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Abstract 

 
Environmental problems and the depletion of natural resources are a worldwide concern which 
has not yet been fully solved. These environmental problems have had a negative impact on 
the population and economic development of all countries, the industrial sector being one of 
the biggest sources of pollution.  
 
The present doctoral dissertation focuses on small and medium sized enterprises (SMEs), 
which actually constitute the productive gear in emerging countries. The negative impact of a 
small business is so weak that it tends to be neglected, but considering that this sector 
accounts for 90% of  an average country´s economy, its effect on the exacerbation of 
environmental pollution through commercial, industrial and service activities significantly 
contributes to overall environmental, social and economic difficulties.  
 
Therefore, SMEs play an important role in the adoption of sustainable and respectful practices 
when it comes to reducing negative impacts on ecosystems. Thus, the adoption of 
sustainability is related to the effective application of environmental practices and tools that 
must be incorporated into an organization's internal strategies and objectives. This actually 
means considering environmental sustainability as a priority in all aspects of business activity.  
 
However, by gathering the relevant literature related to the subject of study, it could be 
observed that there are multiple sustainability models designed for the industrial sector, but 
few research studies comprehensively evaluating and exploring the social, environmental, 
economic and technological aspects of SMEs. For this reason, and in order to reach a deep 
understanding of the adoption of sustainability by SMEs in Colombia, the present research is 
framed in the analysis of the current state of small businesses in face of the challenge posed 
by the achievement of corporate sustainability.  
 
In this sense, this work proposes the development of an Integral Sustainability Model for SMEs 
(ISM-S), framed in an environmental management system aimed at improving economic 
indicators, minimizing negative environmental impacts and making their employees adopt 
more sustainable and responsible behaviors.  
 
The ISM-S developed in this doctoral dissertation focuses on the analysis of a series of factors 
related to (i) a decision-making management system, (ii) sustainable tools and strategies, (iii) 
social responsibility and knowledge management, and (iv) technological convergence. It also 
includes a sustainability maturity classification model that operates through data analysis and 
supervised classification algorithms, and a predictive simulation model that allows examining 
a sequence of changing events that can be subjected to probabilistic analysis as the company 
goes through different scenarios to achieve sustainability. In summary, this research resorts 
to a conceptual framework, descriptive statistical methods, data analysis, and stochastic 
prediction models. 
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Additionally, the ISM-S model was quantitatively evaluated through its components (statistical 
analysis, classification of sustainable maturity states and predictive simulation) in different 
productive SME sectors in Colombia.  In relation to the statistical analysis of the case study, 
the results show that SMEs have internal and external barriers that affect the adoption of 
practices of interest at the national level, since they lack environmental, social, economic and 
technological strategies.  
 
Using the techniques Design Science Research and Design of Computational Intelligence 
Experiments, the classification of sustainable maturity was applied to a group of companies in 
Colombia. Making use of data analytics and supervised classification algorithms, the model 
found that the studied group of Colombian (micro,small and medium sized enterprises-
MSMEs) was composed as follows: 6% of the companies were at an insufficient sustainability 
maturity level; 31% were at the basic one; and 45% and 18% at the developing and 
consolidated levels, respectively. According to the current model’s simulation of the fulfillment 
of a set of characteristics, assumptions and constraints on the part of Colombian MSMEs from 
different productive sectors, they will have reached a maximum level of sustainability maturity 
after a two and a half-year period (on average).   
 
The conclusions of this research reveal it is one of the first empirical studies to integrally 
analyze various sustainability factors in connection with the behavior of SMEs in Colombia. 
Therefore, the current framework can be applied to both regional development plans and the 
evaluation and monitoring of economic indicators in companies. This, in turn, allows them to 
minimize negative environmental impacts and have their employees adopt more responsible 
behaviors.   
 
Thus, this doctoral dissertation constitutes a platform for future research projects wishing to 
improve the analysis of other factors than those studied here. This may aid researchers in 
comparing SMEs across different regions of Latin America, thus allowing them to determine 
similarities or differences in the achievement of sustainable development and framing other 
methodologies in future research studies. 
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Chapther 1. General Overview of the Study 

 
1.1 Introduction  

In introducing the current research study, this chapter offers an encompassing view of the context 
in which it was conducted. Also, the motivation and the research question are formulated, together 
with the general and specific objectives. Likewise, the contributions and limitations are briefed, 
just as the publications issued during its development and the structure of the chapters making up 
the document.  

1.2 Motivation and problem statement  

The current debate on environmental protection in social sectors has not left industry aside. In 
addition, it has intensified in recent decades due to the persistence of a variety of environmental, 
social and economic problems arising in the business sector. Environmental concerns revolve 
around energy consumption, resource depletion and environmental imbalance [1]. These 
problems have been rapidly taking a toll on people’s health and the sustainable development of 
societies. 
 

Research conducted by and Hachaichi and Baouni [2] on the capacity of the planet to reach an 
adequate resource distribution balance has identified that the current life style patterns have 
triggered diverse environmental crises such as climate change, loss of biodiversity, widespread 
contamination, water shortage, reduced food production capacity, sea level rise, and ocean 
acidification [2], [3]. Although urban areas only represent 2% of the earth’s surface, more than half 
of the population of the planet actually dwell in cities. Population growth projections estimate an 
increase towards 9.8 thousand million people by 2050 [4]. 
 

Hence, both industrialized and emerging countries have recognized the seriousness of these 
environmental problems. In fact, important world forums have agreed that environmental 
protection is a joint responsibility of all countries [5]. One of the leading organizations seeking for 
environmental strategies is the World Commission on Environment and Development, created in 
1984 by the general assembly of the United Nations as a leading organism and world regulator in 
environmental matters. This commission issued a report explaining the main causes of this 
environmental degradation, which allowed introducing the concept of sustainable development as  
that which allows “satisfying the needs of the current generation without compromising the 
capacity of future generations to satisfy their own needs” [6], [7]. 
 
In consequence, sustainability must bring along both progress and life quality in any country, 
keeping a balance among different variables which are not only economic in nature, since social 
and environmental aspects must also be included. For the purpose of the present research, 
corporate sustainability has been defined as the reduction of waste and environmental impacts 
produced by the internal activities of a company, making efficient use of its economic, social and 
environmental resources. 
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Diverse studies have proven several useful strategies for the implementation and advance of 
corporate sustainable development, which allow the business sector to significantly reduce 
environmental contamination, increase productivity and optimize productive processes [8], [9]. In 
this sense, the optimization of supplies, the reduction of waste and the use of clean technologies 
are synonyms of doing more with less, producing less waste. 

 
The effective implementation of sustainable strategies in industrial sectors is still the object of 
debate due to the diversity of models intended for the implementation of environmental 
sustainability in internal and external processes [10]. Furthermore, these models reveal the 
scarcity of studies comprehensively tackling key elements of environmental sustainability in 
internal processes[7], [11], [12]. Examples of said elements are the adoption of social features of 
business partners, which is related to their capacity to acquire environmental knowledge and 
socialize it; the adoption of environmental factors in internal activities, which is related to the 
degree of implementation of environmental strategies and practices; and the adoption of economic 
aspects, which are related to the development of environmental management systems and 
indicators for decision-making at the management level. 

 
On the other hand, most companies around the world correspond to the category Small and 
Medium Sized Businesses (SMEs), which makes significant contributions to the economy of any 
nation. However, only few studies have addressed the factors that allow measuring business 
maturity and knowledge management, or the necessary strategy implementation guidelines within 
a SME integrated system [13]. Furthermore, in most cases this has only been done to a limited 
extent. In local contexts, there is certainly a gap in the literature dealing with the business 
management model that businesses should adopt when it comes to sustainable actions. For this 
reason, the current study has set the goal to identify and analyze those factors that may integrally 
promote sustainability in SMEs. Hence, the following sections introduce the scheme under which 
such contribution has been developed.   

 

1.3 Research question  

The question raised in this study is: What is necessary for small and medium sized businesses to 
improve their economic indicators, minimize negative environmental impacts and have their 
employees adopt a more sustainable and responsible behavior? 

 
1.4 General objectives and specific objectives 

In order to answer the research question, the following objectives were proposed: 
 

Developing an integral sustainability model for SMEs, framed in an environmental management 
system intended to improve economic indicators, minimize negative environmental impacts and 
have their employees adopt a more sustainable and responsible behavior.  
Specific objectives: 
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• Identifying and analyzing the components of an integral sustainability model. 
• Designing and evaluating an integral sustainability model for SMEs, such that it combines 

sustainable practices and environmental knowledge management in an environmental 
management system.  

• Validating the model through a predictive simulation, in order to assess improvement 
strategies.   

1.5 Main contribution 

The main contributions of the present research are:   
 
• The current one is a strategic model intended to provide guidance to an environmental and 

productive business system. The point is that very few SMEs in developing countries can 
invest large amounts of financial, technological and human resources to undertake 
sustainable strategy innovations. In this context, the present study contributes to the 
debate on the strengths and weaknesses of these companies when it comes to taking the 
path to corporate sustainability.  
 

• Designing and controlling a set of key factors and indicators of economic and 
environmental performance. This is made possible because the proposed model provides 
a comprehensive view of the organization, framed in sustainable strategies. This, in turn, 
allows managers to develop environmental, economic and social decision-making abilities.  

  
• The theoretical contribution of the present study is the contextual analysis of the studied 

factors affecting SME sustainability. This certainly broadens the framework formerly 
provided by empirical and practical models, for which the author resorted to data analysis 
techniques.  

 
• Another contribution of this research study is its expected relevance for corporate leaders, 

since it indicates if the current sustainable strategies are sufficient for their intended 
purpose, or if adjustments are needed.  

1.6 Scientific publications resulting from this thesis 

It is important to mention that the present dissertation is based on several papers we published in 
conferences or journals. Hence, this document is the result of the development of our research. 
 
The publications issued during the development of this research are the following: 
 

• Vásquez, J., Aguirre, S., Puertas, E., Bruno, G., Priarone, P. C., & Settineri, L. (2021). A 
sustainability maturity model for micro, small and medium-sized enterprises (MSMEs), 
based on a data analytics evaluation approach, Journal of Cleaner Production, 311, 
127692.  
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• Vásquez, J., Aguirre, S., Fuquene-Retamoso, C. E., Bruno, G., Priarone, P. C., & Settineri, 

L. (2019). A conceptual framework for the eco-efficiency assessment of small-and medium-
sized enterprises. Journal of Cleaner Production, 237, 117660.  

 

• Vásquez, J., Aguirre, S., Settineri, L. (2020). Development of an integral model of 
sustainability for the improvement of the environmental and productive process in small 
and medium enterprises (SMEs) Second National Meeting of Doctoral Students in 
Engineering, ENEDI-ACOFI 2020, published in the proceedings of the event, September 
18, 2020. 
 

• Vásquez, J., Bruno, G., Settineri, L., & Aguirre, S. (2018). Conceptual Framework for 
Evaluating the Environmental Awareness and Eco-efficiency of SMEs. Procedia CIRP, 78, 
347-352. 

 
• Vásquez, J., Aguirre, S., Fuquene-Retamoso. “Development of eco-efficiency models in 

small and medium enterprises -SMEs” for the 8th International Conference on Production 
Research – Americas 2016 in Chile. 

 
Appendix 1 details the relation of these publications with the development of the current thesis.  

 

1.7 Structure of the thesis 

The structure of this document is detailed below:  
 

Chapter one provides a general view of the research study. Besides, its general purpose is 
defined, together with its objectives, research questions, contributions and limitations, as well as 
the contributions to the academic community.  
 
Chapter two introduces the conceptual framework leading to the topics “Corporate sustainability” 
and “Sustainable development”. Besides, it contains the literature review on theoretical and 
practical sustainability models as framed in the context of SMEs. Thus, the research gap is 
identified.   
 
Chapter three defines the research methodology and describes the process followed in the 
investigation and its focus of study, together with the instruments that allowed the testing of the 
model.  
 
Chapter four introduces the design and assemblage of the integral sustainability model, based 
on the literature review presented in Chapter 2. Additionally, the characteristics of the model, its 
purpose and limitations are described in detail.  
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Chapter five presents the quantitative analysis of the results of the investigation. Also, the most 
relevant findings are discussed based on the analysis of the resulting data, in order to provide an 
answer to the research question.   
 
Chapter six provides the general discussion of the developed ISM-S model, general application 
and novel aspects in comparison to the current scientific literature. 
 
Chapter seven provides the research conclusions and details certain recommendations for the 
sector in question. Just as well, a methodological proposal to implement the model through future 
research is presented. 
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Chapther 2. Literature Review 

 
2.1 Introduction  

The second chapter of the doctoral dissertation presents the theoretical background to achieve 
the first research objective. Thus, a series of items are addressed: Introducing the 
conceptualization of sustainable development and corporate sustainability; checking the state of 
the art of the theoretical and practical models that have dealt with sustainable management in 
SMEs; and identifying the progress and research gaps featuring this topic. These points are 
developed in the sections below. 

 
2.2 Sustainable development and important achievements  

In analyzing the cornerstones of sustainable business management, it is necessary to explore the 
departing points from which the topic has developed. For such purpose, it is necessary to find a 
clear-cut definition of sustainability, coupled to the main events in which it has gained momentum. 
Nonetheless, the definition of sustainability is still confusing due to the variety of attempts coming 
from different disciplines and perspectives operating in the political, religious, economic and 
scientific realms. 
 
According to T. O. Olawumi et al. [14], the search for a definition of “sustainability and sustainable” 
started in the 1970’s, when environmental concerns first hit the ground in connection with human 
development. This overall interest was triggered by situations of population displacement, 
transformation of ecosystems and the relation between productive and economic systems. 
 
As a consequence, a first convention addressing the problem was held in 1972, under the 
sponsorship of the United Nations (UN). The central topic in this event was on the “Human 
environment”, which allowed setting a series of cornerstones for the formulation of international 
strategic environmental policies. Later on, in 1980, the Worldwide Strategy for the Conservation 
of Nature and Natural Resources was formulated. In its section “Towards Sustainable 
Development”, the main causes of poverty and habitat destruction were identified: Demographic 
pressure, social inequality and unbalanced growth of industry and commerce. The identification of 
these causes allowed establishing a worldwide preservation agenda [15]. 
 
In analyzing the concepts of sustainability and sustainable throughout the Brundtland report, also 
known as Our Common Future, it can be observed that they are both used with the same meaning. 
This report refers to the terms sustainable and sustainability as synonyms without these terms 
reflecting any particular difference. This lack of differentiation between terms like sustainable 
development or sustainability development is reflected by the definition “the capacity to satisfy the 
needs of the current generation without compromising the capacity of future generations to satisfy 
their own needs” [14], [16]. 
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In order to apply this definition, governments need to maintain certain balance between social, 
economic and environmental aspects. Along these lines, world organizations have held several 
gatherings and conventions to provide environmental guidelines for the governments of both 
developed and emerging countries [17], [18]. One of the most important gatherings highlighted by 
the literature on the history of the environmental movement is the one conducted in Rio de Janeiro 
in 1992. This event issued “Rio declaration on environment and Development” [19], which stated 
27 environmental protection principles,  five of which are closely related to the corporate world: 
No activity can take a toll on the rights of future generations; strategic objectives must be set, so 
that environmental protection is incorporated into any productive activity; information and report 
transparency are a collective right; precautionary principle; and those who pollutes pays. 

 
After “Rio Summit”, both environmental concerns and sustainable development declaratory have 
been steadily increasing. From 1992 to 1999 the main gatherings of this movement - like the 
Protocol of Kyoto and the conformation of the Network for Sustainable Development in 1997 - 
focused on the definition of specific emission reduction goals for the six main greenhouse effect 
gases. Additionally, the formalization of the World Pact of the United Nations and the Corporate 
Citizenry Principle were reached in 1999 [20]. The latter addressed the contributions of a company 
to society through its main business activities, social investments and participation in the 
development of public policies. 

 
More sustainable development agreements would come in the following years, from 2000 to 2010. 
This is the case of the declaration of the Millennium Development Goals (MDGs), issued by the 
United Nations in New York in 2000, which had the participation of 189 countries and manifested 
eight main goals related to human development and nature, as well as the commitment to reach 
them in 2015 [21]. In 2015, took place the World Conference on Sustainable Development Rio+10, 
known as the Johannesburg Summit, which reasserted that sustainability is the central strategy of 
the international endeavor against poverty and towards environmental protection. 

 
In 2005, the Kyoto Protocol was enforced, but it was only until 2009 that the Fifteenth session of 
the Conference of the Parties, known as COP 15, conducted the corresponding financial 
negotiations and set economic penalties for concrete greenhouse gas reduction goals [22]. 
Despite this, several nations, including the European Union and some emerging countries, 
criticized China and the USA for not reaching solid carbon emission capping agreements. 

 
During the period comprised between 2011 and 2020 took place an important convention known 
as RIO+20 (conducted in 2012), which dealt with the “green economy”, an important issue when 
it comes to solving the problems caused by business activities. Thus, green economy and 
sustainable development have come to show the way in which companies can treat the residues 
of their economic activities. 
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Taking into account the millennium development goals defined in previous years, the 2015 
Sustainable Development Convention conducted in New York in 2015 formulated a new agenda 
stating 17 updated Sustainable Development Goals (SDGs). These were intended for the 
members of the UN to protect the planet, end up poverty and guarantee peace and prosperity by 
2030 [23]. The SDGs are still the object of criticism due to the lack of strategies, investments and 
processes by which countries may fulfill them. In that same year, the Paris COP21 Summit on 
Climate Change gathered 195 countries to formulate the United Nations Framework Convention 
on Climate Change (UNFCCC), which set the goal to limit global warming below 2ºC. 

 
Based on the specifics of the SDGs, the 2017 World Economic Forum designed a platform 
intended to support companies, governments and civil society in the study of the necessary public-
private cooperation to speed up the fulfillment of the SDGs. On these grounds, the Sustainable 
Development Solutions Network (SDSN) prepared the Sustainable Development Report in 2019, 
informing on the progress of the 162 countries that had agreed on the SDGs. This is certainly a 
not encouraging document since, despite the remarkable progress made by the Scandinavian 
countries, Africa and Latin America show poor results and even deterioration [24]. This implies 
stronger challenges and corresponding efforts for the countries of these regions, in order to reach 
the SDGs. 

 
In the current national and international context faced by the corporate sector, it is necessary to 
strengthen the necessary business strategy and sustainable practice effort to competitively 
transform the sector. Hence, the next section introduces the term “corporate sustainability” as a 
pivotal development of the current research study.  

 
2.3 Corporate sustainability  

As noted in the previous section, over the last few decades there have been concerns and 
challenges in achieving balanced sustainable development integrating political, economic, 
environmental and social aspects. Although said concerns have been addressed through 
protocols, conventions and agreements, globalization and emerging issues have been increasing 
due to the rapid and aggressive changes that companies have had to face. These challenges 
include new technologies, government regulations, economic crises and/or recessions, and 
capacities for the use of ecosystem services, which companies must include in their productive 
activities.  

  
Thus, several factors resulting from globalization have promoted sustainability in the business 
sector. Due to its complexity, corporate sustainability is better known as represented by the triple 
bottom line (TBL). According to Elkington [25],  the TBL approach could lead an organization to 
realize economic prosperity, environmental quality and social justice simultaneously. Figure 1 
explains the integration between business activities and the environmental, economic and social 
dimensions of sustainable development. This balance, which results from the notion of sustainable 
development as meeting the needs of the current generation without sacrificing those of future 
generations, allows the entire system to current harmoniously in time and space by progressively 
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achieving partial objectives. Additionally, in the context established by the needs, requirements 
and challenges of globalization, this necessary balance  call for five outstanding sustainability-
achieving factors: Energy efficiency, emerging trade, sustainable value chains, business models 
and information technologies intended to support companies in their transformation toward 
industry 4.0, which is what is currently taking place [26].  
 

 
 

 

Figure 1. Sustainable Development Dimensions 

In order for leaders and managers to be able to contribute to these sustainable development 
dimensions, the notion of "business sustainability", also named "corporate sustainability" or 
"corporate sustainable management", has been coined as the strategy that allows the creation of 
economic, environmental and social value to increase the welfare of present and future 
generations [27]. According to this author [28], corporate sustainability at the business level refers 
to the strategic systems that transform organizational management into a set of activities that 
contribute to sustainable development within the limits of ecosystems. That is, the capability to 
produce efficiently while minimizing environmental impacts and contributing to economic and 
social development. This intrinsic philosophy has been the main reason for companies to consider 
the corporate sustainability approach [29].  

 
In addition, corporate sustainability is considered to integrate social and environmental dimensions 
in the process of strategic management and planning, thus highlighting the strategic position of a 
company with respect to sustainable development. Caldera [30] explains that corporate 
sustainability practices address a variety of economic, social and environmental objectives and 
instances framed in organizational and administrative management and integrated into the actual 
business processes. As such, it has constituted an aspiration for an increasing proportion of SMEs, 
since it likely to bring about profitability, resilience and positive social and environmental deeds.  
  
On the other hand, corporate sustainability intends to achieve SDG No. 12, which aims at 
establishing sustainable production and consumption by 2030. Presently, this goal has been 
integrated into Industry 4.0, which intends to achieve potential benefits in the three dimensions of 

Enviromental

SocialEconomic

Environmental education, 
training, environmental 

knowledge 

Business ethics, corporate 
social responsibility, fair trade 

Ecoefficiency, resource 
optimization,  

cost- effectiveness 



 

 18 18 

sustainable development [31].In this way, corporate sustainability comes to be an opportunity to 
advance towards new ways of doing business, innovating and increasing competitive capacity.  
 
