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Abstract

The aim of the paper is to recognize the role of external institutions in supporting the
Transport, Shipping, and Logistics (TSL) sector in the transformation towards sustainable
and low-emission operations in Poland. In the context of the EU’s decarbonization agenda
and accelerating climate challenges, the study explores how regulatory, financial, and
normative mechanisms affect the electrification of transport fleets. A mixed-methods
approach was applied, combining qualitative content analysis of European and national
policy frameworks with a quantitative CATI survey among logistics enterprises. The
results reveal that legal and normative instruments remain the dominant institutional
drivers of fleet electrification, while fiscal incentives—subsidies and tax reliefs—play a
supportive but still secondary role. Sectoral and financial pressures from banks and market
stakeholders are emerging as new, complementary forces of change. Firm size, ownership
structure, and market scope significantly moderate these perceptions. The paper contributes
to institutional and innovation-diffusion theory and offers policy insights for designing
coherent and multi-level frameworks.

Keywords: sustainable transport; decarbonization; electric vehicle; sustainable solution;
sustainable management

1. Introduction

The consequences of climate change have become increasingly visible in recent years,
affecting ecosystems, territorial stability, and the resilience of societies and economies [1].
These escalating risks have intensified the need for coordinated mitigation and adaptation
measures. Among the available strategies, decarbonization plays a central role in achieving
climate neutrality across major sectors, including energy, manufacturing, construction,
and transport [2]. In Poland, CO, emissions tend to decline year by year. The average
CO; emissions in Poland in 2024 were 652 g CO, eq/kWh, with 29% of energy produced
from renewable sources. In Poland, declining CO, intensity and the growing share of
renewable energy reflect gradual progress, yet the transformation requires comprehensive
organisational and technological adjustments along the value chain [3]. Despite notable
barriers [4], firms increasingly implement renewable-energy technologies, energy-efficiency
solutions, and advanced innovations such as Al-supported energy management and CCS
systems [5,6].

Decarbonization also involves increasingly intensive actions in transport processes
towards low-emission or even zero-emission solutions. The European Commission empha-
sizes that transport represents almost a quarter of Europe’s greenhouse gas emissions and
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is the main cause of air pollution in cities [7]. Therefore, coherent and well-thought-out
actions that support emission reductions in every branch of transport are crucial, start-
ing from road transport to aviation, rail, and maritime transport, in accordance with the
guidelines to achieve a 90% reduction by 2050 [8]. Furthermore, it is worth adding that
the development of the Low-Carbon Transportation Sector, besides promoting so-called
intelligent transport systems, highlighted the role of fuel cells, which, based on advanced
clean energy technologies, have demonstrated great potential and significance in balancing
energy security [9].

Decarbonization of transport is progressing in multiple directions, as each type of
transport has its own specifics and technical possibilities [10]. Road transport remains the
largest source of emissions. It accounts for as much as 73% of the total carbon footprint
in the transport sector in the European Union [11]. Since this is the most common type of
mobility both in the B2C and B2B markets, it is treated as a priority in climate strategies.
The European Union has set a carbon neutrality target for the transportation sector by 2050
through its “Sustainable and Smart Mobility Strategy” and has strongly promoted electric
vehicles and hydrogen technologies [12]. These changes particularly concern the integrated
TSL sector (Transportation, Shipping and Logistics), a key link in the optimal functioning
of both local and global supply chains [13].

The electrification of the TSL sector is a fast-developing and transdisciplinary area,
which concerns not only the typical so-called heavy road transport, but also warehouse
transportation processes, or, for example, last-mile logistics [14]. The concept of fleet
electrification should be understood as a series of operational actions that are not limited
solely to replacing combustion vehicles with electric ones, but are primarily a fundamental
restructuring of the way companies in the TSL sector manage energy, operational logistics,
maintenance procedures, and long-term planning of funding for sustainable resources [15].
This is a well-thought-out long-term investment in a new operational ecosystem. Its effec-
tiveness and financial efficiency, require holistic skills to deal with the numerous barriers
encountered by the logistics and transport industry. These are primarily economic and
political-legal factors, but also groups of variables related to technological, environmental,
and social issues [16].

Therefore, the electrification of transport requires support on many levels, but above
all, these are measurable institutional initiatives. The main role is assigned to state entities,
as the primary regulator of the analyzed area [17]. Apart from regulatory pressure, resulting
primarily from the transposition of European or global assumptions, broadly understood
support at the national level is necessary, tailored to the specifics of the processes carried
out in the TSL industry. Public support, apart from the possibility of obtaining grants
in the form of subsidies, also includes various tax reliefs in terms of VAT, CIT/PIT, or
excise exemptions. Additionally, conditions set by the state for public tenders, for example,
for transport services, can significantly influence the development of electrification; an
example is the so-called Green Public Procurement, which emphasizes the use of zero-
emission fleets. Another, though less typical, form of support includes solutions such as
clean transport zones or exemptions from fees on state highways and in city-paid parking
zones. Furthermore, public consultation points are available for entrepreneurs who plan
the electrification of their fleets.

Banks also play an important role in the process of electrifying the TSL sector. An
increasing number of them offer favorable financing options for the sustainable transfor-
mation of transport. In addition, banks that have registered for the national program
“My Electric” act as intermediaries in the national subsidy system and are obliged to co-
operate with any leasing company that demonstrates a willingness to participate in this
program [18].
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Financing electromobility is not limited to the purchase of vehicles. It is a matter
of creating comprehensive financing models that take into account the specifics of the
transformation and the unique lifecycle of this type of investment, from depreciation to
residual value. Such support is offered by specialized financial institutions, which, for
example, provide flexible leasing terms, considering technological development, or even
offer specialized insurance for electric fleets. The comprehensiveness of financial services is
increasingly becoming an important variable driving electromobility in the TSL industry.

Comprehensive support is increasingly also offered by entities associated with man-
ufacturers in the automotive industry. An example is Volkswagen Bank, which, as part
of Volkswagen Financial Services, provides multidimensional support in fleet electrifi-
cation, covering the entire transformation ecosystem, including assistance with vehicle
operation [19].

