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Abstract

This work seeks to diagnose the business perspective of the 
department of Atlántico presenting general strength and 
weaknesses of companies to undertake circular economy 
policies; for that it seeks to know the actions for the circular 
economy of companies in each sector, the waste generated, 
resources used and the management systems or methodologies 
implemented. The results show that minimize waste by 
recycling or reusing it, in addition of replan and minimize the 
water consumption are the main actions to implement circular 
activities; more than a third of companies have at least one 
quality, security, save or environment management system that 
circularized its processes a bit; but they do not achieve an 
economic, social and environmental positive impact. For this 
reason, these actions need to become in a holistic structure 
with systematization of practices, focusing on single innovation 
stages and involving their stakeholders. Besides, in addition of 
barriers reported by previous studies, the lack of expertise and 
complex administrative legal procedures are specific gaps for 
Atlántico Industry applying circular economy processes that 
should be considered in the model used to implement it.
Finally, this work serves as the basis for a future pilot project 
where the level of success and acceptance of various circular 
economy methodologies that will be implemented in previously 
selected companies is compared. In this way, build a relevant 
method to achieve the culture and capabilities of the industries 
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Introduction 

The industrial philosophy of the last century was primarily focused on 
manufacturing production. Most of the companies were based on take-make-
dispose; To control the traditional economy development model that relies 
excessive consumption of resources and the generation of waste (Pan et al., 
2022), governments create regulation for recycle and to make processes 
material and energeticaly efficiency, but it hadn’t be enough due to industries 
are under increasing pressure from stakeholders to be clear in the impact 
reporting environmental (Sartal et al., 2020). Increasing population and 
affluence, and the limited capacity for the planet to provide resources and 
absorb waste direct thinking towards a more circular way of using materials 
(Ashby, 2024). Circular economy is a sustainable economic development 
model.

The ‘circularity’ concept is a way of thinking that looks not just for 
efficiencies but also for new ways to provide functions. The idea of deploying 
rather than consuming materials, of using them not once but many times has 
economic as well as environmental appeal (Ashby, 2024). Circular economy 
aims to inculcate the concepts of reduction, reuse, recycling, and recovery of 
the materials used, and nexus thinking aims at waste reutilization through the 
interconnections between water, food, and energy resources (Parsa et al., 2021).

The lack of understanding of readiness for the Circular Economy 
transition, manufacturing companies still face a number of challenges in 
successfully implementing Circular Economy (Pigosso & McAloone, 2021). 
In general, a little less than a third of the publications are categorized as case 
studies and a little less than a quarter correspond to reviews (Bjørnbet et al., 
2021). Because of that It is important to develop a work that explains the way 
in which the local industry of the department of Atlántico understands and 
applies the circular economy as a strategy to save raw materials and inputs 
and at the same time being economically, socially and environmentally 
sustainable.

Some questions in recurrent works about circular economy are: What 
are new business model(s) proposed? What type(s) of CBM are proposed?, 

of the department of Atlántico in order to achieve economic, 
social and environmental innovation by applying the concept of 
circular economy.
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Are stakeholders addressed?, How are value chain/suppliers discussed?, Is 
communication addressed?, What are barriers for Circular Economy?, How 
can barriers be categorized?, How can barriers be overcome?, What are 
drivers?. Others Pre-defined topics that present the researches are: What are 
the efforts towards circulating materials, energy, waste in the case study?, 
Which parts of the waste hierarchy are in focus?, How is the use stage 
of products and user/consumer behaviour addressed?, Is progress towards 
Circular Economy addressed?, Are indicators used/suggested?, What 
is the connection (clearly expressed/implicit/not expressed) to sustainable 
development?, Is social, environmental, and economic sustainability 
addressed? (Bjørnbet et al., 2021). The above are carried out in a particular 
way to generate new knowledge or apply circular economy methodologies 
through case studies and reviews, but there is no information about the 
nations or communities’ trends about circular economy. There is no 
information about the state of the Colombian national industry, the Caribbean 
region or the department of Atlántico in an intersectoral way that show 
responsible behavior with the consumption of resources, disposal of waste, 
Industrials ways to reuse materials, water and energy. 

The low adoption of environmental activities in companies, as reported by 
the Colombian government’s indicators, and the disregard problems related to 
the nature of companies in global samples, stand out the need to consider the 
employees’ perspectives, communities, and the impact on the environment, 
as well as preserving resources to maintain competitiveness in the market. 
This is why the question arises, what are the weaknesses and strengths of 
the department industry to undertake actions related to the circular economy 
where it can make the most of its resources and achieve the effective 
implementation of management systems.

Understanding the characteristics of companies, their strategies and 
programs, the resources they need to conserve, and their strengths and gaps 
are crucial for developing policies and strategies to reduce environmental, 
societal, and industrial impacts. This research aims to analyze these factors 
in order to provide a comprehensive understanding of the current state of 
the industry and identify opportunities for improvement at the departamento 
del Atlántico. Based on the EuroBarometer survey, the study, quantitative 
and descriptive approach and focuses on sub-questions related to waste 
management, such as the types of waste generated and used, the status of 
management systems within organizations, resources and inputs saved, and 
the limitations in implementing such systems. 
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1. Background

As the global population continues to rise, the consumption of 
natural resources has surged in order to meet the daily needs of society. 
Unfortunately, this has resulted in negative impacts on the environment, as 
indiscriminate consumption leads to degradation, scarcity, and ultimately 
depletion of resources. To fully grasp the research being conducted by 
scientists, it is essential to first define the concept of Circular Economy.

According to (Alhawari et al., 2021) Circular Economy is a set of 
organizational planning processes that aim to create and deliver products, 
components, and materials at their highest utility for customers and society 
through effective and efficient utilization of ecosystem, economic, and 
product cycles by closing loops of concerning resource flows. This concept 
is based on an extensive review conducted by the authors that match up a set 
of perspectives associated with terms such as Cradle to Grave, recycling, and 
reuse. This study aims to examine the business perspective of the department 
of Atlántico in relation to circular economy practices and how they command 
with this holistic concept.

This definition of Circular Economy is widely accepted by the scientific 
community, as it references one of the leading advocates of this concept, 
such as Ellen Macarthur (Ellen Macarthur Foundation, 2017); states that, 
in contrast to the traditional linear “take-make-waste” model, a Circular 
Economy is designed to be regenerative and aims to gradually reduce the 
consumption of finite resources. This represents a significant shift from the 
extractive approach of the past and focuses on strategies that keep products in 
circulation for their useful life.

