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Abstract

Small and medium-sized enterprises (SMEs) play a crucial role in developed economies but
also contribute significantly to environmental degradation. Shifting SMEs towards sustainable
practices is vital for achieving global climate goals. Digital technology offers strong potential
to support this transition, yet uptake remains limited. This study explores how technology
adoption and access to technology education influence sustainability and green business
models in SMEs, while also examining economic, technical, and organisational barriers. A
systematic review of 84 peer-reviewed articles (2010-2025) reveals that both technology use
and education are positively linked to improved sustainability and innovation. However,
challenges such as high costs, skills gaps, and policy uncertainty hinder progress. The findings
highlight the need for supportive ecosystems, comprising effective policies, education, and
financial incentives to enable SMEs to adopt greener practices. Strategic recommendations
are offered for policymakers, SME leaders, and educators.
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Introduction

Small and Medium Enterprises (SMEs) are vital to global economic systems, comprising the
majority of businesses and contributing significantly to employment across both developed and
developing nations (Adams, I. A., Gyamfi, S., & Amuzuvi, C. K., 2021; World Bank, 2023).
Their presence in resource-intensive sectors such as manufacturing and logistics makes them
key stakeholders in achieving sustainability targets, including the UN SDGs and the Paris
Agreement (Gennitsaris, S., Oliveira, M. C., Vris, G., & Kontaridis, S, 2023; Ketenci & Wolf,
2024). Even incremental improvements in SME sustainability practices can yield substantial
environmental and economic benefits at scale. Over the past two decades, sustainability has
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shifted from a peripheral CSR concern to a strategic business imperative. Firms increasingly
integrate sustainability into core operations, recognising its role in enhancing performance,
resilience, and competitive advantage (Kurucz, E. C., Colbert, B. A., & Wheeler, D. 2009;
Liboni, L. B., Cezarino, L. O., Alves, M. F. R., & Stacchezzini, R. P., 2022). A growing body
of evidence indicates that companies exhibiting robust and genuine sustainability practices
frequently demonstrate superior operational performance, which translates into enhanced
financial outcomes and improved resilience to market volatilities (Clark et al., 2014). This
demonstrates a tangible and measurable link between the adoption of sustainable practices and
overall business success, moving beyond mere ethical considerations into the realm of strategic
financial management.

Digital technologies such as IoT, Al blockchain, and data analytics are emerging as powerful
enablers of sustainable transformation. These tools help SMEs optimise resource use, reduce
waste, and improve environmental performance (Tripathi, S., Bachmann, N., Brunner, M.,
Rizk, Z., & Jodlbauer, H., 2024). Moreover, access to digital skills and sustainability education
is essential for fostering innovation and building capacity for green transition, as reflected in
frameworks like the European Sustainability Competence Framework (Hamburg, 2020; Kioupi
& Voulvoulis, 2022). Despite growing recognition of sustainability’s strategic value and the
transformative potential of digital technologies, SMEs in developed economies continue to face
a persistent "implementation gap", a disconnect between sustainability awareness and the
adoption of technology-enabled green practices (Martins et al., 2022). This gap is compounded
by a "digital divide," where SMEs struggle to integrate advanced technologies relative to larger
firms, reinforcing competitive and economic disparities (OECD, 2021).

A key challenge lies in the limited understanding of how the adoption of digital technology and
education translates into measurable sustainability outcomes within SMEs. Existing research
often treats technology drivers, educational factors, and implementation barriers in isolation,
overlooking their complex interdependencies. Economic, technical, and organisational
constraints frequently dilute or obstruct the impact of digital solutions, hindering sustainable
transformation. Therefore, a holistic and integrated analysis is needed to uncover how these
elements interact and influence SMEs’ capacity to adopt green business models effectively.

To investigate how digital technology adoption facilitates sustainability practices and supports
the development of green business models among SMEs in developed economies.

1. To examine the evolution and scope of sustainability practices among SMEs from 2010
to 2025.

2. To assess the role of technology education and training in enhancing SMEs’ capacity
for green innovation.

3. To identify and evaluate economic, technical, and organisational barriers that moderate
the relationship between technology adoption and sustainability outcomes.
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These objectives are directly translated into the study's central research questions, which
operationalise the inquiry:

- What is the relationship between digital technology adoption and sustainability practice
implementation in SMEs?

- How does access to technology education influence SMEs’ capacity for green
innovation and sustainability?

- To what extent do economic, technical, and organisational barriers moderate the impact
of technology adoption and education on green business model adoption?

