory uncertainty produced by the May 2026 consultation on Govern-
ment Emergency Ordinance 9/2026, which the analysis in Section 5.3 identified as a sub-
stantive risk to the timely deployment of the renewable gas substitution pathway. The
Climate City Contracts must also address the cybersecurity perimeter of the renewable
gas infrastructure under the NIS2 [33] and CER [34] Directive transpositions. The Roma-
nian transposition through Government Emergency Ordinance 155/2024, as modified by
Law 124/2025 [53] and Law 294/2024 [54], establishes the legal foundation for the inclusion
of biomethane operators in the cybersecurity perimeter. Climate City Contracts can incor-
porate the cybersecurity dimension as one of the cross-cutting specifications of the renew-
able gas substitution pathway, with explicit coordination between the municipal authori-
ties and the national cybersecurity authority.

The post-2024 geopolitical environment shapes the urgency of the city deployment
timeline. The Russian pipeline gas phase-out under Regulation (EU) 2026/261 [6] estab-
lishes the 30 September 2027 trajectory deadline that the indigenous renewable gas pro-
duction must address. The Strait of Hormuz crisis that began on 28 February 2026 has
elevated the strategic importance of indigenous renewable gas production [37—41]. The
associated literature on firms as political actors in a multipolar world, developed by Mar-
iotti [63], provides the conceptual framework within which network operators and bio-
methane producers must absorb the cumulative regulatory pressure of the post-2024 en-
vironment. The related legal literature on export controls and the green agenda also
frames the tension between strategic autonomy and environmental policy coherence in
EU regulation [64]. The EU Mission city timeline of 2030 sits beyond these immediate stra-
tegic horizons but operates under the same cumulative regulatory pressure. The Climate
City Contracts can incorporate the geopolitical context as one of the considerations of the
renewable gas substitution pathway, with explicit acknowledgement of the dual decar-
bonisation and sovereignty benefits of indigenous production.

7. Conclusions

Romanian Mission cities cannot decarbonise the gas component of urban energy con-
sumption through internal optimisation alone. The rural hinterland production capacity,
the transmission and distribution infrastructure, and the regulatory architecture together
constitute the operational scope of the renewable gas substitution pathway. The hinter-
land framework developed in this paper articulates the rural-urban renewable gas infra-
structure on which the city pathway depends, with empirical application to the three Ro-
manian Mission cities (Bucharest Sector 2, Cluj-Napoca, Suceava) and their rural supply
hinterland.

The Romanian application of the framework identifies city-specific deployment strat-
egies that draw on different European reference models. Bucharest Sector 2 can deploy a
structured cost-sharing arrangement consistent with the German GasNZV model. Cluj-
Napoca can deploy a distribution-level integration model consistent with the Italian
framework. Suceava can deploy a community-owned production integration model con-
sistent with the Danish operator coordination framework. The three city deployments to-
gether can absorb a share of the Romanian biomethane production potential of approxi-
mately two billion cubic metres annually by 2030 estimated by the Guidehouse 2022 study
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[13]; at full substitution of their fossil gas demand, this share is about one quarter, while
under the near-term five per cent mandate, it is on the order of one per cent, which delim-
its the contribution to the Mission 2030 climate-neutrality target.

The research agenda extends in several directions. Comparative analysis across EU
Mission cities can be developed through systematic case study of the rural hinterland in-
frastructure of the participating cities. The empirical measurement of the cost-sharing ar-
rangements for grid connection can be extended across the European Union through a
coordinated survey of biomethane producer and network operator practices. The longitu-
dinal analysis of the cybersecurity perimeter inclusion of biomethane operators under
NIS2 and CER can be developed through panel data on operator compliance investments.
The integration of the hinterland framework with the broader smart city research agenda
can be developed through case study research on the renewable gas substitution pathway
in additional Mission cities across the European Union, with implications for the Mission
city deployment strategies and for the European Single Access Point design.
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terials are retained by the author and may be made available to editors or reviewers upon reasonable
request, subject to confidentiality constraints and third-party consent. The institutional documenta-
tion of Transgaz used in the operator analysis is publicly available at https://www.transgaz.ro (in-
vestor relations section, accessed on 30 June 2026), and the institutional documentation of Romgaz
is publicly available at https://www.romgaz.ro (investor relations section, accessed on 30 June 2026).
The EU primary and secondary legislation is publicly available through the EUR-Lex portal at
https://eur-lex.europa.eu (accessed on 17 May 2026), with European Legislation Identifiers (ELIs)
for each instrument referenced in the bibliography. No new primary survey data was generated for
this study.
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