To gain a better understanding of the Circular Economy movement, the 
Ellen MacArthur Foundation has created the Circular Economy Systems 
Diagram, also known as the Circular Economy Butterfly Diagram. This 
diagram illustrates that a circular economy always keeps materials and 
components of products in use at their highest value and aims to decouple 
economic growth and development. It consists of two types of cycles, 
technical and biological, and as stated by (Camacho-Otero et al., 2018). “At 
the center of the diagram is the consumer for the biological cycle and the 
user for the technical cycle. Other stakeholders involved in this definition are 
the service provider, the product manufacturer, and the parts manufacturer”. 
This highlights that in technical cycles, components and materials of products 
remain in circulation in the economy for as long as possible, while in 
biological cycles, the strategy is to return nutrients to the biosphere while 
rebuilding natural capital.

The technical cycles, which generally apply to products made of non-
biodegradable materials such as metal and plastic compounds, propose that 
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in order to be more effective, it is necessary to maintain and reuse products, 
thus preserving the value of the product and increasing its useful life, which 
leads to lower environmental impacts.

Regarding the biological cycle, biodegradable materials, such as food or 
wood-based products, can be recycled in biological cycles. These materials 
are naturally renewable, but greater value can be created by extending their 
uses through remanufacturing, thus giving them added value before reaching 
the end of their useful life.

From an economic, ecological, and social perspective, Ellen Macarthur’s 
postulate incorporates other perspectives that seek to organize proposals 
around sustainable development (Korhonen et al., 2018). To adopt the circular 
economy successfully, organizations need to take a systems approach that 
maximizes the service produced from the linear nature-society-nature 
material and energy throughput flow, while maintaining a balance between 
ecosystem cycles and economic cycles and preserving natural reproduction 
rates by allowing nature to tolerate production flows.

Proposal such as Green Businesses start from the idea that “activities 
that are consciously addressing environmental/social problems/needs through 
implementation of entrepreneurial ideas amidst high risks and expectation 
of net positive impact on environment and financial sustainability” Green 
Project (2012, as quoted by (Muo & Azeez, 2020)). This approach encourages 
organizations to focus on customer satisfaction while also incorporating 
good environmental, social and economic practices, contributing to the 
conservation of the environment.

Globally, there are countries that have aligned their public policies with 
strategies that promote the development of circular economy activities in 
organizational processes in order to achieve sustainable environmental goals 
(de Melo et al., 2022). In the article “Circular Economy Public Policies: A 
Systematic Literature Review”, the highlight that European Union countries 
such Finland, France, Greece, the Netherlands, Poland, and Spain have 
policies, action plans, and roadmaps for the implementation of Circular 
Economy strategies. Other countries such as Brazil, England, Russia, and 
Scotland address specific environmental issues such as waste management, 
reduction of greenhouse gases, and efficiency in the management of natural 
resources. However, Colombia is not unfamiliar with these trends, which is 
why the National Strategic Plan for Green Markets was created (Ministerio 
de Ambiente y Desarrollo Sostenible, 2014) which defines public policies, 
objectives, methodologies and tools for organizations to enhance their 
environmental competitive advantages. It proposes eight strategic lines, 
which are: 1. Communication, positioning and awareness to consumers and 
producers about Green Businesses. 2. Politics and regulations. 3. Science, 
technology, and innovation. 4. Economic and financial resources and 
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incentives. 5. Access to markets. 6. Coordination and institutional/sectoral 
articulation. 7. Market information system, monitoring and evaluation. 8. 
Development and strengthening of the offer. Based on these policies, a 
general classification of this type of business is established, where according 
to the report of (MinCiencias, 2017), three categories are contemplated: (1) 
Sustainable goods and services from natural resources such as bio-trade, 
sustainable agro systems and businesses for restoration, (2) Industrial eco-
products, such as the use and recovery of waste, non-conventional sources of 
renewable energy, sustainable construction and other sustainable goods and 
services, (3) Carbon market, the regulated or voluntary market.

This is why many companies in Colombia have opted to improve their 
environmental components by aligning their processes with international 
regulations such as ISO 14001, a voluntary standard for most economic 
sectors, whose main objective is “to provide a framework to protect the 
environment and respond to changing environmental conditions in balance 
with socio-economic needs” (ISO 2015, as cited in (Mosgaard et al., 2022)). 
This has led to more organizations in the country making a commitment 
towards environmental improvement, taking into account a life cycle 
approach and identifying and addressing their environmental aspects as 
stated in this standard. Other methods used include the Total Production 
Management Methodology (TPM), Environmental Protocols, Eco-efficiency 
Plan, and Sustainability Policy (Giraldo-Bermúdez, 2020).

Starting from this national background, the country in 2018 began to 
adopt the philosophy of the circular economy, which includes actions such 
as Discard, Reduce, Rethink, Redesign, Reuse, Repair, Renovate, Recover, 
Recycle (Uribe et al., 2019). This was implemented as of November 14, 
2018 with the launch of the strategy as part of the Development Plan 2018-
2022 (Departamento Nacional de Planeación, 2019) in its sustainability 
chapter, which aimed to implement economic strategies and instruments 
so that the productive sectors are more sustainable, innovative, and reduce 
environmental impacts, with a circular economy approach. This led to the 
formulation of public policies including the National Circular Economy 
Strategy – ENEC (Departamento Administrativo Nacional de Estadística – 
DANE, 2020), which established the instruments for achieving the short and 
medium-term goals of the country. The goal is to reduce, reuse, and recycle 
waste and materials, as well as efficiently use resources, water, and energy, 
thus reducing negative impacts on the environment (Figure 1).

With these guidelines from the Colombian state, the Circular Economy 
Business Guide (Colombia Productiva, 2020) was created. It teaches 
companies how to identify and develop strategies so that they can find 
benefits such as giving added value to businesses, in addition to savings by 
improving the use of raw materials, optimizing costs by reducing waste, and
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Figure 1 - Circular Economy Approach (Departamento Administrativo Nacional de 
Estadística - DANE, 2020) 

generating new income by seeking new business opportunities. For example, 
the CEMPRE organization was created, which has become a strategic ally 
of 14 companies nationwide to put the Circular Economy into practice and 
give visibility to business results in this area. Its areas of focus include 
steel, construction materials, electrical and electronic equipment materials, 
container and packaging materials, post-consumption of hazardous and 
special waste, optimization and use of biomass, water circulation, sources and 
use of energy, and consumption of materials in urban centers. All this serves 
as a technical reference for the transformation of materials and dynamics 
and activities associated with value chains, which help decision-making and 
implementation of the country’s circular economy (Colombia Productiva, 
2020).

