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Abstract: The aim of this research was to clarify the concept of vulnerable micro-enterprises
(MEs) and develop a set of indicators for identifying and analyzing developments in vulner-
able MEs in “catching up” economies in the context of the regulation on the Social Climate
Fund (SCF). The case of Lithuania is studied. A retrospective analysis of business structure
research indicators during the period from 2010 to 2023 was carried out. The method of the
median was applied to determine thresholds of indicators above (below) which a ME is
considered vulnerable. Absolute and relative business structure research indicators were
calculated to provide estimates of the number of vulnerable MEs and reveal their role in the
economy. The results revealed the number and share of vulnerable MEs which experienced
high fuel expenditure (above the median (1M), 1.5M, or 2M). Historically, these MEs created
a share of added value and provided employment opportunities. The share was found to
vary in accordance with economic activity and the Lithuanian municipality, suggesting
that the distribution of financing from the SCF should consider aspects of economic activity
and regionality. A number of MEs had an essential share of fuel expenditure in their total
operating costs. Vulnerable MEs demonstrate low or negative profitability, and may be
insolvent; therefore, they cannot invest in building renovation or environmentally friendly
transport. Thus, the research results indicate the need for discussions regarding financing
vulnerable MEs in Lithuania.

Keywords: Social Climate Fund; vulnerable micro-enterprise; vulnerability factors; vulnera-
bility indicators; business structure research indicators; case study

1. Introduction

The European Union (EU) announced its most ambitious climate- and energy-related
package “Fit for 55”, with the aim of reducing net greenhouse gas (GHG) emissions by at
least 55% by 2030 and achieving climate neutrality by 2050 [1]. Among other commitments,
the “Fit for 55” package supports the strengthening of the EU Emissions Trading System
(EU-ETS) by extending it to road transport and heating and cooling systems for buildings
from 2027 (EU-ETS2) [2], thus helping the EU Member States (MSs) to achieve their emission
reduction targets in line with the Effort Sharing Regulation (ESR) [3]. So far, emission
reductions in those sectors have been inadequate in terms of reaching the EU’s 2050 climate
neutrality goal. In response to this issue, the new carbon pricing system EU-ETS2 will cover
carbon dioxide (CO;,) emissions from fuel combustion in buildings, road transport, and
small industries not covered by the existing EU-ETS. By setting a carbon price on emissions
for the regulated entities, which are the fuel suppliers, EU-ETS2 is expected to provide
a market incentive for investments in building renovations and low-emission mobility.
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Therefore, fossil fuel consumption will be reduced, and CO; emissions will decrease by
42% by 2030 compared with 2005 [4]. This is also relevant in the context of resiliency to
crises, such as the effects of Russia’s war against Ukraine and the COVID-19 pandemic [5].

Alongside EU-ETS2, in accordance with Regulation 2023/955 [6], the Social Climate
Fund (SCF) was developed to pool revenue from the auctioning of emission allowances
from EU-ETS2 and 50 million allowances from the existing EU-ETS. The aim of the SCF is
to eventually provide funding to the most affected vulnerable groups, such as households
experiencing energy or transport poverty and micro-enterprises (MEs) with no means to
renovate buildings or purchase zero- or low-emission vehicles. Each EU MS is obliged to
submit its Social Climate Plan (SCP) to the European Commission (EC), explaining how it will
help groups vulnerable to EU-ETS2 impacts. The SCP should include definitions, indicators,
and estimates of vulnerable households, transport users, and MEs affected by EU-ETS2 along
with proposed measures to support these groups. This is important for Lithuania, which
is characterized as a developing EU country [7], a “catching up” EU economy [8], and an
economy in transition [9]. The country has understood the complexity of SCP preparation in
line with the SCF regulation [6] and, alongside nine other EU MSs, has requested technical
support in accordance with the EC’s Technical Support Instrument (TSI).

The authors of this study observed that the scientific literature covering vulnerability
is very wide. It mainly focuses on vulnerable households [10-18], and the vulnerability of
other groups is rarely addressed [19-28]. Furthermore, the vulnerability of SMEs is better
explored than that of MEs [29-50]. There is limited research related to the vulnerability of
the targeted groups of the SCF regulation [51-60] and a complete lack of scientific literature
on vulnerable MEs in the context of the SCF regulation. Specifically, there is a gap in
the literature discussing the concept of vulnerable MEs and proposing a set of indicators
facilitating the EU MSs not only in implementing the EU’s SCF regulation [6], but also in
understanding its relevance.

The present research was carried out in this area in response to the practical need
arising from the EU’s SCF regulation [6] and the identified scientific gaps. It seeks to answer
the scientific question of “how to quantitatively assess the number of MEs vulnerable to
EU-ETS2 impacts.”

The aim of this research was to identify the number of vulnerable MEs and ascertain
their role in the Lithuanian economy from 2010 to 2023, thus indicating the necessity for
policymakers to consider policies and measures supporting vulnerable MEs in the “catching
up” economy after the EU-ETS2 expansion to the building and road transport sectors.

The novelty of this research study is as follows: Firstly, the concept of the vulnerability
of MEs to EU-ETS2 impacts is adapted to the Lithuanian context, showing a variety of legal
forms of MEs, their economic activities, and the Lithuanian municipalities which could
be significantly impacted by the EU regulations. Secondly, a broad set of indicators to
identify the number of vulnerable MEs was constructed, and this is proposed as a means of
determining different aspects of MEs’ vulnerability. Thirdly, official data suppliers are in-
troduced with a set of indicators requested for the implementation of the SCF regulation [6]
on the MEs’ side. Fourthly, the number of vulnerable MEs is quantified in accordance with
different indicators reflecting various factors of MEs’ vulnerability, and the relevance of
the SCF regulation [6] is justified. Fifthly, the role of vulnerable MEs in the Lithuanian
economy is disclosed.