In addition, as consumers observe that companies base their activities on principles of corporate 
sustainability, they tend to perceive them and services as environmentally friendly and supported 
by an ethical behavior background. This, in turn, helps companies increase their sales, improve 
their corporate image and increase their profits [32]. In addition, companies with a sustainable 
management orientation focus on meeting government requirements and regulations that respond 
to the progress of society.  

 
As a result, business leaders face complex situations as they simultaneously manage activities 
related to the environment, the economy and society, which require specific administrative and 
productive perceptions for the organization to move effectively in sustainability contexts. In several 
countries, great efforts have been made to protect the environment through regulation proposals 
and financing strategies for the development of companies, so most of them are aware of the 
importance of sustainability. However, this endeavor requires the decision makers of internal 
corporate processes to integrally address activities that support strategic growth through new 
tools, methodologies and models which, in turn, must contribute to increasing economic prosperity 
and generating positive effects for the environment and their workers.  
 
Thus, researchers from various scientific disciplines have designed sustainable management and 
business models based on new trends that combine data analysis, automation, e-commerce and 
marketing, among other new transformations. But for some companies, making these changes 
implies complex and difficult paths, while for other companies it is an urgent need [33]. 
  

2.4 State of the art 

With the aim of identifying research works related to the topic of the current study, a bibliometric 
analysis was carried out in order to analyze relevant topics, authors, publications per countries, 
and proximity between investigations. For such purpose, a systematic review was conducted by 
the bibliometric method for the evaluation of scientific papers (both empirical and topic reviews), 
which were grouped according to research objective similarity through the following steps: 
Identification, selection of relevant studies, quality assessment, extraction of relevant data, and 
information synthesis [28], [34], [35].  

 

Table 1 describes the search criteria employed for the systemic review of research papers related 
to the subject of the study. 
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Table 1. Scientific studies search criteria 
Items and search criteria 

Items Criteria 
Period From 2015 to 2020 
Online databases Scopus, Web of Science (WOS) 
Search topics Sustainable management models for SMEs  
Category Engineering, business and administration, decision-making sciences, 

interdisciplinary areas.  
Type of document Empirical reports and reviews 
Employed software and programming 
languages Python and VosViewer®  
Language English and Spanish 

 

 
In searching the databases Scopus and Web of Science (WoS), the equation “(sustaina* AND 
management*) AND ((model*) OR (framework*)) AND ((smes) OR (small AND medium AND sized 
AND enterprises) OR (small AND business))” was applied in the search fields TiTle-ABS KEY 
(Scopus) and TOPIC (WoS).  
 
The search equation above yielded 247 articles in Scopus and 262 in WoS. Therefore, it was 
deemed necessary to unify the list of scientific articles issued from 2015 to 2020 by comparing the 
following fields: Keywords, summary, authors, country, journal and affiliation information. The list 
of papers was systematized in CSV and HTLM files and then processed in the programming 
language Python, in order to standardize the keywords (i.e., synonym unification and information 
refinement). For example, the keywords “small business” and “SMEs” were unified as “small and 
medium sized enterprises”. In addition, the articles were stratified according to the keyword 
combinations defined in the search equation. Out of the 507 articles analyzed, 226 were found to 
contain some words from the equation in their summary or keywords. 
 

After exporting the information from Python, the results were displayed in a VOSviewer software 
package version 1.6.15, which allows the identification of the most relevant research clusters [34]. 
Figure 2 highlights the three major clusters of keywords associated with the subject of study, plus 
a cluster that is embedded in the large ones.  
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Figure 2. Key word clusters based on co-occurrence (VOSviewer 1.6.15) 

For the present research, “sustainable development” is naturally the central word in the map of 
key topics, which are, in turn, associated with other focal topics. These key topics have been 
classified into three main clusters: Focusing on strategic management, Cluster 1 (red) highlights 
environmental regulations, technology, economy, competitiveness, industrial research, 
sustainable manufacturing, trade, investment and decision-making. Cluster 2 (green) focuses on 
sustainable tools and practices such as circular economy, recycling, cost-benefit analysis, 
planning, climate change and adaptive resource management and adaptive environmental 
management assessment. In turn, cluster 3 (blue) focuses on business development as seen from 
the perspective of human resources in a sustainable value chain, which includes corporate social 
responsibility, innovation, culture, profitability and decision-making. Although reduced in the 
number of key topics, the remaining cluster (yellow) focuses on business, literature review, 
competitiveness, manufacturing, and environmental economics, all of which are included in at 
least one of the three main clusters. 

 
Figure 3 also shows the various research topics revolving around SMEs, highlighting the close 
ties sector holds with the three main clusters through topics like management systems, sustainable 
practices and social responsibility. It is noteworthy how these topics are, in turn, related to the 
economic, social and environmental dimensions of sustainable development.  
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Figure 3. Focal mapping around SMEs (created in VOSviewer 1.6.15) 

 
Based on the above, and in order to actually review the papers related to the subject of study, 
those with the most citations in recent years were given priority. Therefore, the selection criteria 
for the articles that make part of the state of the art were the following: 
 

• Five articles with more than 15 citations were selected from each of the clusters. 
• The abstract of the articles should include keywords related to the search equation.  
• The articles are biased by the knowledge and interest of the researchers in the area of 

study. 
 

Besides their categorization in the three mentioned clusters, the scientific papers under analysis 
were segmented according to their correspondence with the dimensions of sustainable 
development (economic, social and environmental). Table 2 shows the results obtained from the 
literature review. 
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Table 2. Cluster analysis according to sustainable development dimensions 
Economic dimension of sustainable development 

Cluster 1. Management systems for sustainable decision-making  
Author/ Year Title No. Citations by 2020 Model type 

H. S. Birkel et al., (2019) 
[33] 

Development of a risk 
framework for Industry 
4.0 in the context of 
sustainability for 
established 
manufacturers 

42 Theoretical 

S. K. Mangla et al., 
(2018) [36] 

Enablers to implement 
sustainable initiatives in 
agri-food supply chains 

44 Theoretical – practical 

T. B. Long et al., (2018) 
[37] 

Critical success factors 
for the transition to 
business models for 
sustainability in the food 
and beverage industry in 
the Netherlands 

31 Theoretical 

C. H. Hsu et al., (2017) 
[38] 

Identifying key 
performance factors for 
sustainability 
development of SMEs – 
integrating QFD and 
fuzzy MADM methods 

50 Theoretical – practical 

P. R. Crowe et al., (2016) 
[39] 

Operationalizing urban 
resilience through a 
framework for adaptive 
co-management and 
design: Five experiments 
in urban planning practice 
and policy 

31 Practical 

Environmental dimension of sustainable development 
Cluster 2. Sustainable tools and practices  

Author/ Year Title No. Citations by 2020 Model type 

D. D’Amato et al., (2020) 
[40] 

Towards sustainability? 
Forest-based circular 
bioeconomy business 
models in Finnish SMEs 

21 Practical 

H. T. S. Caldera et al., 
(2019) [30] 

Evaluating the enablers 
and barriers for 
successful 
implementation of 
sustainable business 
practice in ‘lean’ SMEs 

20 Theoretical – practical 

M. Aboelmaged et al., 
(2018) [41] 

The drivers of sustainable 
manufacturing practices 
in Egyptian SMEs and 
their impact on 
competitive capabilities: 
A PLS-SEM model, 

41 Theoretical 

Changwichan et al., 
(2018) [42] 

Eco-efficiency 
assessment of bioplastics 
production systems and 
end-of-life options 

20 Theoretical – practical 

G. C. Oliveira et al., 
(2017) [43] 

Framework to overcome 
barriers in the 
implementation of cleaner 

32 Theoretical – practical 
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production in small and 
medium-sized 
enterprises: Multiple case 
studies in Brazil 

Social dimension of sustainable development 
Cluster 3. Social responsibility and knowledge management 

Author/ Year Title No. Citations by 2020 Model type 

W. Kucharska et al., 
(2019) [7] 

How to achieve 
sustainability?—
Employee’s point of view 
on company’s culture and 
CSR practice,  

15 Theoretical 

J. Batle et al., (2018) [44] 
Environmental 
management best 
practices: Towards social 
innovation 

15 Theoretical 

G. C. Wu, (2017) [45] 

Effects of Socially 
Responsible Supplier 
Development and 
Sustainability-Oriented 
Innovation on 
Sustainable 
Development: Empirical 
Evidence from SMEs 

33 Practical 

C. C. Nakamba et al, 
(2017) [35] 

How does social 
sustainability feature in 
studies of supply chain 
management? A review 
and research agenda 

32 Theoretical 

 
Taking into account the dimensions of sustainable development and the three mentioned clusters, 
a literature review with the most significant contributions of these investigations is detailed in the 
lines that follow. 
 
2.4.1 Cluster 1. Management systems for sustainable decision-making  

The economic dimension of sustainable development has been related to Cluster 1: Management 
systems for sustainable development decision-making, wherein recent studies not only introduce 
the development of theoretical strategic models that allow creating value in industrial sectors, but 
also report on their practical application. 
 
The studies analyzed in this cluster deal with SMEs in their search for industrial development 4.0, 
for which they are making use of new management systems intended to reach sustainable balance 
between internal and external factors. This is the case of the scientific research of H. S. Birkel et 
al. [33], which introduces a decision model that allows identifying the economic, ecological, social, 
technical, and political risks that arise during the implementation of industry 4.0. Although this 
scientific research integrates its results with the dimensions of sustainability, it attracts criticism by 
extrapolating its results to more general considerations on risk analysis, since it only evaluates 14 
German companies. Just as well, it can be said to lack detail on how these risks can be adequately 
counteracted in different contexts.   
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On the other hand, S. K. Mangla et al. [36] introduces a novel approach called DEMATEL, which 
identifies different corporate sustainability factors and integrates them into a strategic system that 
contributes to decision-making. Among these factors we can count: Pressure from various 
government agencies, incentives and support to undertake sustainable initiatives, the 
understanding of customer requirements, managerial commitment, and auditing of ongoing supply 
chain activities. The latter has been applied to the agribusiness sector through the cause-effect 
diagram, which allows for the analysis of interactions between facilitators, in order to improve the 
long-term implementation of sustainability-focused concepts. However, the author suggests that 
such orientations may have a different impact on sustainable performance across different 
industries, depending on the integration of resources, organizational efficiency and technological 
innovation, which need to be addressed in a more comprehensive manner. 
 
Likewise, a study conducted by T. B. Long et al. [37] explores and identifies critical success factors 
and barriers for the transition from traditional to sustainable business models by evaluating 14 
SMEs in a particular sector. This author determined that the primary drivers correspond to 
business collaboration, a clear vision of the business, continuous innovation, a sustainable base, 
profitability, and fortuitous external events that emerge as critical success factors. However, due 
to the limited number of evaluated companies it may be necessary to confirm whether the factors 
in question are applicable in different contexts.  
 
Research by C. H. Hsu et al.[46] shows that improving business management and performance 
as a function of sustainability constitutes a growth and development opportunity. However, it is 
difficult for SMEs to achieve sustainability due to economic resource availability limitations. In 
correspondence with that, this author shows how to effectively use the resources of SMEs and 
prioritize performance factors through the Balanced Scorecard (BSC). However, this research 
does not take into account that depending on the type of SMEs, it can develop its own sustainability 
criteria and appropriate performance indicators that allow it to prioritize their goals and critical 
indicators.  
 
For its part, the scientific research of P. R. Crowe et al. [39] introduces different lines of 
collaborative management and adaptive design linking SMEs, scholars, citizens and local 
governments. These initiatives are aimed at reaching adequate socio-ecological resilience, thus 
enabling the citizenry to face the challenges that are proper of urban areas. Among the proposed 
management lines are: i) an online crowdsourcing application to map underutilized spaces, ii) an 
interactive chronology tool to identify drivers of change over time, iii) a guidance and signage tool 
to help community projects overcome resource barriers, iv) an epistemic network for citizens to 
exchange knowledge and resources related to underutilized spaces, and v) an online portal that 
provides visibility to projects or community groups and facilitates the creation of horizontal 
networks.  
 
The above-mentioned study highlights the importance of generating innovative and tangible ideas 
aimed at efficient decision-making in the context of sustainability. Just as well, it shows how these 
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initiatives can be prioritized as a mechanism for collaborative change. This is particularly important 
when it comes to the efficient use of social spaces for knowledge exchange involving different 
economic sectors, which certainly allows for the advance of sustainable development along its 
different dimensions. 
  
As it can be seen, the studies reviewed in this section focus on organizational and strategic 
management systems that allow SMEs to analyze those factors that must be taken into account 
when implementing sustainable practices. Among these factors are costs, barriers, investments, 
incentives and profitability, among others. These considerations facilitate better short- and long-
term decisions for these companies, so that they can prioritize and achieve an efficient allocation 
and control of their resources while avoiding unnecessary costs.  
 
2.4.2 Cluster 2. Environmentally sustainable tools and practices  

The environmental dimension of sustainable development has been associated to sustainable 
practices and related tools developed through scientific research in SMEs. These correspond to 
eco-efficiency, cleaner production, eco-design, frugal innovation, measurement and control of 
indicators, environmental certifications and circular economy, among others [47], [48]. These have 
allowed small businesses to implement preventive and corrective routines in order to increase the 
efficiency of processes, products and services, while reducing or eliminating environmental and 
human risks.  
 
In this second cluster, the scientific research of D. D'Amato et al. [40]stands out, since it focuses 
on a new tool associated with the practice of circular economy, known as circular bioeconomy. 
This new environmental practice implies the use and management of renewable biological 
resources in SMEs, through the principles of circular economy [49]–[51].The circular bioeconomy 
model suggests a series of resource transformation environmental policies, such that they promote 
the implementation of sustainable models. It focuses on improving not only current consumption 
efficiency and recycling capacity, but also the production systems, which is theoretically achieved 
through input reduction, eco-design, reuse, and waste recycling. 
 
In evaluating the bioeconomic model in a group of SMEs from the forestry sector, D'Amato et al. 
[40] concludes that the model is oriented towards economic aspects and environmental benefits 
but does not refer to the social dimension of sustainable development. In addition, the selected 
sample of companies was certainly small and heterogeneous, which may bring about analysis unit 
limitations when it comes to decision-making in the sector.  
 
In addition, the investigation conducted by M. Aboelmaged [41] examines how sustainable 
manufacturing practices in SMEs are influenced by technological infrastructure, technological 
competition, environmental pressure, environmental regulations, management support and 
employee engagement. The model evaluated in this study shows that environmental pressures, 
management support and employee engagement positively influence sustainable manufacturing 
practices. Contrastingly, environmental regulations, technological infrastructure and technological 
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competition do not significantly affect sustainable manufacturing practices in terms of cost, quality, 
delivery and product manufacturing flexibility.  
  
In turn, several studies have emphasized that, due to the particular features of SMEs, they make 
multiple efforts to implement sustainable tools and practices, which is an arduous task for them 
[52]–[54]. Research carried out by H. T. S. Caldera et al.[30] on Lean and Green thinking has shed 
some light on this problem. Intended for continuous improvement ecological contexts, this 
approach addresses problems such as waste management, overproduction, waiting, 
transportation, defects, excessive use of ecosystem services, garbage, pollution and industrial 
safety deficiencies, among others. The mentioned author develops a model based on strategic 
facilitators for sustainable business practices, intended to guide SMEs toward the use of Lean and 
Green strategies. In practical terms, the model recommends internal process changes, 
improvement of employee attitudes and perceptions, optimization measures, financial incentives 
and a support network to connect industrial SMEs with environmental sustainability experts. 
 

G. C. Oliveira Neto et al. [55] highlights that, when it comes to implementing Cleaner Production, 
SMEs have to face several barriers that prevent the transition to sustainability. These can be 
financial, economic, cultural, technological, legislative, governmental or organizational in nature. 
The mentioned authors proposes that companies can achieve sustainable changes if they modify 
their production systems and follow a route that allows them to identify the barriers and monitor 
their opportunities. Said allows overcoming those to barriers, prioritize and identify causes and 
effects, and perform economic and environmental analyses. However, taking into account that the 
sample analyzed in the mentioned study comprised only four metal-mechanic companies located 
in Brazil, this research could be strengthened by analyzing other sectors in different regions, in 
order to unify criteria and barrier- overcoming mechanisms.  
 

Another sustainability initiative is ecoefficiency, which is actually a management strategy that 
motivates small entrepreneurs to balance their environmental and economic performance through 
innovation, growth and competitiveness. This results in a less harmful use of natural resources 
and higher financial savings for the company [56]. Thus, the life cycle analysis approach to supply 
chain improvement allows identifying the potential for eco-efficiency in SMEs. For such purpose, 
the key actors in the chain need to detect the opportunities to not only emphasize their 
environmental performance, but evaluate their products as well, thus recognizing the critical 
processes that need to be improved.  
 
Although SMEs are classified as resource-poor companies [57] they have been placed further up 
in the supply chain because of the potential influence of final product processing. In the scientific 
research carried out by Changwichan et al. [42] the environmental and economic sustainability of 
a manufacturing company were evaluated through eco-efficiency. They found that the combination 
of economic and environmental indicators could be improved by 100% through the use of clean 
technologies. 
 

Thus, in the current literature review, good management and implementation of sustainable tools 
and practices in SMEs are observed to optimize ecosystem services and facilitate the reduction 
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of the negative impacts caused by internal corporate activities. This, in turn, allows generating 
multiple opportunities for continuous business improvement.  
 
2.4.3 Cluster 3. Social responsibility and knowledge management  
 

Corporate social responsibility (CSR) and Knowledge Management (KM) have become key 
aspects of business performance in academic, professional and entrepreneurial sectors [46]. In 
this respect, “Knowledge” has been defined as the capacity to acquire information individually or 
in groups of people to improve effective actions in companies [58]. In turn, knowledge 
management – i.e., the acquisition and administration of environmental protection knowledge – is 
used by workers in companies to reduce the environmental impacts of production and 
consumption processes [59].  Currently, social responsibility and knowledge management activity 
in SMEs is oriented towards health, safety, employee awareness of environmental issues, transfer 
of environmental knowledge, and the general well-being of employees and the community [10], 
[60], [61] 
 
CSR and KM relate to the social dimension of sustainable development in the third cluster of the 
current literature review, wherein authors like W. Kucharska et al. [7] have pointed out that people 
are the actual backbone of a company. Through the perception of employees about CSR and KM 
practices, these authors explore different factors (such as culture, reputation and sustainable 
social practices) that intervene in the social development of a group of companies. In this sense, 
Ravasi and Schultz [62] have defined organizational culture as: 
 

"Assumptions that guide interpretation and action in organizations by defining appropriate 
behaviors for different situations, with employee norms, values and beliefs likely to play an 
important role in their CSR perception and behavior".  

  
In this regard, it has been shown that in order to build a good corporate reputation, companies 
must create a long-term employee-oriented culture that allows them to observe how each business 
decision affects their workers [7]. Contrarily, short-term employee culture is considered to go 
against CSR.  According to J. Batle et al. [63], one of the main environmental management factors 
is sustainable innovation, which corresponds to the capacity to incorporate new environmental 
tools and approaches such as circularity, design, knowledge and learning management, and 
organizational synergies conducive to both competitive social development and a more significant 
and sustainable impact on the environment. However, the creation of new tools and clear 
opportunities derive from collaborative and proactive activities among entrepreneurs and other 
agents of the value chain, which result in environmental awareness in the internal activities of the 
company.  
 
Along these lines, G. C. Wu [45] demonstrated the importance of CSR and KM for improving 
environmental performance in SMEs through sustainability-oriented innovations. Yet, it is a difficult 
task for this type of company, since they have limited resources and experience. In this regard, 
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the mentioned author proposes an evaluation framework to determine the influence of sustainable 
innovation practices on getting socially responsible suppliers. This scientific research reveals that 
innovative practices can improve environmental performance in terms of competitive advantage 
and environmental management systems. Just as well, the researcher found that improving the 
relationship with suppliers can effectively help SMEs enhance their social responsibility as long as 
those suppliers actively cooperate to overcome the barriers imposed by limited resources and 
knowledge. 
 
Likewise, the study developed by C. C. Nakamba et al. [35] examines how social sustainability is 
considered in supply chain management, with the aim of identifying key future research 
perspectives. These authors synthesize some trends and research implications in the framework 
of corporate social responsibility: Existing pressures on social sustainability implementation by 
different actors of the supply chain; the development of measurement units to assess corporate 
social aspects (e.g., decent working conditions, incentives, wages and satisfaction among 
employees and customers, among others); and the development of tools and strategies to 
integrate social risk management into hiring and supplier selection decisions.  
 
Consequently, the lack of sustainable social responsibility in the internal processes of the 
companies have become a must when it comes to improving workers’ behavioral ethics. This is 
supported through the acquisition of environmental, social and economic knowledge, the latter 
being transformed into results that contribute to the improvement and sustainable development of 
the company.  
 

2.5 Conclusions 

This chapter presents a detailed description of the state of the art of the topic dealt with in the 
present research, starting from an analysis of the evolution that has emerged around sustainable 
development, through to the concepts of corporate sustainability. In addition, a bibliometric 
analysis focused on SMEs sustainable development models provides further insight into the 
research so far carried out in this field. As a result of this analysis, three clusters were defined: i) 
Cluster 1. Management systems for sustainable development decision-making, which highlights 
the importance of defining the different risks, challenges, approaches, elements and 
characteristics involved in this type of decision in SMEs; ii) Cluster 2. Sustainable Tools and 
Practices, wherein different types of strategies and tools that have been applied to SMEs are 
analyzed, showing their benefits and implementation barriers; iii) Cluster 3. Social Responsibility 
and Knowledge Management, underpinning the link between corporate economic and 
environmental component and the social aspect of the labor force, thus guaranteeing that the 
systems and procedures of the operational activities comply with the social requirements of SMEs 
sustainability projects.   
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Chapther 3. Research Methodology  

 
3.1 Introduction  

The third chapter of the present dissertation introduces its research methodology, which allows 
the fulfillment of its objectives. Thus, the Design Science Research (DCR) methodology is 
described [64], [65] highlighting the purpose of each cycle and activities, the research focus and 
the instrument design process applied to obtain the data.  