The plastic industry represents 6.6% of Gross Domestic Product – 
GDP – and impacts all sectors of the economy and its use continues to 
increase, but only 1.4% of the potential of plastic waste is recycled, which 
represents environmental damage that emerges from industrial production 
and consumption (Mendoza et al., 2020). The actions led by the construction 
industry towards the circular economy consist of the use of its waste for the 
production of biomaterials, new concrete and cement (Ramírez, 2021). 
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In the department of Atlántico, according to the article “Barranquilleras 
Companies Bet on Sustainability” (Mouthón, 2021), companies such as 
Ditar, Unipack, and Banapol, have as their main focus the implementation of 
circular economy processes while also being conscious of the environment 
and the interest of customers in the use of sustainable products. Additionally, 
the country’s trends include expanding green markets in manufacturing 
industries, such as paper bags made with recycled materials, 100% 
biodegradable garbage bags, and food packaging made 100% with ecological 
materials such as sugarcane bagasse and palm wax as a replacement for the 
use of plastic and polystyrene foam.

Taking into account these trends in developing products with low impact 
on the environment (Valora Analitik, 2022), an economic, political, and 
stock market information journal, describes that the Mario Santo Domingo 
Foundation, along with the state-owned commercial bank Bancóldex and the 
Muta company, offer a credit line to support the circular economy process in 
Barranquilla and Cartagena cities. This helps organizations to finance their 
recycling fees, increasing sustainable production and consumption models. 

Some academic studies had been carried out in the department of 
Atlántico related with circular economy action, the measure instrument of UI 
Green Metric World University Ranking was applied in a higher education 
institution. It found a sustainable trend through a proper waste management 
like: Luminaries, batteries, technological equipment, chemicals, plastic, 
glass, paper and paperbroad, but needs to improve on metal waste and 
leafs, is necessary to increase the use of sustainable energy and presents 
opportunities for improvement in water saving and there is potential for 
the use of rainwater (Villa-Marenco, 2021). Similarly, there are academic 
papers that seek to optimize drying processes with microwave energy for 
foods such as strawberries (Alvarado Bawab, 2017) and coal with a view 
to reducing transportation costs and storage risks (Alvarado-Bawab, 2012; 
Alvarado et al., 2012), control of microwave-assisted processes (Hernandez & 
Alvarado-Bawab, 2017), elaboration of new materials such as concrete blocks 
from plastic waste (Alvarado Bawab et al., 2018), production of bioplastics 
from the ñame (Alvarado Bawab et al., 2019), coal benefit processes with 
hydrocyclones (Alvarado Bawab et al., 2016) and storage of materials in 
biodegradable soft capsules (Cantillo Hernandez et al., 2021).

Environmental objectives might be achieved by different methodologies. 
In the following sections, circular economy is presented as a route most 
widespread and selected by many companies and government in the world 
that show the way to plan processes for creating and delivering products, 
components, and materials. 

The circular economy includes the potential for economic growth and 
job creation, encouraging innovation, enhancing supply chain security and 
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building economic and environmental resilience. Beyond recognizing the 
evident importance of circularizing the processes in the industry and showing 
the success stories at the country, department and multinational level, it is 
necessary to investigate the aspects that limit undertaking actions in the 
common medium, small and micro companies. In this study, a survey was 
designed and applied to companies in Atlántico-Colombia with the aim of 
making a diagnostic and providing advice on circular economy activities.

2. Materials and methods

According to (Hernandez Sampieri, 2014) quantitative type research 
are those that “uses data collection to test hypotheses based on numerical 
measurements and statistical analysis to establish patterns of behavior 
and test theories”. This research approach is effective in providing a 
comprehensive understanding of the phenomena under investigation and 
identifying correlations and relationships between variables. This research 
was framed in a quantitative of descriptive nature, which according to 
(Hernández Sampieri & Mendoza Torres, 2018), is defined as “descriptive 
studies aimed at specifying the properties, characteristics, and profiles of 
people, groups, communities, processes, objects, or any other phenomenon 
under analysis”.

Taking into account those ideas, this research uses a quantitative and 
descriptive approach to analyze the existing business characteristics and 
their relationship to the circular economy and sustainability in the district of 
Barranquilla, located in the department of Atlántico, Colombia. The objective 
is to gain a comprehensive understanding of the industrial current state and 
identify opportunities for improvement. By collecting numerical data and 
conducting statistical analysis, to establish patterns of behavior and test 
existing theories to further advance knowledge and promote sustainable 
practices in the region. 

The investigation aims to identify common elements, activities, and 
actors within this context, and the conclusions drawn from the research are 
intended to be generalizable. The information sources used in the research 
are primarily based on structured surveys with closed-ended questions. 
Interviewees were selected based on their company position considering 
their knowledge of the actions and institutional documents related to the 
management system that indicate the circularity of the products and services 
offered.

The department of Atlántico is a warm region located in northern 
Colombia, with an area of approximately 3,386 km2 and a population of 
2,535,517. It comprises 23 municipalities, with the city of Barranquilla as 
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its capital. According to the Superintendence of Residential Public Services, 
the department generates an average of 2,387 tons of solid waste per day 
(Mendoza et al., 2020). Energy consumption on the Caribbean coast of 
Colombia is approximately 15,000 GWh per year (Unidad de Planeación 
Minero Energética-UPME, 2022). Additionally, the city of Barranquilla and 
its metropolitan area produce an average of 648,000 m3/month of water for 
domestic and industrial use (Camacol & Superservicios, 2022). 

According to the database of the Chamber of Commerce of Barranquilla, 
52,576 companies can be identified in Barranquilla (Camara de Comercio 
de Barranquilla, 2022). However, there is a lack of clear statistics on the 
practices implemented by these companies to reduce their environmental 
impact and optimize the use of resources, raw materials, and processes.

This project aims to conduct an analysis of the situation in the department 
of Atlántico, Colombia in relation to the implementation of the Circular 
Economy perspective, using data from the Eurobarometer survey. The goal of 
this analysis is to make a diagnosis of how companies in Atlántico-Colombia 
are evolving and adapting to a more sustainable production model. Through 
this research, we hope to encourage companies to transition from a linear 
production system to a more circular and sustainable one.

To achieve this goal, we will first attempt to identify the types of waste 
generated. Secondly, we will investigate the strategies, activities, documents, 
and records implemented by companies in accordance with the Circular 
Economy to optimize the use of products, processes, waste, water, and 
energy resources throughout their lifecycle. Finally, we will highlight the 
limitations faced in implementing Circular Economy activities and reducing 
environmental impact. The sample for this research will consist of 46 
companies, including both micro and big-size enterprises, across the most 
important economic sectors, with a range of one to four hundred employees.

The companies were classified according to the second article of Law 590 
of 2000 and Decree 2473 of 2010, which provide regulations to promote 
the development of micro, small, and medium-sized enterprises. The 
classification criteria are presented in Table 1 and are based on the number 
of employees and total assets measured by the legal monthly minimum salary 
(LMMS) (Ley 590 de 2000, 2000) (Decreto 2473 de 2010, 2010).

