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Abstract 
 
The main objective of this research was to evaluate the environmental impact generated by municipal solid waste during its 
collection, transportation, treatment and processing in the south-west region of the department of Norte de Santander, Colombia, 
by means of Life Cycle Assessment (LCA). Three strategies for waste management were considered: the current baseline situation, 
wherein 100% solid waste was taken to the landfill; plus, an optimistic and a pessimistic scenario in which solid waste is properly 
and moderately recycled, respectively.  
The results show that approximately 72% was organic waste, out of which 40% corresponded to organic material. Twenty seven 
percent corresponded to inorganic materials such as plastics, metal, glass, rubber and leather. In comparing waste management in 
the three proposed scenarios in terms of global warming, the optimistic scenario was the greenest one due to better Municipal Solid 
Waste (MSW) recycling and usage, since it prevents the emission of 460 kg CO2Eq inhab-1 year-1. Finally, to achieve the reuse and 
recycling of waste, we propose the creation of small businesses which can improve people's socio-economic conditions. This will 
undoubtedly become a source of employment for many families in the community. Acceptance of composting is still low in the 
region because most farmers in rural areas show psychological resistance to products derived from waste, thus being more 
responsive to fertilizers. Finally, there is no doubt that LCA is definitely a methodology that helps decision making towards finding 
more sustainable solutions and hence is a good tool for improving environmental sustainability performance within the Municipal 
Solid Waste of the rural areas.  
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1. Introduction 

 
The rapidly growing populations as well as 

economies brings as a consequence an increase in 
waste generation, which becomes a challenge for 
health authorities and the environment of any city or 
country. Inappropriate management of municipal solid 
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waste (MSW) can lead to the contamination of water 
sources due to leakage percolation which, 
consequently, causes public health issues (Henry et 
al., 2006; Mor et al., 2006; Rusu et al., 2017). 

Solid waste has been associated to diseases 
such as viral hepatitis, acute diarrhea, intestinal 
parasitosis, skin illnesses, allergies, breathing diseases 
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and conjunctivitis, among others. The transmission of 
infections can take place directly through contact with 
waste or indirectly through the vectors that live in 
landfills. This is so because waste is an adequate 
environment for the proliferation of flies, mice, birds, 
cats and dogs among others (WRI, 1996). 

Inadequate waste management is more 
frequent in developing countries, where consumption 
patterns are constantly changing due to the 
introduction of new products into the market and to 
the lack of strategic policies for improving production 
and sustainable consumption. In Colombian cities and 
municipalities, this situation is enhanced by additional 
factors such as the displacement of people from the 
countryside to the city, inadequate management of 
public resources, and the lack of adequately qualified 
human talent to effectively apply environmental 
policies. All this undoubtedly renders ineffective solid 
waste management systems which, in turn, determine 
very precarious public health and environmental 
perspectives. Most of the researchers who have 
conducted studies this topic (Al-Khatib et al., 2007; 
Bel and Mur, 2009; Bovea et al., 2010; Del-Moral-
Avila et al., 2016; Kanat, 2010; Kumar and Goel, 
2009; Li et al., 2011; Moy et al., 2008; Magrinho et 
al., 2006; Okot-Okumu and Nyenje, 2011; Zarate et 
al., 2008) considered that the main factors determining 
total waste generation are urbanization, demographic 
growth and industrialization. 

Due to the inherent difficulties in controlling 
economic and demographic growth and, consequently, 
waste production, it is necessary to improve processes 
such as recovery, recycling and MSW elimination, the 
aim of attaining their sustainable management (Al-
Salem et al., 2009; Turan et al., 2016; Zhanga et al., 
2010). 

At the international level, resources like the 
MSWM (2010) have been developed. This document 
constitutes a response to the Rio Declaration and the 
recommendations of Agenda 21, looking forward to 
promote the transfer and application of ecologically 
rational technologies and finally improve MSW. At 
the national level, Resolution 1045 of 2003 and 
Decree 1713 of 2002 establish and regulate policies 
intended to adequately reach an integral solid waste 
management.  

