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Abstract 

 

The research had as a goal to establish the technological alternatives for the urban 

waste recycling in the municipality of Maicao, Colombia. It was typified as 

documentary research, with a bibliometric design. The analysis units in this 

research were documents observed such as: reports, researches, books, articles and 

web pages search, related to alternatives for the urban wastes recycling, which were 

analyzed using a documentary analysis matrix. Respecting the techniques and 

information gathering instruments in this research, it was used the bibliographic 

documentary technique. As a result it was obtained in regard to urban wastes 

recycling, it is not a responsability of the municipal cleanliness service provider 

company, having as opportunity the technological alternatives implementation 

which tend to the wastes reuse as raw material in other productive processes. It is 

concluded that currently in Maicao, the cleanliness service provider company 

doesn’t have inside its service portfolio to do the gathered wastes exploitation and 

transference, therefore it gives the opportunity of recycling technological 

alternatives implementation. 
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1. Introduction 
 

Colombia, in relation to Latin American countries in terms of recycling, is the most 

advanced, the foundations and private organizations efforts to work in favor of  
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informal recyclers, generating  success cases and multiple benefits. Regarding the 

recycling importance education along with the social, economic and environmental 

benefits that this activity brings, showing the living conditions, waste pickers 

working methods and the need to improve them, encourages work for informal 

recycling  dignity, legalization and inclusión. 

 

However, the recycling global perspective requires consumer commitment, current 

state policies that encourage production, consumption and generation of knowledge 

about the resources sustainability, the public and private sector articulation to carry 

out investment projects that tend to the best training alternatives, use of urban waste 

generated by daily activities, to work on the achievement of a responsible tool that 

aims the minimum waste destined to dumps, likewise consider recycling as a 

profitable activity in the  raw material obtaining. 

 

In effect, Maicao is a city located in the center-east of La Guajira Department in 

Colombia  76 km away from Riohacha the department capital and 103 km from 

Maracaibo Venezuela, it has an urban population of 109,412 inhabitants (DANE 

2015), Because of the geostrategic position it presents was declared "Free Land 

Port" in 1936. For many years it has been a bridge between both nations and a 

gateway to commercial and cultural exchange. 

 

Within this framework, recycling in the municipality of Maicao is framed mainly 

by cardboard, metals and plastic recyclers, which pay a variable price per kilogram, 

depending on the material quality, due to commercial activity and the staff rotation 

that visits the city is significant the waste volume generated daily. 

 

Certainly, the waste generated at the moment is not processed in any way, it is 

collected, transported and deposited in landfills or open air dumps, arranged by the 

Municipal  Hall in coordination with the cleaning service provider company, 

however educational institutions have been joining efforts around the environment 

care, global warming and recycling topic. 

 

In this sense, the technological alternatives are several of the technological 

solutions with which a designer will devise or will find himself during the 

evaluation, formulation and analysis of a problem [1]. Also, it means some activity 

such as research, choice, negotiation, acquisition, adaptation, innovation, taking 

into account the new technologies acquisition, which requires a receptive system  

to innovation with incentives and mechanisms to translate knowledge into action 

[2]. 

 

In the same way, in the developing countries, the waste effective management is 

based on a generation, collection and final disposal simplified scheme of the same, 

under partially controlled conditions; In the same way, in light of the new 

environmental management paradigms, the need to generate proposals within the 

environmental economic sustainability framework is imposed [3]. 
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For its part, for the municipal solid waste management is required to develop 

strategies, where in addition to the technical, economic and environmental criteria 

inherent in the system, take into account the external factors that condition the 

quality of the service provided by the company be public, private or mixed [4]. 

 

Those aspects that allow evaluating a technological alternative both at the market 

level and inside the companies, measuring technological risk through indicators 

such as technological maturity, technology mastery, gap analysis, impact and 

technological positioning [5]. 

 

Likewise, for the selection of a technology, a series of characteristics are evaluated 

within a selection process of a set available in the market, considering economic 

and country conditions that the technology requires, the technological system that 

is available, the capacity to take in science and technology, of nature in decision-

making (multifunctional company, national firm, government, family business), of 

the limitations that are taken in making the decision (not all have the same capacity, 

availability and access to resources) and the objectives to be sought in the adoption 

of technology [6]. 