The 54% enterprises size participating were big, 22% medium, 17% 
small and 7% micro. The Figure 2 shows the companies size by each 
economic sector interviewed and the percentage of each sector participating 
in the study. In the other sectors category, Maintenance and Cleaning 
Services, Electricity, gas and water supply, Transportation, storage and 
communications, Sales, Agriculture, castle raising, hunting, forestry, fishing, 
Community, social and personal services, Food, Hotels and restaurants, 
Technology.
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Table 1 - Criteria to classified enterprises

enterprise size Workers number Total Assets (ClMMS)

Medium 51-200 5001-15000 

Small 11-50 501-5001

Micro 1-10 0-501

Figure 2 - Companies size by each economic sector interviewed

Interviews were conducted with key decision-makers of companies via 
direct meeting and the methodology used is based on Eurobarometer surveys 
published in 2016 (European Commission, 2016).

The survey discussed earlier, focused on understanding the activities 
associated with the circular economy that are carried out by companies in 
the European Union, the types of actions they undertake, their financing 
processes related to this issue, government support and achievements 
obtained through the implementation of these initiatives. Similarly, this 
project’s survey aims to investigate the documentation associated with 
environmental and organizational processes and resources that are saved in 
organizations.
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3. Results and discussion 

In this section we present a diagnosis of the types of waste generated by 
economic sectors, this with the objective of knowing the business behavior 
with the generated waste, the type of savings that the management systems 
and registers related to the circular economy that supports the actions 
undertaken by companies around the circular economy. Finally, diagnose the 
situations that limit companies when undertaking circular economy activities.

This work seeks to diagnose the business perspective of the department of 
Atlántico regarding circular economy activities. It seeks to know the actions 
for the circular economy of companies in each sector, the waste generated, 
resources used and the management systems or methodologies implemented.

The key findings show that paper, paperboard, plastic, chemicals and 
chemical waste, technological equipment, glass and luminaries were the 
most residual material generating by companies. All of the health companies 
generate plastic and paper waste. 82% of education companies generate 
paper and 64% plastic and 55% glass waste. The main waste by manufacture 
industry were metal and chemicals around 57%. The Figure 3 show in details 
all the waste type generated by each economy sector companies.

Figure 3 - Types of waste generated by economic sector
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Regarding the analysis of waste generation, it was found that 95% of the 
waste from the textile sector in Colombia ends up in sanitary landfills, open 
dumps, soils, and bodies of water due to poor disposal. In addition, the cities 
that generate the most textile waste are Barranquilla and Bogotá, which 
dispose of this waste in their sanitary landfills (Quintero, 2022). 

The key findings show that almost 18% of companies undertook some 
circular economy related activity with the most common being minimizing 
waste by recycling, reusing or selling to another company (25%), or re-
planning energy use to reduce consumption (21%). This results correspond to 
the activities involved companies in European as report the Eurobarometer 
survey with the different that almost the 73% of companies undertook any 
activity there (European Commission, 2016). Companies’ implementation 
state of some activities according to circular economy in Atlántico-Colombia 
are presenting in Figure 4.

Figure 4 - Companies’ implementation state of some activities according to circular 
economy in Atlántico-Colombia

Looking at the activities in more details shows 67% of companies mention 
redesign products and services to minimize the use of materials or use 
recycled materials: 37% have already implemented this kind of measure, 
while 30% are in process of doing so. Around one in eight companies do 
not do this now, but around one in ten plan to do so in future, while 11% 
have no plans to do so in the future. The increase in waste and disposal, and 
remediation services would help to reduce unemployment, as was identified 
in Mexico where 44 jobs are directly generated per million dollars of 
production from waste and disposal; Likewise, it is estimated that this leads 
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to an increase of 1.1% in production with respect to the GDP in Colombia 
(Cempre, 2021).

Just over a half of companies have minimized waste by recycling or 
reusing waste or selling it another company. 22% have already underway 
any activity, while 7% plan to do. 13% have no plans to do so. According 
to a survey carried out by the Global Reporting Initiative – GRI – in 2018, 
regardless of their degree of progress between aspect management and 
impact mitigation, 81% of companies report recycling, taking advantage 
of or managing their solid waste. The companies have practices mainly 
of separation at the source and delivery to authorized waste managers 
depending on the type of waste (plastics, paper, hazardous, construction, 
electrical and electronic) so that the managers can recover the material 
or dispose of it in accordance with the applicable legislation. None of the 
company’s report reintegrating their waste as raw materials for their process, 
by-products or other processes within the organization; and only 8% report 
making changes to materials to reduce environmental aspects such as 
the consumption of raw materials and environmental impacts such as the 
generation of solid waste (Giraldo-Bermúdez, 2020).

Almost 39% of companies re-planned energy usage to minimize 
consumption while 24% are at least using renewable energy. 22% 
have already started doing this, while 13% are in the process of doing 
so. 28% have no plans to do so or do not know. 17% are underway of 
using renewable energies and 9% have already planned to do so. A half of 
companies have no planned or not plan to do so in the future. Colombia 
relies largely on hydropower (about 78.29% in 2017), which offers cost-
effective and sustainable electricity. Colombia possesses tremendous 
potential for nonconventional energy sources, including biomass, wind, and 
solar. Moreover, numerous places in Colombia offer great wind generating 
capabilities in South America. In particular, the northern Colombian region 
is divided into winds of class 7 (above 10 m/s). But to take advantage of this 
potential, investment in these energy sources is necessary but it requires 
sustainable energy policies and political desire to make this possible (Awosusi 
et al., 2022). Unfortunately, Colombia still uses fossil fuel in its energy 
mix, thereby promoting emissions and deteriorating the environment. The 
benefits of renewable energy sources are enormous. Such as stimulating 
environmental conservation and supporting sustainable growth (Adebayo & 
Kirikkaleli, 2021).

At least 66% of companies have re-planned the way water is used to 
minimize usage and maximize re-usage; 46% have already implemented 
this kind of activity, while 20% say such re-planning activities are underway. 
A further 4% plan to address their water usage in this way, while 30% 
have no plans to do so. Similar studies report that of the companies that 
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consume water, 29% carry out wastewater treatment, 13% recirculate the 
used water, however, they do not use it for their production process but for 
irrigation or sanitation, 8% reduce their water consumption by collecting 
rainwater, likewise not incorporating it into their production process but in 
other activities (except hydroelectric) and 4% measure their consumption 
associated with production (directly associated with their product, inputs 
and raw materials) through of the water footprint methodology (Giraldo-
Bermúdez, 2020).