The remainder of this paper is organized as follows: In Section 2, the results of the
literature review are presented. Section 3 describes the objective, subject, data, and research
period of this study; the vulnerability factors of MEs; and a set of vulnerability indicators
and impact indicators. Section 4 introduces the research results, including the number
of vulnerable MEs in accordance with the indicators considered, the most vulnerable
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economic sectors and Lithuanian municipalities, and the impact of vulnerable MEs on
the national economy. Section 5 provides theoretical and practical implications. Finally,
Section 6 presents the conclusions.

2. Literature Review

The literature on vulnerability is rich and mainly addresses vulnerable households.
In detail, it discusses households’ energy vulnerability in different energy transition con-
texts [10], investigates the energy transition and energy poverty nexus, studies the effects
of decarbonization policies on relative prices and households, establishes the link between
population aging and energy vulnerability [11], investigates climate change mitigation
policies addressing energy poverty [12], explores the household strategies for coping
with energy poverty [13], studies determinants and indicators of energy poverty [14],
investigates long-lasting impacts of financial crises on households [15], examines how
digitalization affects income inequality in households [16], reviews transport poverty [17],
proposes transport poverty vulnerability index [18], and so on.

The topic of vulnerable MEs is not well researched. The majority of current research
on the topic has analyzed different sources of vulnerability, including the entrepreneur’s
competence gap [19], the triggering role of natural disasters [20], and low income [21].
Other topics dealing with vulnerabilities of MEs are related to the effectiveness of different
support measures in reducing financial risks [21,22], the willingness to take credit for
business development [23], and the role of organizational structure in managing the MEs’
vulnerability deriving from exogenous shocks [24,25]. Other sources of vulnerability for
MEs could arise from inadequate regulation and corruption [26]. Social peripheralization
and gender bias could also be considered sources of the increase in the vulnerability of
MEs [27]. Support for the establishment of MEs to address social issues—for example,
women in poverty [27] and youth employment [28]—facilitates an increase in vulnerable
small and medium enterprises (SMEs). The majority of the researchers studying the
vulnerability of MEs relayed data from developing countries [19-23,27,28].

Different aspects of SME vulnerabilities have been studied more effectively than those
related to MEs. In detail, in [29], different risk factors and vulnerabilities of SMEs in
comparison to large companies were classified. In [30-32], the authors considered the
aftermath of the global banking crisis of 2008. They found that small enterprises were
particularly vulnerable during periods of economic downturn and financial crisis. In
this context, [30] defined vulnerability as the ability of SMEs to resist external shocks.
Researchers in [30] proposed that the vulnerability of SMEs to shocks was not seen by
policymakers as a sign of permanent decline. They stated that vulnerability can be managed
through strategic and operational actions; therefore, small enterprises are able to recover
from a major shock to the economy. In [31], researchers argued that “...because of a
combination of resource-related constraints, low bargaining power in relation to a variety
of stakeholders and a tendency to rely on bank credit on those occasions when external
finance is used...”, smaller enterprises could find themselves particularly vulnerable.
In [32], the authors estimated that the growth in total factor productivity in European
micro-, small-, and medium-sized enterprises differed from that of large enterprises. The
largest difference was quantified for MEs. The difference was larger for enterprises with
more severe credit supply shocks. In [33], it was observed that the average SME had a
higher probability of being financially constrained and forced to rely more on non-banking
financing alternatives. The impact of the COVID-19 pandemic on the risk increase in SMEs
was analyzed in [34], while the authors of [35] considered vulnerability in terms of the
dependence on the sector the SME operates within. SMEs were found to be more vulnerable
to disruption of the payment flow, which could negatively affect the SMEs’ ability to access
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financing [36,37]. Climate change also increases the vulnerability of SMEs [38] and can
impact a company’s cost of capital and access to finance [39], resulting in higher costs of debt
due to increased risks perceived by the investors. In recent years, cybersecurity has emerged
as a critical risk for SMEs. This digital vulnerability was analyzed in [40,41]. In [42], climate
policy uncertainty was linked to increased digitization. The authors found a two-way
relationship. Increased climate uncertainty had a positive effect on digital transformation,
and an increased digitization had a positive effect on environmental performance and
financial resilience. A systematic literature review by the authors of [43] considered the
entrepreneurs behind the SMEs and analyzed the different aspects, measures, and the
level of financial stress. The authors of [44] explored the adaptive capacity of MEs and
entrepreneurial resilience during crises and challenges. Reference [39] emphasized the
importance of financial management in SMEs, highlighting challenges such as financial
literacy, cash flow management, and financial risk management which could result in
increased vulnerability. The European Central Bank (ECB) concluded, based on the SAFE
data [45], that the increase in vulnerability in the second and third quarters of 2023 was
mainly driven by the enterprises in industry, construction, and trade. The increase in
vulnerability was more significant for the SMEs than for larger enterprises [46]. The ECB
found that the age of the enterprise was a very important vulnerability factor. Climate
change has a profound effect on MEs and SMEs, affecting their vulnerability. In [38], a
significant positive impact of climate change on SMEs’ innovation potential was observed
based on data from 443 SMEs in 14 developing countries. In [47], the importance of
public policy and funding in facilitating sustainable adaptation to the current climate
variability, leading to better preparation from climate change, was stressed. In [48], after
studying 15,265 firms in 71 countries, the authors suggested that climate vulnerability
directly increased the cost of debt and reduced access to finance, but the impact on the
cost of equity was minimal. The authors of [49] argued that while SMEs are vital for
climate change adaptation and mitigation, they are often neglected by policymakers and
other governance actors. Climate adaptation could have a positive impact on SMEs by
reducing their vulnerability to major crises. The authors of [50] argued that environmentally
friendly companies, especially small- and medium-sized businesses, were less affected by
the COVID-19 pandemic based on a sample of 4888 companies from the EU-28. Regarding
vulnerability in SMEs, the focus is tilted more towards enterprises of the EU and other
developed countries [30,31,33,34,36,40,41].

The are few studies on the vulnerability of targeted groups in the context of SCF
regulation. The literature addresses only the SCF’s role in the EU green legislation as a part
of the support measures or as a part of the Recovery and Resilience Facility [51], discussing
the legal framework [52,53], implementation of the “Green Deal” [54], social justice [55], or
competition law [56]. Several relevant scientific papers have been published in this area,
but they address households’ vulnerability to rising fossil energy costs in relation to the
EU-ETS2 [57], indicators to estimate energy and transport vulnerabilities in households [58],
and related impacts [59,60].

