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Abstract

The expansion of the European Union Emissions Trading System to road transport and
buildings (ETS2) raises significant concerns regarding the distributive social impacts of
carbon pricing on vulnerable households, particularly in regions characterized by high
car dependency, limited public transport accessibility, and pronounced territorial inequal-
ities. This paper aims to develop an integrated conceptual framework for analyzing
transport poverty in the context of ETS2 and the just climate transition. The study adopts a
conceptual-analytical approach based on a structured literature review of peer-reviewed
publications and EU policy documents, combined with a qualitative policy analysis focused
on Bulgaria as a critical case. The paper identifies six interacting analytical dimensions
of transport poverty—economic vulnerability, spatial vulnerability, mobility dependency,
infrastructure vulnerability, climate-policy exposure, and social vulnerability—and maps
the causal pathways through which carbon pricing mechanisms may intensify mobility
deprivation, particularly among low-income, rural, and forced-car-ownership households.
The analysis demonstrates that ETS2 may exacerbate existing socio-spatial inequalities
unless accompanied by well-designed compensatory, accessibility-oriented, and territori-
ally sensitive policy measures. The Bulgarian case illustrates the specific structural risk
factors prevalent in Central and Eastern European countries. The paper contributes to the
emerging academic literature on transport poverty by positioning it as a critical dimension
of the just climate transition and by providing a conceptual foundation for future empirical
research within the ACTETS2 project framework.

Keywords: transport poverty; ETS2; just climate transition; carbon pricing; social vulnerability;
accessibility poverty; forced car ownership; sustainable mobility; climate justice; Social
Climate Fund

1. Introduction

The transition towards climate neutrality has become one of the central strategic
priorities of the European Union. Through the European Green Deal, the Fit for 55 package,
and the progressive extension of carbon pricing mechanisms, the EU seeks to accelerate
the decarbonization of key economic sectors, including transport [1]. Within this policy
context, the introduction of the new Emissions Trading System for road transport and
buildings—ETS2—represents a major regulatory step towards internalizing the climate
costs of fossil fuel consumption [2]. However, while carbon pricing is widely regarded as
an economically efficient instrument for reducing greenhouse gas emissions, its social and
distributional effects require careful consideration.
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Transport is not only a source of emissions; it is also a fundamental condition for
participation in economic and social life [3]. Access to employment, education, healthcare,
public services, and social networks depends strongly on the availability, affordability, and
reliability of transport systems [4]. For this reason, climate policies that increase the cost
of mobility may create or deepen existing vulnerabilities, especially among low-income
households, rural residents, elderly people, persons with disabilities, and communities
with limited access to public transport. In such contexts, decarbonization policies may
unintentionally reinforce transport poverty unless they are accompanied by adequate
compensatory, accessibility-oriented, and territorially sensitive measures.

Transport poverty can be understood as a condition in which individuals or house-
holds are unable to secure adequate transport services necessary for essential daily activities.
It is closely related to transport disadvantage, accessibility poverty, forced car ownership,
and transport-related social exclusion [5]. The materials reviewed for this study empha-
size that transport poverty is not merely a matter of high transport expenditure, but a
multidimensional phenomenon combining economic, spatial, infrastructural, and social
vulnerabilities [6].

The problem becomes particularly important in the context of ETS2. By placing a
carbon price on fuels used in road transport, ETS2 may increase the direct cost of mobility
for households dependent on private cars, especially where public transport alternatives
are weak or absent [7]. This is particularly relevant for peripheral and rural regions,
where car dependency is often not a matter of preference but a necessity. The concept
of forced car ownership is therefore central to the analysis, as it describes the situation
in which households are compelled to own and maintain a car due to the lack of viable
alternatives [8,9].

ETS2 covers fuel distributors for road transport and buildings and is scheduled to
enter into force in 2027, with an option to defer implementation to 2028 in the event of
exceptionally high energy prices; the carbon price signal is transmitted to retail fuel prices,
making the system directly felt at the household level.

At the same time, ETS2 must be understood within the broader framework of the just
climate transition. The success of climate policy depends not only on its environmental
effectiveness, but also on its perceived fairness and social legitimacy [10]. If vulnerable
households bear a disproportionate share of the costs of decarbonization, public support
for climate policy may decline [2]. This makes transport poverty a critical issue for both
social cohesion and climate governance [11].

Against this background, the present paper develops a conceptual framework to
analyze transport poverty in the context of ETS2 and a just climate transition. It aims to
systematize the main theoretical approaches, identify the key determinants and indicators
of transport poverty, and outline policy implications for Bulgaria and the European Union.

The main research question of the paper is:

How can transport poverty be conceptualized in the context of ETS2 and the just
climate transition, and what are the main determinants, risks, and policy responses
associated with this emerging socio-economic challenge?

This main question is further developed through the following sub-questions:

- What are the main theoretical perspectives used to define and analyze transport
poverty?

- How may ETS2 influence the affordability and accessibility of transport for
vulnerable households?

- What economic, spatial, infrastructural, and socio-demographic determinants shape
transport poverty?
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- What policy instruments can mitigate the risk of transport poverty while supporting
climate neutrality objectives?

Despite the growing body of research on transport poverty and the expanding litera-
ture on the distributive effects of carbon pricing, existing studies have not yet systematically
addressed the intersection of these two fields within the specific regulatory context of ETS2.
Studies on the distributional impacts of carbon pricing have predominantly focused on
energy poverty and household income effects in Western European contexts, where pub-
lic transport systems are more developed [2,12]. Conversely, transport poverty research
has advanced considerably in conceptual and measurement terms [3,6] but has not been
systematically integrated with the policy architecture of ETS2 and its implications for
forced-car-ownership households in peripheral regions. The particular vulnerability of
Central and Eastern European countries—characterized by lower household incomes, aging
transport infrastructure, and pronounced rural-urban disparities—has received limited
attention in this context. This paper addresses these gaps by proposing an integrated con-
ceptual framework that connects carbon pricing mechanisms, transport system conditions,
household vulnerabilities, and the just transition policy agenda, using the Bulgarian context
as a critical case for the CEE region.