Decarbonizing transportation is a challenge, but also a goal whose achievement is
in the interest of society as a whole [20]. Adapting to regulatory requirements or market
trends is not the only benefit of electrification. It is estimated that accelerated electrification
will bring tangible economic benefits, namely allowing for an increase in employment
by an additional 21,000 jobs and an increase in added value by EUR 1.1 billion, i.e., PLN
5 billion, compared to the scenario of maintaining the status quo by 2035 [21]. That is why
it is so important to properly define the appropriate directions and forms of integrated
support that would facilitate this multidimensional transformation, not only in the financial
dimension but also in procedural, infrastructural, and mental aspects. For this reason,
only proactive engagement of all stakeholders and collaboration between governments,
regulators, and private industries are essential to address these challenges and support the
logistics industry’s transition to electric fleets.

The analytical foundation of this paper combines institutional theory and innovation
diffusion theory, which together provide a comprehensive framework for understanding
organisational responses to the low-carbon transition. Institutional theory explains how
firms adapt to external pressures through coercive (regulatory), normative (social), and
mimetic (competitive) mechanisms that shape strategic behaviour and legitimacy-seeking
actions within an evolving sustainability regime [22,23]. In the context of transport decar-
bonisation, these pressures manifest in regulatory mandates, environmental standards, and
market expectations encouraging the adoption of electromobility solutions. Innovation
diffusion theory offers a complementary perspective by emphasising that the uptake of new
technologies—such as electric vehicle fleets—depends on organisational resources, per-
ceived relative advantages, uncertainty, and managerial openness to change [24,25]. While
both theories illuminate important facets of fleet electrification, their applicability differs
across organisational contexts. Institutional theory helps explain the strong compliance-
driven behaviour observed among large, foreign-owned, and internationally active firms
that are more exposed to regulatory and normative expectations. In contrast, innovation
diffusion theory better accounts for the incremental, resource-sensitive adoption patterns
characteristic of small domestic enterprises, which tend to rely more heavily on financial
incentives and evaluate electrification through perceived benefits and risk. Integrating both
perspectives therefore enables a nuanced interpretation of fleet electrification as simultane-
ously an institutionally driven adaptation process and a technological innovation trajectory
shaped by firm-level characteristics and the broader policy environment [26,27], providing
a robust foundation for analysing the heterogeneity observed within the Polish TSL sector.

Despite extensive research on sustainable transport and policy instruments in Europe,
three gaps remain. First, empirical studies seldom examine how institutional mechanisms
interact with firm-level diversity in the TSL sector, particularly in countries with evolving
and fragmented institutional environments such as Poland. Second, most prior studies
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assess regulatory or financial incentives in isolation, without integrating institutional
and innovation-diffusion perspectives into a single analytical framework. Third, there is
a lack of mixed-methods approaches that connect institutional analysis with firm-level
behavioural data. This paper addresses the lack of empirical analysis linking institutional
mechanisms with firm-level heterogeneity in the Polish TSL sector—and we now clearly
articulate that the novelty of our work lies precisely in addressing this gap through a
dual-theory framework and empirical evidence.

Building on this dual-theory foundation, the present study examines how institutional
mechanisms and firm-level characteristics jointly shape the electrification pathways of
enterprises in the Polish TSL sector. In this context of the described issues the aim of
the paper is to recognize the role of external institutions in supporting TSL sector in the
transformation towards sustainable and low-emission operations in Poland. To achieve it
the following two research questions were formulated:

RQ1: How do financial, public, and regulatory institutions support the transformation
of transport fleets in the logistics sector towards sustainable and low-carbon operations
in Poland?

RQ2: What is the perception of institutional incentives in stimulating the electrification
of vehicle fleets in the Polish TSL sector?

To answer RQ]I, the qualitative research was conducted. Its results are presented
in Section 3.1. To answer RQ2, the quantitative research was conducted. Its results are
presented in Section 3.2. Additionally, in the quantitative research the following hypotheses
were tested:

H1. Perceptions of institutional incentives differ in strength across types of support, with legal and
normative frameworks exerting a stronger influence on fleet electrification decisions than financial
or sectoral mechanisms.

H2. The perception of institutional incentives depends on firm size, ownership, and market scope.

The formulation of hypotheses allowed to deepen the researched issue in terms of the
characteristics of companies and the importance of support for their decisions to electrify
their fleet.

2. Materials and Methods

The study employs a mixed-method approach, combining qualitative content analysis
of institutional frameworks with quantitative research among Polish logistics companies,
see Figure 1.

A mixed-method approach was applied because the research problem concerns both
the institutional conditions shaping the external environment of fleet electrification and
the organisational responses of logistics enterprises, which cannot be comprehensively
captured using a single-method design. The qualitative phase involved content analysis
of regulatory, financial, and normative frameworks, enabling the identification of institu-
tional mechanisms that facilitate or constrain the transition toward low-emission fleets. In
turn, the quantitative phase examined how enterprises perceive the significance of these
mechanisms and how such perceptions vary across firm size, ownership structure, market
scope, and fleet characteristics. By integrating structural insights from institutional analysis
with behavioural data from enterprises, the mixed-method design enhances explanatory
depth, increases internal validity through methodological triangulation, and provides a
more complete understanding of how institutional pressures interact with organisational
decision-making in the context of the low-carbon transition in the TSL sector.
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Figure 1. Methodology approach.

2.1. Qualitative Phase

Qualitative data covers the main EU and national law regulations and plans. The data
on sustainable finance concerning fleet transport electrification was analysed quantitatively
in order to retrieve it from the biggest bank operating in Poland. The data was collected
based on integrated reporting containing sustainable development statements. The list of
studied banks included: Alior Bank, Bank Millennium, Bank PEKAO SA, BNP Paribas, City
Handlowy, Credit Agricole, ING Bank Slaski, mBank, PKO BP, Santander BP SA. The aim
was to establish the extent to which the topic of financing the decarbonisation of transport
is covered in the 2024 sustainability reports. 2024 was the first year in which the largest
European and Polish companies disclosed their sustainability activities. The reports also
included data on sustainable economic activity in line with the EU Taxonomy. These reports
were treated as a source of public information about sustainability efforts for customers.

