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Abstract: Small- and medium-sized enterprises (SMEs) have inherent characteristics, which require
specific solutions for improving the sustainability performance of their operations. The purpose
of this paper is to increase the knowledge on barriers and enablers for the adoption of sustainable
manufacturing by manufacturing SMEs and to provide insights into what enablers can be used to
overcome existing barriers. Taking, as a starting point, a systematic literature review, this paper
presents a categorization of barriers and enablers for the adoption of sustainable manufacturing
by manufacturing SMEs. In total, seven categories for classifying the barriers and enablers for the
adoption of sustainable manufacturing within SMEs were identified: organizational, managerial
and attitudinal; informational; governmental; financial; training and skills development; market and
business context; and technological. Additionally, this study elaborates on what barriers could be
mitigated through the enablers. This study found specific enablers with the potential to mitigate a sig-
nificantly higher number of barriers and referred to them as “critical enablers’. SMEs aiming to adopt
sustainable manufacturing practices or improve their sustainability performance are encouraged to
focus on the enablers in these categories. This paper synthesizes and facilitates interpretation of the
existing body of evidence on barriers and enablers for adopting sustainable manufacturing in SMEs.

Keywords: SMEs; sustainable manufacturing; enablers; barriers; systematic literature review; catego-
rization

1. Introduction

Small- and medium-sized enterprises (SMEs) have received little attention in the
ongoing global debate regarding sustainability developments [1]. While the contributions
of large organizations to the global anthropogenic impact on the environment and their
effect on sustainability are obvious, the pivotal role of SMEs also requires urgent recognition.
The key role of SMEs in global sustainability is easier to appreciate when the impacts of
SMEs are viewed collectively. Statistics indicate that more than 95% of enterprises in
the world are SMEs, accounting for approximately 60% of private sector employment [2].
Although the environmental impact of an individual SME may be limited, the cumulative
environmental impact of SMEs can be high due to their large number [3]. An often quoted
estimate on the environmental impact of SMEs indicates that SMEs generate up to 70% of
all global pollution [4]. Within the European Union, SMEs are believed to be responsible
for 64% of pollution [3]. In short, the large number of SMEs means that, collectively, they
have a substantial collective impact on the environment [4-6].

Based on the definition of sustainable development [7], the concept of sustainable
manufacturing emerged. De Ron [8] defined it as an industrial activity that generates
products which meet the needs and wishes of the present society without sacrificing the
ability of future societies to meet their needs and wishes. Previous studies e.g., [9,10] have
cited or proposed definitions based on the definition developed by the U.S. Department of
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Commerce [11] that defines sustainable manufacturing as “the creation of manufactured
products using processes that minimize negative environmental impacts, conserve energy
and resources, are safe for employees, communities, and consumers and are economically
sound”. However, recent studies have revealed a lack of consensus among researchers on
the core understanding of sustainable manufacturing, ranging from different interpretations
of the “sustainability” concept, to specific terms used to define and to set the focus of
domains for the implementation of sustainable manufacturing [12]. Based on the above,
in this study, sustainable manufacturing is defined from a triple bottle line context that
considers the three dimensions of sustainability (environmental, social, and economic)
within the manufacturing function, or the manufacturing business element. We apply the
definition of sustainable manufacturing practices as the actions, initiatives, and techniques
that positively affect the environmental, social or economic performance of a manufacturing
company, helping to control or mitigate the impacts of the manufacturing operations on
the triple bottom line [13].

A logic starting point for studying how SMEs adopt sustainable manufacturing prac-
tices, and the means for supporting SMEs, is to increase the understanding of the barriers
and enablers for adopting such practices within SMEs. Studying the enabling and hin-
dering factors affecting exclusively SMEs is essential as these organizations have inherent
characteristics and face unique, local, contextual barriers, which require specific solutions.
It is essential to realize an SME is different from a large organization; SMEs cannot be
regarded as “little big businesses” [14,15].

Earlier research on the barriers and enablers faced by SMEs have addressed barriers to
innovation in SMEs [16,17], barriers to SMEs’ performance [18], barriers to environmentally-
sustainable manufacturing practices [19], and enablers for the design of sustainable pro-
duction processes, products, and services [20], among others. The literature on barriers
and/or enablers for sustainable manufacturing in SMEs is scattered, and only a few studies
exhibit a categorization of the factors e.g., [21-24]. However, most of those studies failed
to: describe the barriers and enablers individually; explain the logic underpinning the
categorization of the factors; and define the categories precisely. Unsurprisingly, this body
of literature does not include a systematic review on the topic that simultaneously considers
the triple bottom line approach. Recently, Bhanot et al. [10,25] addressed the barriers and
enablers for adopting sustainable manufacturing, but their studies did not focus exclusively
on manufacturing SMEs (including data from large organizations and SMEs). It is evident
that there is a lack of insight in the literature regarding the particular barriers and enablers
surrounding the adoption of sustainable manufacturing practices, considering the three
dimensions of sustainability, and focusing exclusively on manufacturing SMEs. Given this,
further research into these factors is of utmost importance.

Classification schemes and overviews can be very helpful in organizing information
from multiple sources, in this particular study, to organize the scattered information on
barriers and enablers encountered by manufacturing SMEs adopting sustainability practices.
Existing overviews on barriers and enablers focus mainly on energy efficiency [26-28] and
do not consider barriers and enablers from a triple bottom line perspective. Likewise,
existing overviews do not consider organizational size when identifying the barriers and
enablers and include data from both large companies and SMEs. It is, therefore, important
to compile an overview that organizes the barriers and enablers relevant to manufacturing
SMEs, while adopting sustainable manufacturing from a triple bottom line perspective.

With the aforementioned in mind, the purpose of this paper is to increase the knowl-
edge on barriers and enablers for the adoption of sustainable manufacturing by manu-
facturing SMEs and thereby provide insights into how to overcome existing barriers to
sustainability through better leverage of the enablers. To fulfill this purpose, two research
questions were formulated:

RQ1: What are the barriers and enablers faced by manufacturing SMEs related to the
adoption of sustainable manufacturing practices?

RQ2: What enablers might be used to mitigate the barriers?
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To answer these research questions, our study systematically reviewed the existing
body of literature related to barriers and enablers for sustainable manufacturing within
manufacturing SMEs, categorized the identified barriers and enablers, and, finally, pointed
out enablers with the potential to address a several of the barriers (the “critical enablers”).

Increased knowledge of the barriers and enablers affecting SMEs will, on the one
hand, help SMEs to achieve basic sustainability objectives by enhancing their knowledge
about how to address barriers to sustainability through better leverage of sustainability
enablers [29]. On the other hand, a better understanding of the barriers and enablers
for adopting sustainable manufacturing will help in the development of frameworks
to encourage proactive environmental behaviors among SMEs and, thus, foster better
sustainable manufacturing practices [30].

We believe that this study makes the following contributions: firstly, it helps to
correct the paucity of research about barriers and enablers for sustainable manufacturing
in manufacturing SMEs from a triple bottom line perspective. Secondly, it constitutes a
rare effort to present a systematic review of the existing literature on enablers and barriers
to the implementation of sustainable manufacturing in manufacturing SMEs. Thirdly, it
raises awareness among academics and manufacturing SMEs stakeholders concerning the
current barriers SMEs are facing, while adopting sustainable manufacturing. In addition,
finally, it provides a foundation for future studies aiming to explore the perceptions of
SMEs stakeholders (e.g., large company customers and government) on the barriers and
enablers presented in this paper.

The paper is structured as follows. Section 2 introduces relevant definitions. Section 3
provides methodological details about how the systematic review was conducted. Section 4
presents the overview and categorization of identified barriers and enablers, as well as
reports the review findings. Section 5 discusses the findings and limitations of the study,
and Section 6 presents the conclusions.

2. Theoretical Framework: Barriers, Enablers, and SMEs

‘Barriers’ and ‘enablers’ are two key terms in this paper. Previous research has identi-
fied barriers and enablers for sustainable manufacturing e.g., [10], enablers for environmen-
tal manufacturing practices in both large enterprises and SMEs [31], barriers and enablers
for sustainable supply chain management e.g., [32], and barriers and enablers for sus-
tainable manufacturing in both large enterprises and SMEs within a specific country [33],
and industrial barriers to sustainable manufacturing e.g., [34]. Furthermore, previous
research has also established that these factors can be either internal or external to the
organization e.g., [34-36]. Some examples of barriers to sustainable manufacturing are lack
of knowledge concerning how to adopt sustainable manufacturing practices [37], too high
costs [10], or resistance to change [21,38]. Enablers for sustainable manufacturing could, for
example, be managerial leadership toward sustainability [39] or government promotion
and regulations [10].

A barrier is defined as ‘something that prevents or hinders movement or action’ [40].
Synonyms of the term ‘barrier’ found in the literature include ‘challenges’, ‘obstacles’,
and ‘hindering factors’. Likewise, an ‘enabler’ is defined as ‘something that makes it
possible for a particular thing to happen or be done’, with the term ‘enabler’ being asso-
ciated with terms/phrases, such as ‘helpers’, ‘facilitators’, and ‘having the competence
or ability to attain a certain goal or to implement a process’ [41]. Based on the above, in
this paper, ‘enablers’ are defined as the external factors or internal attributes of SMEs that
are likely to assist, facilitate, or contribute to the adoption of sustainable manufacturing
practices. Similarly, ‘barriers’ are defined as external factors or internal attributes of SMEs
that likely represent a current or future difficulty or obstacle for SMEs wishing to adopt
sustainable manufacturing practices. The terms ‘drivers’ and ‘enablers’ are sometimes
used interchangeably [19,42], while others have stated that the definition of drivers itself is
debatable [43].
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Previous studies have also stressed the importance of indicating the internal or external
nature of barriers and enablers [44]. In this study, we distinguish between ‘internal” and
‘external’ barriers and enablers, depending on their origin (relative to an SME) and the
ability an SME has to control them. Hence, internal barriers or enablers refer to factors
that hinder or facilitate the adoption of sustainable manufacturing practices, and that
originate within the organization and, thus, can be directly controlled by it. However,
external barriers and enablers constitute the factors which hinder or facilitate the adoption
of sustainable manufacturing practices that have an external origin with respect to the
organization and, thus, cannot be directly controlled by it.