Local data indicate that in 2010 Colombia 
produced 27,500 tons of solid waste a day (1,056 
municipalities and 32 departments) composed of 81% 
organic solid waste, 13% plastic, 3% paper, 1% glass 
and 2% metal (Marmolejo et al., 2012). As stated by 
Barton et al. (2008), different countries and cities 
require different waste management systems. 
Furthermore, there is need to generate alternatives that 
minimize the environmental impact of these residues, 
which reveals the importance of either implementing 
reutilization or recycling strategies when possible, or 
of providing efficient gathering and transportation to 
safe final disposal sites. 

Life cycle assessment (LCA) is an 
environmental management methodology that has 
been applied to the case of solid waste with the aim of 

evaluating the environmental sustainability of these 
systems from an ecological perspective (Francesco-C 
et al., 2009; Ghinea et al., 2014; Regina-Mendes et al., 
2010; Wittmaier-M et al., 2009; Zeng et al., 2005). 
These studies leave no doubt about the importance of 
applying LCA when it comes to minimizing the 
environmental impact of these residues in order to 
improve the sustainability indicators in our region. 

Hence, the main objective of the current paper 
has been to evaluate the environmental impact 
generated by municipal solid waste during the 
collection, transportation, treatment and processing in 
the south-west region of the department of Norte de 
Santander, Colombia. Thus, this is the first study to 
apply LCA in this department and to promote MSW 
reutilization and recycling as an option to mitigate its 
environmental impact, especially global warming, 
acidification and human toxicity. In this way, the 
current study could be used as a MSW integrated 
management system in the municipalities of the most 
important rural areas of this region, thus facilitating 
environmental impact minimization and the 
sustainability of the process over time. 
 
2. Methodology 
 
2.1. Selection of study area 
 

The department of Norte de Santander is made 
up of 40 municipalities grouped into six sub regions, 
namely North, West, East, Center, Southwestern and 
South East. The current study focused on the 
Southwest region of the department, which includes 
the municipalities of Cacota, Chitagá, Cucutilla, 
Mutiscua, La bateca, Pamplona, Silos and Toledo. The 
choice of this subregion results from the fact that it is 
the second most important one in the department due 
to its location, urbanization process and economic and 
demographic growth during the last five years. 
Additionally, La Cortada landfill, located in the 
municipality of Pamplona, receives the MSW of the 
mentioned municipalities, which facilitates data 
collection. 
 
2.2. Description of MSW collection 
 

The solid waste collection system in the 
different municipalities mentioned in section 2.1 
follows the scheme. This figure shows how MSW 
collection starts by sending the collecting trucks (1) 
along the macro routes defined in each municipality. 
The gathering is done once or twice a week in all 
neighborhoods. The method employed is door to door 
collection of the waste people pack in polyethylene 
bags, cardboard boxes or plastic containers (2a); or 
simple collection from the metallic containers set in 
each municipality (2b). Later on, the truck takes the 
collected waste directly to the landfill, where it is 
covered and compacted with clayey soil (3) (Fig. 1). 

La Cortada landfill receives the MSW of the 
different municipalities of the South Western region 
of the department of Norte de Santander. Covering an 
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area of 28 ha, the landfill is located in the municipality 
of Pamplona, at kilometer 4 on the north east side of 
the road that leads to the municipality of Chitagá. With 
only 3 ha currently in use as waste cells, it has been in 
operation for two years and a half. Table 1 shows the 
number of collecting trucks per municipality, their 
capacity and number of discharges to the landfill per 
week, as well as the distance they cover, including the 
gathering process. 
 

 
 
Fig. 1. Typical garbage collection system in the Southwest 

subregion of the department of Norte de Santander. 
 
2.3. MSW characterization  
 

MSW characterization was carried out during 
September of 2011, applying the Official Mexican 
standard NMX-AA-015 (1985). The analyses were 
carried out during November of that year, on the total 
MSW produced by the different municipalities under 
study. Each collecting truck discharged its load on the 
corresponding site, where residue sampling covered 
an area of 4 x 4 m.  