 
3.2 Research methodology  

The scientific research technique selected for the present thesis is the descriptive analytical 
method  [66], [67] which allows presenting a scientific problem, diagnosing it and proposing 
possible solutions. This is done with scientific tools that facilitate investigating the causes of the 
problem, analyzing their effects and finally proposing different solutions.  
 
On these grounds, the DCR methodology [64], [65] was adapted to the descriptive analytical 
research method. DCR is compatible with research processes intended to improve some existing 
model or to propose a new one. As such, it allows developing scientific strategies to provide a 
useful and effective solution to a particular problem. The development of the model implies a series 
of activity cycles intended to diagnose the environment and, subsequently, proceed to the actual 
design, construction and evaluation of the model. Figure 4 shows the cycles and activities 
comprised in DCR.  

 
 

Figure 4. Steps followed in the DCR methodology: Adapted from [64], [65]. 
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In the lines that follow, each one of the cycles making up the research methodology are described: 
  

• Relevance cycle: As it deals with the analysis of the environment, this cycle not only 
connects the contextual environment of the research project with the activities of the “rigor” 
and “design” cycles but defines the research problem and justifies the value of the solution 
as well. The main objective at this stage is to understand the relevance of the problem and 
the weaknesses of the sector of interest, analyzing those investigations related to the 
subject of study.  
 

As it can be seen in Figure 4, the first activity is the “definition of the problem”, which 
comprises a sequence of four steps: Selecting and specifying the sector to be analyzed, 
defining the objectives of this activity, and establishing the research question and 
necessary requirements for the analysis.  Table 3 summarizes the activities involved in the 
first cycle:   

 Table 3. Activities of the relevance cycle (RC) 
1. RC 

RC Activity 1.1. Definition of the problem: The lack of strategic models integrating management systems, sustainable 
practices, social responsibility and environmental knowledge management for workers in accordance with the needs 
of Colombian SMEs.   
RC Activity 1.2. Specific sector analysis: SMEs of the services, manufacture and construction services in Colombia.  
RC Activity 1.3 Definition of the objectives and research question: Attaining a rigorous conceptualization of the 
current situation of SMEs, such that it allows answering the question: What are necessary conditions for SMEs to 
improve their economic efficiency indicators, minimize their negative environmental impacts and have their 
employees adopt a more sustainable responsible behavior?  
RC Activity 1.4 Definition of requirements: Literature reviews and bibliometric analyses to provide insight into the 
environmental, economic and social approaches of the current SMEs environmental sustainability models.  

 
• Rigor cycle: It connects the relevance cycle activities with those of the design cycle. In 

this cycle, the state of the art is defined, based on the bibliometric analysis carried out in 
the relevance cycle. As it can be seen in Figure 4, the first activity is the "definition of the 
state of the art", which provides the knowledge background of the process, and is followed 
by the selection of the models that allow analyzing the research gap. This activity is 
followed by a brainstorming one, in order to set the key elements that will be included in 
the model under development. Table 4 summarizes the activities corresponding to the 
second cycle.  
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Table 4. Activities of the rigor cycle (RCe) 
2. RCe 

RCe Activity 2.1. Definition of the state of the art: The literature review evidences few sustainability models integrating 
knowledge management strategies, environmental practices and management systems according to the needs of 
SMEs.  
RCe Activity 2.2. Selection of the main models: The main sustainability models identified in each approach are shown 
in Table 2 of Chapter 2.   
RCe Activity 2.3. Research gap analysis: The main research gaps as currently identified are: i) The lack of a 
methodology to implement simplified sustainability models that do not require long periods of time to evaluate the 
return on investment by SMEs; ii) The comprehensive assessment of sustainability must include social aspects such 
as knowledge management and environmental culture. However, this dimension is rarely considered or evaluated; 
iii) It is necessary to strengthen learning and communication programs to implement sustainable models among the 
actors of the value chain; iv) Lack of sustainable maturity models that allow establishing a gradual route for 
implementing environmental, social and economic strategies; v) Lack of information technology tools for managing 
and monitoring sustainability in SMEs; vi) Scarcity of sustainable models validated through data analysis.  
RCe Activity 2.4. Identification of ideas for the design of the model:  A list of concepts, components and factors is 
extracted from the literature review, based on which their integration into the integral sustainability model is proposed 
in section 4.3.  

 
• Design and validation cycle: this cycle connects the previous ones in order to build the 

proposed model and evaluates its application. According to Figure 4, which illustrates the 
DVC process, the first activity of this cycle are the results of the "identification of inputs 
and outputs" step involved in RCe Activity 2.4. These results are employed for the particular 
need of the present research through an analysis of interactions, which allows defining the 
elements and factors that are essential for the design of the model. This results in a 
conceptual map, which is then visually deployed, leading to the actual construction of the 
model. Next, its validation and application activities are carried out, making use of specific 
methods which will allow the analysis of the results. Table 5 summarizes the activities 
corresponding to the third cycle.  
 

Table 5. Activities of the Design and Validation Cycle (DVC) 
3. Design and Validation Cycle 

DVC Activity 3.1. Identification of inputs and outputs: According to activity RCe 2.2, all the components and factors 
that are referenced in the state of the art are taken as inputs. For their part, the outputs correspond to the most 
representative ones.  
DVC Activity 3.2. List of components, factors and interactions: The factors and components resulting from DVC 3.1 
are listed in order of importance (high, medium or low, according to the objective of each sustainability dimension) 
and classified by author (Tables 6,7, and 8 of Chapter 4).  
DVC Activity 3.3. Construction and evaluation of the model: The design activity starts the schematization and 
construction of the integral sustainability model for SMEs, resulting in a first draft of it. After the first two design 
proposals [57], [58], the design was redefined, since more requirements and relationships between the factors were 
considered. Then, “definition of components” activity was re-iterated, resulting in the model shown in Chapter 4.  
DVC 3.4. Activities. Application: The input of this activity was the model resulting from DVC Activity 3.3. Taking into 
consideration RC Activity 1.1, the model was applied, for it to be evaluated later on. This activity was based on the 
Case study methodologies [68] Computational intelligence experimental design [69].  
DVC Activities 3.5 Analysis of results: After conducting DVC Activity 3.4, the data were statistically analyzed and 
corroborated against the research objectives and questions, which must be answered to assure that the proposed 
model fulfills its function. The results are discussed in Chapter 5 and 6. Finally, recommendations and conclusions 
are presented in Chapter 7. 
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3.3 Research focus  

The research focus of the current study are Colombian SMEs. The following is a descriptive 
analysis of the situation of this sector in terms of some economic and environmental aspects. 
 

3.3.1 Social and economic situation of SMEs in Colombia 

Besides its great cultural, natural and geographic richness and diversity, Colombia has a key 
strategic position in Latin America, connecting air, land and shipping routes with North and South 
America. According to the report on Colombia's productive dynamics presented by the Ministry of 
Commerce, Industry and Tourism, the Colombian economy grew 3.3% in 2019, which is the 
highest rate recorded since 2014, surpassing the economic growth of Latin American and 
Caribbean countries during that year.  
 
The sectors reported to have undergone higher economic dynamism in 2019 were finance (5.7%), 
public administration (4.9%), commerce, transportation, lodging and meals (4.9%), professional 
and scientific activities (3.7%) and industry, which registered significant growth (1.6%). However, 
the construction sector underwent a contraction of -1.3% [70] in its economic dynamics. The same 
report states that in 2019, consumption, exports and investments grew by 4.6%, 4.3% and 3.1% 
respectively, while imports increased by 9.2%. 
 
Representing 90% of the national economy, SMEs are the main business force and the productive 
support and employment engine in Colombia. Thus, given the importance of improving this sector, 
the focus of the present study are those SMEs located in the five main cities of Colombia: 
Cartagena, Barranquilla, Bogota, Medellin and Cali. Figure 5 shows the geographical location of 
the studied SMEs. The city of Cartagena has an estimated population of 887,946 inhabitants, while 
Barranquilla has a population of 1,120,103 inhabitants. Bogota, the capital of the country, has a 
population of 7,181469 inhabitants, whereas Medellin and Cali have 2,372,330 and 1,822,869 
inhabitants, respectively [71]. These figures clearly indicate that the business sector, the state and 
society must certainly respond to the needs of each of these regions.  
 
Among the productive sectors, those that stand out in these cities are manufactures, services and 
commerce. However, and regardless of the productive sector, SMEs have shown various social, 
economic and environmental problems over the years. For example, lack of an integrated internal 
management, high influence of the country's economic environment, few technological tool, limited 
expansion to new markets, and the lack of innovation and associative networks. These limitations 
certainly restrain SMEs to strict survival in the national market, thus preventing the development 
of competitive and strategic alliances between suppliers and distributors in order to export their 
production. 
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Figure 5. Location of the studied SMEs in Colombia 

According to the analysis of business performance carried out by the Colombian Association of 
Micro, Small and Medium-sized Enterprises (ACOPI) by the end of 2019 [72], production, sales 
and employment in  service, commerce and manufacturing SMEs in Colombia showed a variation 
when compared to the same data in 2018 (see Figure 6).  
 

 
Figure 6. SME business performance in Colombia by 2019. 

Figure 6 describes the SME service, trade and manufacturing sectors of Colombia in terms of 
production, sales and employment performance indicators.  
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Most of the interviewed managers in the services (57%) and trade (55%) sectors manifested that 
production had remained stable when compared to that of the previous year. Simultaneously, 
considerably less managers in these same two sectors stated that production had increased (22% 
and 29%, respectively) or decreased (21% and 16%, respectively) during the same period. Yet, in 
the manufacturing sector, most managers (53%) declared that production had increased, whereas 
43% of them said it had remained steady and 4% saw it had decreased. 
 
As to the sales indicator, the trend was generally similar to that of production in the manufacturing 
sector. In effect, about half of the interviewed managers of the three sectors in question had 
observed sales increases along the year. Slightly lesser percentages of them (around 40%) 
uttered those sales had remained steady and, finally, only few of them in the services and 
manufacturing sectors (12%) found that they had decreased. However, this figure was 31% in the 
case of the trade sector. 
 
In the case of employment, the trend was similar to that of production: Most managers (65% on 
average) uttered that the indicator had remained stable over the year. In the service and trade 
sectors, roughly similar numbers of them stated that employment had increased (11% and 19%, 
respectively) or decreased (16% and 17%, respectively). However, in the manufacturing sector, 
39% of managers said that the indicator had increased, while only 2% had perceived a decrease.  
 
In the same business performance study, the evaluated SMEs emphasized that investments were 
destined to the acquisition of new machinery and equipment (30% of the surveyed companies), 
the improvement of company infrastructure (29% of them), personnel training (16%), new 
technologies and infrastructure (8%) and new branches (9%). 
 
For its part, the Colombian Confederation of Chambers of Commerce (Confecámaras) conducted 
a study on business dynamics. In its assessment of the creation of new productive units [73], they 
highlight that, by 2019, 2.1% more of the new units productive were created in comparison to 
2018. Out of these units, 75.7% correspond to individuals and 24.3% to companies. The greatest 
increase in the creation of new companies in 2019 was recorded in the service sector (3.4%), 
followed by the industrial sector with 2.0% and commerce with 1.5%. According to the size of the 
company as measured by the value of its assets, it was evident that the new productive units are 
mainly made up of micro-companies (99.6%), followed by small companies (0.37%), while the rest 
are medium and large companies (0.03%). 
 
In addition, as in different countries around the world in 2020, SMEs production has declined due 
to the health and economic emergency caused by the global pandemic. Thus, a report issued by 
Confecámaras as of June 2020 shows that economic activities related to the service sector 
registered the greatest drops in business creation, with a negative variation of -29.6%, followed 
by the construction sector with -28.3%, industry (-28.2%) and commerce (-21.8%). Naturally, these 
significant contractions seriously affects the country's productivity [74]. 
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3.3.2 Environmental situation of SMEs in Colombia 

The information related to the environmental situation and corporate performance in Colombia is 
found in few national repositories, with problems related to availability and unprocessed data, 
which makes it difficult to analyze most of the related indicators [75]. Consequently, there is very 
little evidence of the specific impact of SMEs on the environment in Colombia. Nevertheless, we 
took as reference the data sources on some environmental indicators that are grouped in the 
Environmental Information System (Sistema de Información Ambiental - SIAC) and the National 
Administrative Department of Statistics (Departamento Administrativo Nacional de Estadística – 
DANE). Based on these sources, the report on circular economy indicators for Colombia in 2020 
[76] highlights the following:  
 

• In 2017, the use of water for economic activities – as consumed directly from aqueduct 
services - totaled 713 million cubic meters (m3) at the national level. Thus measured, the 
sectors that consumed the most water are the manufacturing industry with 10%, financial 
and insurance activities (11%), construction, communication, professional and scientific 
activities (16%), wholesale and retail trade (25%), and public administration and defense 
(38%).   
 

• From 2017 and 2018 there was an increase in the efficiency of the use of forest products 
by the manufacturing and construction industries, which went from respectively consuming 
18.84t and 19.97t for every billion of added value in 2017, to consuming 17.98t and 19.62t 
for every billion of added value in 2018. 
 

• The intermediate consumption of energy products by different economic activities in the 
country amounted to 2.1 million terajoules (tj). Among these products are coal, oil and gas, 
some petroleum by-products (motor gasoline, kerosene, diesel and fuel oil), liquefied 
petroleum gas and products originated from biomass, as well as electric power. Most of 
these products (55%) were consumed by the manufacturing industries; followed by 
activities associated to water, electric power, gas, steam and air conditioning supply, 
sewage evacuation and treatment, waste management and environmental sanitation (all 
of which accounted for 29.3%); and wholesale trade and other economic activities, with 
15.5%. 
 

• In addition, the generation of greenhouse gas emissions, which is caused by the production 
and consumption of fossil fuels and biomass in the different economic activities of the 
country, totaled 108,248.6 Gigagrams of CO2eq. In 2017, the most intensive greenhouse-
gas-generating activities were those performed by manufacturing industries (654.74 
CO2eq), followed by electricity, gas, steam and air conditioning supply activities (536.86 
CO2eq). 
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• Regarding organic waste, the sectors with the largest generation of this residue in 2018 
were the wood and cork industry, together with paper manufacturing and printing activities, 
all of which disposed 52,769 kg of waste per billion pesos. These were followed by some 
non-metallic mineral product industries, which disposed 20,530 kg per billion pesos. As to 
the generation of hazardous waste, this figure reached 635,518 tons in Colombia in 2018, 
dominated by mixtures and emulsions with hydrocarbons, which represented 55%; and 
followed by mineral oil waste, which represented 8%; lead containing waste (8%); coming 
especially from the manufacture of batteries and electric accumulators; clinical waste 
generated from health care (7%); and thermal liquid waste from coolant gases (22%).  

 

• In turn, according to Objective No. 12 of the Como Vamos Network of Cities’ report on 
sustainable development – which intends to guarantee sustainable production and 
consumption patterns – for every 3 tons of production, one ton of waste is discarded, which 
is equivalent to an annual waste of 9.8 million tons [77]. In addition, the rate of recycling 
and new use of solid waste in Colombia was 8.7%, despite the fact that the solid waste 
usage rate was 35%[77]. Figure 7 shows the recycling rate report across Colombian cities, 
Bogota having the highest value for this parameter, while the city of Barranquilla has the 
lowest one.  

 

 
Figure 7. Recycling activity rates across Colombian cities. 

3.4 Design of an instrument to evaluate the model  

Based on the previous section, which states that the current research focus are SMEs operating 
in Colombia, the procedure for data collection is defined as the "case study" method. This method 
was used for factor analysis, quantitative survey analysis for maturity level and simulation to 
evaluate the comprehensive model. 
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In this respect, methodology by R. Yin [68] establishes that the case study not only consists of 
general statistical information sampled through surveys or experiments, but it is also an analytical 
generalization to illustrate and represent the generation of a theory. 
 
According to R. Yin [68], the case study method is appropriate for new and innovative topics 
related to a particular mode of empirical research featured as follows:    
 

• Contemporary phenomenon examined in its real context 
• Study of a specific topic 
• The boundaries between the phenomenon and the context are not clearly evident 
• Different data sources are used  
• Both single and multiple cases can be studied. 

Figure 8 shows the process used to obtain the data once the model to be evaluated was defined 
in Chapter 4, together with the field study results presented in Chapter 5:  

 
Figure 8. Process followed for the case study methodology 

 
3.5 Conclusions 

This chapter presents a detailed analysis of the research methodology used for the development 
of the current doctoral dissertation. In the first section, the Design Science Research methodology 
was defined, addressing the relevance, rigor and design cycle and describing the activities 
executed in each one of them. Likewise, the research focus was analyzed, corresponding to SMEs 
operating in Colombia, which were addressed through the case study methodology. Therefore, 
the importance of the sector and its economic, social and environmental behavior is described 
through updated business performance figures. In addition, it was demonstrated that SMEs in 
Colombia lack the economic resources to implement sustainability standards. However, efforts 
must continue to implement mechanisms to reduce impacts and promote the efficient use of 
ecosystem services in accordance with the needs and challenges of SMEs. On the other hand, 
the process used to carry out the evaluation and collection of information was specified, as it 
detailed in the following section.  
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Chapther 4. Design of the Integral Sustainability Model  

 
4.1 Introduction 

The fourth chapter of this dissertation describes and analyzes the Integral sustainability model 
proposal for SMEs (ISM-S). This novel development is expected to contribute strategically to 
overcoming the challenge posed by corporate sustainability for this type of business. Therefore, it 
brings together the factors studied in chapter two of the literature review, which are decision-
making management systems, sustainable practices and tools, and social responsibility on the 
part of employees. Additionally, a new factor is proposed, namely technological and analytic 
convergence of information. Thus, the correlation of importance between the components that 
integrate each of the mentioned factors across the different studied authors is analyzed by means 
of component selection criteria. On these grounds, the components of the ISM-S model are 
described and, finally, the model is designed and constructed.  
 

4.2 Identification and analysis of the components of the conceptual model  

Strategic models are associated to business models, which have emerged as a unit of analysis to 
create value in products and services according to the needs of customers and the environment. 
Each company operates under a business model, either consciously or unconsciously [78], making 
it vital for a company to know how to choose an appropriate model that contributes to innovation 
and competitive advantage through strategic resources, technology, and cooperative networks 
[79], [80].  
 
Business models across different interdisciplinary areas have been referred to as "statements, 
descriptions, representations, architectures, conceptual models, plans, assumptions, structures, 
templates, methods, or sets of strategies" [78]. According to Porter [81], a business model is a 
gear of different elements set by a company to achieve a specific end. By orienting this definition 
to sustainable aspects, S. Schaltegger et al. [27] have modified it as follows: 
 

"A business model for sustainability helps to describe, analyze, manage and communicate: (i) 
a company's sustainable value proposal to its customers and all other stakeholders; (ii) the 
way it creates and delivers this value; and (iii) how it captures economic value while maintaining 
or regenerating natural, social and economic capital beyond its organizational boundaries.” 
 

In other words, for the current research the concept of business model is defined as a conceptual 
paradigm of value supported on environmental, economic and social strategies oriented towards 
the achievement of business sustainability. This concept is formulated under the notion that 
corporate value proposals may invoke not only financial or economic value, but social and 
ecological value as well [82], [83]. This is so because, in the context of sustainability, value creation 
can make use of renewable resources, technological innovations, collaboration with suppliers and 
promotion of more sustainable consumption for the fulfillment of sustainable development 
objectives. 
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Consequently, the current Integral Sustainability Model proposal for SMEs (ISM-S) was based on 
the clusters identified in the literature review around three key factors: i) Factor 1. Sustainable 
decision-making. (ii) Factor 2. Sustainable tools and environmental practices. (iii) Factor 3. Social 
responsibility and knowledge management. Then, within each of these factors, the key elements 
associated to each one of the sustainable development dimensions were extracted and listed (see 
Tables 6,7, and 8).  
 
Later on, each element was described and given a binomial relevance value by author, according 
to which 1 is assigned when the component is mentioned by a particular author, and 0 when they 
do not [78].Finally, an importance correlation was calculated to identify the most relevant 
components. Below is the equation developed for the identification of the mentioned elements that 
were later used for the construction of the model.  
 

 

Analysis for the identification of the components of the ISM-S 
The integral sustainability model proposed for SMEs in Colombia (ISM-S) is defined as a set of components 
which not only belong to the dimensions of sustainable development but are also correlated with the relevance 
given by each identified factor, G= (Ds, F, C, A), represented in Equation 1.  
 

!"# − " = &'()*+	, ./	0: ' ∈ 34, . ∈ 5, *	 ∈ 678, 9, : > 0, : = 9	, 8 ≠ :, 9>											(1) 
Where:  
 

Ds- denotes the dimension of sustainable development. 
F- denotes the set of factors belonging to the dimensions of sustainable development, wherein fi corresponds to 
the i-th factor, as represented in equation 2. 
 

