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“GREEN"” TECHNOLOGIES AS AN INDICATOR
OF SUSTAINABILITY, SUSTAINABLE DEVELOPMENT,
AND GROWTH IN THE INNOVATION POTENTIAL OF SMEs

Introduction. In light of the growing risks associated with global warming, the sustainable development of small
and medium-sized enterprises (SMEs) has gained strategic importance. Their focus on environmental responsibi-
lity, the adoption of “green” technologies, and the reduction of ecological impact position SMEs as key contribu-
tors to sustainable economic growth.

Problem Statement. The imperative of environmental protection has necessitated the development and adop-
tion of green technologies. These technologies offer substantial potential for improving the performance and com-
petitiveness of SMEs, particularly within the framework of eco-clusters.

Purpose. This study aims to examine the legal definition and framework of “green” technologies; to assess the
Jeasibility of their implementation by SMEs as members of eco-clusters; to identify the principal areas of legal
regulation related to green technologies; and to determine the current level of SME awareness regarding opportu-
nities, benefits, and barriers associated with green technology.

Materials and Methods. The research is based on a combination of general scientific and specialized legal
methodologies. The source material includes publications by Ukrainian and international scholars, as well as rele-
vant legislation from Ukraine and the European Union.
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Results. A comparative analysis of legal doctrine and regulatory practice in Ukraine and the EU has revealed key indicators
Jor guiding the continued green transformation of SMEs in alignment with international standards. Factors influencing SMEs’
awareness of the benefits and challenges associated with green technologies have been identified. The study has highlighted the
role of eco-clusters as drivers of SME innovation, and has outlined a set of incentive markers essential for motivating SMEs to
integrate green technologies in support of sustainable development and responsible environmental behavior.

Conclusions. The implementation of the green technology concept, as a manifestation of sustainable innovation for SMEs,
requires further refinement within Ukrainian legal frameworks. The proposed measures have demonstrated their potential to add-
ress pressing environmental issues, mitigate ecological impact, and support climate adaptation strategies. The promotion of green
technologies among SMEs, particularly through eco-cluster participation, has emerged as a critical pathway for enhancing their
innovation capacity and environmental accountability.

Keywords: «greens technologies, environmentally friendly technologies, SMEs, eco-clusters, green energy, green course, environ-

ment, greening.

Due to growing concerns over global warming,
environmental issues have increasingly become a
central focus of academic research.

According to Article 5 of the Law of Ukraine
on Environmental Protection No. 1264-X11, dated
June 25, 1991, the environment is defined as the
totality of natural and socio-natural conditions
and processes, as well as natural resources — whe-
ther currently in economic use or not — including
land, subsoil, water, atmospheric air, forests and
other vegetation, wildlife, landscapes, and other
natural complexes.

The increasing relevance of the human-envi-
ronment relationship has underscored the need
to ensure environmental safety, and to uphold and
protect citizens’ rights in the field of environmen-
tal protection. In 2024, the Environmental Per-
formance Index (EPI) assessed countries based
on their environmental conditions and the effec-
tiveness of their environmental policies. Ukraine
ranked 41st, with a score of 54.6.

The full-scale invasion of Ukraine by the Rus-
sian Federation has exposed Europe’s dependen-
ce on Russian oil and gas, intensifying the urgen-
cy of a transition to green energy — particularly
through the development and deployment of al-
ternative energy sources. In this context, Ukraine
also requires a green transformation, grounded in
the integration of advanced technologies, the
creation of conditions for the development of ta-
lent in green tech innovation, and the design and
use of renewable energy sources as critical com-
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ponents of environmental security and European
integration processes [ 1]. This situation has further
exacerbated long-standing challenges, such as un-
derinvestment in scientific research and techno-
logical development, damage to infrastructure, and
the erosion of human capital, which has ultimate-
ly weakened the innovation potential of SMEs.

Despite the adoption of the Law of Ukraine on
the Specifics of Regulating Business Activities of Cer-
tain Types of Legal Entities and Their Associations
During the Transition Period No. 4196-1X, dated
January 9, 2025 (to enter into force on August 28,
2025), the outlook for SME operations is unlike-
ly to directly impact the mechanisms for the im-
plementation of green technologies by these en-
terprises.

One of the key directions of state policy for sup-
porting innovation is improving access to finan-
cing — particularly grants, subsidies, tax incen-
tives, and low-interest loans — for research and
development, as well as for enterprises investing
in innovation projects.

This priority is reflected in the Strategy for the
Digital Development of Innovation in Ukraine Un-
til 2030 and the Adoption of the Operational Plan
of Measures for Its Implementation in 2025—2027
(Cabinet Resolution No. 1351-p, dated Decem-
ber 31, 2024).

Green technologies encompass a broad range of
scientific research areas, including energy, agri-
culture, and beyond. Many green technologies aim
to reduce carbon dioxide and other greenhouse
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gas emissions in order to mitigate climate change.
Among the most successful eco-technologies is
solar energy that is currently in high demand in
many countries.

On March 20, 2024, the European Commissi-
on adopted the second Strategic Plan of Horizon
Europe for 2025—2027, focusing on research and
innovation to support the transition to a green,
digital, and resilient future (Horizon Europe Stra-
tegic Plan 2025—2027 for Research and Innovation
to Underpin Journey to a Green, Digital and Resilient
Future). This strategic framework reflects the com-
mitment of European institutions to supporting
research in green innovation and technologies.

Investment in research and development (R&D)
is a crucial factor for sustainable development.
Highly skilled human resources are essential to
maintain the scientific and innovation capacity
and competitiveness of a country, as well as to en-
sure progress in the green transition.

The green industrial transition presents opportu-
nities for the development of green metallurgy, re-
newable and nuclear energy. Ukraine possesses the
potential to become a major energy hub in Europe,
as emphasized in the Strategy for the Digital Deve-
lopment of Innovation in Ukraine Until 2030 and
the Adoption of the Operational Plan of Measures
Jor Its Implementation in 2025—2027 (Cabinet
Resolution No. 1351-p, dated December 31, 2024).

One of the guiding principles of the National
Economic Strategy of Ukraine, dated March 3, 2021
(No. 179), is the decarbonization of the economy,
which includes improving energy efficiency, ad-
vancing renewable energy sources, developing a
circular economy, and aligning with the European
Green Deal initiative.

Ukraine has joined the European Green Deal
(EGD). On July 6, 2023, the OECD and the Go-
vernment of Ukraine launched a four-year Count-
ry Program that supports Ukraine’s reform agen-
da, recovery, and reconstruction efforts, and fa-
cilitates its ambitions for accession to the OECD
and the EU [2]. This program covers six policy
domains, one of which is environmental sustai-
nability and energy [3]. Ukraine’s potential for
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green growth lies primarily in the areas of energy

efficiency, renewable energy sources, organic ag-

riculture, waste management, and the develop-
ment and deployment of advanced environmen-

tally safe technologies and eco-innovations [4].
Ukraine has already undertaken several im-

portant steps toward building the foundations for

a green economy and promoting green growth, inc-

luding:

« Approval of the National Environmental Action
Plan until 2025 (Cabinet Resolution No. 443-p,
dated April 21, 2021), which addresses a wide
range of environmental issues such as the de-
velopment and adoption of integrated urban
green zone development programs; the creation
of a monitoring system for green growth indica-
tors, based on the expanded framework of the
UN Sustainable Development Goals (SDGs)
baseline indicators;

+ Entry into force of the Law of Ukraine on the Ba-
sic Principles (Strategy) of the State Environmen-
tal Policy of Ukraine until 2030 (No. 2697-VIII,
dated February 28, 2019), which emphasizes
that the processes of globalization and social
transformation have increased the priority of
environmental protection and require Ukraine
to take urgent action;,

¢ Approval of the National Economic Strategy un-
til 2030 (Resolution No. 179, dated March 3,
2021), where the core pillars include the develop-
ment of a business support ecosystem, expanded
access to financing, and regulatory simplification;

+ Endorsement of the National Waste Manage-
ment Strategy until 2030 (Resolution No. 820-p,
dated November 8, 2017), which is expected to
enable the implementation of an innovation-ba-
sed waste management system, the development
of corresponding legislation, environmental imp-
rovement, enhanced sanitary and epidemiolo-
gical conditions, and the adoption of advanced
technologies;

¢ Approval of the Energy Strategy of Ukraine
until 2050 (Resolution No. 373-p, dated Ap-
ril 21, 2023), which sets out key principles such
as economic feasibility, environmental sustaina-
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bility, accessibility, social equity, and market

competitiveness.

Eco-innovation constitutes a clear objective of
the European Union’s core policy strategies. Nu-
merous environmental policies effectively require
enterprises to implement eco-innovations to com-
ply with regulatory standards. At the same time,
the alignment between policy-driven and market-
driven strategies for environmental innovation is
becoming increasingly significant for many busi-
nesses. In this context, barriers to eco-innovation
may become a critical factor in either obstructing
or facilitating EU strategies, policy implementation,
and corporate environmental agendas [5].

The eco-technology industry in Europe is pre-
dominantly composed of small and medium-sized
enterprises (SMEs) that are characterized by high
levels of specialization and flexibility. In recent
years, numerous clusters and networks have been
established to enhance innovation and internatio-
nalization capacities. The Eco-Innovation Clus-
ter Partnership for Growth and Internationaliza-
tion (EcoCluP) project was launched with the aim
of connecting these clusters at the European level.
The multifaceted EcoCluP cluster network was
designed to be user-friendly, practical, and capable
of generating tangible business impact for SMEs [6].

