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Abstract: The transition toward a low-carbon and environmentally sustainable
economy has become a strategic priority in the European Union. This shift places
increasing pressure on firms to adopt green innovations. Small and medium-sized
enterprises (SMEs) play a crucial role in economic development and industrial
production in Central Europe; however, their engagement in green innovation activities
remains limited. Despite growing regulatory demands and societal expectations, SMEs
often face structural, financial, and organizational constraints that hinder the effective
implementation of environmentally sustainable practices. Existing empirical evidence
suggests that these barriers are not uniform and may vary depending on firm size and
organizational characteristics. This study aims to fill this gap by systematically
examining the key barriers to the adoption of green innovations among manufacturing
SMEs in Central Europe, with a particular focus on differences related to employment
size. The empirical analysis is based on primary quantitative data collected through a
structured questionnaire administered via computer-assisted telephone interviewing
(CATI). The final sample consists of 184 senior managers from manufacturing SMEs
operating in Central Europe, classified as micro, small, and medium-sized enterprises
according to OECD criteria. The respondents assessed fourteen potential barriers to the
adoption of green innovations using an ordinal Likert-type scale. The reliability of the
research instrument was confirmed, with a Cronbach’s alpha of 0.82. Given the
nonnormal distribution of the data, nonparametric statistical methods were applied. The
Kruskal-Wallis test was used to identify differences across firm size categories,
whereas the Dwass—Steel-Critchlow—Fligner post hoc test was applied to examine
pairwise group differences. The findings reveal statistically significant differences in
perceived barriers to the adoption of green innovations among SMEs of different sizes.
Micro and small enterprises report greater challenges related to several factors. These
include a lack of skilled personnel, limited technological capabilities, weak cooperation
with research institutions, and market dominance by established firms. In contrast,
medium-sized enterprises more frequently perceive the low prioritization of energy
consumption reduction as a relevant obstacle. Financial constraints, regulatory
complexity, and insufficient access to knowledge and external expertise emerge as the
most critical barriers, disproportionately affecting smaller firms. The results highlight
the heterogeneous nature of green innovation barriers within the SME sector and
highlight the need for size-specific policy interventions. Targeted financial support
schemes, regulatory simplification, and stronger linkages between SMEs, research
institutions, and policymakers are essential to accelerate the diffusion of green
innovations. By providing empirical evidence from Central European manufacturing
SMEs, this study contributes to the literature on sustainable innovation and offers
practical implications for the design of more effective green transition policies.
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1. Introduction. SMEs are a crucial component of the economic landscape in Central Europe and
contribute significantly to employment, economic stability, and innovation. Their role in promoting regional
development and technological advancements has been widely acknowledged (Adamowicz & Machla, 2016;
OECD, 2021; Olah et al.,, 2019). However, SMEs often fail to fully exploit their potential to drive
sustainability (Khan et al., 2023) and environmental responsibility (Kubalek & Kudej, 2025; Raza et al.,
2025). As a result, the adoption of green innovations remains a significant challenge.

Green innovations, defined as environmentally sustainable processes, products, and business models, have
attracted considerable attention in recent years because of increasing regulatory pressure, market demand, and
societal awareness of climate change (Klewitz & Hansen, 2014). These innovations are considered essential
for achieving long-term economic resilience while minimizing environmental impact. However, SMEs often
struggle with their implementation because of financial constraints, technological limitations, and a lack of
knowledge or expertise in sustainability practices (Demirel & Kesidou, 2019; Inigo & Albareda, 2016).

Existing research suggests that barriers to the adoption of green innovations among SMEs are multifaceted
and vary across industries and regions. Some scholars argue that regulatory support and government incentives
play pivotal roles in enabling sustainable transitions (European Commission, 2023), whereas others highlight
the importance of managerial commitment and organizational culture in fostering environmental innovation
(Boiral et al., 2023; Del Rio et al., 2017). In contrast, some studies suggest that financial burdens and risk
aversion in SMEs limit their willingness to invest in green technologies (Ghisetti & Pontoni, 2015; Giudici et
al., 2023). This difference in perspectives underscores the need for a comprehensive examination of the
specific challenges SMEs face in implementing green innovations in Central Europe.

The primary aim of this study is to identify and analyse the key barriers hindering the adoption of green
innovations among SMEs operating in Central Europe. By investigating structural, financial, and regulatory
constraints, this research seeks to provide valuable insights into the complexities of sustainable transformation
in smaller enterprises. Understanding these challenges will enable policymakers, business leaders, and
researchers to develop targeted strategies that facilitate the broader implementation of green innovations,
ultimately fostering a more sustainable and competitive SME sector in the region.

This research focused on the manufacturing sector, as it represents one of the most significant sources of
environmental impact in the region. Moreover, compared with services or agriculture, the manufacturing
sector in Central Europe is characterized by a high proportion of SMEs, which face particular challenges in
implementing innovations. This focus allows us to identify specific barriers that may differ from those in other
sectors, such as logistics or agriculture.

On the basis of the identified research gap, this paper makes a primarily empirical contribution to the
literature on green innovation in SMEs, complemented by practical policy implications. Unlike many previous
studies, this research does not treat SMEs as a homogeneous group. Instead, it differentiates between micro,
small, and medium-sized enterprises. The study also demonstrates how firm size shapes the perception and
intensity of barriers to green innovation adoption. The novelty of the study lies in its size-sensitive and sector-
specific approach. It focuses on manufacturing SMEs in Central Europe, a region that remains
underrepresented in empirical green innovation research. On the basis of the identified research gap and the
study’s objectives, this paper seeks to answer the following research questions:

RQ1: Do manufacturing SMEs of different employment sizes perceive barriers to the adoption of green
innovations differently?

RQ2: Which specific barriers to the adoption of green innovations are most strongly affected by firm size
among manufacturing SMEs operating in Central Europe?

By addressing these questions, this study aims to provide size-sensitive empirical evidence on green
innovation barriers and to contribute to a more nuanced understanding of sustainability challenges within the
SME sector.

The added value of this research stems from three main aspects. First, it provides original primary data
collected directly from senior managers, offering insights grounded in managerial experience rather than
secondary indicators. Second, by employing robust nonparametric statistical methods, the study identifies
statistically significant differences in green innovation barriers across SME size categories, thereby extending
existing findings that often rely on aggregated analyses. Third, the results generate actionable implications for
policymakers by highlighting the need for differentiated financial instruments, targeted regulatory support,
and stronger cooperation between SMEs and research institutions to support the green transition.

In addition to its empirical contribution, the paper offers practical relevance for public authorities,
innovation agencies, and business support organizations by identifying the specific constraints faced by
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smaller enterprises. These findings may support the design of more effective, size-tailored sustainability and
innovation policies in the context of the European Green Deal and national decarbonization strategies.

The rest of the paper is structured as follows. Section 2 reviews the relevant literature on green innovations,
sectoral applications, and barriers to their adoption in SMEs. Section 3 describes the research methodology,
data collection process, and applied statistical methods. Section 4 presents the empirical results and discusses
size-related differences in perceived barriers to green innovation. Section 5 compares the findings with those
of prior research and outlines their theoretical and practical implications. Finally, Section 6 concludes the
paper by summarizing the main findings, acknowledging limitations, and suggesting directions for future
research.

2. Literature Review.

2.1. Green innovations

Green innovations encompass the development and implementation of products, services, and processes
designed to minimize environmental impact while simultaneously generating economic benefits. This concept
is strongly associated with sustainability principles, eco-innovation, and corporate social responsibility (CSR),
all of which play crucial roles in shaping the strategies of businesses, particularly SMEs. Green innovations
are increasingly recognized as key drivers of sustainable development, as they encourage businesses to adopt
environmentally friendly practices without compromising their competitiveness (Biondi et al., 2002; Oduro
etal., 2022).

