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ecosystems—a view from
Medellin's SMEs

Santiago Cadavid Ochoa*!, Luis Miguel Gomez Serna',
Jhon Wilder Zartha Sossa*' and Gina Lia Orozco Mendoza*!

Faculty of Agroindustrial Engineering, School of Engineering, Pontifical Bolivarian University, Medellin,
Colombia

A confluence of internal and external factors has contributed to a growing optimism
regarding the viability of sustainability positions, evidenced by a proliferation of
studies on this topic at the global level. We integrate this comprehension with
the pivotal function that SMEs perform within the business network of the city of
Medellin and examine the extent of their engagement with sustainability issues.
This study examines the obstacles that small and medium-sized enterprises (SMEs)
encounter globally and contrasts them with the incentives that various actors,
including government agencies and private entities, implement to address these
types of obstacles. A search of SCOPUS using the equation and the definition
of the keyword “sustainability,” along with the terms “barriers,” “incorporation,”
“entrepreneurship,” “creation,” and "SME," yielded 107 articles. The 50 most cited
articles related to the research topic were selected; however, seven of them were
found to be irrelevant to the research topic and were thus excluded. Consequently,
43 articles were subjected to analysis for the purposes of this study. The focus of
this study is centered on Colombia, specifically in the city of Medellin, the capital
of the Antioquia department. For this purpose, we have standardized both the
barriers and incentives reviewed, resulting in 18 barriers and 13 incentives. The AHP
model was employed to ascertain the level of importance of each barrier, group
them into six categories, and evaluate and compare the incentives in terms of
their efficacy in addressing these barriers. Based on these findings, strategies are
proposed to enhance the company’s market position and competitive advantage,
thereby fostering a more robust business network in the city.

KEYWORDS

sustainability, business ecosystem, business network, development, SMEs, AHP
(analytic hierarchy process), Medellin

Introduction

Today, although there is increasing pressure from governments and markets for companies
to incorporate sustainability aspects into their operations, the current level of adoption
remains low, and responsibility for this issue is often overlooked by various stakeholders (Long
etal,, 2018). SMEs face numerous internal and external barriers that hinder their development
and implementation of sustainable practices (Bakos et al., 2020). Moreover, the design of tools
and incentives is often targeted at audiences with different capacities to manage sustainability
effectively (Johnson and Schaltegger, 2016). The adoption of sustainable practices in SMEs
remains a challenge due to a lack of resources, knowledge, and institutional support to facilitate
their integration into business strategies.
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While a transition of markets and companies toward the
incorporation of sustainability practices is expected, this shift currently
relies largely on voluntary commitments from business leaders rather
than compliance with regulatory requirements. As a result, companies
are unlikely to achieve the effectiveness needed in implementing
sustainability criteria, which will continue to generate greater negative
externalities for society and the environment (Gonzilez Ordonez et al.,
2017; Sreenivasan and Suresh, 2023). This lack of regulatory and
policy-driven momentum creates significant uncertainty for SMEs
about how to adequately integrate sustainability into their business
models, potentially leading to suboptimal decisions that affect both
their competitiveness and their environmental and social impact.

SMEs represent a significant portion of the global business
landscape, accounting for nearly 90% of companies worldwide (Bakos
et al, 2020). They play a crucial role in economic and social
development. According to Colombias Ministry of Commerce,
Industry, and Tourism, SMEs make up 99.5% of the country’s
businesses, a trend that also applies to the city of Medellin. This
highlights the need to focus efforts on analyzing the low incorporation
of sustainability criteria in SMEs and proposing strategies to help
them adopt these practices (Vidal, 2021). However, despite the
growing importance of SMEs in both national and international
economies, few studies have comprehensively addressed how these
companies can overcome specific barriers to sustainability. Even fewer
have explored how systematic prioritization models can facilitate
this transition.

This study seeks to answer the following question: What are the
critical factors influencing the consolidation and dynamization of a
sustainable business ecosystem, and how can these factors be prioritized
using the AHP model? Prioritizing these critical factors is essential for
SME:s to identify the most significant barriers and the most effective
incentives for adopting sustainable practices. By applying the Analytic
Hierarchy Process (AHP), a method widely used in various contexts
for complex decision-making, this study aims to establish a framework
enabling entrepreneurs, managers, and policymakers to identify and
classify the most relevant elements for sustainability in SMEs.