However, environmental considerations are of-
ten not a priority for SMEs, particularly those
struggling to meet their financial goals and obli-
gations. Moreover, SMEs constitute a heteroge-
neous group in terms of size and industry diversity,
and there is no universal definition of SMEs [7].
Creating enabling conditions for innovation is
thus essential for any state to ensure the compet-
itiveness of SMEs that engage in eco-innovation
and adopt green technologies.

Eco-innovation can be conceptualized across
micro-, meso-, and macro-levels, with firms, indust-
ries, and countries acting as the respective agents
in these three dimensions. The role of SMEs is par-
ticularly relevant at the micro-level [8]. Accor-
dingly, this study focuses on the micro-level ac-
tivities of SMEs related to the implementation of
green growth models and the adoption of green
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technologies, while the macro-level is considered
solely in terms of government action in the field
of environmental regulation. SMEs face a broad
spectrum of internal and external barriers — in-
cluding human, political, structural, and cultural
factors — that constrain the expansion of their
environmentally sustainable operations [9].

The urgency of regulating these relationships
stems from the integration of green technologies
into SMESs’ activities as participants in clusters,
which presents opportunities for internationali-
zation through the expansion of clustering pro-
cesses in the green technology sector. This facili-
tates the promotion of sustainable practices and
knowledge among SMEs, aiding their transition
toward green business models and strengthening
their economic resilience. At the same time, such
activities shall not infringe on intellectual property
rights related to green technologies. Furthermore,
the adoption of green technologies by SMEs high-
lights the need to analyze their impact on innova-
tion, particularly the benefits, obstacles, and barri-
ers that may arise in the course of this transition.

At the same time, it has been observed that green
technologies do not provide a comprehensive solu-
tion to global environmental issues, as they are pri-
marily localized innovation responses. These tech-
nologies can partially alter environmental condi-
tions, help minimize environmental impact, and
enhance SMEs’ capacity to contribute to Ukrai-
ne’s economic growth.

Given that green technologies exhibit specific
characteristics compared to other types of tech-
nologies, both in Ukrainian and EU legislation,
we proceed to analyze SMEs’ innovation in Ukrai-
ne in the context of green technology adoption.

Various legal and academic sources employ mul-
tiple terms related to environmentally oriented tech-
nologies, including “environmental technologies,”
“clean technologies (cleantech),” and “environmen-
tally friendly technologies.” The most widely used
terms are “environmentally sound technologies” and
“green technologies (green tech).”

Although the terms “green technologies,” “clean
technologies,” and “environmental technologies” are

”
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often used interchangeably, they refer to different
areas of focus: Green technologies encompass any
technology that is environmentally sustainable
or clean, aiming to reduce our overall ecological
footprint. The clean technologies (cleantech) em-
phasize improving environmental performance,
often through greater efficiency and sustainability
in production processes. The environmental tech-
nologies, sometimes referred to as climate techno-
logies, are explicitly aimed at addressing challeng-
es caused by climate change and human activi-
ty. These may include technologies for reducing
greenhouse gas emissions or adapting to climate
impacts such as rising sea levels and extreme wea-
ther events. The green technologies thus serve as
important instruments for protecting the natural
environment. Examples include: renewable energy
sources such as solar and wind power; efficiency-
enhancing technologies like improved insulation
and LED lighting; and conservation technolo-
gies, including water filtration systems and sus-
tainable transportation solutions [10].

As shown, both the green and the environmental
technologies aim to mitigate environmental im-
pacts. However, while the environmental (or clima-
te) technologies are directly focused on addressing
human-induced climate change, the green tech-
nologies tend to target more localized challenges,
including climate change and carbon dioxide emis-
sions, among others.

The objective of this study is to identify the
current interlinkages between cluster policy, the
sustainable development of SMEs, green techno-
logies, and eco-innovation.

In this article, the authors have contributed to
the body of research by enhancing awareness of
the positive environmental impact of green tech-
nologies, promoting knowledge dissemination on
green technologies, and analyzing the implemen-
tation of these technologies by SMEs participating
in eco-clusters, as well as the barriers that hinder
their adoption.

The authors also aim to present SMEs’ activi-
ties as participants in eco-clusters in the context
of green technology deployment, highlighting

ISSN 2409-9066. Sci. innov. 2025. 21(4)

the roles of government and other stakeholders
(such as technology developers, technology buy-
ers, and financial support organizations) in sup-
porting this process. These efforts are expected to
lead to sustainable development, environmental
resilience of SMEs, job creation, and business
growth in Ukraine.

Since there is no universally accepted defini-
tion of “green technologies” in the academic lit-
erature, the diversity of scientific viewpoints on
this issue is reflected in the works of Bhard-
waj M. [11], Guelfo D. [10], Kenton W. [12], and
Musina L. A. [13].

Various approaches to technology development
and transfer have been examined in the studies
of Puig D., Haselip J. A., Bakhtiari F. [14], Ada-
miuk D. I. [15], and Rozghon O. V. [16, 17].

The barriers to the adoption of green technologies
have been explored by researchers including Ali-
pour A. et al. [18], Durdyev S. et al. [19], Deng W.
et al. [20], and Marin G. et al. [5].

Environmental pollution and climate change have
been investigated by Mykiyevych M. M. [21] and
Musina L. A. [4].

Cluster functioning and SME dynamics have
been extensively covered in the literature, with
notable contributions from Barsoumian S. et al.
[22], Carpinetti L. C. R. et al. [23], de Jesus Pa-
checo et al. [24], Dohse D.[25], Kurniasih J.[26],
Lopez Jiménez J. et al. [27], Hasan M. N. [28],
Mercado-Caruso N. et al. [29], Porter M. E. [30],
Rodrigues M., Franco M.[31], Prokhorchuk S. V.
[32], and Serik O. D. [33].

This study does not address global environmen-
tal protection and natural resource management
issues per se, but rather focuses on the legal, eco-
nomic, and organizational foundations of regula-
tory frameworks for activities related to green
technologies. Specifically, it examines their role in
ensuring rational environmental management, ef-
ficient use of scientific, technological, and intel-
lectual resources within clusters, and the protec-
tion of property rights related to green technolo-
gies both in Ukraine and in other countries where
such technologies are or will be implemented.
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The development of clusters is not a new topic;
however, the analysis of their activities in the
context of green technology adoption by SMEs
as eco-cluster participants requires a comprehen-
sive study. Given the limited attention to this
specific aspect of green technology analysis, there
is a clear need for more in-depth research into the
legal regulation of green technologies implemented
by SMEs within eco-clusters.

A comprehensive set of general scientific and
specialized research methods was employed in this
study. Based on a review of several publications
concerning the characteristics of green technolo-
gies and using the methods of analysis and syn-
thesis, the study reveals the features of these tech-
nologies, the legal framework governing them, and
the prospects for their implementation.

The method of alternatives has made it possible
to critically evaluate legal provisions regulating
the status of SMEs specifically as enterprises par-
ticipating in eco-clusters and engaged in the imp-
lementation of green technologies.

The comparative legal method has been used to
identify key indicators for advancing the green
transformation of SME regulation in line with
global standards, as well as to assess the current
level of awareness among SMEs. The classification
method has allowed the identification of both ad-
vantages and barriers to the adoption of green
technologies in SME operations.

The cybernetic method has made it possible to
analyze the system of factors essential to eco-clus-
ter operations. It enabled consideration of eco-
clusters as components of national or regional in-
novation systems (NIS or RIS), acting as drivers
of innovation capacity for SMEs. These drivers
support the deployment of green technologies in
the context of sustainable development, economic
growth, environmental protection, and the pro-
motion of ecological safety, environmental res-
ponsibility, and resource efficiency among SMEs.

The objective of the study is to examine the legal
nature of the category of green technologies, identi-
ty opportunities for their implementation by SMEs
as eco-cluster participants, define the main direc-
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tions of legal regulation, and assess the current level

of SME awareness regarding the possibilities and

benefits of green technology adoption, as well as the
barriers that hinder this process in SME activities.

To achieve this objective, the article addresses
the following research questions:

# to examine the fundamental issues associated
with the effective implementation of green tech-
nologies;

« to study the advantages and barriers to the im-
plementation of projects involving green tech-
nologies;

# to define the optimal conditions for the interna-
tionalization of SMEs as eco-cluster participants
in Ukraine through the expansion of clustering
processes that involve green technologies;

« to identify potential directions for state sup-
port of SMEs to ensure the implementation of
green technologies.

DEFINITION OF THE CONCEPT
OF “GREEN” TECHNOLOGIES

According to Article 1 of the Law of Ukraine on
Innovation dated July 4, 2002, No. 40-1V, innova-
tions are newly created (applied) and /or improved
competitive technologies, products, or services, as
well as organizational and technical solutions of a
production, administrative, commercial, or other
nature that significantly improve the structure and
quality of production and/or the social sphere.
Therefore, it is logical to conclude that the main
outcomes of innovation are:
o the production of innovation products;
« the implementation of innovation projects or
the provision of innovation services;
« the application of innovation technologies; and
o the introduction of innovation production re-
sulting from a combination of various types of
innovation (i.e., the creation of production fa-
cilities for new or significantly improved pro-
ducts as turnkey solutions) [34].
Accordingly, in this study, innovation is consi-
dered as the end result of innovation activity, par-
ticularly in the form of technology.
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Four phases (stages) of the innovation product
life cycle are generally distinguished: the creation
of innovation (creativity); the production and sa-
les growth (marketing, research, development);
the manufacture and market dissemination (pro-
cess stabilization); the maturity (declining out-
put of innovation products); and the decline and
withdrawal from production because of decrea-
sed demand.