While the literature on vulnerable households is emerging, there is a gap when it
comes to the analysis of vulnerable MEs. The literature on the concept of vulnerable MEs
was found to be limited to established key vulnerability factors, while indicators remained
unknown due to data collection issues. The issue deepens when the SCF regulation context
is considered and calls for scientific focus and research.
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3. Research Methodology
3.1. Objective of Research Methodology

The research methodology was developed with the objectives of understanding SCF
regulation [6] with regard to a sample of vulnerable MEs, developing a set of indica-
tors identifying MEs vulnerable to EU-ETS2 impacts and revealing their significance to
the national economy, as well as suggesting official data sources and ascertaining their
customization possibilities in the context of the SCF regulation [6].

3.2. Subject and Sample Size

The subject of this research is Lithuanian MEs, which are a constituent category of
SMEs. The scientific literature review showed that MEs have mainly been studied in the
context of SMEs. This group had not been widely studied separately.

MEs are defined as a category of SMEs with up to 10 employees and a turnover or balance
sheet total of up to EUR 2 million. The sample of Lithuanian MEs was formed from a list of
Lithuanian SMEs, considering the established ME definition. The category of MEs in Lithuania
contains different legal forms of very small enterprises, including joint-stock companies, closed
joint-stock companies, cooperative companies, economic partnerships, state and municipal
enterprises, agricultural companies, branches of foreign legal entities, public institutions, small
partnerships, individual enterprises, and natural persons (self-employed). In 2023, 337,791
economic entities met the definition of MEs, from which 95,240 had the status of companies and
242,551 were natural persons and are the subject of this research.

The SCF regulation [6] addresses a category of vulnerable MEs, which “. . .are signif-
icantly affected by the price impacts of the inclusion of greenhouse gas emissions from
buildings or road transport within the scope of Directive 2003/87/EC and that, for the
purpose of their activity, lack the means either to renovate the building they occupy, or to
purchase zero- and low-emission vehicles or to switch to alternative sustainable modes
of transport, including public transport, as relevant...”. In line with SCF regulation [6],
in Lithuania, vulnerable MEs are defined as MEs that are particularly affected by the cost
implications of the inclusion of GHG from the buildings or road transport sectors in the
scope of the EU-ETS and that do not have the resources to renovate the building in which
they are located for their operational purposes, to purchase low- and zero-emission vehicles,
or to switch to alternative sustainable modes of transport, including public transport. As
observed from the definition, in Lithuania, the vulnerability of MEs is related to the poor
performance of the buildings they occupy and old, inefficient vehicles they own. MEs
in Lithuania are registered and/or operate in different types of buildings [61] and own
various vehicles with differing fuel requirements [62].

In Table 1, the distribution of Lithuanian building stock by building group and energy
performance class is presented.

From the 342,160 residential buildings and 78,175 non-residential buildings, it is not
yet possible to identify the number of buildings owned by MEs; thus, it is not possible to
directly link a vulnerable ME to the building with the lowest energy performance class
(which is <D in Table 1).

Similarly, the Regitra [62] database contains information on vehicles registered in
Lithuania (Figure 1).

At the beginning of 2025, Lithuania had 1.8 million passenger cars (M1) and 80.1
thousand light freight vehicles (N1). A total of 67% of them used diesel, and 32% used
gasoline. Electricity-based vehicles accounted for 0.9%. The average age of passenger cars
was 16.7 years, and that of light freight vehicles was 13.3 years. Thus far, it is not possible
to identify the number of vehicles owned by MEs by fuel type. Again, the link between a
vulnerable ME and an old, inefficient fossil fuel-based vehicle has not been established yet.



Sustainability 2025, 17, 5405 6 of 21
Table 1. Lithuanian building stock by energy performance class, units [61].
Energy Performance Class
Group Total Total, %
<D C B A A+ A++
1. Residential buildings 342,160 176,116 43,305 8077 837 19 570,513 86
1.1. Private houses 311,020 170,969 38,912 7814 765 12 529,492 80
1.2. Multi-apartment buildings 31,140 5146 4393 263 72 7 41,021 6
2. Non-residential buildings 78,175 6059 5689 713 125 9 90,770 14
2.1. Industrial buildings 44,552 2091 1920 178 29 5 48,775 7
2.2. Administrative buildings 9085 689 505 81 17 0 10,377 2
Educational buildings 3743 634 322 11 5 0 4715 0.7
Trading buildings 7129 526 865 103 35 2 8760 1.3
Health care buildings 1422 189 221 4 2 1 1839 0.3
Cultural facilities 4474 1066 1095 246 18 1 6900 1.0
Accommodation buildings 2029 155 147 7 3 0 2341 04
Service facilities 4121 411 438 78 11 0 5059 0.8
Other buildings 1620 198 176 5 5 0 2004 0.3
1,400,000
1,200,000
g 1,000,000
.—'; 800,000
*,E 600,000
’?__ 400,000
z
200,000
0
Gasoline Diesel Electricity Gas Not specified
W Passenger cars (M1) Light freight vehicle (N1)

Figure 1. Number of passenger cars (M1) and light freight vehicles (N1) in Lithuania in 2025 [62].

3.3. Data and Period

Without direct links between the State Enterprise Centre of Registers [63] and Regi-
tra [62] databases, which were assumed to be the most relevant to the research, we used
other data sources and their managed data. Thus, the data used to identify, monitor, and
later analyze vulnerable MEs in Lithuania were collected by a relevant official data sup-
plier, the State Data Agency of Lithuania. The State Data Agency of Lithuania [64] was a
single data supplier from 2010 to 2023. The personnel collected historical developments
in requested indicators from the managed Business Structure Research Indicators dataset.
The managed dataset contains many absolute (in EUR) and relative (% or coefficients)
indicators representing various economic and financial aspects of enterprises. Data for only
MEs were requested for the purpose of this research.