The purpose of this study is to develop a holistic proposal to
address the integration of sustainability aspects into the processes
faced by SMEs (Bakos et al., 2020), specifically focusing on SMEs
in the city of Medellin. This approach aims to be translational,
generating knowledge that is not only theoretical but also
practically and effectively applicable. To achieve this, the
methodology used in this study is structured into three main
phases: the first section explains the methodology, with a particular
focus on the AHP process. The second section details the barriers
and incentives identified through a review of the literature and
previous studies. Finally, the third section focuses on applying the
AHP model to classify and evaluate the incentives and barriers
within the main sustainability categories relevant to the context of
SMEs in Medellin.

Ultimately, and importantly, the outcomes of this evaluation will
enable the proposal of specific strategies to overcome existing barriers
and promote the adoption of sustainable practices within SMEs. These
strategies will be aimed at energizing Medellin’s sustainable business
ecosystem, contributing to the Sustainable Development Goals
(SDGs), particularly SDG 11 on sustainable cities and communities.
The study aspires to foster an inclusive and environmentally
responsible economic development model.
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Despite existing efforts to incorporate sustainability practices into
small and medium-sized enterprises (SMEs), a significant research
gap persists regarding effective methods and approaches to integrate
these practices into their daily operations. The lack of in-depth studies
on how SMEs can overcome structural, cultural, and financial barriers
to implementing sustainability remains a key issue. Previous research,
such as that by Sreenivasan and Suresh (2023), indicates that although
SMEs have significant potential to contribute to sustainability, their
adoption of these practices is still slow due to inadequate incentives,
limited resources, and resistance to change. Furthermore, the
literature highlights the need for a more systematic approach that
combines quantitative and qualitative methods to classify and
prioritize the critical factors influencing sustainability in this sector
(Bakos et al., 2020). This research gap hinders the development of
robust models that can be applied in local contexts, such as Medellin,
to foster the transition toward a more sustainable business ecosystem.

The main objective of this study is to provide a clear and practical
proposal to invigorate the sustainable business ecosystem in Medellin,
focusing on SMEs, through the prioritization of critical factors that
can facilitate the integration of sustainability into their operations.
While the barriers to adopting sustainable practices are well-
documented, as noted by Gonzdlez Ordonez et al. (2017) and Bakos
et al. (2020), there are few specific proposals utilizing integrated
models like the Analytic Hierarchy Process (AHP) to offer pragmatic
solutions tailored to the local characteristics and needs of SMEs. This
study seeks to bridge this gap by applying a holistic approach that
enables companies to make informed decisions on overcoming
existing barriers and activating appropriate incentives to incorporate
sustainability criteria into their business strategies. Through this
approach, the study aims to contribute not only to the academic field
but also to provide a practical model that can be replicated in other
cities with similar characteristics.

Therefore, the first section provides an explanation of the
methodology as it was applied in this study. The second section
presents the barriers and incentives identified in the reviewed articles,
followed by the third section, which focuses on the application of the
AHP model to classify and evaluate the incentives against the main
identified categories. Finally, and importantly, as a result of this
evaluation, strategies were proposed to address these barriers and
foster the development of a sustainable business ecosystem in the city
of Medellin, Colombia.

Methodology

The following steps constitute the methodology of the
literature review:

Stage 1: Information sources and keywords were identified in
Scopus (“sustainability,” “barriers;” “incorporation,” “entrepreneurship,”
“creation” and “SMEs”). In addition to random keyword searches in
different web browsers.

Stage 2: The following search criteria were selected, focusing on
the years 2010-2024. The search equation was TITLE-ABS-KEY
(barriers AND sustainability AND SMEs OR “small and medium
enterprises”) Type of document articles, English and Spanish language.

Stage 3: Based on the search equation, 107 articles were retrieved.
The 50 most cited articles related to the research topic were selected.
However, seven of them were not directly related to the research
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topics and were therefore discarded. As a result, 43 articles were
analyzed for this study.

Stage 4: A table format was created, which compares the different
results of the information search, with a result of 18 barriers grouped
in 6 categories and 13 incentives. Its positive impact is evaluated based
on the evidence of its results according to the level of incorporation.

Stage 5: Based on the comparative analysis and impact evaluation,
strategies were proposed to help SMEs in the city of Medellin
incorporate sustainability criteria. shows the stages of the
methodology sequentially.