Several theoretical perspectives provide valuable insights into the factors influencing green innovation
adoption among SMEs. The resource-based view (RBV) suggests that companies that invest in sustainable
practices can gain competitive advantages by improving their operational efficiency, reducing costs, and
differentiating themselves from competitors. By leveraging internal capabilities such as technological
expertise, human resources, and financial investments in green technologies, firms can enhance their long-
term profitability while reducing their environmental footprint. This perspective highlights that businesses
that proactively integrate sustainability into their operations are more likely to succeed in the long
term (Borsatto & Bazani, 2021).

Institutional theory, on the other hand, emphasizes the significant role of external pressures, including
regulatory frameworks, societal expectations, and government policies, in shaping corporate sustainability
strategies. Regulations such as environmental standards, carbon emission limits, and waste management laws
encourage businesses to innovate and comply with sustainable practices. Additionally, societal norms and
consumer preferences increasingly favour environmentally responsible businesses, further pushing companies
to adopt green innovations. Institutional theory highlights the importance of external factors in driving
corporate environmental responsibility and influencing decision-making processes (Bamel et al., 2024).

Moreover, evolutionary economics offers a dynamic perspective on green innovations, focusing on the
continuous changes in market conditions, technological advancements, and industry transformations. This
theory emphasizes that innovation is not a static process but rather an ongoing adaptation to external and
internal challenges. Businesses must continuously evolve by adopting new technologies, improving processes,
and responding to shifting consumer preferences (Dorcak et al., 2015). The transition toward greener practices
is influenced by factors such as advancements in renewable energy, circular economy models, and
digitalization, which provide firms with opportunities to develop more sustainable business
models (Arici & Uysal, 2022; Afeltra et al., 2023).

Green innovations are multifaceted concepts driven by both internal capabilities and external pressures.
Understanding these theoretical perspectives can help SMEs navigate the challenges and opportunities
associated with adopting sustainable business practices (Feng et al., 2024), ultimately contributing to both
environmental and economic sustainability.

2.2. Technologies and Key Sectors

SMEs in Central Europe operate in diverse industries, with some sectors making notable strides in adopting
green innovations. The manufacturing sector, for instance, has increasingly embraced sustainable practices by
integrating energy-efficient production methods, utilizing recycled and biodegradable materials, and
optimizing waste management strategies (Pollak et al., 2023). Many SMEs align their operations with circular
economy principles by reducing resource consumption, reusing materials, and designing products for
extended life cycles. These efforts not only contribute to environmental sustainability but also enhance cost
efficiency and competitiveness (Agrawal et al., 2024).

Another key area of green innovation among SMEs is the renewable energy sector. Small businesses are
actively involved in the development of decentralized energy solutions, such as small-scale solar and wind
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projects, as well as advancements in energy storage technologies. By improving battery efficiency and
promoting smart grid integration, SMEs play a crucial role in enhancing energy sustainability at both the local
and regional levels.

Sustainable agriculture and food production are also gaining prominence, with SMEs investing in organic
farming techniques, precision agriculture, and environmentally friendly food packaging. These innovations
help reduce chemical use, conserve water, and minimize food waste, contributing to a more sustainable food
system (Gottardo et al., 2021).

The transportation and logistics sector is similarly evolving, with SMEs adopting green fleet management
practices. This includes the use of electric and hybrid vehicles, route optimization through digital tools, and
sustainable supply chain management. These initiatives help reduce carbon emissions and improve overall
efficiency, reinforcing the role of SMEs in advancing sustainability across industries (Boix-Fayos & de Vente,
2023).

2.3. Barriers and challenges to green innovation among SMEs

Despite increasing awareness and growing regulatory support, SMEs in Central Europe continue to face
numerous obstacles in adopting green innovations. One of the most significant barriers is financial constraints.
Many SMEs operate with limited budgets and struggle to secure the necessary funding for sustainability-
focused investments. Green technologies and eco-friendly production methods often require high initial costs,
while the return on investment (ROI) may take several years to materialize. Traditional financing institutions
may be hesitant to provide loans because of the perceived risks associated with long payback periods, resulting
in many SMEs being dependent on government grants, subsidies, or alternative financing options, which are
not always easily accessible (Bilal et al., 2021).

Regulatory and administrative complexity is another major challenge. Environmental policies and
sustainability regulations vary across Central European countries, creating an inconsistent and often confusing
framework for SMEs. Frequent legislative changes and bureaucratic hurdles further complicate compliance,
discouraging businesses from pursuing green initiatives. The lack of clear guidance and support mechanisms
makes it difficult for SMEs to navigate evolving sustainability requirements, leading to delays or reluctance
in the adoption of green innovations (Sikandar et al., 2024).

Technological limitations also hinder the effective integration of sustainable solutions. Many SMEs lack
access to the cutting-edge green technologies, infrastructure, and expertise necessary for transitioning to
environmentally friendly operations. Limited in-house technical capabilities prevent companies from fully
leveraging energy-efficient systems, circular economy principles, or renewable energy sources. Additionally,
the high costs of acquiring and implementing advanced green technologies further exacerbate this issue,
making it challenging for SMEs to compete with larger corporations that have greater resources (Kougias et
al., 2021).

Market uncertainty and fluctuating consumer demand also play crucial roles in shaping SMEs’ decisions
regarding green innovation. While sustainable products and services are gaining popularity, consumer
behavior remains inconsistent. Many customers are reluctant to pay premium prices for green alternatives,
making it difficult for SMEs to justify investments in eco-friendly solutions. The lack of widespread consumer
education on the long-term benefits of sustainable products further contributes to hesitation in market
adoption (Elavarasan et al., 2022).

Additionally, a lack of awareness and knowledge among SME owners and managers further slows the
transition toward sustainable business practices. Many businesses are unaware of available green innovation
opportunities, funding programs, or technical support initiatives. Without access to relevant information,
SMEs struggle to identify the most suitable sustainable strategies for their operations. Overcoming these
challenges requires a combination of targeted financial support, regulatory simplification, improved
technological access, and educational initiatives to encourage SMEs to integrate green innovations
effectively (Bonoli et al., 2021; Matos et al., 2022).

2.4. Tools to promote the implementation of green innovation

To accelerate the adoption of green innovations among SMEs, targeted policy interventions and strategic
support mechanisms are crucial. One of the most effective measures is the expansion of financial incentives
and funding schemes. Governments should offer a range of financial tools, including grants, low-interest
loans, and tax benefits, which would lower the initial cost burden for SMEs adopting sustainable technologies.
These financial mechanisms can help offset the high upfront investment costs associated with green
innovations and reduce the long payback periods that often discourage SMEs from pursuing
sustainability (Cifuentes-Faura, 2022; Davies et al., 2021).
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Regulatory harmonization across Central European countries is another critical factor. By standardizing
environmental policies and creating consistent regulations, governments can reduce the bureaucratic
complexities that SMEs face when they are operating across borders. A more predictable regulatory
environment will encourage businesses to invest in sustainable practices, as they can better anticipate the long-
term implications of their investments without the fear of sudden regulatory change (Buttol et al., 2012).

Encouraging public—private partnerships (PPPs) is also an effective strategy for promoting green
innovation. Collaborations between small and medium-sized enterprises, research institutions, and larger
enterprises can foster knowledge transfer, enabling SMEs to access cutting-edge technologies, technical
expertise, and best practices. This approach can accelerate the adoption of green solutions by providing SMEs
with the resources and support they might not otherwise have (Filipovi¢ et al., 2022; Lagioia et al., 2023).

In addition, increasing training and awareness programs is essential to help SME owners and employees
fully understand the economic and environmental benefits of green innovations. Educational initiatives can
highlight the potential cost savings, efficiency improvements, and competitive advantages that come with
sustainable practices. Governments and industry associations should also work together to increase market
demand through the promotion of sustainable procurement policies, green labelling initiatives, and consumer
awareness campaigns, which can further incentivize businesses to invest in eco-friendly
solutions (Aboelmaged & Hashem, 2019; Kluza et al., 2021).