Innovation products are new competitive goods
or services that comply with the requirements set
forth in the Law of Ukraine on Innovation No. 40-1V
of July 4, 2002. These products may be created
using an appropriate technology and may become
intellectual property if legal ownership rights are
registered [35]. It should be noted that such a
technology may be developed not by the enterprise
itself (e.g., an SME), but by a technology developer,
as provided by the Law of Ukraine on State Regu-
lation of Activities in the Field of Technology Trans-
Jer dated September 14, 2006, No. 143-V.

For example, a developer of technology for pro-
ducing biodegradable paper from fallen leaves (pro-
cessing leaves without harmful chemicals by cre-
ating cellulose from cleaned leaves for paper bags
and boxes) founded the Releaf Paper company.

SME may be considered a startup (a legal entity)
engaged in technology development. The concept
of a startup as a type of small or medium-sized
enterprise is defined in the Resolution of the Ca-
binet of Ministers of Ukraine on the Implementa-
tion of the Experimental Project for the Creation
of a Network of Startup Schools — Incubators —
Accelerators Based at Higher Education Instituti-
ons and Research Establishments dated April 23,
2024, No. 430.

According to paragraph 11 of Article 1 of the
Law of Ukraine on State Regulation of Activities in
the Field of Technology Transfer dated September 14,
2006, No. 143-V, a technology as an object of transfer
may be defined as the result of R&D activities, comp-
rising a set of systematized scientific knowledge,
technical, organizational, and other solutions.

D.I. Adamiuk has stated that the legislator ef-
fectively acknowledges the complex nature of tech-
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nology by providing a definition not only of the

concept of technology itself but also of its compo-

nents. Technology may be fully embodied in a sing-
le defined object. On the other hand, the technology

Jor processing municipal solid waste using a plasma

torch may encompass several inventions and uti-

lity models, know-how, and scientific-technical
documentation. Therefore, a technology can be

“disassembled” into individual components, each

of which contains distinct elements of the tech-

nology. When drafting technology transfer agree-
ments, the subject of the contract shall clearly
specify the single object in which the technology
is embodied or identify the components of the

technology if it consists of multiple objects [15].
Thus, the following conclusions can be drawn

regarding the legal nature of a technology:

¢ it is an object of technology transfer, formalized
through the conclusion of bilateral or multila-
teral civil-law contracts;

« it may be considered an object of both civil-law
relations (e.g., the regulation of social relations
in the sphere of technology transfer is governed
exclusively by the provisions of Chapter 35 of
the Civil Code of Ukraine, No. 435-1V of Janua-
ry 16, 2003) and commercial-law relations (the
material forms of technology embodiment may
be used in economic circulation as individual
tangible (proprietary) objects of commercial le-
gal relations). This underscores the multidimen-
sional legal nature of technology and the cont-
ractual relations arising in the field of techno-
logy transfer;

& it is expressed in an objective form as output of
R&D activities. Tt includes scholarly research
and applied results, intellectual property ob-
jects, and know-how. The technology may con-
sist of intellectual property objects (in particu-
lar, objects of industrial property); however,
the technology itself cannot be considered an ob-
ject of intellectual property rights (since the ex-
haustive list of such objects is defined in Artic-
le 420 of the Civil Code of Ukraine, No. 435-1V
of January 16, 2003), nor can it exist solely as a
synthesized intellectual property object [16].
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Typically, definitions of innovation are associ-
ated with technology. However, since this study
treats innovation as the ultimate result of innova-
tion activity (in the form of innovation products,
technologies, etc.), it also analyzes the activities
of SMEs in eco-clusters concerning the develop-
ment of green technologies and eco-innovations mo-
re broadly. In particular, eco-innovations essential -
ly involve the accumulation and application of
ecological knowledge in every stage of the produc-
tion process. Technology enables a firm to move
away from traditional production and shift to en-
vironmentally clean production methods [36].

There is no universally accepted international
definition of green technologies. The concept of the
Global Green New Deal, introduced by the Uni-
ted Nations Environment Programme (UNEP) in
2008—20009, is generally associated with the emer-
gence of the term green technologies [13, p. 23].
These are aligned with environmentally sound tech-
nologies (ESTs) as defined under the United Na-
tions Framework Convention on Climate Change
(UNFCCCQ), and are characterized as the imple-
mentation of new or significantly improved pro-
ducts (goods and services), processes, marketing
methods, organizational structures, and institu-
tional mechanisms that — intentionally or other-
wise — result in improved environmental outcomes,
as compared with conventional alternatives. Green
innovation is also understood through the lens of
developing and adopting new ideas, inventions,
practices, processes, products, and organizational
forms that create value for society and the econo-
my while achieving environmental objectives.

P. Bansal [37] has identified a strong link bet-
ween innovation and sustainability practices and
advised companies to follow principles of social res-
ponsibility in their operations by adopting new,
environmentally sound technologies | 38].

The environmentally sound technologies (ESTs)
are defined in Agenda 21, with Chapter 34 entire-
ly devoted to the development, implementation,
and adaptation of ESTs, as well as ensuring access
to and transfer of such technologies — particu-
larly to developing countries. ESTs are technolo-
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gies designed to: protect the environment; pollu-
te less; use resources in an environmentally sustai-
nable manner; recycle a larger share of their waste
and products; and handle all residual waste in a
more environmentally acceptable way than the
technologies they replace (e.g., through cleaner
processing methods) (Chapter 34 of Agenda 21,
adopted at the UN Conference on Environment
and Development, Rio de Janeiro, 1992). These
are not merely individual technologies but integra-
ted systems that encompass know-how, goods,
services, equipment, as well as organizational and
managerial procedures. They include: environmen-
tal protection technologies; pollution-reducing
technologies; resource-efficient technologies; waste
and product recycling technologies; and techno-
logies for purification and rational resource use.

Scholars interpret the term green technologies
differently.

According to D. Guelfo [10], green technologies
represent the use of science and technology to de-
velop environmentally friendly products and ser-
vices that protect the natural environment. This
includes renewable energy, green transportation,
waste management and recycling, and energy-ef-
ficient solutions that help advance a more sus-
tainable future. This definition reflects a strictly
scientific and technical perspective.

In contrast, M. Bhardwaj [11] defines green
technologies as the development and application
of innovation products, equipment, and systems
used to conserve the natural environment and re-
sources, aiming to minimize and reduce the harm-
ful impacts of human activity. This interpretation
presents green technology as a continuous process.

In our view, green technologies refer to a type of
technology that constitutes advanced solutions
of a local nature, based on their production pro-
cesses, and are applied to preserve the natural en-
vironment and resources, reduce the negative im-
pact of human activity, support the achievement
of the Sustainable Development Goals (SDGs),
and promote the circular green economy.

Accordingly, the distinguishing features of green
technologies include the following:
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« they aim to preserve the natural environment
and reduce the negative impact of human ac-
tivity;

o they are directed toward minimizing the use of
non-renewable natural resources and conser-
ving them, reducing overall resource consump-
tion, and supporting recycling;

o they contribute to the sustainable develop-
ment of industry.

Thus, it can be concluded that green technolo-
gies are technologies that focus on sustainable de-
velopment and address local environmental pro-
tection challenges. Green technologies (green tech,
short for “green technology”) represent a vital tool
for integrating economic growth with environ-
mental protection, ensuring ecological safety, en-
vironmental responsibility, and resource efficiency.

Green technologies can be broadly classified in-
to four main categories: renewable energy techno-
logies, environmentally friendly transport, waste
management and recycling, and energy-efficient
solutions [10]. Each of these categories plays a cri-
tical role in minimizing human impact on the envi-
ronment and promoting a more sustainable future.

1. Renewable Energy Sources. In the context of
climate change mitigation, green technologies
are centered on the development and deployment
of renewable energy sources such as solar, wind,
and geothermal power. These technologies har-
ness natural elements to generate electricity, re-
ducing dependence on carbon-emitting fossil fu-
els. For example, the Law of Ukraine on the Basic
Principles of State Climate Policy (dated October 8,
2024, No. 3991-IX) defines the legal and organi-
zational foundations of state climate policy aimed at
ensuring Ukraine’s low-carbon development. The
focus here is on climate change mitigation.

2. Environmentally Friendly Transport. In the
context of climate change adaptation, green tech-
nologies support the resilience and adaptability
of our systems. Examples include the development
of advanced weather forecasting models and the
construction of infrastructure capable of withstand-
ing extreme weather events. Sustainable trans-
portation, such as electric vehicles and hydrogen
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fuel cell technologies, also falls into this category,
offering viable alternatives that can adapt to evol-
ving energy landscapes. This highlights the adap-
tation of transport systems to climate change.

3. Waste Management and Recycling. Green
technologies contribute to the sustainable use and
protection of water and marine resources through
advanced solutions such as water-saving systems,
wastewater treatment technologies, and marine
life protection initiatives. These range from smart
irrigation systems that optimize water usage in
agriculture to technologies that safeguard coral
reefs from bleaching. For instance, Article 12 of
the Law of Ukraine on Integrated Prevention and
Control of Industrial Pollution (dated July 16, 2024,
No. 3855-1X, effective from August 8, 2025) estab-
lishes criteria for determining the best available
techniques and management methods. In this ca-
se, green technologies support the rational use
and conservation of aquatic and marine resources.