Accordingly, the qualitative research was designed to address R1, examining how
financial, public, and regulatory institutions support the transformation of transport fleets
in the logistics sector towards sustainable and low-carbon operations in Poland.

2.2. Quantitative Phase

The quantitative phase investigated how logistics enterprises perceive the significance
of institutional incentives for fleet electrification. Firms were eligible for inclusion if they:
(1) operated in the Transport, Shipping, and Logistics (TSL) sector for at least three years in
Poland, (2) employed more than ten people, and (3) implemented digital logistics tools or
solutions. In this way only firms using digital logistics tools were included, as technological
capability is a prerequisite for reliably assessing electrification requirements, institutional
incentives, and data-driven fleet-management considerations central to the study. Micro-
enterprises and sole proprietorships, whose decision-making and institutional exposure
differ fundamentally were excluded to ensure organizational comparability. These criteria
were selected to focus the study on firms with a sufficiently developed organisational
structure to make strategic electrification decisions. Respondents were middle- or senior-
level managers responsible for logistics, transport, or supply chain operations. It should be
noted that the sampling frame did not include a variable capturing the regional location
of the enterprises. This choice was intentional, as the study focused on organisational
determinants of perceived institutional support rather than on spatial disparities. The
sample was therefore treated as a national-level representation of the Polish TSL sector
without regional stratification.
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Data collection was carried out by an external research agency using the CATI method
in the second quarter of 2024. The purposive sample of 100 enterprises was selected
and surveyed to ensure sufficient organisational diversity for analysing differences across
firm size, ownership structure, market scope, and fleet type. Although not intended to
achieve national representativeness, this sample size provides adequate statistical power
for ANOVA-based comparisons and is consistent with exploratory studies examining het-
erogeneous sectors such as TSL. The questionnaire captured the influence of institutional
and environmental drivers of fleet electrification—legal and normative frameworks, sub-
sidy systems, tax reliefs, and financial pressures. Institutional factors were operationalised
using concrete, theory-based descriptors [19,20]: legal pressures (mandatory regulations
and emission standards), normative pressures (industry and client expectations), financial
incentives (subsidies and tax reliefs), and sectoral/financial pressures (influence of competi-
tors, banks, and market partners), ensuring a clear conceptual distinction for respondents.
The instrument was pilot-tested on five companies to verify its reliability and face validity.
Given the theory-driven and predefined nature of the institutional constructs, and the
limited sample size typical of exploratory studies, more advanced validity procedures such
as factor analysis were not necessary; instead, reliability was verified through expert review,
pilot testing, and Cronbach’s alpha.

The surveyed firms represented a diverse cross-section of the Polish logistics sector.
Most were small- or medium-sized enterprises (54 small, 30 medium, 16 large). Ownership
structures comprised 67% domestic capital, 23% mixed, and 10% foreign. Ownership
structure was measured based on respondents’ declaration of the majority origin of capital
(>50%), distinguishing domestic, foreign, and mixed-capital enterprises. The companies
operated fleets including forklifts, trucks, and passenger cars and served both B2B and B2C
markets domestically and internationally.

The collected data were analyzed using descriptive and inferential statistics. Measures
of central tendency and dispersion were calculated for quantitative variables, and frequency
distributions for categorical variables. The results informed comparative analyses using
one-way ANOVA, testing whether the perceived significance of institutional incentives
varied by firm size, ownership, market orientation, and fleet type. The variables were
measured on a five-point Likert scale (1 = no significance to 5 = very high significance).
Assumptions for ANOVA were assessed using Shapiro-Wilk and Levene’s tests, confirming
that the distributional properties of the Likert-scale data allowed for the application of
parametric procedures. The reliability of scales was verified using Cronbach’s alpha
(e = 0.82), confirming internal consistency. All analyses were conducted using standard
statistical software.

2.3. Integration of Research Phases

The mixed-methods approach allowed both exploration and validation of findings.
Triangulation between qualitative and quantitative phases increased construct validity,
while pilot testing and standardized data collection procedures enhanced reliability. Al-
though the sample size (N = 100) was modest, it is consistent with exploratory studies
in the logistics sector and sufficient for ANOVA given the effect sizes observed (Cohen’s
f =~ 0.25, power = 0.80).

Findings from the qualitative analysis informed the structure of the quantitative ques-
tionnaire, ensuring conceptual alignment between institutional mechanisms and enterprise
perceptions. This integration strengthened the study’s explanatory power and its capacity
to identify policy and managerial implications.
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The methodological framework provided a robust foundation for addressing both
research questions and for linking the institutional environment to corporate decision-
making processes in fleet electrification.

The utilization of a mixed-methods research design to examine the current state of
the business environment and corporate approach to electrification enabled the research
gap to be addressed and a comprehensive context to be delineated for the necessary and
anticipated transformations. Transformation affects both the involved entities and the
institutions responsible for establishing the regulatory framework and supporting the
transition towards net-zero emissions.

3. Results
3.1. Diverse Environment for Fleet Transport Decarbonisation

The shift towards low-carbon operations in the Polish logistics sector fleet transport is
a complex transformation phase, demonstrably driven by a confluence of supranational
regulatory imposition, coordinated national policy alignment, and the mobilization of
strategic financial capital. Research Question 1: How do financial, public, and regulatory
institutions support the transformation of transport fleets in the logistics sector toward
sustainable and low-carbon operations in Poland? Was proposed to analyse those factors
in the whole climate transformation process.