Finally, to empirically test the propositions inherent in the aim and questions, the study puts
forward three formal hypotheses:

e Hi: Digital technology adoption positively influences the implementation of
sustainability practices in SMEs.

e Hba: Access to technology education enhances SMEs’ green innovation capacity and
broadens sustainability practices.

e Hs: Economic, technical, and organisational barriers negatively moderate the
relationship between technology adoption, education, and green business model
implementation.

This study offers valuable contributions to academia, industry, and policy. For scholars, it
presents an integrated framework linking technology adoption, education, and barriers, thereby
advancing theoretical understanding of SME sustainability. It addresses gaps in longitudinal
and cross-national analyses. For SME owners and managers, the research provides practical
insights into leveraging digital technologies and workforce development for improved
efficiency, competitiveness, and compliance. For policymakers, it identifies key intervention
areas and supports the design of targeted policies and incentives to overcome adoption barriers.
Overall, the study aims to inform strategies that close the implementation gap and promote
inclusive, sustainable economic transformation. The research focuses on SMEs within
developed economies, particularly OECD member states, over the period 2010-2025. This
scope enables analysis of both historical trends and emerging developments in sustainability
and technology adoption. Developed nations offer robust regulatory environments, richer data
availability, and greater access to digital infrastructure and support schemes, making them ideal
for this investigation. Moreover, their practices often serve as benchmarks for global policy
and industry standards. The study spans multiple sectors, acknowledging that adoption patterns
may vary across industries.
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Literature Review
Conceptual Dialectics

This study is grounded in three interrelated concepts: sustainability, technology adoption, and
green business models. In the context of SMEs, sustainability now encompasses the integration
of environmental, economic, and social objectives into core business strategy, moving beyond
traditional CSR. Although SMEs often face resource constraints, their collective environmental
impact and strategic role in achieving global targets such as the UN SDGs make their
engagement in sustainability essential (Klewitz & Hansen, 2014). In developed economies,
sustainability is increasingly viewed as a strategic imperative for competitiveness and
legitimacy (Porter & Kramer, 2019). Technology acts both as an enabler and a barrier. Digital
tools, such as Al, IoT, and cloud-based systems, support SMEs in improving efficiency,
transparency, and environmental performance (Ghobakhloo, 2020). Innovations like renewable
energy systems and circular economy platforms facilitate deeper transitions. However,
adoption is often hindered by financial costs, limited expertise, and integration challenges,
creating tension between potential and practical implementation (Horbach, 2019).

Green business models represent a comprehensive shift in organizational strategy, embedding
sustainability into products, services, and value propositions (Bocken et al., 2014). For SMEs,
these models offer opportunities for innovation, differentiation, and alignment with ESG
standards increasingly demanded by global supply chains and conscious consumers (Deng et
al., 2024). Their successful adoption depends on internal readiness, external support, and
institutional context. Together, sustainability serves as the strategic goal, technology as the
enabler, and green business models as the operational framework. Yet, gaps persist between
intent and execution, particularly in SMEs’ use of technology education and organizational
learning. This study investigates how digital adoption and education enhance sustainability and
green innovation capacity in SMEs across developed nations.

Figure 1 below illustrates the conceptual framework, showing technology adoption driving
sustainability practices and green business adoption, with technology education as an enabler
and barriers as moderators.

Technology Education

Technology Adoption

Figure 1: Conceptual Framework
Theoretical Perspectives

The adoption of technology-driven sustainability practices in SMEs can be understood through
several interrelated theoretical frameworks.
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Diffusion of Innovation Theory (Rogers, 2003) explains how new technologies are adopted
at different rates, influenced by factors such as perceived benefits, complexity, and
observability. SMEs often fall into the "late majority" or "laggard" categories due to limited
resources and risk aversion (Ghobakhloo, 2020).

The Resource-Based View (RBV) (Barney, 1991) posits that competitive advantage stems
from unique internal capabilities, including technological assets and eco-innovation
knowledge. However, without investment in technology education, SMEs may struggle to fully
exploit these resources (Bai ef al., 2017).

The Triple Bottom Line (TBL) framework (Elkington, 1997) urges firms to balance
economic, social, and environmental goals. For SMEs, technology is a key enabler of this
balance, supporting long-term resilience (Stubbs & Cocklin, 2008). In recent years, advanced
technologies have become more available to SMEs for enhancing their goals.

Institutional Theory (DiMaggio & Powell, 1983) highlights external pressures—such as
regulations, industry norms, and ESG expectations—that drive SMEs to adopt sustainable
practices, particularly when integrated into global supply chains (Del Rio ef al., 2016).