Main identified barriers and their groupings

First, all the barriers mentioned in each of the articles analyzed
were identified. Then, a homologation exercise was performed to
narrow down all the elements found in 18 barriers, which are: Lack of
technical knowledge and information; Lack of financial resources;
Lack of management-level commitment/awareness to sustainability;
Lack of adequate technology/infrastructure to implement and
measure sustainability; Lack of support/consulting to implement
sustainability; Administrative burden/bureaucracy; Lack of uniformity
and control in sustainability regulation; Lack of incentives; Lack of
employee awareness/commitment; Existing organizational culture and
resistance to change; Lack of human resources; Lack of customer
demand/interest in sustainability; Competition concerns in the
market; Lack of cooperation and willingness with the supply chain;
Low return on investment and long payback period; Lack of R&D
research; Lack of employee empowerment; and Existing tools are
designed for large companies and not for SMEs.

These barriers were subjected to a process to determine their
level of relevance based on the number of articles mentioning them.

10.3389/frsc.2025.1476967

That is, the number of articles in which each barrier was mentioned
was analyzed, so that the number of mentions could not exceed the
number of articles studied, because if the same barrier was
mentioned several times in an article, it was counted as only
one mention.

This count was made both for the articles studied at the global
level and for the writings studied at the Colombian and Medellin levels.

Thus, the barrier that appeared in the greatest number of articles
at the global level was: “Lack of technical knowledge and information”
with 21 mentions. The number of mentions of all barriers is shown on

In Colombia and Medellin, the barrier with the highest number
of mentions was “Lack of financial resources” with 9 mentions. Below
are the complete results on

It is important to note that the study of barriers and incentives was
conducted both globally and in Colombia and Medellin, and it can
be concluded from the information analyzed that Medellin is no
stranger to the dynamics of SMEs worldwide and the vast majority of
barriers experienced by SMEs are also experienced in Medellin.
Therefore, the findings found in scientific articles conducted in other
countries apply to the context of the city.

Continuing with the explanation of the process followed, the 18
barriers mentioned were classified into 6 categories that were defined
based on the literature and our understanding, which were: Economic
Barriers, Technical Barriers, Managerial Barriers, Market Barriers,
Political Barriers, and Technological Barriers.

This was done to simplify the number of elements to be analyzed
in the AHP model which will be explained later in the text.

It is important to clarify that the same barrier can be classified into
more than one category at a time, depending on its nature. The
following are the results of the classification, see

As shown in , 6 elements were classified as economic
barriers, 5 as managerial barriers, 4 as technical and market barriers,
3 as political barriers, and finally, 1 as technological barrier.

Stage 1:
Information
sources and

keywords were
identified in
Scopus
(“sustainability”,
“barriers”,
“incorporation”,
“entrepreneurship
”, “creation” and
“SMEs”).
Additional random
keyword search in
different web
browsers.

Stage 2: The
following search
criteria were
selected, focusing
on the years
2010- 2024. The
search equation
was TITLE-ABS-KEY
(barriers AND
sustainability AND
sme's OR "small
and medium
enterprises")
Document type
articles, English
language and
Spanish.

Stage 3: 107 articles
were recovered
from the search

equation.

- The 50 most cited

articles related to
the research topic
were selected.

- Seven of them
were not directly
related to the
research topics and
were therefore
discarded.

- For this work, 43
articles were
analyzed.

Stage 4: A table
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which compares the
different results of

the information
search, with a result

of 18 barriers

grouped into 6

categories and 13
incentives. Its
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Stage 5:
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consolidating/i
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sustainable
business
ecosystem for
the city's SMEs.

Methodology stages (own elaboration).
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FIGURE 2
Barriers worldwide (own elaboration).
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FIGURE 3
Colombia and Medellin barriers (own elaboration).

Based on this and the number of mentions of the barriers, the
level of relevance of the 6 defined categories was determined. This
process was carried out using an arithmetic sum of the number of
mentions that each of the barriers has in each of the categories, i.e., in
the political barriers there are 3 elements: lack of support/advice in
implementing sustainability; lack of uniformity and control in
regulating sustainability; and lack of incentives. The mentions for each
of these barriers are 14, 11, and 11 respectively, so the arithmetic sum
gives a total of 36 mentions for policy barriers.