The paper adopts a conceptual-analytical research design combining two comple-
mentary methodological approaches. First, a structured literature review was conducted
using the Scopus and Web of Science databases, supplemented by Google Scholar for grey
literature and official EU policy documents. The search employed combinations of the
following terms: transport poverty, mobility poverty, accessibility poverty, forced car ownership,
ETS2, carbon pricing distributional effects, just transition, Social Climate Fund, energy poverty,
and social exclusion. The search prioritized publications from 2010 to 2025, with earlier
foundational works retained where they represent the primary theoretical reference in their
respective subfields. Inclusion criteria focused on conceptual relevance to transport poverty,
methodological rigor, and policy significance for the EU context. The resulting literature
is synthesized thematically rather than through a formal systematic review protocol, in
keeping with the paper’s conceptual orientation. Second, a qualitative policy analysis
was conducted drawing on EU legislative documents, Commission impact assessments,
and secondary statistical data to examine the policy implications of ETS2 for Bulgaria.
The two approaches are integrated in the proposed framework, which aims to serve as
an analytical foundation for future empirical research within the ACTETS2 project. Its
contribution lies in positioning transport poverty as a key dimension of the just climate
transition and in proposing an integrated framework that links carbon pricing, accessibility
deficits, household vulnerability, and social exclusion.

2. Literature Positioning

The literature selection process was rigorously structured and reported in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines to ensure transparency and reproducibility. The screening architecture
and the corresponding study attrition rates across the different evaluation phases are
systematically mapped in Figure 1.

During the initial Identification phase, a comprehensive electronic search across the
Web of Science and Scopus databases yielded a total of 170 records (82 and 88 items,
respectively). Following the removal of duplicate records (n = 67), 103 unique publications
were advanced to the title and abstract screening stage. At this juncture, 8 records were
excluded due to a lack of conceptual alignment with the core research questions, leaving
95 reports sought for full-text retrieval. The subsequent Screening and Eligibility phase
involved a dual-track assessment of the remaining literature. In the primary database track,
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Identification

Screening

Included

out of the 95 reports sought, 10 could not be retrieved in full text (n = 10). The remaining
85 publications underwent a meticulous full-text eligibility appraisal. This process led to
the exclusion of 14 peer-reviewed papers based on explicit structural criteria: 6 reports were
discarded due to an inappropriate geographical or institutional context (Wrong Setting,
n = 6), 5 failed to examine the socio-spatial or distributive dimensions of carbon pricing
(Wrong Outcomes, n = 5), and 3 lacked verifiable or accessible full-text data (n = 3).

Identification of new studies via databases and registers Identification of new studies via other methods

Records identified from:

Records identified from: Records removed before screening: Websites (n = 4)
Databases (n = 170) Duplicate records (n = 67) Organisations (n = 11)
Citation searching (n = 0)
Records screened Records excluded
(n=103) (n=8)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
(n=95) (n=10) (n=15) (n=4)
Reports excluded:
Reports assessed for eligibility Wrong Setting (n = 6) Reports assessed for eligibility Reports excluded:
(n=285) Wrong Outcomes (n = 5) (n=11) Grey literature (n = 11)
No Full-Text Available (n = 3)
Click the boxes for further information
New studies included in review P

=

)

Figure 1. PRISMA 2020 flow diagram illustrating the systematic literature search, screening, and
study selection process for transport poverty and ETS2 evaluation.

Concurrently, a secondary identification track, using other methods, evaluated
15 potential records from organizational reports (n = 11) and websites (n = 4). Although 11
of these documents were successfully retrieved and assessed (n = 11), all were systemati-
cally excluded during full-text review as non-peer-reviewed institutional grey literature
(n =11), thereby contributing zero records to the final synthesis pool. Ultimately, the rigor-
ous screening process culminated in a robust and methodologically consistent corpus of
71 high-quality, peer-reviewed academic articles (n = 71) that were officially included in
the systematic review for qualitative and thematic synthesis.

The academic debate on transport poverty has evolved from earlier discussions on
transport disadvantage and social exclusion towards more complex interpretations of
mobility-related inequality. Early contributions focused on the relationship between inade-
quate transport provision and limited access to employment, education, healthcare, and
social participation. In this tradition, transport is analyzed not only as a technical infras-
tructure system, but also as a mechanism through which social inequalities are reproduced
or mitigated (see Table 1).
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Table 1. Systematization of sources by main thematic sections.

Topics

Sources (Authors)

Focus and Contribution to the
Research Topic

1. Conceptual framework
and definitions

Farrington and Farrington (2005) [13];
Martens and Bastiaanssen (2019) [7];
Currie et al. (2009) [14];

Preston and Rajé (2007) [4];

Lucas (2012) [3];

Sheller (2015) [15];

Kuttler and Moraglio (2021) [16];
Stokes and Lucas (2011) [17]

Defining the dimensions of transport
poverty: availability, accessibility,
purchasing power, and adequacy.

2. Measurement methodology
and indicators

Mattioli (2017) [8];

Allen and Farber (2019) [18];
Pritchard et al. (2022) [19];
Almeida et al. (2024) [20];
Kelly et al. (2023) [21];
Giordano et al. (2025) [22];
Menyhért et al. (2021) [23];
Pot et al. (2020) [24]

Use of data from EU-SILC, HBS, and LFS
to develop quantitative indicators and
spatial analysis for transport poverty.

3. Climate Policies and ETS 2

Vandyck et al. (2023) [2];

Pollitt & Dolphin (2021) [25];
Ohlendorf et al. (2020) [12];
Edenhofer et al. (2021) [26];
Merkle and Dolphin (2024) [27];
Shang (2023) [10];

Shei et al. (2024) [28];

Kénzig (2023) [29]

Analysis of the impact of carbon pricing
on vulnerable households and the risk of
regressive effects.