B = {'(: ' ∈ 34, 8	 > 	0}																																																																																																						(2) 
C- denotes the set of components belonging to an author, wherein cj corresponds to the j-th component, as 
represented in Equation 3.  
 

5 = &./ ∶ . ∈ '(	*GH	.	 ∈ 6, 9	 > 	0>																																																																																	(3) 
A- denotes the set of authors proposing a given component associated to the sustainable development factors of 
the literature review, wherein *+ corresponds to a particular author, as represented in Equation 4.  
 

			6 = {*+ ∶ *	 > 	0	*GH	* < 	5}																																																																																																(4)					 
As to the selection of the components, an importance correlation is calculated by summing up the most relevant 
ones and selecting those that are higher than 4, as represented in equation 5: 
 

 !"# − " = &.4M4(	 ∑(*+	 , ./	) ≥ 4>																																																																																						(5)					 
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Table 6. Key components of Factor 1: Sustainable decision-making. 

*D= description of the component by author; *V = relevance value, 0 if not mentioned by the author and 1 if mentioned by the author. 

 
 
 
 

                              Authors 

 
Components  

H. S. Birkel et al.,(2019) 
[33] 

S. K. Mangla et al., (2018) 
[36] 

T. B. Long et al., (2018) 
[37] 

 C. H. Hsu et al.,(2017)  
[46] 

P. R. Crowe et al.,(2016)  
[29] TOTAL 

D V D V D V D V D V 

C1. Profitability 
Liquidity and 

solvency 
1 

Overall profit  
1 

Profitability 
1 

Reduction of 

manufacturing, 

procurement and 

distribution costs 
1 

 

0 4 

C2. Capacity 
Decision on 

what and when 

to invest.  1 
Involvement, 

support and 

commitment of the 

management. 
1 

Clear vision and 

narrative about what 

to invest in. 1 
 

0 
Condition for efficient 

resource management. 
1 4 

C3. Requirements of the 
customer 

Analysis of 

customer 

demand / 

acceptance 
1 

Understanding the 

customer and other 

stakeholder 

requirements. 
1 

 

0 
Improving product 

quality to satisfy the 

client 1 
Promotion of 

consciousness at the 

local level 1 4 

C4. Coverage 
Long and 

uncertain 

investment 

amortization 
 

1 
Understanding the 

importance and 

benefits of the 

sustainability 

initiative 
1 

Foundations of 

sustainability 
1 

 

0 
Measuring the relation 

between financial 

expenses and their 

associated short term 

debt. 
1 4 

C5.Governmental 
 

0 
Pressure on the part 

of several 

governments and 

non-governmental 

entities 
1 

Conforming to 

external events as 

commanded by the 

government.  
1 

Normativity on 

customer health and 

security regarding 

product use 
1 

 

0 3 

C6. Monitoring 
 

0 
Tracking and 

auditing of ongoing 

activities 
1 

 

0 
 

0 
Provision of accessible 

information 1 2 

C7. Incentives 
 

0 
Support from 

diverse entities to 

sustainable 

initiatives 
1 

Collaboration 

between companies 

and external entities 1 
 

0 
Creation of collaborative 

and supportive 

networks,  incremental 

and experimental 

approach  
1 3 

C8. Competitiveness 
Changes in 

competence 

management 1 
Identification of new 

competitors 
1 

Constant innovation 

for better customer 

satisfaction 
1  

0 
Identification of change 

promoters and adoption 

of less hierarchical 

approaches. 
1 4 
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Table 7. Key components of Factor 2: Sustainable tools and practices.  
                              Authors 
Components  

D. D’Amato et al., 
(2020) [40] 

H. T. S. Caldera et al., (2019) 
[30] 

M. Aboelmaged (2018) 
 [41] 

Changwichan et al., 
(2018) [42] 

G. C. Oliveira et al., (2017) 
 [43] TOTAL 

D V D V D V D V D V 

C1. Processes 
Identification of 

processes with 

stronger 

environmental 

impact.  
1 

Identification of defects in 

goods and services, and 

identification of those that 

do not harm the 

environment 
1 

Identification of more 

relevant processes 
1 

Emphasis on 

final tube 

process. 1 
Identification of processes 

with greater 

environmental impact 

through life cycle analysis.  
1 5 

C2. Evaluation 
Analysis and 

evaluation of 

environmental 

impacts 
 

1 
Analysis and evaluation of 

environmental impacts 
1 

Simplification of 

processes to guarantee 

transparency and 

traceability 
1 

Financial 

evaluation of 

impact 

reduction 
1 

Environmental and 

economic evaluation 
1 5 

C2. Prioritization  
Maximization of 

energetic and 

materials 

efficiency 
1 

Reduction of the use of 

ecosystem services. Use of 

materials and solid waste 
 

1 
  

0 
  

0 
  

0 2 

C4. Changes in 
processes 

Replacement 

with renewable 

and natural 

processes 
 

1 
Promoting necessary 

decisions for commitment 

with sustainability  1 
Alignment of 

organizational strategic 

objectives with green 

strategies  
1 

Promotion of 

sustainability 

knowledge 1 
Evaluation of different 

scenarios to propose 

optimal environmental 

yield 
1 5 

C5. Metrics and 
monitoring  

Control of 

environmental 

and economic 

indicator s 
1 

Use of information: 

Communication, networks, 

technology 
1 

Strengthening 

synergistic results 

through continuous 

improvement. 
 1 

Dissemination of 

information 

about 
environmental 

problems and 

application of 
operational 

environmental 

management 

1 

Selection of the correct 

economic and 

environmental indicators 

to be measured in order 

to improve the 

manufacturing process  
1 5 

C6. Technological 
innovation 

Development of 

solution 

applications 1 
Development of 

innovations through smart 

devices  1 
Development of 

computer application 

solutions  0 
Updating of 

obsolete 

machines and 
tools 

1 
 

1 4 

C7.Pressures 
  

0 
Environmental pressures 

from customers, news and 

media, and competitors 
1 

Involving internal and 

external stakeholders in 

process optimization  
1 

  
 

  
 2 

C8. Regulations  
  

0 
Application of national and 

regional environmental 

regulations 
1 

  
0 

Lack of 

regulation 

enforcement 
1 

  
1 3 

*D= Description of the component by author, *V = Relevance value, 0= not mentioned by the author; 1= mentioned by the author.  
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Table 8. Key components of Factor 3: Social responsibility and knowledge management.  
                              Authors 
Components  

W. Kucharska et al., (2019) [7] J. Batle et al., (2018) [44] G. C. Wu, (2017) [45] C. C. Nakamba et al, (2017) [35] 
TOTAL 

D V D V D V D V 

C1. Innovation 

  

0 

  

0 

Development of 

novelties in 

products, 

manufacturing, and 

organizational 

levels. 

1 

Development of innovative practices 

to improve environmental 

performance in terms of competitive 

advantage 1 2 

C2. Sinergy 
 
Collaborative work among 

different companies 
1 

Promotion of 

associations, synergies, 

circular processes, 

systemic approach 
1 

Supplier evaluation, 

motivation and 

direct participation 1 
Promotion of collaboration, 

evaluation, supplier development, 

audit of labor practices, and risk 

management. 
1 4 

C3. Education and 
transference 

Knowledge exchange and 

cultural attitudes in a 

hierarchical system 1 
Resource allocation and 

information sharing 

within and across the 

organizational hierarchy 
1 

Exchange of 

information 

between the 

company and value 

chain actors 
1 

Ensuring constant on-the-job training 

and promoting knowledge transfer 

between employees. 1 4 

C4. Culture and 
commitment 

 

 

Development of attitudes that 

are invented, discovered or 

executed by a group of people as 

they learn to deal with problems 

of external adaptation and 

internal integration 

1 

Creating and 

disseminating a 

behavioral code. 
1 

Generating 

consciousness and 

impact 

minimization 

commitment.  1 

Ensuring an environmentally 

sustainable work environment by 

promoting environmental care 

practices.  
1 4 

C5. Reputation 
Analysis of the results of the 

behavior developed by the 

company over time and its ability 

to distribute value to internal 

and external agents 
1 

  
0 

  
0 

  
0 1 

C6. Metrics and monitoring 

  

0 

  

0 

  

0 

Measurement of aspects related to 

occupational health and safety, 

product responsibility, employee 

satisfaction, social reputation, human 

rights, community development, 

employee empowerment, 

compensation, and training 

1 1 

*D= description of a component throughout its citing authors, *V = relevance value, 0 indicating not mentioned by the author and 1 indicating mentioned by the author. 
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Therefore, taking into account Equation 5, and from an internal point of view, the key components 
that allow the construction of the ISM-S are the following: 
 

Table 9. Internal components of the ISM-S   
Factors of the model Internal components 

Factor 1. Sustainable decision-making 
 

C1. Profitability, C2. Capacity, C3. Customer 
requirements, C4. Coverage, C8. Competitiveness.  

Factor 2. Sustainable environmental tools and practices C1. Processes, C2. Evaluation, C4. Process changes, 
C5. Monitoring. 

Factor 3. Social responsibility and knowledge 
management  

C2. Synergy, C3. Education and transference, C4. 
Culture and commitment  

 

By taking into account the series of components mentioned above, it is analyzed that there are 
barriers that influence and/or hinder the development of each factor, so it is determined to select 
other elements such as:  
 

Table 10. Internal and/or external barriers of the ISM-S.  
Factors of the model Internal and/or external barriers 

Factor 1. Sustainable decision-making Financial risk, availability, pertinence, commitment and 
management 

Factor 2. Sustainable environmental tools and practices Normative referents and new technologies  
Factor 3. Social responsibility and knowledge 
management  

Experience and attitudes  

 

Likewise, the analysis of Tables 6, 7 and 8 has allowed the identification of a new transversal 
factor (Factor 4) likely supporting the development of factors 1, 2 and 3. Thus, Factor 4 
corresponds to Technological and Analytical Convergence of Information and, as such it covers 
the components “technological innovation”, “synergy”, and “metrics and monitoring of indicators”. 
This factor allows the analysis of the basic information flow of the company as framed by its 
particular corporate characteristics [84], [85]. The following section illustrates the relation between 
the theoretical constructs and the components of the ISM-S.  
 

4.3 Conceptual framework: Integral sustainability model for SMEs (ISM-S) 
 
The ISM-S proposed in this research was designed from the factors and components found in the 
literature review, which allowed conducting this empirical study.  
 

Figure 9 illustrates the ISM-S, which is composed of: i) Analysis of factors and components: 
Located in the central part of the model, it represents the four dimensions of sustainable 
development (economic, environmental, social and technological), supported by the four factors 
studied in the previous section and their associated components. ii) Maturity level classification: 
Located on the internal edge of the figure, it involves the identification and classification of the 
current state of maturity of the companies in terms of sustainability. iii) Simulation for decision 
-making: Located on the external edge of the model, it allows figuring out a sequence of changing 
events that can be the object of a probabilistic analysis as the company goes through different 
scenarios to achieve sustainability. Additionally, it mentions the internal and external barriers that 
may hinder the adequate unfolding of these events. 
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Figure 9. Integral model of sustainability for SMEs, ISM-S 

Internal barriers: Pertinence, 
commitment, management, 
education, experience and 
attitudes. 
 

Internal barriers:  
Budget, financial risks, 
investment availability. 

 

External barriers: New 
technologies, product 
differentiation, maturity of the 
market. 
 

External barriers: 
normative referents, 
economic depression 
 

Economic  Dimension 

Factor 1. Sustainable decision-making 

Profitability 
Capacity  

Requirements 
Coverage 

Competitiveness 
 

Environmental Dimension 

Factor 2. Sustainable environmental tools 
and practices  
 

Analysis of processes 
Evaluation 

Changes in processes 
Monitoring 

 
Technological Dimension 

Factor 4. Technological and analytic 
information convergence 
 

Technological innovation 
Internal and external cooperation 
Metrics and indicator monitoring 

 

Social Dimension 

Factor 3. Social responsibility and 
knowledge management 
 

Education and Transference 
Culture and Commitment 

Synergy 
 

Integral sustainability 
model for SMEs 

Analysis of factors 
and components 



 

 

 
The components that make up the ISM-S are described below: 
 
4.3.1 Analysis of integral factors and components of the ISM-S 
 

• Factor 1. Sustainable decision-making  

This factor is supported by the following components: Costs, profitability, capacity, 
requirements, coverage and competitiveness, which are considered internal elements that 
make it difficult for SMEs to adopt sustainable strategies and practices. On the other hand, it 
must be acknowledged that this system represents an increase in business and operational 
costs and entrepreneurs do not yet perceive any link between organizational improvement and 
business performance on sustainable issues when investing in environmental sustainability 
[86], [87]. On the other hand, the benefits of its implementation of the system are likely to 
generate enough reasons for business owners or managers to adopt sustainable strategies 
on a voluntary basis.  
 
Thus, the benefits of savings in sustainable strategy implementation scenarios lead to the 
possibility of net annual savings in raw materials and/or reprocessing [27], [37]. Consequently, 
the objective aimed in light of this factor is:  
 

To provide orderly, systemic and effective quantitative information about the economic and 
financial movements that imply investment, change or internal operation improvement in 
favor of the reduction of environmental impacts and decision-making. 

 
• Factor 2. Sustainable environmental tools and practices 

This factor is supported by process-analysis-related components which, coupled to exhaustive 
policy, mission, organizational and environmental values revisions, are intended to achieve 
incremental improvements or transformations. Subsequently, the components “environmental 
impact assessment” and “identification of the company's own environmental goals and 
objectives” are proposed, since they may influence the fulfillment of sustainable development 
objectives (SDAs) through internal organizational operations. 
 
Additionally, the component “necessary changes or improvements” is considered in 
connection with the use of diverse sustainable tools (P+L [88], eco-efficiency [89], frugal 
innovation[90], product life cycle evaluation [91], and circular economy [30], [92]), those 
operations that require more attention and action being prioritized. Finally, the monitoring and 
follow-up component is proposed, which implies a commitment from the top management to 
approve and take the necessary measures to convey to the employees the activities that are 
effective in the adoption of sustainability in SMEs. In fact, the aim of this factor is: 
 

 Adopting diverse tools and/or sustainable practices that allow improving or reducing the 
environmental impacts of the company, according to its characteristics or particular needs. 
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• Factor 3. Social responsibility and knowledge management 

This factor is supported by the education and knowledge transfer components, the employees 
being the main active resource capable of gathering training and creativity to promote 
innovative and competitive elements in the company. In this way, training, technical assistance 
and teaching of the implementation of sustainable strategies and practices continue to be 
fundamental for the environmental and social management of employees. This particular 
aspect of corporate life needs to be clearly identified, acquired, created, stored, socialized, 
applied and measured [50], [93]. According to N. Beech et al. [94], if owners and/or managers 
provide the necessary tools for mainstreaming the culture and necessary components leading 
to organizational commitment with sustainability responsibilities, employees are likely to 
dedicate more time and resources to the adoption of sustainability. Thus, the goal 
contemplated under this factor is: 
 

Generating and promoting a culture of social responsibility and knowledge management 
within the company, by means of a set of educational actions contributing to the welfare of 
the organization and its environment. 
 
• Factor 4. Technological and analytic convergence of information 

 

Figure 9 introduces Factor 4: “Technological and analytical convergence of information”, which 
is supported by the components “technological innovation”, “synergy” and “metrics”. This set 
of components is aligned with the need these companies still have in the sense of knowing 
how to use any type of data generated in their internal operations to make value-creating 
decisions and obtain the information that is relevant to the current situation of the company 
[84], [85]. 
 
Given that an SME requires great effort to achieve competitiveness in the market, the synergy 
or cooperative work across company networks continues to provide technological innovation 
benefits aligned with industry 4.0. These benefits focus on interconnectivity, automated 
learning, and generation and collection of data in real time. Consequently, the objective 
pursued in light of this factor is:  

 
Developing innovations in the collection, treatment and use of data and relevant information 
of the company through cooperation networks between companies, thus allowing 
technological innovation in the production chain and the use of good data analysis to make 
the best business decisions.  
 

On the other hand, the internal or external barriers that hinder the adoption of the factors 
identified in SMEs have been included in the ISM-S. According to [30], [37], the barriers that 
determine  uncertainty in a company have been classified in the following categories: Financial 
risks, external regulatory or government references, incorporation of new technology or 
machinery, experience or attitudes towards change on the part of employees, and lack of clear 
vision and leadership from senior management to make decisions.   
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4.3.2 Sustainability maturity level classification in the ISM-S 
 
The ISM-S proposes to classify the current state of the companies in terms of the factors 
defined in the previous section, through a Sustainability Maturity Measurement Model 
(SMMM). Maturity models allow the company to know where it stands in terms of sustainability 
and how it should move toward it [95]–[97]. In other words, regardless of the economic activity 
of SMEs, they gradually move in the desired direction when implementing sustainable 
practices and strategies, from insufficient level, through a sequence that leads them to optimal 
or consolidated ones (see Figure 10). This allows identifying the factors on which these 
businesses should focus their efforts in order to improve within the framework of environmental 
sustainability, which certainly contributes to their decision-making process. 
 
A research questionnaire has been designed that synthesizes a set of questions that aims to 
collect information on the fulfillment of around 42 characteristics related to the factors studied. 
Then, the use of a Likert scale of 4 in the maturity model is adequate for this type of work 
because it was proposed to distribute the fulfillment of the characteristics into 4 ranges. Hence, 
Level 1 implies the fulfillment of only 5 characteristics, while Level 2 implies the fulfillment of 
14 characteristics. Similarly, Levels 3 and 4 require compliance with 27 and 37 characteristics, 
respectively (see Appendix 4). 
 
In this way, the SMMM brings together the following links, which are described and proposed 
in the research study: A sustainability maturity model for micro, small and medium-sized 
enterprises (MSMEs) based on a data analytics evaluation approach (see Appendix 1):  
 

 
Figure 10. SMMM levels 

• Level 1. Companies with insufficient sustainability maturity  

Environmental sustainability is not a relevant issue in any of the internal activities contemplated 
in the agenda of these companies. Therefore, environmental trainings are sporadic or simply 
not carried out. However, they have implemented some environmental practices such as noise 
control in operational processes, solid waste collection and classification programs, and 
activities to encourage the reuse of stationery materials in each department. 
 

• Level 2. Companies with basic sustainability maturity  
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Environmental sustainability in the agenda of these companies is not among the priority issues, 
although they try to give importance to the subject. Training on environmental issues and 
practices is carried out annually or every two years or more. Employees are informed about 
the environmental impacts caused by their organizations and the corresponding corrective 
measures. In addition, these companies have implemented environmental practices such as 
stationery reuse, management of noise level measurement, and solid waste collection and 
classification programs. Although they do not have environmental management systems in 
place, they do have an environmental policy. 
 

• Level 3. Companies with developing sustainability maturity  

Environmental sustainability in the agenda of these companies does not rank high, although it 
does have some relevance. They consider that their employees have some environmental 
management knowledge as a result of adequate investments in human, technological and 
physical resources to acquire it. Likewise, every six months the employees are trained in the 
implementation of environmental strategies that are used to improve the operative processes 
of these companies, who provide spaces for workers to express innovative environmental 
ideas.  
 
These organizations have also documented their operative procedures. The employees are 
informed about the environmental impacts caused by their organizations and the 
corresponding corrective measures. They have implemented an environmental practice 
agenda including plans to prevent leaks and spills of toxic substances; noise management 
systems; campaigns to reuse industrial resources; and programs for office stationery reuse, 
collection and classification of solid waste, recovery of products that customers no longer use, 
and efficient water and energy use and measurement. 
 
These businesses have defined environmental management systems that contribute to their 
decision-making processes, thus affecting corporate policies, indicator monitoring and control 
activities, resource planning and HSEQ modules in their business information systems. 
 

• Level 4. Companies with consolidated sustainability maturity  

Environmental sustainability is part of the core strategy of these companies, hence being 
placed at the top of the priority agenda. They have enough human, financial and technological 
resources for the acquisition and management of environmental knowledge. For this purpose, 
they are constantly training their employees, who are able to make good and responsible use 
of the environmental resources of these organizations.  
 
These companies have tools or mechanisms for their employees to express topical innovative 
ideas. They document their operational procedures to share knowledge among employees, 
who are informed about the environmental impacts and corrective measures associated to 
corporate activities. These organizations implement environmental practice programs such as 
leak reporting plans covering liquid spills, gas leaks, gas-liquid mixtures, and other non-eco-
efficient situations; water and energy measurement, saving and efficient use; solid waste 
collection and classification; office stationery reutilization; noise management; industrial 
resource reuse; and verification of final disposal of hazardous waste. In addition, these 
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organizations have overt corporate strategies associated to environmental policy, supplier 
selection and recovery programs for products that their customers no longer use. They also 
have incorporated control systems for measuring environmental, social, and economic 
indicators in all links of their value chain. These systems have allowed them to get quality, 
environmental or occupational health management certifications. 
 
4.3.3 Simulation for decision-making in the ISM-S 
 
With the purpose of establishing a route for SMEs to achieve compliance with the ISM-S, and 
from a systemic perspective, simulation allows the assessment of a number of options among 
the economic, environmental, social and technological dimensions implicated in the ISM-S. In 
this way, the use of stochastic models in the overall modeling process facilitates integrating 
the components and sub-components that make up the model. 
  
A stochastic model is represented by a collection of random variables that change from one 
state to another over time. That is to say, along a time period t, 	{#$	} measures aspects that 
are of interest. At any time t, &'  takes a value 0, 1, 2, or ...; and t being any value within a 
subset of (−∞,∞),  from the infinite past to the infinite future [98], [99]. This implies that the 
subsequent states of the system are determined both by the predictable actions of the process 
and by a random element.  
 