Beyond these actions, a growing body of literature report the failure 
of efficiency measures to conserve energy and resources in the current 
socio-economic environment. The manufacturers that implement energy, 
water and material efficiency measures can qualify as a top-performing 
“circularity developer” according to the published self-assessment 
questionnaire, it retained its linear business model; Similarly, it can resulted 
in a short-term and long-term rebound effect or backfire for being a system 
focused exclusively on efficiency was incapable of conserving resource use 
and delivering on Circular Economy decoupling promise (Konash & Nasr, 
2022).

Looking by the documents and register designed and implemented by 
companies around de circular economy and management system, the survey 
results were presented in the Figure 5.

The 42% of the companies have at least one document required by the 
quality, security, safe or environmental management system. Almost three 
quarters of companies have an Occupational Health and Safety Management 
System (74%), are results is expected due to in Colombia it is a decree 1072 
of 2015 and resolution 0312 of 2019 mandatory law. The 59% of companies 
have a Quality Management System, most of the time based on the ISO 9001. 
Furthermore, the 39% have an Environmental Management System. 17% of 
construction and 9% of education companies do not have any management 
system. However, the indicator of depletion of natural resources in the 
country is 211% higher than the countries of the Organization for Economic 
Cooperation and Development – OECD – compared to gross income in 2014 
(Giraldo-Bermúdez, 2020).

By each economy type sector, most of the consulting in Management 
Services companies (100%) have an Occupational Health and Safety 
Management System, the set of others (92%), construction (83%), the 
Manufacture (71%), education (55%) and health (40%). Although most 
companies have an Occupational Health and Safety Management System, 
they are incomplete. the above, because only 42% have an Environmental 
Policy, 36% have Hazardous waste procedures, 34% have Waste Management 
Processes and 33% have a Corporate Social Responsibility Policy.
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Figure 5 - Documents and register designed and implemented by companies around 
de circular economy and management system

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 



207

Industrial perspective regarding circular economy activities in Atlántico-Colombia

None of the interviewed companies in the construction sector has 
Environmental Policy, Corporate Social Responsibility Policy, Waste 
Management Processes or Recycling Incentives.

In regard to companies with a Quality Management System by economy 
sector, the consulting in Management Services companies (75%) have this, 
71% of the Manufacture companies, the set of others (62%), education (55%), 
construction (50%) and health (40%). Companies with an Environmental 
Management System constructed and implemented in Manufacture industry 
were the 71%, 54% by the set of others, 45% of the education companies, 
25% of the consulting in Management Services companies, 20% of health 
and 17% of the construction companies.

One of the important activities undertaken by circular economy are the 
programs that try to save supplies, for this reason, companies interviewed 
were asked about that. The set of companies grouped as others, were the 
sector that save more supplies than the others economy sector taking into 
account in this study. One in two manufacture industry save at least one type 
of supply. On the other hand, one in five construction companies save at least 
one type of supply. One quarter of companies in average do not make any 
kind of savings.

Energy is the most saved supplies by companies (53%); energy is saved 
by the 75% of consulting MS companies, 71% of manufacture industries 
and 69% of the set of companies grouped in others. Education (45%), health 
(40%) and construction (17%) are the economic sectors that less saved energy 
(Figure 6). 

The less supply saved by companies were raw materials using in their 
productive process (38%). Most of Manufacture companies saved raw 
materials (71%), one in third construction companies, one in five health 
companies and one in ten of education companies saved this (Figure 6).

Paper were the supply more saved by education (64%), the set of others 
(62%) and health (60%) sectors, construction were the sector companies that 
less save paper (17%). The set of others (77%) and education (55%) were the 
companies’ economy sector which the most saved water. Almost one third 
of manufacture companies save paper and water (29%), and one quarter of 
consulting MS save paper and water (25%) (Figure 6).

Although management systems are applied and the Atlántico industry 
shows its interest in these issues, the literature report that the key limitations 
are related to: lack of a holistic structure with systematization of practices, 
focus on single innovation stages, lack of analytical and decision-support 
structures, and marginal consideration of institutional and strategic aspects, 
as well as interdependencies with other business processes (Pieroni et al., 
2021). 
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Figure 6 - Type of resources savings by companies

For these reason, systematic process model for Circular Economy 
business model innovation developed for manufactured companies contains 
four stages (prepare, sense, seize and transform) with recommendations of 
institutional, strategic and operational practices (including activities, tools, 
interdependencies, decision gates, and recommended mindset and attitudes) 
(Pieroni et al., 2021).

MATChE, is other model, but it is a web-based platform enables 
a self-assessment of manufacturing companies’ readiness to transition to 
Circular Economy. In addition, allow the understanding of strengths and 
gaps for Circular Economy implementation across eight key dimensions 
(e.g. strategy and business model innovation), the tool enables internal and 
external benchmarking studies (at the company or business unit levels); the 
prioritization of focus areas based on strategic drivers; and the development 
of transition paths with support of Circular Economy-related tools, methods 
and approaches (Pigosso & McAloone, 2021). As a future, we pretend 
like MATChE, to develop a method to apply circular economy in the 
departamento del Atlántico considering social and environmental aspect to 
ensure the success.

Regarding the limitations to undertake circular economy activities, the 
interviewees mentioned as shows in Figure 7.

For companies, the most mentioned issues to make activities related 
to the circular economy encountered were due to lack of expertise (48%), 
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Figure 7 - Limited aspect to undertake circular economy activities

complex administrative or legal procedures (33%), lack of human resources 
(30%), difficulties accessing finance (26%), costs of meeting regulations 
(26%) and lack of knowledge in Circular Economy (17%). Similar results 
find a study where the main barrier regarding the industrial adoption is 
its financial viability (Prosman & Cagliano, 2022). Comparing with the 
findings in European companies, it shows that the lack of expertise is not a 
problem there, then it is necessary to invest in educational program around 
the circular economy. The amongst companies that answer the others limited 
reason to undertake activities related are the same (European Commission., 
2016). The pharmaceutical industry not only acknowledges the regulation 
gaps as a limitation but also introduce the intellectual property ownership 
issues (Ang et al., 2021). This fear of losing product ownership was reported 
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as a barrier when including stakeholder partnerships and collaboration in the 
circular economy processes of the manufacturing industry (Garza-Reyes et 
al., 2019).

Additive manufacturing is one of the technologies proposed for driving 
the shift to Industry 4.0 through a transition reconfigures the supply 
chain to achieve the ideal circular economy along with improved resource 
efficiency. With this technology the role of the customer and the maturity of 
the technology are considering cornerstones. Five key clusters that need to 
be considered when implementing Additive Manufacturing at contingency 
analysis phase are: (1) supply chain actors, (2) drivers, (3) key Additive 
Manufacturing decisions, (4) Circular Economy implementation strategies 
and (5) operational practices (Hettiarachchi et al., 2022). Moreover, 
government and corporate policies can drive by introducing incentive 
schemes to support recycled material suppliers while encouraging R&D to 
invent novel recycling methods supporting Circular Economy (Sun et al., 
2020).