The State Data Agency of Lithuania collects detailed data for MEs with company
status. No data were available for individual enterprises or natural persons (self-employed);
therefore, the data were collected and analyzed for the category “companies”. The estimates
were not tailored or extrapolated to the whole sample to ensure the accuracy and robustness
of the research. Therefore, we acknowledge that the research has limitations in relation to
the types of entities considered.
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The authors of this research and the Ministry of Environment of Lithuania submitted
to the State Data Agency two separate Individual Requests Regarding Data Collection for
MEs in autumn 2024 and winter 2025. The Individual Requests included data provision
by economic activity at the section level of NACE from A to S95_596 and Lithuanian mu-
nicipalities to identify the most vulnerable economic activities and determine the regional
disparities. The Individual Requests included data on the manufacturing industry at the
division level of NACE from C10 to C33. Data were requested for 60 of the country’s munic-
ipalities in total. Individual Requests differed in the vulnerability indicators requested by
each party; nonetheless, both sets of vulnerability indicators were prepared by researchers
of this study in accordance with the vulnerability factors.

3.4. Vulnerability Factors

Two sets of indicators were provided to the State Data Agency of Lithuania for relevant
data collection. The indicators were formed in accordance with the factors of vulnerable
MEs, which were developed in the framework of Project “Support to the Preparation of
Social Climate Plans” financed by the EU via the TSI in 2024 [65] (Figure 2).

Impact of ETS2
on prices
Availability,
accessibility, and
affordability of Limited access
public transport to capital
or transport
alternatives Factors of
micro-
enterprise
vulnerability
Regional Financial
development capacity
Market
structure and
competitiveness

Figure 2. Factors of vulnerable micro-enterprises in accordance with project “Support to the Prepara-
tion of Social Climate Plans” (2024) [65].

As shown in Figure 2, six relevant factors make the ME vulnerable in the context of
the SCF regulation [6]. Vulnerability factors originated from the definition of vulnerable
MEs [6,31]. Specifically, in [31], various common problems of SME development were
identified, including economic structure, access to finance and markets, disparities in local
and regional development, and so on. Accordingly, vulnerability factors of limited access to
capital, financial capacity, market structure, and regional development were chosen. When
dealing with vulnerable MEs, by definition [6], vulnerability factors of price impact and
criteria for public transport and its alternatives became important. Therefore, two additional
vulnerability factors of the impact of EU-ETS2 on price and the availability, accessibility,
and affordability of public transport or transport alternatives were selected. As data on
vulnerability factors were limited and some data sharing was restricted in accordance with
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the Ministry of Environment of Lithuania, only three vulnerability factors were addressed
in the research. These are the EU-ETS2 impact on prices of goods and services, the limited
access to capital, and the insufficient financial capacity of MEs. Nevertheless, vulnerability
factors respond well to key aspects of the definition of ME vulnerability (i.e., not having
the resources to renovate buildings, purchase zero-emission and low-emission vehicles, or
switch to alternative sustainable transport modes, including public transport).

3.5. Vulnerability Indicators

At least one vulnerability indicator was developed for each selected vulnerability
factor (Table 2). In many cases, vulnerability indicators were constructed by applying the
median approach with a predefined threshold of the median (1M), 1.5M, or 2M of the
industry or national average. Thresholds allowed the most vulnerable MEs to be selected.

Table 2. The set of vulnerability indicators developed (own work).

Vulnerability
Factor

Vulnerability Indicator

Indicator Restricted for Indicator Not Restricted for
Sharing: Ministry’s Set of Sharing: Researchers’ Set of
Indicators Indicators

Number of MEs with fuel and energy costs higher
than the national median (1M), 1.5M, and 2M.

v

Number of MEs with fuel expenditure higher than
the industry median (1M), 1.5M, and 2M.

Number of MEs with fuel expenditure higher than
the industry median (1M), 1.5M, and 2M. When
the industry’s 1M, 1.5M, and 2M are higher than
the national 1M, 1.5M, and 2M, then the indicator
is calculated from the national 1M, 1.5M, and 2M.

Impact of ETS2 on
prices

Number of MEs with fuel and energy costs as a
share of turnover higher than the national median
(1M), 1.5M, and 2M. MEs with fuel and energy
costs of EUR 0 are excluded as they are not
affected by EU-ETS2.

Number of MEs with a share of fuel expenditure in
total operating costs higher than the industry’s
median (1M), 1.5M, and 2M.

Number of MEs with a share of fuel cost in total
operating costs higher than the industry’s median
(1M), 1.5M, and 2M. When the industry’s 1M,
1.5M, and 2M are higher than the national 1M,
1.5M, and 2M, then the indicator is calculated from
the national 1M, 1.5M, and 2M. MEs with fuel
costs of EUR 0 are excluded as they are not
affected by the EU-ETS2.

Limited access to -
capital

Number of MEs with an equity-to-liabilities ratio
of 0.5 or less and 1.0 or less.

Number of MEs with net profit below the

industry’s median (1M), 1.5M, and 2M or negative.

Number of MEs with net profit lower than the

industry’s median (1M), 1.5M, and 2M or negative.

When the industry’s median (1M), 1.5M, and 2M is
lower than the national median (1M), 1.5M, and
2M, then the indicator is calculated from the
national median (1M), 1.5M, and 2M.

Financial capacity

Number of MEs with net profitability lower than
the industry’s median (1M), 1.5M, and 2M. When
the industry’s median (1M), 1.5M, and 2M is lower
than the national median (1M), 1.5M, and 2M, then
the indicator is calculated from the national
median (1M), 1.5M, and 2M.

Number of MEs with a return on equity lower
than the industry’s median (IM), 1.5M, and 2M.
When the industry’s median (1M), 1.5M, and 2M is
lower than the national median (1M), 1.5M, and
2M, then the indicator is calculated from the
national median (1M), 1.5M, and 2M.
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Table 2. Cont.