Another key term in this paper is ‘SME’. Although a universal definition of what
constitutes an SME does not exist, the most common definitions used by regulators are
based on the number of employees, sales, and/or loan size [45]. The number of employees
can vary across countries, where the most frequent upper limit designating an SME is
250 employees, as in the European Union [46]. For the purpose of this paper, we have
considered the definition given by the European Commission [47], where an SME is an
enterprise which employs a maximum of 250 employees and has a maximum turnover
of €50 million, or a total balance sheet of €43 million. SMEs have also been characterized
as heterogeneous organizations with particular qualities (pertaining to size, resources,
management style, and relationships) that make it difficult for them to adopt the practices of
large firms [15]. Commonly-mentioned characteristics of SMEs include: flat organizational
structures, unclear roles with low degrees of specialization, short-term priorities, a focus on
daily operations, lack of external orientation, tacit knowledge based mainly on experience,
flexibility and responsiveness, entrepreneurial orientation, and limited resources [48,49].
SMEs have also been described as being able to respond to the needs and preferences of
potential customers more quickly than larger organizations [50].

Actions in SMEs traditionally occur in response to operational needs, with the focus
on daily operations and short-term solutions [51]. The prevailing learning strategy within
SMEs, learning by doing, mainly supports technical skills and know-how, and it is less
effective for transferring managerial knowledge and practices [52]. Hence, the focus in
SMEs is on technical and manufacturing-related competencies, rather than on management
practices, which may create barriers to enhanced sustainable manufacturing practices. It is
worth noting that SMEs encounter difficulties when attempting to meet environmental and
social standards, mainly due to insufficient financial and human resources and difficulties
in accessing and managing information [42,53].

3. Research Methodology

This study follows a integrative view of sustainable manufacturing, by considering the
triple bottom line approach [54]. Thus, it includes a larger and comprehensive set of barriers
and enablers for sustainable manufacturing than earlier studies that have typically focused
on barriers and/or enablers for the adoption of environmentally sustainable practices
e.g., [55,56].

Systematic literature reviews are recognized as “a standard methodology for locating,
selecting, and appraising research and transferring the synthesized findings not only to
researchers and academics but also to practitioners and policy-makers in a digestible format
to inform action” [57] (p. 673).

Figure 1 depicts the process used to conduct the review, following a systematic pro-
cess [57-59]. The systematic review process started with the development of a literature
review protocol, which comprised the purpose of the review, the search strategy, search
queries, inclusion and exclusion criteria, data extraction, and synthesis.
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Figure 1. Systematic literature review process.

3.1. Data Collection and Extraction

Data collection comprised an electronic search of the literature, application of eligibility
criteria to the search results, extraction of data from the final sample, and storage of
data within a matrix in Microsoft Excel. The search strategy involved a limitation to
journal papers to ensure high academic quality. The search was conducted in Scopus, the
largest multidisciplinary bibliographic database of peer-reviewed literature. A structured
keyword search query making use of basic Boolean operators and synonyms of relevant
terms (see Table 1) ensured that all available papers addressing enablers and/or barriers
for the adoption of sustainable manufacturing by SMEs were considered. The decision
to search a large multidisciplinary bibliographic database instead of specific journals
was made because journal papers that address sustainability concerns for manufacturing
SME:s are published in journals associated with many different disciplines (e.g., operations
management, environmental sciences, engineering, etc.).

Table 1. Search query used during the electronic search (the search was done during 2019).

Search Terms Where Number of Hits

(SME* OR "small and medium sized enterprise*' OR
"small compan*" OR "small enterprise*") AND
(Sustainab* OR respons* OR environmental* OR

social* OR economic* OR green* OR clean* OR (Ti tlse C(;}‘;:frac + 2545
benign) AND (enabl* OR barrier* OR challeng* OR ! /
keywords)

"critical factor*" OR facilitator* OR driver* OR
hinder* OR obstacle*) AND (manufactur* OR
product* OR assemb* OR operation®*)

* Truncation (i.e., includes variants of a term, for example SME* will include SMEs, sustainab* will include
sustainable, sustainability, etc.).

The scope of the review was limited by the inclusion and exclusion criteria. Papers
were included in the review if they: (i) concerned barriers and enablers for the adoption of
sustainable manufacturing by SMEs; (ii) were published in a peer-reviewed journal between
1997 and 2018; (iii) were written in English; (iv) concerned SMEs within manufacturing
industries that produced assembled products and had industrial processes; and (v) were
related to operations management or industrial engineering. The scope of this review
pertains to sustainable manufacturing; therefore, papers on aspects, such as eco-design,
end-of-life product recovery, sustainability in product-service systems, eco-innovation,
sustainable consumption, and sustainability in re-manufacturing, were excluded.
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Having located potentially relevant papers in Scopus, the two-stage screening process
commenced, based on the inclusion and exclusion criteria above. The criteria played
a significant role in discarding irrelevant papers and, therefore, in data reduction. The
screening process was carried out in two stages. During the first stage, the inclusion and
exclusion criteria were applied to the titles and abstracts of the initial sample of 2545 papers.
The reasons for excluding papers at this stage were that the research did not relate to
operations management or industrial engineering (740 papers), sustainability was not a
major issue (583 papers), manufacturing was not addressed (416 papers), papers were of the
conference type (350 papers), publications were books chapters (156 papers), papers were
written in other languages than English (21 papers), and papers were duplicates (10 papers).
After the first stage, the sample was reduced to 269 papers. The second stage comprised
full-text reading of each paper remaining in the sample. During this stage, papers were
excluded for the following reasons: did not address barriers and /or enablers for sustainable
manufacturing adoption (199 papers); did not focus on SMEs context (24 papers); did not
focus on sustainability (11 papers); did not apply to the European Commission’s definition
of SME (3 papers); or did not focus on manufacturing SMEs (1 paper). The second stage
reduced the sample to 32 papers. When the final sample was identified, the next step was
to extract relevant data from each paper. A Microsoft Excel Matrix was used to organize
and summarize the data extracted from each paper for subsequent analysis. The matrix
contained key aspects from each paper, such as: title, author, journal, year of publication,
research method, sustainability perspective adopted by the paper, industry, small summary
of the paper, and relevant findings.

3.2. Data Reduction, Analysis, and Synthesis

The analysis consisted of two phases: in the first phase, barriers and enablers were
categorized; in the second phase, the enablers were matched with barriers in order to
identify potential ways to mitigate the identified barriers. During the first phase, data was
analyzed using content analysis, which involved the identification of codes, subcategories,
and categories [60]. Codes served to reduce and analyze data. A code constitutes a “label
that assign symbolic meaning to the descriptive or inferential information compiled during
a study” [61] (p. 62). Parts of text that appear to capture key thoughts in each paper were
highlighted to derive codes [60]. Codes resulted from inductive reasoning, that is, by
defining the codes based on the raw data collected from the sample of papers (and not by
defining codes and categories before the data collection took place).

Thereafter, conceptual or thematic relationships among the initial codes were sought
after, merging similar codes to form subcategories (i.e., enablers and barriers). Furthermore,
the subcategories were combined and grouped, based on the relationships between them,
into a smaller number of categories [60]. Hence, this integration of several subcategories
led to the emergence of the categories. An independent coder (a second author) revisited
and discussed the coding and findings with the first author who carried out the coding, to
agree or disagree with the categories and subcategories identified. It is worth noting that
the process of reading the extracted data, creating codes, subcategories and categories, and
re-checking these codes, categories and subcategories, and results was a cyclical process;
see Figure 1. It is unlikely that these activities will be done once only [58,61]. Thus, the
data reduction, analysis and synthesis activities were non-linear, instead of constituting
an interactive and continuous process [61]. These iterative cycles are especially important
for coding and refining the categories, as it complements or strengthens the inter-coder
reliability of the review [62].

The second phase of the analysis aimed to identify enablers with the potential to
mitigate the identified barriers. This phase began by grouping barriers and enablers
belonging to the same category and identifying the enablers with the potential to mitigate
a corresponding barrier. Then, each barrier was contrasted or matched up with the entire
list of identified enablers (inter-category analysis) aiming to identify ways of mitigating
a corresponding barrier. It is worth noting that, for matching up barriers with enablers,
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the descriptions or definitions of the barriers and enablers were of great help in making
connections between the enablers that might mitigate a specific barrier. The outcome of the
second phase of the analysis provides insights into how to address the identified barriers
for adopting sustainable manufacturing in SMEs.

4. Results
4.1. Descriptive Analysis of the Systematic Literature Review Sample

The final sample contained 32 papers and included both conceptual papers and empir-
ical papers presenting the barriers and enablers for adopting sustainable manufacturing
in SMEs. Figure 2 shows the proportion of the publications in relation to their year of
publication, the applied research methodology, and the sustainability dimension addressed.

No. of papers
0 2 4 6 8 10 12 14 16

Case study I
Survey N

Literature review NN

Survey/interviews [N
Interviews/questionnaric [l
Mathematical modelling/questionnarie Il
O

Case study/Delphy method Il

Questionnaries Il

(b)

Environmental
Sustainability
Social
Economic

= Eco-Env

- Env-Soc

= Eco-Soc

(©

Figure 2. Descriptive data: (a) distribution of papers by year, (b) distribution of papers by research
methodology), (c) distribution of papers by sustainability issue addressed.

The papers in the selected sample were quite evenly distributed between the years;
see Figure 2a, with the exception of 2011 and 2014, with only one paper, respectively. This
is, however, compensated with more papers 2012 and 2013, (four and five, respectively).
Case studies (47% of papers) and surveys (25% of papers) constituted the most common
research methods used by authors, as presented in Figure 2b. Among the empirical studies,
most of the papers used a cross-sectional design. However, none of these studies tracked
the evolution of barriers and enablers over time. Barriers and enablers faced by SMEs
have mainly been studied in the literature considering the environmental perspective of
sustainability, Figure 2c, with 69% of the papers considering barriers and enablers associated
with the adoption of environmental sustainability practices, whereas only 16% of papers in
the sample presented barriers and enablers from a triple bottom line perspective.
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4.2. Barriers and Enablers for the Adoption of Sustainable Manufacturing

The content analysis identified 61 barriers and 35 enablers (described in detail in

Appendix A Table A1). The categorization of barriers and enablers resulted in the following
seven main categories:

(a)
(b)
(0
(d)

(e)

(®)

(8)

Organizational, managerial, and attitudinal aspects (OMA) (related to managerial
skills, organizational culture and structure, and attitudes and beliefs).

Informational aspects (Inf) (related to information and knowledge).

Governmental aspects (Gov) (related to factors emerging from governmental policy).
Financial aspects (F) (related to aspects of economic or financial nature affecting the
longevity of the enterprise).

Training and skills development aspects (ISD) (related to receiving or giving instruc-
tion, training programs in order to ensure human resources have the necessary skills
and knowledge).

Market and business context aspects (M) (related to SMEs’ relations with suppliers,
customers, and other stakeholders within the business context that prevent or facilitate
the adoption of sustainable manufacturing).

Technological aspects (T) (related to the machinery, equipment, devices, and technology).