The transition to a circular economy is a key goal,
with green technologies playing a critical role in
waste management and recycling. Methods inclu-
de converting waste into new products, fostering
a continuous-use cycle, and applying innovation
waste management approaches such as compos-
ting that transforms organic waste into nutrient-
rich soil. This emphasizes the importance of shif-
ting toward a circular economy. In the area of pol-
lution prevention and control, green technologies
are used to develop solutions for monitoring, re-
ducing, and eliminating pollution. This includes air
and water filtration systems, waste-to-energy tech-
nologies, and methods for the safe disposal or re-
purposing of industrial waste. Here, the focus is on
preventing and controlling environmental pollution.

4. Energy-Efficient Solutions. In terms of biodi-
versity conservation and ecosystem restoration,
green technologies concentrate on rehabilitating
degraded land, protecting endangered species, and
promoting sustainable agricultural practices that
support ecosystem health. This includes the use
of biochar in agriculture, which enhances soil
quality and sequesters carbon, aiding in ecosys-
tem regeneration. By embracing these categories
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and implementing green technologies within them,
we move closer to achieving the objectives out-
lined in the EU taxonomy, thereby ensuring a sus-
tainable and regenerative future for our planet [10].
In this context, green technologies are seen as inst-
rumental in the protection and restoration of bio-
diversity and ecosystems.

Green technologies are also the product of intel-
lectual, creative, and RE&D activities expressed in
tangible form. They encompass scientific and app-
lied research outcomes, intellectual property rights
objects, and know-how in the field of environ-
mental protection.

To ensure that the intellectual property (IP) sys-
tem makes a real and practical contribution to the
development, dissemination, and implementation
of green technologies in developing and transition
economies, innovation infrastructure in these co-
untries shall strengthen the protection and enforce-
ment of IP rights. This would incentivize the deve-
lopment of intellectual property assets, enabling IP
licensing and research and development collabora-
tion as a means of facilitating commercialization.

At the same time, research and development
necessary for successful green technology innova-
tion represent only half the solution to environ-
mental challenges. The journey from inventing an
eco-technology, even up to prototyping, cannot
start mitigating global warming until the inven-
tion is actually implemented. Licensing agree-
ments with large manufacturers can help startups
scale and commercialize their products [39].

According to Article 360 of the Association Ag-
reement between Ukraine, of the one part, and the
European Union, the European Atomic Energy
Community and their Member States, of the other
part, dated June 27, 2014 (hereinafter — Associa-
tion Agreement), the development and strengthe-
ning of cooperation in the field of environmental
protection is envisaged. This cooperation aims to
support the implementation of long-term sustai-
nable development goals and the green economy, as
well as to improve production efficiency through
the application of modern technologies. Pursuant
to Article 362 of the Agreement, the Parties are
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to engage in joint research activities and informa-
tion exchange concerning environmentally sound
technologies.

The World Trade Organization (WTQO) Agree-
ment on Trade- Related Aspects of Intellectual Pro-
perty Rights (TRIPS) establishes minimum stan-
dards for the protection of intellectual property
rights (IPR). While the agreement allows for some
flexibility, its overall structure favors the rights of
IPR holders. At the same time, the Agreement
explicitly supports the pursuit of environmental
protection, public health, and development goals,
granting members a degree of discretion in deter-
mining when such goals may outweigh typical
TRIPS limitations. However, TRIPS significantly
constrains the use of competition policy to chal-
lenge abuses of intellectual property rights. Com-
pulsory licensing is one option available to a de-
veloping country when a patent has been filed
domestically but the patent holder refuses to /i-
cense the technology; nonetheless, this mechanism
is subject to strict limitations [40].

Procedures related to the protection of intellec-
tual property rights over technologies should be
Jair and equitable. They shall not be unnecessari-
ly complicated or costly, and should not involve
unreasonable time limits or unjustified delays. In
Ukraine, such measures include evidence preser-
vation and preliminary injunctions, as provided
in the Civil Procedure Code of Ukraine dated
March 18, 2004, No. 1618-IV and the Commercial
Procedure Code of Ukraine dated November 6,
1991, No. 1798-XII. These measures may be app-
lied by a court at the request of a person whose
rights have been violated.

Therefore, green technologies — as the result of
intellectual, creative, and scientific-technical ac-
tivity — are aimed at reducing the negative im-
pact of human activity in order to preserve the
natural environment.

The concept of green growth serves as a tool
for achieving the Sustainable Development Goals
(SDGs). As stated, “Combating climate change
and progressing toward sustainable development
depends on economic growth that works with the
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environment, not against it. Advanced green tech-
nological solutions can help by enabling us to do
more with less — whether through alternative and
more efficient energy production and use, new
forms of green transport, or more sustainable, en-
vironmentally friendly agricultural and forestry
practices” [41].

The Sustainable Development Goals of Ukraine
until 2030 serve as benchmarks for the develop-
ment of projects, strategic documents, and draft
regulations aimed at balancing the economic, so-
cial, and environmental dimensions of Ukraine’s
sustainable development, as stated in the Presi-
dential Decree of Ukraine “On the Sustainable
Development Goals of Ukraine until 2030” dated
September 30, 2019, No. 722/2019.

Legal protection regimes for intellectual proper-
ty serve as regulatory mechanisms that facilitate
technological innovation, with patent law playing
a particularly significant role. Effective patent pro-
tection supports the international transfer of green
technologies and the establishment of technolo-
gical partnerships [1].

Thus, the effective protection of intellectual pro-
perty rights related to green technologies contri-
butes to technology transfer and ensures econo-
mic, social, and environmental outcomes in line
with Ukraine’s sustainable development goals.

The development of technologies and their trans-
Jer concerns both existing and emerging technolo-
gies. It includes the dissemination of technologies
and technological cooperation regarding equip-
ment, know-how, software, and corresponding ma-
nagement systems. These transactions may be car-
ried out through governmental channels, public-
private partnerships, or other forms of cooperation.
Technology transfer involves not only the provision
of equipment across national or international bor-
ders, but also the complex processes of knowledge
exchange and technology adaptation to local con-
ditions and management requirements [40].

Technology transfer forms part of the broader
innovation process. The innovation process in-
cludes the creation (development), implementa-
tion (adoption), and diffusion (production and
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commercialization) of innovations. Technology
transfer is activated during the later stages of the
innovation cycle, when the idea has already been
developed, research prototypes have been produ-
ced and refined based on the production require-
ments, and production readiness has been estab-
lished — at which point the actual transfer of
technology begins [17].

The transfer of green technologies may occur in
three distinct forms: transfer of green technolo-
gies themselves; transfer of knowledge related to
green technologies; and transfer of both green
technologies and associated knowledge [1].

For instance, the international Cleantech Net-
work is a research and management consulting
company specializing in global clean technology
innovation. It facilitates sustainable growth oppor-
tunities through innovation, promoting the tran-
sition to a more digitized, decarbonized, and re-
source-efficient industrial future. This network
supports the transfer and exchange of knowledge,
tracking of innovation trends, and provides per-
sonalized advice and assistance necessary for com-
panies to access external innovations.

It may be assumed that accelerating the adap-
tation of green technologies can be enhanced when
technology transfer encompasses not only the
transfer of technologies and knowledge, but also
takes into account the human capital potential
and institutional development. This integrated en-
terprise development approach fosters a favorab-
le environment that stimulates the implementa-
tion of new technologies.

IMPLEMENTATION OF GREEN
TECHNOLOGIES IN SME AS ECOCLUSTER
MEMBER: ADVANTAGES AND BARRIERS

Clusters are becoming increasingly attractive to
investors and serve as a means of supporting the
development of small and medium-sized enterp-
rises (SMEs) as their participants. The use of the
cluster-based approach can eftectively facilitate
investment attraction. The important role of clus-
ters is highlighted in the Strategy for the Reco-
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very, Sustainable Development, and Digital Trans-
formation of Small and Medium-Sized Entrepre-
neurship for the Period up to 2027, approved by
Resolution No. 821-p of August 30, 2024.

Given the need to restore significant damage
inflicted on enterprise assets and infrastructure —
especially in the energy sector — special emphasis
should be placed on the so-called “green transi-
tion” of the economy and the encouragement of
SMEs to adopt sustainable business practices. This
may include incentivizing the adoption of green
technologies, assisting in achieving energy eflicien-
cy, and supporting the circular economy.

According to the Strategy for the Recovery, Sus-
tainable Development, and Digital Transformation
of Small and Medium-Sized Entrepreneurship,
one of the expected results of the operational goal
“Promoting Innovation” is the creation of an in-
novation environment and the establishment of
active cooperation between SMEs, research insti-
tutions, and higher education institutions through
innovation hubs and co-financing programs for
research and development aimed at technological
improvement and digital integration of SMEs. The
Strategy also provides for the financing of regis-
tration fees for at least 3,000 national inventions,
industrial designs, and utility models. These mea-
sures are intended to stimulate collaboration and
knowledge exchange among SMEs, research insti-
tutions, and key stakeholders, thereby enhancing
SME competitiveness through access to innova-
tion, new technologies, and markets.

Thus, these challenges require solutions, one of
which is the implementation of green technolo-
gies. However, such implementation may require
investment as financial support to reduce environ-
mental impact and adapt to climate change.