Vulnerabilit Indicator Restricted for Indicator Not Restricted for
Factor y Vulnerability Indicator Sharing: Ministry’s Set of Sharing: Researchers’ Set of
Indicators Indicators

—  Number of MEs with a share of fuel expenses per
EUR 1 of export value higher than the industry’s
median (1M), 1.5M, and 2M. When the industry’s
median (1M), 1.5M, and 2M are higher than the V4
national median (1M), 1.5M, and 2M, then the
indicator is calculated from the national median
l;/rllzrket structure (IM), 1.5M, and 2M.
competitiveness —  Number of MEs with fuel intensity (fuel
expenditure divided by value added in ME) higher
than the industry’s median (1M), 1.5M, and 2M.
When the industry’s median (1M), 1.5M, and 2M 4
are higher than the national median (1M), 1.5M,
and 2M, then the indicator is calculated from the
national median (1M), 1.5M, and 2M.

Seglonal The aforementioned indicators for Lithuanian regions. Vv
evelopment
Avalla.b1.l 1y, The vulnerability factors are covered in detail by the
accessibility, and vulnerable households”: theref. h
affordability of category “vulnerable households”; theretore, they are not
) considered as part of the category of “vulnerable MEs”. N/A N/A
public transport or No pri . .
o primary and precise data on transport in MEs are
transport .
. available.
alternatives
- Number of MEs with fuel cost higher than the
national median (1M), 1.5M, and 2M but net J
profitability lower than the national median (1IM),
1.5M, and 2M.
- Number of MEs with fuel cost higher than the
national median (1M), 1.5M, and 2M but labor V
productivity (value added per hour) lower than
Mixed vulnerability the national median (1M), 1.5M, and 2M.
indicator —  Number of MEs with fuel and energy costs higher

than the national median (1M), 1.5M, and 2M but N
value added per 1 employee lower than the
national median (1M), 1.5M, and 2M.
—  Number of MEs with fuel cost higher than the
national median (1M), 1.5M, and 2M but net
profitability lower than the national median (1M), v
1.5M, and 2M and a debt-to-equity ratio higher
than 1.0.

In this research, we present vulnerability indicators which are unrestricted by the
Ministry of Environment of Lithuania. Specifically, regarding the EU-ETS2 impact on prices,
the fuel expenditure higher than the median (1M), 1.5M, and 2M of the industry (economic
activity) and a share of fuel expenditure in total operating costs higher than the median
(IM), 1.5M, and 2M of the industry were found to be relevant. Energy expenditure was
not considered in this research as EU-ETS covers electricity and heat. All MEs with a fuel
expenditure of EUR 0 were excluded. Then, the number of MEs with fuel expenditure
higher than 1M, 1.5M, and 2M of the industry and with a share of fuel expenditure in
total operating costs was collected according to economic activity and Lithuanian regions.
Usually, financial capacity is assessed based on neutral financial indicators (liquidity,
financial autonomy, solvency, and profitability) [66]. The net profit (net loss) of the MEs
was considered in this study to show the financial capacity of the MEs. The number of MEs
with net profit below the industry’s median (1M), 1.5M, and 2M or negative was collected.
Banks assess enterprises’ financial situation when granting loans, including their equity-to-
liabilities ratio, which is preferred to be 2 or higher. Enterprises with a low ratio (i.e., 0.5
or below) are considered to be in a bad situation. Regarding the theoretical threshold of
the vulnerability indicator, the number of MEs with an equity-to-liabilities ratio of 0.5 or
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less and 1.0 or less was analyzed. Low profitability and low solvency may be the primary
reasons for halting ME investment with the aim of improving energy efficiency and the
wider use of renewable energy sources; therefore, in the context of the SCF regulation [3],
these MEs are considered vulnerable.

An advantage of using the Ministry’s restricted Individual Request is that it solved
the issues of a set of indicators submitted to the State Data Agency by the researchers of
this study. In detail, the Ministry’s indicators focused on the variable median approach,
which was either the median of the national economy or the median of a specific industry.
This allowed the most vulnerable MEs to be identified. Then, a broader list of indicators
was prepared to explore various areas of MEs’ vulnerability. Further, more stringent filters
were applied to the set of vulnerability indicators, integrating 2-3 indicators. This allowed
us to determine the lowest threshold for the number of vulnerable MEs.

The State Data Agency personnel programmed vulnerability indicators for two Indi-
vidual Requests as it does not store and publish data of the requested kind for the purpose
of identifying MEs and ascertaining their role in the economy.

3.6. Impacts

Value added and the number of employees of vulnerable MEs was calculated and
supplied by the State Data Agency with the aim of elucidating the role of vulnerable MEs
in the Lithuanian economy. Value added was calculated with Equation (1) [67]:

VA = TR + CP + OOI — GoD — Pol + ChS + Su — OT, 1)

where VA—value added, million EUR; TR—turnover, million EUR; CP—capitalized produc-
tion, million EUR; OOI—other operating income, million EUR; GoD—gains on disposals,
million EUR; Pol—purchases of inventories (goods) and services (adjusted), million EUR;
ChS—change in stocks, million EUR; Su—subsidies to products and production, million
EUR; OT—operating taxes, million EUR.

The number of employees was calculated using Equation (2):

E = AoE + WO, )

where E—number of employees; AoE—average annual number of employees; WO—
number of working owners.

4. Results
4.1. Fuel Expenditure and Share of Fuel Expenditure in Total Operating Costs

ME:s consume different amounts of fuel in carrying out their economic activities, which
affects their fuel expenditure and the share of fuel expenditure in total operating costs
(Table 3).