4.2.1. Barriers and Enablers per Category

Figure 3a,b, respectively, show the distribution of barriers and enablers sorted by

category. The OMA category contained the largest number of barriers (22), followed by
the governmental category (11) and the informational category (10). The training and skill
development category contained only three barriers. Regarding the distribution of the
enablers, the OMA category also contained the largest number of enablers (14), followed
by the governmental category (9), and the market and business context category (5). The
training and skill development category contained a single enabler, and the technological
category contained none.

3 Barriers; OMA OMA
5% 1 Enabler;
0,
2 Enablers; i
Governmental 6%
4 Barriers; ° Governmental
7%
N\ Informational 4 Enablers;
4 Barriers; . 11% '
7% 22 Barriers; ° Market and business
36% 14 Enablers; context
7 Barriers; Financial 5 Enablers; 40%
11% 14% _
Informational
Market and business
10 Barriers; context
16% 11 Barriers; 9 Enablers; Financial
18% Technological 26%
Trainning and skills Trainning and skills
development development
(@) (b)

Figure 3. Distribution of barriers (a) and enablers (b) per category within the final sample.

Some barriers and enablers appeared in many of the papers included in the final

sample, whereas some only a few times. Table 2 shows the most and least frequently
mentioned barriers and enablers, i.e., those mentioned in more than 31% of the papers and
less than 3% of the papers, respectively. Individual frequency values are indicated in the
detailed compilation of barriers and enablers in Appendix A Table Al. This study showed
that the most frequently mentioned barriers in the literature correspond belonged to the
OMA and financial categories, while the most frequently mentioned enablers are equally
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distributed among the categories. The frequencies of the most highly mentioned barriers
and enablers are presented in Appendix A Figures Al and A2.

Table 2. Frequency of barriers and enablers from the final sample of reviewed papers.

Barriers Enablers

Lack of access to external technical
knowledge to adopt sustainable
manufacturing practices (B23); low
skilled labor (B59); lack of awareness of
the benefits derived from sustainable
manufacturing practices (B16); lack of
financial resources (B43); manager ‘s
misunderstandings and pessimistic
preconceptions (B2); lack of time for

Knowledge networks and social
networks (E6); provision of
financial incentives to foster

Most frequently lanni . d revi P sustainable manufacturing (E17);
mentioned planning, execution anc review o pressure from market and clients
sustainable manufacturing practices . :
1 .. (E24); government regulations
(B9); little knowledge on sustainability fostering sustainabilit adoption
in SMEs (B24); difficulties accessing (E20) & y P
financial capital (B44); resistance to ’
change (B18), lack of effective
legislation and /or weak regulatory
environment (B37); high investment
costs and low returns of
environmentally technologies (B45).
Managerial support toward
collaborative environment for
Concerns that environmental innovation (E2); develop
investments undermine continuously and quick
competitiveness (B11); certain subsidies adaptation (E5); adoption of lean
impeding sustainable manufacturing manufacturing (E8); more efficient
(B35); low political participation of routines and practices (E10), use
Least frequently = SMEs (B42); difficulty quantifying the of business analysis tools (E12);
mentioned financial performance of environmental availability of flexible and
investments (B48); lack of awareness on  innovative human resources (E13);
international trends related to flat management structure and
environmental sustainability (B50); lack ~empowerment of workforce (E14);
of awareness of SMEs role on social institutionalize rewards
capital (B53). recognizing adoption of
sustainable manufacturing in
SMEs (E23).

4.2.2. Barriers and Enablers for Sustainable Manufacturing Lacking an Integrative
Perspective

Most of the identified barriers were related to specific sustainable manufacturing
practice (e.g., barriers to adopting life cycle assessment and barriers to industrial energy
efficiency in SMEs), compared to a significant smaller number of barriers toward more sus-
tainability integrated approaches (e.g., barriers and enablers for sustainable manufacturing,
barriers for clean production and barriers to engaging in corporate social responsibility).
Similarly, most of the identified enablers were related to a specific sustainable manufactur-
ing practice (e.g., enablers and barriers for adopting environmental management systems),
compared to the papers addressing enablers from more integrated sustainability approaches
(e.g., characteristics for achieving sustainable manufacturing companies). Exemplifying
this, and from a more integrated perspective, Coppa and Sriramesh [63] explored the
enablers for SMEs to engage in CSR practices, and found that social networks consolidate
the strong relationships among stakeholders that constitute the social capital of SMEs,
which is closely associated with an increase in organizational competitiveness and, thus,
the enterprise’s longevity. Among the few papers indicating enablers for improving the
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economic sustainability of SMEs, Thomas et al. [64] proposed a set of factors for the devel-
opment of economically sustainable manufacturing SMEs, concluding that SMEs aiming for
business sustainability should focus on achieving business growth while reducing resource
consumption, both in manufacturing processes and final products. Lean implementation
was highlighted as an enabler for reducing operating costs. When combined with product
innovation strategies, lean implementation would enable SMEs to break into new markets
and, thus, become resilient to market changes and capable of attaining long-term economic
sustainability.

4.2.3. Internal and External Barriers and Enablers

Previous studies have stressed the importance of indicating the internal or external
nature of barriers and enablers [44]. The internal or external nature of a factor is dictated by
its origin with respect to the SMEs and by the ability of SMEs to influence the factor [34-36].
Very few studies in our sample indicated the internal and external characteristic of the
factors [21,36,37,43,65]. The systematic review of the literature carried out in this paper
revealed 61 barriers and 35 enablers (See Appendix A Table Al). Most of the identified
barriers were internal (51%), while the remaining (49%) were external. Regarding the
enablers, the majority were found to be external (51%), while the remaining (49%) had
an internal origin. An overview of the identified barriers and enablers is presented in
Figure 4. External factors are followed by (E) and displayed in a darker shade compared to

the internal ones (followed by (I)).

E6. Knowledge networks and social networks (E)

E1. Managerial support and effective leaders hip
towards sustai nabil ity (1)
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from sustainable manufacturing (1)

ES. Develop continuously and adapt quickly to the

E15. Provide government
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SMEs (E)

E16. Government provided
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sustainable manufacturing (E)
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B22. Lack of enough environmental progress (I)

Figure 4. Schematic presentation of the identified barriers and enablers for the adoption of sustainable

manufacturing in manufacturing SMEs.
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4.3. Mitigating Barriers through Enablers for Sustainable Manufacturing

The second research question in this paper was related to what enabler might be used
to mitigate the barriers. With this question in mind, Table 3 presents the barriers alongside
the enablers with the potential to mitigate them. ‘I" indicates the enabler is internal, while
‘E’ indicates it is external. Some enablers address specific barriers more directly or are
expected to have a more direct mitigating effect on a barrier than others. Table 3 indicates

such enablers using the symbol §.

Table 3. Identified barriers matched with enablers that could mitigate them.

Cat. Barriers Enablers Mitigating Specific Barriers

QE12. Use of business analysis tools (I/OMA)
QE16. Government provided information on sustainable manufacturing (E/Gov)

B1. Manager’s lack of awareness :

about the company’s environmental QE11. Environmental management systems (I/OMA)

sustainability impact (I) E15. Provide government sponsored platforms supporting SMEs (E/Gov)
E6. Knowledge networks and social networks (E/OMA)
E26. External cooperation (E/M)
QE4. Realistic expectations about benefits emerged from sustainable manufacturing
(I/OMA)

B2. Manager 's misunderstandings ~ E30. Clarity of information (E/Inf)

and pessimistic preconceptions (I) E15. Provide government sponsored platforms supporting SMEs (E/Gov)
E28. Pressure from supply chains to adopt sustainable manufacturing
Practices (E/M)

B3. Lack of trust of SME owners (I) E6. Knowledge networks and social networks (E/OMA)

B4. Expectations of excessively high ?Eél).l\l/[{:ialistic expectations about benefits emerged from sustainable manufacturing

profitability from energy efficiency & )

practices (I) E30. Clarity of information (E/Inf)

Oreanizational B5. Incompatibility of owner’s
maiagerial an d’ ethics and personal values with QE1. Managerial support and effective leadership toward sustainability (I/OMA)
attitudinal sustainability (I)
(OMA) El. Managerial support and effective leadership toward sustainability (I/OMA)

B6. Organizational culture not
aligned with sustainability values (I)

E14. Flat management structure and empowerment of workforce (I/OMA)

E11. Environmental management systems (I/OMA)

B7. Low managerial priority toward
sustainable manufacturing
practices (I)

QE1l. Managerial support and effective leadership toward sustainability (I/OMA)

QE12. Use of business analysis tools (I/OMA)

E15. Provide government sponsored platforms supporting SMEs (E/Gov)

E28. Pressure from supply chains to adopt sustainable manufacturing
practices(E/M)

E24. Pressure from market and clients (E/M)

E23. Institutionalize rewards recognizing the adoption of sustainable
manufacturing in SMEs (E/Gov)

B8. Lack of managerial competence
in owners/managers of SMEs (I)

E15. Provide government sponsored platforms supporting SMEs (E/Gov)

E16. Government provided information on sustainable manufacturing (E/Gov)

E35. Education and training systems to improve operations (I/TSD)

E11. Environmental management systems (I/OMA)

E26. External cooperation (E/M)

E6. Knowledge networks and social networks (E/OMA)
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Table 3. Cont.

Cat. Barriers Enablers Mitigating Specific Barriers

B9. Lack of time for planning,

execution and review of sustainable  E13. Availability of flexible and innovative human resources (I/OMA)

practices (I)

B10. Perceived conflicts between QE12. Use of business analysis tools (I/OMA)

i tal ti d oth

Eﬂz;;zzﬁ; eactglreasc&)ces and other El. Managerial support and effective leadership toward sustainability (I/OMA)
QE4. Realistic expectations about benefits emerged from sustainable manufacturing
(I/OMA)

B11. Concerns that environmental QE12. Use of business analysis tools (I/ OMA)

investments undermine

competitiveness (I) E8. Adoption of lean manufacturing and product innovation strategies (I/OMA)
E26. External cooperation (E/M)
E6. Knowledge networks and social networks (E/OMA)

B12. Lack of human resources (I) QFE13. Availability of flexible and innovative human resources (I/OMA)
E6. Knowledge networks and social networks (E/OMA)

B13. Multifunctional staff (I) QFE13. Availability of flexible and innovative human resources (I/OMA)

Bl4. Low involvement of E9. Inclusiveness of workers toward a more participatory culture (I/OMA)

workers (I)
E9. Inclusiveness of workers toward a more participatory culture (I/OMA)

BI5. Difficulties attracting and E14. Flat management structure and empowerment of workforce (I/OMA)

retaining workers (I) E35. Education and training systems to improve operations (I/TSD)

Organizational, E7. Interpersonal attitudes and communications (I/OMA)
ma;r:tai%zgiai:lnd E11. Environmental management systems (I/OMA)
(OMA) QE35. Education and training systems to improve operations (I/TSD)

B16. Lack of awareness of the
benefits derived from sustainable
manufacturing practices (I)

QE11. Environmental management systems (I/OMA)

QE6. Knowledge networks and social networks (E/OMA)

E15. Provide government sponsored platforms supporting SMEs (E/Gov)

E16. Government provided information on sustainable manufacturing (E/Gov)

E28. Pressure from supply chains to adopt sustainable manufacturing
Practices (E/M)

B17. Risk perception (I)

E30. Clarity of information (E/Inf)

E15. Provide government sponsored platforms supporting SMEs (E/Gov)

E16. Government provided information on sustainable manufacturing (E/Gov)

E25. Increased support from large customers (E/M)

B18. Resistance to change (I)

QE2. Managerial support for collaborative environment for innovation (I/OMA)

QES5. Develop continuously/adapt to the environment (I/OMA)

E11. Environmental management systems (I/OMA)

E8. Adoption of lean manufacturing and product innovation strategies (I/OMA)

E28. Pressure from supply chains to adopt sustainable manufacturing
practices (E/M)

E25. Increased support from large customers (E/M)

B19. Lack of internal marketing of
practices and systems (I)

E35. Education and training systems to improve operations (I/TSD)

E11. Environmental management systems (I/OMA)
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Table 3. Cont.