4. Revenue Recycling and
Social Fund

Tamasiga et al. (2024) [30];
Fernandes-Urbano et al. (2025) [31];
Woerner et al. (2024) [11];

Vogt-Schilb and Hallegatte (2017) [32];
Fried et al. (2021) [33];

Klenert et al. (2020) [34]

Study of carbon dividends, targeted
transfers, and their role in increasing
public support.

5. Spatial and
demographic dynamics

Van Diilmen et al. (2022) [35];
Vitale Brovarone (2021) [36];
DeJohn et al. (2025) [37];
Mattioli (2014) [38];

Simcock et al. (2021) [39]

Specificity of transport poverty in rural vs.
urban areas and the phenomenon of
“double energy vulnerability”.

6. Mitigation strategies and
good practices

Mascaro and Hermine (2024) [40];
Dept. of Transport Ireland (2022) [41];
Rozynek et al. (2022) [42];

Litman (2021) [43];

SMARTA NET (2021) [44];
MedUrbanTools (2024) [45]

Overview of policies such as social
leasing, integrated hubs, and public
bike-sharing systems.

Source: Author’s systematization.

A first important strand of literature examines transport disadvantage and transport-

related social exclusion. This approach stresses that limited mobility can restrict ac-

cess to essential opportunities and thereby reinforce poverty, unemployment, and social

isolation [14]. Transport disadvantage is particularly significant when poor accessibil-

ity overlaps with low income, unemployment, disability, advanced age, or residence in

peripheral areas [3].

A second strand focuses on accessibility poverty. Unlike approaches that measure

mobility mainly through travel behavior or transport expenditure, accessibility-based
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approaches examine whether people can reach essential services, jobs, and social opportu-
nities within reasonable time, cost, and effort constraints [7]. This perspective is particularly
relevant for public policy because it shifts the analytical focus from the movement itself to
the opportunities that transport systems make available [13].

A third strand concerns affordability and transport expenditure burden. In this
perspective, transport poverty is associated with situations in which households must
allocate an excessive share of their income to mobility [43]. This is especially relevant in
the context of rising fuel prices, inflationary pressures, and carbon pricing mechanisms.
However, affordability indicators alone are insufficient, because some households may
report low transport expenditure not because transport is affordable, but because they are
unable to travel at all [46].

A fourth strand examines forced car ownership. This concept is highly relevant for the
ETS2 debate. It captures the paradox in which low-income households may own cars de-
spite financial hardship because they lack adequate public transport alternatives [8]. In such
cases, car ownership does not indicate mobility privilege, but structural dependency [47].

A fifth and more recent strand links transport poverty with climate justice and the
just transition. This literature examines how climate policies, including carbon pricing,
may have unequal effects across income groups, territories, and household types [10].
The reviewed materials show that the extension of emissions trading to road transport
and buildings raises concerns about regressive distributional impacts, especially when
vulnerable households spend a higher share of their income on carbon-intensive basic
needs [2,30].

The vulnerability of households to transport poverty under ETS2 is shaped by a
complex interaction of economic, spatial, infrastructural, and socio-demographic factors.
Existing studies emphasize that transport poverty cannot be explained by income con-
straints alone, since accessibility deficits, territorial inequalities, and structural dependence
on private vehicles also play a critical role in determining mobility vulnerability [3,6,7].
In the context of carbon pricing and rising mobility costs, these determinants become
increasingly important for understanding the unequal social impacts of the climate tran-
sition. Table 2 systematizes the main determinants of transport poverty identified in the
contemporary academic literature.

The five strands reviewed above offer complementary but partial perspectives on
mobility-related deprivation. Expenditure-based approaches risk understating transport
poverty where financial constraints lead to suppressed travel demand rather than observ-
able spending—a phenomenon that standard household budget surveys cannot readily
capture. Accessibility-based frameworks, while analytically powerful, face operational-
ization challenges in the absence of harmonized EU-level spatial data. Studies on the
distributional effects of carbon pricing have advanced considerably but have predomi-
nantly examined Western European contexts with comparatively stronger public transport
systems, thereby limiting their direct applicability to Central and Eastern European con-
ditions. Furthermore, existing research has not yet produced an integrated framework
that simultaneously connects forced car ownership, accessibility deficits, household vul-
nerability, and the specific policy architecture of ETS2 in the context of the just transition.
This paper is positioned at the intersection of these strands. Rather than treating transport
poverty as a transport-planning problem alone or as a poverty-measurement issue in isola-
tion, it conceptualizes transport poverty as a multidimensional socio-economic risk arising
from the interaction among household vulnerability, accessibility constraints, structural car
dependency, and climate-policy exposure. The following section develops the theoretical
foundations of this integrated framework.

https:/ /doi.org/10.3390/sul18136512
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Table 2. Keyword Mapping.

Keywords Leading Sources

Almeida et al. (2024) [20];

Allen and Farber (2019) [18];
Accessibility Bastianseen and Breedijk (2022) [48];

Martens and Bastiaanssen (2019) [7];

Vecchio and Martens (2021) [49].

Alonso-Epelde et al. (2023) [46];
Litman (2013) [50];

Mattioli (2017) [8];

Venter (2011) [51];

Gomez-Lobo (2011) [52];
Budolfson et al. (2021) [53].

Tamasiga et al. (2024) [30];
Woerner et al. (2024) [11];
Carbon Dividends Bulut & Samuel (2025) [54];
Bachtler et al. (2024) [55];
Drupp et al. (2024) [56].

Mattioli (2017) [8];
Curl (2018) [47];

Forced Car Ownership Currie and Delbosc (2013) [9];
van Diilmen et al. (2022) [35];
Fijalkowska et al. (2024) [57].

Vandyck et al. (2023) [2];
Lowans et al. (2021) [58];
Energy Poverty Simcock et al. (2021) [39];
Eisfeld and Seebauer (2022) [59];
Tobben et al. (2023) [60].

Shang (2023) [10];

Vandyck et al. (2022) [2];
Just Transition Simpa et al. (2024) [61];

Mengesha & Roy (2025) [62];

Siregar et al. (2025) [63].