2.5. Research Hypothesis

The literature on green innovations consistently indicates that SMEs face substantial barriers related to
financial constraints, limited technological capabilities, regulatory complexity, and insufficient access to
knowledge and external networks (Demirel & Kesidou, 2019; Ghisetti & Pontoni, 2015; Klewitz & Hansen,
2014). However, existing empirical studies often treat SMEs as a homogeneous group, overlooking
differences between micro, small, and medium-sized enterprises. As a result, the extent to which firm size
influences the perception and severity of green innovation barriers remains insufficiently explored,
particularly in the context of manufacturing SMEs in Central Europe.

From the perspective of the resource-based view, smaller firms are expected to face more pronounced
internal constraints because of limited financial, human, and technological resources (Borsatto & Bazani,
2021). Moreover, institutional theory suggests that regulatory pressures and external support mechanisms may
affect firms differently depending on their organizational capacity to respond (Del Rio et al., 2017). These
theoretical arguments imply that barriers to the adoption of green innovations are likely to vary systematically
with firm size.

On the basis of these considerations, the following hypotheses are formulated:

H1: There are statistically significant differences in the perceived barriers to the adoption of green
innovations among manufacturing SMEs depending on firm size.

H2: Compared with medium-sized enterprises, micro and small enterprises perceive internal barriers
related to human capital and technological capabilities as more severe.

H3: Compared with SMEs, microenterprises perceive external barriers related to market dominance and
limited cooperation with research institutions as more severe.

3. Data and Methods.

The aim of this research study was to identify key barriers to the implementation of green innovations in
manufacturing enterprises in Central Europe, considering the structure and size of businesses. Additionally,
the study examined whether the identified barriers represent crucial factors that hinder the faster and more
efficient adoption of green innovations across different industries.

3.1. Data

This study is based on primary quantitative data collected from SMEs operating in the manufacturing
sector in Central Europe. The target population consists of manufacturing SMEs, as this sector is among the
most environmentally intensive and plays a key role in the regional transition toward sustainable production.

The empirical data were obtained through a structured questionnaire administered using the computer-
assisted telephone interviewing (CATI) method. Data collection was carried out among senior managers and
owners who are directly involved in strategic decision-making related to innovation and sustainability. This
approach ensured that the responses reflected informed managerial perspectives on green innovation barriers.

The final research sample comprises 184 manufacturing SMEs. Enterprises were classified according to
the OECD definition on the basis of employment size: microenterprises (fewer than 10 employees), small
enterprises (10—49 employees), and medium-sized enterprises (50-249 employees). This classification allows
for a size-sensitive analysis of perceived barriers to the adoption of green innovations. The questionnaire
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consisted of eleven substantive questions and three classification questions. The core part of the survey
focused on identifying barriers to the adoption of green innovations. The respondents evaluated fourteen
predefined barriers, covering financial, regulatory, technological, organizational, and market-related
constraints. The respondents evaluated 14 specific barriers, each presented separately: uncertain market
demand (QO03 01 A), uncertain return on investment or excessively long payback periods for green
innovation adoption (Q03 01 B), lack of financial resources within the company (Q03 01 C), insufficient
access to existing subsidies and tax incentives (Q03_01_ D), existing regulations and structures not providing
incentives for green innovation adoption (Q03_01 E), lack of external financing (Q03 01 F), energy
consumption reduction that is not an innovation priority (Q03 01 G), technical and technological barriers
(e.g., outdated technical infrastructure) (Q03_01 H), lack of skilled workers and technological capacity within
the company (Q03 01 I), market dominance by established manufacturers (Q03 01 J), material consumption
reduction that is not an innovation priority (Q03 01 K), limited access to external information and
knowledge, including underdeveloped technical support services (Q03 01 L), lack of suitable business
partners (Q03_01 M), and lack of cooperation with research institutions and universities (Q03_01 N).

Each barrier was assessed using a five-point ordinal scale reflecting the perceived severity of the barrier:
very severe barrier (1), somewhat severe barrier (2), not a severe barrier (3), not a barrier at all (4), and not
applicable (5). For analytical purposes, the ordinal nature of the variables was preserved.

Prior to the main data collection, the questionnaire was pilot tested on a sample of 15 SME managers who
were not included in the final dataset. This pilot test helped refine the wording and structure of the questions.
Content validity was ensured through alignment with established survey instruments, including the
Eurobarometer approach. The internal consistency of the measurement scale was verified using Cronbach’s
alpha, which reached a value of 0.82, indicating satisfactory reliability.

3.2. Methods

The analytical strategy was designed to examine whether perceived barriers to the adoption of green
innovations differ significantly across SME size categories. Given the ordinal nature of the data and the results
of the Shapiro—Wilk test, which indicated deviations from normality, nonparametric statistical methods were
applied.

To test for overall differences among micro, small, and medium-sized enterprises, the Kruskal-Wallis H
test was employed. This test is suitable for comparing more than two independent groups when parametric
assumptions are not met and has been widely used in empirical research on innovation and sustainability in
SMEs. The test allowed for the identification of barriers for which perceptions differ significantly across firm
size categories.

For barriers for which statistically significant differences were detected, post hoc pairwise comparisons
were conducted using the Dwass—Steel-Critchlow—Fligner (DSCF) test. This nonparametric post hoc
procedure controls for Type I error in multiple comparisons and is appropriate for unequal sample sizes and
ordinal data. The DSCF test enabled a more detailed examination of differences between specific pairs of
SME size groups.

All the hypotheses were tested at a significance level of a = 0.05. Random sampling and data processing
were conducted using the statistical software Jamovi. Throughout the analysis, established methodological
guidelines were followed to ensure the robustness, transparency, and reproducibility of the results.

This two-stage analytical approach — combining overall group comparison with targeted post hoc testing
— allowed for a nuanced assessment of size-related heterogeneity in green innovation barriers and directly
supported the study’s research questions and hypotheses.

4. Results.

This section presents the empirical findings on barriers to the adoption of green innovations among
manufacturing SMEs, with a particular focus on differences across firm size categories. The results are
structured according to the applied statistical procedures. First, overall differences among micro, small, and
medium-sized enterprises are examined using the Kruskal-Wallis test. Post hoc pairwise comparisons are
subsequently reported for those barriers for which statistically significant differences were identified.

Table 1 presents the results of the Kruskal-Wallis test, which was applied to examine whether statistically
significant differences exist in the perceived severity of green innovation barriers across micro, small, and
medium-sized enterprises. The table reports the chi-square statistics, degrees of freedom, p values, and effect
sizes for each analysed barrier.

As shown in Table 1, statistically significant differences across firm size categories were identified for
four barriers: reducing energy consumption is not an innovation priority (Q03 01 G), a lack of skilled
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personnel and technological capabilities within the enterprise (Q03 01 I), market dominance by established
manufacturers (Q03 01 K), and a lack of cooperation with research institutions and universities (Q03 01 N).

Table 1. Nonparametric Kruskal-Wallis test was used.

Variables © df p g

Q03 01 A 3.0524 2 0.2174 0.0167
Q03 01 B 3.8454 2 0.1462 0.0210
Q03 01 C 0.8464 2 0.6549 0.0046
Q03 01 D 2.8026 2 0.2463 0.0153
Q03 01 E 3.7741 2 0.1515 0.0206
Q03 01 F 42715 2 0.1182 0.0233
Q03 01 G 6.2978 2 0.0429 0.0344
Q03_01_H 3.9124 2 0.1414 0.0214
Q03 _01 I 13.7825 2 0.0010 0.0753
Q03 01 J 3.8459 2 0.1462 0.0210
Q03 01 K 7.6257 2 0.0221 0.0417
Q03 01 L 3.1043 2 0.2118 0.0170
Q03 01 M 4.0731 2 0.1305 0.0223
Q03 01 N 9.4233 2 0.0090 0.0515

Note: Values in bold indicate statistically significant results at the 0.05 significance level (p < 0.05).
Source: Created by the authors.

These results indicate that firm size plays an important role in shaping how SMEs perceive specific
obstacles to green innovation adoption. For the remaining barriers, no statistically significant differences were
observed, suggesting that some constraints, such as financial limitations or regulatory complexity, are
perceived relatively uniformly across SME categories.