Main incentives identified according to the
focus of the barrier it manages

The analysis of incentives followed a similar process to that of
barriers. First, all incentives mentioned in each of the articles

Frontiers in Sustainable Cities 04

reviewed were identified. All findings were then standardized into
13 incentives; Training, mentoring, and awareness programs
through support networks (government, industry peers, public
institutions) to share knowledge and increase the learning curve,
benefit from resource sharing; Sustainable leadership/employee
empowerment; Increase financial incentives (loans, grants, taxes,
public subsidies, etc.); Include sustainability at strategic level/
management commitment; Increase awareness of the benefits of
becoming sustainable; Stakeholder pressure (customers, partners,
government, suppliers, community); Regulations and sanctions;
Increase R&D practices to design green products; Change
organizational structure and systems; Accreditation and adoption
of less complex standards; New technology/infrastructure/tools to
measure and monitor; Transition to a sustainable business model;
and Dialog with supply chain on circular economy. The results are
shown on Figure 5.

frontiersin.org


https://doi.org/10.3389/frsc.2025.1476967
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Ochoa et al.

10.3389/frsc.2025.1476967

Technological Barriers

Political Barriers

Market Barriers

Technical Barriers

Management Barriers

Economic Barriers

o
[Eny
N

FIGURE 4
Grouping into categories (own elaboration).
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Sustainable leadership/employee empowerment

Increase financial incentives (loans, subsidies, taxes, public subsidies, etc.)

Include sustainability at a strategic level / management commitment

Raise awareness about the benefits they receive by becoming sustainable

Pressure from stakeholders (customers, partners, government, suppliers, community)

Regulations and sanctions

Increase in R&D practices to design green products

Change organizational structure and systems

Accreditation and adoption of less complex standards

New technology / infrastructure / tools to measure and monitor

Transition to a sustainable business model

Dialogue with supply chain on circular economy

FIGURE 5
List of incentives (own elaboration).

Discussion

Application of the AHP model for the
classification and evaluation of barriers and
incentives

In the study, the AHP (Analytic Hierarchy Process) model was
used to define the level of importance of the barriers and to evaluate
the feasibility of the incentives concerning them. It was used to
identify the most effective incentives and thus be able to propose
strategies that together could allow SMEs to face the greatest barriers
in the city of Medellin and incorporate sustainability criteria in their

Frontiers in Sustainable Cities

businesses. The method has been used to evaluate six barriers that
group together the different barriers we have discussed above
(Musaad et al., 2020).

The model consists of two phases, the first for the classification
of the variables and the second for the evaluation. The first stage
consists of four steps: (1) comparative criteria matrix, (2)
standardized matrix, (3) weighting, and (4) consistency analysis.
The second phase consists of two steps: (1) defining the rating scale
for the variables and (2) evaluating the incentives based on the
final weighting of the main categories and the previously defined
rating scale. shows the criteria

Figure 6 comparative

matrix sequentially.

frontiersin.org


https://doi.org/10.3389/frsc.2025.1476967
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Ochoa et al. 10.3389/frsc.2025.1476967
Phase | Phase Il
2) Evaluate
1) Define the incentives pased
1 2) Normalized rating scale on the final
Comparative matrix 3) Weighting | | 4) Consistency . ofgthe weighting of the
matrix of analysis i main categories
- variables .
criteria and the rating
scale
FIGURE 6
Comparative criteria matrix (own elaboration).

TABLE 1 Rating scale (own elaboration).

Numerical Verbal scale Explanation
scale
1 As important Two elements contribute equally
3 Moderately important Slight preference of one over the
other
5 Strongly important Strong preference of one over the
other
7 Very strong or Much more preference for one over
demonstrated importance | the other. Demonstrated dominance
9 Extremely strong Clear and absolute preference of
importance one over the other
2,4,6,8 Intermediate values between two adjacent judgments

Phase I: classification of variables
(barriers—main categories)

1) Comparative criteria matrix

Based on the list of barriers previously exposed, and subsequently
grouped into main categories containing them, we proceeded to compare
each of these main categories to determine their level of importance or
relevance. The Saaty scale from 1 to 9 was used (see Table 1), where the
criteria or variables in row “X” are rated against those in column “y;
where any = 1 means that “x” and “y” are of equal importance. Then,

«_» « »

axy = 5 indicates that “x” is of greater importance than “y;” and axy =9
indicates that “x” is extremely more important than “y” The intermediate
values (2, 4, 6, and 8) have the notation with the corresponding relativity
as explained by Mendoza et al. (2019). It is shown in Table 2.