3.1.1. Regulatory Landscape

The global geopolitical situation is highly dynamic. However, this volatility does not
affect the EU’s commitment to achieving the objectives set out in the Paris Agreement.
The Fit for 55 Package [28] is a key European legislative initiative that comprehensively
addresses decarbonisation, particularly in the transport sector. The strategy envisages
a profound transformation of freight transport, including the electrification of fleets, ex-
panding infrastructure for alternative fuels, and reducing CO, emissions by 55% by 2030.
Consequently, the transport industry must adapt to new market conditions at every stage
of its operations, including the services provided, vehicle manufacturing methods and
infrastructure transformation. The EU Sustainable and Smart Mobility Strategy (COM
(2020)789) [29] places particular emphasis on the electrification of transport through the
development of zero-emission vehicles and charging infrastructure, as well as regulations
that support the sector’s energy transition. The strategy’s objectives are designed to support
the electrification of vehicle fleets, including freight transport. In addition to the above,
developing alternative fuels, particularly hydrogen, is crucial in accelerating the phase-out
of fossil fuels. The strategy also aims to adapt the energy grid to the evolving landscape of
energy production and usage, which requires the integration of all components within the
value chain. Regulation 2023/851 [30] requires a 100% reduction in CO, emissions for new
passenger cars and light commercial vehicles (LCVs) from 2035 onwards. This measure
will have a significant impact on light urban logistics (i.e., vans). Furthermore, reducing
emissions necessitates changes to the infrastructure required for electric heavy-duty ve-
hicles. Business obligations arising from the imperative to counteract climate change are
materialising in the form of investments and actions related to financing the transition.
The EU Taxonomy [31] can serve as a framework for setting transport process goals. The
EU Taxonomy applies to the financing of investments, including those in the transport
sector, by imposing a disclosure obligation regarding the alignment of activities with cli-
mate goals. This enhances transparency while simultaneously pressuring companies to
implement changes. Taxonomy disclosures for the transport sector include road freight
transport services, infrastructure supporting low-carbon road transport and public trans-
port, and rail freight transport. Due to its significant environmental impact, the transport
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sector has the potential to contribute to the realisation of all adopted Taxonomy objectives,
whether through considerations relating to vehicle types, components such as tyres, or
noise emissions.

3.1.2. National Context

European regulations impact the national situation. In the National Energy and Cli-
mate Plan [32] transport occupies an important place as a sector not covered by the ETS
but with a significant impact on the environment and therefore requiring transforma-
tion. Transport-related changes include increasing the share of electromobility, promoting
intermodal and rail transport, and improving public transport. The need for transport
transformation was emphasised in Environmental Policy 2030 [33]. This applies in particu-
lar to ‘the development and refinement of new standards for transport infrastructure design
and the modernisation of existing infrastructure’. Changes in technical standards will also
be inevitable. The document specifying the directions of development is the ‘Strategy for
Sustainable Transport Development until 2030” [34]. The result of tightening regulations
is the emergence of programmes that systematically support businesses. Several Polish
ministries are responsible for decarbonisation, including the Ministry of Climate and En-
vironment, the Ministry of Infrastructure, and the Ministry of Funds and Regional Policy.
These ministries coordinate policies and programmes dedicated to decarbonisation goals,
such as the Modernisation Fund and the European Funds for Infrastructure, Climate and
Environment 2021-2027 (FEnIKS) programme. It is worth noting that while some of the
funds are dedicated to the transport sector, others can support its transformation by de-
veloping and strengthening the network of vehicle charging stations or the energy system.
Polish entrepreneurs can also benefit from instruments managed directly by the European
Commission, such as the Connecting Europe Facility (CEF) and the Alternative Fuels
Infrastructure Facility (AFIF). The National Fund for Environmental Protection and Water
Management’s strategy for 2025-2028 includes the strategic objective of ‘supporting the
low-carbon transformation and sustainable development of Poland, and improving its envi-
ronmental quality, through the implementation of effective and efficient pro-environmental
initiatives’. The planned initiatives also include those aimed at minimising the negative
environmental impact of transport. The National Fund for Environmental Protection and
Water Management, which operates the Modernisation Fund, has obtained PLN 1.4 billion.
These are non-returnable funds earmarked for Poland’s green transformation. Current activ-
ities are an extension of previous efforts to support electromobility, including programmes
that subsidised the purchase of electric cars.

3.1.3. Financial Factors

Transforming transport requires investment. “Decarbonising the economy by 2050
will require a total investment of $105 billion in the energy sector, and a further $449 billion
in transport, buildings, industry, agriculture, and forestry. These figures represent 1.1% and
4.5% of GDP over the next 25 years, respectively. 94% of this amount is already included in
the current policy, regardless of the pace and scale of decarbonisation, due to the need to
address the problem of ageing power plants and buildings, as well as inefficient industrial
and transport fleets.” [35]. As a key stakeholder, the banking sector can support private
investment in transport fleet development and decarbonisation projects. However, the
sector itself is exposed to the risks of transformation resulting from increasingly stringent
regulations. As of 30 September 2022, banks” exposure to high-emission activities totalled
PLN 75.8 billion (17.2% of total credit exposure), including 54.3% in the transport sector
and 10.7% in the fossil fuel extraction sector [35].
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For most banks, financing sustainable transport is part of a broader ‘green financing’
strategy that complies with the EU Taxonomy (as a part of climate change mitigation).
The study showed that most entities invested sustainable finance in leasing zero-emission
vehicles, including those offered under the My Electrician programme. However, this
area of activity was limited by the lack of distinction between financing for the industrial
sector and individual users. The analysed entities offer products for financing green
transport. These products were related to the leasing of electric vehicles. The analysed
institutions have separate programmes and projects that promote low-emission products
and solutions to consumers. Low-emission transport is one of the product categories that
can be financed on preferential terms. Alongside leasing, other tools that support the
transition to sustainable transport include eco-loans and purchase loans. Some banks
also offer support for infrastructure in addition to vehicle financing. Another form of
support is customer advisory services. The Polish fleet transition is not merely an optional
upgrade but a regulatory and financial imperative. The value of the described factors lies
in their synergistic relationship. This consolidating ecosystem is effectively establishing
the requisite infrastructure, regulatory certainty, and financial support essential for the
full-scale decarbonisation and electrification of fleet transport.

3.2. Differentiated Perceptions of Institutional Incentives Across Firm Characteristics in the Polish
TSL Sector

The quantitative analysis addressed Research Question 2: To what extent does the
significance of institutional incentives for fleet electrification in the Polish TSL sector depend
on firm size, ownership, and market scope?

3.2.1. Descriptive Overview

The analysis revealed a multi-dimensional system of institutional incentives, encom-
passing legal, normative, fiscal, and financial dimensions. As summarized in Table 1,
enterprises rated legal and normative frameworks as the most significant external drivers
of fleet electrification (means ~ 3.8-3.7 on a five-point scale). Tax reliefs and subsidies were
perceived as moderately important (means ~ 3.4-3.5), while sectoral and financial pressures
scored slightly lower (mean ~ 3.2). These findings suggest that formal, regulation-driven
mechanisms dominate Poland’s institutional landscape, while financial and market-based
incentives play a supplementary role. Small and domestically owned firms exhibited the
strongest sensitivity to financial incentives, indicating that fiscal tools remain essential for
mitigating cost barriers among resource-constrained enterprises.