Following the identification of statistically significant differences among the tested variables using the
Kruskal-Wallis test, we conducted the Dwass—Steel-Critchlow—Fligner (DSCF) test, a nonparametric post
hoc test, to further examine pairwise differences between associated variables.

Table 2 reports the post hoc results for the barrier “reducing energy consumption is not an innovation
priority” (Q03_01_G).

Table 2. Pairwise comparisons between groups — Q03 01 G.

Group 1 Group 2 \ p
Micro Medium -3.4975 0.0358
Micro Small -2.3823 0.2113

Medium Small 1.4181 0.5754

Source: Created by the authors.

The purpose of this table is to identify which SME size categories differ significantly in their perceptions
of this barrier. Adaptation barrier Q03_01_G (%) = 6.2978, p = 0.0429) was found to be a greater challenge
for medium-sized enterprises than for small enterprises and microenterprises.

The results shown in Table 2 indicate that compared with microenterprises, medium-sized enterprises
perceive the low prioritization of energy consumption reduction as a significantly stronger barrier. No
statistically significant differences were observed between micro and small enterprises or between SMEs.
These findings suggest that energy-related innovation priorities vary with firm size, potentially reflecting
differences in strategic focus or prior implementation of energy-efficiency measures.

Table 3 presents post hoc comparisons for the barrier “lack of skilled personnel and technological
capabilities within the enterprise” (Q03_01 _I), which was identified as highly significant by the Kruskal—
Wallis test. Adaptation barrier Q03 01 I (%22 = 13.7825, p =0.0010) was identified as a more pressing issue
for microenterprises than for small enterprises and medium-sized enterprises.

Table 3. Pairwise comparisons between groups — Q03 01 1.

Group 1 Group 2 W p
Micro Medium -5.2343 0.0006
Micro Small -3.2440 0.0567

Medium Small 2.3849 0.2105

Source: Created by the authors.
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As shown in Table 3, compared with medium-sized enterprises, microenterprises perceive this barrier as
significantly more severe.

The difference between micro and small enterprises is also substantial, although it falls marginally below
conventional significance thresholds. These results indicate that human capital and technological capacity
constraints are particularly acute for the smallest firms, highlighting their limited internal resources for
implementing green innovations.

Table 4 focuses on the barrier “market dominance by established manufacturers” (Q03_01_ K) and presents
pairwise comparisons across SME size categories. The adaptation barrier Q03 01 K (y*¢) = 7.6257, p =
0.0221) was identified as a more pressing issue for microenterprises than for small enterprises and medium-
sized enterprises.

Table 4. Pairwise comparisons between groups — Q03 01 K.

Group 1 Group 2 W p
Micro Medium -3.2519 0.0559
Micro Small -1.0170 0.7524

Medium Small 3.3261 0.0490

Source: Created by the authors.

The results reported in Table 4 show that this barrier is perceived as significantly more restrictive by
microenterprises than by medium-sized enterprises. This suggests that smaller firms face stronger competitive
pressure from incumbent firms, which may limit their ability to introduce green innovations and compete in
environmentally oriented markets.

Table 5 presents the post hoc analysis for the barrier “lack of cooperation with research institutions and
universities” (Q03_01_ N), which reflects external knowledge and collaboration constraints.

Table 5. Pairwise comparisons between groups — Q03 01 N.

Group 1 Group 2 W P
Micro Medium -4.0904 0.0107
Micro Small -1.6246 0.4841

Medium Small 3.0609 0.0775

Source: Created by the authors.

According to the data in Table 5, compared with medium-sized enterprises, microenterprises perceive a
lack of cooperation with research institutions as a significantly stronger barrier (}*(2) = 9.4233, p = 0.0090).
Although the differences between micro and small enterprises are not statistically significant, the overall
pattern indicates that access to research collaboration improves with firm size. These findings underscore the
challenges faced by smaller firms in engaging with formal innovation and research networks.

One limitation of this study is its focus on the implementation of green innovations specifically within
Central European enterprises. The findings are based on the views and experiences of businesses operating
within the legislative and regulatory framework of the Central European region, which may not be directly
applicable to enterprises in other geographic areas.

Green innovation is a complex and evolving topic that is significantly influenced by external factors that
either facilitate or hinder its implementation. The research outcomes indicate that SMEs have received limited
attention because of their barriers to the implementation of green innovations. Given these findings, we
recommend that policymakers take proactive measures to enhance financial mobilization to support SMEs in
overcoming these barriers and accelerating the transition across manufacturing industries.

Furthermore, governments should establish conducive legislative frameworks that support SMEs in their
adaptation efforts. To build upon this study, future research will explore the extent of financial support
available for SMEs in Central Europe from both the EU and national sources. This is particularly relevant in
the context of the new EU strategy aimed at promoting green innovations, as outlined in the introduction of
this paper.

The results cannot be generalized across all SME sectors, as the research focused exclusively on the
manufacturing sector. Sectors such as services, agriculture or transport may face different barriers, especially
in terms of consumer behavior or technological capabilities. Another limitation is the regional framework, as
the legislative and institutional environments in other parts of Europe may differ significantly. The results
should therefore be interpreted with regard to the specific context of Central Europe. Future research should
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broaden both the geographical and sectoral focus to strengthen the validity and applicability of the
conclusions.

5. Discussion.

The finding that micro and small enterprises perceive significantly stronger barriers related to human
capital shortages, limited technological capabilities, and weak cooperation with research institutions is broadly
consistent with earlier empirical studies on green innovation among SMEs. Previous research has repeatedly
shown that SMEs often lack the internal resources, specialized skills, and technological expertise required to
adopt environmentally sustainable innovations (Demirel & Kesidou, 2019; Pinget et al., 2015). The present
study confirms these conclusions but extends them by demonstrating that such constraints are not evenly
distributed across the SME sector. In line with the resource-based view, smaller firms face more pronounced
limitations in developing innovation-related capabilities, which reduce their ability to respond to
environmental challenges and regulatory pressures (Borsatto & Bazani, 2021).

The strong barrier associated with limited cooperation between microenterprises and research institutions
supports earlier findings emphasizing the role of external knowledge networks in fostering green innovations
(Boiral et al., 2023; Klewitz & Hansen, 2014). However, while many prior studies highlight collaboration as
a general success factor for SMEs, the present results refine this argument by showing that the lack of such
cooperation is particularly restrictive for microenterprises. This suggests that innovation ecosystems and
support mechanisms may not be sufficiently inclusive or accessible for the smallest firms, especially in Central
Europe, where institutional support for SME innovation varies considerably across regions. Compared with
studies conducted in Western Europe, where university—industry linkages are often more developed, this
regional context may partly explain the stronger negative perception observed in this study.

Financial constraints and regulatory complexity emerge as persistent barriers across all SME size
categories, which strongly confirms the dominant consensus in the literature. Numerous studies have
identified high upfront investment costs, long payback periods, and regulatory uncertainty as major deterrents
to green innovation adoption (Ghisetti & Pontoni, 2015; Giudici et al., 2023). The present findings do not
contradict this body of research but contribute additional nuance by showing that the perceived severity of
these barriers intensifies as firm size decreases. This observation is consistent with institutional theory, which
argues that regulatory pressure alone is insufficient to stimulate innovation when firms lack the financial and
organizational capacity to comply (Del Rio et al., 2017).

An interesting and partially divergent finding is that compared with micro and small enterprises, medium-
sized enterprises perceive a reduction in energy consumption as a lower innovation priority (Raza et al., 2025).
These results contrast with studies suggesting that larger SMEs are generally more proactive in sustainability
initiatives (Cainelli et al., 2015; Passaro et al., 2023). A plausible explanation lies in sectoral and
developmental differences. Manufacturing SMEs in Central Europe may have already implemented basic
energy efficiency measures, leading medium-sized firms to focus on other strategic objectives, such as
productivity improvements or market expansion (Kubalek & Kudej, 2025). From an evolutionary economics
perspective, innovation priorities evolve as firms progress through different stages of development, which
may explain this shift in focus (Arici & Uysal, 2022; Dorcak et al., 2015).