One of the possible limited reasons why the construction and health sector 
considers the difficulties in accessing financing may be due to the fact that 
the government, in order to encourage some sectors, restrict others from 
participating in calls and banks loans. Likewise, the low participation in 
these funding calls is complemented by the complex administrative and legal 
procedures that most of the type of companies selected. Several external and 
internal barriers in many sectors had been identified to achieve the market 
penetration of circular economy business models, ranging from technical and 
non-technical. External barriers, such as customers’ preferences for ‘new’ 
products, regulatory restrictions, or lack of infrastructure, are extremely 
relevant. Organizational barriers related to a hesitant culture or limited 
awareness information, and competencies are considered by executives 
equally or even more pressing than external barriers (Pieroni et al., 2021). 

Something similar had been published in a work carried out in 2019 for 
medium-sized companies in Barranquilla, where an absence of organizational 
culture, risks associated with recycling activity, and non-compliance with 
the formalization stages were reported (Oyaga Martínez et al., 2021). A 
study developed in a Colombian construction sector enterprise that used the 
methodology proposed by Jaca and colleagues to implement the Circular 
Economy in Small and medium enterprises found five drivers are relevant: 
fertile ecosystem, management commitment, identification of valuable 
materials, green teams, and Circular Economy intermediaries (Torres-
Guevara et al., 2021).

Other study in Colombia and to identify the main interventions that are 
required to support a transition towards a more circular economy shows that 
it does not yet have the right enabling conditions for a Circular Economy. 
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Several opportunities are identified: greater political coherence; a suitable 
fiscal framework for sustainable practices; a robust Information Tecnology 
infrastructure; and use of Information and Comunication Technology by 
enterprises to develop Circular Economy business models. Moreover, a safe 
and profitable recovery of materials requires enhancing current practices 
of recycling. Finally, it is important to promote financing schemes and to 
develop design-led approaches to production among the industrial sector to 
foster innovation as a key building block of a Circular Economy as well as 
educational and raising awareness initiatives to support a mind-set shift. The 
findings of this work are specific to Colombia but have relevance for Circular 
Economy transitions in other low and middle-income economies (Garcia & 
Steve, 2019).

4. Conclusions 

The study allows developing opportunities to improve and implement 
circular economy policies for small and medium-sized companies. It shows 
that the companies of the Department of Atlántico-Colombia want to apply 
circular economy and sustainable development activities; however, it is 
necessary for government entities to further socialize the administrative and 
legal processes to execute circular economy activities.

Most of the companies concentrate their activities on the proper disposal 
of waste and campaigns to save water and energy, but do not apply strategies 
for changing raw materials or reducing their consumption, as well as the 
implementation of renewable technologies for the generation of energy 
and reincorporation of wastewater into processes. It is worrying that some 
companies do not seek or do not plan in the immediate future to apply clean 
technologies and improve processes, and much of this is due to the fact that 
they do not have financial support and experienced trained personnel for their 
implementation strategies.

As future work, it is intended to propose a circular economy methodology 
relevant to the dynamics, culture and socioeconomic aspects of agri-food 
companies in the department of Atlántico. For this, some successful circular 
economy methodologies in the international context will first be selected, 
then companies will be characterized and selected to implement them by a 
public announcement. Finally, the results obtained will serve to identify the 
strengths and weaknesses of each applied methodology that will allow us to 
design one that is capable of overcoming the obstacles found in the region. 

In this study, an investigation will be conducted to assess and offer 
recommendations for the circular economy in the agri-food sector of the 
department of Atlántico in Colombia. The following steps will be taken: 
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(1) a review of the current state of circular economy methodologies, 
(2) comparison of the methodologies using established indicators to 
highlight the strengths and weaknesses of each, leading to the selection 
of methodologies to be applied in the case studies of agri-food sector 
companies, (3) design and implementation of measurement tools to 
characterize the participating companies, (4) training of technical and 
managerial staff on the chosen methodologies, with selection of those 
responsible for execution, and (5) collection of continuous qualitative and 
quantitative information during implementation for statistical analysis, 
leading to conclusions and the development of an adapted methodology for 
the departmental context.

References

Adebayo, T.S., & Kirikkaleli, D. (2021). Impact of renewable energy consumption, 
globalization, and technological innovation on environmental degradation in 
Japan: application of wavelet tools. Environment, Development and Sustainability, 
23(11), 16057-16082. doi: 10.1007/s10668-021-01322-2.

Alhawari, O., Awan, U., Bhutta, M.K.S., & Ali Ülkü, M. (2021). Insights from 
circular economy literature: A review of extant definitions and unravelling paths 
to future research. Sustainability, 13(859), 1-22. doi: 10.3390/su13020859.

Alvarado-Bawab, M. (2012). Estudio de secado en horno continuo microonda del 
carbón de Bijao-Córdoba.

Alvarado Bawab, M.B. (2017). Study of the stramberry drying process using 
microwave dryer. Prospectiva, 15(1), 29-34. doi: 10.15665/rp.v15i1.658.

Alvarado Bawab, M.B., Vega, S., & Marín, J. (2018). Elaboración de bloques de 
concreto con agregados plásticos reciclados. Revista Informador Técnico - 
Memorias del IV Simposio de Materiales Poliméricos, 82(2): 38-40. -- www.
researchgate.net/publication/355437520.

Alvarado Bawab, M.B., Badel-Venera, H., & Iguarán-Rolón, A. (2019). Variables 
influyentes en la elaboración de bioplásticos a partir del ñame. Influential 
variables in the production of bioplastics from yam, 83(2): 100-104. -- http://
search.ebscohost.com/login.aspx?direct=true&db=asn&AN=141087782&site=eho
st-live.

Alvarado Bawab, M.B., Vanegas-Chamorro, M.C., & Valencia Ochoa, G. (2016). 
Análisis estadístico de un circuito hidrociclónico para el beneficio de carbones. 
Prospectiva, 14(2), 53. doi: 10.15665/rp.v14i2.652.

Alvarado, M., Mejía, M., Vanegas-Chamorro, M., Barranco, R., & Hernández, L. 
(2012). Variables influyentes en el secado discontinuo del carbón asistido con 
microondas. Prospect., 10(2), 37-42.

Ang, K.L., Saw, E.T., He, W., Dong, X., & Ramakrishna, S. (2021). Sustainability 
framework for pharmaceutical manufacturing (PM): A review of research 
landscape and implementation barriers for circular economy transition. Journal of 
Cleaner Production, 280. doi: 10.1016/j.jclepro.2020.124264.