Sample extraction itself was done by 4 
different work teams, each of them made up of 4 
people. In the first place, the solid residues were 
removed with shovel until homogenization. Then, 
they were divided in equal quadrants named A, B, C 
and D, which were assigned clockwise to the sampled 
waste plot. Out of these quadrants, two opposed ones 
(for example A and C or B and D) were eliminated. 
This process was repeated until reaching maximum 
and minimum sample weights of 200 kg and 50 - 60 
kg, respectively. Later on, the subproducts were 
selected according to section F  of  the sector’s  Rules  

and Regulations by the Mexican standard NMX-AA-
015 as follows: 1. Food and garden residues, 2. Paper 
products, 3. Cardboard products, 4. Plastics, 5. Rubber 
and leather, 6. Textiles, 7. Wood, 8. Metal products, 9. 
Glass, 10. Ceramic products, ashes, rocks and debris, 
11. Bones, 12. Others.  

From the waste eliminated before the actual 
sampling, 1 to 3 kg of solid waste were taken to the 
laboratory for physical, chemical and microbiological 
analyses. The samples thus obtained were transported 
in plastic bags correspondingly labeled, and 
refrigerated in boxes. The remaining waste was used 
to calculate the volumetric weight of residues in that 
site. Upon completion of the quartering and having 
sectioned the entire sample, we proceeded to segregate 
the 12 lines of products specified in the Mexican 
standard NMX-AA-015.  

The volumetric weight determination was 
carried out according to Mexican standard NMX-AA-
19 (1985) through the following Eq. (1): 
 

PV = P / V (1) 
 

where: PV = is the volumetric weight in kg m-³, P is the 
weight of solid waste (less gross tare weight) in kg and 
V is the container volume in m³. 
 
2.4. Life cycle assessment (LCA) methodology 
 

Life Cycle Assessment (LCA) is an 
environmental management methodology that 
evaluates the environmental impacts of a product or 
service, starting from extraction of raw materials, 
manufacturing, production, use and finishing with the 
final disposal, that is, from cradle to grave (Ortiz-R et 
al., 2009). Following ISO 14040 International 
Standards, the LCA methodology is based on four 
essential phases: goal and scope definition, inventory 
analysis, impact assessment, and interpretation. 2.4.1. 
Goal and scope definition  

The overall scope of this paper involves the 
environmental loads generated by municipal solid 
waste during the collection, transportation, treatment 
and processing. In this research, the functional unit is 
defined as the amount of waste produced in the year 
2011 by the rural areas with a density of 20 
inhabitant’s km-2 generated per capita. Table 2 details 
some relevant aspects of the definition and scope of 
the case study: 

  
Table 1. MSW collection data in the different municipalities of the Southwestern region of the department of Norte de Santander 

 

Municipality No. Trucks Capacity (t) 
No. of loads 

per week 
Travel distance to 

landfill (Km) 

Solid waste 
per capita (kg 

day-1) 
Cacota 1 10 1 43 0.96 
Chitagá 1 10 2 58 0.70 

Cucutilla 1 10 1 54.5 0.90 
Mutiscua 1 10 1 35 1.20 
La bateca 1 10 1 37 0.84 
Pamplona 2 10 2 12 0.84 

Silos 1 10 1 49 0.92 
Toledo 1 10 2 51 0.39 
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Table 2. Processes defined to establish LCA definition and scope 

 
Definition Concept Description of impact 

Collection – transport 
It considers the impact of residue 
collection and transport to the 
landfill. 

Environmental evaluation of fuel consumption in the 
different macro routes leading to the landfill. 

Final disposal of solid 
waste in the landfill. 

Evaluation of residue and/or 
product processing strategies. 

Evaluation of the impact produced by inputs such as fuel 
and electric power used in the process (tractor employed 
for soil removal, compactors), as well as the environmental 
impact of residues once they are in the landfill. 

 
The different final disposal scenarios for the 

management of the wastes generated are described as 
follows: 

Landfilling: all the wastes are disposed to 
landfill. This scenario includes the dump 
infrastructure, the use of land and the effect of the 
landfilled waste (leachate). Wastes that are to be 
landfilled are special wastes disposed of in 
underground deposits or controlled landfills, inert 
wastes are disposed of in inert material landfills and 
non-special wastes are disposed of in landfills or 
sanitary landfills. 