As is shown in Table 3, a ME that provides transportation and storage services or
is engaged in agriculture, forestry, and fishing activity has the highest fuel expenditure.
From 2010 to 2023, these costs increased four-fold to EUR 17,216 and two-fold to EUR 9431,
respectively. The share of fuel expenditure in the total operating costs in a ME participating
in these activities is also significant. In 2023, it was 24.96% in a ME engaged in transportation
and storage and 12.73% in agriculture, forestry, and fishing services, making these MEs
the most vulnerable. However, agriculture, forestry, and fishing activities in Lithuania
do not fall within the scope of the SCF regulation; therefore, they were not included in
further assessments. Fuel expenditure in MEs providing water supply; sewerage, waste
management, and remediation; construction, professional, scientific, and technical services;
financial and insurance services; wholesale and retail trade; and accommodation and



Sustainability 2025, 17, 5405

11 of 21

food services is also relevant (EUR 1000-4000), but its share in total operating costs is
moderate (1.2—4.2%), suggesting that a ME could be less vulnerable. A ME engaged in
other economic activities spends relatively little on fuel. The case of electricity, gas, steam,
and air conditioning supply is worth mentioning as at the beginning of the period, the fuel
expenditure of a ME in this sector was very high (EUR 10,065 or 22.77% in total operating
costs in 2010). After the implementation of energy efficiency measures, fuel expenditure
and its share decreased significantly, and today the fuel expenditure of a ME operating in
this sector is among the lowest.

Table 3. Median of fuel expenditure (EUR) and fuel expenditure in total operating costs (%) by
economic activity in a micro-enterprise in Lithuania in 2010, 2015, and 2023 (created by the authors).

Economic Activity

Median of Fuel Expenditure, EUR Median of Fuel Expenditure in Total Operating Costs, %

2010 2015 2023 2010 2015 2023
Agriculture, forestry, and 4209 4011 9431 8.93 9.53 12.73
fishing
Manufacturing 201 328 416 0.53 0.72 0.67
Electricity, gas, steam, and air 10,065 781 892 277 3.96 2.70
conditioning supply
Water supply; sewerage,
waste management, and 2052 1846 3662 2.96 3.64 421
remediation activities
Construction 700 705 1877 1.87 143 3.05
Wholesale and retail trade 1010 1307 1084 1.53 2.48 0.62
Transportation and storage 4760 5926 17,216 12.93 17.17 24.96
Accommodation and food 205 370 1022 0.71 0.98 118
service activities
Publishing, broadcasting, and
content production and 113 134 462 0.39 0.52 0.77
distribution activities
Financial and insurance 176 202 1348 0.56 0.62 1.52
activities
Real estate activities 203 259 863 0.86 1.22 2.32
Professional, scientific, and 310 325 1932 1.15 12 343
technical activities
Public administration and
defense; compulsory social 403 860 828 2,1 4.48 4.20
security
Education 159 211 640 0.73 0.75 1.55
Human health and social 188 224 916 1.07 1.16 1.82
work activities
Arts, sports, and recreation 254 396 717 1.25 1.85 2.62

The number of vulnerable MEs was calculated considering the median values of fuel
expenditure and its share in total operating costs presented in Table 3.

4.2. Number of Vulnerable Micro-Enterprises
4.2.1. Number of Micro-Enterprises with High Fuel Expenditure

The developments in the number of vulnerable MEs experiencing high fuel expendi-
ture (>1M, >1.5M, and >2M) are presented in Figure 3.

As shown in Figure 3, overall, the number of MEs experiencing high fuel expenditure
increased by 60%, although it wavered over the period. In 2023, there were over 18,000 MEs
with fuel expenditure higher than 2M and over 25,000 MEs with fuel expenditure above
1M. This accounted for 15-26% of all MEs operating in the country. In comparison, there
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were over 11,000 MEs with fuel expenditure higher than 2M and over 16,000 MEs with
fuel expenditure above 1M in 2010. With the start of a new EU structural funding period
for 2021-2027, support for improving energy efficiency and the broader use of renewable
resources was renewed, and the number of MEs with a high fuel expenditure decreased by
up to 3% (from 200 to 600 MEs) per year.

30,000

25,000

20,000
15,000
10,000
5000 |

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Number of ME s

m Fuel expenditure is >1M ® Fuel expenditure is >1.5M Fuel expenditure is >2M

Figure 3. Number of micro-enterprises with a high fuel expenditure in Lithuania from 2010 to 2023.

4.2.2. Number of Micro-Enterprises with a High Share of Fuel Expenditure in Total
Operating Costs

It seems that from 2010 to 2023, the number of MEs in which fuel expenditure ac-
counted for a significant share of total operating costs increased to a greater extent than the
number of MEs experiencing high fuel expenditure (Figure 4).

30,000
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15,000
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Number of ME s

M Share of fuel expenditure to total operating cost is >1M
M Share of fuel expenditure to total operating cost is >1.5M

M Share of fuel expenditure to total operating cost is >2M

Figure 4. Number of micro-enterprises with a high share of fuel expenditure in Lithuania from 2010
to 2023.

As shown in Figure 4, the number of MEs with a share of fuel expenditure to total
operating costs exceeding 1M increased by 55%, from 16,155 MEs in 2010 to 25,125 MEs in
2023, but it increased two-fold considering the share of fuel expenditure to total operating
costs exceeding 2M (i.e., from 6215 MEs in 2010 to 14,231 MEs in 2023). Considering the
share of fuel expenditure in total operating costs above 2M, every fifth ME operating in
Lithuania was vulnerable in 2023, and taking into account the share of fuel expenditure to
total operating costs above 1M, every fourth ME was vulnerable in the country in that year.
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4.2.3. The Most Vulnerable Lithuanian Municipalities

The calculations revealed that MEs carrying out economic activities in the five largest
Lithuanian cities and their regions were the most vulnerable (Figure 5).

9000
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5000
4000

3000

Number of ME s
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1000 I I
. O = L

Vilnius city and Kaunas city and Klaipeda city and Panev ezys city Siauliai city and Other cities and

region region l'L“\.;iUll and region l'L‘HiUH regions

m 2010 2015 2023

Figure 5. Distribution of the number of micro-enterprises with a high fuel expenditure (>2M) by
Lithuanian cities and regions in 2010, 2015, and 2023.