Subsequently, for each row of the comparison matrix, the weighted
sum was calculated, based on the sum of the product of each element
by the calculated priority of each criterion.

The result of the comparison of the criteria was as follows on
Table 2.

2) Normalized matrix

For each element of the vector resulting from the previous step, its
weighted sum was divided by the priority of its corresponding criteria.

The results were as follows on Table 3.

3) Weighting

The mean or average of the result of the previous step was
determined. The results were as follows on Table 4.

Frontiers in Sustainable Cities

4) Consistency analysis

In addition, it is convenient to evaluate the consistency of the
matrix, which indicates whether or not the judgment was rational
(Mendoza et al., 2019).

We calculate the consistency index (CI) for each criterion, which
measures the consistency of pairwise comparisons among the
elements of a hierarchy, evaluating whether the decisions made follow
alogical pattern, where n is equal to the number of criteria. Equation
presents the mathematical formula.

Clz/lmax—n
n—1

Cf = 6,0622 -6
6-1

We determine the random index (RI), a reference value used to
compare the CI and determine whether the inconsistency observed in
the comparisons is greater than what would be expected by chance,
which can be calculated empirically as the average CI of a large sample
of randomly generated comparison matrices.

Equation denotes the expression.

= 198(-2)
n
. 1,98(66—2)

Finally, the consistency ratio (CR) is the ratio between the CI and
the RI, and it is used to evaluate the overall consistency of the process.
We establish the consistency ratio (CR) as presented in equation.

cr=<
RI

cr = 20124
1,32

If the result of equation is less than or equal to 1, it means that the
comparisons are consistent and reliable. These indices are essential to

frontiersin.org
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TABLE 2 Comparative criteria matrix (own elaboration).

10.3389/frsc.2025.1476967

Impacts Management Political Market Technology Technical Economic
barriers barriers barriers barriers barriers barriers
Management barriers 1 1,00 1,00 5,00 1,00 1,00
Political barriers 1,00 1 1,00 2,00 1,00 0,33
Market barriers 1,00 1,00 1 3,00 1,00 0,50
Technology barriers 0,33 0,20 0,33 1 0,33 0,20
Technical barriers 1,00 1,00 1,00 3,00 1 0,50
Economic barriers 1,00 3,00 2,00 5,00 2,00 1
5,33 7,20 6,33 19,00 6,33 3,53
TABLES Weighted matrix (own preparation). and 5 means that incentives are extremely effective in reducing or
0,18,762 013,889 | 015798 | 026316 | 015798  0,28329 eliminating barriers for SMEs. It is shown in Table 6.
0,18,762 0,13,889 0,15,798 0,10,526 0,15,798 0,09348 2) Evaluate incentives based on the final weighting of the main
0,18,762 013,889 015798 | 015789 | 0,15798 | 0,14,164 categories and the rating scale
Based on the rating scale, the main categories, and the previously
0,06191 0.02778 0,05213 0,05263 0.05213 0,05666 mentioned incentives, we proceeded with the rating, the results of
0.18,762 013,889 015798 = 015789 = 015798 | 0,14,164 which can be seen in Figure 7. The final rating for each incentive is a
0,18,762 0,41,667 0,31,596 0,26,316 0,31,596 0,28,329 weighted average based on the relative importance (weight) of each

TABLE 4 Weighting (own elaboration).

20% Management Barriers

14% Political Barriers

16% Market Barriers

5% Technology Barriers

16% Technical Barriers

30% Economic Barriers

TABLE 5 Consistency analysis (own elaboration).

1,202,164 0,012456 Consistency index (CI)

0,851,480 1,32,000,000 Random index (RI)

0,952,529 0,9,436% Consistency ratio (CR)

0,307,012 If it is less than or equal to 1%, it has been
reasonably weighted

0,952,529

1,796,567

6,062280

ensure that the decisions made in the AHP are valid and based on
coherent judgment.
The results were as follows on Table 5.

Phase Il: evaluation of the variables
(incentives)

1) Define the variable rating scale

The rating scale is defined from 1 to 5, where 1 means that
incentives are ineffective or almost ineffective in managing barriers,
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barrier. Incentives with a rating greater than or equal to 4 are
considered “Acceptable,” while those with a rating less than 4 are
considered “Not Acceptable. Consideration of the acceptability or
unacceptability of the incentive is based on the overall treatment of all
barriers, not just one of them.