Recycling: Two recycling scenarios are 
considered, see Table 4 for each description. In both 
scenarios, recyclable wastes are sent to a local 
recycling plant located in the city of Pamplona which 
is located 8km from the sanitary landfill; non-
recyclable wastes are sent to landfill. This scenario 
takes into account the plant infrastructure, recycling 
process, products obtained and wastes generated. 
 
2.4.2. Life cycle inventory analysis 

Life cycle inventory analysis involves data 
collection and calculation in order to quantify the 
inputs and outputs of a product or service. At each of 
these    stages   of   the    process,   inputs    (materials,  

 
 

resources and energy) and outputs (emissions to the air 
and water, as well as solid waste) were calculated. Fig. 
2 shows a schematic diagram of the inputs and outputs 
of the process. 

Finally, the following assumptions have been 
considered in the present study: 
-LCA calculation regarding electric generation was 
used for the year 2011 corresponding to 56,887 GWh. 
This involves an energetic mix made up of 
hydroelectric power 80%, cycle combined 12%, coal 
7% (adapted from Ortiz et al., 2010). 

- population mixes all their waste in unclassified 
polythene bags. Bag manufacturing was not counted 
in the environmental impact study. 

- emission factors: 3% Sulphur is annually released 
into the atmosphere as H2S. 

- emission factors of biogas combustion: CO (800), 
NO2 (100), HCl (12), HF (0.02 mg m-3). 

- gas emissions of the leachate as affected by waste 
treatment were measured in terms of CH4 (55%) and 
CO2 (45%). CO2 emitted in the landfill is of the 
biogenic type; therefore, it was not taken into account 
in the calculation of global warming. 

- heavy metals released into the atmosphere: 
Mercury (Hg) and Cadmium (Cd) mainly due to 
discarded batteries 
 

 
 

Fig. 2. Diagram of the current landfill operation as evaluated by LCA. 
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2.4.3. Life cycle impact assessment 

The Ecoinvent V2.01 database was used to 
obtain the inventory data of the processes involved in 
the study. The actual impact assessment is based upon 
the CML 2 method (CML, 2001) developed by Leiden 
University's Centre for Environmental Science (CML, 
2001). In the present case study, we categorized 
Global Warming (GWP) (kgCO2-Eq), Acidification 
(AP) (kg SO2-Eq) and Human toxicity HT (kg 1.4-
DCB-Eq). Finally, the last phase of LCA is 
interpretation, corresponding to result analysis and 
discussion. 
 
3. Results and discussion  
 
3.1. SMW characterization results 
 

Solid waste collected in different 
municipalities of the southwestern subregion were 
mainly generated by households and commercial 
establishments, which is consistent with previous 
research reported by Marmolejo et al., (2012), in the 
sense that urbanization and population growth are 
some of the most influential factors affecting total 
waste generation.  

The residues were grouped in twelve categories 
of practical management according to their (organic or 
inorganic) nature and to their treatment vocation. 
Recyclable material averaged 27%, while rubber, 
leather and metal products showed a relatively low 
participation. This is partly due to the increasing 
substitution of these metals in the packaging and 
presentation of consumer home products. This allows 
stating that household waste is not a major source for 
the recycling of these materials. In the case of glass 
and plastic we can see a greater representation. In most 
significant waste fractions organic material were 
found which include Kitchen garbage and yard waste 
and other types of biodegradable material and other 
plastics waste made from PVC and polyethylene bags. 
In addition, residues of cardboard, paper, textiles 
including rubber  and  leather, wood  and  ferrous and  

nonferrous metals and ceramic products waste were 
also found. Table 3 shows the composition of these 
samples 

Determining the volume and type of recyclable 
materials involves selecting those that are to be 
collected, since not all materials generated in a 
municipality can be selected. Some may be discarded 
due to low available volumes resulting in economic 
unfeasibility, or to lack of destination markets in the 
area. It is important to remember that the market 
situation is constantly changing, so a non-viable 
product at a given time may become feasible later on, 
and vice versa.  