Green technologies have become a rapidly deve-
loping sector, attracting substantial investment ca-
pital. Although the green technology market is still
relatively young, it is gaining strong investor inter-
est due to the growing awareness of the impacts of
climate change and the depletion of natural resources.

The goal of green technologies is to protect the
environment, restore damage previously caused

n8

to it, and preserve Earth’s natural resources. The
use of green technologies can be a declared objec-
tive of a business segment or company. Increasing-
ly, socially responsible investors aim to limit their
potential investments to companies that specifi-
cally use or produce green technologies [12].

The green economy tends toward what is known
as innovation multidimensionality that extends
to all areas of human activity, particularly agro-
industrial production and rural areas. In essence,
the green economy is a functional representation
of the innovation model, formalized in the form of
a cluster. Clusters — defined as the geographical
concentration of end producers, raw material supp-
liers, service providers, research laboratories, edu-
cational institutions, and other relevant organi-
zations in a particular economic sector — are cru-
cial drivers of regional economic development | 33].

According to the National Cluster Development
Program through 2027, cluster is defined as an
industry-based, territorially localized, and volun-
tary association of organizations that closely co-
operate with one another and with other actors in
the value creation chain to enhance the competi-
tiveness of their products, promote exports, and
contribute to regional economic development.

A similar view has been shared by Hervas-Oli-
ver J. L. et al. [42], who define cluster as a group of
companies linked by a value chain that may span
different industries yet remain interconnected.
The companies within a cluster are concentrated
within a single geographical area, forming a busi-
ness network that enhances efficiency both indivi-
dually and collectively. This agglomeration that
fosters collaboration and efficiency gains, is known
as an agglomeration economy.

For small and medium-sized enterprises (SMEs),
joining cluster ecosystems represents one of the
most feasible strategies for overcoming challen-
ging economic circumstances. Such integration
enables the generation of synergistic effects through
the concentration of knowledge, time savings in as-
sessing export potential, the shared use of resour-
ces to develop export contracts, and expanded
access to international cluster networks and their
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participants [43, p. 72]. Clusters are thus based
on collaborative efforts among participants and are
shaped by a proactive alignment with the surroun-
ding environment to realize shared objectives.

European green clusters collaborate across sectors
with other clusters supported by the Directorate-
General for Internal Market, Industry, Entrepre-
neurship and SMEs of the European Commission,
both within Europe and beyond, through the Euro-
pean Cluster Collaboration Platform (ECCP).
This robust European infrastructure of collabora-
tive clusters supports green clusters (eco-clusters)
and others in sharing knowledge, expertise, and
new eco-innovations across sectors and industries.
These clusters act as key enablers of the green
transformation of SMEs, helping drive the shift
toward circularity, implement green policies, and
increase the competitiveness of small businesses.

EIT Climate-KIC is a leading European innova-
tion agency and community for climate innovation
that supports cities, regions, countries, and indust-
ries in achieving their climate goals through syste-
mic innovation and localized transformation. Its mis-
sion is to reshape the entrepreneurial ecosystem by
embedding climate impact deeply into its structure.

EIT Climate-KIC, in partnership with the IKEA
Foundation, GrowthAfrica (a leading African ac-
celerator supporting entrepreneurs and ecosys-
tems), and SecondMuse (an impact and innova-
tion company working with climate-, equity-, and
technology-focused communities to build a resi-
lient economy that benefits people and protects
the planet), has announced a strategic collabora-
tion to address urgent challenges related to waste
management and sustainable urban development
in the rapidly growing cities of Nairobi (Kenya)
and Bengaluru (India). This partnership will im-
plement EIT Climate-KIC’s “Innovation Cluster”
approach, aimed at fostering collaboration and de-
veloping advanced solutions and entrepreneur-
ship. Innovation clusters function as collaborative
platforms, bringing together a diverse array of sta-
keholders — including businesses, universities, ci-
tizens, investors, government agencies, and non-
governmental organizations.
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Specifically, the Nairobi Innovation Cluster
(East Africa) and the Bengaluru Innovation Clus-
ter (India) have joined the EIT Climate-KIC In-
novation Cluster. This is because establishing a
resilient innovation ecosystem requires a well-con-
nected network of entrepreneurs, private enterp-
rises, institutions, investors, business incubators, as
well as mentors in technology and business. These
innovation eco-clusters have brought together
not only innovators and entrepreneurs but also
resources and expertise to support the implemen-
tation of green technologies that have an impact
on the natural environment.

An example from Ukraine is the Ukrainian Clus-
ter Alliance (Vinnytsia) that plays a leading role in
coordinating the activities of national clusters. The
cluster map, resource centers, and committees of
the Ukrainian Cluster Alliance are developed wi-
thin the framework of the international cooperation
program “EU4Business: Recovery, Competitive-
ness and Internationalization of SMEs,” co-finan-
ced by the EU and the German government. Clus-
ters within this alliance, which explicitly aim to pre-
serve and reduce the impact on the environment,
include: the Prykarpattia Eco-Energy Cluster (spe-
cialized in renewable energy sources, energy effi-
ciency, and eco-innovation), the Lviv Energy Inno-
vation Cluster (focused on the development, imple-
mentation, and support of energy-saving programs,
methodologies, and technologies), and the Southern
Ukrainian Cluster for Reconstruction and Recovery
(Odesa), which is specialized in promoting innova-
tion and supporting entrepreneurs, researchers,
and startups in the Southern region, enhancing
their competitiveness and job creation, as well as
encouraging interregional innovation projects and
improving citizens’ quality of life.

At the same time, eco-clusters exist indepen-
dently of this alliance. For example, a separately re-
gistered eco-cluster in Lviv region actively supports
environmental initiatives and makes full use of the
Association platform to develop business in line
with the principles of sustainable development.

As we can see, clusters engaged in waste mana-
gement, sustainable development, and environ-
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mental impact reduction are registered under va-
rious organizational forms such as: eco-cluster,
innovation cluster (circular economy), eco-energy
cluster, innovation cluster, public union, etc. What
distinguishes them from other clusters is their
core focus on environmental matters, making them
components (elements of the innovation infra-
structure) within the national or regional inno-
vation system (NIS or RIS).

Indeed, other innovation structures within the
NIS include innovation clusters as mentioned in
the Law of Ukraine on the Priority Directions of In-
novation in Ukraine of 08.09.2011 No. 3715-V],
which outlines the development of innovation inf-
rastructure (such as innovation centers, technology
parks, science parks, technopolises, innovation bu-
siness incubators, technology transfer centers, inno-
vation clusters, venture funds, etc.). The concept of
innovation infrastructure is also defined in the Law
of Ukraine on Innovation of 04.07.2002 No. 40-TV.

We assume that eco-clusters are a type of secto-
ral cluster (such as those in the “Safe Environmen-
tal Conditions for Communities/Populations”
category), focused on specific objectives related
to the creation of green jobs and the implementa-
tion of circular economy approaches in economic
activities (e.g., procurement of renewable energy
equipment for SMEs).

Typically, clusters aim to achieve the following
goals [32]: enhancing the competitiveness of clus-
ter members through the adoption of new techno-
logies; reducing costs and improving the quality of
relevant knowledge-intensive services through sy-
nergy effects and unified approaches to quality, lo-
gistics, engineering, 1T, etc.; ensuring employment
in the context of restructuring large enterprises and
outsourcing; coordinated lobbying of cluster mem-
bers’ interests across various levels of government.

Eco-clusters, in particular, support SMEs in re-
thinking their business models by providing ac-
cess to new knowledge and green venture capital,
including:
¢ assisting SMEs in the development of new

processes that support circular transformation
and green industry;
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o transferring knowledge to SMEs about the
circular economy, and supporting the develop-
ment of new innovation products or services
related to closed-loop systems and green man-
ufacturing;

« offering a range of services to SMEs, proposing
collaborations and linkages with research ins-
titutions and companies to enable the adop-
tion of eco-innovations and green technologies;

« reducing societal risks with public sector cli-
ents by supporting SMEs in green production;

« facilitating access to funding, from innovation
vouchers to smart investors, for SMEs to imp-
lement green technologies.

Madaleno M. et al. [44] emphasize the increa-
sing importance of clustering and cluster policy to
understand and leverage geographic concentration.
They argue that such concentration accelerates
creativity, idea exchange, and contributes positi-
vely to innovation and entrepreneurship. According
to Kurniasih J. et al. [26], the sustainable deve-
lopment of SMEs plays a vital role in strengthe-
ning and ensuring economic growth, improving
citizens’ welfare, facilitating efficient resource al-
location, and managing environmental impacts.

Cluster policy is an integral part of SME policy.
This means that clusters for small and medium-
sized enterprises (SMEs) are primarily conside-
red, with the objective of overcoming scale-related
barriers. SMEs offer numerous advantages, such
as diversification of services and products, pro-
viding services tailored to highly specific needs,
and supporting local labor markets and overall
regional development. One of the main obstacles
faced by eco-innovation companies involves trans-
action costs associated with entering markets,
the absence of networks, and information asym-
metries in supply chains [22].

When developing innovation business models
within clusters, it is important to integrate resour-
ce efficiency, circular economy principles, and clean
production — key aspects introduced by eco-inno-
vation. This not only helps reduce costs, but also
contributes to the formation of businesses that com-
mit to positive environmental responsibilities [45].
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Thus, clusters establish not only a strong con-
nection to the overarching goal of enhancing com-
petitiveness, but also enable close cooperation
among stakeholders, which fosters technological
development, commercialization of research out-
puts, the creation of new areas of demand, and
increased potential by making the system more
adaptive to changes in the external economy.
Thanks to its high growth and innovation capa-
city, this results in cluster success [27].