It can be demonstrated that the initiatives with the best expected
results against the barriers to be addressed are: training, awareness, and
support programs (4.00), increasing financial incentives (4.23), awareness
of the benefits of sustainability (4.15), stakeholder pressure (4.01),
regulations and sanctions (4.40), increasing R&D practices (4.05), new
technologies and infrastructure (4.07) and transition to a sustainable
business model (4.21). It is important to analyze that each of these
incentives has a predominance relevant to the main barrier it manages,
and therefore its qualification was not expected to be perfect, since the
incentives are not extremely effective in reducing or eliminating barriers
for SMEs in general, and therefore their applicability as a whole is needed.

Analysis and comparison of the results with
other studies consulted

Unlike some of the articles analyzed in this research, the results of
these studies focus on one or a maximum of three incentives that
together can manage the barriers, unlike the proposal we address here,
where we strengthen the diversity of incentives, prioritizing the 8 with
the best results after applying the AHP model. The above is evidenced
in the articles of (Johnson and Schaltegger, 2016) and (Klewitz et al.,
2012) who propose no more than three incentives that only emphasize
the importance of existing tools. In our work, this emphasis falls into
the category of technical barriers, which are of medium importance
according to our methodology. This is based on the results obtained
when collecting information on the barriers identified for Colombia
and Medellin, which showed that this barrier is not a priority for the
entrepreneurial ecosystem of the country and the city.

Likewise, for these initiatives to achieve positive results over time,
as recommended by different experts and which we have not observed

frontiersin.org
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at a general level in the different studies analyzed, and which
we propose to address in conjunction with the strategies described
above, other factors related to the environment, culture, actors, legal
framework, standards, and technologies must be taken into account
(Moreno Sanchez, 2020). It is important that the business model of
these companies changes (Garcia and de la Torre, 2021; Long et al.,
2018) and that the incentives are truly directed to the target, which is
SMEs, and do not inherit models applied to companies of other sizes
and capacities (Cantele and Zardini, 2020). The ecosystem in which
SMEs operate is motivated to mediate their interactions through a
collaborative market (Joao et al., 2018; Crowe et al., 2016; Govindan
et al,, 2020) and consists of all the different actors interacting in the
market (Bakos et al., 2020) with clear and defined roles (Journeault
etal., 2021).

On the other hand, we find studies with similar conclusions to the
result obtained, authors such as Caldera et al. (2019), who expose the
need for enablers to holistically manage barriers, or Purwandani and
Michaud (2021), as the main finding of their research found that more
than a third of the SME:s interviewed preferred a financial incentive
over any other type of incentive, and Long et al. (2018), that external
factors included in regulations and sanctions are important for

TABLE 6 Variable rating scale (own elaboration).

Incentives are extremely effective in reducing or eliminating barriers for 5
SMEs.

Incentives are very effective in managing barriers, although not at the 4
maximum level.

Incentives are moderately effective in managing barriers. 3
Incentives are ineffective in managing barriers. 2
Incentives are ineffective or almost ineffective in managing barriers. 1

10.3389/frsc.2025.1476967

business engagement. It has also been stated that SMEs in general do
not see sustainability as an opportunity and are not aware of the
benefits it offers (Klewitz et al., 2012; Cantele and Zardini, 2020),
which is in line with our findings, as another incentive that scored
highest in the analysis was awareness of the benefits of sustainability.

These analyses reinforce the results obtained, which can be seen
below in the list of barriers, categories, and incentives (Figure 8).

Therefore, if we were to evaluate the set of incentives described
above and apply them in the city of Medellin, we would expect a
positive result, as shown in Figure 8. It would take a comprehensive
look at all the barriers and jointly manage the needs that SMEs face in
the market. This response to the study (Contreras, 2020) addresses the
need to implement business strengthening programs for SMEs in
Colombia, in this case for those in Medellin. This, in turn, is based on
what is described in Law 905 of 2004, which seeks to promote the
development of Colombian SMEs (Congreso de Colombia, 2004).

As a result, it becomes relevant the ability to incorporate
sustainability criteria for SMEs from different factors; not only from
the economic but also from the legal, educational, the level of
informality, access to finance, incentives or market barriers, the level
of competitiveness and productivity of the country, the scope of
government and its institutions and the ability to generate innovation,
research and development (Trautwein, 2020; Klewitz and
Hansen, 2014).