However, the economic aspects are based on analyzing the economic data required 

to define a business activity, as well as analyzing and evaluating the viability of a 

project, applying the most appropriate cost calculation model to the type installation 

proposed, using investment evaluation techniques, mathematical and statistical 

methods [7]. 

In addition to what has been described above, all aspects of the project should be 

focused considering that its realization requires the production factors mobilization, 

that means, natural, human or man-made resources, combined in function of a 

result. Finally, said elements exist in limited quantities and distributed unevenly, 

and their use concurs with other use alternatives. Therefore, its examination 

corresponds to the economic analysis, which has precisely the object of said 

situations and examines them as they are presented in the context of a real society 

[8]. The objective of this article is to establish the technological alternatives for the 

urban waste recycling in the municipality of Maicao, Colombia. 

 

2. Methodology 
 

The methodology is descriptive [9], documentary [10] and projective [11]; the 

research type is bibliographic [12]. The population is classified as finite and 

accessible, because it is less than one hundred thousand units, because of this it was 

not necessary to take a representative sample. 

 

The analysis units were observed documents such as: reports, magazines, catalog, 

locations, articles and web pages search, related  to technological alternatives in the 

urban waste recycling, previous similar research in the study variable or 

methodological approach used, serving as a support to complement the analysis 

elements developed (Table 1). 
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Table 1. Population characteristics 

 

Documents Information 
Documents 

Quantity  

Magazines, articles, blogs 

Electronics 

Bibliographic Information on the 

study variable and methodology 

 

18 

 

Books 

Bibliographic Information on the 

study variable and methodology 

 

23 

Technologies Manuals and 

Catalogs 

 

Technical information, description 

capacities and facilities 

characteristics 

 

6 

 

The documentary review was used as a data collection technique [13] and the 

instrument consisted of analysis matrices [9], which were constructed depending 

on the category analyzed. 

 

3. Results and discussion  
 

It was observed that the generation values between countries are very variable, 

which could be explained by the difference presented in terms of cultural aspects, 

consumption patterns and the development grade of each one in particular, the 

percentage distribution of certain waste according to the región characteristics are 

similar, however for Latin America the amount of organic waste generated is very 

similar, supported by the research carried out by Uribe [14] the urban waste average 

characterization in the municipality of Maicao is presented (Table 2) . 

 

Table 2. Urban waste average characterization in Maicao 

 

 

Type of urban waste 

Average 

generated 

(%) 

Organic waste 58 

Paper and paperboard 20 

Special waste 9 

Dangerous waste 0,1 

Plastic 5 

Metals (Ferrous – Non-ferrous) 1,9 

Glasses 2 

Textiles 3 

Other 1 

 

According to the statistical information collected by the Diagnostic Study of the 

Municipal Solid Waste Management Situation in Latin America and the Caribbean 

conducted by SEPC/HPO/WHO (Sanitary Engineering Pan-American Center and  
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Environmental Sciences- Health Pan-American Organization- World Health 

Organization), in the regional evaluation of the years (1995-1996-2000) and 

according to Arrieta [4], based on data from the OECD compendium (Organization 

for Economic Cooperation and Development) of which Colombia is in the process 

of Adhesion, an average PCP (Per Capita Production) was established based on the 

conditions and particular characteristics of the Municipality (Table 3). 

 

Table 3. Average quantity generated of urban waste  

 

Total population 

of Maicao 

Average PCP 

(Kg/Hab/Day) 

Total (Kg/Day) Total 

(Ton/Year) 

109.412 1,2 131.294 47.922 

 

The selected technologies were evaluated according to four important parameters 

that the research aims to solve in order to identify the most appropriate ones in terms 

of Materials Recycling, CO2 Reduction, Energy Efficiency and Environmental 

Impact, each one described in its qualitative evaluation parameters established 

according to the characteristics represented by each of the technological alternatives 

previously identified and analyzed (Table 4). 

