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Abstract  
The generation of urban waste represents a problem for cities, so 
quantifying and analyzing its generation is fundamental for 
municipal planning. To obtain these data, a study was conducted 
in Riobamba, forty households were selected, and data were 
collected, phase I determined the composition of the waste based 
on the quartering methodology, in phase II a pilot source sepa-
ration program was implemented and quantified, with the data 
obtained estimates were made according to different percentages 
of recovery of materials compared to the extension of the useful 
life of the landfill. The result showed that the generation rate per 
capita was 0.71 kg/person/day, translated into about 200 tons of 
waste generated per day in Riobamba city. In terms of compo-
sition, the fraction of organic waste constitutes the largest 
proportion in the two phases with percentages of 60% and 73%, 
recyclables 20% and 12% and disposable 20% and 15%, which 
indicates that in the phase of separation at the source, the 
families created more awareness about the gen-eration of waste, 
so it is important to implement management practices to reduce 
the waste volume to a final disposal which will contribute to 
extend the useful landfill life up to 27 years. 

 

1. Introduction 

One of the objectives of the Sustainable Development Agenda 2030 is to 
"make cities more inclusive, safe, resilient, and sustainable”, by lessen 
adverse environmental effects by 2030, with an emphasis on air quality 
and waste management [1].  
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In this context, cities around the world are concerned about waste, 
mostly because of the harm it does to public health and the 
environment. An excessive amount of solid waste produced, causes 
environmental pollution of soil, water and air [2] and is consid-ered a 
significant problem due to disposal issues like the decrease of available 
areas for the construction of sanitary landfills [3], so that municipal solid 
waste management (MSWM) has been top on the agenda in many 
gatherings [4] of multiple international events for sustainable 
development [5] growth of urban sanitation and waste manage-ment 
facilities is essential for reaching sustainable development targets by 
2030 [6]. 

 Thus knowledge of the quantity and composition of urban solid waste is 
essential for planning [7]. So it is that many countries have undertaken 
process of ordering and regulating solid waste through mechanisms such 
as MSWM Policy [3]. In general, the ac-curate design of the waste 
management strategies requires statistics and knowledge on waste 
generation and composition, that are among the most important factors 
to consider when selecting the most appropriate collection methods, 
treatment technology and final disposal [8], but unfortunately data are 
lacking in many developing countries [7,9,10] 

The world is experiencing and environmental crisis, marked by excessive 
generation of waste, in particular household waste fed by consumerism 
and the effects of urbaniza-tion [11,12]. Its proposes problems for 
proper management, mainly due to the diversity of waste related to the 
consumption habits of the population, the scarce economic resources 
allocated for waste management and the lack of education and culture 
of the population, has caused the problem of comprehensive urban solid 
waste management [13].  

Other problem that face some low development countries is the lack of 
mechanisms to help reduce generation, sorting at source and recycling 
so in their waste management system prevails under the final disposal 
scheme, where waste removal from urban centres and subsequent 
destruction of the waste were the only methods of MSWM [14], leaving 
behind the use, recycling and treatment of waste, as well as the final 
sanitary and envi-ronmentally adequate disposal [15]. 

The world’s annual waste generation is actually 2.01 billion tons (33% of 
that is not managed in an environmentally safe manner) and is expected 
to increase to 3.40 billion tons in 2050 [16]. High-income countries 
generate about 34% of the world’s waste, while the total quantity 
generated in low-income countries is expected to increase more than 
three times by 2050 [6]. In Ecuador, 12,671 tons of solid waste are 
produced daily and only 13.5% of this waste is collected in a 
differentiated way and recovered properly [17]. Mu-nicipalities have 
traditionally focused their efforts on solid waste management, through 
the elimination and destruction of solid waste in urban centres [14], so 
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that a large amount of the waste generated is disposed of in landfills or 
cells without being recovered, recycled or reused. 50.5% of 
municipalities dispose of urban solid waste in landfills, 31.4% in 
Emerging Cells and 18.2% in dumps [17].  

In this sense, since 1992, during the United Nations Conference on 
Environment and Development, governments are urged to consider 
aspects of the environmentally sound management of solid, industrial 
and municipal waste, recommending the implementa-tion of practices 
to reduce the generation of waste, increased recycling, reuse and 
disposal of waste in an environmentally safe way, in order to put the 
planet on the way to a safer and more sustainable future [18]. In 2021, 
the Circular Economy and Inclusive Recycling Law is published in 
Ecuador, which focuses mainly on protecting, recognizing, valuing, and 
promoting recycling and waste management mechanisms, with the aim 
of defining ecological criteria and mechanisms to promote the 
environmental management of waste and reduce its generation as a 
mechanism for economic well-being, creation of employ-ment sources 
and reduction of consumption of non-renewable resources. 