The percentage of treatable organic materials is 
comparatively more representative (66%), which 
allows the possibility to introduce some kind of 
utilization at the source. When comparing the results 
to the literature (Marmolejo et al., 2012), in most cases 
the organic material ranges from 25% to 65% of 
residential MSW, while paper values are constant, 
ranging between 20% and 40% weight in most cases.  

For their part, textiles (typically in the range of 
2 - 5% by weight), together with paper and organic 
matter explain most of solid waste flow. Finally, 
untreatable hazardous waste such as batteries and 
disposable diapers represent 1 - 4% of household 
waste by weight. Fig. 3 shows the total MSW 
composition data employed for the current LCA of the 
south-western region of the department of Norte de 
Santander.  

Within the characterization of the studied 
waste, Pamplona is outstandingly important as the 
second municipality of the department due to its great 
demographic and urban growth during the last 10 
years. This condition has mainly resulted from the 
student population increase, which, through the 
University of Pamplona, is the base of the city's 
economy. This information is essential not only to 
design an appropriate system of integrated waste 
management, but to provide support for rural 
development planning in the province since the 
landfill is located on the perimeter of the city. 

 
Table 3. Classification of MSW from different municipalities in the south-western region of the department of Norte de 

Santander, Colombia. 
 

Residue category Cacota Chitaga Cucutilla La Bateca Toledo Mutiscua Pamplona Silos 
Domestic MSW arising 

(kg capita−1 day) 
0.96 0.70 0.90 0.84 0.39 1.20 0.84 0.92 

Organic material (%) 53 34 33 40 31 41 41 40 
Paper (%) 4 6 9 5 6 7 5 6 

Cardboard (%) 6 10 11 7 11 6 9 9 
Plastic (%)  6 8 10 6 16 7 7 6 

Rubber and leather (%)  4 0 4 2 3 5 1 7 
Textiles (%)  5 13 6 4 9 7 6 4 
Wood (%)  0 0 0 5 2 3 2 0 

Metallic products (%)  5 5 6 5 4 2 6 6 
Glass (%)  7 9 15 12 9 10 12 14 

Ceramic products (%) 0 0 0 3 0 0 4 1 
Bones (%)  2 6 3 7 3 3 2 0 
Others (%) 8 9 3 3 5 9 6 8 
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Fig. 3. Domestic solid waste percent composition in the 
south western region of the department of Norte de 

Santander. 
3.2. LCA Results 
 

Although the landfill is not classified as a 
treatment, it is, indeed, a component of solid waste 
final disposal, and a baseline scenario for calculating 
the environmental impact of MSW at La Cortada 
landfill. This implies the temporary persistence of the 
current practice of disposal without recovery of 
recyclable materials, nor any processing, composting, 
worm composting, incineration, pyrolysis, 
thermolysis, gasification, or other waste treatment.  

From the figure above, it can be seen that the 
main environmental impact in the global warming 
category corresponds to final disposal in the landfill 
(95%), followed by electricity (4%) and transportation 
(less than 1%). The biggest impact in this stage of the 
process is due to air emission of methane (83%) and 
nitrogen     oxide    (10%),      resulting     from      the  

 

biodegradation of MSW. With respect to the process, 
the main source of emissions is organic waste (44%), 
cardboard (34%), paper (19%), plastic (1%) and other 
residues (2%). 

According to the environmental impact of 
human toxicity, the process represents 98%. The 
remaining 2% corresponds to electricity. Finally, 77% 
of adverse environmental impact of acidification 
belongs to the process. The contribution to 
acidification is due to air emission contributing 
compounds such as SO2 by 53% and 47% NO2, from 
the process of biodegradation of the waste. Fig. 4 
shows the total environmental impacts of the studied 
MSW.  

According to the environmental impact of 
human toxicity, the process represents 98%. The 
remaining 2% corresponds to electricity. Finally, 77% 
of adverse environmental impact of acidification 
belongs to the process. The contribution to 
acidification is due to air emission contributing 
compounds such as SO2 by 53% and 47% NO2, from 
the process of biodegradation of the waste (Fig. 5). 