Together, these perspectives offer a comprehensive lens for examining how technology
influences sustainability in SMEs.

Empirical Review

Over the past 15 years, research has shown both progress and persistent challenges in SME
sustainability. Early studies (2010-2025) found that SMEs primarily adopted reactive, cost-
driven eco-efficiency measures (Klewitz & Hansen, 2014). More recent work highlights a shift
towards proactive eco-innovation and strategic integration of sustainability (Albort-Morant et
al.,2017; Daddi et al., 2018). Digital technologies have played a central role in this transition.
Tools associated with Industry 4.0 have improved efficiency and enabled sustainable product
development (Ghobakhloo, 2020). However, adoption remains uneven, with many SMEs
lacking the capacity to implement these technologies effectively (Horbach, 2019). Education
and training are critical enablers. Structured programmes have been shown to enhance eco-
innovation capacity and competitiveness (Santolaria et al., 2011; Sarkis et al., 2019; Cantele &
Zardini, 2018). Nonetheless, barriers such as financial constraints, skills shortages, and
regulatory complexity persist (Horbach et al., 2012; Albort-Morant et al., 2017). While
subsidies can support adoption, long-term change depends on sustained investment in
organisational learning (Bai et al., 2017).

Gap in the Literature

Despite growing interest in SME sustainability, several gaps remain. First, most studies are
cross-sectional, lacking longitudinal insight into how practices evolve, an issue this study
addresses by covering the 2010-2025 period. Second, while technology education is often
acknowledged, few studies systematically assess its direct and indirect effects on green
innovation. Third, much of the literature is country-specific, limiting broader cross-national
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comparisons. Finally, the influence of rising global ESG pressures on SME technology
adoption remains underexplored, despite its growing relevance to market access and
competitiveness. This study responds to these gaps by examining temporal trends, evaluating
the role of technology education, and analysing how barriers moderate green business model
adoption across diverse developed economies.

Methodology

This study employs a qualitative design, structured as an explanatory systematic literature
review. It aims to explore how technology facilitates or hinders sustainability and green
business model adoption among SMEs in developed economies. Thematic analysis was
employed to identify and interpret patterns across secondary data sourced from institutional
reports, policy documents, and peer-reviewed publications spanning the period from 2010 to
July 2025.

The study defines its population conceptually as SMEs operating within OECD member
countries that engage in sustainability-related activities. This inclusive approach captures a
broad spectrum of practices and adoption pathways without limiting the analysis to specific
sectors or regions. A purposive sampling strategy was adopted, focusing on OECD countries
with robust environmental reporting and high data availability. This cross-national approach
enables comparative analysis across diverse contexts. The final sample comprised 84 studies
and reports that met strict inclusion criteria, ensuring relevance and data richness. Data were
drawn exclusively from secondary sources. Quantitative data came from OECD, Eurostat, the
U.S. Small Business Administration (SBA), and Japan’s METI. Peer-reviewed articles from
Scopus and Web of Science provided qualitative insights and contextual depth, supporting a
comprehensive understanding of adoption trends and influencing factors. Validity was ensured
through data triangulation, comparing findings across multiple sources. OECD statistics were
cross-referenced with national datasets and supported by qualitative case studies. Reliability
was enhanced by selecting only authoritative and peer-reviewed sources with transparent
methodologies.

Following the PRISMA protocol, an initial search yielded 642 records. After removing
duplicates and screening titles and abstracts, 315 unique records remained. Of these, 231 were
excluded for not meeting the inclusion criteria. The final synthesis included 84 full-text articles
and reports, all relevant to SMEs, technology adoption, and sustainability in OECD economies.
This process is summarised in the PRISMA flow diagram presented in Figure 2.
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Identilication
Records identified through database searching & institutional websites (n = 642)

}
Records after duplicates removed (n = 315)

Screening
Records screened by title/abstract (n = 315)

4
Records excluded (n=231)

Eligibility
Full-text articles assessed for eligibility (n = 84)

1
Full-text articles excluded (n = 0)

Included
Studies included in qualitative synthesis (n = 84)

Figure 2: PRISMA Flow Diagram of the Study Selection Process

Operationalisation of Variables

Key constructs were defined to support consistent coding and analysis:

9. Sustainability practices: Adoption of eco-efficiency measures (e.g., waste reduction,
energy saving), use of renewable energy (e.g., solar, wind), and circular economy

strategies (e.g., recycling, reuse).

10. Technology adoption: Uptake of digital platforms (e.g., cloud computing), renewable
energy technologies, and Industry 4.0 tools (e.g., [oT, Al, automation).