Among stochastic models, the present study resorted to the Markov processes technique, 
which consists in a series of events, each of which has a probability of occurrence that depends 
on the previous event [98], [99]. Therefore, in order for SMEs to achieve the four factors 
described in the ISM-S and reach the higher level of maturity established in the SMMM, a 
complex system of routes interprets the process, as illustrated by:  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
a* Factor 1.  Sustainable decision- making, b* Factor 2.  Sustainable environmental tools and practices, c* Factor 3. Social responsibility and 

knowledge management, d*. Factor 4.  Technologic and analytic convergence of information  

Figure 11. Transition probabilities 

 

For example, according to Figure 11 a SME classified at level 1 could move directly to level 4 
or do it indirectly by passing through level 2 or level 3, fulfilling the objectives and requirements 
of each level in either case. Thus, the Markov chain modeling is carried out by defining those 
parameters that need to be stochastically simulated, which are expressed as company-specific 
variables in each of the sectors analyzed in the present study.  

SMEs 
Level 1 Level 2 

a b a b 
c d c d 

Level 4 Level 3 
a b a b 
c d c d 
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The proposed simulation model allows for the establishment of different alternatives, so that a 
company can achieve sustainability based on the factors that have been established in the 
ISM-S. This achievement must be fulfilled over a discrete time period time  {#- ∶ - = 0, 1,… }, 
and allowing for discrete states, i.e, for any integer variable {	3 ≥ 5} , and any state 
{	60,… , 6-71} . The probability of a given state (past, present and future) is given by discrete 
times, expressed as follows:  

8(9:7;		<9=,…9:) − 8(9:7;|9:	) 
 
That is to say, time n+ 1 corresponds to the future, while n is present and times 0,1,...n-1 are 
assigned to the past. Hence, the probability distribution of n+1 depends on the state of the 
process at time n, and not on past times (0,1...n-1). The results of this decision simulation are 
addressed in the next chapter. 
 

4.4  Conclusions 
 
This chapter has addressed the design and construction of the integral sustainability model 
proposed for SMEs established in Colombia (ISM-S). To start, a brief analysis of the strategic 
business model definitions employed in this research study allowed highlighting that the ISM-
S constitutes a strategic plan designed to improve internal sustainable processes in SMEs. As 
such, it contributes to the continuous improvement and fulfillment of the company's objectives. 
A subsequent analysis allowed identifying the factors, relevant components and elements that 
framed the present discussion: Factor 1. Sustainable decision-making, Factor 2. Sustainable 
environmental tools and practices, Factor 3. Social responsibility and knowledge management, 
and Factor. Technologic and analytic convergence of information. 
  
In addition, the ISM-S was outlined and illustrated, the main objective of each factor was 
described and two additional elements were defined: A maturity level classification through the 
Sustainability Maturity Model (SMMM) and the decision-making simulation of the ISM-S, 
implemented through the use of stochastic modeling techniques and Markov processes. This 
chapter is expected to provide a better understanding of the way economic, social, 
environmental and technological sustainability can become an essential and integral part of 
any organization through the central components that must be taken into account to achieve 
it.  In the following chapter, the ISM-S is evaluated through case studies in different SMEs 
established in Colombia.  
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Chapther 5. Results from the validation of case 
studies 
 

5.1 Introduction  
 
This chapter presents the quantitative analysis of the results obtained during the development 
of the current research work. In the first place, the information gathering strategies – applied 
through the case study method proposed in Chapter 3 – are presented. Next, the specific 
elements that make up the Integral Sustainability Model for SMEs (ISM-S) are evaluated 
through the following items: i) analysis of the adoption of the factors and integral components 
of the ISM-S, ii) classification of the level of sustainability maturity of the ISM-S, and iii) analysis 
of the results of the decision-making predictive simulation for the ISM-S, conducted in various 
economic sectors in Colombia. In addition, the tools employed in each of the evaluated aspects 
are detailed and a report is provided with the analysis of the most significant results. 
 

5.2 Analysis of the results of the case studies 
 
As mentioned above, to carry out the evaluation of the ISM-S model designed in this research, 
the guidelines established by the case study method [68] represented in Figure 8 of Chapter 
3 were put in practice: Initially, the ISM-S was divided in three parts (see Figure 12). Then, the 
evaluation tool was designed and applied to two case study groups. Once the information had 
been collected, it was statistically processed for further data analysis. 
 

         
Figure 12. Evaluation and validation of the ISM-S 

 
In the lines that follow, the results obtained in each section of the ISM-S are presented: 
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a) First group. Case study: Wooden furniture sector.  

The questionnaire-type information collection tool was designed and approved by a group of 
experts (see Appendix 2). This questionnaire made it possible to evaluate 17 SMEs in the 
wooden furniture manufacturing sector for home and industrial purposes in the city of Bogota, 
Colombia. These were part of the P+L project of Pontificia Universidad Javeriana and the 
Mayoralty of Bogota from 2017 to 2018 (see Appendix 3).  This information gathering tool 
allowed for research on:  
 

• What knowledge companies have on the environmental, economic and social 
dimensions.  

• What actions they conduct regarding some of the components of the ISM-S. 
• What barriers prevent them from adopting a sustainable strategic model. 

The results of this first case study are presented in the following scientific papers: A conceptual 
framework for the eco-efficiency assessment of small- and medium-sized enterprises and 
Conceptual Framework for Evaluating the Environmental Awareness and Eco-efficiency of 
SMEs [13], [89](see Appendix 1).  
 
The results obtained in this research allowed identifying a series of elements and limitations, 
which were included in the elaboration of a conceptual framework intended to examine how 
SMEs understand the concept of sustainability and interpret four specific factors: Availability 
of an environmental management system, environmental knowledge, organizational culture, 
and environmental monitoring and control. The results of assessing each of these factors 
indicate the low use of environmental management systems or planning methodologies, lack 
of knowledge about environmental actions that could be carried out in companies due to low 
training on this issue, as well as the few mechanisms in place to apply environmental policies, 
monitoring, and control of resources. However, the group of evaluated companies has 
demonstrated the need to develop environmental protection, as well as the motivation to 
continue their search for measures to prevent environmental impacts.  

 
The results obtained in this research suggest that companies make sustained efforts to 
strengthen environmental synergy, generate networking opportunities, innovate in their 
activities or services, strengthen knowledge in their activities, implement environmental 
improvement techniques, perform strategic planning regarding environmental policies, conduct 
training for business leaders, support associations between universities, companies and the 
state, get familiar with Colombian environmental regulations, and seek strategies for the 
evaluation and control of environmental impacts.  
 
Taking into account that not all the elements of the ISM-S were included in the evaluation 
instrument, a second evaluation was suggested, to be conducted on a significant sample of 
SMEs based in Colombia. Therefore, a second case study analysis was carried out, as detailed 
below. 
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b) Second group.  Case study:  Manufactures, services, trade and civil works sector.   

Once the model evaluation instrument was refined (see Appendix 4) and approved by a group 
of experts, it was applied. This survey is composed of three sections:  
 

• Gathering the general data of the company. 

• Inquiry on the adoption of: I) Factor 1. Sustainable decision-making: What tools are 
used to carry out the planning of activities, and processes and the continuous 
improvement procedures in the company's environmental performance? ii) Factor 2. 
Tools and sustainable environmental practices: What environmental strategies and 
practices are implemented in companies? iii) Factor 3. Social responsibility and 
knowledge management: To what extent do companies have knowledge of 
environmental issues, which lead to iv) Factor 4. Technological and analytical 
convergence of information, which was included throughout the questionnaire and is a 
cross-sectional aspect of the proposed model.  
 

• Inquiry on the barriers and limitations that prevent the inclusion of sustainable practices 
in the internal operations of the company. 

To obtain the contact information of the companies in Colombia, the Orbis® database was 
used, which is characterized by “[…] including information on some 360 million companies 
around the world. It is the resource for obtaining company data” [100]. Orbis® shows a list of 
more than 3,500 micro, small and medium-sized companies (MSMEs) that were active from 
2018 to 2019 in Colombia. A total of 1,350 MSMEs with wrong or misspelled contact details 
were eliminated. Additionally, in calculating a population size of 2,150 MSMEs at a confidence 
level of 95% and with a margin error of 5%, a sample size result of 327 MSMEs was obtained, 
for them to be evaluated in the five main cities of Colombia: Cartagena, Barranquilla, Cali, 
Bogota and Medellin. Interviews were conducted with the managers and personnel in charge 
of the production and environmental management departments. In addition, the questionnaire 
was sent to the different contacts by electronic means during 2019, thus achieving compliance 
with the established sample. 
 
The next section shows the results obtained for each one of the sections evaluated in the 
questionnaire. 
 

5.3 Analysis of the adoption of the integral factors and components 
 
Based on data from the questionnaire, Figure 13 shows the number of MSMEs that 
participated in the study as classified by city. It can be observed that the cities of Bogota (26%) 
and Cali (23%) contributed the most participating companies. In turn, the cities of Barranquilla 
(19%) and Cartagena (18%) scored similar intermediate numbers, whereas Medellin (14%) 
had a low participation. 
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Figure 13. MSMEs evaluated by city Colombia. Figure 14. Economic activities of the evaluated MSMEs. 

Figure 14 shows the distribution of the sample across economic sectors. According to the 
International Standard Industrial Classification of All Economic Activities (ISIC. Rev. 4), the 
companies were classified as coming from three main sectors: Manufactures, services and 
trade, and construction and civil works. The manufactures sector had the largest 
representation, with 39% of the sampled businesses; followed by the trade and services sector, 
with 38%; and the construction and civil works sector, with 23%. Likewise, the studied 
businesses were classified by size, according to the number-of-workers criterion established 
by Law 590 of 2000 from the Ministry of Commerce, Industry and Tourism of Colombia [101] 
(see Table 11). 
 
Table 11. Company size classification according to their number of workers  

Business type No. of workers  Surveyed business 
Microenterprises Personnel not exceeding ten (10) 

workers. 
48% 

Small businesses Personnel between (11) and (50) 
workers. 

37% 

Medium businesses Personnel between (51) and (200) 
workers 

15% 

 
Additional general information about the evaluated companies is guild affiliation, which covers 
only 12.8% of the sample. The remaining 87.2% manifested not being in any type of business 
guild. Said affiliation links the companies to the most representative guilds of Colombia, namely 
the Colombian Association of Micro, Small and Medium Enterprises (Asociación Colombiana 
de las Micro, Pequeñas y Medianas Empresas  - ACOPI), the Colombian Chamber of 
Construction (Cámara Colombiana de la Construcción - CAMACOL), the Colombian Hotel 
Association (Asociación Hotelera Colombiana - ASOTELCA), and the Hotel and Tourism 
Association of Colombia (Asociación Hotelera y Turística de Colombia - COTELCO).  
 
The following are the results of the second part of the evaluation carried out on the MSMEs. 
 

5.3.1 Factor 1. Sustainable decision-making  

The first factor to be evaluated was the decision-making management system, which facilitates 
the development of environmental strategies in the company. It is considered a guideline for 
the control of activities, services and products, as such, it allows minimizing environmental 
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impacts. In the ISM-S proposed in this research, this factor is related to profitability, capacity, 
requirements, coverage and competitiveness. Figure15 shows the responses of entrepreneurs 
to the questions related to this first factor. 
 

Factor 1. Sustainable decision-making 
Q1. Do you know what an environmental management system is?  
Q2. Does your company have an environmental management system?  
Q3. Has the company received any environmental certification?  
Q4. Does the company have any environmental policy?  
Q6. Does the company have an Enterprise Resource Planning system (ERP)? 

 

Figure 15. Factor 1. Sustainable decision-making 

Based on the evaluation of this factor, it can be observed that 80% of the companies affirm 
that they know what an environmental management system is. However, 63% of these MSMEs 
affirm that they do not have a management system in the company, which prevents them from 
developing objectives and procedures that contribute to the good use of ecosystem services. 
Additionally, the lack of certifications is an evident problem in these companies, since more 
than 77% of them state that they do not have any environmental certification, which exposes 
them to sanctions, including elevated fines. Likewise, around 50% of the studied companies 
manifested having internal policies that facilitate acting on the surrounding environment. 
However, 69% of MSMEs claim not having adequate resource planning tools such as ERP. 
Therefore, it is difficult for them to know which areas of the company they should invest on and 
how they should distribute their resources. 
 

5.3.2 Factor 2. Sustainable environmental tools and practices 

 
The second evaluated factor are “environmental practices and strategies”, which has been 
defined throughout this research as the actions that allow reducing the negative impacts 
caused by the internal processes of the organization, thus changing them towards a 
sustainable culture conveying simple and useful actions in its daily activities. Within the ISM-
S, this factor is related to process analysis, impact assessment, changes in processes and 
monitoring of ecosystem services (water, energy, waste disposal). The answers to the 
questions related to this first factor are shown in Figure 16. 
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Factor 2. Sustainable environmental tools and practices 
Q10. Do you understand the notions of ecoefficiency and cleaner production? 
Q11. Does your company have an environmental practice program? 
Q12. Do you know what circular economy is?  
Q13. Has the company set a plan to report liquid spills, gas leaks, gas-liquid mixtures or any other non-
ecoefficient situations?  
Q14. Has your company implemented environmental practices?  
Q15 Does your company have a water saving and efficient use program? 
Q16. Does your company have a solid waste collection and classification program?  
Q17. Does your company check for the final disposal of dangerous waste (corrosive, reactive, explosive, toxic 
and flammable materials)? 
Q18. Do the employees tend to reuse office stationery materials?  
Q19. Does the company use treatments to extend the use of industrial resources such as oils, lubricants, acids, 
etc.?  
Q21. Does the company offer after sales repair service to extend product duration? 
Q22. Does your company have any noise level measurement system? 
Q23. Does the company have a statistical record of energy and water bills?  
Q24. Does the company apply purchase environmental criteria when it comes to supplier selection? 
 

 
Figure 16. Factor 2. Sustainable environmental tools and practices 

 
Based on the evaluation of this factor, it can be observed that more than 49% of the studied 
MSMEs knew about the most common sustainability practices that are usually developed by 
this type of company, such as ecological efficiency, cleaner production and circular economy. 
However, 80% of them do not have an environmental practice program that allowed them to 
carry out the application of these practices. Yet, despite not having a formal plan for 
sustainable environmental improvement, 71% of these firms stated that their employees have 
good waste disposal classification processes. Likewise, 90% of these MSMEs uttered that their 
employees tend to reuse office supplies and 86% manifested not appropriately extending the 
useful life use of products (lubricants, oils, boxes, plastic, etc.) when it is possible. 
 
Likewise, 68% of the MSMEs affirmed they did not offer their clients any repair or post-sale 
guarantee service, in spite of the fact that this added value is likely to improve their 
competitiveness in the market. Regarding noise, energy and water controls, 57% and 49% of 
the companies stated that they did not have statistics that allowed them to analyze the 
expenses or savings of these services. Likewise, the lack of requirements to select suppliers 
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in companies was found to be an informal activity represented by 60% of the companies, who 
considered this selection of suppliers to be based solely on economic criteria. 
 

5.3.3 Factor 3. Social responsibility and knowledge management 
 

The third evaluated factor is “social responsibility and knowledge management”, which intends 
that the members of the company carry out good environmental practices through the 
identification, creation, storage, socialization and use of knowledge. Therefore, this factor is 
related to education, knowledge transfer, culture, commitment and synergy in the ISM-S. 
Figure 17 highlights some answers related to this factor.  
 

Factor 3. Social responsibility and knowledge management 
Q31. Have the employees received environmental care training? 
Q35. Does the company provide the means for the workers to contribute innovative environmental ideas? 
Q36. Do the employees use environmental training to improve productive processes? 
Q38. Are the employees informed of the environmental impacts of the organization and the corresponding 
corrective measures?  

 

Figure 17. Factor 3. Social responsibility and knowledge management 

Based on the evaluation of this factor, it can be observed that 74% of the employees of the 
studied companies received environmental care training. Regarding the space that companies 
use for employees to share their knowledge and express innovative ideas, 64% affirm that 
meetings were the most frequent mechanism. However, these meetings usually occurred once 
a month, so it is suggested to venture into other strategies such as emails and internal work 
group networks to generate a cooperative culture in this area. 
 
Likewise, in relation to the use of the knowledge acquired in the training for the improvement 
of production processes, 55% indicate that they do not do so due to the lack of strategies and 
application direction, however, today companies cannot avoid the change and commercial 
transformations despite the uncertainties and fears that the market may generate. Also, around 
57% of them affirm that the employees are kept informed of the potential impacts of corporate 
internal activities and their corrective measures.  
 

5.3.4 Factor 4. Technological convergence and data analysis 

The fourth evaluated factor is “technological convergence and data analysis”, which has been 
defined as the development of innovations that allow the collection and treatment of relevant 
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economic, environmental and social information of the company, leading to the good use of 
decision-making data. Therefore, this factor is related to the components “technological 
innovation”, “internal and external cooperation”, and “indicator analysis”. The answers to the 
questions related to this factor are shown in Figure 18. 
 

Factor 4. Technological convergence and data analysis 
Q5. Does your company have environmental indicators? 
Q7. Does the company have a HSEQ (Health, Security, Environment and Quality) strategy-control module in the 
Enterprise Resource Planning (ERP)? 
Q20. Does the company recover the products that their customers do not use any more? 
Q37. Has the company documented its operative processes? 

 
Figure 18. Factor 4. Technological convergence and data analysis 

Based on the evaluation of this factor, it can be seen that 81% of the surveyed MSMEs did not 
have environmental indicators that allowed them to analyze their changes and progress. 
Likewise, 68% of them affirmed not having specific controls for the planning of environmental 
resources, occupational health and safety or quality management. Regarding product 
innovation strategies aimed at their customers, 69% of these companies manifested not 
recovering the products that their customers no longer used, this being an activity that could 
contribute to circular economy. On the other hand, 59% of them affirmed that they documented 
their operational processes. However, it is necessary to continue promoting the 
systematization of the operational activity documentation, since it is a good strategy for 
knowledge retention, monitoring of activities, and reprocessing reduction in companies. 
 
In summary, from the analysis of the results on the adoption of factors and components that 
make up the ISM-S, Table 12 highlights the strengths and weaknesses that have been 
identified in the MSMEs under analysis. 
 
Table 12. Strengths and weaknesses  

Factors Strengths Weaknesses 
Decision-making management 
system 
 
 

They know what an environmental 
management system is. 

Environmental management 
systems are lacking 

They are interested in setting the 
bases for environmental 
certifications.   

They have no environmental 
certifications 

81%
68% 69%

41%
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32% 31%

59%

0%

20%

40%

60%

80%

100%

120%

Q5 Q7 Q20 Q37
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Factors Strengths Weaknesses 
They are interested in establishing 
mechanisms for participation 
among all workers  

Lack of strategies to establish 
quality and environmental policies 
and implement clean technologies. 
Difficulties to obtain subsidies for 
the improvement of productive 
systems. 

Good knowledge about market 
needs and demand. 

Lack of collaborative partners 

Environmental practices are 
related to decision-making support 
systems. 

Lack of commitment on the part of 
the leaders of the organization. 

Related to ecoefficiency and 
cleaner production issues. 

There is need to strengthen 
methodologies for the 
implementation and application of 
cleaner production and eco-
efficiency 

Sustainable environmental tools 
and practices 
 

Ecological points and waste 
sorting are usual practices 

Lack of programs to report leaks, 
emergency plans, energy 
efficiency, water savings, and 
noise level measures 

Office stationery reuse is the most 
widespread environmental practice 
in the company. 

There are no available treatments 
to extend the use of industrial 
resources in manufacturing 
processes 

Good relationship with suppliers Lack of supplier selection and 
purchase criteria. 

Appropriation of environmental 
topics  

Worker training is lacking or rare 

Social responsibility and 
knowledge management 

They have enough human 
resources to implement 
sustainable practices in the 
company. 

Lack of mechanisms and spaces 
for the transfer of knowledge and 
contribution of innovative ideas by 
workers. 

Employees are informed of 
environmental impacts and 
corrective measures.  

Lack of strategies to incorporate 
training in the improvement of 
production processes  

Environmental processes are 
important. 

Environmental issues are not 
central or priority business items. 

 Technological Convergence and 
data analysis 

Easiness of information access in 
all areas of the Company. 

Lack of environmental control 
indicators.  

The operative processes of the 
company are ordinarily 
documented. 

Lack of documentation in strategic 
and support processes in 
companies 

 
5.3.5 Barriers to the adoption of sustainable practices 

This section is based on the results of the third part of the information gathering instrument, 
which is aimed at the analysis of the barriers to the adoption of sustainable practices by 
MSMEs in Colombia. Figure 19 shows the most representative barriers, the answer options 
being: 1 (disagree), 2 (undecided) and 3 (agree). 
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Figure 19. Barriers to the adoption of sustainable practices 

Based on the evaluation described above, it can be observed that more than 50% of the 
evaluated MSMEs agreed that the main barriers to implementing sustainable practices were 
related to budget restrictions, difficulties to obtaining subsidies, and the lack of organizational 
strategies, qualified employees, clean technologies, and collaborative partners working for a 
specific purpose. On the other hand, 30% of these MSMEs did not agree that the number of 
competitors was a barrier to implement sustainable practices, while 43% of them agreed that 
the lack of consumer interest in protecting the environment constitutes a barrier. An additional 
barrier recognized by 46% of the participant businesses was the lack of commitment of the 
organization's leaders, which was considered to prevents the company from fulfilling 
environmental, social and economic goals. 
 