 

Table 4. Technological alternatives evaluation  

 
 

Technological 

Alternatives 

 

 

Materials 

Recycling 

 

 

CO2 Reduction 

 

Energy 

Efficiency 

 

Environmental 

Impact 

 

Types de 

waste 

Central Separation 

(PRM) 
High Very 

High 

High Positive 
Special 

inorganic. 

Central Separation 

(CDR) 

 

Very High 

 

Very 

High 

 

Very 

High 

 

Positive 

Organic 

Special 

inorganic. 

Composting High Medium      Medium       Positive    Organic 

Biogasification Low Medium Very 

High 

Positive     Organic 

 

Incineration 

 

Very low 

 

Low 

 

Low 

 

Moderate 

Organic 

Special 

inorganic. 

Dangerous 

Incineration with 

energy recovery 

 

 

Low 

 

Low 

 

    Medium 

 

Moderate 

Organic 

Special 

inorganic. 

Final Disposition 

(Landfill). 

 

Very low 

 

Medium 

 

   Medium 

 

Moderate 

Organic 

Special 

inorganic. 

 

The information contracted in the evaluation process has variable information 

between the results obtained between one technological alternative and another, this 

means that the benefits and the application field is wide and in this way is 
indispensable the use of a related one to supply the requirements that a single techno- 
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logy does not cover, in the Materials recycling parameters, we have the Central 

separation processes (PRM-CDR), they have a very high value considering a viable 

alternative in terms of recycling, on the other hand the component of CO2 

reduction, is not favorable in the incineration alternatives and incineration with 

energy recovery. 

 

The economic evaluation is carried out to demonstrate whether or not the project is 

profitable and that the economic productivity of the factors employment used is 

considered satisfactory, according to the organization economic criteria or 

according to the economic or social policy criteria adopted by the authorities who 

approved it (Table 5). 

 

Table 5. Cleanliness service unit costs in Maicao 

 

 

Components 

 

Cost (USD 2015) 

Sweep and cleaning 

($/Subscriber) 
 

9.15 

Marketing by invoice 

($/Subscriber) 
 

0,37 

Collection and  transport 

($/Ton) 
 

29 

Transport by excess section 

($/Ton) 
 

0 

Final Disposition ($/Ton) 
 

24,7 

 
63,22 

Collection, Transport and 

Special Waste Final disposal  

($/Ton) 

 

Contract 

Collection, Transport and 

Dangerous Waste 

Treatment  ($/Ton) 

$1100 Average or 

per Contract 

 

The costs associated to the service provision are charged in the relation ($ / Ton), 

in this same way the evaluations and estimations to determine the total cost of the 

technological alternatives implementation will be analyzed in the same measure, an 

opportunity is evidenced in the collection service value, transport and treatment of 

hazardous waste even when the generation percentage  of this type of waste is low 

in relation to other waste should be considered its implementation due to the high 

power of contamination that can trigger in  infections focus, diseases transmission 

and impacts to the environment and its indispensable resources (air, land, water). 
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4. Conclusions 
 

It is concluded, in terms of urban waste recycling, that currently in Maicao the 

public service company does not include within its service portfolio the exploitation 

and transfer of the collected waste, therefore it gives the opportunity to implement 

the alternatives. 

 

Also, within the waste characterization is marked the considerable amount of waste 

generated in a greater percentage by the Organic, likewise the inorganic waste with 

high capacities of raw material recovery and the potential contaminant contained in 

hazardous waste, even in its small amounts in relation to the total generated. 

Likewise, it is concluded that the waste collection system is operating efficiently 

and is an essential input for the development of this type of projects considered with 

a percentage greater than 50% of the project total cost. 

 

Likewise, the technological alternatives evaluated in their technological aspects 

such as technological maturity and impact analysis according to the project 

objectives  are considered accepted for the most part, except for incineration with 

energy recovery, and with recommendations for the implementation of some that 

are found in commercialization State or represent a risk based on knowledge and 

feasibility in its massive application. 

 

Finally, it is concluded that the estimated costs based on credible and reliable 

information give an opportunity to size and take into account the investment 

opportunity in terms of environmental, economic, social and development benefits. 
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