Murauskaite-Bull et al. (2024) [64];
Gonzalez Moreno et al. (2025) [65];
Titheridge et al. (2009) [66];
Collectiu Punt 6 (2023) [67].

Affordability

Gender & Vulnerability

Source: Author’s systematization.

3. Theoretical Framework: Accessibility, Social Justice, and Just Transition

The integrated framework proposed in this paper draws on three interconnected
theoretical perspectives—accessibility theory, social justice theory, and just transition
theory—each of which contributes distinct analytical insights to understanding transport
poverty under ETS2. These perspectives are not treated as alternative explanations but as
complementary lenses that operate at different levels of analysis: the transport system, the
household, and the policy regime. Together, they provide the theoretical basis for the six
analytical dimensions set out in Table 3. Specifically, accessibility theory underpins the spa-
tial and infrastructure vulnerability dimensions; social justice theory connects to economic
vulnerability, mobility dependency, and social vulnerability; and just transition theory links
to the climate-policy exposure dimension. This mapping is made explicit below.

First, the accessibility perspective provides the core analytical foundation. From this
viewpoint, the central issue is not simply whether individuals can move, but whether they
can reach essential destinations under acceptable conditions of cost, time, reliability, and
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physical effort [7]. Transport poverty emerges when the transport system fails to provide
adequate access to employment, education, healthcare, and social life [3]. This approach
is especially useful because it allows transport poverty to be analyzed as a relational
phenomenon: it depends simultaneously on household resources, spatial location, transport
infrastructure, and the distribution of services.

Second, the social justice perspective highlights the unequal distribution of transport
opportunities and burdens. Transport systems may reproduce inequality when disadvan-
taged groups face higher costs, longer travel times, lower service quality, or reduced access
to mobility alternatives [15]. The concept of forced car ownership is particularly important
here because it demonstrates that private car use may result from structural necessity rather
than individual preference [13]. This is crucial for understanding the social risks of ETS2 in
regions where public transport is weak and households are locked into carbon-intensive
mobility patterns.

Third, the just transition perspective connects transport poverty with climate policy.
The transition to a low-carbon economy must be environmentally effective, but also socially
fair and politically legitimate [10]. ETS2 may support decarbonization by increasing the
cost of fossil-fuel-based mobility, but it may also intensify vulnerability if compensatory
mechanisms are poorly designed [2]. Therefore, transport poverty should be understood as
a potential social risk of the climate transition. The key policy challenge is to ensure that
carbon pricing does not simply increase the cost of mobility for vulnerable households,
but is accompanied by investments in accessible, affordable, and sustainable transport
alternatives [6].

The transmission mechanism through which ETS2 may intensify transport poverty
can be articulated as a causal chain operating across several interconnected stages. At the
first stage, the introduction of a carbon price on fuels used in road transport increases the
costs faced by fuel distributors, who pass this cost increment through to retail fuel prices
at the pump. At the second stage, higher fuel prices translate into increased household
transport expenditure, particularly for households that depend on private vehicles for
essential daily mobility. At the third stage, households facing binding budget constraints
respond either by reducing their travel—thereby foregoing access to employment, health-
care, education, and social participation—or by maintaining necessary travel at the cost of
reduced expenditure on other essential goods. Both responses constitute forms of transport
deprivation: the first through suppressed mobility, the second through economic stress.
At the fourth stage, restricted access to opportunities and heightened financial pressure
may generate or deepen social exclusion, labor market marginalization, and overall welfare
loss. This risk is structurally concentrated among households characterized by forced car
ownership, low income, residence in peripheral or rural areas, and limited access to public
transport alternatives. Critically, the severity of this causal chain is not uniform: it depends
on the interaction between the carbon price level, household income, the availability of
modal alternatives, and the design of compensatory mechanisms. Where the Social Climate
Fund or equivalent instruments provide targeted support, the chain may be interrupted
at stages two or three. Where such mechanisms are absent or poorly targeted, the full
transmission from carbon pricing to social exclusion becomes operative.

Figure 2 presents the integrated conceptual framework of transport poverty in the
context of ETS2 and the just climate transition. The framework is organized around a
central concept—transport poverty, understood as the convergence of mobility deprivation,
social exclusion, and accessibility constraints—and four interacting blocks of determinants
and responses. The upper-left block captures the climate and economic drivers: ETS2,
carbon pricing, fuel price increases, and inflationary pressures, which together raise the
cost of mobility and increase the risk of transport poverty. The upper-right block represents
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household vulnerability, defined by the characteristics that make certain groups dispropor-
tionately exposed to these cost pressures: low income, elderly age, energy poverty, and
rural residence. The lower-left block reflects transport system conditions—weak public
transport provision, car dependency, and infrastructure deficits—which determine the
degree to which households can absorb rising mobility costs through modal alternatives.
Where these conditions are poor, vulnerability is structurally locked in. The lower-right
block identifies the policy responses available to mitigate transport poverty: the Social
Climate Fund, public transport investment, and social tariffs. These instruments may
interrupt the causal chain between carbon pricing and social exclusion at different points,
depending on their design, targeting, and capacity for implementation. The bottom panel
summarizes the socio-economic outcomes produced when drivers and vulnerabilities are
not adequately offset by policy responses: reduced accessibility, labor-market exclusion,
territorial inequality, and declining public support for climate policies. The directional
arrows connecting all four blocks to the central concept indicate that transport poverty
is not determined by any single factor but emerges from the interaction among climate
policy pressures, household characteristics, and transport system conditions—and can be
mitigated through well-designed, territorially sensitive policy instruments.

Climate & Economic A ( Household

Drivers
» ETS2
* Carbon pricing

Vulnerability

* Low income
* Elderly
* Fuel price increases * Energy poverty
\ Inflation J \_* Rural population J

p

/' TRANSPORT POVERTY |
Mobility deprivation
Social exclusion

Accessibility constraints )

.
Transport System ‘ Policy Responses
Conditions * Social Climate Fund
* Public transport

* Weak public transport

* Car dependency

» Infrastructure deficits

investment
\* Social tariffs

Outcomes: Reduced accessibility * Labour-market exclusion ¢ Territorial inequality * Reduced

support for climate policies

Figure 2. Integrated Conceptual Framework of Transport Poverty in the Context of ETS2 and the Just
Climate Transition. Source: Author’s conceptualization based on Lucas (2012) [3], Mattioli (2017) [8],
Martens and Bastiaanssen (2019) [7], Cludius et al. (2024) [6], Vandyck et al. (2023) [2], and the
ACTETS2 research framework.