Differences between the present findings and those of earlier studies may also stem from methodological
factors. While much of the existing research relies on secondary data, case studies, or country-level indicators,
this study uses primary data collected directly from senior managers and applies nonparametric statistical
methods to capture size-related differences. As a result, subjective managerial perceptions and heterogeneity
within the SME sector are more explicitly reflected. This methodological approach may explain why certain
size-dependent barriers have been underreported or overlooked in previous aggregated analyses.

The findings both confirm and extend the existing knowledge on green innovation among SMEs. They
confirm the central role of financial, regulatory, and knowledge-related barriers while extending the literature
by providing size-sensitive, sector specific, and regionally grounded empirical evidence. By integrating
insights from the resource-based view, institutional theory, and evolutionary economics, the study
demonstrates that green innovation adoption in SMEs is shaped by the interaction of internal resource
constraints and external institutional conditions.

This study contributes to the scientific discourse by challenging the widespread assumption that SMEs
constitute a homogeneous group and by highlighting the need for differentiated analytical and policy
approaches. This interpretative comparison with the literature underscores the theoretical relevance and
empirical originality of the study and reinforces its contribution to research on sustainability-oriented
innovation in SMEs.
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6. Conclusions.

This study examined the key barriers to the adoption of green innovations among manufacturing SMEs in
Central Europe, paying particular attention to differences related to firm size. The empirical findings confirm
that SMEs face multiple and interrelated obstacles that hinder the implementation of environmentally
sustainable innovations. Financial constraints, regulatory complexity, limited access to external financing, and
technological and human capital deficiencies emerge as the most significant barriers, with micro and small
enterprises being disproportionately affected compared with medium-sized enterprises. The results also
demonstrate that barriers are not uniform across the SME sector, highlighting the importance of considering
firm size when analysing green innovation challenges.

From a policy perspective, the findings suggest several important implications for policymakers at both
the national level and the European level. First, public support schemes aimed at promoting green innovations
should be more differentiated and explicitly tailored to firm size. Micro and small enterprises require targeted
financial instruments, such as simplified grant schemes, low-interest loans, and tax incentives, that reflect
their limited financial capacity and higher perceived risk. Second, regulatory frameworks should be
streamlined and harmonized to reduce administrative burdens and uncertainty, which currently discourages
SMEs from investing in green technologies. Clearer guidance, stable regulatory conditions, and improved
access to information can significantly increase SMEs’ willingness to engage in sustainable innovation
activities.

For SME managers, the results highlight the strategic importance of building internal capabilities that
support the adoption of green innovations. Investments in employee training, skills development, and
technological upgrading can help mitigate the human capital and knowledge-related barriers identified in the
study. Managers are also encouraged to actively seek collaboration with external partners, including research
institutions, universities, and industry networks, as such cooperation can provide them with access to
expertise, technological know-how, and innovation opportunities that are otherwise difficult to obtain
internally. Integrating sustainability objectives into long-term business strategies rather than treating green
innovations as isolated initiatives may further enhance firms’ resilience and competitiveness.

Supporting institutions, such as innovation agencies, business associations, and research organizations,
play a critical intermediary role in facilitating the green transition of SMEs. The findings indicate a need for
stronger knowledge transfer mechanisms, advisory services, and partnership platforms that connect SMEs
with researchers, technology providers, and funding opportunities. The development of accessible support
structures, including training programs, innovation hubs, and applied research collaborations, can help
overcome informational and technological barriers and foster a more inclusive innovation ecosystem.

In terms of theoretical contribution, this study advances the literature on green innovations by providing
size-sensitive empirical evidence from a Central European manufacturing context, an area that has received
limited attention in previous research. By explicitly differentiating between micro, small, and medium-sized
enterprises, the study demonstrates that when analysing innovation barriers, SMEs should not be treated as a
homogeneous group. This nuanced approach contributes to a more refined understanding of how
organizational size influences the capacity of firms to engage in sustainable innovation.

Practically, the study offers actionable insights for decision-making and strategy development among key
stakeholders involved in the green transition. The results can inform the design of more effective and targeted
policy instruments, guide SME managers in prioritizing strategic investments, and support intermediary
institutions in tailoring their services to the specific needs of different SME groups.

Despite its contributions, the study has several limitations. The empirical analysis focuses exclusively on
manufacturing SMEs in Central Europe, which may limit the generalizability of the findings to other sectors
or regions. Future research should extend the analysis to service-oriented and agricultural SMEs, as well as to
other European and non-European contexts, to enable broader comparisons. Future studies could also explore
longitudinal data to assess how green innovation barriers evolve over time and evaluate the effectiveness of
specific policy instruments, such as subsidies or market-based incentives, in reducing these barriers. Such
research would deepen the understanding of the dynamics of green innovation adoption and support the
development of more robust sustainability strategies for SMEs.

Author Contributions: conceptualization, M.B. and S.J.; methodology, M.B.; software, M.B.; validation,
M.B. and S.J.; formal analysis, M.B. and S.J.; investigation, M.B.; resources, M.B.; data curation, M.B.;
writing-original draft preparation, M.B. and S.J.; writing-review and editing, M.B. and S.J.; visualization, S.J.;
supervision, M.B.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

10



Marketing and Management of Innovations, 17(1), 2026

Data Availability Statement: Not applicable.

Ethical Approval: Not applicable.

Informed Consent Statement: Not applicable.

Declaration on non-using the Al for content generation: During the preparation of this paper, the
author(s) used LLM-based tools (DeepL) for language editing and minor stylistic improvements of the text.
Following its use, the author(s) carefully reviewed and edited all the generated content and assume full
responsibility for the final version of the publication.

References

1. Aboelmaged, M., & Hashem, G. (2019). Absorptive capacity and green innovation adoption in SMEs: The mediating

effects of sustainable organisational capabilities. Journal of Cleaner Production, 220, 853-863. [Google Scholar
CrossRef

2. Adamowicz, M., & Machla, A. (2016). Small and Medium Enterprises and the Support Policy of Local Government.
Oeconomia Copernicana, 7(3), 405-437. [CrossRef]

3. Afeltra, G., Alerasoul, S. A., & Strozzi, F. (2023). The evolution of sustainable innovation: From the past to the
future. European Journal of Innovation Management, 26(2), 386—421. [Google Scholar] [CrossRef]

4. Agrawal, R., Agrawal, S., Samadhiya, A., Kumar, A., Luthra, S., & Jain, V. (2024). Adoption of green finance and
green innovation for achieving circularity: An exploratory review and future directions. Geoscience Frontiers, 15(4),
Article number 101669. [Google Scholar] [CrossRef]

5. Arici, H. E., & Uysal, M. (2022). Leadership, green innovation, and green creativity: A systematic review. The
Service Industries Journal, 42(5-6), 280-320. [Google Scholar] [CrossRef]

6. Bamel, N., Kumar, S., Bamel, U., Lim, W. M., & Sureka, R. (2024). The state of the art of innovation management:
Insights from a retrospective review. European Journal of Innovation Management, 27(3), 825-850. [Google
Scholar] [CrossRef]

7. Bilal, A., Li, X., Zhu, N., Sharma, R., & Jahanger, A. (2021). Green technology innovation, globalization, and CO:
emissions: Recent insights from the OBOR economies. Sustainability, 14(1), Article number 236. [Google Scholar

CrossRef

8. Biondi, V., Iraldo, F., & Meredith, S. (2002). Achieving sustainability through environmental innovation: The role
of SMEs. International Journal of Technology Management, 24(5), 612—626. [ Google Scholar] [CrossRef]

9. Boiral, O., Henri, J. F., & Talbot, D. (2023). The role of managerial commitment in fostering green innovation in
SMEs. Business Strategy and the Environment, 32(1), 112—129. [Google Scholar] [CrossRef]

10. Boix-Fayos, C., & de Vente, J. (2023). Challenges and potential pathways towards sustainable agriculture within the
European Green Deal. Agricultural Systems, 207, Article number 103634. [Google Scholar] [CrossRef]