Accordingly, the internationalization of Ukrai-
nian businesses — especially SMEs — has been beco-
ming increasingly important for economic survi-
val and the shaping of future growth. SME inter-
nationalization is often examined through the lens
of the “born globals” phenomenon that demonst-
rates the possibility of non-linear internationali-
zation by small firms focused on the development
of innovation products based on advanced tech-
nologies, which actively pursue international ex-
pansion from the very start of their existence [46].

The eftective support of Ukrainian SMEs’ inter-
nationalization, particularly regarding the develop-
ment of innovation products, can be considered thro-
ugh the integration of Ukrainian cluster alliances in
the context of global competition in EU countries.

For example, the Zaporizhzhia TAM Cluster
supports this approach and continues to work to-
ward advancing the cluster movement, consoli-
dating the business community, researchers, and
innovators in the Zaporizhzhia region. Among
the key internationalization initiatives within the
cluster alliance, one can highlight the program
“Integration into Global Value Chains”, which
facilitates the integration of Ukrainian SMEs into
European and global value chains through the es-
tablishment of dialogue with leading clusters.

The key determinants for strengthening eco-in-
novation within SMEs include:
¢ the establishment of supportive policy frame-

works;

+ increased recognition of its strategic importance;

o technological and advisory support;

« analysis of eco-innovation in products and pro-
cesses; and
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« collaboration within supply networks [24].

To analyze the innovation performance of SMEs
in implementing green technologies, it is essen-
tial to evaluate the efficiency of their operations.

Efficiency refers to the effectiveness of an enterp-
rise’s functioning. The achievement of certain
quantitative and qualitative outcomes — i.e., ge-
nerating positive results while using resources
rationally in conditions of uncertainty and a dy-
namic market environment — is the core objective
of any organization. The set of indicators used to
assess efficiency may vary depending on manage-
rial goals, and there is no universal set of criteria.
A common challenge in evaluating enterprise per-
Jormance lies in the heterogeneity of indicators,
which can make it difficult to clearly reflect the
economic status of the business. Among the most
frequently used efficiency criteria are output volu-
me, return on equity, profit, and labor producti-
vity [47]. Therefore, instead of a one-size-fits-all
approach, SME managers should identify the most
appropriate partners who align with their specific
eco-innovation goals, ensuring greater effective-
ness and targeted action [48].

Hence, collaboration between eftective partners,
such as eco-clusters and SMEs, may lead to a mo-
re efficient alignment of SMEs’ ecological needs
and support the resolution of environmental pro-
tection challenges.

Mercado-Caruso et al. [29] have suggested con-
sidering various factors that are important for clus-
ter success, such as the level of cooperation, the
presence of supporting institutions, knowledge
management through research, and aspects rela-
ted to eco-innovation.

Their model incorporates five internal factors
that examine business capabilities, and three ex-
ternal factors that assess the impact of launching
eco-innovation.

The internal factors are as follows: cluster po-
tential that analyzes the availability of human re-
sources, technology, and knowledge transfer me-
chanisms accessible to firms within the cluster in
addressing eco-innovation; the demand factor that
considers consumer pressure for environmentally
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friendly products and the role of government po-
licies and incentives in shaping collective market
awareness; cooperation that builds synergy among
actors within the cluster; competitive pressure that
encourages companies to differentiate their pro-
ducts or services in order to survive in the market;
environmental policies and regulations, which
function through government incentives and pro-
per rules for sectoral development; the level of clus-
ter development, reflecting an understanding of
the cluster’s origins — i.e., whether it is spontaneo-
usly formed or a policy-driven cluster initiative.

The external factors include: the economic im-
pact of eco-innovation behavior, associated with
cost savings and significant positive externalities;
the eco-innovation effect, resulting from proper
environmental practices such as cleaner techno-
logies, reduced pollution, the adoption of circular
economy principles, more eflicient production
processes, and material reuse; access to new mar-
kets, linked to eco-innovation products and mar-
keting strategies that support the sustainability
of high value-added goods.

At the core of addressing these issues, we have
proposed the formation of a comprehensive set of ef-
ficiency tools for SMEs. These tools are intended to
assess the level of green technology adoption and in-
clude both advantages and barriers associated with
the implementation of such technologies.

When SMEs implement green technologies with-
in eco-clusters, they benefit from specific competi-
tive advantages. These advantages can be system-
atized as follows:

1. Enhancing SME business efficiency, overall
eco-cluster productivity, and national economic
strength. The economic advantages of green techno-
logy adoption are evident, particularly when SMEs
can realize profit gains. By becoming environmen-
tally responsible, SMEs can access green market
niches composed of eco-conscious consumers, the-
reby increasing market share and commercial re-
venues. At the same time, adopting greener prac-
tices often leads to cost reductions — for instance,
by shifting to recycled materials that are often mo-
re cost-effective [49].
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Competitiveness within cluster creates shared va-
lue and a strategic level of performance that surpas-
ses that of an individual firm. As such, a collective
strategy can generate a win-win effect for all sta-
keholders involved. Competitive advantage is typi-
cally measured in terms of profitability that which
can be achieved through product/service diffe-
rentiation, cost reduction, and profit growth [29].

According to M. E. Porter [30], collaboration
Josters innovation and enhances the overall pro-
ductivity of clusters. This improvement spreads
vertically across the supply chain, distribution
channels, and end users, as well as horizontally
across companies and sectors engaged in technol-
ogy and adjacent industries.

Research on eco-innovation within cluster struc-
tures — notably by Lopez, D. F. J., and Montal-
vo, C. [50] — highlights the enabling role of SMEs
in stimulating national economies. In response,
the EU has developed various support strategies
aimed at enhancing the competitiveness of such
conglomerates on a global scale. These strategies
are evident in case studies of clusters in India,
Pakistan, Japan, and China [51].

2. Resource efficiency and higher quality of in-
novation products. Firms that invest in diversified
capabilities, product innovation, technology de-
velopment, and job creation in support of eco-in-
novation benefit from both economic advantages
and process efficiency [52]. Enterprises shall in-
vest in formal R&D structures, where specialized
personnel focus on developing new production
methods and clean technologies. This investment
expands innovation capacity, extends the techno-
logy life cycle, and supports market longevity [23].

The economic impact of such actions further en-
hances resource efficiency and product quality, as
cost savings provide a foundation for the conti-
nuous development of environmental and general
innovations. Eco-innovation behavior supports
improved environmental performance that, in turn,
contributes to better economic outcomes [53].

However, to gain access to new markets, redu-
cing operational costs alone is insufficient. Com-
panies shall also develop socially responsible, eco-
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[riendly, and affordable products [54]. The demand
for environmentally sustainable products is rising
and can generate higher returns [55]. The premium
pricing of green products helps firms offset the costs
of sustainable production [56]. Increasing consu-
mer demand for sustainable goods encourages firms
to adopt environmentally responsible practices
and drives eco-innovation.

3. Job creation, improved living standards, and
promotion of local and regional economic growth.
SMEs have a greater capacity to generate employ-
ment and enhance living standards when they pos-
sess the capability to further develop and scale up
their adopted technologies [49]. SMEs represent
a key segment of the economy, playing a crucial
role in job creation, resource utilization, and profit
generation. In developing economies, SMEs con-
tribute significantly by absorbing surplus labor
through creating job places, promoting economic
diversification, supporting trade balances through
exports or import substitution, and enhancing
eco-innovation and sustainability across the broa-
der economy [57]. Notably, collaboration between
SMEs and eco-clusters facilitates the development
of green technologies, their commercialization,
the creation of new demand areas, and the expan-
sion of SMEs’ innovation potential.

4. Knowledge transfer within the eco-cluster.
M. E. Porter [30] is the first scholar to assert that
firms located within the same geographic area benefit
from better access to knowledge and its transfer,
whereby both the size of firms and their proximity
serve as strategic advantages. 1.opez Jiménez et
al. [27] have identified the role of turnover power in
clusters as a fundamental factor for their perfor-
mance, enabling firms to implement innovations
through external knowledge embedded in cluster net-
works. This reflects the rate at which resource turn-
over, SME turnover within eco-clusters, and the
adoption of eco-innovations or green technologies
can be achieved through networked collaboration.

Moreover, eco-innovation processes are closely
linked to the management of environmental know-
ledge within networks, and firms with high tech-
nological and organizational eco-innovation po-
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tential are capable of transferring this knowledge
into the cluster network. Given the established
notion that “innovation generates innovation”,
there is a high probability that firms previously
engaged in innovation will continue to generate fur-
ther innovations in their internal processes — sup-
ported by the effective adoption of best practices
among the actors constituting the cluster [27].

5. The environmental contribution of SMEs
through reduced ecological harm via greener pro-
ducts and materials. Clusters function as structures
that promote eco-innovation in tandem with the
operations of member firms by facilitating redu-
ced environmental damage through the adoption of
greener products, eco-processes, novel product/
service ideas, and enhanced cooperation among
cluster participants, which in turn boosts business
competitiveness [58]. Accordingly, SMEs integra-
ted into eco-clusters also gain distinct advantages.