On this basis, the paper proposes that transport poverty in the context of ETS2 should
be analyzed by examining the interaction among six dimensions (see Table 3).

This theoretical framing allows transport poverty to be understood not as a narrow
problem of individual mobility, but as a structural risk located at the intersection of transport
systems, social inequality, and climate governance.
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Table 3. Analytical Dimensions of Transport Poverty in the Context of ETS2 and the Just
Climate Transition.

Dimension

Core Meaning Key Risks Under ETS2

Economic vulnerability

Limited capacity to absorb higher

transport costs Fuel poverty, reduced purchasing power

Spatial vulnerability

Peripheral location and weak accessibility =~ Territorial exclusion

Mobility dependency

Dependence on private cars due to lack

. Forced car ownership
of alternatives

Infrastructure vulnerability

Inadequate public transport and

multimodal systems Accessibility deficits

Climate-policy exposure

Sensitivity to carbon pricing mechanisms  Regressive distributional effects

Social vulnerability

Socio-demographic disadvantages Deepened inequality and exclusion

Source: Author’s systematization.

4. Transport Poverty and ETS2

The inclusion of road transport within the scope of the European Union Emissions
Trading System through the introduction of ETS2 represents a major transformation in the
governance of transport decarbonization. Unlike previous climate instruments primar-
ily targeting industrial emitters and energy producers, ETS2 directly affects households
through increased fuel prices and higher mobility costs. As a result, the social dimension of
transport decarbonization becomes increasingly important, particularly in regions char-
acterized by high car dependency, limited public transport alternatives, and pronounced
territorial inequalities.

The economic rationale behind ETS2 is based on the internalization of environmental
externalities through carbon pricing. By increasing the cost of carbon-intensive fuels,
the mechanism seeks to incentivize behavioral change, technological innovation, and
modal shifts towards lower-emission transport solutions [26]. However, while carbon
pricing is widely regarded as an economically efficient climate instrument, its distributive
consequences remain highly uneven [12].

The literature increasingly demonstrates that the effects of carbon pricing are not
socially neutral. Low-income households generally spend a larger proportion of their
income on essential goods and services, including energy and transport, making them
particularly vulnerable to increases in fuel prices [10]. In the transport sector, this vulnera-
bility is intensified by structural conditions such as poor public transport provision, spatial
mismatch between housing and employment, and limited access to alternative mobility
options [68].

The vulnerability of households to transport poverty under ETS2 is shaped by a
combination of economic, spatial, infrastructural, and socio-demographic determinants
(see Table 4). These determinants interact dynamically and influence both the affordability
and accessibility dimensions of mobility deprivation.

A particularly important issue in this context is the phenomenon of forced car own-
ership. In many suburban, rural, and peripheral regions, households depend on private
vehicles not because of lifestyle preferences but because essential daily activities cannot
be performed otherwise [8]. Under such conditions, ETS2 may disproportionately affect
households already exposed to economic and spatial vulnerability. Rather than encourag-
ing immediate behavioral change, higher fuel costs may reduce disposable income, deepen
social exclusion, and increase transport deprivation.

https:/ /doi.org/10.3390/sul18136512
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Table 4. Main Determinants of Transport Poverty.

Determinant Main Determinants Representative Literature
Category
Economic Low income, fuel costs, transport Litman (2021) [43]; Alonso-Epelde et al.
expenditure burden (2023) [46]
Spatial Rurality, peripheral regions, poor accessibility Martens & Bastiaanssen (2019) [7]

Transport-system

Weak public transport, infrastructure deficits

Lucas (2012) [3]

Socio-demographic

Age, disability, gender, unemployment

Titheridge et al. (2009) [66]

Environmental

Exposure to ETS2 and carbon pricing

Vandyck et al. (2023) [2]

Institutional

Weak policy coordination, limited
compensatory mechanisms

Cludius et al. (2024) [6]

Source: Author’s systematization.

The relationship between transport poverty and ETS2 is therefore multidimensional.
The implementation of carbon pricing mechanisms may influence transport poverty
through several interconnected channels:

- direct increases in household transport expenditure;

- reduced affordability of daily mobility;

- higher costs of commuting and access to services;

- increased vulnerability in regions with weak public transport systems;

- reinforcement of territorial and social inequalities;

- declining public support for climate policies perceived as socially unfair.

At the same time, the impact of ETS2 depends significantly on the availability of com-
pensatory mechanisms and sustainable mobility alternatives. Existing research highlights
that carbon pricing may become socially progressive when revenues are effectively recycled
through targeted support measures, social transfers, or investments in accessible public
transport systems [11]. In this regard, the Social Climate Fund introduced at the EU level
represents an important attempt to address the social consequences of ETS2 [30]. Neverthe-
less, the effectiveness of such instruments will depend on national implementation capacity,
territorial targeting, and policy coordination.

Transport poverty should therefore not be interpreted as an unintended side effect of
climate policy, but as a structural risk within the decarbonization process itself. The chal-
lenge for European and national policymakers is to ensure that climate neutrality objectives
are pursued without creating new forms of mobility deprivation and social exclusion.

The issue is particularly relevant for countries in Central and Eastern Europe, where
lower household incomes, aging transport infrastructure, and uneven territorial develop-
ment increase vulnerability to rising mobility costs. In such contexts, the transition towards
low-carbon mobility requires not only environmental regulation, but also strong social
and territorial policy instruments capable of supporting vulnerable populations during the
transition process.

The multidimensional nature of transport poverty requires the use of integrated
measurement approaches combining affordability, accessibility, and vulnerability indicators.
Table 5 systematizes the main indicators used in contemporary transport poverty research.