11. Bonoli, A., Zanni, S., & Serrano-Bernardo, F. (2021). Sustainability in building and construction within the
framework of circular cities and European new green deal: The contribution of concrete recycling. Sustainability,
13(4), Article number 2139. [Google Scholar] [CrossRef]

12. Borsatto, J. M. L. S., & Bazani, C. L. (2021). Green innovation and environmental regulations: A systematic review
of international academic works. Environmental Science and Pollution Research, 28, 63753—-63772. [Google Scholar

CrossRef

13. Buttol, P., Buonamici, R., Naldesi, L., Rinaldi, C., Zamagni, A., & Masoni, P. (2012). Integrating services and tools
in an ICT platform to support eco-innovation in SMEs. Clean Technologies and Environmental Policy, 14(2), 211—
221. [Google Scholar] [CrossRef]

14. Cainelli, G., De Marchi, V., & Grandinetti, R. (2015). Does the development of environmental innovation require
different resources? Evidence from Spanish manufacturing firms. Journal of Cleaner Production, 94, 211-220.
[Google Scholar] [CrossRef]

15. Cifuentes-Faura, J. (2022). European Union policies and their role in combating climate change over the years. Air
Quality, Atmosphere & Health, 15(8), 1333—1340. [Google Scholar] [CrossRef]

16. Davies, C., Chen, W. Y., Sanesi, G., & Lafortezza, R. (2021). The European Union roadmap for implementing nature-
based solutions: A review. Environmental Science & Policy, 121, 49—-67. [Google Scholar] [CrossRef]

17. Del Rio, P., Pefiasco, C., & Romero-Jordan, D. (2017). What drives eco-innovators? A critical review of the empirical
literature on the determinants of eco-innovation. Journal of Cleaner Production, 142, 1-11. [Google Scholar

CrossRef

18. Demirel, P., & Kesidou, E. (2019). Sustainability-oriented capabilities for eco-innovation: Meeting the regulatory,
technology, and market challenges. Technovation, 79, Article number 101082. [Google Scholar] [CrossRef]

19. Dorcak, P., Strach, P., & Pollak, F. (2015). Analytical View of the Perception of Selected Innovative Approaches in
Marketing Communications. Quality Innovation Prosperity-Kvalita Inovacia Prosperita, 19(1), 74-84. [Google
Scholar] [CrossRef]

20. Elavarasan, R. M., Pugazhendhi, R., Irfan, M., Mihet-Popa, L., Khan, I. A., & Campana, P. E. (2022). State-of-the-
art sustainable approaches for deeper decarbonization in Europe: An endowment to climate neutral vision. Renewable
and Sustainable Energy Reviews, 159, Article number 112204, [Google Scholar] [CrossRef]

11


https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=1.%09Aboelmaged%2C+M.%2C+%26+Hashem%2C+G.+%282019%29.+Absorptive+capacity+and+green+innovation+adoption+in+SMEs%3A+The+mediating+effects+of+sustainable+organisational+capabilities.+Journal+of+Cleaner+Production%2C+220%2C+853%E2%80%93863.+&btnG=
https://doi.org/10.1016/j.jclepro.2019.02.150
http://dx.doi.org/10.12775/OeC.%202016.024
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=3.%09Afeltra%2C+G.%2C+Alerasoul%2C+S.+A.%2C+%26+Strozzi%2C+F.+%282023%29.+The+evolution+of+sustainable+innovation%3A+From+the+past+to+the+future.+European+Journal+of+Innovation+Management%2C+26%282%29%2C+386%E2%80%93421.&btnG=
https://doi.org/10.1108/EJIM-02-2021-0113
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=4.%09Agrawal%2C+R.%2C+Agrawal%2C+S.%2C+Samadhiya%2C+A.%2C+Kumar%2C+A.%2C+Luthra%2C+S.%2C+%26+Jain%2C+V.+%282024%29.+Adoption+of+green+finance+and+green+innovation+for+achieving+circularity%3A+An+exploratory+review+and+future+directions.+Geoscience+Frontiers%2C+15%284%29%2C++Article+number+101669.&btnG=
https://doi.org/10.1016/j.gsf.2023.101669
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=5.%09Arici%2C+H.+E.%2C+%26+Uysal%2C+M.+%282022%29.+Leadership%2C+green+innovation%2C+and+green+creativity%3A+A+systematic+review.+The+Service+Industries+Journal%2C+42%285%E2%80%936%29%2C+280%E2%80%93320.&btnG=
https://doi.org/10.1080/02642069.2021.1964482
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=6.%09Bamel%2C+N.%2C+Kumar%2C+S.%2C+Bamel%2C+U.%2C+Lim%2C+W.+M.%2C+%26+Sureka%2C+R.+%282024%29.+The+state+of+the+art+of+innovation+management%3A+Insights+from+a+retrospective+review.+European+Journal+of+Innovation+Management%2C+27%283%29%2C+825%E2%80%93850.&btnG=
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=6.%09Bamel%2C+N.%2C+Kumar%2C+S.%2C+Bamel%2C+U.%2C+Lim%2C+W.+M.%2C+%26+Sureka%2C+R.+%282024%29.+The+state+of+the+art+of+innovation+management%3A+Insights+from+a+retrospective+review.+European+Journal+of+Innovation+Management%2C+27%283%29%2C+825%E2%80%93850.&btnG=
https://doi.org/10.1108/EJIM-07-2022-0361
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=Green+technology+innovation%2C+globalization%2C+and+CO%E2%82%82+emissions%3A+Recent+insights+from+the+OBOR+economies.+Sustainability%2C+14%281%29%2C+236.&btnG=
https://doi.org/10.3390/su14010236
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=8.%09Biondi%2C+V.%2C+Iraldo%2C+F.%2C+%26+Meredith%2C+S.+%282002%29.+Achieving+sustainability+through+environmental+innovation%3A+The+role+of+SMEs.+International+Journal+of+Technology+Management%2C+24%285%29%2C+612%E2%80%93626.+&btnG=
https://doi.org/10.1504/IJTM.2002.003074
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=9.%09Boiral%2C+O.%2C+Henri%2C+J.+F.%2C+%26+Talbot%2C+D.+%282023%29.+The+role+of+managerial+commitment+in+fostering+green+innovation+in+SMEs.+Business+Strategy+and+the+Environment%2C+32%281%29%2C+112%E2%80%93129.&btnG=
https://doi.org/10.3390/su15032436
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=10.%09Boix-Fayos%2C+C.%2C+%26+de+Vente%2C+J.+%282023%29.+Challenges+and+potential+pathways+towards+sustainable+agriculture+within+the+European+Green+Deal.+Agricultural+Systems%2C+207%2C+103634.&btnG=
https://doi.org/10.1016/j.agsy.2023.103634
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=11.%09Bonoli%2C+A.%2C+Zanni%2C+S.%2C+%26+Serrano-Bernardo%2C+F.+%282021%29.+Sustainability+in+building+and+construction+within+the+framework+of+circular+cities+and+European+new+green+deal%3A+The+contribution+of+concrete+recycling.+Sustainability%2C+13%284%29%2C+Article+number+2139.+&btnG=
https://doi.org/10.3390/su13042139
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=12.%09Borsatto%2C+J.+M.+L.+S.%2C+%26+Bazani%2C+C.+L.+%282021%29.+Green+innovation+and+environmental+regulations%3A+A+systematic+review+of+international+academic+works.+Environmental+Science+and+Pollution+Research%2C+28%2C+63753%E2%80%9363772.&btnG=
https://doi.org/10.1007/s11356-020-11379-7
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=13.%09Buttol%2C+P.%2C+Buonamici%2C+R.%2C+Naldesi%2C+L.%2C+Rinaldi%2C+C.%2C+Zamagni%2C+A.%2C+%26+Masoni%2C+P.+%282012%29.+Integrating+services+and+tools+in+an+ICT+platform+to+support+eco-innovation+in+SMEs.+Clean+Technologies+and+Environmental+Policy%2C+14%282%29%2C+211%E2%80%93221.+&btnG=
https://doi.org/10.1007/s10098-011-0388-7
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=14.%09Cainelli%2C+G.%2C+De+Marchi%2C+V.%2C+%26+Grandinetti%2C+R.+%282015%29.+Does+the+development+of+environmental+innovation+require+different+resources%3F+Evidence+from+Spanish+manufacturing+firms.+Journal+of+Cleaner+Production%2C+94%2C+211%E2%80%93220.&btnG=
https://doi.org/10.1016/j.jclepro.2015.02.008
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=15.%09Cifuentes-Faura%2C+J.+%282022%29.+European+Union+policies+and+their+role+in+combating+climate+change+over+the+years.+Air+Quality%2C+Atmosphere+%26+Health%2C+15%288%29%2C+1333%E2%80%931340.&btnG=
https://doi.org/10.1007/s11869-022-01156-5
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=16.%09Davies%2C+C.%2C+Chen%2C+W.+Y.%2C+Sanesi%2C+G.%2C+%26+Lafortezza%2C+R.+%282021%29.+The+European+Union+roadmap+for+implementing+nature-based+solutions%3A+A+review.+Environmental+Science+%26+Policy%2C+121%2C+49%E2%80%9367&btnG=
https://doi.org/10.1016/j.envsci.2021.03.018
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=17.%09Del+Rio%2C+P.%2C+Pe%C3%B1asco%2C+C.%2C+%26+Romero-Jord%C3%A1n%2C+D.+%282017%29.+What+drives+eco-innovators%3F+A+critical+review+of+the+empirical+literature+on+the+determinants+of+eco-innovation.+Journal+of+Cleaner+Production%2C+142%2C+1%E2%80%9311.&btnG=
https://doi.org/10.1016/j.jclepro.2015.09.009
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=18.%09Demirel%2C+P.%2C+%26+Kesidou%2C+E.+%282019%29.+Sustainability-oriented+capabilities+for+eco-innovation%3A+Meeting+the+regulatory%2C+technology%2C+and+market+challenges.+Technovation%2C+79%2C+Article+number+101082.&btnG=
https://doi.org/10.1002/bse.2286
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=19.%09Dorcak%2C+P.%2C+Strach%2C+P.%2C+%26+Pollak%2C+F.+%282015%29.+Analytical+View+of+the+Perception+of+Selected+Innovative+Approaches+in+Marketing+Communications.+Quality+Innovation+Prosperity-Kvalita+Inovacia+Prosperita%2C+19%281%29%2C+74%E2%80%9384.+&btnG=
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=19.%09Dorcak%2C+P.%2C+Strach%2C+P.%2C+%26+Pollak%2C+F.+%282015%29.+Analytical+View+of+the+Perception+of+Selected+Innovative+Approaches+in+Marketing+Communications.+Quality+Innovation+Prosperity-Kvalita+Inovacia+Prosperita%2C+19%281%29%2C+74%E2%80%9384.+&btnG=
https://doi.org/10.12776/QIP.V19I1.441
https://scholar.google.com/scholar?hl=uk&as_sdt=0%2C5&q=1.%09Elavarasan%2C+R.+M.%2C+Pugazhendhi%2C+R.%2C+Irfan%2C+M.%2C+Mihet-Popa%2C+L.%2C+Khan%2C+I.+A.%2C+%26+Campana%2C+P.+E.+%282022%29.+State-of-the-art+sustainable+approaches+for+deeper+decarbonization+in+Europe%3A+An+endowment+to+climate+neutral+vision.+Renewable+and+Sustainable+Energy+Reviews%2C+159%2C+Article+number+112204.&btnG=
https://doi.org/10.1016/j.rser.2022.112204