Cat. Barriers Enablers Mitigating Specific Barriers
QE7. Interpersonal attitudes and communications (I/OMA)
B20. Lack or poor communication (I) ~ E11. Environmental management systems (I/ OMA)

E6. Knowledge networks and social networks (E/OMA)
QE11. Environmental management systems (I/OMA)
QE3. Long-term strategy (I/OMA)

Organizational, B21. Lack of continuity in the QE25. Increased support from large customers (E/M)

mi:::i%saiiﬂ;nd ?:;f&ggtgiii:;;ari:ci?clzs M QE1. Managerial support and effective leadership toward sustainability (I/ OMA)

(OMA) E28. Pressure from supply chains to adopt sustainable manufacturing (E/M)

E5. Develop continuously/adapt to the environment(I/OMA)

E6. Knowledge networks and social networks (E/OMA)

B22. Lack of enough environmental
progress (I)

QE4. Realistic expectations about benefits emerged from sustainable
manufacturing (I/OMA)

E6. Knowledge networks and social networks (E/OMA)

E25. Increased support from large customers (E/M)

Informational (Inf)

B23. Lack of access to external
technical knowledge to adopt
sustainable manufacturing
practices (E)

QE16. Government provided information on sustainable manufacturing (E/Gov)

QE15. Provide government sponsored platforms supporting SMEs (E/Gov)

QE31. Technical support from technology suppliers (E/Inf)

E6. Knowledge networks and social networks (E/OMA)

E26. External cooperation (E/M)

E25. Increased support from large customers (E/M)

B24. Little knowledge on
sustainability in SMEs (I)

QE15. Provide government sponsored platforms supporting SMEs (E/Gov)

QE16. Government provided information on sustainable manufacturing (E/Gov)

E6. Knowledge networks and social networks (E/OMA)

E25. Increased support from large customers (E/M)

E26. External cooperation (E/M)

B25. Lack of knowledge on
environmental systems and
difficulty for certification (I)

E15. Provide government sponsored platforms supporting SMEs (E/Gov)

E6. Knowledge networks and social networks (E/OMA)

E25. Increased support from large customers (E/M)

E26. External cooperation (E/M)

B26. Lack of awareness programs
conducted locally (E)

QE6. Knowledge networks and social networks (E/OMA)

QE26. External cooperation (E/M)

E15. Provide government sponsored platforms supporting SMEs (E Gov)

B27. Lack of access to information
specific technologies (E)

E6. Knowledge networks and social networks (E/OMA)

E26. External cooperation (E/M)

B28. Information from technology
suppliers is not clear for SMEs (E)

QE30. Clarity of information (E/Inf)

E6. Knowledge networks and social networks (E/OMA)

E26. External cooperation (E/M)

B29. Lack of information on real
costs and benefits of energy efficient
technologies (E)

E32. Increase trustworthiness information(E/Inf)

E6. Knowledge networks and social networks (E/OMA)

B30. Lack of data on energy
consumption

QE29. Use indicators, monitoring and controls on energy efficiency

B31. Low trustworthiness of the
information source (E)

QEB32. Increase trustworthiness information (E/Inf)

B32. Lack of information on
economic incentives (E)

QE17. Provide financial incentives to foster sustainable manufacturing practices
and company ‘s growth (E Gov)

E26. External cooperation (E/M)
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Table 3. Cont.

Cat.

Barriers

Enablers Mitigating Specific Barriers

Governmental (G)

B33. Lack of governmental incentive
policies, subsidies (E)

QE18. Provide technical incentives (E/Gov)

QE17. Provide financial incentives to foster sustainable manufacturing practices
and company ‘s growth (E/Gov)

B34. Lack of incentives for local
collaborative networks/
associations (E)

QE6. Knowledge networks and social networks (E/OMA)

QE26. External cooperation (E/M)

B35. Certain subsidies that impede
sustainable manufacturing (E)

QE17. Provide financial incentives to foster sustainable manufacturing practices
and company “s growth (E/Gov)

B36. Lack of local guidance for
adopting sustainable
manufacturing (E)

QE15. Provide government sponsored platforms supporting SMEs (E/Gov)

QE16. Government provided information on sustainable manufacturing (E/Gov)

E25. Increased support from large customers (E/M)

B37. Lack of effective legislation,
weak regulatory environment (E)

QE20. Government regulations fostering sustainability adoption (E/Gov)

B38. Difficulty complying with
regulations (E)

QE21. Legislation appropriately written toward SMEs (E/Gov)

B39. Frequent changes in
environmental regulations (E)

B40. Absence of single authoritative
body interpreting EMSs (E)

B41. Corruption (E)

B42. Low political participation of
SME:s (E)

E22. EU policy supporting corporate sustainability in SMEs (E/Gov)

Financial (F)

B43. Lack of financial resources (I)

QE33. Reducing manufacturing costs (I/F)

E19. Provide financial accesses to SMEs (E/Gov)

B44. Difficulty accessing financial
capital (E)

QE19. Provide financial accesses to SMEs (E/Gov)

B45. High investment costs and low
returns of environmentally-
sustainable technologies (E)

E6. Knowledge networks and social networks (E/OMA)

E25. Increased support from large customers (E/M)

B46. Hidden costs of adopting
certain sustainable manufacturing
practices and compliance costs (I/E)

QE34. Increased awareness of the economic benefits of sustainable manufacturing
practices (I/F)

QE33. Reducing manufacturing costs (I/F)

E25. Increased support from large customers (E/M)

B47. Cost of implementing CSR (E)

QE34. Increased awareness of the economic benefits of sustainable manufacturing
practices (I/F)

QE33. Reducing manufacturing costs (I/F)

B48. Difficulty quantifying the
financial performance of
environmental investments (E)

B49. Traditional financial
accountings systems exclude
environmental costs (E)

Market and
business
context (M)

B50. Lack of awareness of
international trends related to
environmental sustainability (E)

E6. Knowledge networks and social networks (E/OMA)

E24. Pressure from market and clients (E/M)

E25. Increased support from large customers (E/M)

E26. External cooperation (E/M)

B51. Competition with
less-expensive products (E)

E8. Adoption of lean manufacturing and product innovation strategies (I/OMA)

E25. Increased support from large customers (E/M)

B52. Weak public awareness and
pressure on SMEs (E)

QE24. Pressure from market and clients (E/M)

B53. Lack of awareness of SMEs role
on social capital (E)

QE6. Knowledge networks and social networks (E/OMA)

B54. Low energy prices (E)

QE27. High energy prices (E/M)
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Table 3. Cont.

Cat.

Barriers

Enablers Mitigating Specific Barriers

Technological (T)

B55. Need for additional
infrastructural modifications (I)

QE10. More efficient routines and practices (I/OMA)

B56. Use of outdated technology (I)

QE18. Provide technical incentives (E/Gov)

B57. Unavailable technology (E)

QE18. Provide technical incentives (E/Gov)

E20. Government regulations fostering sustainability adoption (E/Gov)

E17. Provide financial incentives to foster sustainable manufacturing practices

B58. Emphasis on end-of-pipe and company s growth (E Gov)

process (I)

E24. Pressure from market and clients (E/M)

E28. Pressure from supply chains to adopt sustainable manufacturing practices
(E/M)

QE35. Education and training systems to improve operations (I/TSD)
E6. Knowledge networks and social networks (E/OMA)

B59. Low skilled labor (I)

Trz:iininlg and skill “pgqg Inadequate development of QE35. Education and training systems to improve operations (I/TSD)
evelopment worker’s new skills/lack of tech -
(TSD) training (I) E6. Knowledge networks and social networks (E/OMA)

B61. Lack of investment in
environmentally sustainable
education and training (I)

El. Managerial support and effective leadership toward sustainability (I/OMA)

Frequency of critical enablers addressing barriers

20

w

0

As can be noted in Table 3, not all barriers could be addressed by the enablers extracted
from the literature: difficulty quantifying the financial performance of environmental
investments (B48); traditional financial accounting systems exclude environmental costs
(B49); frequent changes in environmental regulations (B39); absence of single authoritative
body interpreting EMSs (B40); and corruption (B41). In addition, the distribution of enablers
from other categories expected to mitigate barriers within a given category is presented in
Appendix A Figure A3.

This study found that there is a high occurrence of OMA enablers expected to overcome
the identified barriers, followed by market and business context and governmental enablers
(see Table 3, Figures 4 and 5, and Appendix A Figure A3). Therefore, the enablers belonging
to those categories most often contributed partially or directly to the mitigation of barriers.

E6. Knowledge [E25. Increased  E26, External — E15. Provide L1l E16. Ll Managerial [35. Education  [E28. Pressure
networks and support from cooperation government Environmental Government support and and training from supply
social networks large customers sponsored management provided effective systems to chains to adopt

platforms systems information on leadership improve sustainable
supporting SMEs sustainable towards operations manufacturing

manufacturing  sustainability

Figure 5. Critical enablers expected to address the highest number of identified barriers.
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Lastly, the “critical enablers” according to the frequency with which they were ex-
pected to address the identified barriers are presented in Figure 5. The critical enablers
belonged in its majority to the OMA, as well as market and business context categories
(knowledge networks and social networks (E6) being the top critical enabler).

5. Discussion

This section comprises a two-fold discussion: firstly, it discusses the identified barriers
and enablers faced by manufacturing SMEs when adopting sustainable manufacturing
practices; secondly, it discusses what identified enablers that could contribute to mitigate
the identified barriers.