In summary, the analysis of transport poverty in the context of ETS2 reveals a
multidimensional risk structure in which economic, spatial, infrastructural, and socio-
demographic vulnerabilities interact with carbon pricing mechanisms to produce differ-
entiated mobility-deprivation outcomes. The distributional consequences of ETS2 are not
uniform: they are concentrated among households characterized by forced car ownership,
low income, residence in peripheral areas, and limited access to sustainable transport
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alternatives—precisely the groups least able to absorb rising fuel costs through modal
substitution or behavioral change. At the same time, the severity of these risks depends on
the design and effectiveness of accompanying policy instruments, particularly the Social
Climate Fund and investments in accessible public transport. Measuring and monitoring
these risks requires integrated indicator frameworks that combine the affordability, accessi-
bility, and vulnerability dimensions. The following section operationalizes this analytical
framework by examining the specific structural conditions in Bulgaria that determine the
country’s exposure to transport poverty under ETS2.

Table 5. Indicators for Measuring Transport Poverty.

Dimension Indicators Measurement Approach

s Share of transport expenditure in
Affordability household budget Household Budget Surveys
Accessibility Access to jobs and services GIS and accessibility analysis
Mobility deprivation Unmet mobility needs Survey-based indicators
Car dependency Forced car ownership Vehicle ownership gnd

dependency analysis

Public transport availability Distance and service frequency Transport network data
Climate vulnerability Exposure to fuel price increases ETS2-related expenditure modelling

Source: Author’s systematization.

5. Policy-Oriented Analysis for Bulgaria

The structural characteristics that make Bulgaria particularly vulnerable to transport
poverty under ETS2 can be documented with reference to several key indicators. First,
regarding income and poverty exposure: Bulgaria recorded the highest share of population
at risk of poverty or social exclusion in the EU in 2024, at 30.3%, compared to an EU average
of 21.0%—meaning that nearly one in three Bulgarian residents lives in a household with
at least one of the three poverty or social exclusion risk factors. Bulgaria also recorded
one of the highest at-risk-of-poverty rates in the EU in 2024, at 21.2%, well above the
EU average of 16.3%. Second, regarding household transport expenditure: according to
Eurostat national accounts data, Bulgarian households allocated approximately 13.7% of
their total consumption expenditure to transport—above the EU average of approximately
12.6%—reflecting both the structural necessity of private car use and the relative weight of
fuel costs in household budgets. At the same time, Bulgaria recorded the lowest overall
price levels for household consumption in the EU in 2024, at 60% of the EU average, which
means that while transport expenditure shares are high in relative terms, the absolute
purchasing power available to cover rising fuel costs is among the lowest in the Union.
Third, regarding the overlap between energy and transport poverty: approximately 30%
of the Bulgarian population reported being unable to adequately heat their homes in
2024, placing Bulgaria among the four EU member states with the highest energy poverty
incidence—a condition that frequently co-occurs with transport poverty, particularly in
rural and peripheral areas. Fourth, regarding demographic and territorial vulnerability:
Bulgaria’s rural population stood at approximately 1.5 million in 2023, concentrated in
regions characterized by declining public transport provision, aging infrastructure, and
significant spatial distance from employment and services. Several north-western Bul-
garian regions were identified among the EU’s fastest-depopulating predominantly rural
regions, with demographic shrinkage further undermining the commercial viability of
public transport lines and deepening structural car dependency. The motorization rate in
Bulgaria reached 414 passenger cars per 1000 inhabitants in 2021—below the EU average of
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560 per 1000 in 2022, but with the important distinction that in Bulgaria, car ownership in
rural areas reflects structural necessity rather than mobility choice, given the near-absence
of alternative transport modes in many municipalities. Taken together, these indicators
confirm that Bulgaria represents a critical case for examining transport poverty risks under
ETS2: it combines the highest poverty exposure in the EU with above-average transport
expenditure shares, severe energy poverty incidence, accelerating rural depopulation, and
structurally embedded car dependency—all of which intensify the regressive distributional
risk of carbon pricing in the transport sector (see Table 6).

Table 6. Key structural indicators of transport poverty vulnerability in Bulgaria (selected Eurostat
data, 2021-2024)—Comparison with EU-27 average.

Indicator Bulgaria EU-27 Average Source
Poverty and Social Exclusion
At risk of poverty or social exclusion (AROPE) 30.3% 21.0°% Eurostat,
% of population, 2024 Highest in EU e EU-SILC 2025
At risk of poverty rate (AROP) 21.2% 16.3% Eurostat,
% of population, 2024 3rd highest in EU e EU-SILC 2025

Transport Expenditure and Purchasing Power

Transport share of household

13.7%

consumption expenditure Above average 12.6% Eurostat, 2025

% of total household expenditure, 2022 &

Price level of household consumption expenditure 60% o

% of EU average, 2024 Lowest in EU 100% Eurostat, 2025
Energy Poverty

Unable to keep home adequately warm ~30% o

% of population, 2024 Among highest in EU 10.6% Eurostat, 2024

Demographic and Territorial Vulnerability

Rural population . World Bank/

number of inhabitants, 2023 ~1.5 million o NSI Bulgaria

Motorisation rate 414

passenger cars per 1000 inhabitants, 2021 Below EU average 560 Eurostat, 2025

Source: Eurostat, 2021-2024. Note: The below-average motorization rate in Bulgaria does not indicate lower car
dependency. Rather, it reflects constrained purchasing power: in many rural and peripheral municipalities, house-
holds rely on private vehicles as a structural necessity in the absence of viable public transport alternatives—a
condition consistent with the forced car ownership phenomenon described in Section 2.

The potential social effects of ETS2 are especially significant in the Bulgarian context.
Bulgaria combines several structural characteristics that may intensify the risk of transport
poverty during the climate transition: relatively low household incomes, strong regional
disparities, aging transport infrastructure, limited accessibility in peripheral areas, and
high dependence on private vehicles outside major urban centers.