11. Access to technology education: Participation in formal training, government
initiatives, or industry-led programmes aimed at enhancing sustainability-related digital

skills.

12. Barriers: Constraints categorised as economic (e.g., high costs), technical (e.g., lack of
expertise), and organisational/institutional (e.g., policy uncertainty).

13. Green business adoption: Strategic shift in operations or offerings towards
sustainability, evidenced by certifications (e.g., ISO 14001), sustainable supply chains,

or green product lines.

These definitions guided the thematic coding and analytical synthesis.

Apriori Expectations

Before analysis, the following themes were anticipated:

e Technology as a key enabler of SME sustainability, with digital tools and renewable

energy driving efficiency and innovation.

e Technology education as a facilitator of green innovation, with higher adoption rates

linked to accessible, high-quality training.
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e Barriers as persistent constraints, including financial limitations, skills shortages, and
institutional uncertainty.

Cross-country variation within the OECD was also expected, with stronger institutional support
observed in countries like Germany and the Nordics compared to others such as the United
States.

Analytical Techniques
Thematic analysis was conducted using Braun and Clarke’s (2006) six-phase framework:
e Familiarisation with data through repeated reading.
e Generation of initial codes.
e Identification of potential themes.
e Review and refinement of themes.
e Definition and naming of themes.
e Production of the final report, integrating narrative and illustrative examples.

Themes were derived from institutional datasets, policy documents, and academic literature,
and presented via summary tables, narrative synthesis, and visual figures.

Software

Microsoft Excel was used for data organisation and visualisation. NVivo supported the coding
and management of qualitative data. However, emphasis remained on the interpretive rigour of
thematic analysis rather than software automation

Results and Findings
Hypothesis Testing and Thematic Evidence

The comprehensive analysis of the 84 selected studies provided robust support for all three
hypotheses advanced in this research. The strength of evidence, however, varied noticeably
across different national contexts, reflecting the influence of distinct institutional frameworks,
policy environments, and cultural attitudes towards sustainability and innovation. The key
findings for each hypothesis are summarised in Table 1 and further elaborated thematically in
Table 2.
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Table 1: Summary of Hypothesis Testing

Strength of

Hypothesis Indicators Support Key Evidence
German manufacturing SMEs adopting
Tech IoT-based digital monitoring systems
Adoption achieved a 15% reduction in energy use
H
Hi p‘ - Strong (Horbach, 2019). Dutch SMEs in the
Sustainability ) .
. textile sector used digital tools for
Practices . . .
circular economy  strategies, cutting
waste output by 30% (Daddi et al., 2021).
Tech SMEs participating in EU-funded eco-
) innovation workshops in the Netherlands
Education — Moderate to . .
H> . showed a marked increase in waste
Innovation Strong . . .
Capacit valorisation and renewable integration
pactty projects (Cantele & Zardini, 2018).
41% of U.S. SMEs cited uncertainty
about Return on Investment as the
. i bstacl t i ti i
Barrier custainabilty technology (SBA, 2022),
H3 moderate H;  Strong y 24 ’ '

Table 2: Thematic Evidence Matrix by Country

& Ho

Japanese SMEs reported high upfront
costs and a shortage of skilled green-tech
workers as critical constraints (METI,
2021).

Theme Germany Japan United States Nordic )
Countries
High, High in specific Uneven; High and
Technology particularly in areas like  highly widespread
Adoption automotive and precision concentrated across  sectors;
manufacturing manufacturing within clean-  strongly driven by
SMEs, driven by and robotics, tech clusters national policy
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Nordi
Theme Germany Japan United States or 1c.
Countries
Industry 4.0 slower adoption and venture- mandates and
policies. of renewables. backed firms; carbon targets.
slower in
traditional
sectors.
Weak and
Strong, fragmented; Strong; features
supported by a Moderate; a  significant comprehensive,
well-established  noticeable gap disparities government-
dual exists in digital between urban subsidised
Technology . ) . ..
) apprenticeship and green skills tech hubs and training and
Education .. . .
system that  training for rural areas; lifelong learning
integrates eco- SMEs compared lack of a initiatives
innovation to large firms. cohesive accessible to
skills. national SME:s.
program.
. . . . High perceived
P tent skills High tial : . ..
:rssls et SIS inlvgestmentlm 1 financial risk Minimal
£aps, . and ROI  compared to other
particularly costs, policy . .
) uncertainty; regions due to
among smaller uncertainty for ) )
Key fragmented extensive policy
Barrier firms, the cost of  smaller  firms, olicy subort  Support hich
i . u u ,
the renewable and limited policy  Supp pp 8

energy transition
for very small
SME:s.

availability of a
skilled
workforce.

green

Visualisation of Evidence Strength

at the federal
level;
regulatory
complexity.

public trust, and
generous subsidy
schemes.