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 



213

Industrial perspective regarding circular economy activities in Atlántico-Colombia

Ashby, M.F. (2024). Chapter 10 - Circular Materials Economics. In: M.F. 
Ashby (Ed.), Materials and Sustainable Development (Second, pp. 255-295). 
Butterworth-Heinemann. doi: 10.1016/B978-0-323-98361-7.00010-5.

Awosusi, A.A., Mata, M.N., Ahmed, Z., Coelho, M.F., Altuntaş, M., Martins, J.M., 
Martins, J.N., & Onifade, S.T. (2022). How Do Renewable Energy, Economic 
Growth and Natural Resources Rent Affect Environmental Sustainability in a 
Globalized Economy? Evidence From Colombia Based on the Gradual Shift 
Causality Approach. Frontiers in Energy Research, 9(January), 1-13. doi: 10.3389/
fenrg.2021.739721.

Bjørnbet, M.M., Skaar, C., Fet, A.M., & Schulte, K.Ø. (2021). Circular economy in 
manufacturing companies: A review of case study literature. Journal of Cleaner 
Production, 294. doi: 10.1016/j.jclepro.2021.126268.

Camacho-Otero, J., Boks, C., & Pettersen, I.N. (2018). Consumption in the circular 
economy: A literature review. Sustainability, 10(2758), 1-25. doi: 10.3390/
su10082758.

Camacol, & Superservicios (2022). Documento técnico municipal Barranquilla, Atlántico. 
-- www.superservicios.gov.co/sites/default/files/inline-files/BARRANQUILLA.pdf.

Camara de Comercio de Barranquilla (2022). Listado de Empresas en Barranquilla. 
-- www.informacolombia.com/directorio-empresas/localidad_barranquilla.

Cantillo Hernandez, J., Gelvez Narvaez, Y., Caballero, V.V., Bernarda, M., & Bawab, 
A. (2021). Factores de formulación que afectan el tiempo de degradación de las 
cápsulas blandas Formulation factors effecting degradation time of soft capsules. 
Prospectiva, 19(1). doi: 10.15665/rp.v19i1.2521.

Cempre (2021). Economia Circular en América Latina y El Caribe. Comisión 
Económica Para América Latina y El Caribe-CEPAL. -- https://cempre.org.co/
economia-circular.

Colombia Productiva (2020). Economía circular: Una forma diferente de hacer 
negocios sostenibles. -- www.colombiaproductiva.com/ptp-capacita/publicaciones/
transversales/guia-empresarial-de-economia-circular/200310-manual-empresas.

Ley 590 de 2000, 2000 Colombia 16 (2000). -- www.imprenta.gov.co/gacetap/gaceta.
mostrar_texto?p_tipo=06&p_numero=590&p_consec=976.

de Melo, T.A.C., de Oliveira, M.A., de Sousa, S.R.G., Vieira, R.K., & Amaral, 
T.S. (2022). Circular Economy Public Policies: A Systematic Literature Review. 
Procedia Computer Science, 204, 652-662. doi: 10.1016/j.procs.2022.08.079.

Departamento Administrativo Nacional de Estadística-DANE (2020). Economia 
Circular. In Primer Reporte. -- www.dane.gov.co/files/investigaciones/boletines/
economia-circular/economia-circular-1-reporte.pdf.

Departamento Nacional de Planeación (2019). El plan nacional de desarrollo 
2018-2022: “Pacto por Colombia, pacto por la equidad”. In: Presidencia de la 
República (p. 212). doi: 10.19053/01203053.v38.n68.2019.9924.

European Commission (2016). European SMEs and the Circular Economy (1st ed., 
Issue April). Flash Eurobarometer 441. -- http://ec.europa.eu/COMMFrontOffice/
PublicOpinion.

Garcia, C.L., & Steve, C. (2019). The Colombian case. In: P. Schröder, M. 
Anantharaman, K. Anggraeni, & T.J. Foxon (Eds.), Assessment of the circular 
economy transition readiness at a national level (1st ed., p. 21). Routledge. -- 

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 



214

María Bernarda Alvarado-Bawab, Sandra Villa Marenco

www.taylorfrancis.com/chapters/edit/10.4324/9780429434006-7/assessment-
circular-economy-transition-readiness-national-level-claudia-lorena-garcia-steve-
cayzer.

Garza-Reyes, J.A., Salomé Valls, A., Peter Nadeem, S., Anosike, A., & Kumar, 
V. (2019). A circularity measurement toolkit for manufacturing SMEs. 
International Journal of Production Research, 57(23), 7319-7343. doi: 10.1080/ 
00207543.2018.1559961.

Giraldo-Bermúdez, J. (2020). Desarrollo del primer borrador de una norma técnica 
para implementar el concepto de economía circular en Colombia [Universidad 
Externado de Colombia]. -- http://pegaso.anahuac.mx/responsabilidadsocial/index.
php/planes-de-estudio/maestria-en-responsabilidad-social.html.

Hernández Sampieri, R., Mendoza Torres, C.P. (2018). Metodología de la 
investigación: las rutas cuantitativa, cualitativa y mixta. McGraw-Hill. -- https://
ebooks7-24-com.unibarranquilla.basesdedatosezproxy.com/?il=6443.

Hernandez Sampieri, R. (2014). Metodología de la Investigación (McGraw-Hill (ed.); 
6th ed.). -- www.ptonline.com/articles/how-to-get-better-mfi-results.

Hernandez, V., & Alvarado-Bawab, M. (2017). Control on-off de temperatura y 
potencia para el mejoramiento de las condiciones de procesos asistidos con 
microondas. INGE CUC, 13(2), 53-59. doi: 10.17981/ingecuc.13.2.2017.06.

Hettiarachchi, B.D., Brandenburg, M., & Seuring, S. (2022). Connecting additive 
manufacturing to circular economy implementation strategies: Links, contingencies 
and causal loops. International Journal of Production Economics, 246(January). 
doi. 10.1016/j.ijpe.2022.108414.

Konash, A., & Nasr, N. (2022). The circular economy and resource use reduction: A 
case study of long-term resource efficiency measures in a medium manufacturing 
company. Cleaner Production Letters, 3(November), 100025. doi: 10.1016/j.
clpl.2022.100025.

Korhonen, J., Nuur, C., Feldmann, A., & Birkie, S.E. (2018). Circular economy as an 
essentially contested concept. Journal of Cleaner Production, 175, 544-552. doi: 
10.1016/j.jclepro.2017.12.111.

Mendoza, R., Niebles, E., Barreto, C., Fabregas, J., & Buelvas, E. (2020). Análisis de 
la cadena de valor del reciclaje plástico. Un caso de estudio en el departamento 
del Atlántico (Colombia). Revista Espacios, 41(25), 171-183.

