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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. 
 





 

 IV 

Acknowledgements 
 
First of all, I would like to give a special thanks to Professor Santiago Aguirre as supervisor of 
this dissertation, together with and all my professors at Pontificia Universidad Javeriana. Also, 
I would like to thank my professors at at Politecnico di Torino: Luca Settineri, Giulia Bruno and 
Paolo C. Priarone, as supervisors of this thesis. Thanks to everyone for your support and for 
sharing your knowledge in the development of this thesis.  
 
I owe my total gratitude to God for giving me perseverance and strength during my doctoral 
studies. I would also like to thank my family who have always been by my side, giving me 
encouragement in all the projects that I have undertaken. I would like to give special thanks to 
my niece Gabriela Pelaez for her unconditional support. I have to really thank my husband, 
Edwin Puertas, for being my partner and his unconditional support in every moment of my life. 
I could not have carried out this thesis without his continuous care, motivation and love.  
 

This thesis is dedicated to my sweet baby that is on the way; we did it! 
  



 

 V 

 

Contents 
 

Abstract ........................................................................................................................... II 

Acknowledgements ....................................................................................................... IV 

Contents ......................................................................................................................... V 

List of Tables ............................................................................................................... VIII 

List of Figures................................................................................................................ IX 

Chapther 1. General Overview of the Study............................................................. 9 

1.1 Introduction ....................................................................................................... 9 

1.2 Motivation and problem statement .................................................................. 9 

1.3 Research question ......................................................................................... 10 

1.4 General objectives and specific objectives ................................................... 10 

1.5 Main contribution ............................................................................................ 11 

1.6 Scientific publications resulting from this thesis ............................................ 11 

1.7 Structure of the thesis .................................................................................... 12 

Chapther 2. Literature Review ................................................................................ 14 

2.1 Introduction ..................................................................................................... 14 

2.2 Sustainable development and important achievements ............................... 14 

2.3 Corporate sustainability ................................................................................. 16 

2.4 State of the art ................................................................................................ 18 

2.4.1 Cluster 1. Management systems for sustainable decision-making ....... 23 

2.4.2 Cluster 2. Environmentally sustainable tools and practices .................. 25 

2.4.3 Cluster 3. Social responsibility and knowledge management ............... 27 

2.5 Conclusions .................................................................................................... 28 

Chapther 3. Research Methodology ....................................................................... 29 



 

 VI 

3.1 Introduction ..................................................................................................... 29 

3.2 Research methodology .................................................................................. 29 

3.3 Research focus .............................................................................................. 32 

3.3.1 Social and economic situation of SMEs in Colombia ............................ 32 

3.3.2 Environmental situation of SMEs in Colombia ....................................... 35 

3.4 Design of an instrument to evaluate the model ............................................. 36 

3.5 Conclusions .................................................................................................... 37 

Chapther 4. Design of the Integral Sustainability Model ........................................ 38 

4.1 Introduction ..................................................................................................... 38 

4.2 Identification and analysis of the components of the conceptual model ...... 38 

4.3 Conceptual framework: Integral sustainability model for SMEs (ISM-S) ..... 43 

4.3.1 Analysis of integral factors and components of the ISM-S ......................... 45 

4.3.2 Sustainability maturity level classification in the ISM-S .............................. 47 

4.3.3 Simulation for decision-making in the ISM-S .............................................. 49 

4.4 Conclusions .................................................................................................... 50 

Chapther 5. Results from the validation of case studies ........................................ 51 

5.1 Introduction ..................................................................................................... 51 

5.2 Analysis of the results of the case studies .................................................... 51 

5.3 Analysis of the adoption of the integral factors and components ................. 53 

5.3.1 Factor 1. Sustainable decision-making .................................................. 54 

5.3.2 Factor 2. Sustainable environmental tools and practices ...................... 55 

5.3.3 Factor 3. Social responsibility and knowledge management ................ 57 

5.3.4 Factor 4. Technological convergence and data analysis ...................... 57 

5.3.5 Barriers to the adoption of sustainable practices................................... 59 

5.4 Analysis of the sustainable maturity classification in MSMEs ...................... 60 

5.5 Analysis of the Markov Chain simulation results........................................... 66 



 

 VII 

5.6 Maturity classification system and decision-making predictive simulation ... 71 

5.7 Conclusions .................................................................................................... 72 

Chapther 6. General discussion of the Integral Sustainability Model for SMEs .... 73 