The comparative evidence strength of the core constructs across the different national contexts
is presented in Figure 2. This visualisation highlights the stark contrast between the Nordic
nations and Germany, which demonstrate strong institutional support for both technology
drivers, and the United States, where evidence of barriers is more prominent.
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Figure 3: Evidence Strength of Technology Drivers and Barriers Across Countries

mmm Technology Adoption
mmm Technology Education
mmm Barriers (inverse strength)

3.0

=Weak, 3=High)
N N
°© in

H
w

Evidence Strength (1
=
=)

0.5

0.0

Germa™y

unite Nordic o

Discussion of Findings

The findings affirm the central role of technology in advancing sustainability within SMEs
across developed economies. The positive link between technology adoption and improved
environmental performance (H1) supports the Resource-Based View, demonstrating that digital
and green technologies act as strategic assets, which is evident in energy efficiency gains
among German SMEs (Horbach, 2019).

The second hypothesis (H2) is also validated, highlighting the importance of technology
education in building green innovation capacity. EU-funded training initiatives in the
Netherlands (Cantele & Zardini, 2018) illustrate how targeted upskilling enhances SMEs’
ability to absorb and apply new knowledge.

The third hypothesis (H3) confirms that barriers (economic, technical, and institutional)
moderate the effectiveness of technology adoption. Success in Nordic countries and Germany
is linked to coherent policy frameworks and financial support, while fragmented policies in the
United States (SBA, 2022) and sector-specific challenges in Japan demonstrate how barriers
can inhibit progress, even in technologically advanced contexts.

These findings underscore the interplay between internal capabilities and external institutional
support. For technology to drive sustainability effectively, SMEs require an enabling
ecosystem that reduces adoption risks and supports long-term transformation.

Conclusion

This study explored how technology and education influence sustainability and green business
adoption among SMEs in developed nations, based on secondary data from 2010 to 2025. Key
conclusions include:

e Technology adoption significantly enhances sustainability practices, improving
efficiency and reducing waste (H1).
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e Technology education is vital for fostering innovation and expanding sustainability
efforts (H»).

e Barriers like financial, technical, and institutional can undermine these benefits, with
impacts varying across national contexts (Hz).

e By integrating the Resource-Based View and Institutional Theory, the study offers a
nuanced understanding of SME sustainability, moving beyond simplistic narratives of
technology as a universal solution.

Recommendations

Policymakers

e Develop integrated policy frameworks combining financial incentives with regulatory
clarity.

e Fund targeted education programmes to build digital and green skills within SMEs.
Industry Associations and Educational Institutions
xlviii. Expand collaborative training initiatives aligned with green economy needs.
xlix. Create digital platforms for resource sharing and peer learning.
SME Owners and Managers
27. Engage in partnerships to access shared resources and funding.
28. Invest strategically in employee upskilling to strengthen innovation capacity.
Researchers
e Conduct longitudinal studies to track sustainability progress over time.

e Investigate sector-specific dynamics to understand how barriers and drivers vary across
industries.

REFERENCES

Adams, 1. A., Gyamfi, S., & Amuzuvi, C. K. (2021). Making Energy Savings by the
Engagement of Small and Medium-sized Enterprise on Energy Management.
International Journal of Energy and Environmental Engineering, 12, 629-645.
https://doi.org/10.11648/j.jeee.20210902.12

International Journal of Education, Management Sciences and Professional Studies (IJEMPS) 800


https://journals.iempsglobal.org/index.php/IJEMPS

International Journal of Education, Management Sciences and Professional Studies (IJJEMPS)
Vol. 1 Issue 2 (AS) PRINT ISSN:3115-5065 || E-ISSN:3115-5545
URL: https://journals.iempsglobal.org/index.php/IJEMPS

Albort-Morant, G., Henseler, J., Leal-Millan, A., & Cepeda-Carrion, G. (2017). Mapping the
field: A bibliometric analysis of green innovation. Technological Forecasting and
Social Change, 114, 254-263.

Alfirevi¢, N., Pavlinovi¢ Mrsi¢, S., & Mlaker Kac, S. (2025). Multinomial Logistic Analysis
of SMEs Offering Green Products and Services in the Alps—Adriatic Macroregion.
Journal of Eastern European and Central Asian Research, 12, 101-114.