5.1. Barriers and Enablers for Sustainable Manufacturing in SMEs

The systematic literature review revealed that researchers have studied barriers to
a higher extent compared to the enablers. This predominance of barriers over enablers
is consistent with previous findings [19,23]. Our study showed that the most commonly
mentioned barriers in the literature made reference to lack of access to external technical
knowledge (B23), low skilled labor (B59), lack of awareness of the benefits from sustainable
manufacturing practices (B16), and lack of financial resources (B43).

Regarding the enablers identified from the review, knowledge, and social networks
(E6), was the most commonly mentioned. Knowledge networks (E6) can mitigate the
following barriers: lack of access to external technical knowledge (B23); low skilled labor
(B59); and little knowledge about sustainability (B24). However, knowledge networks (E6)
also facilitate the development of social capital by SMEs through mutual relationships
with other SMEs and collaboration in formal or informal networks, which can lead to
improved SME social performance. Thus, knowledge networks constitute a crucial enabler
for SMEs to improve knowledge transfer from stakeholders to SMEs and to promote tech-
nology development, thereby enabling SMEs to gain the knowledge that is essential to
the successful adoption of sustainable manufacturing practices. The provision of financial
incentives to foster sustainable manufacturing (E17) constituted another commonly men-
tioned enabler. Financial incentives are commonly recognized for promoting sustainable
manufacturing practices and company growth. Subsidies are critical for the adoption of
sustainable manufacturing practices as they help steer investments toward technologies
and manufacturing practices leading to improved sustainability performance. Similarly, tax
deductions and depreciation allowances might also provide incentives for SMEs to change
inefficient equipment more quickly [66].

The categorization, that resulted from an inductive content analysis of the final sample
of papers in the literature, was found to be similar to categorizations developed in earlier
studies [22-24]. Shi et al. [22] categorized the barriers to implementing clean manufactur-
ing according to: policy and market barriers, financial and economic barriers, technical
and information barriers, and organizational and managerial barriers. Henriquez and
Catarino [23] divided the barriers to improving energy efficiency into eight categories:
organizational, management, financing, government, economic, training and knowledge,
behavioral, and technical. Similarly, Oliveira Neto et al. [24] grouped the barriers to imple-
menting clean production into six main categories: economic and financial, technological,
cultural, legislation, government, and organizational. Most of these studies did not explain
the reasons for their respective categorizations or describe the factors (enabler or barriers)
within their categories. The categories mentioned in these earlier studies typically refer to
organizational, financial, technological, market, and government factors. Our categories
include separate training and skills development and informational categories (as well
as the ones similar to those referred in previous studies), whereas many enablers and
barriers in these two new categories have previously been classified as belonging to the
organizational or technological categories. Separating the training and skills development
and informational categories permits increased understanding of individual factors related
to skills development and informational aspects of adopting sustainable manufacturing
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practices and illuminates the relationships between the factors in these new categories
that may not be obvious when they are viewed as factors within broader organizational or
technological categories.

In our categorization, the OMA category contained the highest number of identified
barriers and enablers. Previous studies have emphasized the importance of management
and human resources when adopting sustainable manufacturing practices [21,67]. Given
that SMEs are commonly characterized by low effectiveness in transferring managerial
knowledge and practices, many barriers faced by SMEs relate to managerial competencies
and management practices that, at the end, represent obstacles when trying to adopt
sustainable manufacturing practices and to remain profitable over time.

The governmental category contained the second largest number of barriers and
enablers, confirming previous findings pointing out that environmental legislation compli-
ance is more difficult for SMEs than for large companies, as the smaller the company is, the
more difficult legislation compliance appear [3]. The relevance for SMEs of factors in the
governmental category may also lie in the role of regulation in inducing compliance [68].
SMEs might perceive governmental initiatives as a catalyst for complying and, thus, adopt-
ing sustainable manufacturing practices. This observation is linked with previous findings
on the reactive approach SMEs often have toward environmental regulation, acting only
when there is a specific requirement to do so, and otherwise focusing on daily business
operations [19].

Barriers and enablers for the adoption of sustainable manufacturing rarely exist in
isolation. More often, they are interconnected with other barriers and enablers [34]. The
barrier of using outdated technology (B56), for example, is expected to be exacerbated by
other barriers, such as lack of government subsidies (B33), lack of financial resources (B43),
and difficulties in accessing financial capital (B44). We believe that these additional barriers
make the first barrier more difficult to mitigate. Increased availability of government
subsidies increases the probability that SMEs will purchase cleaner technologies [69].
Another example of the interconnection between barriers was pointed out by Oliveira Neto
et al. [24], who reported that financial barriers, and more specifically, the lack of financial
resources, have a significant impact on technological and informational barriers (e.g., low
skilled labor (B59); use of outdated technology (B56); inadequate development of worker’s
new skills (B60), etc.). Likewise, the barrier resistance to change (B18) may be linked with
the barrier lack of trust of SMEs’ owners (B3), which makes SMEs’ owners resistant to share
sharing information about their companies. As a result, SMEs owners become reluctant to
implement changes or acknowledge that changes are required, resulting in inertia [70].

The evident preponderance of barriers, over enablers, for sustainable manufacturing
in SMEs may be rooted in the inherent characteristics of SMEs, which include limited
human and financial resources, problems with accessing and managing knowledge, focus
on daily operations, short-term priorities, and little focus on management practices [48,49].
These characteristics may cause SMEs to more frequently encounter difficulties meeting
environmental and social standards than larger companies. The preponderance of barriers
over enablers might be also affected by the infancy stage of research on sustainable opera-
tions management in SMEs (large enterprises being the main subjects of research in this
area), resulting in limited external knowledge for implementing sustainable manufacturing
practices in SMEs. As a result, guidelines or benchmarks for the adoption of sustainable
manufacturing in SMEs are still lacking [49] and highly needed [25,71]. Another way in
which the inherent characteristics of SMEs may influence enablers and barriers is exempli-
fied by the fact that the commonly mentioned enabler is knowledge and social networks
(E6). This enabler seems to be vital for SMEs as these organizations are commonly found to
lack technical knowledge, face difficulties accessing technical information, and do not have
all the necessary competence in-house.
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Flexibility and risk-taking have been described as common characteristics of SMEs [48,72].
Nevertheless, when it comes to the adoption of sustainable manufacturing practices, re-
searchers have found that SMEs experience resistance to change (B18) while adopting
these practices. This resistance may be a result of the typical short-term sight of the SMEs,
where planning is often limited to the internal operational levels where performance is mea-
sured [73]. Although comprehensive methods have been proposed to evaluate sustainable
manufacturing performance at the product and process levels, holistic approaches to evalu-
ate sustainable manufacturing performance at systems level are still lacking [74]. Similarly,
Mittal and Sangwan, [75], observed that SMEs, particularly in emerging and developing
countries, show resistance to change, even to the adoption of better manufacturing and
management systems.

It was found that some of the barriers and enablers could not be classified as exclu-
sively enablers or exclusively barriers because they were situational and were indicated
as ‘factors’ by the original authors. Two examples of these factors refer to public pressure
and energy prices, in our study identified as: weak public awareness and pressure on
SMEs (B52), pressure from markets and clients (E24), low energy prices (B54), and high
energy prices (E217). These can be considered enablers by SMEs in developed economies
within countries with highly responsive environmental and social policies and high levels
of public awareness. At the same time, these two factors would be considered barriers for
SMEs in other countries where sustainability awareness and policies are not prioritized or
aligned, as is commonly the case in developing economies.

Furthermore, some of the identified barriers and enablers for SMEs tend to vary
according to the level of development of the country in which the SMEs being studied
were located. Fernandez-Vifié et al. [36], for example, observed that European SMEs
considered the lack of infrastructure and technology to be a barrier, while Venezuelan SMEs
recognized the insensitivity of buyers and end users as a barrier. Similarly, some of the
studies conducted in developing countries in the Caribbean [38] or in China [22] reported
the lack of a market for sustainable sound products as a clear barrier, while other studies
viewed market demand for green products as an enabler of sustainable manufacturing [69].
Nevertheless, similarities in the barriers affecting SMEs in developed and developing
countries have been also reported in the literature. Jabbour and Puppim-De-Oliveira [71]
carried out a study between SMEs clusters in Japan and Brazil, concluding that both clusters
were affected by similar barriers: lack of information and knowledge on sustainability, and
competition with less-expensive products manufactured without social and environmental
considerations.

Our study identified substantially more barriers (61) than enablers (35). This result
contrasts earlier research, such as Walker at al. [35], where more enablers than barriers to
environmental supply chain management were found. Our study also differs from the
findings in Govindan and Bouzon [44], which found a similar number of barriers (36) and
enablers (37) for reverse logistics, and of Bhanot et al. [25], that observed similar numbers
of barriers (29) and enablers (22) for sustainable manufacturing in both large and SMEs.
Given that our study focused exclusively on SMEs, the sharp difference in the numbers of
barriers (61) and enablers (35) we identified may be the result of inherent characteristics
of SMEs.

Regarding the origin of the barriers and enablers, our study did not identify any
marked differences between the internal (51%) and external barriers (49%), and the internal
(49%) and external (51%) enablers faced by SMEs. This even distribution of internal and
external barriers and enablers contrasts with a review by Walker et al. [35], who found a
predominance of internal barriers over external barriers to environmental supply chain
management within large companies. However, after carrying out an empirical study,
Walker et al. [35] found a similar distribution of internal and external barriers.

Our study suggests that the barriers and enablers to sustainable manufacturing within
SMEs have similarities with the ones experienced by both large enterprises and SMEs.
Mittal et al. [76] encountered similar enablers and barriers to green manufacturing im-
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plementation (disregarding organization size). Similar enablers identified were: strict
legislation, incentives, public and peer pressure, cost savings, supply chain pressure, top
management commitment, public image, and skilled staff. Common barriers included:
weak legislation and low enforcement; high implementation costs; low managerial priority
toward sustainable manufacturing; lack of managerial awareness; and limited access to
sustainability literature. Nordin et al. [33] studied the barriers and enablers for sustainable
manufacturing in both large enterprises and SMEs in Malaysia. They determined that envi-
ronmental regulation was the most important enabler for environmental manufacturing
practices, followed by top management commitment toward sustainable manufacturing
practices and improved corporate image. The most significant barriers were: increases in
the overall cost of implementation; lack of specific ideas of what to do and when to do it; and
lack of awareness and understanding in companies of sustainability. Later, Bhanot et al. [25]
studied the perceptions of barriers and enablers to sustainable manufacturing in both large
enterprises and SMEs. Common barriers found in their study were: managers’ negative
preconceptions; resistance to change; lack of awareness of benefits from adopting sustain-
ability; low availability of credit; high investment costs; and low returns of environmentally
sustainable technologies. Common enablers were: government-provided information;
education and training systems; managerial support; knowledge networks; and reducing
manufacturing costs. Some enablers pinpointed by Bhanot et al. [25] that are not present in
our study were: the development of e-economy, improving quality, and attracting foreign
investment. All barriers observed by Bhanot et al. [25] were also identified in our study.
Recently, Miras-Rodriguez et al. [31] studied enablers for environmental manufacturing
practices in both large enterprises and SMEs, of which the following were also identified in
our study: engaged top management to environmental responsibility; employee values
aligned with sustainability; increased awareness of environmental issues among customers;
and current government legislation. Enablers observed by Miras-Rodriguez et al. [31] that
were not found in our study were: championing efforts by individual employees or small
groups of employees; employee problem-solving teams; the threat of future government
legislation; and the belief that it is possible to reduce costs while protecting the environment.
In summary, the results from our study suggest that, although certain similarities
exist in the barriers and enablers affecting SMEs and large enterprises, further research
comparing these bodies of studies is needed. We believe the impact of similar barriers may
be more acute for SMEs than for large enterprises because of the lack of resources in SMEs.