Table 1. Descriptive Statistics of Institutional Support Drivers and Moderating Variables in Polish
TSL sector.

Institutional Incentives Mean  Median SD
Legal conditions (regulatory frameworks) ~3.8 4.0 1.1
Normative conditions (environmental standards) ~3.7 4.0 1.2
Tax reliefs (fiscal incentives) ~3.5 3.0 1.3
Subsidies (financial support programs) ~3.4 3.0 1.2
Sectoral/financial pressure from institutions
Mean values based on five-point Likert scale (1 = no ~3.2 3.0 1.1

significance — 5 = very high significance)
Source: own elaboration based on empirical studies, N = 100.

3.2.2. Moderating Variables

Table 2 presents how company characteristics influence the perceived significance
of institutional factors. Large firms (>250 employees) assigned the highest importance
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to legal and normative drivers (mean ~ 4.1-4.2), reflecting their stronger compliance
orientation and greater exposure to transnational regulations. In contrast, smaller en-
terprises prioritized tax and subsidy incentives, emphasizing financial dependence over
regulatory alignment.

Table 2. The Institutional Factor Ratings by Moderating Variables.

Mean Institutional Factor Ratings

by Moderating Variables Legal Normative Tax Reliefs Subsidies Sector Pressure
Firm Size by number of employees
11-50 employees 3.6 3.5 3.7 3.6 3.1
51-249 employees 3.8 3.7 34 3.3 3.2
>250 employees 4.2 4.1 3.3 3.2 3.0
Capital Origin
Domestic 3.6 3.5 3.6 3.5 3.3
Foreign 41 4.0 3.3 3.2 3.0
Mixed 3.9 3.8 3.4 3.3 3.1
Market Type
B2B 3.8 3.7 3.5 3.3 32
B2C 3.4 3.3 3.2 3.2 3.0
B2B + B2C 4.0 3.9 3.6 3.5 3.3
Business Type
Carrier 3.9 3.8 3.6 3.5 3.3
Freight forwarder 3.6 3.5 3.3 3.2 3.1
Market Scope
International 4.0 3.9 3.3 3.2 3.0
Both 41 4.0 3.4 3.3 3.1

Source: own elaboration based on empirical studies, N = 100.

Ownership structure also produced meaningful variation. Firms with foreign or
mixed capital reported greater responsiveness to normative and legal frameworks, likely
due to global corporate sustainability standards. Domestic firms, by comparison, valued
financial and sectoral instruments more highly, revealing a pragmatic reliance on direct
economic support.

Market orientation proved equally influential. B2B and hybrid (B2B/B2C) firms rated all
institutional factors higher than purely B2C operators, suggesting that business clients and
supply chain partners exert additional normative pressure toward sustainable practices.

A more detailed exploration was conducted to examine how company characteristics
influenced the perceived importance of institutional factors in the process of fleet electrifi-
cation. The analysis focused on moderating variables such as enterprise size, capital origin,
market orientation, business type, market scope, and vehicle fleet composition.

Firm size emerged as an important differentiating factor. Large enterprises (over
250 employees) consistently reported the highest mean ratings across all institutional
categories—particularly regarding legal and normative conditions—indicating that they
are more responsive to formal regulatory frameworks. Small firms (11-50 employees),
in contrast, tended to rate tax reliefs and subsidy systems slightly higher than other in-
stitutional drivers, reflecting their stronger reliance on financial incentives rather than
regulatory pressure.

When analyzed by capital origin, enterprises with foreign or mixed ownership placed
significantly greater emphasis on normative and legal requirements compared to purely
domestic firms, suggesting that international compliance standards and global corporate
policies may accelerate their transition toward low-emission transport. Domestic firms,
however, were more sensitive to subsidy availability and sectoral pressure, particularly
from competitors and financial institutions.
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In terms of market orientation, firms operating in B2B and hybrid (B2B/B2C) envi-
ronments assessed all institutional incentives as more relevant than those serving only
consumer markets. This may stem from the greater exposure of business clients to environ-
mental requirements and corporate sustainability targets.

Regarding business type, transport carriers exhibited slightly higher mean scores than
freight forwarders across all dimensions, especially for tax reliefs and sectoral pressures,
indicating that direct fleet owners perceive institutional support as more consequential for
their operational decisions.

The market scope variable also revealed notable differences. Enterprises operating
in both domestic and international markets evaluated legal and normative factors as
most influential, reflecting their exposure to EU-level environmental directives. Firms
serving only the domestic market attached higher importance to subsidies and tax reliefs,
consistent with a more pragmatic focus on financial support mechanisms rather than
compliance obligations.

Finally, when considering the type of vehicle fleet, companies managing passenger cars
and light vehicles showed the greatest sensitivity to tax and subsidy incentives, whereas
operators of heavy trucks or material handling vehicles (forklifts) attributed more impor-
tance to sectoral and financial pressure, reflecting the greater investment and regulatory
complexity involved in electrifying heavier fleets.

3.2.3. One-Way ANOVA Results

One-way ANOVA was selected as the most appropriate method for identifying dif-
ferences across categorical firm characteristics, while more complex regression models
were not applied due to the exploratory nature of the study and the sample size, which
could lead to overfitting in multivariate analyses. Assumptions for ANOVA were assessed
using Shapiro-Wilk and Levene’s tests, confirming that the distributional properties of
the Likert-scale data allowed for the application of parametric procedures. The inferential
analysis (see Table 3) confirmed these relationships statistically. Significant differences were
observed for legal and normative factors across firm size, ownership, and market scope
(p-values ranging between p < 0.05 and p < 0.01). Large, foreign-owned, and internationally
active firms consistently reported higher mean values, confirming that exposure to EU-level
regulation and cross-border competition intensifies institutional responsiveness.