Alvarez Jaramillo, J., Zartha Sossa, J. W., & Orozco Mendoza, G. L. (2018). Barriers to
sustainability for small and medium enterprises in the framework of sustainable
development—Literature review. Journal of Cleaner Production, 181, 440-449.
https://doi.org/10.1002/bse.2261

Bai, C., Kusi-Sarpong, S., & Sarkis, J. (2017). An integrative framework for sustainability
practices in supply chains: Evolution and future directions. Journal of Cleaner
Production, 142, 318-339.

Bai, C., Kusi-Sarpong, S., & Sarkis, J. (2022). An institutional pressure perspective on the
adoption of green practices in SMEs. Journal of Cleaner Production, 350, 131480.
https://doi.org/10.1016/j.jclepro.2022.131480

Bella, R. L. F., Filho, W. L., Sigahi, T. F. A. C., & Baldi, A. (2024). Small- and Medium-Sized
Enterprises: Trends and Future Perspectives for Sustainability and Digitalisation in

Germany. In Industry 5.0 and Sustainable Development (pp. 53-74). Springer.
https://doi.org/10.3390/su16166900

Bocken, N. M., Short, S. W., Rana, P., & Evans, S. (2014). A literature and practice review to
develop sustainable business model archetypes. Journal of Cleaner Production, 65, 42—
56.

Braun, V., Clarke, V.: Using thematic analysis in psychology. Qual. Res. Psychol. 3(2), 77—
101 (2006). https://doi.org/10.1191/1478088706gp0630a

Cantele, S., & Zardini, A. (2018). Is sustainability a competitive advantage for small
businesses? An empirical analysis of possible mediators in the sustainability—financial
performance relationship. Journal of Cleaner Production, 182, 166-176.
https://doi.org/10.1016/j.jclepro.2018.02.016

Clark, G. L., Feiner, A., & Viehs, M. (2014). From the Stockholder to the Stakeholder: How
Sustainability Can Drive Financial Outperformance. Oxford University Centre for
Corporate Reputation. http://dx.doi.org/10.2139/ssrn.2508281

Daddi, T., Nucci, B., & Iraldo, F. (2021). Using Life Cycle Assessment (LCA) to measure the
environmental benefits of industrial symbiosis in SMEs. Journal of Cleaner
Production, 285, 124827. https://doi.org/10.1016/j.jclepro.2020.124827

International Journal of Education, Management Sciences and Professional Studies (IJEMPS) 801


https://journals.iempsglobal.org/index.php/IJEMPS
https://doi.org/10.1191/1478088706qp063oa

International Journal of Education, Management Sciences and Professional Studies (IJJEMPS)
Vol. 1 Issue 2 (AS) PRINT ISSN:3115-5065 || E-ISSN:3115-5545
URL: https://journals.iempsglobal.org/index.php/IJEMPS

Daddi, T., Todaro, N. M., De Giacomo, M. R., & Frey, M. (2018). A systematic literature
review on the drivers of green practices in SMEs. Sustainability, 10(9), 3132.

de Jesus Pacheco, D. A., ten Caten, C. S., Jung, C. F., Ribeiro, J. L. D., Navas, H. V. G., &
Cruz-Machado, V. A. (2017). Eco-innovation and the circular economy: An
integrative literature review. Sustainability, 9(10), 1889.

Del Rio, P., Penasco, C., & Romero-Jordan, D. (2016). What drives eco-innovators? A critical
review of firm- and policy-related drivers of environmental innovation. Business
Strategy and the Environment, 25(6), 441-455.

Deng, S., Duan, T., Li, F. W., & Wang, Y. (2024). Major Customers and Carbon Footprints
Along the Supply Chain. Management Science. Advance online publication.
https://doi.org/10.1016/j.jcorpfin.2025.102752

Eurostat. (2023). SME adoption of environmental management systems in the European Union.
European Commission. https://ec.europa.eu/eurostat

Flint, D. J., & Golicic, S. L. (2009). Searching for competitive advantage through

sustainability. Industrial Marketing Management, 38, 585-596.
https://doi.org/10.1108/09600030911011441

Gennitsaris, S., Oliveira, M. C., Vris, G., & Kontaridis, S. (2023). Energy Efficiency
Management in Small and Medium-Sized Enterprises: Current Situation, Case Studies
and Best Practices. In Sustainable Smart Cities and Regions: Technologies and
Challenges (pp. 115-128). Springer.