The country’s territorial structure creates substantial accessibility challenges. Large
parts of the population living in rural and semi-rural areas rely heavily on private cars due
to insufficient public transport services, declining regional connectivity, and demographic
shrinkage. In many municipalities, reduced population density and economic decline
have led to the deterioration or discontinuation of regular public transport lines, thereby
increasing dependence on individual motorized transport.

Under these conditions, the implementation of ETS2 may create significant affordabil-
ity pressures [1]. Rising fuel prices could disproportionately affect low-income households
that are already exposed to broader energy and inflationary vulnerabilities. The interaction
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between transport poverty and energy poverty is therefore likely to become increasingly
important in Bulgaria, particularly among elderly populations, unemployed persons, and
households in economically lagging regions.

An additional challenge concerns the uneven territorial distribution of transport
alternatives. While larger urban centers such as Sofia possess relatively diversified mobility
systems, including public transport and emerging sustainable mobility solutions, many
smaller towns and rural areas remain characterized by weak accessibility and limited modal
choice. This creates a risk of differentiated territorial exposure to ETS2, where peripheral
regions bear a disproportionately high social burden from decarbonization policies [6].

The Bulgarian context also illustrates the importance of the concept of forced car
ownership. In numerous regions, car ownership is not associated with higher welfare or
mobility privilege but represents a necessary condition for participation in economic and
social life. Consequently, carbon pricing mechanisms may affect vulnerable households not
by discouraging excessive mobility, but by increasing the cost of already constrained and
essential mobility practices.

The mitigation of transport poverty under ETS2 requires integrated and territorially
sensitive policy instruments combining social compensation, accessibility improvements,
and sustainable mobility investments. The main policy approaches identified in the litera-
ture and adapted to the Bulgarian context are summarized in Table 7.

Table 7. Policy Instruments for Mitigating Transport Poverty under ETS2.

Policy Instrument Main Objective Expected Effect
Social Climate Fund Compensation for vulnerable households Reduced regressive effects
Social transport tariffs Improved affordability Increased mobility access
Sustainable mobility investments  Better public transport accessibility Reduced car dependency
Social leasing schemes Access to low-emission vehicles Cleaner and affordable mobility
Accessibility-oriented planning Reduced territorial inequality Improved social inclusion
Revenue recycling mechanisms Redistribution of carbon pricing revenues Increased public acceptance

Source: Author’s systematization.

Against this background, a socially balanced climate transition in Bulgaria requires
an integrated policy approach combining environmental, transport, and social policy
instruments. Several policy directions appear particularly relevant. First, the development
of accessibility-oriented transport policies should become a central component of national
climate transition strategies. This includes investments in regional public transport systems,
improved multimodal connectivity, and support for demand-responsive mobility services
in sparsely populated areas.

Second, compensatory social measures will be essential for mitigating the regressive
effects of ETS2. Such measures may include targeted transport subsidies, social tariffs
for vulnerable groups, and mechanisms for recycling carbon pricing revenues towards
low-income households [69].

Third, policies supporting sustainable mobility should account for the specific ter-
ritorial and socio-economic characteristics of Bulgaria. Measures such as social leasing
schemes for low-emission vehicles, support for shared mobility, and investments in rail
and regional bus connectivity could reduce structural car dependency over the long term.

Fourth, the integration of transport poverty indicators into national and regional
planning frameworks is necessary for improving policy targeting. The use of accessibility
metrics, geospatial analysis, and vulnerability mapping could support more effective
allocation of resources under both climate and cohesion policies.

Ultimately, the Bulgarian case demonstrates that the success of ETS2 will depend
not only on environmental efficiency, but also on the capacity of public institutions to
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ensure socially just and territorially balanced implementation. Without such an approach,
climate policies risk reinforcing existing inequalities and weakening public acceptance of
the green transition.

6. Discussion

The growing policy relevance of transport poverty reflects broader transformations in
the relationship between mobility, social inequality, and climate governance. Traditionally,
transport policy has focused primarily on infrastructure development, traffic efficiency,
and environmental performance. The expansion of carbon pricing mechanisms under
ETS2, however, increasingly reveals the social dimension of transport systems and the
structurally unequal distribution of mobility opportunities and burdens—a dimension that
conventional transport policy frameworks were not designed to address.

The analysis developed in this paper suggests that transport poverty in the ETS2 con-
text cannot be adequately captured by any single theoretical perspective alone. Each
of the three perspectives adopted—accessibility theory, social justice theory, and just
transition theory—offers important but partial insights, and their limitations deserve
explicit acknowledgment.

Accessibility-based approaches provide a powerful framework for identifying who
cannot reach essential destinations under acceptable conditions. However, they face signifi-
cant operationalization challenges: harmonized, spatially granular accessibility data at the
EU level remain limited, and standard accessibility metrics may fail to capture the full range
of mobility-related deprivation, particularly suppressed travel demand—the situation in
which households reduce travel to below acceptable levels not because their needs are met,
but because they cannot afford to travel at all [5,21]. This form of hidden transport poverty
is particularly relevant in the ETS2 context, where rising fuel costs may lead car-dependent
households to restrict essential journeys rather than shift to non-existent alternatives.

Expenditure-based approaches share a related limitation: households that have already
curtailed their travel due to financial constraints may appear non-poor by expenditure
metrics, even as their effective mobility is severely restricted. This paradox—low expendi-
ture as a signal of deprivation rather than sufficiency—underscores the need for composite
measurement approaches combining expenditure data with accessibility analysis, unmet
mobility surveys, and geospatial vulnerability mapping [46].

The social justice perspective highlights the structural dimension of transport inequal-
ity, particularly through the concept of forced car ownership. Yet this concept, too, carries
analytical complexity. Car ownership data, including motorization rates, may conceal
rather than reveal vulnerability: as the Bulgarian case illustrates, a below-average motoriza-
tion rate does not indicate lower car dependency, but rather constrained purchasing power
combined with structural necessity. This distinction matters for policy design—carbon
pricing instruments calibrated on the assumption that car ownership correlates with higher
welfare will misidentify vulnerable populations and generate regressive outcomes.