5.4 Analysis of the sustainable maturity classification in MSMEs 
 
This section evaluates the “sustainability maturity level” component described in the 
comprehensive sustainability model proposed in this research. This is done through the 
development of a Sustainability Maturity Measurement Model (SMMM). This maturity model 
uses the information gathered by the survey presented in Appendix 3. Also, the results of the 
sustainability maturity classification are presented in the scientific article: A sustainability 
maturity model for micro, small and medium-sized enterprises (MSMEs) based on a data 
analytics evaluation approach (Under review by the Journal of Cleaner Production, see 
Appendix 1). 
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Each factor described in the integral sustainability model is analyzed through a series of 
specific characteristics which, in turn, are assessed in terms of whether they are met (value 1) 
or not (value 0) at a given level of sustainability maturity. The SMMM is evaluated on a four-
level scale based on some of the generic models mentioned above (CMM, Kaizen, PM3s, 
BPMM). In this scale, Level 1 is considered to be insufficient, while consolidated maturity 
corresponds to Level 4 [102]. Accordingly, the higher the level, the larger the number of 
characteristics it requires to be fulfilled. Thus, Level 1 implies the accomplishment of only 5 
characteristics, while Level 2 implies fulfilling 14 characteristics. By the same token, Levels 3 
and 4 require the fulfillment of 27 and 37 characteristics, respectively (see Appendix 4). In 
this way, a conceptual definition is provided for each of the maturity levels of the SMMM. 
 
Data analytics uses different methods of analysis for the interpretation of data. Among the 
most common ones is machine learning (ML), which, more than a simple database to process 
information, is a programming problem solver. It is a system that, based on a data set provided 
by the user, has the "ability to learn" by representing data structures and generalizing 
corresponding behaviors [69], [103]. In phase 3 (“Rigor”) of the current research methodology, 
a sequence of activities is performed to train and validate the supervised classification 
algorithms used by the SMMM, as shown in Figure 20. 

                          
 

Figure 20. Activities related to supervised algorithm training 

After applying the survey (see Appendix 3), the answers are usually standardized in a 
numerical data format, for them to be analyzed by the classification algorithm. Yes/no 
questions are represented as logical values, i.e., “No” is taken as 0 and “Yes” is taken as 1. 
Since the questionnaire included multiple choice questions, a conversion to a binary range 
was carried out, to adjust all the answers to logical values. Therefore, the "totally disagree", 
"disagree" and "undecided" answers were given a low value (0). Conversely, the "totally agree" 
and "agree" answers were a high value (1). 
 
Supervised learning works through classification algorithms that allow identifying the category 
(e.g., a sustainability maturity level) to which a new instance (e.g., a company) belongs, based 
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on previous observations. These procedures include “Multi-class” algorithms, which handle 
several classification categories. In the present study, this ranking corresponded to 
sustainability maturity levels 1 to 4. It must be highlighted that the success of classification 
algorithms depends on the particular handling of the data set in which they are trained. This 
handling consists in pre-processing and standardizing the data.  
 
Likewise, in order to avoid over-adjustment of the samples, the k-fold Cross Validation 
technique is employed. In it, the set of training data is divided into k subsets and, at the time 
of training, all subsets are sequentially used as the test set of the model, while the remaining 
data are taken as the actual training set. This process is repeated i times in each iteration. 
Also, a different test set is selected, while the remaining data are used as training set. Once 
the iterations have been completed, the accuracy and error values of each model are 
calculated. Additional accuracy and final error values are obtained by calculating the 
corresponding averages of the k trained models [104]–[106].  
 
To perform the training and validation of the algorithms used in the SMMM, the classification 
algorithms Support Vector Machine (SVM), Random Forest (RF) and Naïve Bayes (NV) were 
employed. These procedures were chosen due to their capability to simultaneously solve 
classification and regression problems by estimating the internal variability of the samples. 
SVM is used to predict the maturity level of a new sample, based on a set of previously labeled 
ones. Similarly, RF classifies new samples based on the attributes of prior ones, the 
classification prediction being the major choice of a decision tree. NV assumes that the 
predictive variables used to classify a new instance are independent of each other, i.e., the 
presence of a certain characteristic in the data set is not related to the presence of any other 
characteristic in it. 
 
In addition, and according to the methodology Design of Computational Intelligence 
Experiments [69], [107], learning models are used to evaluate the effectiveness of algorithms 
through different statistical techniques. In the present case, the dimension reduction technique, 
which consists in shortening the number of random variables under study, was applied. This 
procedure is commonly assessed through the following metrics: F1-Score, Accuracy, Recall, 
and Precision. Figure 21 shows the training and validation process for the classification of the 
algorithms of the SMMM. A 10-fold cross validation procedure was employed, for which the 
data were divided in two sets: 70% for training and 30% for validation. During the execution of 
this process, the parameters used for the SVM, RF and NV algorithms were set by default, as 
described below:   
 
• SVM. C=1.0, kernel='rbf', degree=3, gamma='scale', coef0=0.0, shrinking=True, 

probability=False, tol=0.001, cache_size=200, class_weight=None, verbose=False, 
max_iter=- 1, decision_function_shape='ovr', break_ties=False, random_state=None. 
 

• RF. n_estimators=100, criterion='gini', max_depth=None, min_samples_split=2, 
min_samples_leaf=1, min_weight_fraction_leaf=0.0, max_features='auto', 
max_leaf_nodes=None, min_impurity_decrease=0.0, min_impurity_split=None, 
bootstrap=True, oob_score=False, n_jobs=None, random_state=None, verbose=0, 
warm_start=False, class_weight=None, ccp_alpha=0.0, max_samples=None. 
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• NV. priors=None, var_smoothing=1e-09 
 
 

 
 

Figure 21. SMMM training and validation process 

The methodology Design of Computational Intelligence Experiments [69], [107] comprises 
several procedures to validate the relevance and performance of the algorithms in question. 
On these grounds, it is possible to select the best classification algorithm to improve or 
complement information heterogeneity through data analytics predictors. Relevance is based 
on repeatedly executing the classification algorithm under the same conditions and with the 
same set of data and error rates, in order to ensure that the results are not biased. This is done 
by evaluating the behavior of the mean and standard deviation of all executions. In the present 
case, a 10-fold calculation of the mean and standard deviation values was carried out for each 
of the metrics employed in the experiment.  
 
With regards to performance, the test of null and true hypothesis is used to validate which 
algorithm is statistically better than the others. For this purpose, the assumptions of 
independence and normality are verified through parametric and non-parametric tests.  The 
Student's t-test (parametric) is used to validate that the means of the training and test samples 
are independent and significantly different from each other, with all the algorithms reaching 
higher p values than 0.05. The null hypothesis (non-parametric test) is adopted to establish 
the precision of the models, using the F1-score value to determine a single weighted value of 
precision and completeness. In addition, these tests are complemented with the confusion 
matrix, which is used to determine the performance of the algorithms adopted in the training 
phase. 
 
Using the data analytics approach, this study has proposed a SMMM model, which uses 
supervised classification algorithms to classify MSMEs according to compliance with different 
sustainability features. This section presents the results obtained after applying the SMMM 
model to the sample of studied companies.  
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In order to determine the sustainability maturity level of the sampled businesses by productive 
sector, it was necessary to carry out the training, validation and testing of the supervised 
classification algorithms. Of the 327 MSMEs, 70% were selected for training and 30% for 
validation, which implied randomly selecting 91 companies, which in turn were divided 
according to the three sectors studied: manufacturing, commerce and services, and 
construction and civil works. Table 13 shows the numbers of enterprises that were randomly 
selected, as grouped by size and productive sector.  
 
Table 13. Assignment of the numbers of MSMEs by productive sector 

Enterprise 
size 

Manufactures sector Service and trade sector Construction and civil 
works sector 

No. of training 
and validation 
companies  

No. of 
tested 
companies  

No. of training 
and validation 
companies  

No. of 
tested 
companies 

No. of training 
and validation 
companies  

No. of tested 
companies 

Medium 16 11 9 8 3 3 
Small 37 11 36 12 13 13 
Micro 42 10 49 12 26 16 

 
 
In the other hand, the training data were used to ensure that the supervised classification 
algorithms which recognized patterns and characteristics in the data, thus ensuring a more 
accurate and efficient performance. Thus, the 10-fold cross validation technique explained in 
the previous section was used to train the classification algorithms through SVM, RF and NV. 
Out of the 231 companies that made up 70% of the sample (which were assigned to training 
and validation), 70% were ascribed to training and 30% to testing. In other words, out of the 
231 companies, 162 companies are used to train the classification algorithms and 69 
companies to validate the efficiency of the algorithms. 
 
The results of the training and validation process of the SMMM model (see Figure 21) are 
shown in Table 14. In comparing the SVM, NV and RF algorithms, the one with the highest 
score and best performance is Random Forests (RF), with 93.10% F1-Score, 93.20% 
Accuracy, 93.67% Recall, and 93.36% Precision.  
 
Table 14. Algorithm classification results  

Classifier F1-Score (%) Accuracy (%) Recall (%) Precision (%) 
Support vectors machine (SVM) 90.13 90.34 90.99 90.92 
Naïve Bayes (NV) 92.73 92.84 93.31 92.99 
Random Forest (RF) 93.10 93.20 93.67 93.36 

 
Finally, and taking into account the parametric test, the best classification model was found to 
be RF, as shown in Table 15. 
 
Table 15. Selection of the best model  

Classification algorithms  F1-Score (%) Student’s t-test 
Support Vectors Machine (SVM) 90.13 0.84 
Naïve Bayes (NV) 92.73 0.89 
Random Forest (RF) 93.10 0.86 
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The data set used to apply the test came from the aforementioned randomly selected group of 
companies that made up 30% of the sample. Additionally, the best classification algorithm (RF) 
was used to group the companies according to their level of sustainability maturity as 
contemplated by the SMMM. In Figure 22, the maturity level classification is illustrated by 
productive sector. 

 

 
Figure 22. Classification of the sample according to business sectors in the SMMM 

As a result of the application of the SMMM model, it can be observed that there is a small 
number of companies in Level 1 (i.e., insufficient sustainability maturity). Nine percent of these 
companies belong to the Service and trade sector, while 6% of them were in the Construction 
and civil works sector and 3% in the Manufacturing sector. Following the model, these 
companies could be said to have insufficient knowledge management, environmental practices 
and management systems. In other words, they lack environmental strategies and motivations 
that allowed them to mitigate the effects of their operations and products on the environment. 
 
Level 2 holds companies with basic sustainability maturity. Most of them came from the 
Manufacturing sector (38%), followed by the Service and trade and Construction and civil 
works sectors, each of which harbored 28% of organizations at this level. This means that the 
companies in Level 2 do not have a structured environmental management system, but they 
did have basic environmental strategy knowledge. This allowed them to design fundamental 
environmental care practices and policies to minimize likely negative impacts within their 
internal processes.  
 
The highest percentages were observed at Level 3, which holds companies with developing 
sustainability maturity. In it, the Construction and civil works sector accounted for 56% of 
businesses, the Manufacturing sector for 44%, and the Service and trade sector for 34%. 
Organizations at this level are characterized by the progress and effort they have made, not 
only in the development of internal environmental strategies, but also regarding the investment 
of their financial capital on human, technological and physical resources to acquire 
environmental knowledge and improve operational processes. 
   
For its part, Level 4 accounts for companies with consolidated sustainability maturity, which 
characteristically exhibit optimal management and sustainability strategies. The largest 
fraction at this level corresponds to the Service and trade sector, which harbors 28% of these 
companies. In turn, the Manufacturing sector had 16% of them, followed by the Construction 
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and civil works sector, which held 9%. Companies at this level possess quality management 
or environmental management certifications, in addition to environmental practice programs 
and structured management indicators that allow them to provide and control information on 
the environmental performance of their operations. Therefore, the results of the classification 
of the companies in different sustainability maturity levels allow establishing that they are 
aware of the importance of environmental strategies and practices when implemented in 
internal processes. However, they exhibit weaknesses regarding the mechanisms used to 
strengthen environmental plans or programs.  
 

5.5 Analysis of the Markov Chain simulation results 
It is of vital importance to use strategies that allow for adequate environmental, economic, 
social and technological sustainability by managers and entrepreneurs. Therefore, it is 
necessary to use tools that facilitate decision-making. As described in section 4.3.3, the 
purpose of this section is to discuss the results of the development of a predictive simulation 
for decision-making support, which will allow reaching the highest level of sustainability 
maturity in MSMEs in Colombia. For this purpose, the Integral Sustainability Model for MSMEs 
(ISM-S) was evaluated through the use of Markov Chains [98], [99]. 
 
Therefore, the objectives of the validation of the Integral Sustainability Model for SMEs (ISM-
S) focused on: 
 

• Evaluating dynamic scenarios to estimate the transition probability of a sample of 
companies through a time-related relationship.  

• Knowing how long it would take a set of companies to reach a high level of sustainable 
maturity from an initial level 0.  

In order to evaluate the dynamic scenarios to estimate the transition probability, a sequence 
of levels q0, q1, q2, q3, q4 are considered, in which the predictive probability of a future event 
does not take into account the past, but only the present. Hence:  
 

Markov assumption: ?(@A = B|@;…	@AC;) = 	?(@A = B|@AC;)        ( 1) 
 
The probability hypotheses correspond to the sequence of events given by the four levels of 
maturity proposed in this research, which are represented by a Markov chain. These levels are 
represented as interconnected nodes called "states", while the transitions and their 
corresponding probabilities are shown as directed lines "→", labeled as "transitions" and 
represented by Greek letter. For this reason, the current predictive simulation of decision-
making through the following components: 
 
Table 16. Markov Chain components 

Set of N maturity states.   Q = {q1, q2, … qN} Q= {@A ∈ E	; G ≥ 0 ∧ G ≤ 4} 
Transitions through states A = {a0,1, a1,1… an,n} A= {BA, L ∈ M	; G, L = [0, 4] 

Transition probability matrix P= {p1,1, p1,2…pn,n } 
pij represents the probability of 
moving from state i to state j. 
∑ 8AQR	:
QR; 1		∀G, L	 ≥ 0 
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Initial state distribution probability, qi, is the 
likeliness of starting at state i in the Markov 
chain. Some states j may take value qj = 0, 
which means they cannot be initial states. 

U pA	 =
:

AR;
1 

p =  pN 

p =  p 1, p 2, p 3, p 4 

q0 = initial state 
q4 = acceptance state 

 
In addition, the following set of restrictions and assumptions is established, with the purpose 
of applying the proposed model to real events:  
  

• The second group of case studies will be taken into account (see section 5.2 b), 
represented by a sample of 327 Colombian micro, small and medium enterprises. 

• The normal distribution is met in all states. 
• The probability that an enterprise remains in its current state is q1 →q1 = b, q2 →q2 = g, 

q3 →q3 = ψ. 
• State q5, which denotes Probability of permanence of a company in the market, is 

considered to be is 35% in its first five years of life, which is distributed among the three 
states q1, q2, q3.  

• The annual growth rate of SMEs is 1.6% (based on the growth rate of SMEs in 
Colombia in 2019).   

• The stable states are considered to go from q0 to q3. When a company reaches state 
q4 it is considered to have reached an acceptance condition.  

• qi' is considered to be a state of absorption in which the process tends to remain 
indefinitely. Then, the probability q1 →q’1 = j1, q2 →q’2 = j2, q3→q’3 = j3. 

• A company cannot move more than three states ahead of its current one. That is, it can 
only go from a current state qi to qi+3.  In additional, the probabilities change depending 
on the original state: q0 →q3 = 1, whereas q1 →q4 = 2. 

• A company cannot move more than two states ahead of its current one. That is, it can 
only change from a current state qi to qi+2. Again in this case, the probabilities change 
depending on the original state: q0 →q2 = 1, whereas q2 →q4 = 2. 

• The transitions q1 →q2, q2→q3, q3 →q4 must be larger zero and lesser than 1, q4 being 
their absorption or acceptance state.  

• The possibility that a company moves to a lower level is not considered. 
• In addition, the following constraints are considered: 

q0 →q1 ³ q0 →q2 
q0 →q2 ³ q0→ q3 
q1 →q1 ³ q1 → q’1 
q2 →q2³ q2 → q’2 
q3 →q3³ q3→ q’3 
q0 →q3, q1 →q2, q2 →q3, q3 →q4, q1, q2, q3, →q5  =1 
q1 → q’1, q2 → q’2, q3 → q’3, =1 

 
Under these assumptions, a discrete Markov Chain is considered, {Χt: t=0.1,...}, which 
describes the mobility dynamics of SMEs through different states denoted by qi  in the present 
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research study. Therefore, Xt defines the state of company at a discrete time t. In this way the 
Markov chain graph is: 
 

 
Figure 23. Markov chain of the ISM-S predictive simulation model 

The probability of moving from one state to another is identified with Greek letters and yellow 
color in the following transition matrix (see Table 17): 

 
Table 17. Transition matrix 

 q0 q1 q2 q3 q1’ q2’ q3’ q4 q5 
q0 0 a d1 e1 0 0 0 0 0 
q1 0 b v d2 φ1 0 0 e2 w 
q2 0 0 g l 0 φ2 0 d3 w 
q3 0 0 0 ψ 0 0 φ3 ρ w 
q1’ 0 0 0 0 1 0 0 0 0 
q2’ 0 0 0 0 0 1 0 0 0 
q3’ 0 0 0 0 0 0 1 0 0 
q4 0 0 0 0 0 0 0 1 0 
q5 0 0 0 0 0 0 0 0 1 

 
Assuming that in a year 0 starts with 300 companies growing at rate of 1.6%, it would take 5 
and 6 years on average to reach 327 business. While these 327 companies are in absorbing 
states, the new ones have the possibility to go through the four states contemplated by the 
model.  
 
Likewise, by means of the Generalized Reduced Gradient (GRG) algorithm, which is intended 
to solve non-linear programming problems, allows calculating a company’s probability to move 
through the different states in question.  
 
The GRG, which is part of a feasible solution known as the starting point, uses successive 
linearization of the objective function and constraints to reduce the dimensionality of the 
problem, thus rendering a more manageable subset of variables. In this way, the algorithm 
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determines the components of the independent variables and expresses the search gradients 
and direction in terms of those independent variables.  Therefore, the probability that an 
enterprise to moves from one state to another is determined by the transition matrix (P) (see 
Table 18), considering that the transitions are ≤1∧ ≥0: 
 
Table 18. Transition probability results matrix 

 
On the other hand, the stationary distribution property, which assumes that n companies 
manage to stabilize in a period of time t, is used to determine the robustness of the model. 
Therefore, the probability distribution of the Markov Chain converges towards absorption 
states Pt+1.  In this sense, the simulation indicates that the model manages to stabilize between 
P5 and P10, with an error rate of 3% (see Table 19). 
 
Table 19. Robust matrix 

Figure 24 shows the distribution of the assumed error vs. predicted error. The predicted error 
value (orange line) is so small that it overlaps with the assumed error line (blue). 
 

 q0 q1 q2 q3 q1’ q2’ q3’ q4 q5 
q0 0,00 0,36 0,32 0,32 0,00 0,00 0,00 0,00 0,00 
q1 0,00 0,31 0,26 0,00 0,10 0,00 0,00 0,09 0,24 
q2 0,00 0,00 0,10 0,10 0,00 0,43 0,00 0,13 0,24 
q3 0,00 0,00 0,00 0,10 0,00 0,00 0,66 0,00 0,24 
q1’ 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00 
q2’ 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 
q3’ 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 
q4 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 
q5 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 

 q0 q1 q2 q3 q1’ q2’ q3’ q4 q5 
q0 0,00 0,00 0,00 0,00 0,05 0,22 0,27 0,11 0,35 
q1 0,00 0,00 0,00 0,00 0,14 0,18 0,03 0,18 0,46 
q2 0,00 0,00 0,00 0,00 0,00 0,48 0,08 0,14 0,30 
q3 0,00 0,00 0,00 0,00 0,00 0,00 0,73 0,00 0,27 
q1’ 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00 
q2’ 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 
q3’ 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 
q4 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 
q5 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 
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Figure 24. Distribution of the assumed vs. predicted error 

In order to know how long it would take for a group of companies to reach a high level of 
sustainable maturity, a new simulation the predictive simulation model of the ISM-S is carried 
out taking as an example 5000 SMEs in a period of time t. In Table 20 illustrates how the 5,000 
companies are classified over a period of 16 years, according to the assumptions and 
constraints defined in the model. 
 
Table 20. Forecast matrix of an SME set 

Years q0 q1 q2 q3 q'1 q'2 q'3 q4 q5 Forecast  
0 5000 0 0 0 0 0 0 0 0 0 

1 0 1803 1598 1598 0 0 0 0 0 0 

2 0 552 636 320 180 687 1050 358 1216 358 

3 0 169 210 96 236 961 1260 486 1583 128 

4 0 52 66 31 252 1051 1323 527 1698 41 

5 0 16 20 10 258 1079 1343 540 1734 12 

6 0 5 6 3 259 1088 1349 544 1745 4 

7 0 1 2 1 260 1091 1351 545 1749 1 

8 0 0 1 0 260 1092 1352 546 1750 0 

9 0 0 0 0 260 1092 1352 546 1750 0 

10 0 0 0 0 260 1092 1352 546 1750 0 

11 0 0 0 0 260 1092 1352 546 1750 0 

12 0 0 0 0 260 1092 1352 546 1750 0 

13 0 0 0 0 260 1092 1352 546 1750 0 

14 0 0 0 0 260 1092 1352 546 1750 0 

15 0 0 0 0 260 1092 1352 546 1750 0 

16 0 0 0 0 260 1092 1352 546 1750 0 

 
In order to determine how long it would take for a company to reach a high level of sustainability 
maturity (estimated from the number of companies reaching state q4), the model was run for a 
new predictive simulation with 5,000 companies. The difference between the number of 
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companies in period t and the number of companies in period t-1. The number of companies 
in period t is calculated by summing the numbers of companies from each of periods and 
dividing the results by the sum of estimated numbers of companies over the same time period 
(t). This calculation is expressed by the following equation: 
 

V=
∑ A(WX,ACWX,AC;)Y
Z[\
∑ (WX,ACWX,AC;)Y
Z[\

                 ( 2) 

 
For the example, in applying the equation above to 5000 SMEs can be estimated that it takes 
a company 2.5 years to reach its maximum level of maturity.  Hence, sustainable development 
plans could be defined taking into account this time lapse.  
 