Ghobakhloo, M. (2020). Industry 4.0, digitization, and opportunities for sustainability. Journal
of Cleaner Production, 252, 119869. https://doi.org/10.1016/j.jclepro.2019.119869

Gleim, M. R., McCullough, H., Sreen, N., & O’Connor, R. (2022). Is doing right all that matters
in sustainability marketing? The role of fit in sustainable marketing strategies. Journal
of Business Research, 148, 339-352. https://doi.org/10.1016/j.jretconser.2022.103124

Hamburg, 1. (2020). Learning for sustainable development through innovation in SMEs.
Procedia Manufacturing, 45, 312-317. https://doi.org/10.14738/assr}.78.8867

Hillary, R. (2017). Environmental management systems and the smaller enterprise. Journal of
Cleaner Production, 14(6), 561-569.

Horbach, J. (2019). Adoption of eco-innovation in SMEs: Empirical evidence from the German
manufacturing sector. Business Strategy and the Environment, 28(1), 35-45.
https://doi.org/10.1002/bse.2230

Horbach, J., Rammer, C., & Rennings, K. (2012). Determinants of eco-innovations by type of
environmental impact — The role of regulatory push/pull, technology push and market
pull. Ecological Economics, 78, 112—122.

International Journal of Education, Management Sciences and Professional Studies (IJEMPS) 802


https://journals.iempsglobal.org/index.php/IJEMPS

International Journal of Education, Management Sciences and Professional Studies (IJJEMPS)
Vol. 1 Issue 2 (AS) PRINT ISSN:3115-5065 || E-ISSN:3115-5545
URL: https://journals.iempsglobal.org/index.php/IJEMPS

Japan Ministry of Economy, Trade and Industry (METI). (2021). White Paper on Small and
Medium Enterprises in Japan. Government of Japan. https://www.meti.go.jp

Jiménez, E., de la Cuesta Gonzalez, M., & Boronat-Navarro, M. (2021). How Small and
Medium-Sized Enterprises Can Uptake the Sustainable Development Goals through a

Cluster Management Organisation: A Case Study. Sustainability, 13, 11674.
https://doi.org/10.3390/sul13115939

Kannan, S., & Gambetta, N.(2025). Technology-driven Sustainability in Small and Medium-
sized Enterprises: A Systematic Literature Review. In Digital Transformation for a
Sustainable Future: Advancing Eco-Friendly Technologies and Practices (pp. 37-56).
Springer. https://doi.org/10.53703/001¢.126636

Ketenci, A., & Wolf, M.(2024). Advancing energy efficiency in SMEs: A case study-based
framework for non-energy-intensive manufacturing companies. Cleaner
Environmental Systems, 13, 100164. https://doi.org/10.1016/j.cesys.2024.100218

Kioupi, V., & Voulvoulis, N. (2022). Education for Sustainable Development as the Catalyst

for Local Transitions Toward the Sustainable Development Goals. Sustainability, 14,
1362. https://doi.org/10.3389/frsus.2022.889904

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

Kong, H. M., Witmaier, A., & Ko, E. (2020). Sustainability and social media communication:
How consumers respond to marketing efforts of luxury and non-luxury fashion brands.
Journal of Business Research, 117, 702-710.
https://doi.org/10.1016/j.jbusres.2020.08.021

Kurucz, E. C., Colbert, B. A., & Wheeler, D. (2009). The Business Case for Corporate Social
Responsibility. In A. Crane, D. Matten, & L. Spence, The Oxford Handbook of
Corporate Social Responsibility (pp. 83-102). Oxford University Press.
http://dx.doi.org/10.1093/0xfordhb/9780199211593.003.0004

Liboni, L. B., Cezarino, L. O., Alves, M. F. R., & Stacchezzini, R. P. (2022). Translating the
environmental orientation of firms into sustainable outcomes: the role of sustainable

dynamic  capability. Journal of Cleaner Production, 340, 130768.
https://doi.org/10.1007/s11846-022-00549-1

Lin, R. T., & Koh, D. (2018). Small and Medium Enterprises: Barriers and Drivers of Managing
Environmental and Occupational Health Risks. Journal of Occupational Health, 60,
223-236. http://dx.doi.org/10.1016/B978-0-12-409548-9.11347-8

Majumdar, A., & Sinha, S. (2018). Modelling the barriers of green supply chain management
in small and medium enterprises. Journal of Cleaner Production, 199, 32-42.
http://dx.doi.org/10.1108/MEQ-12-2017-0176

International Journal of Education, Management Sciences and Professional Studies (IJEMPS) 803


https://journals.iempsglobal.org/index.php/IJEMPS
https://doi.org/10.3390/su13115939

International Journal of Education, Management Sciences and Professional Studies (IJJEMPS)
Vol. 1 Issue 2 (AS) PRINT ISSN:3115-5065 || E-ISSN:3115-5545
URL: https://journals.iempsglobal.org/index.php/IJEMPS

Martins, A., Branco, M. C., & Melo, P. N. (2022). Sustainability in Small and Medium-Sized
Enterprises: A Systematic Literature Review and Future Research Agenda. Journal of
Business Ethics, 177, 263-288. https://doi.org/10.3390/sul4116493

OECD (2021), The Digital Transformation of SMEs, OECD Studies on SMEs and
Entrepreneurship, OECD Publishing, Paris,https://doi.org/10.1787/bdb9256a-en.