The just transition perspective connects transport poverty with climate governance
but also exposes a fundamental tension that this paper cannot fully resolve: the trade-off
between environmental effectiveness and social equity in carbon pricing [69]. ETS2 is
designed to internalize the social cost of carbon; yet the same mechanism that provides
an efficient price signal for long-run behavioral change may impose severe short-run
costs on households that lack the financial resources or modal alternatives to respond.
Revenue recycling through the Social Climate Fund addresses this tension in principle,
but its effectiveness depends on implementation quality, targeting accuracy, and national
administrative capacity—factors that vary substantially across member states and are par-
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ticularly uncertain in countries such as Bulgaria, where institutional capacity for complex
income-support design is limited.

A further dimension deserving critical attention is the interaction between transport
poverty and energy poverty—the condition of “double vulnerability” identified in the
literature [39,58]. The Bulgarian data presented in Section 5 illustrate that households most
exposed to rising fuel costs under ETS2 are frequently the same households already facing
heating unaffordability, low income, and residence in peripheral areas with weak public ser-
vices. This overlap suggests that ETS2 risks compounding existing deprivations rather than
simply adding a new cost burden. Policy responses that treat transport poverty and energy
poverty as separate domains—addressed through different funds, ministries, and targeting
mechanisms—may therefore systematically underserve doubly vulnerable households.

Finally, the paper’s focus on Bulgaria as a critical case raises the question of general-
izability. The structural risk factors documented—high poverty exposure, above-average
transport expenditure shares, severe energy poverty incidence, rural depopulation, and
forced car dependency—are not unique to Bulgaria but are characteristic of a broader
group of Central and Eastern European member states. This suggests that the integrated
framework proposed here has analytical relevance beyond the Bulgarian case, and that
future comparative research examining transport poverty risk under ETS2 across CEE
countries would be a valuable extension of this work.

7. Conclusions

This paper develops an integrated conceptual framework for analyzing transport
poverty in the context of ETS2 and a just climate transition. The framework connects
four interacting domains—climate and economic drivers, transport system conditions,
household vulnerability, and policy responses—and identifies six analytical dimensions
through which transport poverty risk is structured: economic vulnerability, spatial vul-
nerability, mobility dependency, infrastructure vulnerability, climate-policy exposure, and
social vulnerability. The causal chain linking ETS2 to transport poverty operates through a
sequence of interconnected stages: carbon pricing raises fuel costs for distributors, who
pass this increment to retail prices; higher fuel prices increase household transport expen-
diture; budget-constrained households reduce essential travel or absorb fuel costs at the
expense of other basic needs; restricted mobility generates social exclusion, labor-market
marginalization, and welfare loss. The severity and social distribution of this chain depend
critically on the availability of modal alternatives, the design of compensatory mechanisms,
and the territorial targeting of social policy instruments.

Several specific conclusions follow from the analysis. First, transport poverty can-
not be adequately measured through expenditure indicators alone. Suppressed travel
demand—where households forgo essential journeys rather than report high transport
costs—constitutes a form of hidden transport poverty that standard household budget
surveys systematically undercount. Future measurement frameworks must combine expen-
diture data with accessibility analysis, unmet mobility surveys, and geospatial vulnerability
mapping to capture the full scope of mobility deprivation.

Second, the motorization rate, widely used as a proxy for car dependency, may
misrepresent vulnerability in low-income contexts. The Bulgarian case demonstrates that a
below-average motorization rate (414 passenger cars per 1000 inhabitants in 2021, against
an EU average of 560) coexists with structural forced car ownership in rural and peripheral
areas where public transport alternatives are absent or severely degraded. Carbon pricing
instruments calibrated on the assumption that car ownership correlates with higher welfare
will systematically misidentify the most vulnerable households.
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Third, the interaction between transport poverty and energy poverty constitutes
a critical axis of double vulnerability in Central and Eastern European countries. In
Bulgaria, approximately 30% of the population was unable to adequately heat their homes
in 2024, while simultaneously facing above-average transport expenditure shares (13.7% of
household consumption, against an EU average of 12.6%) and the highest AROPE rate in the
EU (30.3%). ETS2 risks compounding these overlapping deprivations rather than adding a
single, isolated cost burden. Policy frameworks that treat transport poverty and energy
poverty as separate domains will systematically underserve doubly vulnerable households.

Fourth, the Social Climate Fund represents a necessary but insufficient instrument for
addressing transport poverty under ETS2. Its effectiveness depends on targeting accuracy,
national implementation capacity, and genuine integration with transport accessibility
investments—conditions that cannot be assumed and require active monitoring and evalu-
ation at both the EU and member-state level.

Fifth, the Bulgarian case illustrates a structural pattern that extends to the broader Cen-
tral and Eastern European context: the combination of low household purchasing power,
aging transport infrastructure, pronounced rural-urban disparities, and high car depen-
dency in peripheral areas creates conditions of compounded vulnerability that call for dif-
ferentiated, territorially sensitive policy design rather than uniform EU-level instruments.

The paper’s conceptual contribution lies in positioning transport poverty not as an
incidental side effect of climate policy, but as a structural risk embedded in the design of
ETS2 itself—a risk that is predictable, measurable, and amenable to policy intervention if
addressed proactively. The integrated framework proposed here provides an analytical
foundation for the empirical phase of the ACTETS2 project, which will develop composite
transport poverty indices, conduct spatial vulnerability mapping for Bulgaria, and assess
the distributive implications of alternative Social Climate Fund implementation scenarios.
Future research should also extend the comparative dimension of this analysis to other
CEE member states, examine gender-differentiated exposure to transport poverty under
ETS2, and investigate the long-run behavioral responses of households with forced car
ownership to sustained fuel price increases.

Ultimately, the European Union’s capacity to achieve a genuinely just climate transition
depends on ensuring that the costs of decarbonization are not concentrated on those least
able to bear them. Transport poverty is not a marginal concern within this agenda—it is
one of its central tests.
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