As shown in Figure 5, the most vulnerable MEs were operating in the capital of
Lithuania and its region (7598 MEs or 42% of the total vulnerable MEs in 2023). The
number of vulnerable MEs increased by 2417 MEs in Vilnius City and its region over the
period. Kaunas City and its region was the second largest area and had a great number of
vulnerable MEs (3486 MEs or 19% of the total vulnerable MEs in 2023). The area is notable
for having the fastest growth rate (4.5% per year) of vulnerable MEs among all the regions
in Lithuania. Klaipeda City and its region accounted for 8% of the total vulnerable MEs
in 2023. Up to 4% of the total vulnerable MEs were located in other cities and regions,
including Panevezys and Siauliai, in 2023.

Considering the ratio of the number of vulnerable MEs to total MEs in the city and
its region, in 2023, 34% of MEs operating in other cities and regions were vulnerable,
demonstrating that every third ME was vulnerable in these areas. There were twice as
many MEs in Vilnius City and its region (i.e., 19% in 2023), showing that every fifth ME was
vulnerable in the area. The smallest share of vulnerable MEs was in Siauliai and Panevezys
(i.e., 12% each or every eighth ME operating in the area).

4.2.4. Number of Low-Profit and Low-Solvency Micro-Enterprises

In Lithuania, a significant number of MEs earn low net profit, suffer losses (Figure 6),
or are low-solvency MEs (Figure 7).

As shown in Figure 6, in Lithuania, more than 16,000 (about 17%) MEs suffered losses,
and 26,000 (net profit <1M), 28,000 (net profit <1.5M), and 30,000 (net profit < 2M) MEs
earned a low profit in 2023. While the number of loss-making MEs decreased by 0.3% per
year, the number of low-profit MEs tended to increase over the period. Namely, the number
of MEs earning the lowest net profit (<2M) grew the most (i.e., by 4.4% per year), while the
number of MEs earning net profit below the median value (<1M) increased by 3.2% per year.
This likely demonstrates that fewer MEs were unable to make any investments, and more
MEs could have been short of the finances required to implement energy-efficiency-related
projects independently and, therefore, required assistance from the EU structural funds or
the banking sector.
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Figure 6. Number of micro-enterprises with low net profit and loss in Lithuania from 2010 to 2023.
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Figure 7. Number of low-solvency micro-enterprises in Lithuania from 2010 to 2023.

The number of insolvent MEs with a very low estimated equity-to-liabilities ratio
(0.5 or less) was about 19,000 in 2023, 10% more than in 2010 (Figure 7).

After increasing the threshold of the estimated equity-to-liabilities ratio to 1.0, the
number of insolvent MEs increased by 5145 to 23,958 in 2023, suggesting that from the
sample of insolvent MEs, 79% of them face a very bad situation and 21% face a bad situation.

4.3. Developments in Economic Outcome of Vulnerable Micro-Enterprises
4.3.1. Value Added

Vulnerable MEs played an increasing role in economy in terms of value added (Figure 8).

As shown in Figure 8, from 2010 to 2020, the value added in MEs with a share of fuel
expenditure to total operating costs above 1M grew by 11% per year, reaching EUR 1066
million in 2020. In MEs with fuel expenditure total operating costs above 1.5M and 2M,
faster increase rates of 15% and 19% per year were observed, reaching EUR 767 million
and 604 million in 2020, respectively. Value added later grew by three- to four-fold. In
2023, between 5% (EUR 1945 million) and 11% (EUR 4074 million) of total value added in
Lithuania was created by vulnerable MEs, in comparison to between 1% (EUR 105 million)
and 4% (EUR 365 million) in 2010.
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Figure 8. Value added in vulnerable micro-enterprises in Lithuania from 2010 to 2023.

4.3.2. Number of Employees

In 2023, around 35,000 employees worked in vulnerable MEs experiencing a share
of fuel expenditure to total operating costs >2M (Figure 9). These were 3.3% of the total
employees or 17% of people employed in MEs. In comparison to 2010, the number of
employees increased by 60%.
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Figure 9. Number of employees in vulnerable micro-enterprises in Lithuania from 2010 to 2023.

Vulnerable MEs with a share of fuel expenditure to total operating costs >1M employed
more than 66,000 persons or 6.4% of the total economy in 2023 and demonstrated a 1.2%
increase per year. Vulnerable MEs with a share of fuel expenditure to total operating
costs > 1.5M employed nearly 47,000 persons or 4.5% of the total economy in 2023.

5. Discussion
5.1. Practical Implications

Implementing the EU SCF regulation 2023 /955 [6] represents a significant advance-
ment in the EU’s climate policy moving forward with the European Green Deal, “Fit for 557,
and REPowerEU packages. The extension of EU-ETS to road transport and building sectors
recognizes the socioeconomic impacts and unbearable weight that this policy may impose
on vulnerable MEs and households. As a counterweight, the SCF regulation [6] calls for
the allocation of dedicated funds to support vulnerable groups to ensure that the green
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transition does not put additional financial burdens on weaker entities, reinforcing public
acceptance and social cohesion. This is especially crucial considering recent political events
in which part of the developed world has shown resistance to climate policies perceived as
regressive or unjust, and have moved back towards fossil fuels.

With this research, we help Lithuanian policymakers to prepare for the implementation
of regulation regarding the expansion of the EU-ETS into new economic sectors in the
country. Specifically, by proposing a set of indicators to identify the vulnerability of MEs
according to various criteria, we create value for policymakers because we enable them to
identify the number of vulnerable MEs in a country by economic activity and region based
on the estimates to evaluate impacts and subsequently plan the allocation of funds for the
implementation of policy measures. This includes grants for purchasing electric cars and
non-polluting vehicles and subsidies for the implementation of energy efficiency measures
based on energy audit reports. In the case of Lithuania, the research results are significant
for the preparation of the country’s SCP. Among other things, we provide estimates of
the number of vulnerable MEs in Lithuania from a historical perspective and determine
the role of these MEs in the Lithuanian economy. This provides insights into value added
and employment opportunities that were historically created by vulnerable MEs and are
now at risk due to the expansion of the EU-ETS. The methodology of our research is also
significant for EU MSs in preparing their national SCP as it introduces various data sources,
and vulnerability factors and indicators should be considered.