For example, Segarra-Ona et al. [59] have sta-
ted that eco-innovations are considered successful
when there is clear evidence of an environmental
contribution to society, the creation of new jobs,
and the development of more sustainable organi-
zations. Achieving these benefits, however, requi-
res organizational change — in company structu-
re, internal processes, and how firms shape their
push-pull marketing strategies. This is where con-
cepts such as eco-design and the transformation of
relationships with suppliers, clients, and distribu-
tors become relevant, and where environmental
awareness integrates new activities into the value
creation chain [29]. Hence, the benefits of eco-in-
novation or green technology adoption should be
analyzed not only from the perspective of econo-
mic gain, but also in terms of upholding the right
to a sustainable and healthy environment and comp-
liance with environmental legislation.

A. Alipour and M. Rahimpour have stated that
despite the benefits, there are significant barriers
at various stages of the green product life cycle.
They highlight that the focus of these barriers
varies, with the greatest obstacles to environmen-
tal sustainability arising in production and mar-
keting stages [18].
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The inclusion of a variable related to the inten-
sity of investment in eco-innovation allows re-
searchers to assess the extent to which barriers
intersect with actual involvement in green innova-
tion, thereby shaping the development of various
eco-clusters. For instance, some firms face high
perceived barriers yet may exhibit either strong or
weak commitment to eco-innovation investment;
the same applies to firms with low perceived bar-
riers. This variation highlights the divergent be-
havior of firms facing similar challenges, and thus
underscores the need to differentiate between them.
In other words, these distinctions reflect the hete-
rogeneity in firms’ capabilities and strategies when
addressing eco-innovation | 5]. These scholars clas-
sify barriers into three groups: the general bar-
riers — shared by most firms, such as human re-
source constraints, financial limitations, or a lack
of adequate knowledge about sustainability; the
segment-specific barriers — related to limited con-
sumer willingness to pay for greener products,
which forces companies to incur environmental
costs without being able to compete effectively;
the individual barriers — firm-specific limitations
that vary from one company to another, reflec-
ting the uniqueness of each enterprise’s context.

The implementation of green technologies en-
counters barriers that hinder the adoption and use
of environmental practices. These barriers may be
systematized.

We have proposed the following classification of
barriers to green technology implementation aimed
at supporting sustainable development by SMEs as
eco-cluster participants:

1. Lack of advanced technological solutions.
J. A. Del Brio and B. Junquera have emphasized
that SMEs encounter considerable difficulties in
technological development [60].

2. Stakeholder attitudes toward green technolo-
gy transfer. D. Puig, J. A. Haselip, and F. Bakhtiari
point to the misalignment between internal deter-
minants and the scale of technology transfer initia-
tives [14].

3. Low awareness of sustainable development
and environmental literacy. Several scholars have
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noted that insufficient managerial awareness, com-
bined with a lack of knowledge on sustainability
and inaccessible training programs, constitute two
major barriers to sustainable development among
most SMEs [28]. Additionally, low environmental
literacy, limited understanding of environmental
management, and lack of access to relevant data
form part of the broader informational barrier,
making it difficult for some firms to interpret en-
vironmental regulations and understand how the-
se might impact their operations [61]. In some ca-
ses, providing clear environmental information
to SMEs proves to be challenging, as they often
struggle to interpret specific requirements of envi-
ronmental management systems such as ISO 14001
[62]. Durdyev S. et al. [19] have found that both
lack of awareness and knowledge and reluctance to
adopt new sustainable technologies are among the
most significant barriers.

A critical variable for analyzing knowledge
within cluster networks is the use of Business In-
telligence (BI) systems — technologies and pro-
cedures that convert raw data into actionable in-
sights for managers, thereby enabling more effec-
tive and faster decision-making. BI systems hold
substantial potential to enhance organizational
performance. However, due to the high costs as-
sociated with their deployment, the factors enab-
ling successful integration shall be carefully exa-
mined and assessed before adoption.

Absorptive capacity (ACAP) — defined as an
organization’s ability to identify, assimilate, and
strategically exploit external knowledge — has a
strong theoretical connection to BI systems [63].

However, knowledge absorption can be hinde-
red by several obstacles, such as the lack of quali-
fied personnel and high-quality equipment, the
inability to establish linkages or collaboration with
public research institutions, and limited access to
external sources of knowledge [25].

4. Market diffusion constraints for green tech-
nologies. 1. Nygaard and U.E. Hansen have pointed
to a lack of conceptual clarity in the categorization
of technologies in Technology Needs Assessments
(TNAs), which may hinder their dissemination [64].
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Deng et al. [20] have further identified lack of mar-
ket recognition as an additional limiting factor.

5. Need for financial resources due to infrastruc-
ture deficits and demand risk. The greening of
SMEs may impose a burden on their already limi-
ted resources. The transition toward a green path-
way generally entails costs related to investments
in technology and infrastructure, regulatory comp-
liance, and innovation. While these costs may
vary across sectors and countries — and may ulti-
mately be outweighed by the potential benefits of
green transformation — access to adequate finan-
cing remains a significant barrier for SMEs that
often face difficulties securing funding (e.g., bank
loans). Moreover, the implementation of green
initiatives also requires a certain level of manage-
rial competence, technological understanding,
and learning capacity, which SMEs frequently
lack [49].

6. No appropriate regulatory frameworks for
green technology development in Ukraine. As SMEs
implement green technologies — considered out-
comes of sustainable innovation — they shall fo-
cus on both current and anticipated environmen-
tal challenges to reduce ecological impacts and
adapt to climate change.

Successful cluster policy should be based on a
comprehensive approach that supports and en-
hances SME innovation performance, particu-
larly in industrial development and the adoption
of green technologies. SMEs may benefit from tra-
ditional business models while incorporating green
practices and technologies to improve sustainabi-
lity. These measures include the use of renewable
energy sources, recyclable materials, production
process optimization, and the adoption of respon-
sible environmental management practices [31].

However, the deployment of green technologies
and innovation products requires SMEs — espe-
cially those operating within eco-clusters — to
comply with environmental standards. Eco-clus-
ters facilitate such compliance by integrating and
supporting member firms, yet SMEs still face bar-
riers in this process. It is important to note that the
type and number of barriers may differ depending
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on the stage of the green product life cycle, making

it inappropriate to generalize across all enterprises.

1o ensure the successful implementation of green
technologies, the state can provide support to SMEs
through the following measures:

o Creating an enabling environment for deve-
lopment, fostering a competitive landscape
through access to national, regional, and local
SME development programs and public sup-
port mechanisms;

o Ensuring access to and supporting the deve-
lopment of SME support infrastructure;

¢ Introducing simplified taxation, accounting,
and reporting systems for SMEs;

« Providing public financial support (e.g., seed
capital, venture capital, loans and credits), sti-
mulating investment activity, attracting foreign
investment, and fostering mutually beneficial
international innovation cooperation;

« Supporting the R&D and innovation potential
of SMEs through financial, informational, and
advisory instruments, including targeted sup-
port in science, innovation, and industrial pro-
duction, and promoting the supply of innova-
tion products and services for national and re-
gional needs;

¢ Improving access to knowledge on sustainable
development, raising environmental awareness,
and fostering understanding of the importance
and advantages of green technologies;

« Enhancing employment opportunities through
support for SME-driven job creation;

+ Introducing mechanisms to promote and in-
centivize the use of green technologies in SME
production;

+ Modernizing the legislative framework gover-
ning SME activity, with a focus on strengthen-
ing the overall enabling environment for green
technology development.

In conclusion, this article addresses the issue of
green technologies, which encompass a wide range
of advanced solutions for SMEs aimed at reduc-
ing negative environmental impacts, promoting
sustainable development, and fostering a resilient
and eco-friendly living environment. These tech-
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nologies represent a key component in the fight
against climate change and contribute to impro-
ving human well-being. The authors have substan-
tiated the role of green technologies in facilitating
the transition toward an environmentally sustai-
nable green economy and identify the distingui-
shing features of green technologies that focus on
preserving the natural environment, minimizing
the adverse eftects of human activity, reducing the
use of non-renewable natural resources, promo-
ting resource efliciency and recycling, and sup-
porting the sustainable development of industry.

It has been emphasized that green technologies are
technologies oriented toward sustainable develop-
ment and aimed at addressing local environmental
challenges. Green tech represents a vital instrument
for reconciling economic growth with environmen-
tal protection, ensuring ecological safety, environ-
mental responsibility, and resource efficiency.

The authors have also drawn a distinction bet-
ween green technologies and environmentally clean
technologies (eco-technologies), based on their tar-
get scope. The eco-technologies are primarily fo-
cused on addressing broader environmental issues
caused by climate change and human activities
(e.g., the implementation of specific energy-saving
technologies). In contrast, green technologies are
oriented toward solving local problems, including
climate change and carbon emissions, among others.

This study may benefit SMEs seeking to join
eco-clusters by implementing strategies to enhan-
ce their competitiveness through the advance-
ment of green technologies. The concept of green
technologies is closely linked to the interconnec-
tion between the competitiveness of SMEs — as
participants in eco-clusters — and their commit-
ment to reducing environmental impacts and
adapting to climate change. The green transition
can present an opportunity for SMEs to reduce
their ecological footprint and increase their resi-
lience. Since many SMEs face similar challenges,
participation in eco-clusters may facilitate their
operations and strengthen their ability to respond
to emerging demands for a sustainable, green, re-
silient, and global economy.
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The authors have attempted to evaluate the
performance of SMEs in implementing green tech-
nologies, identifying both benefits and barriers.
The benefits of adopting green technologies by SMEs
within eco-clustersinclude: improved business ef-
ficiency and overall productivity of eco-clusters;
strengthening of the national economy; enhanced
resource efficiency and the quality of innovation
products; job creation and improvements in li-
ving standards; support for local and regional
economic growth; knowledge transfer within the
eco-cluster; and positive environmental contri-
butions through reduced ecological damage by
producing greener products and using environ-
mentally friendly materials.