 

V=
=(=C=)7;(=C=)7](^_`C=)7^(a`bC^_`)…;b(_abC_a=)

_ab
= 2.50 

 
5.6 Maturity classification system and decision-making predictive simulation 

 
This system provides support to both business sustainability maturity assessment and decision 
-making in companies and governmental entities, consists of a series of activities, as shown 
in Fig. 10. First, a company’s user conducts a self-diagnosing survey through a web 
application. Then, the system captures the information, processes the data and features the 
company in terms of environmental knowledge management, environmental practices and 
environmental management systems. Subsequently, the system takes the extracted features 
and sends them automatically to the Random Forest classifier, which matches them to those 
that define the SMMM levels, thus estimating the maturity of the company. Finally, the system 
provides a series of suggestions and guidelines for the company to follow in order to increase 
its maturity level. 
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Figure 25. The SMMM system 

The development and application of this system is pending for financial approval of the national 
project. 
 

5.7 Conclusions 

 
After carrying out the evaluation of the ISM-S and using the above-mentioned methods, it can 
be concluded that the evaluated MSMEs are interested in adopting sustainability models to 
facilitate the application of good environmental practices in their internal activities, despite the 
barriers and limitations that have been identified. Likewise, by classifying the companies 
through the sustainable maturity model, it is evident that most of the companies are at Level 
2: Basic and Level 3: In development.  
 
This shows that MSMEs in Colombia are still perceived as one of the sectors requiring great 
attention and development of new strategies for them to evolve and consolidate in the 
productive market. As to the evaluation of the model through predictive simulation, the Markov 
Chains were used to determine the different scenarios that a company can go through when it 
comes to achieving a certain level of maturity.  Based on a set of assumptions and constraints, 
the results of the probability matrices showed the possible transitions. Likewise, it was 
determined that in a simulation with 5000 MSMEs, it would take them 2.5 years on average to 
reach a high level of sustainability (Level 4: Consolidated). This would help companies and 
project managers to make a plan to implement sustainability strategies.  
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Chapther 6. General discussion of the Integral 
Sustainability Model for SMEs 
 
 

6.1 Introduction  
This chapter presents a discussion about the general application of the developed Integral 
Sustainability Model for SMEs (ISM-S). In addition, the novel aspects in comparison to the 
current scientific literature and limitations of the model are described. Also, some impacts of 
the model on academia and practitioner is mentioned. 
 

6.2 Novel aspects of the Integral Sustainability Model for SMEs (ISM-S) 
 
SMEs are the economic engine of Latin America, which is why they strive to develop 
sustainable management models and strategies aimed at environmental improvement, social 
development and maximized economic benefits. The current literature review shows that 
different multidisciplinary approaches have developed of sustainable management tools and 
strategic frameworks. However, the isolated adoption of sustainability related practices and 
tools has limited their effective development.  
 
Consequently, the present doctoral dissertation presents an Integrated Sustainability Model 
for SMEs (ISM-S) based on four key factors identified in the literature review: Factor 1. 
Sustainable Decision Making; Factor 2: Sustainable environmental tools and practices; Factor 
3: Social responsibility and knowledge management; and Factor 4: Technological 
convergence and information analytics. It is worthwhile noting, at this point, that the analyzed 
conceptual models are commonly limited by their economic, social or environmental 
approaches [33], [38]. For this reason, the ISM-S introduces the Technological convergence 
and information analytics approach, which groups and analyzes Innovation technology, 
Internal and external cooperation, and Metrics and control indicators.  
 
Developed through the Scientific Research Design methodology, the ISM-S owes its novelty 
and originality to the fact that it integrates the four factors mentioned above with three systemic 
validation components: Statistical analysis, Maturity level classification and Simulation of 
stochastic models for decision making. Figure 26 shows the contribution of the ISM-S with 
regards to the approaches commonly analyzed in the state of the art.  
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Figure 26. Contribution to sustainability approaches 

Through the development of a series of case studies, the ISM-S was evaluated in various 
SMEs from the Manufactures, Service and commerce, and Construction and civil works 
sectors in five cities of Colombia. This made it possible to identify strengths, weaknesses and 
barriers faced by SMEs when it comes to implementing sustainable practices.  
 
The main contribution of the ISM-S is the large scale identification of the sustainability maturity 
level of SMEs, which is carried out by means of data analysis and classification algorithms. 
This helps the companies set a corresponding route or plan for the effective and systematic 
implementation of sustainability. In addition, it opens leeway for influential agents (academia, 
government and businessmen) to lay out plans and strategies adapted to company-specific 
needs.  
 

6.3 Limitations of the Integral Sustainability Model for SMEs 
 
In the lines that follow, the limitations of the model introduced in the present work are detailed: 
 

• The ISM-S was developed solely through a qualitative approach, so the results 
simply allow understanding how the model can be integrated into a business 
management model.   

 
• The components of the ISM-S were defined through a multidisciplinary work 

focused on the economic, social and environmental dimensions of sustainability, 
rather than on models developed under international standards of normalization. 

 

Common approaches of conceptual 
sustainability models  Approach of the ISM-S model 

 

 
 

 

Enviromental

SocialEconomic



 

 75 

• The ISM-S was evaluated through case studies in SMEs from the Manufacturing, 
Service and trade, and Construction and civil works sectors in five Colombian cities. 
However, the participation of these sectors was not balanced, which may have 
biased the results. 

 
• A broad evaluation of the managers’ perception about the integrated components 

of the ISM-S was not carried out. Therefore, future research efforts could expand 
the scope of the model by evaluating this perception and analyzing in depth the 
incorporation of the ISM-S into the supply chain and its stakeholders. 

 
• The ISM-S has been introduced as a conceptual model that contributes to 

sustainable decision-making management. However, the present work has not 
introduced a methodology for its application.   

 
6.4 Impact on academic and professional sectors 

  
Based on the literature review and a series of case studies, the current research work 
introduces a theoretical and conceptual model, namely the Integral Sustainability Model for 
SMEs (ISM-S). This sustainable management strategic model actually analyzes and evaluates 
the organizational performance of a series of sustainability-related factors, the definition of 
which was based on their relevance in the literature on the topic.  
 
The present research also aims to counterbalance the scarcity of theoretically supported and 
empirically validated studies on sustainable management decision-making in Colombia. This 
is particularly important when it comes to promoting a culture and a way to sustainability in 
SMEs, such that it allows them to improve their economic indicators, minimize negative 
environmental impacts and have their employees adopt a more sustainable and responsible 
behavior. 
  
The current application of the ISM-S has surveyed the tools employed by SMEs from the 
studied sectors to carry out the planning of activities and continuous improvement processes. 
On these grounds, the model is capable of supporting other productive sectors in identifying 
sustainability-related barriers, strengths and weaknesses. This, in turn, is likely to help them 
effectively and systemically integrate environmentally friendly practices into their management 
systems. 
 
 

6.5 Conclusions 
 
The conclusions of this chapter reveal it is one of the first empirical studies to integrally analyze 
various sustainability factors in connection with the behavior of SMEs. Therefore, the current 
framework can be applied to both regional development plans and the evaluation and 
monitoring of economic indicators in companies. In turn, the model allows them to minimize 
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negative environmental impacts and have their employees adopt more responsible behaviors.  
In addition, the ISM-S was developed through the Scientific Research Design methodology. 
Hence, owes its novelty and originality to the fact that it integrates the four factors with three 
systemic validation components: Statistical analysis, Maturity level classification and 
Simulation of stochastic models for decision making. Also, the ISM-S is uniquely positioned in 
the literature, taking into account the few existing works that comprehensively evaluate the 
factors exposed in the ISM-S across economic sectors and regions. 
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Chapther 7. Conclusions and Recommendations 

 
7.1 Introduction 

 
The final chapter of this doctoral thesis presents the conclusions and contributions of the 
current scientific research. Thus, the first section is framed in a brief summary of the findings 
and achievements of the proposed objectives. The second section provides useful 
recommendations for SMEs based on the ISM-S model. Likewise, the third section establishes 
future research perspectives.  
 

7.2 Conclusions and findings related to the research objectives 
 
The general objective of the present doctoral dissertation is to Developing an integral 
sustainability model for SMEs, framed in an environmental management system intended to 
improve economic indicators, minimize negative environmental impacts and have their 
employees adopt a more sustainable and responsible behavior. This general objective was 
achieved by developing the corresponding activities to each of the different specific objectives, 
based on the scientific research design methodology and other tools that contributed to the 
development of the present one. The relevant conclusions drawn from this doctoral thesis are 
presented below.  
 

Specific objective 1: Identifying and analyzing the components of an integral 
sustainability model. 

 
• The components that make up the conceptual model are identified and presented in 

Chapter 2, which begins with an analysis of the concepts of sustainability and 
sustainable development, leading to the conclusion that these terms are often used 
without distinction. However, these concepts can be quite different, since in the term 
“sustainability” indeed, is used for strategic issues related to prevention and resource 
depletion. In turn, sustainable development involves a multidisciplinary approach with 
different interests related to prominence and power [14].  Despite these interpretations, 
the two concepts are still complex to apply in business contexts. Hence, sustainable 
development proposes the economic, environmental and social dimensions, wherein 
academia, governments and entrepreneurs must harmonize to achieve a holistic 
balance.  

 
• The achievement of this specific objective was developed through an exhaustive 

literature search in topics related to the subject of study. This was done through a 
systematic search and bibliometric analysis that resulted in the classification of three 
specific clusters: Sustainability decision-making management system, sustainable 
tools and practices, and social responsibility and knowledge management.  In each 
one of the three clusters, the most cited research works during the 2016 and 2020 
period were selected, classified and related to the dimensions of sustainable 
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development: Sustainability decision-making management system was related to the 
economic dimension; Sustainable tools and practices to the environmental dimension; 
and Social responsibility and knowledge management to the social dimension. In 
addition, a new dimension was introduced, labeled as Technological, which is related 
to the factor Technological and analytic information convergence. 

 
• From the analyzed papers, it was possible to identify the importance of applying the 

sustainability dimensions in the internal processes of SMEs. Likewise, new sustainable 
practice trends were identified, such as automatic tools for the achievement of industry 
4.0, strategies framed in circular economy, and lean and green thinking. However, 
different research gaps and barriers for the implementation of sustainable practices 
were detected. This is the case of the lack of financial and investment resources, 
cooperative networks, resource assignation and control management strategies, and 
data analysis for self-evaluation in order to know what route these companies should 
take to achieve sustainability.  

 
Specific objective 2: Designing and evaluating an integral sustainability model for 
SMEs, such that it combines sustainable practices and environmental knowledge 
management in an environmental management system.  

 
• This specific objective was achieved through the use of the Scientific Research Design 

and Case Study methodologies, which were proposed in Chapter 3 [65], [68]. Thus, 
after understanding what sustainable strategic models are, a series of activities were 
carried out, which allowed the conceptual correlation proposed in chapter 4. From this 
correlation, the Integral Sustainability Model for SMEs (ISM-S) was designed as a 
strategy to guide small entrepreneurs toward sustainability in their internal operations.  
 

• The ISM-S is composed of different concepts which can be used to contribute to the 
knowledge and understanding of the adoption of: Management systems for sustainable 
decision-making, sustainable tools and practices, Social responsibility and knowledge 
management, and Technological and analytical information convergence.  Likewise, 
the ISM-S includes three specific elements: Analysis of factors and components, 
maturity level classification, and simulation for decision-making. 
  

• In addition, this objective has been achieved based on a quantitative research wherein 
a survey was designed to collect information from the SMEs involved in this study. In 
applying this survey, it was observed that the sector's participation rate was 100% of 
the selected sample in various economic sectors in Colombia. Therefore, this 
quantitative study is uniquely positioned in the literature, taking into account the few 
existing works that comprehensively evaluate the factors exposed in the ISM-S across 
economic sectors and regions. However, the results might be biased as the 
respondents to the questionnaires of the case study are not well balanced, since there 
are around 47% micro-enterprises out of which only 37% are small, and 17% are 
medium sized enterprises. Nonetheless, this objective certainly contributes to 
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multidisciplinary fields in Colombia. The results of each factor are shown in Chapter 5 
and 6, highlighting the challenges that each sector must face. 

 
Specific objective 3: Validating the model through predictive simulation, in order to 
assess improvement strategies.   

 
• This objective was achieved in Chapter 5, which uses the sustainability maturity model 

to classify the 327 studied companies. Within the data analysis results obtained from 
the Random Forest supervised classification algorithm, it can be seen that about 30% 
of the companies are at Level 2 (basic), since they meet the 14 characteristics 
proposed in the sustainability maturity model for that level; about 60% of the companies 
are at Level 3 (developing), as they meet the 27 characteristics of this level; and about 
10% of the companies are at Levels 1 (incipient) and 4 (consolidated). This shows the 
diversity of situations in which specific activities must be prioritized in order to achieve 
a consolidated state of sustainability.  

 
• In addition, the validation of the ISM-S has been carried out by proposing a predictive 

simulation through stochastic models (Markov Chain), in order to analyze the possible 
routes that a company should take to reach a consolidated level of sustainability 
maturity, thus complying with the characteristics set out by the ISM-S for each factor.  
Additionally, to know how long it would take a company to reach Level 4, the behavior 
of a set of 5000 companies over a period of 16 years is analyzed. Then their behavior 
was simulated with the stochastic model. The results suggest that the average time 
taken by a company to reach state 4 (Level 4: Consolidated sustainability maturity) is 
2.5 years on average.  This would imply that project managers and businessmen would 
have to work hard on a management plan for the implementation of sustainable 
strategies.  

7.3 Recommendations to SMEs sector  
 
The results of this doctoral dissertation point out that despite the diverse sustainable practices 
that SMEs carry out empirically, the analyzed businesses do not show a strategic path that 
leads them to a level of sustainability maturity. However, the interest shown by the sector has 
been motivating them to undertake the right things and to comply with the characteristics that 
have been proposed in the ISM-S model. 
 
In analyzing the adoption of sustainable practices and strategies in the studied SMEs, it is 
demonstrated that academia and governmental entities need to make very strong efforts to 
continue encouraging and raising awareness in the sector about the importance of introducing 
innovative strategies in their internal sustainable processes, despite the time and resources 
barrier that these strategies may generate. Consequently, a series of recommendations are 
presented to the MSMEs (see Table 21).   
 
Table 21. The recommendations to SMEs 
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Collaborator Recommendations 

 
 

Industry 
associations 

 

SMEs wishing to embark on the road to sustainability need a self-diagnosis, 
which can be made through the ISM-S, in order to know which direction, they 
should take. In this way, they can determine what their basic needs are, their 
priorities and the goals they wish to achieve.  
Strategies for data analysis that allow decision-making in companies is still a 
precarious activity. Hence, it is suggested that SMEs have indicators and 
control tools that allow them to have a vision of their environmental, social and 
economic performance. 
It is increasingly necessary for companies to strengthen cooperation networks 
through virtual platforms. Taking into account that around 80% of the studied 
companies do not belong to any business association, it is suggested that they 
consider looking into governmental associations in order to be at the forefront 
of the challenges posed by the economic situation in emerging countries. 

Government 
 

It is recommended that the sector develop a strategic plan of sustainable 
activities in accordance with the predictions of the time it will take to pass from 
one level of maturity to another. This plan should involve financial aspects, 
activities to be developed, people in charge, etc. As such, it would contribute 
to regional development plans as instruments that allow for the analysis of a 
realistic panorama of progress.  
Financial and environment plans to support SMEs though loans, credit, 
guarantees on loans and relaxation of laws on loan repayment. Also, a 
financial and environment plan will also include other types of resources you 
might obtain, such as in-kind support, volunteer staff, or shared resources 
from other organizations. This plan may even include convincing another 
company to take on a sustainability project by SMEs. 
It is expected that SMEs strengthen their training programs with activities and 
themes aimed at sustainability. Just as well, it is important to find spaces for 
the generation of innovative ideas that promote business development. 

Academia 
 

Regardless of what practices and sustainable tools small businesses may 
implement, they must be carefully assessed in terms of their profitability, so 
as to know the resources amounts, they consume and the points of the value 
chain where there is inefficiency.  
The trend of responsible consumers continues to grow. Therefore, it is 
suggested that this trend into account, so as to know where they invest their 
money and what they contribute through their purchasing decisions. 

 
7.4 Future research perspectives 

 
It is possible to consider various studies on strategic sustainability models for the small 
business sector. However, studies providing a real picture of the current situation of emerging 
countries in terms of sustainable practice adoption are still incipient. Hence, the potential 
contribution of these studies to productive improvement and minimization of environmental 
impacts is correspondingly small. 
 
Therefore, one of the contributions of this research is the conceptualization of a series of 
important factors and components that a model should have as an orientation tool for 
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Colombian SMEs. Likewise, this research contributes to the analysis of the sustainability 
business landscape in emerging countries. Therefore, similar research initiatives to the current 
one could be reproduced in other emerging countries, to contrast with the current findings on 
the Colombian reality.  
 
As the present work has been developed in the wood, service and trade, manufacturing, and 
civil works sectors, it is proposed to venture into other economic sectors to make sustainability 
maturity comparisons and stochastic simulations of sector evolution in the adoption of 
sustainable strategies. This type of analysis is expected to allow progress in the recognition of 
the missing pieces and aspects on which entrepreneurs, academia and government entities 
should focus to improve in this endeavor.  
 
In addition, the lack of practical guidelines for SMEs to achieve a state of consolidated 
sustainability maturity continues to be considered as future work. As such, it calls for 
government agencies and organizations to develop methodologies for implementing 
sustainable strategies in sectors with limited resources.  
 
The present research has designed a data collection survey which was used in combination 
with analysis tools in the programming languages Phyton, VOSviewer and Excel. Thus, other 
analysis tools and methodologies can be used for data modeling and statistical analysis.  
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Appendix 1. DESCRIPTION OF THE SCIENTIFIC PUBLICATIONS DERIVED 
FROM THE THESIS 

 
Title A sustainability maturity model for micro, small and medium-sized 

enterprises (MSMEs), based on a data analytics evaluation approach 

Authors Vásquez, J., Aguirre, S., Puertas, E., Bruno, G., Priarone, P. C., & 
Settineri, L.  

Published in  Journal of Cleaner Production, 311, 127692 
https://doi.org/10.1016/j.jclepro.2021.127692 

Date August 15th 2021. 

Abstract 
 

A maturity model for micro, small and medium enterprises (MSMEs) 
is introduced in order to assess the level of implementation of 
sustainability strategies and practices in this type of business. 
According to the literature, few sustainability maturity assessment 
models intended for MSMEs have integrated the three factors 
currently examined: environmental knowledge management, 
environmental strategies and good practices, and environmental 
management systems. The sustainability maturity model proposed 
here for MSMEs is capable of supporting the effort of companies on 
their way to achieving both environmental sustainability and the 
improvement of their production systems. The model encompasses a 
four-level qualitative scale and uses supervised classification 
algorithms to categorize companies through data analysis 
techniques. After applying the model to a group of MSMEs of different 
productive sectors in Colombia, the results show that 6% of the 
companies were at an insufficient level, 31% were at initial levels, 
45% at sustainability maturity development, and 18% at a 
consolidated level. The latter implies greater attention from decision 
makers to the strengthening of sustainability progress capabilities 
and, hence, to the definition of a maturation route. 

Keywords Sustainability; maturity model; data analytics; small and medium-
sized enterprises. 

Specific contribution to 
the doctoral thesis 

Chapter 1, Chapter 4 and Chapter 5.  

Contribution to research 

The main contributions of the current research study are manifold. 
First, the development of a SMMM that allows assessing the degree 
of sustainability maturity and integrating the management of 
environmental knowledge, strategies, good environmental practices, 
and management systems in the internal processes of MSMEs. 
Second, regardless of economic activity, the model should allow 
MSMEs to gradually move through sequential levels of 
implementation of sustainable practices and strategies. That is, from 
the basic or incipient to the optimal or consolidated. Third, the 
identification of the factors on which MSMEs should focus their 
improvement efforts within the framework of environmental 
sustainability. Said recognition likely contributes to the decision-
making processes of entrepreneurs, researchers and government 
entities. Finally, data analysis allows evaluating internal management 
in companies by means of data behavior, which, in turn, facilitates 
diagnosing and predicting company needs within the framework of 
environmental sustainability.  
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Title A conceptual framework for the eco-efficiency assessment of small-
and medium-sized enterprises 

Authors Vásquez, J., Aguirre, S., Fuquene-Retamoso, C. E., Bruno, G., 
Priarone, P. C., & Settineri, L. 

Published in Journal of Cleaner Production, 237, 117660.  
https://doi.org/10.1016/j.jclepro.2019.117660 

Date July 15th, 2019. 