5.2. Theoretical Implications

During the research, we found that access to primary data sources, the existence of
direct links between them, and data availability are relevant for all stakeholders when
seeking to implement the SCF regulation [6] and subsequently monitor its effectiveness.

We have noted that it is appropriate to determine the number of vulnerable MEs using
real estate [63] and road transport [62] registration databases. In detail, information about
ME:s registered or located in the lowest performance class of building stock and owning old
fossil fuel-based road vehicles must be accessible. Thus far, this has not been possible due to
data integrity and the lack of interconnection between different databases. In conditions of
shortages in data and its sources, it is necessary to use other means. The official database of
the State Data Agency of Lithuania [64] is highly important as it collects business structure
research indicators of all types of enterprises, excluding individual companies and natural
persons (self-employed). These individuals require greater attention from statisticians
as there is insufficient business structure research information about them in the official
database. Once statisticians have collected business structure indicators for individual
companies and natural persons, it will be possible to refine the method of determining the
number of vulnerable MEs in Lithuania. It is understood that the number will increase
from the current estimates. We observed that regardless of which indicators we use to
describe the vulnerability of MEs, the estimates of the number of vulnerable MEs are very
similar. Therefore, it can be said that vulnerability indicators do not have a significant
impact on the quality of the SCP. However, we have noticed that differences appear with
regard to which MEs are considered vulnerable and eligible for SCF funding. Regarding
the selection of MEs belonging to the SCF regulatory area, the selection of indicators is
particularly important for Lithuanian policymakers. Therefore, considering the Lithuanian
context and after discussion of the results with the active stakeholders, it is finally proposed
to adapt the following vulnerability indicators from the list of more than 20 to quantify the
number of vulnerable MEs in Lithuania in the context of SCF regulation:
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— A share of fuel cost in total operating costs higher than the industry’s 2M. When the
industry’s 2M is higher than the national 2M, then the indicator is calculated from the
national 2M;

—  Net profitability lower than the industry’s 2M. When the industry’s 2M is lower than
the national 2M, then the indicator is calculated from the national 2M;

—  The equity-to-liabilities ratio of the ME is 0.5 or less;

—  Fuel intensity is higher than the industry’s 2M. When the industry’s 2M is higher than
the national 2M, then the indicator is calculated from the national 2M.

We link vulnerability in MEs to business structure research indicators; for this purpose,
a quantitative assessment method is applied. Thus far, such dimensions of vulnerable
ME:s as innovation capacity, digitalization, market access limitations, entrepreneurial com-
petencies, gender aspects of vulnerable MEs, and so on, remain unexplored. However,
their inclusion could refine the method of determining the number of vulnerable MEs in
Lithuania and will be addressed in the future by developing a more holistic vulnerability
profile, which will also consider qualitative assessment aspects. The results could be ap-
plied in future research to study the impacts of EU-ETS2 implementation from a long-term
perspective and the selection of national measures to manage vulnerability in MEs.

5.3. Comparison of Research Results with Global Findings

Despite the significance of the EU SCF regulation [6], there is a noticeable scarcity of
peer-reviewed scientific studies analyzing its implementation in detail. As the regulation only
came into effect recently and is still in its transitional phase, much of the existing discourse
is limited to policy briefs, institutional reports, and legal analyses produced by NGOs, think
tanks, or governmental bodies. Key challenges facing its implementation also lie in the limited
and granular data and lack of tested methodologies to guide the EU MSs in designing an
effective and equitable SCP. This lack of a solid empirical foundation risks reducing the SCF’s
potential to deliver on its dual social protection and climate action objectives.

6. Conclusions

The aim of this research was to understand SCF regulation with regard to a sample of
vulnerable MEs, develop a set of indicators to identify the number of MEs and show their
significance to the national economy, as well as to propose data sources and assess their
customization possibilities.

The historical developments in the vulnerable MEs and their role in the Lithuanian
economy were assessed considering the vulnerability factors of the ETS2’s impact on prices
of goods and services, the limited access to capital, and the insufficient financial capacity of
MEs and key economic variables, including value added and employment, in the context
of restricted access to full datasets.

The analysis of fuel expenditure and share of fuel expenditure to total operating costs
showed that MEs involved in transportation, and storage activities had the highest fuel
expenditure (EUR 17,200) and share of fuel expenditure in total operating costs (24.96%) in
2023, making these economic activities the most vulnerable to EU-ETS2. Fuel expenditure,
and the share of fuel expenditure in total operating costs significantly reduced (from EUR
10,000 (22.77%) in 2010 to 900 (2.7%) in 2023) in electricity, gas, steam, and air conditioning
supply activities due to the implementation of measures improving energy efficiency and
increasing the use of renewable energy sources. This resulted in significantly reduced
vulnerability in MEs involved in these sectors.

The analysis demonstrated that the number of vulnerable MEs tended to increase
in Lithuania from 2010 to 2023, irrespective of the vulnerability factor, related indicator,
and vulnerability threshold considered. Overall, at the highest threshold (2M) of fuel
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expenditure and share of fuel expenditure in total operating costs, there were 14,000-18,000
vulnerable MEs in Lithuania in 2023. Subject to a reduced vulnerability threshold from
1.5M to 1.0M, the number of vulnerable MEs could have increased to 19,000-25,000 in
2023, demonstrating that every seventh to every fourth ME was vulnerable in the country.
Looking at the number of vulnerable MEs from the perspective of low financial capacity, it
can be seen that, due to losses and very low net profits (<2M), there could be 16,000-30,000
vulnerable MEs in the country and 19,000 MEs if insolvencies are considered.

The results of analysis of the role of vulnerable MEs revealed that they play an essential
role in the economy by providing jobs and creating added value. In 2023, 34,000-66,000
persons were employed in vulnerable MEs. They created value added of EUR 24 billion,
or 5-11% of total value added generated by the economy:.

The results indicate the necessity for policymakers to consider policies and measures
supporting vulnerable MEs in the context of the expansion of the EU-ETS2 to building
and road transport sectors. This could include grants for purchasing electric cars and
non-polluting vehicles and subsidies for the implementation of energy efficiency measures
based on energy audit reports.
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