Marketing and Management of Innovations, 17(1), 2026

21. European Commission. (2023). Green innovation policies in the EU: Progress and challenges. [Link

22.Feng, Q., Kot, S., Chaveesuk, S., & Chaiyasoonthorn, W. (2024). The impact of competitive strategy on enterprise
performance: An empirical study of small and medium-sized manufacturing enterprises. Journal of International
Studies, 17(3), 9-37. [Google Scholar] [CrossRef]

23. Filipovi¢, S., Lior, N., & Radovanovi¢, M. (2022). The green deal—Just transition and sustainable development goals
nexus. Renewable and Sustainable Energy Reviews, 168, Article number 112759. [Google Scholar] [CrossRef]

24. Ghisetti, C., & Pontoni, F. (2015). Investigating policy and economic barriers to green innovation. Environmental
Economics and Policy Studies, 17(3), 1-23. [Google Scholar] [CrossRef]

25. Giudici, G., Guerini, M., & Rossi-Lamastra, C. (2023). Financial constraints and green innovation: Evidence from
European SMEs. Journal of Business Venturing, 38(2), 106—-121. [Google Scholar] [CrossRef]

26. Gottardo, S., Mech, A., Drbohlavova, J., Malyska, A., Bewadt, S., Sintes, J. R., & Rauscher, H. (2021). Towards safe
and sustainable innovation in nanotechnology: State-of-play for smart nanomaterials. Nanolmpact, 21, Article
number 100297. [Google Scholar] [CrossRef]

27.Inigo, E. A., & Albareda, L. (2016). Understanding sustainable innovation as a complex adaptive system: A systemic
approach to the firm. Journal of Business Ethics, 135(4), 781-795. [Google Scholar] [CrossRef]

28.Khan, K. A., Akhtar, M. A., Vishwakarma, R. K., & Hoang, H. C. (2023). A sectoral perspective on the sustainable
growth of SMEs. Empirical research in the V4 countries. Journal of Business Sectors, 1(1), 10-21. [Google Scholar

CrossRef

29.Klewitz, J., & Hansen, E. G. (2014). Sustainability-oriented innovation of SMEs: A systematic review. Journal of
Cleaner Production, 65, 57-75. [Google Scholar] [CrossRef]

30. Kougias, L., Taylor, N., Kakoulaki, G., & Jager-Waldau, A. (2021). The role of photovoltaics for the European Green
Deal and the recovery plan. Renewable and Sustainable Energy Reviews, 144, Article number 111017. [Google
Scholar] [CrossRef]

31.Kluza, K., Ziolo, M., & Spoz, A. (2021). Innovation and environmental, social, and governance factors influencing
sustainable business models: A meta-analysis. Journal of Cleaner Production, 303, Article number 127015. [Google
Scholar] [CrossRef]

32.Kubalek, J., & Kudej, M. (2025). Greenwashing Resistance in SMEs: The Role of ESG Perceptions and Practices.
Journal of Business Sectors, 3(1), 104—111. [Google Scholar] [CrossRef]

33. Lagioia, G., Spinelli, M. P., & Amicarelli, V. (2023). Blue and green hydrogen energy to meet European Union
decarbonization objectives. International Journal of Hydrogen Energy, 48(4), 1304—1322. [Google Scholar]

CrossRef

34. Matos, S., Viardot, E., Sovacool, B. K., Geels, F. W., & Xiong, Y. (2022). Innovation and climate change: A review
and introduction to the special issue. Technovation, 117, Article number 102612. [Google Scholar] [CrossRef]

35. Oduro, S., Maccario, G., & De Nisco, A. (2022). Green innovation: a multidomain systematic review. European
Journal of Innovation Management, 25(2), 567-591. [CrossRef

36. OECD. (2021). The role of SMEs in driving sustainable innovation. OECD. [Link

37.0lah, J., Virglerova, Z., Popp, J., Kliestikova, J., & Kovacs, S. (2019). The Assessment of Non-Financial Risk
Sources of SMES in the V4 Countries and Serbia. Sustainability, 11(17), Article number 4806. [Google Scholar

CrossRef

38. Passaro, R., Quinto, I., Scandurra, G., & Thomas, A. (2023). The drivers of eco-innovations in small and medium-
sized enterprises: A systematic literature review and research directions. Business Strategy and the Environment,
32(4), 1432-1450. [Google Scholar] [CrossRef]