5.2. Critical Enablers Addressing Identified Barriers

It was found that the most critical enablers, i.e., the enablers expected to mitigate the
highest number of identified barriers (see Figure 5), in descending order of importance,
were: knowledge networks and social networks (E6); increased support from large sized
customers (E25); external cooperation (E26); provide government sponsored platforms
supporting SMEs (E15); environmental management systems (EMAS and ISO 14001) (E11);
government provided information on sustainable manufacturing (E16); managerial support
toward sustainability (E1); education and training systems to improve operations (E35); and
pressure from supply chains (E28). Knowledge and social networks (E6) constituted the top
critical enabler expected to mitigate the highest number of barriers (22 barriers), confirming
earlier findings in the literature that SMEs benefit from the professional advice received
from academic collaborations [77]. Similarly, Triguero et al. [69] stated that collaborative
networks between SMEs and research institutions are essential for the development of
cleaner technologies by SMEs. Spence and Schmidpeter [78] accentuated the importance of
SMEs’ contributions to the development of social capital, which will result in improved
social performance of the SME. In terms of the economic growth of SMEs, Shah et al. [79]
noted the importance of social networking as a tool that enables SMEs to cooperate and
collaborate with other firms in order to access and use scarce resources or resources that
are not available to these SMEs. Social networks are critical as they constitute the social
capital of SMEs and, thus, are crucial to a company’s competitiveness and longevity. The
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European Commission also highlighted the importance of SME networks, and SME-specific
associations at the European or national level, in supporting the sustainability progress
of SMEs [3]. Organizations and associations representing SMEs are expected to facilitate
the transfer of knowledge accumulated by third parties by: working in collaborative
projects with several SMEs centered on solutions to the main environmental issues in the
sector causing increased costs; and by providing sector specific guidelines for improving
environmental performance.

Six out of the nine critical enablers are external, which highlights the crucial role that
external parties (e.g., Government, large-customers) have in helping SMEs improve their
sustainability performance. That said, it is evident that most of the identified barriers to
sustainable manufacturing could be addressed through knowledge and education provided
by either government or large customers; knowledge networks and social networks; or
external cooperation.

Our analysis showed that enablers belonging to the OMA category had the potential to
contribute the most toward addressing or overcoming the identified barriers to sustainable
manufacturing. Table 3, Figures 4 and 5, and Appendix A Figure A3 reflect this by showing
that OMA enablers most often contributed partially or directly to the mitigation of barriers.
This result suggests that SMEs will have greater potential to mitigate barriers to sustainable
manufacturing, by focusing on the enablers related to the OMA category. Moreover, this
study found that OMA enablers could mitigate barriers in all categories. Conversely,
financial enablers were only able to mitigate barriers related to financial aspects. This result
may contradict the general belief that financing alternatives are the solution to many types
of barriers, although it is consistent with results by Hillary [21] which found that the lack
of human resources, not financial ones, in micro-sized and small enterprises were more
decisive when introducing and maintaining environmental practices and systems. The
importance of having appropriate human resources might be related to why low skilled
labor constitutes one of the most commonly mentioned barriers in our overview.

5.3. Limitations

Prior work suggests that industrial barriers for SMEs vary from one industry sector to
another, so the industrial barriers faced by one SME may be different from those faced by
another operating in a different sector [34,80]. Hence, this study did not intend to present
industrial barriers but, instead, to present an outlook of barriers and enablers faced by
manufacturing SMEs adopting sustainable manufacturing.

A number of papers in the final sample used as theoretical foundation and thus, were
strongly influenced by two pivotal studies: Hillary [21] and Cagno et al. [28]. Hillary’s
seminal work on barriers and enablers for EMS within SMEs influenced many other studies
in our final sample of papers e.g., [71,81]. Similarly, Cagno et al. [28] presented a set of
barriers to the adoption of energy-saving practices in SMEs again influencing other studies
in our final sample [37,39,82]. The influence of these two papers could, therefore, have an
impact on the factors we identified and, hence, the results of the present study.

Several papers specifically addressed barriers and enablers for the adoption of energy-
efficient practices by SMEs. This might be as environmentally sustainable practices being
strongly associated to cost-cutting strategies, being the main motivation to reduce cost
found to be the main driver to energy efficiency in SMEs [56]. Moreover, saving energy is
considered among one the most common resource efficiency actions being undertaken by
SMEs, alongside minimizing waste and saving materials [5]. Another aspect that may have
contributed to this number of papers addressing energy efficiency practices, hence affecting
our results, might be the presence in the final sample of a group of authors publishing and
co-authoring papers on energy efficiency in SMEs [37,39,43,82].

It is worthy of note that some factors could be classified in more than one category.
Similarly, it is relevant to acknowledge that there is no universally agreed classification
system for barriers and enablers for sustainable manufacturing and that any system for cat-
egorizing enablers and barriers is, to some extent, arbitrary. Nevertheless, the expectation
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is that our categorization will facilitate explicit and systematic synthesis and interpreta-
tion of the existing body of evidence on barriers and enablers for adopting sustainable
manufacturing in SMEs.

6. Conclusions and Further Research

This paper fills the gaps in current literature regarding the identification of barriers and
enablers faced by manufacturing SMEs related to the adoption of sustainable manufacturing
practices. It also describes what enablers can be used to mitigate the identified barriers for
the adoption of sustainable manufacturing.

This paper proposed a categorization of the barriers and enablers for the adoption of
sustainable manufacturing by SMEs, based on a systematic review of the existing literature
on the topic. Unlike most studies addressing these factors, our study not only presented a
categorization but also proposed corresponding descriptions and suggested what enablers
might mitigate the identified barriers. This study confirmed that researchers continue to
use a wide range of terminology in the literature when referring to barriers and enablers.
Discrepancies are reflected in the terms enabler and drivers being used interchangeably in
the literature.

In total, seven categories for classifying the barriers and enablers for the adoption
of sustainable manufacturing within SMEs were identified: OMA; informational; gov-
ernmental; financial; training and skills development; market and business context; and
technological. Despite that our proposed set of categories was found to be similar to
previous categorizations, it differs from them in that they considered the triple bottom line
approach, described the categories and factors, and included the categories training and
skills development, as well as informational.

The systematic literature review carried out in this study found that the barriers most
frequently mentioned in the literature faced by SMEs while adopting sustainable manufac-
turing belong to the OMA, training and skills development, informational and financial
categories (see Figure Al). It was found that most of the barriers in the literature were
related to specific sustainable manufacturing practices, compared to a significantly smaller
number of barriers toward more sustainability integrated approaches. This study also
found that the technology category presented only barriers to sustainable manufacturing in
SMEs. This finding strongly suggests technology suppliers should increase the availability
of technologies for sustainable manufacturing that are suitable for SMEs.

The enablers most often mentioned in the literature are equally distributed between the
categories OMA, financial, market and business context, and government (see Figure A2).
Moreover, this study concluded that there are critical enablers with the potential to mitigate
a considerable number of barriers, such as: knowledge networks and social networks (E6),
increased support from large sized customers (E25), external cooperation (E26), provide
government-sponsored platforms supporting SMEs (E15), environmental management
systems (E11), government provided information on sustainable manufacturing (E16),
managerial support toward sustainability (E1), education and training systems to improve
operations (E35), and pressure from supply chains (E28). Knowledge and social networks
seem to be an outstanding enabler expected to mitigate 22 out of 61 barriers. Many of the
identified barriers to sustainable manufacturing could be mitigated by participating in
knowledge networks and social networks; providing knowledge and education through
government or large customers; or by external cooperation with other stakeholders.

The OMA category contained the most enablers expected to make the greatest contri-
bution to mitigating the identified barriers, followed by the market and business context
and governmental categories. Thus, SMEs aiming to adopt sustainable manufacturing
practices or improve their sustainability performance are encouraged to focus on enablers
in these three categories.

Most of the identified barriers are of external origin; it can be stated that academics,
technology providers, government, industrial associations, financial institutions, respec-
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tively, are expected to increase the support and offers provided to SMEs regarding ways to
mitigate the barriers.

Special attention needs to be given to the following barriers, which had no mitigating
enablers: difficulty quantifying the financial performance of environmental investments
(B48), traditional financial accounting systems excluding environmental costs (B49); fre-
quent changes in environmental regulations (B39); absence of single authoritative body
interpreting EMSs (B40); and corruption (B41). Policy-makers and key stakeholders are
called on to allocate additional effort and resources to help mitigate these barriers.

The results reported in this study have both theoretical and practical implications. The
theoretical contribution is the identification and categorization of barriers and enablers
faced by manufacturing SMEs considering the triple bottom line approach. The practical
contribution of this study was to obtain insights about of barriers and enablers and the
critical enablers that could assist in mitigating barriers, which will be valuable to manu-
facturing SMEs interested in adopting sustainable manufacturing practices or improving
sustainability performance. This study also constitutes a valuable source of knowledge
for policy-makers that may help them make informed decisions and design policies that
address the specific needs of SMEs.

Future research could proceed in the following directions. Firstly, it could explore the
perceptions of SME stakeholders (e.g., large customers and government) of the barriers and
enablers identified. Secondly, it could investigate the perceived importance of the identified
barriers and enablers from a managerial perspective, to determine whether the literature
reflects the current perception of SMEs toward these factors. In addition, finally, it could
empirically validate the identified barriers and enablers within manufacturing SMEs in
different industrial sectors and in different areas of the world.
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Appendix A

Table Al. Overview of barriers and enablers for the adoption of sustainable manufacturing by
manufactuing SMEs.

Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs

Cat. Subcategory Origin Description References Freq
B1. Manager “s lack of Managers lack knowledge,
awareness about the company’s I understanding and awareness of [21,23,64,70,71,81,83-85] 9
environmental impact environmental issues.
B2. Manager s Pessimistic precgnceptlons. of
misunderstandings and unmanageable time, and high-cost
. . requirements to adopt sustainable [21,37,38,50,55,56,71,77,81,
pessimistic preconceptions I . . 14
; manufacturing practices (e.g., costs, 83,84,86-88]
about sustainable
manufacturin lack of commercial viability, lack of
& profitability, technical challenges).
B3. Lack of trust of SME owners 1 .SMES owners re51sta1.rlce to Shalje [70,85] 2
information about their companies.
B4. Expectations of excessively Managers’ expectations of excessively
R high profitability from energy 1 high profitability from energy [56] 1
§ efficiency practices efficiency practices.
©] B5. Incompatibility of owner’s Lack of interest in sustainable
Té ethics and personal values with I manufacturing practices from SMEs”  [21,37,81,84,85,88] 6
5 sustainability owners.
3
= B6. Organizational culture not . .
% aligned with sustainability I Underdeveloped culture involving ) o) ¢ g5 4] 5
o sustainability values or principles.
£ values
£ B7. Low managerial priority et on e eneing ket share
1) toward undertaken sustainable I P . & [22-24,36,37,83,85-87] 9
< . . over allocation of resources to
= manufacturing practices . .
g sustainable technologies.
= Managers/owners of SMEs lack the
g . . .
g B8 Lackof manageril capacity o mplement sastaable
3 competence in I pacity to imp . [22,24,77,79,86] 5
= manufacturing practices and to make
g owners/managers of SMEs . : .
& of their enterprise a learning
5 organization.
B9. Lack of time for planning, . ,
execution and review of Lack of time of SMEs [21,23,24,37,39,65,78,79,81,
. . I owners/managers and staff to engage 14
sustainable manufacturing . . . s 82,85-87,89]
. in sustainability-related activities.
practices
Perceived trade-offs between
B10. Perceived conflicts environmental practices with other
betw.een env1ronmentall I ma.nu.facturmg perfgrmance . [36,37,83,87] 4
practices and other business objectives (e.g., quality, cost, delivery)
objectives regarding resources, energy usage,
materials, and waste emissions.
B11. Concerns that Adc'htlonal costs from ad9pt1ng
. . environmental technologies might
environmental investments I . A [22] 1
. . undermine the company’s
undermine competitiveness o, .
competitiveness in the marketplace.
Limited personnel occupied with
B12. Lack of human resources I daily tasks and working alone on [23,65,77,79,83,85,36] 7

identification and implementation of
sustainable manufacturing practices.
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Table Al. Cont.
Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs
Cat. Subcategory Origin Description References Freq
Multifunctional staff often associated
B13. Multifunctional staff 1 with interruptions in the adoption of ~ [21,81,86] 3
sustainable manufacturing practices.
Workers lack interest in sustainable
Bl4. Low involvement of %'nanufacturm.g practices; t'hus,.thelr
workers I involvement in such practices is low.  [24,79,89] 3
Lack of accepting suggestions from
employees.
< :
i . SMEs face a high turnover of staff
CE) B15'. leflcultles attracting and I and difficulties attracting new [21,77,81] 3
= retaining workers
= workers.
=]
) B16. Lack of awareness of the Staff and managers lack interest and
_-é benefits derived from I awareness of the economic and [21,23,37- 15
ﬁ sustainable manufacturing environmental benefits of sustainable  39,56,70,71,77,81-85,89]
e practices manufacturing practices.
&
= Overestimation of the investment
'5 B17. Risk perception 1 risks, resulting from poor knowledge  [39,56,82,85] 4
%o of energy efficiency technology.
g Management fears the risks of
~ modifying current production [21-24,37—
g B18. Resistance to change I processes and technologies and /or i 13
I . . 39,55,77,81,83,87,89]
= replacing them with new ones. Staff
_§ resistant to change to new practices.
=]
S Lack of internal marketing of
o) B19. Lack of internal marketing practices and systems that promote
: I . [21,81] 2
of practices and systems among employees the sustainable
objectives.
B20. Lack of communication 1 Lack of communication vertically and 55 g ¢ gq) 4
horizontally in SMEs.
B21. Lack of continuity in the Lack of a systemic approach toward
adoption of sustainable 1 the implementation of sustainable [21,23,55,81] 4
manufacturing practices manufacturing.
B22. Lack of enough I Current environmental progress does [21,81] 5
environmental progress not motivate the improvement. !
Insufficient offerings of external
technical support to SMEs, lack of
B23. Lack of access to external access to technical information, lack
R technical knowledge to adopt E of available external knowledge for [21,22,24,37,55,56,65,70,71, 18
§ sustainable manufacturing implementing sustainable 77,81,83-85,87-90]
= practices manufacturing. Lack of metrics,
k= benchmarks, and guidance for
< adopting sustainable manufacturing.
]
g A lack of knowledge of sustainability
'g B24. Little knowledge on concepts in SMEs. This due to the [21-24,38,70,71,77,81,85,
g sustainability in SMEs I lack of, or limited access to, 86,89,90] 13
ug sustainability-related literature T
- focused on SMEs.
SME:s are poorly informed about
eBii 'irf)icmke‘:tl;f;gfadge;";t EMSs (EMASs and ISO 14001) and its
& I benefits. [21,81] 2

systems and difficulty for
certification

High cost of certification/verification
of EMSs.
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Table Al. Cont.
Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs
Cat. Subcategory Origin Description References Freq
Lack of awareness programs about
B26. Lack of awareness E the importance of adopting [23,37,65,77,89] 5
programs conducted locally . .
sustainable manufacturing.
Information regarding sustainable
B27. Lack of access to technologies is not available to SMEs’
information on specific E managers. This affects the perceived  [56,86,89] 3
technologies managerial complexity of new
§ technology.
= B28. Information from Lack of information on costs and
E technology suppliers is not clear E benefits of energy efficient [39,82] 2
% for SMEs technologies
.S B29. Lack of information on real Lack of information and little
k] costs and benefits of energy E knowledge of costs and benefits of [39,82,85] 3
g efficient technologies energy efficient technologies.
[t}
= .
= B30. Lack of data on energy Lack of data on enetgy consumpt.lon
. I patterns and efficiency measures is [23,56] 2
consumption
common among SMEs.
B31. Low trustworthiness of the Quality of the available information
. . E - : [23,39,56,82] 4
information source on energy efficiency technologies.
. . Information regarding economic
B32. Lac.k N f 1nfqrmat10n on E incentives is not available to [24,56] 2
economic incentives
managers.
5. Lackof svermmet Lok govemmenal b nd
incentive policies; subsidies, E P . ' . [22-24,69,70,77,84,89] 8
access to information on economic
taxes. . .
incentives.
B34. Lack of incentives for local . . .
collaborative networks and E Lack of 1ncent1Yes for SMEs to build [21,69,77,78,81] 5
. local collaborative networks.
associations
Foonomi b b
impede sustainable E . np y & [55] 1
. disincentive to environmental
manufacturing o
= sustainability.
g B36. Lack of local guidance for
U - . . .
E 2  adopting sustainable E Lack of local guidance for adopting 1, 7 ¢, 59 g9 6
g0 . sustainable manufacturing/CSR.
g= manufacturing
8 B37. Lack of effective legislation Lenient environmental legislation [21,22,24,55,65,69,77,81,83
and a weak regulatory E and weakly enforced environmental 34 é9 éO], 12
environment legislation applicable to SMEs. Y
SMEs find it difficult to comply with
B38. leflculty complying with E regulat%ons. SMEs perceive [21,23,24.36,55,77,86] 7
regulations regulations as complex and
challenging to understand.
Frequent changes in environmental
B39. Frequent changes in regulations and lack of resources to
: . E . . [24,50,81] 3
environmental regulations track down the incoming
environmental legislation.
B40. Absence of a single . -
authoritative body to interpret  E Absence of a single authoritative [21,81] 2

EMSs

body to interpret EMSs.
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Table A1. Cont.
Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs
Cat Subcategory Origin Description References Freq
—_ Highly corrupt regulatory authorities
< and officials mostly in developing
g B41. Corruption E . [79,84] 2
£ > countries.
g 8 Unfair competition due to corruption.
-
. B42. Low political participation SMEs have small or limited political
o E S [78] 1
of SMEs participation.
B43. Lack of financial resources 1 Low availability of capital in SMEs. [21,23,24,57,39,50,55,65,70, 15
81-83,85-87]
Limited financing channels designed
B44. Difficulty accessing or available for SMEs. Lack of funds 1,1 5, 5 56 7077 70,81,
. . . E for environmentally related projects 13
financial capital . 85,86,90]
(e.g., capital devoted to energy
efficiency investments).
The initial capital costs of adopting
B0 igh mesmentcossand | ronmenl ehnolgisas e
low returns of environmentally E & . [22-24,37-39,56,82,86,87] 10
. . technologies. Low returns and longer
sustainable technologies . .
payback periods for environmentally
- related investments.
=
% The aggregation of all the costs pre,
g‘ B46. Hidden costs of adopting during, or post the adoption of
< certain sustainable sustainable manufacturing practices
= . . IE ! [39,79,82] 3
i manufacturing practices, and (e.g., research on technologies
compliance cost for regulations. available, disruption costs, training
personnel on using new technology).
Social compliance cost (time, other
B47. Cost of implementing CSR. E types of costs) as a barrier to [24,86,88] 3
implementing CSR.
B48. Difficulty quantifying the Difficulty quantifying the financial
financial performance of E performance of environmental [22] 1
environmental investments investments.
B49. Traditional financial Traditional financial accounting
accounting systems exclude E systems in SMEs fail to include [55,77] 2
environmental costs environmental costs and liabilities.
B50. Lack of awareness of .Lack of awareness r(?gardl'ng .
. . international trends in legislation and
international trends related to E . [83] 1
- environmental sustainabilit markets about the importance of
E y environmental aspects to business.
3 Competition with markets and
g B51. Competition with less-expensive products excluding
8 - E . . [71,83] 2
- less-expensive products environmental or social
§ considerations.
E B52. Weak public awareness Insufficient pubh'c pressure on SMEs
E toward more benign sustainable [22,77] 2
° and pressure on SMEs ) .
g manufacturing practices.
E Lack of awareness of media
~ 7
& 13051:2 (1}?2532? ‘c/\;ariigle ss of SMEs E academia, and politicians of SMEs [78] 1
> P adding to social capital.
Low energy prices hindering
B54. Low energy prices E proactive actions to reduce energy [55,69] 2