MinCiencias (2017). Los negocios verdes impulsan el desarrollo de Colombia. 
-- https://minciencias.gov.co/sala_de_prensa/los-negocios-verdes-impulsan-el-
desarrollo-colombia.

Ministerio de Ambiente y Desarrollo Sostenible (2014). Plan Nacional de Negocios 
Verdes. Minambiente.

Mosgaard, M.A., Bundgaard, A.M., & Kristensen, H.S. (2022). ISO 14001 practices 
– A study of environmental objectives in Danish organizations. Journal of 
Cleaner Production, 331(129799), 1-14. doi: 10.1016/j.jclepro.2021.129799.

Mouthón, L. (2021). Empresas barranquilleras apuestan por la sostenibilidad. El 
Heraldo. -- www.elheraldo.co/economia/empresas-de-barranquilla-se-comprometen-
con-la-economia-circular-834647.

Muo, I., & Azeez, A.A. (2020). Green Entrepreneurship: Literature Review and 
Agenda for Future Research. International Journal of Entrepreneurial 
Knowledge, 7(2), 17-29. doi: 10.2478/ijek-2019-0007.

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 



215

Industrial perspective regarding circular economy activities in Atlántico-Colombia

Oyaga Martínez, R., Martínez Quinto, D., Pacheco Torres, P., Sulbaran Siado, S.B., 
& Rodríguez Gómez, J. (2021). Economía circular y su sostenibilidad ambiental, 
económica y social en comunidades de Barranquilla, Atlántico, Colombia. Revista 
SEXTANTE, 24, 29-33. doi: 10.54606/sextante2021.v24.04.

Pan, X., Wong, C.W.Y., & Li, C. (2022). Circular economy practices in the waste 
electrical and electronic equipment (WEEE) industry: A systematic review and 
future research agendas. Journal of Cleaner Production, 365(May). doi: 10.1016/j.
jclepro.2022.132671.

Parsa, A., Van De Wiel, M.J., & Schmutz, U. (2021). Intersection, interrelation or 
interdependence? The relationship between circular economy and nexus approach. 
Journal of Cleaner Production, 313, 127794. doi. 10.1016/j.jclepro.2021.127794.

Pieroni, M.P.P., McAloone, T.C., & Pigosso, D.C.A. (2021). Developing a process 
model for circular economy business model innovation within manufacturing 
companies. Journal of Cleaner Production, 299. doi: 10.1016/j.jclepro.2021.126785.

Pigosso, D.C.A., & McAloone, T.C. (2021). Making the transition to a Circular 
Economy within manufacturing companies: the development and implementation 
of a self-assessment readiness tool. Sustainable Production and Consumption, 28, 
346-358. doi: 10.1016/j.spc.2021.05.011.

Decreto 2473 de 2010, 2 (2010) (testimony of Presidencia de la República de 
Colombia).

Prosman, E.J., & Cagliano, R. (2022). A contingency perspective on manufacturing 
configurations for the circular economy: Insights from successful start-ups. 
International Journal of Production Economics, 249(September 2020). doi: 
10.1016/j.ijpe.2022.108519.

Quintero, D. (2022). Aporte a la economía circularde la industria de la moda en 
Colombia, a partir del análisis de la generación de residuos, usos actuales y 
posibles alternativas de manejo. Universidad de Los Andes.

Ramírez, C. (2021). Caracterización de la economía circular en el sector de la 
construcción mediante su análisis e implementación en la ciudad de Bogotá 
[Fundación Universidad de America]. -- http://repository.uamerica.edu.co/bitstre
am/20.500.11839/8474/1/51287-2021-1-GEC.pdf.

Sartal, A., Bellas, R., Mejías, A.M., & García-Collado, A. (2020). The sustainable 
manufacturing concept, evolution and opportunities within Industry 4.0: A 
literature review. Advances in Mechanical Engineering, 12(5). doi: 10.1177/ 
1687814020925232.

Sun, L., Wang, Y., Hua, G., Cheng, T.C.E., & Dong, J. (2020). Virgin or recycled? 
Optimal pricing of 3D printing platform and material suppliers in a closed-
loop competitive circular supply chain. Resources, Conservation and Recycling, 
162(June). doi: 10.1016/j.resconrec.2020.105035.

Torres-Guevara, L.E., Prieto-Sandoval, V., & Mejia-Villa, A. (2021). Success drivers 
for implementing circular economy: A case study from the building sector in 
Colombia. Sustainability, 13(1350), 1-17. doi: 10.3390/su13031350.

Unidad de Planeación Minero Energética-UPME (2022). Proyección demanda 
energía eléctrica, gas natural y combustibles líquidos 2022-2036. In

. -- www1.upme.gov.co/DemandayEficiencia/
Documents/Informe_proyeccion_demanda_energeticos.pdf.

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 



216

María Bernarda Alvarado-Bawab, Sandra Villa Marenco

Uribe, S., Riveros, C., & Rojas, L. (2019). Economía circular como estrategia para 
la construcción de vías en Colombia. Caso de Estudio. Germina, 2(2), 70-94. doi: 
10.52948/germina.v2i2.211.

Valora Analitik (2022). Lanzan línea de crédito para apoyar economía circular 
en Barranquilla y Cartagena. Noticias Económicas Importantes. -- www.
valoraanalitik.com/2022/05/17/linea-credito-economia-circular-barranquilla-
cartagena.

Villa-Marenco, S. (2021). Sustainability as a strengthening factor in university 
institucional environmental performance in the department of Atlántico - 
Colombia. Honoris Causa, 13(2), 41-53.

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 



217

Industrial perspective regarding circular economy activities in Atlántico-Colombia

María Bernarda Alvarado Bawab 
Program of Industrial Engineering, Engineering Faculty, Institución Universitaria de 
Barranquilla, Colombia. Cra 45 No. 48-31 Barranquilla, Atlántico, Colombia
E-mail: mbalvarado@unibarranquilla.edu.co
PhD. Student, She holds a Master of Engineering - Chemical Engineering (Medellín, 
2012). Researcher at the Institución Universitaria de Barranquilla since January 2015 
and Assistant Professor since April 2020. Current research interests include process 
optimization, with the specific topics regarding circular economy, sustainability and 
development of composite materials. 

Sandra Margarita Villa Marenco
Program of Industrial Engineering, Engineering Faculty, Institución Universitaria de 
Barranquilla, Colombia. Cra 45 No. 48-31 Barranquilla, Atlántico, Colombia
E-mail: svilla@unibarranquilla.edu.co
Master in Sustainable Development (2021) - Biologist (Barranquilla, 2006) and got 
a Teacher at the Institución Universitaria de Barranquilla since January 2011 and 
Assistant Professor since January 2023. Current research interests include process 
optimization, with the specific topics regarding circular economy and Sustainable 
Development.

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 