Finally, in the studied municipalities there are 
no companies that are using byproducts of solid waste 
development, so that the description of the 
environmental impacts is focused on the collection 
and transportation, sweeping and cleaning of public 
areas and final disposal of waste. Regarding the 
collection and transportation of solid particulate 
material generated, and CO2 emissions produced from 
internal combustion engines. Vehicles transporting 
waste were the major sources of particulate pollution 
as the compactors produced little pollution.  

Particulate material generated by sweeping and 
cleaning public areas has a short-term impact, and 
goes to the Cortada landfill, which has an 
environmental license. In addition, some waste is 
spilled onto public roads but also generated by people 
who go through other peoples’ garbage looking for 
recyclable material along waste collection routes. 
Sometimes compacter trucks leak solid waste during 
the compacting process. 

 

 
 

Fig. 4. MSW Environmental impact results 
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Fig. 5. Environmental impact of La Cortada landfill's 
(Pamplona, Colombia) process on 

global warming in Kg CO2Eq. 
 

It is recommended to focus attention on the 
management of waste final disposal, as it is the largest 
emitter of environmental impacts. Therefore, two 
additional scenarios are proposed for proper waste 
disposal: the possible involvement of separation and 
the use of composting. Both options present different 
disposal processes for treatable MSW. The materials 
that can be reused and recycled are used as raw 
material for other sub-products, which could prevent 
the process of production, transport, and energy 
consumption. The proposed scenarios are detailed in 
Table 4.In comparing waste management in the three 
proposed scenarios in terms of global warming, we 
can observe that the optimistic scenario is the greenest 
one,  wherein  MSW is better  recycled and used, as it  

 

prevents   the emission  of  460 Kg CO2 Eq inhab-1  

year-1 (equivalent to 57%) (Fig. 6.) 
However, to achieve the reuse and recycling of 

waste, we propose the creation of small businesses 
which can improve people's socio-economic 
conditions. This will undoubtedly become a source of 
employment for many families in the community. 
Acceptance of composting is still low in our area 
because most farmers in rural areas show certain 
psychological resistance to products derived from 
waste, thus being more responsive to fertilizers. 

It is further suggested to introduce strategies 
for collecting the batteries used in cell phones and 
other appliances, which are starting to become 
increasingly more frequent, and for which there are no 
recycling strategies. Finally, with regard to waste 
resulting from housing and demolition, we 
recommend reusing it for street patching. 
 
4. Conclusions  
 

The environmental impacts generated by the 
handling and disposal of solid waste depend on the 
socio-economic characteristics of the particular 
geographical area where they are analyzed. This 
undoubtedly does not mean that controlled solid waste 
management processes do not generate positive and 
negative environmental impacts; in these cases, 
however, the tools and mechanisms needed to prevent, 
mitigate, correct or offset any negative impacts or to 
potentiate positive ones are certainly available. 

 
Table 4. Description and details of MSW proposed scenarios. 

 
Scenarios Description of MSW 

Current baseline scenario 
The use of solid waste and composting as a strategy is not implemented to mitigate 

the environmental impact generated waste. 

Scenario 1 “optimistic” (adequate 
recycling) 

Recycling 80% of paper, cardboard and plastic; 50% of glass and materials 
containing iron, aluminum, copper, brass or steel. Application of the separation and 

composting processes to 50% of the waste reaching the landfill. What is not 
recycled, recovered or used for composting is disposed in the landfill. 

Scenario 2 “pessimistic” (moderate 
recycling) 

Recycling 50% of paper and cardboard; and 25% of glass and materials containing 
iron or steel. Application of the separation and composting processes to 25% of the 
waste reaching the landfill. What is not recycled, recovered or used for composting 

is disposed in the landfill. 
 

 
 

Fig. 6. Results of MSW alternative management scenarios 
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Alternatives such as cardboard, paper, plastic, 

glass and metal product recycling, as well as 
composting of organic materials can generate 
employment and recover materials, all of which is 
essential for improving the sustainable development 
of our region. 
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