Organisation for Economic Co-operation and Development (OECD). (2020). SMEs and green
innovation: Policy guidance for OECD economies. OECD Publishing.
https://doi.org/10.1787/sme-2020

Porter, M. E., & Kramer, M. R. (2019). Creating shared value: How to reinvent capitalism and
unleash a wave of innovation and growth. Harvard Business Review, 97(1), 64-77.

Pujiyono, R., Marimin, M., Suroso, A. L., & Arkeman, Y.(2025). An ESG-Oriented Sustainable
Business Model for Paint Industry Supply Chain in Indonesia. Sustainability, 17, 163.
https://doi.org/10.3390/sul7083741

Radulescu, 1. G., & Radulescu, A. V. (2021). Case study concerning successful Romanian
SMEs development by students education and entrepreneurial training. Management
Dynamics in the Knowledge Economy, 9, 329-340.
http://dx.doi.org/10.33727/JRISS.2021.1.3:18-24

Rizos, V., Behrens, A., & van der Gaast, W. (2016). Implementation of Circular Economy
Business Models by Small and Medium-Sized Enterprises: Barriers and Enablers.
CEPS. https://doi.org/10.3390/su8111212

Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press.

Santolaria, M., Oliver-Sola, J., Gasol, C. M., Morales-Pinzoén, T., & Rieradevall, J. (2011).
Eco-design in SMEs: Lessons from a large-scale pilot project. Journal of Cleaner
Production, 19(5), 533-544.

Sarkis, J., Zhu, Q., & Lai, K. H. (2019). Green supply chain management: A literature review
and future research directions. International Journal of Production Economics, 111(2),
1-15.

Stubbs, W., & Cocklin, C. (2008). Conceptualizing a “sustainability business model.”
Organization & Environment, 21(2), 103—-127.

Tripathi, S., Bachmann, N., Brunner, M., Rizk, Z., & Jodlbauer, H. (2024). Assessing the
current landscape of Al and sustainability literature: Identifying key trends, addressing
gaps and challenges. Journal of Big Data, 11(1), 1-68. https://doi.org/10.1186/s40537-
024-00912-x

U.S. Small Business Administration (SBA). (2022). Sustainability adoption among small
businesses: Trends and Dbarriers. U.S. Government Printing Office.
https://www.sba.gov

International Journal of Education, Management Sciences and Professional Studies (IJEMPS) 804


https://journals.iempsglobal.org/index.php/IJEMPS
https://doi.org/10.1186/s40537-024-00912-x
https://doi.org/10.1186/s40537-024-00912-x

International Journal of Education, Management Sciences and Professional Studies (IJJEMPS)
Vol. 1 Issue 2 (AS) PRINT ISSN:3115-5065 || E-ISSN:3115-5545
URL: https://journals.iempsglobal.org/index.php/IJEMPS

Viesi, D., Pozzar, F., Federici, A., Crema, L., & Mahbub, M. S. (2017). Energy efficiency and
sustainability assessment of about 500 small and medium-sized enterprises in Central
Europe region. Energy Policy, 105, 363-374.
https://doi.org/10.1016/j.enpol.2017.02.045

World Economic Forum. (2022). ESG metrics and SME competitiveness in global supply
chains. World Economic Forum. https://www.weforum.org

Wyrwisz, J., & Dziwulski, J. (2021). Sustainability as a Brand Power Factor in the Women’s
and Men’s Assessment. Sustainability, 13, 9208. http://dx.doi.org/10.35808/ersj/2268

Xia, D., Zhang, M., & Qian, Y. (2018). Developing a framework to identify barriers of Green
technology adoption for enterprises. Journal of Cleaner Production, 194, 356-365.
http://dx.doi.org/10.1016/j.resconrec.2018.12.022

International Journal of Education, Management Sciences and Professional Studies (JEMPS)

805


https://journals.iempsglobal.org/index.php/IJEMPS
http://dx.doi.org/10.1016/j.resconrec.2018.12.022