Table 3. One-Way ANOVA Results for Differences in the Perceived Significance of Institutional
Support Drivers.

Depe.ndent Moderator F-Statistic =~ p-Value Significance Interpretation (Highest Mean
Variable Group)
Legal . . " ‘ Large firms (>250 employees) = 4.2 >
Conditions Firm Size 427 0.016 p<0.05 small/medium = 3.6-3.8
Capital ot ot Foreign & mixed capital = 4.0-4.1 >
Origin 531 0.007 p<0.01 domestic = 3.6
Domestic + international = 4.1 >
*3% *%
Market Scope 4.76 0.010 p<0.01 domestic = 3.5
Market Type 3.81 0.026 *p<0.05* B2B/Hybrid > B2C

Business Type 1.94 0.148 n.s. Carriers > Freight forwarders (trend)
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Table 3. Cont.

D\e;pezndent Moderator F-Statistic ~ p-Value Significance Interpretation (Highest Mean
ariable Group)
g;’;gili‘r’; Firm Size 3.95 0.022 *p<0.05* Large firms = 4.1 > others = 3.5-3.7
Orgn A 00w mpaame O
Market Scope 4.29 0.015 *p<0.05* International /Both > Domestic
Market Type 3.54 0.034 *p<0.05% B2B/Hybrid > B2C
Business Type 1.81 0.169 n.s. Carriers > Forwarders (trend)
Tax Reliefs Firm Size 1.22 0.302 n.s. Small firms = 3.7 > Large = 3.3
%ilfgltﬁ 097 0382 ns. All similar ~ 3.3-3.6
Market Scope 1.68 0.191 n.s. Domestic = 3.6 > International = 3.3
Market Type 1.43 0.244 n.s. Hybrid > B2C
Business Type 2.31 0.131 trend (p =~ 0.10) Carriers > Forwarders
Subsidies Firm Size 1.47 0.234 n.s. Small = 3.6 > Large = 3.2
%i?;il 1.22 0.303 n.s. Domestic slightly > Foreign
Market Scope 1.74 0.184 n.s. Domestic > International
Market Type 1.63 0.202 n.s. Hybrid > B2C
Business Type 1.86 0.176 n.s. Carriers > Forwarders
Sectoral
Financial Firm Size 2.04 0.089 trend (p = 0.09)  Small/Domestic ~ 3.3 > Large ~ 3.0
Pressure
%i?;;l 1.87 0.159 n.s. Domestic > Foreign
Market Scope 1.45 0.238 ns. Minor differences
Market Type 1.26 0.285 n.s. Hybrid > B2C
Business Type 2.08 0.152 n.s. Carriers > Forwarders (trend)

Note: n.s. = not significant (p > 0.10); * p < 0.05; ** p < 0.01. Dependent variables measured on 5-point Likert scale
(1 = no significance — 5 = very high significance). Source: own elaboration based on empirical studies, N = 100.

In contrast, financial instruments such as tax reliefs and subsidies exhibited no sta-
tistically significant variation across groups (p > 0.10), indicating a broadly uniform but
moderate appreciation of these measures. Sectoral and financial pressures displayed only
marginal trends, implying that market-based environmental expectations are emerging but
not yet institutionalized.

The ANOVA results confirm that institutional sensitivity within the Polish TSL sector is
not homogeneous but significantly conditioned by firm-level characteristics. The strongest
and most consistent differences occur for legal and normative conditions (p < 0.05-0.01),
where large, foreign-owned, and internationally operating enterprises display the highest
mean ratings (~4.0—4.2). These findings underscore the dominance of regulatory and
compliance-based incentives as the primary institutional forces behind fleet electrification.
In contrast, financial mechanisms—tax reliefs and subsidy programs—show no statistically
significant variation across enterprise groups, indicating a generally uniform yet moderate
appreciation of economic support (mean ~ 3.4-3.6). Sectoral and financial pressures
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exhibit only marginal trends (p ~ 0.09-0.15), suggesting that market-driven environmental
expectations are still emerging rather than consolidated. Overall, Table 2 demonstrates that
the sector’s decarbonization trajectory is predominantly regulation-led, while financial and
reputational incentives remain supplementary.

Summarizing the RQ2 Findings, the results reveal a hierarchical pattern of institu-
tional influence: regulatory and normative factors—primary and statistically significant
drivers; fiscal incentives—moderately influential but evenly perceived; sectoral and finan-
cial pressures—secondary and evolving determinants. The empirical evidence demon-
strates that fleet electrification in the Polish TSL sector remains primarily regulation-led.
Financial and market incentives complement but do not replace formal regulatory influ-
ence. Differences across firm size, ownership, and market reach underscore that larger,
foreign, and internationally active firms are more adaptive to regulatory pressures, while
smaller domestic firms rely heavily on fiscal support to overcome structural and financial
constraints. These findings confirm that Poland’s transition toward low-emission transport
is shaped by both institutional enforcement and organizational capacity, with institutional
coherence emerging as a key condition for accelerating sector-wide transformation.

4. Discussion

Before interpreting the empirical findings, the conceptual model that informs their
interpretation is summarised in Figure 2. This model synthesises the dual-theory frame-
work used in the study and shows how external institutional mechanisms and internal
innovation-related drivers jointly shape firms’ decisions to electrify their fleets. It also
highlights the moderating influence of organisational characteristics, which is central to
explaining the heterogeneity revealed in the empirical results.

(A) Institutional Environment
(External Stimulants)

(B) Innovation Difussion Factors
(Internal Stimulants)

Coercise pressures (EU regulations, national law, emission Perceived relativeadvantage (TCO, efficiency, image)
standards) Complexity and compability (technology, infrastructure, skills)
Normative pressures (industry expectation, ESG norms, stakeholder Organisational ressources (capital, capabilities, fleet rofile)
demand)

Influencethrougl compliance (C)  Moderating Arm charakteristcs Influencethrough adoption

and legitimacy mechanism readiness (affects mainly small,

(affects mainly large, +  Firmsize domestic firms)

international firms) +  Ownership structure

Market Scope

FleetType

(Shapetherelative strenghtof A and B)

}

(D) Entreprise Behavioural Responses

Strong responsiveness to legal and normative pressure (large/foreing firms)
Dependancy on financial incentives and perceived benefits (small/domestic)

}

(E) Outcome:Fleet ElectrificationDecision

Intensity, pace and type of electrification

Figure 2. Conceptual model illustrating the interaction between institutional pressures, innovation-
diffusion factors, moderating firm characteristics, and fleet electrification outcomes in the TSL sector.