Abstract  

The mitigation and prevention of environmental impacts is still a 
challenge for most companies, especially for small- and medium-
sized enterprises (SMEs). The literature shows that researchers are 
paying attention to the concept of eco-efficiency, revealing 
companies’ significant efforts to develop sustainable methodologies 
due to consumer pressure or government enforcement. However, 
concrete initiatives implemented at SMEs remain scarce. The aim of 
this paper is to present a conceptual framework to examine how 
SMEs understand the concept of eco-efficiency and implement other 
sustainability strategies through the identification of the following four 
specific factors: availability of an environmental management system, 
environmental knowledge, organizational culture, and environmental 
monitoring and control. In this paper, limitations and research gaps in 
the specific context are analyzed, and a conceptual framework 
allowing the eco-efficiency implementation to be assessed is 
proposed. An exploratory study has been carried out in17 SMEs of 
the wood industry in Bogotá, Colombia. The results show that most 
SMEs are unaware of existing sustainability strategies and 
environmental practices. Nevertheless, all SMEs agreed that the 
environment requires more attention and thus are interested in 
sustainability strategies to help decrease the negative impact of 
companies and increase their cost-effectiveness and 
competitiveness. 

Keywords Conceptual framework; eco-efficiency; small and medium-sized 
enterprise; sustainability strategy; wood industry 

Specific contribution to the 
doctoral thesis 

Chapter 1, Chapter 2, Chapter 3, Chapter 4, and Chapter 5. 

Contribution to research 
 

The paper contributes to the previous literature in several ways. First, 
few SMEs are able to invest large amounts of resources to undertake 
multiple eco-strategies [108]. SMEs in Latin America have difficulties 
in enforcing their industry to more sustainable and eco-efficient 
processes. Hence, this research contributes to the existing debate 
about the strengths and weaknesses of the SMEs in the context of 
sustainability. Second, the analyses of eco-efficiency here proposed 
are still scarce in emerging countries. In general, empirical studies 
are performed in rich industrialized countries, while this study is 
focused on an emerging market that faces significant challenges 
when addressing sustainable development [8], [109]. Finally, the 
present study is expected to be relevant for business leaders, as it 
indicates whether current eco-strategies are sufficient or whether 
adjustments are needed. 
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Title  
 

Development of an integral model of sustainability for the 
improvement of the environmental and productive process in small 
and medium enterprises (SMEs) 

Authors Vásquez, J., Aguirre, S., Settineri, L. (2020). 

Published in  
Second National Meeting of Doctoral Students in Engineering, 
ENEDI-ACOFI 2020, published in the proceedings of the event 
https://www.acofi.edu.co/eiei2020/enedi-2020/ 

Date September 18th, 2020. 

Abstract  
 

Small, and medium enterprises (SMEs) are the engine of economic, 
environmental, and social stability in many countries. However, 
recently SMEs have been facing instability in their sales, production 
and feature a decrease in employment that generates negative 
growth in the gross domestic product in emerging countries. It is 
expected that academics, the government, and industrial sectors are 
aware of the importance of developing sustainable models to improve 
production systems within the framework of sustainable 
development. Considering that in the literature, there are multiple 
sustainable models, their practical implementation in production 
systems is a debate topic as there is no standard guide to the 
processes and activities that should be followed in their adoption. The 
objective of this study is to design a comprehensive sustainability 
model for SMEs through the analysis of the interrelationships and 
dependencies of sustainability factors and a perception analysis 
evaluating 327 SMEs in Colombia, using the design science 
research, design of experiments in computational intelligence, and 
case study as research methods. The analysis of the results indicates 
that SMEs studied showed significant variations in the use of the 
adoption of sustainable strategies, allowing the identification of 
weaknesses and strengths so to focus efforts by decision-makers.  

Keywords Sustainability model; strategies; small, and medium enterprises.  
Specific contribution to the 
doctoral thesis 

Chapter 1, Chapter 4, and Chapter 5. 

Contribution to research 
 

Consequently, the following research question is: What are the 
interrelationships between the elements and factors of 
sustainability models? In order to answer this question, the main 
objective is to develop a comprehensive sustainability model 
adapted to MSMEs through the analysis of  sustainability factors. 
This study is based on the methodology of research science 
design and case study. Also, the contribution of this research is: 
First, the design of a new integral model that combines a series of 
productive and environmental strategies that allow companies to 
have a route of achievement to sustainable development. Second, 
research to have an overview of the situation of MSMEs in 
Colombia in reference to the proposed model. Finally, the model 
allows decision-makers in the industry to satisfy market needs 
without affecting the environment. 
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Title  Conceptual Framework for Evaluating the Environmental Awareness 
and Eco-efficiency of SMEs 

Authors Vásquez, J., Bruno, G., Settineri, L., & Aguirre, S. (2018). 

Published in  Procedia CIRP, 78, 347-352. 
https://doi.org/10.1016/j.procir.2018.09.062 

Date September 9th, 2018. 

Abstract  

Environmental problems are increasingly impacting society and 
nature. For this reason, companies are expected to become aware of 
the importance of seeking strategies and measures to mitigate and 
prevent environmental impacts.  The growing concern about the 
availability of natural resources for future generations and their 
survival has been the premise for decision-making in the industrial 
sector to improve the quality of life and preserve the environment. In 
this domain, important concepts such as sustainable development 
and eco-efficiency have been developed. They represent the trend to 
achieve a balanced use of resources and a reduction of 
environmental pollution by preventing waste and establishing 
economic returns. The aim of this paper is to present a conceptual 
framework for evaluating the eco-efficiency of small and medium-
sized enterprise (SMEs) through four main factors: analysis, 
identification and evaluation, integration, and an action plan. As a 
result of the analysis, sustainability strategies are proposed to 
decrease the negative impact and increase the cost-effectiveness 
and the competitiveness of the SMEs. 

Keywords Sustainable development; eco-efficiency; environmental monitoring 
Specific contribution to the 
doctoral thesis 

Chapter 1, Chapter 2, and Chapter 3.  

Contribution to research 
 

Sustainability development requires time and cost for a SMEs. This 
makes it necessary to develop new methodological guidance tools. 
The environmental and economics strategies are oriented towards 
the development of new productive practices. The proposed 
conceptual Sustainability framework uses four factors exploiting 
many advantages for sustainability application and evaluation. First 
of all, it is easier for a SME to understand how to apply environmental 
practices and interaction. The factors addressed in the framework 
can be easily adapt to different SMEs environments, depending on 
the research preferences. The integration factors are another 
advantage of the proposed framework. The factors can be easily 
implemented in different organizational process such as incentives, 
identification of responsibilities in the company, improvement in the 
levels of communication and training based of sustainability 
strategies and principles.  
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Title  Development of eco-efficiency models in small and medium 
enterprises -SMEs 

Authors Vásquez, J., Aguirre, S., Fuquene-Retamoso. 

Published in  8th International Conference on Production Research – Americas 
2016 in Chile. 

Date October 27th, 2016 

Abstract  
 

This article presents the analysis of the state of the art of academic 
works that have proposed or developed eco-efficiency models in 
small and medium-sized companies internationally and in Colombia. 
To this end, a comparative analysis is carried out to establish the level 
of application and development of these models in these types of 
companies. As a result, it was found that there is a great effort at the 
international level to develop sustainable methodologies that 
contribute to solving the problem of the low environmental 
management capacity of this sector, wich is due to limited resources. 
The incorporation of Eco-efficiency is due to pressure from clients or 
authorities and not to the company's own purposes. In the case of 
Colombia, the development of the eco-efficiency strategy is limited 
and it has not been fully explored. Therefore,  it is limited to proposing 
and analyzing theoretical tools, and dooes  not constitute a practical 
application whose impact can be identified. 

Keywords Eco-efficiency; small and medium enterprises; sustainability 
Specific contribution to the 
doctoral thesis 

Chapter 1, Chapter 2, and Chapter 3.  

Contribution to research 

According to the review of the research works used as input in this 
article, two types of ecoefficiency models were found: Theoretical and 
applied. The theoretical models help to define environmental policies 
and metrics for decision-making, and the applicable models serve for 
the elaboration of economic and environmental indicators, besides 
allowing reductions in water consumption, atmospheric emissions, 
waste and energy savings in different SMEs. With respect to the 
research conducted at the national level, it can be highlighted that 
eco-efficiency is a strategy that has recently been adopted in different 
economic sectors in Colombia. This has been integrated with other 
environmental management methodologies that analyze the life cycle 
of a product, thus determining the impacts that are generated in the 
management of the supply chain. In this sense, it is recommended 
that Colombian SMEs use as a reference those eco-efficiency models 
that have had positive results at the international level. Just as well, 
it is recommended to seek and implement eco-efficiency strategies in 
their processes and/or products, so as to assume responsibility for 
the environment, making their productive activities more competitive, 
and adapting and redesigning existing productive systems to the 
needs of the market and the environment. 
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Appendix 2. INFORMATION COLLECTION TOOL APPLIED TO SMES. CASE 

STUDY: WOODEN FURNITURE FOR THE HOME AND INDUSTRIAL USE. 
 

 

 

 

 
 
 

This questionnaire is part of the research project called "Development of an integral 

model of sustainability for the improvement of the environmental and productive 

process in small and medium enterprises in Colombia", which is approached as an 

Engineering Doctoral research study at Pontificia Universidad Javeriana, Colombia 

and at the Doctoral program in Management, Production and Design of the Politecnico 

di Torino, Italy. The main objective of this questionnaire is to know and determine the 

level of development of sustainable strategies and practices in the SMEs of the 

furniture sector in the city of Bogotá, Colombia. In order to analyze the behavior of the 

sector and determine the strengths and weaknesses in terms of management 

components, culture, knowledge and monitoring.  

 

The results and conclusions will be shared during the Cleaner Production Workshop 

held by Pontificia Universidad Javeriana and the Mayor's Office of Bogotá, scheduled 

for December 6, 2017.  

  

 

We thank you for your kind collaboration.  
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Contact Information 
Name of the Company:   Date:  
Your role in the firm: 
e-mail:                                                                  

 
For each of the items below please tick the most appropriate response.  The possible answers are: 4 for ‘definitely 
yes’ (DS), 3 for ‘probably yes’ (PS), 2 for ‘probably not’ (PN) and 1 for ‘definitely not’ (DN).  
 
FACTOR 1: Environmental management system within an organization 1 2 3 4 
Does your company have an environmental management system?     
Are the environmental problems important for your company?     
Is your company interested in implementing an environmental management 
system?     

FACTOR 2: Knowledge about the environment 1 2 3 4 
Does your company have any knowledge on the Sustainable Development 
topic?     

Does your company have any knowledge on environmental practices?     
Does your company have any knowledge on the Eco-Efficiency topic?     
Has your company implemented environmental practices?     
FACTOR 3: Cultural organization 1 2 3 4 
Are your employees concerned about the care of the environment?     
Have your employees received any environmental care training?     
Are your employees informed about the environmental situation within the 
company?     

FACTOR 4: Monitoring and environmental control 1 2 3 4 
Does your company buy raw material with the green seal?     
Does your company have environmental indicators or other tools for 
environmental control?     

Are you aware that Colombian environmental legislation applies to your 
company?     

 
Thank you very much for your cooperation.  
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Appendix 3. INFORMATION COLLECTION TOOL APPLICATION APPLIED TO 

SMEs. CASE STUDY: WOODEN FURNITURE FOR THE HOME AND INDUSTRIAL 
USE.  

 

 

  

 
  

Workshop developed at Zasca, 
December 2017. 
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Appendix 3. INFORMATION COLLECTION TOOL APPLIED TO SMES. CASE STUDY: 
MANUFACTURING, SERVICE AND COMMERCE SECTORS, AND CIVIL WORKS.   

 

 

 

 
 
 
 
Dear Owner/ Manager of small business. 
 
My name is Jenifer Vasquez, a student of the Doctoral program in Engineering at the Pontificia 
Universidad Javeriana, Colombia; and of the Doctoral Program in Management, Production, 
and Design at the Politecnico di Torino, Italy. I am currently gathering relevant information from 
the industrial and/or service sector for the elaboration of my degree project: "Development of 
an Integral Model of Sustainability to improve the environmental and productive processes in 
small and medium enterprises (SMEs)".  
 
Therefore, a survey has been designed so that entrepreneurs belonging to micro, small and 
medium enterprises in Colombia can collaborate with us in providing information about their 
company, with the aim of evaluating the proposed model and determine the barriers and/or 
levels that the sector presents when implementing environmental practices in their production 
chain. For this reason, we invite you to be part of this academic research by answering this 
online questionnaire: https://forms.gle/yajYXEHsCQsr7BEp7 
 
 
We thank you in advance for your attention and hope to continue strengthening the links 
between University and small industrial sector. The compilation of the survey is anonymous, 
and all data collected will be treated in an aggregated manner in accordance with Colombia's 
privacy law. For more information, please contact me at Jenifer.vasquez@javeriana.edu.co    
 
Your opinion is important for our study!           
 
Jenifer Vasquez A., M.Sc. 
Ph.D. student   
Faculty of Engineering 
Pontificia Universidad Javeriana 
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Section 1.  

Information of the company 
Name of the company:   City:  
Your role in the firm: 
Number of employees in your company:  
Does the company belong to some type of business association?  

 
Section 2.  

For each of the items below please tick the most appropriate response. 
 

Factor 1. Sustainable decision-making Yes No 
Q1. Do you know what an environmental management system is?    
Q2. Does your company have an environmental management system?    
Q3. Has the company received any environmental certification?    
Q4. Does the company have any environmental policy?    
Q5. Does your company have environmental indicators?   
Q6. Does the company have an Enterprise Resource Planning system (ERP)?   
Q7. Does the company have a strategy-control HSEQ (Health, Security, Environment and Quality) 
module in the Enterprise Resource Planning (ERP)? 

  

Q8. Are the main environmental policies and legislation established by the government to be applied 
in your company clear enough for implementation? 

  

Q9. Are environmental practices and the manufacturing or service delivery processes related to 
decision-making support? 

  

 
Factor 2. Sustainable environmental tools and practices Yes No 
Q10. Do you understand the notions of ecoefficiency and cleaner production?   
Q11. Does your company have an environmental practice program?   
Q12. Do you know what circular economy is?    
Q13. Has the company set a plan to report liquid spills, gas leaks, gas-liquid mixtures or any other 
non-ecoefficient situations?  

  

Q14. Has your company implemented environmental practices?    
Q15 Does your company have a water saving and efficient use program?   
Q16. Does your company have a solid waste collection and classification program?    
Q17. Does your company check for the final disposal of dangerous waste (corrosive, reactive, 
explosive, toxic and flammable materials)? 

  

Q18. Do the employees tend to reuse office stationery materials?    
Q19. Does the company use treatments to extend the use of industrial resources such as oils, 
lubricants, acids, etc.?  

  

Q20. Does the company recover the products that their customers do not use any more?   
Q21. Does the company offer after sales repair service to extend product duration?   
Q22. Does your company have any noise level measurement system?   
Q23. Does the company have a statistical record of power and water bills?    
Q24. Does the company apply purchase environmental criteria when it comes to supplier selection?   
Q25. Do you consider that your suppliers comply with the environmental legislation?   

 
 

Factor 3. Responsabilidad social y gestión del conocimiento Yes No 
Q26. Does the company consider that its employees have elevated environmental management 
knowledge?  

  

Q27 Does the company have enough human resources for environmental knowledge acquisition?    
Q28. Does the company have enough financial resources for environmental knowledge acquisition?     
Q29. Does the company have enough technological resources for environmental knowledge 
acquisition?   

  

Q30. Does the company have enough physical resources for environmental knowledge acquisition?     
Q31. Have the employees received environmental care training?   
Q32. Are environmental trainings conducted on a monthly, bimonthly or trimonthly basis?    
Q33. Are environmental trainings conducted every six months?   
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Q34. Are environmental trainings conducted every year or more?    
Q35. Does the company provide the means for the workers to contribute innovative environmental 
ideas? 

  

Q36. Do the employees use environmental trainings to improve productive processes?   
Q37. Has the company documented its operative processes?    
Q38. Are the employees informed of the environmental impacts of the organization and the 
corresponding corrective measures?  

  

Q39. Select the option that best reflects the relevance of environmental sustainability in your 
company's agenda: it is part of the core strategy and is at the top of the priority agenda. 

  

Q40. Select the option that best reflects the relevance of environmental sustainability in your 
company's agenda: it is relevant for some activities, but not for all the company. 

  

Q41. Select the option that best reflects the relevance of environmental sustainability in your 
company's agenda: It is not among the priority items of the agenda, but it is given some importance.  

  

Q42. Select the option that best reflects the relevance of environmental sustainability in your 
company's agenda: It is not relevant for any of the company’s activities. 

  

 
Section 3.  

 
  

Do you consider that the following topics are barriers to implementing environmental 
practices in your company?  The possible answers are: 5 for strongly agree, 4 for agree, 3 
for undecided, 2 for disagree, 3 for strongly disagree. 

1 2 3 4 5 

The lack of organizational strategies      
The lack of qualified employees      
The lack of clean technology      
Budget restrictions      
Difficulties to obtain subsidies for environmental improvement      
Lack of collaborative partners      
Too much competition in the market      
Lack of customer interest in the environment      
Commitment of the organization's leaders      
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Appendix 4. CLASSIFICATION OF THE FACTOR-DESCRIBING CHARACTERISTICS 

ACCORDING TO THEIR FULFILLMENT REQUIREMENT AT EACH MATURITY LEVEL. 
 

Factor No. Characteristics Level 
1 

Level 
2 

Level 
3 

Level 
4 

Environmental 
knowledge 
management 

1 Employees are considered to have a high level of 
environmental management knowledge.  

0 0 0 1 

2 Sufficient human resources are available for 
environmental knowledge acquisition.  

0 1 1 1 

3 Sufficient financial resources are available for 
environmental knowledge acquisition.  

0 0 1 1 

4 Sufficient technological resources are available for 
environmental knowledge acquisition.  

0 0 0 1 

5 Sufficient physical resources are available for 
environmental knowledge acquisition.  

0 1 1 1 

6 Employees are trained on environmental care. 0 1 1 1 
7 Environmental training is conducted on a monthly, 

bimonthly or trimonthly basis.  
0 0 0 1 

8 Environmental training is conducted every six 
months.  

0 0 1 0 

9 Environmental training is conducted on a yearly 
basis. 

1 1 0 0 

10 Adequate channels are offered for the employees to 
present environmentally innovative ideas.   

0 0 1 1 

11 The employees use Environmental Training to 
improve production processes. 

0 0 1 1 

12 The company has documented its operative 
processes  

0 0 1 1 

13 The employees are well-informed about the 
environmental impacts caused by the organization 
and their corrective measures. 

0 1 1 1 

14 Environmental sustainability is part of the central 
strategy of the company and is among the first 
priorities on the agenda. 

0 0 0 1 

15 Environmental sustainability is relevant for some 
parts of the company agenda, but not for all of it. 

0 0 1 0 

16 Environmental sustainability is not among the 
priorities of the company agenda, but has some 
importance 

0 1 0 0 

17 Environmental sustainability is not relevant for any 
activity on the company agenda. 

1 0 0 0 

Environmental 
practices and 
strategies 

18 The employees understand the topics involved in 
environmental eco-efficiency and cleaner production. 

0 0 0 1 

19 The Company has an environmental practice plan or 
program. 

0 0 1 1 

20 The employees understand the topics involved in 
circular economy. 

0 0 0 1 

21 The company has established a plan to report 
outflows, such as liquid substance spills, gas leaks, 
gas-liquid mixtures and other non-eco-efficient 
situations. 

0 0 1 1 

22 Environmental practices have been implemented. 1 1 1 1 
23 A water saving and efficient use program is in 

operation.  
0 1 1 1 

24 A solid residue collection and classification program 
is in operation. 

1 1 1 1 

25 The company verifies the final disposal of hazardous 
residues (corrosive, reactive, explosive, toxic and 
flammable waste). 

0 0 0 1 

26 Employees tend to reuse office stationery materials. 1 1 1 1 
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Factor No. Characteristics Level 
1 

Level 
2 

Level 
3 

Level 
4 

27 Treatments to extend the use of industrial resources, 
such as oils, lubricants, acids, etc., are in force. 

0 0 1 1 

28 The products that the customers no longer use are 
recovered.  

0 0 0 1 

29 An after-sales repair service to extend the useful life 
of products is in force. 

0 0 0 1 

30 Noise level measuring systems are in operation.  0 1 1 1 
31 The company keeps a statistical record of power and 

water bills. 
0 0 1 1 

32 Environmental purchasing criteria are in place in the 
selection of suppliers. 

0 0 0 1 

33 The suppliers comply with the environmental laws in 
force. 

0 1 1 1 

Management 
systems 

34 Employees have knowledge of environmental 
management systems. 

0 1 1 1 

35 An environmental management system is in 
operation. 

0 0 0 1 

36 The Company has been environmentally certified. 0 0 0 1 
37 An environmental policy is currently in force. 0 1 1 1 
38 The main environmental policies and legislation 

established by the government that have to be 
applied within the company are clear. 

0 0 1 1 

39 The company makes use of operating environmental 
indicators. 

0 0 1 1 

40 Manufacturing or service delivery processes and 
environmental practices are related to decision-
making support.  

0 0 1 1 

41 An Enterprise Resource Planning (ERP) system is in 
operation.  

0 0 1 1 

42 The company has an HSEQ (Health, Safety and 
Environmental Quality) module for strategy control in 
its ERP systems. 

0 0 1 1 

 
 

 Total fulfilled characteristics 5 14 27 37 
 