39. Pollak, F., Markovic, P., & Majduchova, H. (2023). Reputation of Electric Vehicles in the Environment of Carbon
Reduction and Accelerated Digitization. Energies, 16(9), Article number 3836. [Google Scholar] [CrossRef]

40. Pinget, A., Bocquet, R., & Mothe, C. (2015). Barriers to environmental innovation in SMEs: Empirical evidence from
French firms. Management, 18(2), 132—155. [Google Scholar] [CrossRef]

41.Raza, H., Kovacs, S., & Khan, M. H. (2025). Profitability and SDG 13-Climate Action: The Moderating Role of
Environmental Management Training: A Machine Learning Approach. Journal of Business Sectors, 3(1), 1-12.
[Google Scholar] [CrossRef]

42. Sikandar, H., Kohar, U. H. A., Corzo-Palomo, E. E., Gamero-Huarcaya, V.K., Ramos-Meza, C. S., Shabbir, M. S.,
& Jain, V. (2024). Mapping the development of open innovation research in business and management field: A
bibliometric analysis. Journal of the Knowledge Economy, 15, 9868-9890. [CrossRef

Mapisa baprekoBa, bpaTtrciaBcbkuii yHIBEpCUTET €KOHOMIKH Ta Oi3Hecy, CrroBaydnHa

Caoina SInikoBiuoBa, bpaTucnaBceKkuii yHiBepCHTET €KOHOMIKH Ta 6i3Hecy, CrioBaudnHa

3eneni iHHOBaWii Ta 0ap’epu IX BIPoBaIKeHHs] Ha MaJIUX i cepenHix mianpuemcTax LlenTpaasHoi €Bponu
[Tepexin 70 HU3BKOBYTIIEIIEBOTO PO3BUTKY CTaB CTPATETIYHUM MPiopUTETOM y €Bponeiickkomy Coro3i, 10 THM CaMUM
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PEryJIaTOPHUX BUMOI 1 CycniibHHMX ouikyBaHb, MCII yacTo CTHKAlOTBCS 31 CTPYKTYpHHMH, (iHAHCOBUMH Ta
opraHizauniiHIMI OOMEXEHHSIMHU, SIKI MEepPEeIIKO/PKAIOTh e()EeKTHBHOMY BIIPOB/DKEHHIO SKOJIOTIYHO CTAJUX MPAKTHK.
HasBHi emmipiyHi OCITIPKEHHS CBIIYATh, IO i 0ap’€py € HEOTHOPITHUMU Ta MOXKYTh BapiFOBATH 3aJICKHO BiJl pO3MIPY
HiInpUeEMCTBa il OpraHi3alifHUX XapaKTEPUCTHK. METOK LbOro JOCHTIIKCHHS € 3allOBHEHHS 3a3HAYCHOI IPOTaHU
LUISXOM CHCTEMHOTO aHali3y KIFOYOBHX Oap’epiB BIPOBaIKCHHS 3€JCHUX iHHOBalid Ha mpomucioBux MCII
LlenTpanbHOi €Bpomy 3 0COOIMBUAM aKIEHTOM Ha BiIMIHHOCTSX, ITOB’SI3aHHX 13 YHCENBHICTIO 3aifHATHX. EMmipnanuii
aHani3 0a3yeThCs Ha TMEPBUHHHUX KUTBKICHHX NaHUX, 310paHMX 3a JOMOMOTOI0 CTPYKTYPOBAaHOTO OIUTYBaJbHHKA
MeToJOoM KoM torepuzoBaHoro Tenedonnoro intepB’to (CATI). Ocratouyna BuOipka BKimrodae 184 TomMmeHemkepin
npomucioBux MCII Lentpansnoi €Bpomny, Ktacu(ikoBaHUX SK MIKpPO-, MaJli Ta CepeIHi MiIIpHEMCTBA BiTOBIIHO 10
kputepiie OECP. PecrioHeHTH OIIHIOBAIM YOTHPHAANATHh MOTSHIIMHUX Oap’€piB BIPOBAKEHHS 3€JICHUX 1HHOBAIIIN
3a MOpsAKOBOIO HiKkayolo Tumy Jlaiikepra. HamifiHICTh 1HCTpyMEHTApil0 JOCIIHKEHHS MiATBEPIHKEHO KOoedilieHTOM
anba KponbOaxa Ha piBHi 0,82. 3 omissay Ha HEHOPMAaJIbHHI PO3MOMIIT AaHUX OYJIO 3aCTOCOBAHO HEMapaMeTpHYHI
cTaTuCTUYHI MeToau. J[isi BUSBJICHHS BiAMIHHOCTEH MK TpylamH IMiIIPUEMCTB 332 PO3MIPOM BHKOPHCTAHO TECT
Kpyckana—Youmiica, Toai sIK Jyisi TIOMapHOTO MOPIBHSHHA TPyl — mocT-xok TecT JBacca—Crina—Kpirunoy—®iirnepa.
OTpuMaHi pe3ysbTaTH CBiUaTh NPO HASBHICTh CTATHCTHYHO 3HAUYYNIMX BiJMIHHOCTEH y cHpuitHATTI Oap’epiB
BIIPOBAPKEHHs 3eieHux iHHoBauiil cepen MCII pisHux po3mipiB. Mikpo- Ta MaJli MiANPUEMCTBA CTUKAIOTHCS 3 OLIBII
CYTTEBHMH TPYyIHOIIAMH, 30KpEMa Yepe3 HecTauy KBaJIli)ikoBaHOTO IEPCOHATY, OOMEXEH]1 TEXHOJIOT1YHI MO>KJIUBOCTI,
ci1abKy CITiBIpalio 3 HaAyKOBO-IOCTITHUMH yCTaHOBAaMH Ta JIOMIHYBaHHS YCTaJICHMX KOMIIaHii Ha puHKYy. HaTomicTs
cepelHi MiANPHEMCTBA YacTillle PO3MJIAIAl0Th HU3BKHH NPIOPUTET CKOPOYCHHS EHEProCIOKUBAHHS SIK 3HAYYLIHA
6ap’ep. 3aranom (iHaHCOBI OOMEXEHHS, CKIAIHICTD PEryIsTOPHOTO CEPEIOBHIIa Ta OOMEKEHNH NOCTYH 10 3HAaHB 1
30BHIIIHBOI E€KCHEPTU3H BH3HAYCHO SK HAWBAXIIMBIIII TEPEIIKOAW, INO HENPOIOPLIHHO BIUIMBAIOTh HA MEHIII
MApUEMCTBa. Pe3ynbTarn JOCTiIKEHHS MiAKPECIIOIOTh HEOMHOPIMHMI XapakTep Oap’epiB 3eJeHHWX IHHOBAIM y
cextopi MCII ta oOrpyHTOBYIOTh HEOOXINHICTH PO3POOKH MONITHK, TU(PEPEHIIHOBAHNX 32 PO3MIPOM ITiATIPHEMCTB.
HinpoBi mporpamu (GiHAHCOBOI MiATPUMKH, CIIPOIICHHS PETYISTOPHUX MPOUEAYp i mocwieHHs B3aemoxil mix MCII,
HAYKOBHMH yCTaHOBAMH Ta OpPraHaMH JAEP)KaBHOI BIaJH € KIIOYOBHMH yMOBAMH IPUCKOPEHHS IOIIMPEHHS 3€JICHUX
inHoBaliil. Hagaui emmipuuni pe3ynbrati moao npomuciopux MCII IenTpanbHoi €Bponu poOIIsTh BHECOK Y PO3BUTOK
Teopil CTanMxX IHHOBAaliif Ta MalOTh NMpPAKTHYHE 3HA4YEeHHs Ui (GopMyBaHHs OUTbII eEeKTUBHOI MONITUKH 3€JIEHOTO
nepexoy.

KirouoBi ci1oBa: TOBKILIIA; CTaIuid pO3BUTOK; IHHOBAIIIT; MaJl Ta CEpeIHI MiIMPUEMCTBA; BUKIHKH.
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