To conclude, the conceptual framework illustrates how institutional and innovation-
related mechanisms jointly shape firms’ decisions to electrify their vehicle fleets. The
institutional environment (A) encompasses external stimulants, including coercive pres-
sures arising from European Union regulations, national legislation and emission standards,
as well as normative pressures embedded in industry expectations, ESG norms and stake-
holder demands. In parallel, innovation-diffusion factors (B) represent internal stimulants
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that influence firms’ readiness for electrification, such as perceived relative advantages
related to total cost of ownership, efficiency and corporate image, as well as the complexity,
compatibility and resource requirements of new technologies. The impact of both exter-
nal and internal drivers is conditioned by moderating firm characteristics (C), including
company size, ownership structure, market scope and fleet type, which shape the relative
strength of institutional and innovation forces. These interactions lead to differentiated
behavioural responses (D) and ultimately determine the intensity, pace and form of fleet
electrification outcomes (E).

The findings of this study confirm that regulatory and normative frameworks remain
the most powerful institutional drivers of fleet electrification in the Polish TSL sector. Com-
panies perceive legal obligations, environmental standards, and compliance mechanisms
as decisive external forces shaping investment behavior. This aligns with prior research
showing that regulatory frameworks provide the foundation for low-emission transition
across European transport systems [17,36]. However, the results also highlight a significant
implementation gap: although the EU and national legal systems create strong coercive
pressure for change, their impact varies markedly across firm types and resource capacities.

Large logistics enterprises, with greater financial and technological resources, exhibit
higher readiness to comply with regulatory requirements and integrate electromobility
solutions. In contrast, small- and medium-sized enterprises (SMEs) encounter structural
barriers—capital constraints, uncertain returns, and limited access to infrastructure—that
reduce their responsiveness. This imbalance suggests a risk of market concentration, in
which resource-rich firms accelerate decarbonization while smaller actors lag behind. Such
asymmetry reinforces the need for differentiated policy tools targeting SMEs through fiscal
or advisory support [37,38].

Consistent with earlier studies [39-41], the analysis confirms that financial incentives—
notably subsidies and tax reliefs—positively influence adoption decisions but remain
secondary to legal drivers. Their overall effect appears moderate, reflecting both the limited
scale and unstable continuity of Polish support programs. Empirical evidence from other
markets shows that well-designed fiscal measures can significantly accelerate electric vehi-
cle uptake, increasing adoption rates by up to 2-3% per $1000 of incentive [40]. However,
as markets mature, the marginal effect of such incentives declines, emphasizing the impor-
tance of long-term policy stability and complementary infrastructure investment [42,43].

The findings further demonstrate that non-financial factors—particularly infrastruc-
ture availability, technological readiness, and regulatory predictability—are increasingly
influential in shaping fleet electrification strategies. Stable, multi-dimensional policy
mixes that integrate both financial and non-financial instruments are therefore more ef-
fective in building market confidence, particularly in capital-intensive sectors such as
logistics [44—46]. In Poland, however, public support remains fragmented, with emphasis
placed on legal compliance rather than integrated policy design.

The findings show that institutional theory and innovation diffusion theory illuminate
different but complementary mechanisms shaping fleet electrification in the Polish TSL
sector. Coercive legal and regulatory pressures clearly dominate the institutional land-
scape, while normative and mimetic influences—arising from client expectations, industry
standards, and peer behaviour—are still emerging [47-49]. Large, foreign-owned and
internationally active enterprises exhibit the strongest alignment with these coercive and
normative pressures, indicating that external requirements such as EU-level regulations,
ESG obligations, and transnational supply-chain expectations serve as primary triggers
for adoption. This behaviour is consistent with institutional theory, which emphasises
legitimacy-seeking adaptation to regulatory frameworks and evolving industry norms.
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Financial institutions also play an increasingly important role as institutional agents.
By embedding ESG and EU Taxonomy principles into lending and leasing practices, banks
transmit global sustainability frameworks into domestic financing conditions, thereby
exerting indirect normative pressure on firms to adopt low-emission technologies [50,51].
Although this influence is currently less pronounced than direct regulatory mechanisms,
its importance is expected to grow as financial markets internalise transition risks and
integrate carbon criteria into credit assessments.

In contrast, smaller and domestically owned enterprises display behavioural pat-
terns more closely aligned with innovation diffusion theory. These firms tend to prioritise
financial incentives, perceive greater uncertainty regarding the long-term benefits of electri-
fication, and are more sensitive to technological, operational, and infrastructural barriers.
Their adoption trajectories reflect the central constructs of diffusion theory—relative advan-
tage, complexity, compatibility, and resource availability—indicating that SMEs function
as later adopters whose decisions depend heavily on enabling economic conditions rather
than on compliance pressures alone [38,52].

Taken together, these results demonstrate a clear diffusion asymmetry: institutional
pressures predominantly influence firms with greater organisational capacity, international
exposure, and strategic integration within global sustainability regimes, whereas innova-
tion diffusion mechanisms are more relevant to resource-constrained domestic firms. This
integrated theoretical lens provides a more nuanced interpretation of the heterogeneous
adoption patterns identified in the Polish TSL sector and strengthens the explanatory
power of the analytical framework used in this study. Market orientation and international
exposure further amplify institutional sensitivity. Firms operating in B2B or international
markets face higher environmental expectations from clients, investors, and regulators,
leading to greater alignment with sustainability norms. These actors often perceive envi-
ronmental performance as a source of competitive legitimacy and risk mitigation [53-55].
In contrast, domestic and B2C-oriented firms remain primarily motivated by cost factors,
indicating the persistence of instrumental rather than normative compliance within the
national logistics sector.