from SMEs.
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Table Al. Cont.
Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs
Cat. Subcategory Origin Description References Freq
The adoption of new sustainable
. manufacturing practices related to
B55. Need for additional infrastructure might result in [22,23,38,85,89,90] 6
infrastructural modifications . .
problems with space, infrastructure,
etc.
= Technologies used by SMEs are
:m outdated, and more sustainable and
5] . .
% B56. Use of outdated I modern alternatives (e.qulpment and [24,37,55,77,89] 5
E) technology substances) are unavailable. Lack of
g alternative substances to substitute
"§ the hazardous ones.
a2 Technology suppliers not updated.
B57. Unavailable technology E Cleaner technologies suitable for the  [37,39,82,89] 4
small-scale sector are limited.
. . Emphasis on end-of-pipe process, as
BfieESISHP hasis on end-of-pipe I opposed to making changes in the [24,89] 2
p processes.
Limited in-plant expertise. Shortage
o ~  B59. Low skilled labour I of skilled workers and core [21-24,36,56,65,70,77,79, 16
= a 81,83,85-87,90]
ol competency.
0
=i Inadequate development of workers’
g . e
:n g B0 Inade(,]uate deyelopment new §kllls and capabilities. La.ck of [21,22,64,71,77,79,81,87,
g & of workers’ new skills, and lack I training programs on developing, 90] 9
E o of technical training performing and maintaining
& _GE sustainable manufacturing practices.
B61. Lack of investment in SMEs often lack financial resources
environmental education and 1 for education and training on [21-23,70,81,86,90] 7
training environmental sustainability.
Managerial support is pivotal to
initiate and maintain sustainable
1. Manager suportand micingprcies,
2 effective leadership toward I PIFINg MAnagers or pel [23,37,39,43,64,859091] 8
S sustainabili addressing sustainability issues could
o) ty convert sustainable manufacturing
Té ad.opj[;on into an organizational
.5 riority.
= p y
_é A favorable environment for
= E2. Managerial support toward innovation by offering employees
"g a collaborative environment for I training on innovation and creative [67] 1
= innovation thinking; setting a reward system for
:7_3 employees’ innovation initiatives . ..
i
go With the establishment of a long-term
= sustainability strategy, practices are
< _
g E3. Long-term strategy I more likely to succeed, as will be [37,39,43,85] 4
Tg considered organizational priorities.
-_g Increased awareness about the
_g expected benefits that may result
= . .
& E4. Realistic expectations about f;c;rr?ui}:&zt;;g Si??;ir;z:lé cost
5 benefits emerged from 1 &P B [37,39,43,65,91] 5

sustainable manufacturing

savings, new markets, positive
corporate image, improved
environmental and social
performance).
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Table Al. Cont.
Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs
Cat. Subcategory Origin Description References Freq
Continuous and quick adaptation is
E5. Develop continuously and an 1mp0rtar'1t competltlye advantage
. . for companies. By continuously
quick adaption to the 1 . : . [65] 1
. improving SMEs expertise on
environment . .
environmental practices, SMEs can
step ahead of their competition.
To participate, create and strengthen
social networks with financiers,
government bodies, suppliers’
associations, trade unions,
}sz(?('zilzflnr?e‘f‘}\?i‘ies networks and E stakeholders. Sustainability [7?)97é3:59$3]’56’63’69’77 11
Partnership networks assist SMEs T
with gaining knowledge, pooling
resources, and developing mutually
2 beneficial sustainable projects.
= E7. Interpersonal attitudes and I The presence of good interpersonal [56,64,85,59] 4
e communications attitudes and communications. T
s . . .
;5 E8. Adoption of lean Lean product 1nn0vat1.on strategies
51 . enable SMEs to break into new
£ manufacturing and product I [64] 1
g= . . . markets and to thereby become more
< innovation strategies resilient to market changes
- .
% The acknowledgment that all
= E9. Inclusiveness of workers 5:fzzgieiﬁ:ﬁéﬁ;gﬁ?gﬁyﬁa‘e’;
& toward a more participatory I s - Smpoyees [37,39,43,64,90] 5
] share responsibility for sustainability
g culture
g and a common concern for the
— environment.
<
.g The problems with space and
_§ E10. More efficient routines and mfrastructu‘re from spstamf;lble
= ractices I manufacturing practices might be [23] 1
g,; P solved by developing more efficient
(@) routines and practices.
E11. Environmental SMEs having ISO 14001 certification
management systems (EMAS I are likely to perform better on [37,39,43,65] 4
and ISO 14001) environmental activities.
Business analysis process tools (i.e.,
E12. Use of business analysis I prioritization of environmental 183] 1
tools aspects; stakeholder analysis; SWOT N
analysis).
E13. Availability of flexible and To Lmprove organizational and.
. . I sustainability performance, while [64] 1
innovative human resources .
empowering personnel.
E14. Flat management structure Application of a flat management
and empowerment of the I structure and the empowerment of [64] 1

workforce

the workforce to self-organize.
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Table Al. Cont.

Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs

Cat. Subcategory Origin Description References Freq
E15. Provide sovernment Training, tutoring, consultation,
S oﬁsore d vl ftforms awareness programs, and
sﬁ ortin pSMEs E business-related incentives to foster [23,56,63,65,77,83,86,89] 8
PP & sustainable manufacturing, attract
customers and business partners.
Developing condensed knowledge
about the adoption of sustainable
. manufacturing practices helps to
El6. Government provided
information and knowledgeon E overcome low awareness a,I,ld lack Sf [23,64,69,86,89] 5
sustainable manufacturing technical knowledge (e.g., “how to
guidance materials, case studies,
webinars, workshops).
E17. Providing financial To provide financial incentives, such
incentives to foster sustainable E as subsidies, fewer taxes on raw [23,37- 1
manufacturing practices and materials, reduced import duties on 39,43,63,65,77,86,89,91]
_ the company “s growth environmental technologies.
>
8 Provision of technical development
g Dofodngemial oy fdierModepleion g s
= Y
E development.
g E19. Providing financial E Developing financing channels for [23,89] 5
2 accesses to SMEs SMEs. -
O
Law enforcement is important for
E20. Government regulations effective implementation of policies
- P and rules.
:is;e?irgi sustainability E Strict regulations could force SMES to [37-39,43,63,65,85,86,89,91] 10
P adopt sustainable manufacturing
measures.
I . Legislation appropriately written will
\115\721‘}’( tlf%(l)slvjsgnsﬁgzoprlately E improve the understanding of law [37,39,43,65,77,89] 6
and its compliance.
EU support programmes and other
E22. EU policy supporting E policies offering directions and access [67,85] 5
corporate sustainability in SMEs to funding could improve SMEs !
corporate sustainability.
fezi' Ir??ztilltlutltcl)lr;a;iizg I;?Z\;lagcfls Design governmental awards that
sus taginablegmanu fa?turin in recognize SMEs striving to improve [65] 1
SMEs & sustainability performance.
- Pressure from market enables SMEs
@ . .
g E24. Pressure from market and E to satlsfy customer requirements. [21,63,65,69,83,85,86,89-91] 10
‘=~  clients Increasing market demand for
3 b environmentally friendly products.
E § Increased support from OEMs will
: . .
=8 require a cultural change in
% © i?;?j;fgf;isup port from E buyer-supplier relationships. It will [65,89] 2
§ & help to improve sustainability

performance and foster SMEs growth.
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Table Al. Cont.
Barriers to Sustainable Manufacturing Adoption by Manufacturing SMEs
Cat. Subcategory Origin Description References Freq
Collaboration with industrial
associations helps SMEs to stay well
. informed and active in their field.
. E26. External cooperation E Likewise, SMEs working along [37,39,43,79,83,85,89] 7
§ suppliers and customers to improve
g S their sustainability performance.
£~ .
¥  E27.High energy prices E SMESs are likely to reduce energy [37,39,43] 3
=R expenditure if energy prices are high.
=]
es SMEs under strong pressure from
k! supply chains will move toward
= E28. Pressure from supply sustainability, as motives for
chains to adopt sustainable E implementing sustainable [21,65,81,83,85,88,89] 7
manufacturing practices manufacturing practices and policies
are strongly influenced by pressure
from supply chains.
E29. Use indicators, monitoring, Keeping relevant data makes it
and controls on energy I possible to report on progress and [23,56] 2
efficiency results of energy efficiency practices.
Information about energy efficiency
must be adequate to design and
a E30. Clarity of information E implement energy efficiency [37,39,43] 3
] programs and monitor energy
= improvement measures.
=
£ Technical support from technology
E suppliers helps to overcome the risks
= E31. Technical support from associated with adopting new energy
S : E . . [37,39,43] 3
k= technology suppliers efficiency technologies, such as
production disruptions due to
installation.
Industrial associations or similar
E32. Increase the external stakeholders may increase
trustworthiness of the E the trustworthiness of information as  [37,39,43,89] 4
information these are regarded as a trustworthy
source by companies.
E33. Reducing manufacturing I Cost red'uct‘lon is vital to guarantee [23,37,39,43,64,91] 6
= costs the continuity of the business.
= Awareness of the economic benefits
é E34. Increased awareness of the of sustainable manufacturing
g economic benefits of sustainable 1 practices. Implementing sustainable [37,39,43,89] 4
= manufacturing practices technology in manufacturing to attain
economic benefits.
L~ Education and training systems are
T N .. . . O,
5 3Tom decisive for improving industry
> . c . . . . .
%D e< E35. Educa.tlon and training practices anFi introducing sustainable [37,39,43,64,69,77,83,89] 8
£ 95 systems to improve operations manufacturing concepts and
ks T g practices. Sensitization on sustainable
B e manufacturing practices.
SE
2>  (No enablers were identified)
5.3
(& oo
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16
12
8
4
0
B23. Lack of access BS9. Low skilled B16. Lack of B43. Lack of B2 Manager's B9. Lack of time for B18. Resistance to B24. Little B44. Difficulty
to external technical labour awareness of the  financial resources misunderstandings planning, execution change knowledge on accessing financial
knowledge to adopt benefits derived from and pessimistic and review of sustainability in capital
sustainable sustainable practices preconceptions about sustainable SMEs
manufacturing sustainable manufacturing
practices manufacturing practices

Figure A1l. Most frequently occurring barriers in previous literature.
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E6. Knowledge E17.Providing  E24. Pressure from E20. Government E1. Managerial E15. Provide E33. Education and E26. External E28. Pressure from
networks and social financial incentives market and clients regulations fostering support and effective  government training systems (o cooperation supply chains to
networks to foster sustainable sustainability leadership towards sponsored platforms improve operations adopt sustainable
manufacturing adoption sustainability supporting SMEs manufacturing
practices and practices

company's growth

Figure A2. Most frequently occurring enablers in previous literature.
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Figure A3. Distribution of enablers expected to mitigate barriers by category.
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