In practice, sustainability should not be viewed solely as an
environmental issue but as a comprehensive concept that also
encompasses social and economic dimensions. SMEs, due to their
structure and limited resources, often face significant barriers to
implementing sustainable practices. The lack of awareness about the
long-term benefits these strategies can provide, coupled with the
absence of clear incentives, hinders their integration. However, various
studies indicate that when incentives are clear and aligned with the
actual needs of the market, small and medium-sized enterprises can

[

Main incentives identified according to the
focus of the barrier it manages
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Management

§ Technical Barriers
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FIGURE 7

List of barriers, categories, and incentives (own elaboration).
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Barriers Categories Incentives
. . . . Management Training, support and awareness
Lack of technical expertise and information g. €, supp
Barriers programs through support networks
) . " . Increase financial incentives (loans,
Lack of financial resources Political Barriers . . .
subsidies, taxes, public subsidies, etc.)
Lack of commitment/awareness at the Market Barriers Raise awareness about the benefits they
management level to sustainability receive by becoming sustainable
) Pressure from stakeholders (customers,
Lack of adequate technology/infrastructure for Technology ( .
. . . L . partners, government, suppliers,
implementing and measuring sustainability Barriers .
community)
Lack of support/consulting to implement Technical . .
pport/ L .g P . Regulations and sanctions
sustainability Barriers
- . Economic Increase in R&D practices to design green
Administrative burden/Bureaucracy . P gng
Barriers products
Lack of homogeneity and monitoring in New technology / infrastructure / tools to
sustainability regulation measure and monitor
Lack of incentives Transition to a sustainable business model
Lack of employee awareness/commitment
Existing organizational culture and resistance to
change
Lack of human resources
Lack of customer demand/interest in sustainability
Competitive concerns in the market
Lack of cooperation and willingness with the supply
chain
Low return and high delay in recovering the
investment
Lack of R&D research
Lack of employee empowerment
Existing tools are designed for large companies and
not for SMEs.
FIGURE 8
Variable evaluation results (own elaboration).

transition to more sustainable business models without compromising
their economic viability ( ).

Therefore, it is essential that proposed incentives not only
encourage the adoption of sustainable practices but also
be accompanied by support mechanisms that facilitate their

Frontiers in

implementation, taking into account the specificities of each context
and the resources available in the local environment. This includes
education and awareness about the tangible benefits of sustainability,
as well as access to fiscal incentives, green financing, and technical
assistance, enabling SMEs to overcome initial barriers and sustain
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their efforts over time. Sustainability should be seen as a gradual
process, allowing SMEs to visualize benefits in terms of efficiency, cost
savings, and improved competitiveness, progressively integrating
these factors into their business models.

Conclusion

It can be discerned that the contexts to which companies are
exposed have become increasingly similar on a global scale as a result
of globalization. Consequently, the circumstances encountered by
SME:s in a city like Medellin can be observed in other parts of the
world. This is exemplified by the barriers, including a lack of technical
knowledge and information, financial resources, and incentives,
which have been identified in both global literature and the context of
Colombia and Medellin.

In contrast, incentives are primarily oriented toward managerial
objectives and are designed to be managed on a case-by-case basis,
taking into account the specific circumstances of each city or region.
However, the research yielded insights into the most effective
strategies for managing the spectrum of barriers. These included
training programs, awareness and support, increased financial
incentives, promoting the benefits of sustainability, stakeholder
pressure, regulations and sanctions, enhanced R&D practices, new
technology and infrastructure, and transitioning to a sustainable
business model. It was deemed essential to consider the proposals
holistically, as this would facilitate the management of all potential
barriers and bring together the most effective practices in terms of
intervention or support for this audience.

It can be seen, then, that the outlook for SMEs is not favorable and
requires the development of solutions. Furthermore, there is a risk that
SMEs may be left behind in the market if they fail to keep pace with
evolving market trends, particularly in the area of sustainability, which
is gaining traction among both consumers and large corporations.

It is therefore evident that the joint management of all the
aforementioned barriers is an imperative necessity, allowing SMEs to
solidify their trajectory toward the incorporation of sustainability
criteria within their business plans, thus enabling them to focus on
their companies. Furthermore, this would challenge the assumption
that financial incentives are the sole means of enhancing
SME competitiveness.

Similarly, the AHP model has demonstrated that SMEs in Medellin
have the potential to drive the development of sustainable business
ecosystems. This tool has been demonstrated to be an effective
instrument for strategic decision-making. The results obtained permit
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