The proposal of this study is to provide the municipality of Riobamba 
with inputs and information on the characterization of household urban 
solid waste to generate in-formation to promote sustainable actions on 
the comprehensive management of solid waste in the city of Riobamba 
and consider circular economy strategies framed the sepa-ration of 
waste at the source and inclusive recycling.   

 

2. Materials and Methods 

The data for this research was collected in a temporary period between 
January 3 and February 9, 2022, during two phases, analysis of the 
behaviour in the generation of waste (Phase I) and separation plan at 
the source (Phase II) at Los Alamos neighbourhood of Riobamba city, to 
collect data to analyse the generation, composition, and predisposition 
of source waste separation 

2.1. Case study area  

Riobamba is in the central highland region of Ecuador at 2,754 meters 
above sea lev-el, it is the capital of the province of Chimborazo and has 
an area of 2,823 hectares. Due to its location, it becomes the connection 
zone between the other geographical regions of the country. Riobamba 
has a population of 225,741 inhabitants, from which 70% live in urban 
areas and 30% in rural areas, with a population density of 2654 
km2/hab. Its main eco-nomic activity is agricultural production in rural 
areas and commerce in urban areas [19].  
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2.2. Sampling technique, data collection and determination of 
generation and waste composi-tion. 

For the selection of the study and sample population, a discriminative 
research was carried out based on direct observation of neighbourhoods 
that meet the inclusion criteria: be a residential neighbourhood; close to 
the city centre for logistics and execution facility of the pilot study; have 
base recyclers to seek their participation in the project, safety in the 
neighbourhood and finally that a previous work of edu-communication 
has been carried out so that, they have knowledge about waste 
separation at the source. A statistical pro-cedure was used to determine 
the number of samples to be analysed and obtain results with 
reasonable precision. In this sense, the sample size was determined 
using the for-mula for sampling a proportional population, obtained with 
the Q sample calculator with an expected error of 10% and 85% 
reliability, determining a sample size (n = 40) from a universe of 169 
households [20].  

To determine the characterization of the generation of waste, the 40 
homes were se-lected randomly, with which a socialization was carried 
out to explain the objective of the investigation, schedules, and 
requirements for the collection of waste in the selected homes, during 
this stage. Eight oxo-biodegradable black plastic bags were delivered, so 
that the research participants could deposit their solid waste from their 
homes. The mate-rial collected daily was taken to the Porlón sanitary 
landfill and placed in a covered area. Once the solid waste collection 
process was completed, they were quartered using the fol-lowing 
methodology [21]. 

Figure 1. Quartering methodology 

 

Two complete quadrants were extracted, seeing that, the sample was 
not managea-ble, a quartering was made again as indicated in figure 1. 
Subsequently, the waste was separated, based on its physical 
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properties: organic, disposable, paper and cardboard, plastics, textiles, 
metals, styrofoam and tetrapack and subsequently the weight was de-
termined by gravimetry [22]. Per capita production was determined 
using the following equation [21]. 

𝑃𝑒𝑟 𝑐a𝑝𝑖𝑡𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑃𝑃𝐶)  

=  
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑(𝐾𝑔/𝑑ay)

𝑇𝑜𝑡𝑎𝑙 population served (inℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑠/𝑑𝑎𝑦)
 

Where, the total amount of waste collected was determined by adding 
the weights generated each day divided by the total population served 
determined by adding the number of members in each family 

In (Phase II), the pilot plan for waste separation at the source was 
implemented, which lasted four weeks, its objective was to promote and 
analyse the levels of predisposi-tion for waste separation in the selected 
homes, for which separation kits, made up of: oxo-biodegradable plastic 
bags of different colours so that participants can separate waste, organic 
(green bags), recyclable (blue) and disposable (black), in accordance with 
Ecuado-rian regulations on the standardization of colours for deposit 
containers and temporary storage of solid waste [23]. The level of 
predisposition was analysed considering the number of deliveries made 
by each participating family in the two phases. 

Finally, with the results obtained during phase I and II, the amount of 
waste that en-ters to Porlón landfill with respect to its useful life was 
determined, in addition, 6 scenari-os were proposed regarding the 
amount of solid waste that enters daily and the extension of the useful 
life of filling [24]. 

Table 1. Variables for determining the maximum capacity of Porlón 
landfill. 

Variable Considerations 

Useful life of 
landfill 

Starting: 2015 

Fin: 2026 

Production Per 
Capita 

2015 – 2021: 0,6 Kg/person/day 

2022 – onwards: a value of 0.74 kg/person/day was used 
and the PPP was calculated for the rest of the years with a 
growth rate of 0.5% corresponding to small or simple 
populations. 