6.1 Introduction ..................................................................................................... 73 

6.2 Novel aspects of the Integral Sustainability Model for SMEs (ISM-S) ......... 73 

6.3 Limitations of the Integral Sustainability Model for SMEs ............................. 74 

6.4 Impact on academic and professional sectors .............................................. 75 

6.5 Conclusions .................................................................................................... 75 

Chapther 7. Conclusions and Recommendations .................................................. 77 

7.1 Introduction ..................................................................................................... 77 

7.2 Conclusions and findings related to the research objectives ....................... 77 

7.3 Recommendations to SMEs sector ............................................................... 79 

7.4 Future research perspectives ........................................................................ 80 

Reference ...................................................................................................................... 82 

Appendices ................................................................................................................... 90 

  



 

 VIII 

List of Tables 
Table 1. Scientific studies search criteria ..................................................................... 19 

Table 2. Cluster analysis according to sustainable development dimensions............ 22 

Table 3. Activities of the relevance cycle (RC) ............................................................ 30 

Table 4. Activities of the rigor cycle (RCe) ................................................................... 31 

Table 5. Activities of the Design and Validation Cycle (DVC) ..................................... 31 

Table 6. Key components of Factor 1: Sustainable decision-making. ........................ 40 

Table 7. Key components of Factor 2: Sustainable tools and practices. .................... 41 

Table 8. Key components of Factor 3: Social responsibility and knowledge 

management. ................................................................................................................ 42 

Table 9. Internal components of the ISM-S ................................................................. 43 

Table 10. Internal and/or external barriers of the ISM-S. ............................................ 43 

Table 11. Company size classification according to their number of workers ............ 54 

Table 12. Strengths and weaknesses .......................................................................... 58 

Table 13. Assignment of the numbers of MSMEs by productive sector ..................... 64 

Table 14. Algorithm classification results ..................................................................... 64 

Table 15. Selection of the best model .......................................................................... 64 

Table 16. Markov Chain components .......................................................................... 66 

Table 17. Transition matrix ........................................................................................... 68 

Table 18. Transition probability results matrix ............................................................. 69 

Table 19. Robust matrix ............................................................................................... 69 

Table 20. Forecast matrix of an SME set ..................................................................... 70 

Table 21. The recommendations to SMEs................................................................... 79 

  



 

 IX 

List of Figures 
Figure 1. Sustainable Development Dimensions ......................................................... 17 

Figure 2. Key word clusters based on co-occurrence (VOSviewer 1.6.15) ................ 20 

Figure 3. Focal mapping around SMEs (created in VOSviewer 1.6.15) ..................... 21 

Figure 4. Steps followed in the DCR methodology: Adapted from [64], [65]. ............. 29 

Figure 5. Location of the studied SMEs in Colombia................................................... 33 

Figure 6. SME business performance in Colombia by 2019. ...................................... 33 

Figure 7. Recycling activity rates across Colombian cities. ........................................ 36 

Figure 8. Process followed for the case study methodology ....................................... 37 

Figure 9. Integral model of sustainability for SMEs, ISM-S ......................................... 44 

Figure 10. SMMM levels ............................................................................................... 47 

Figure 11. Transition probabilities ................................................................................ 49 

Figure 12. Evaluation and validation of the ISM-S ...................................................... 51 

Figure 13. MSMEs evaluated by city Colombia. .......................................................... 54 

Figure 14. Economic activities of the evaluated MSMEs. ........................................... 54 

Figure 15. Factor 1. Sustainable decision-making ...................................................... 55 

Figure 16. Factor 2. Sustainable environmental tools and practices .......................... 56 

Figure 17. Factor 3. Social responsibility and knowledge management ..................... 57 

Figure 18. Factor 4. Technological convergence and data analysis ........................... 58 

Figure 19. Barriers to the adoption of sustainable practices ....................................... 60 

Figure 20. Activities related to supervised algorithm training ...................................... 61 

Figure 21. SMMM training and validation process ...................................................... 63 

Figure 22. Classification of the sample according to business sectors in the SMMM 65 

Figure 23. Markov chain of the ISM-S predictive simulation model ............................ 68 

Figure 24. Distribution of the assumed vs. predicted error.......................................... 70 

Figure 25. The SMMM system ..................................................................................... 72 

Figure 26. Contribution to sustainability approaches................................................... 74 

 
 





 

 10 10 

 
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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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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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 
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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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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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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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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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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 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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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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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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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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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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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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