The barriers to the implementation of green tech-
nologies by SMEs in eco-clusters include: lack of
up-to-date technological solutions; stakeholder
attitudes toward technology transfer, low aware-
ness of sustainable development and environmen-
tal literacy; market limitations in green techno-
logy dissemination; financial constraints due to
inadequate infrastructure and demand-side risks,
and absence of proper regulatory frameworks for
green technology development in Ukraine.

The effectiveness of SME operation should be as-
sessed based on their achieved eco-outcomes relati-
ve to the resources spent — such as reduced envi-
ronmental costs, profits from eco-innovation servi-
ces, the adoption of green technologies, the quality
of innovation products, and the development of
more competitive SME business strategies.

The performance of SMEs as participants in eco-
clusters regarding the adoption of green techno-
logies is also influenced by the efforts of the go-
vernment and other stakeholders (technology de-
velopers, technology adopters, and organizations
providing financial support to SMEs). These ac-
tors play a critical role in fostering the adoption
of green technologies, which in turn supports sus-
tainable development, enhances environmental
resilience among SMEs, creates jobs, and fosters
business growth in Ukraine.

The article has explored the features of the inno-
vation component of SME potential as participants
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in eco-clusters. This is grounded in the identifica-
tion, development, and implementation of green
technologies that increase the extent to which
societal needs are met in addressing environmen-
tal challenges and achieving the goals of sustai-
nable development. The main distinction between
SMEs with an innovation-oriented potential and
those without lies in the deliberate adoption of
eco-innovations and green technologies. In con-
trast, non-innovation SMEs may adopt innova-
tions indirectly, as a by-product of enterprise
management strategies or corporate development
frameworks.

This study has analyzed eco-clusters as drivers
of innovation capacity for SMEs within the con-
text of sustainable development and environmen-
tally responsible behavior, and identifies key in-
centive markers to promote the adoption of green
technologies by SMEs. The authors demonstrate
that clusterization serves as an innovation mecha-
nism that accelerates the strategic development
of green technologies. The integration of SMEs
into eco-clusters can contribute to faster regional
recovery in Ukraine and enhance international
market access by offering competitive and inno-
vation products that inherently reflect the inter-
connection between people and the environment.

Based on theoretical insights on eco-cluster
development and general findings on green tech-
nologies, the study distinguishes among various
eco-cluster organizations (associations, alliances,
etc.) that address waste management, sustainable
development, and environmental impacts. These
may be formally registered as eco-clusters, innova-
tion clusters (circular economy), eco-energy clus-
ters, innovation alliances, public unions, etc. Their
activities differ from other cluster types by being
explicitly focused on environmental goals. The
participation of SMEs in eco-clusters generally
aligns with regional and locally driven ecological
objectives, in compliance with environmental po-
licy frameworks.

For empirical observation, eco-clusters from va-
rious countries were examined. This study cont-
ributes to the broader discourse on green growth
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and the formulation of incentives to support eco-
cluster development as a means to strengthen inno-
vation capacity in green technology deployment.

The authors have identified several directions in
which the state can support SMEs in the implemen-
tation of green technologies. It has been demonstra-
ted that this includes: the creation of favorable
conditions for development in order to foster a
competitive environment by providing access to
national, regional, and local SME development
programs and state support mechanisms; impro-
ving accessibility and facilitating the development
of SME support infrastructure; the introduction
of simplified taxation, accounting, and reporting
systems for SMEs; the provision of financial sup-
port (start-up capital, venture capital, loans and
credits), the stimulation of investment activity,
the attraction of foreign investment, and the de-
velopment of mutually beneficial international
innovation cooperation. Additionally, state sup-
port should include: promoting the scientific and
innovation potential of SMEs (through financial,
informational, and advisory assistance, including
support in the areas of innovation, science, and
industrial production); organizing the supply of in-
novation products (works, services) for national
and regional needs; expanding access to knowled-
ge on the benefits of sustainable development, rai-
sing environmental awareness and understanding
of the importance of green technologies; ensuring
employment by supporting job creation; imple-
menting incentive mechanisms for the use of green
technologies in SME production processes; and
updating legislative and regulatory frameworks
to strengthen the overall enabling environment
for the development of green technologies.

At the same time, there remain challenges re-
garding SME strategies to encourage the adoption
of green technologies, the level of awareness re-
lated to sustainable development, and environmen-
tal literacy. These challenges are crucial for add-
ressing the consequences of human impact on the
environment and climate change.

This study does not exhaust all the issues raised
in the research objective. Future research perspec-
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tives include exploring European experience in | conducting an in-depth study of the national com-
legal doctrine and case law related to green tech- | petitiveness of eco-clusters and strategies to pro-
nologies in other sectors and industries, as well as | mote the adoption of green technologies.
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«3EJIEHI» TEXHOJIOTII AK IHAUKATOP CTIMKOCTI, CTAJIOTO PO3BUTKY,
3POCTAHHSI THHOBAIIMHOTO MOTEHIIIAJIY MAJIX (CEPE/ITHIX) TIIJITPUEMCTB

Beryn. Yepes pusuku r100abHOTO MOTEIUIHHS BaKJIMBUM € CTAIMH PO3BUTOK Manux (cepeanix) mianpuemcrs (MCIT),
poboTa SIKUX 30cepelKeHa Ha CTIHKOCTI, BIPOBA/KEHHI «3€JIeHUX> TEXHOJIOTII Ta 3MEHIIIEHH] BIUIUBY [isIbHOCTI HA CTaH
JTOBKIJLIIS.

IIpo6aemaTuka. [ToTpebu OXOPOHU HABKOJIUIIHBOTO CEPEIOBUIIA MepedauaioTh BUMOTH 10 PO3POOKHU, BIIPOBAKEHHSI
«3eJIeHNX» TeXHOJIOTIH i3 MMoTeHIialoM 3HaYHOTO TTokpartienns y faismbHocTi MCII sk yyacnuka ekokmiacrepy.

Mera. Bussuru pisetb notouroro crany obisaanocti MCII sik yuacHMKa €KOKJIacTepy 100 MOKJIMBOCTEN, epeBar Ta
Gap’epiB /15 BIPOBAIKEHHS <3EJIEHNX> TEXHOJIOTII.

Marepiaim it MeTou. Bukopuctano KOMILIEKC 3aralbHOHAYKOBHX Ta CIIEIiaIbHUX MeTO/1iB. Marepiaiamu /i 10CTiPKeHHS
caryryBaju my6JiKanil BITYM3HIHUX Ta 3apyOisKHUX YUYEHUX, HOPMU YMHHOTO 3aKOHO/IaBCTBa Ykpainu 1a €C.

Pesyabsratu. KomnapaTtusicrebkuii anasis qoktpun i npaktuky Ykpainu ta €C naB moxxauBicts BusiButu octoBai MCII,
3a SKMMH JIOIIJIBHO TTPOIOBKYBATH 3eJeHy TpaHchopmariiio peryaioBanis MCII BinmoBizaHo 10 cTaHmapTiB, yCTAHOBIEHUX
Y CBITOBIH CIIJIBHOTI, YNHHUKH, SIKI 3yMOBJIIOIOTH BUSIBUTH PiBEHb IIOTOYHOTO cTany obizHanocti MCII moxo MoxkuBocTei,
nepesar, a Takok 0ap’epiB, SKi MEePEIIKOKAIOTh BIIPOBA/ZKEHHIO «3eJIeHUX» TexHoJoriil y aisibrocti MCIL. {ocainskeHo
€KOKJIACTEPH SIK jipaiiBep iHHOBaiiHux Moskausocrei st MCII Ta BetaHOBjIeHO HeoOXinHI Mapkepu ctumyiis st MCIT
SIK YYACHUKIB €KOKJIACTEPIB 11010 CIIPUSHHS BIIPOBA/IKEHHIO «3€JIEHUX» TEXHOJIOTIH Y KOHTEKCTI CTAJIOr0 PO3BUTKY Ta IXHbOI
€KOJIOTIYHOI TTOBEe/[IHKHU.

BucHoBku. BripoBaykeH s KOHIEMIIIT «3€JIEHUX TEXHOJIOTIi» SIK pe3yJibraty criiikux inHosaitiii st MCII y mpasi Ykpai-
HU 110Tpebye BAOCKOHATEeHHS. JIOIIbHICTD YIIPOBaKeHHS ¢(hOPMOBAHUX IIPOIIO3UIIIH 0O PYHTOBYETHCS IXHBOKO 34aTHICTIO
BUPIIIUTH ICHYIOU] €KOJIOTTUHI TIPOGIeMU JIJIsi 3MEHIIIEHHS BIUIMBY HA HABKOJIMIITHE TIPUPOJIHE CEPEIOBUIIE Ta aIAIITALIII0 /10
3MiHU KJIiMaTy.

Kmouosi crosa: «3enenis mexnonoeii, exonoziuni uucmi mexuonozii, MCII, exoxnacmepu, senena enepzemuxa, 3eienuil Kypc,
HABKOIUWHE NPUpoOie cepedosuule, eKol0Zi3alis.
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