Fleet composition also shapes firms’ responsiveness to institutional incentives. Opera-
tors of light-duty fleets—passenger cars and vans—respond most strongly to tax and sub-
sidy programs that lower the total cost of ownership [41,56]. Meanwhile, firms managing
heavy-duty and material-handling vehicles encounter higher technological and infrastruc-
tural barriers, making them less reactive to conventional incentives and more dependent
on long-term investment support, fuel price dynamics, and carbon regulation [57-59].

Taken together, the results confirm that Poland’s institutional framework for transport
electrification remains fragmented and predominantly regulatory in nature. National
policy has thus far focused on ensuring compliance with EU directives—such as the Act on
Electromobility and Alternative Fuels—rather than developing integrated programs that
couple financial incentives, infrastructure investment, and stakeholder coordination [60-62].
Consequently, while formal alignment with EU objectives has been achieved, the systemic
coherence and accessibility of support instruments remain limited, particularly outside
major urban centers.

This study therefore underscores the necessity of creating a more coherent and multi-
layered institutional ecosystem, one that balances coercive regulatory pressures with en-
abling financial, infrastructural, and knowledge-based mechanisms. Only through such
integration can Poland’s logistics industry achieve a scalable, inclusive, and economically
viable transition toward low-carbon mobility.
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5. Conclusions

The conducted study contributes to the broader discussion on achieving climate neu-
trality through decarbonization, providing an empirical basis for shaping effective instru-
ments for supporting and developing low-emission technologies in the logistics industry.

Fleet electrification requires synergy between fiscal, infrastructure, and information
policies. The analysis of TSL industry landscape (RQ1) revealed that in Poland the transfor-
mation is primarily driven by formal mechanisms of national and European regulations
or standards. TSL companies are supported by several government subsidies programs
and infrastructure funding, as well as preferential loans offered by banks in Poland. Even
though banks offer incentives, research has shown that this is not the most important factor
in the development of the electric fleet.

The results of quantitative research (RQ2) indicate that institutional support currently
plays a moderate but growing role in the electrification of TSL fleets, particularly in large,
foreign, and international companies. The effectiveness of these instruments is strongly
dependent on the organizational context, including available resources, the scale of opera-
tions, and the type of fleet used. The results indicate an implementation gap between large
enterprises and the SME sector. Larger entities, with the capital and technology at their
disposal, are adopting electromobility solutions more quickly, while smaller companies
face financial and infrastructure barriers. This asymmetry increases the risk of market
concentration and requires the use of diverse public policy instruments to support SMEs.
Given the early development phase of fleet electrification in Poland, public policy should
better address the needs of small- and medium-sized enterprises, which constitute a key
segment of the logistics market. This will enable more effective support for the achievement
of goals related to sustainable energy resource management, energy strategies, and climate
change. Additionally, support programs need to be on a higher scale and continuously
available. Particular support is required for companies operating in heavy transport, where
implementation barriers are the highest. Therefore, more intensive instruments, such as
higher subsidies or tax incentives, are necessary. However, the subsidies alone are not
a sufficient transformational stimulus. Successful electrification of transport requires a
complementary measures, including the development of charging infrastructure, a sta-
ble regulatory framework, and advisory and educational programs. This may ensure an
inclusive and scalable transition to low-emission mobility.

The results have significant implications for both public policy and business practice,
as well as for further research. At the policy level, they point to the need for diverse support
instruments tailored to the specific needs of different fleet types, as well as the importance
of combining financial mechanisms (e.g., subsidies) with infrastructure development pro-
grams. More support is also needed for SMEs and large goods vehicles. At the business
level, the results emphasize the need to integrate investment decisions with ESG policies
and long-term cost planning, which can support more sustainable enterprise development.
In Poland, limitations to the use of electric vehicles include the lack of sufficient charging
infrastructure outside major cities as well as the inconsistency and fragmentation that occur
in the institutional framework for transport electrification. The proposed support solutions
are intended to reduce barriers and make the electrification process more efficient and ef-
fective. At the theory level, the study confirmed that the perception of support is a function
of organizational resources and the degree of integration with the international market.

Future research should expand the scope of analysis to include several key areas that
can deepen and complement existing findings. First, a significant research direction is to
conduct a life-cycle cost analysis of TSL fleets, which would allow for a comprehensive
assessment of both the economic and environmental aspects of transport and logistics com-
panies’ operations. Second, special attention should be paid to examine the impact of EU
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programs on the pace and scale of new technology adoption in the sector, which will enable
a better understanding of the mechanisms supporting the industry’s transformation. Third,
conducting international comparisons, including, for example, the other UE countries,
would be a valuable addition, allowing for the identification of differences and similarities
in development strategies and the effectiveness of implemented solutions in individual
countries for the same region. Moreover, future research could employ larger samples
and multivariate statistical models to more precisely isolate the effects of organisational
characteristics on fleet electrification decisions. The conducted study has some limitations
that should be considered when interpreting the results. First, the relatively small sample
size (n < 150) limits the generalizability of the findings to a broader population. Second, the
analysis was based on participants’ perceptions rather than the actual use of institutional
support, which may result in subjective responses. Third, the sample included only firms
using digital logistics tools, which ensured technological comparability but may limit the
generalisability of the findings to less digitalised operators. Fourth, the study did not
include a spatial analysis that took into account differences between Polish regions, which
could provide additional, more detailed contextual information. Given the uneven distri-
bution of charging infrastructure and regional development disparities, future research
should incorporate spatial analysis to better capture territorial aspects of the low-carbon
transition in the TSL sector. Considering these aspects in future research would allow for a
more complete picture of the issue under investigation.
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Abbreviations

The following abbreviations are used in this manuscript:

TSL Transport, Shipping, and Logistics

EU European Union

CATI Computer-Assisted Telephone Interviewing
CCSs Carbon capture and storage

B2C Business-to-consumer

B2B Business-to-business

VAT Value Added Tax

CIT Corporate Income Tax

PIT Personal Income Tax

EUR Euro

PLN Polish Zloty (official currency of Poland)

LCV Light commercial vehicle

ETS Emissions trading system

FEnIKS Programme: European Funds for Infrastructure, Climate, Environment
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CEF Connecting Europe Facility

AFIF Alternative Fuels Infrastructure Facility
GDP Gross Domestic Product

SMEs Small- and medium-sized enterprises
ESG Environmental, Social, and Governance
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