Population 

2015 – 2020: projections proposed by INEC 

2021 – onwards: the population growth rate is established 
using equation 4.Pf=Po*(1+r)t 

Maximum load 
capacity of the 
landfill 

The maximum amount in weight that the landfill can store 
was determined by adding the amount that has entered and 
will enter the landfill from 2015 to 2026, due to the lack of 
volumetric data provided by the GAD. 
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The data used were provided by the municipality. Table 1 establishes the 
variables used to determine the maximum load capacity of the landfill. 

The proposed scenarios consist of reducing the amount of waste 
entering the landfill, respecting to the characterization carried out in this 
project and based on other assump-tions. To obtain the values in 
different scenarios, the annual production was determined with the 
respective decrease of each scenario. In other words, in scenario 2 it is 
expected that only 80% of the waste produced annually enters the 
landfill. Therefore, the produc-tion of each year was multiplied by 0.8. 
Subsequently, the production of waste was added from 2015 to the year 
in which an approximate value is obtained to the total load of the 
landfill. In the second scenario, the maximum capacity of the landfill is 
reached in 2027, that is, the life of the landfill is extended by 1 year. This 
process was replicated to the rest of the scenarios, determining a 
different value for each one. 

 

3. Results 

The results show that the level of participation in phase I (Behaviour in 
the Genera-tion of Waste) was 75% that delivered the waste between 4 
and 7 days and in phase II (Separation at the Source) it was 73%, which 
indicates there was an adequate level of par-ticipation allowing 
obtaining the necessary weights for the study, as well as, showing that 
there is a high level of predisposition and response of citizens to 
implement projects and pilot plans related to comprehensive waste 
management.  

During phase I, the implemented methodology allowed obtaining 
adequate samples of solid waste to determine the per capita production 
and the composition of the materials generated by the population of a 
standard neighbourhood in Riobamba city. For this pur-pose, the users 
of the selected welling’s were instructed to deliver the waste in 
accordance with the storage and management practices that each 
household carries out on a daily ba-sis to dispose of it in the containers, 
it was also evidenced that all the selected families do not classify at the 
source or have recycling practices, with these data was proceeded to 
count the weights and the number of participating families. 

Table 2. Summary of results of urban solid waste generation – Los Álamos 
neighbourhood – First Phase. 

Day of collecting Number of 
inhabitants 

Waste quantity 

(Kg/day) 

PPC (Kg/inhab/day) 

D1 85 89.43 1.05 

D2 95 68.34 0.71 

D3 93 55.13 0.59 
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Table 2 shows the amount of waste generated, collected, and weighed 
per day, ac-cording to the day of waste generation can be seen that not 
all families delivered the waste daily and the weights vary from day to 
day. Therefore, to obtain the value of generation per capita, an average 
was made in which a value of 0.71 kg/person/day was obtained. The 
total waste collected in this phase reached 425.05 Kg, weight with which 
the total quartering was carried out with a control sampling, obtaining 
the following results. 

Table 3. Composition of urban solid waste generation Neighbourhood Los 
Álamos – First Phase 

Type of waste Quarter 
Weight Total 

Percentage 
Quarter Total 

Quarter 
Weigh    
Control 

Percentage 
Quarter Control 

Organics 63.525 60% 32.1 58% 

Disposable 
(others) 

19.175 19% 10.1 18% 

Paper and 
paperboard 

7.892 7% 2.37 4% 

Plastics 6.232 6% 5.33 10% 

Textile 3.920 4% 2.08 4% 

Cans and metals 2.295 2% 1.18 2% 

Polystyrene 1.622 2% 0.89 2% 

Tratra pack 0.6475 1% 0.59 1% 

Glass 1.07 1% 0.29 1% 

Total 106.38 100% 54.93 100% 

Table 3 shows the behavior of urban solid waste from Los Álamos 
neighborhood during phase I. The composition of different types of 
waste is evidenced both in total and in the control quartering, obtaining 
as results percentages that corroborate the robustness of information 
collected and the results obtained. 

D4 119 90.37 0.75 

D5 105 47.98 0.45 

D6 44 30.59 0.69 

D7 64 43.22 0.67 

Production Per capita (PPC) 0.71 
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Figure 3. Composition of urban solid waste generation in Los Álamos 
neighborhood – First Phase. 

 

The analysis of the composition of urban solid waste collected during the 
first phase (figure 3) indicates that 60% is organic; 18% is disposable, 
plus 2% is polystyrene, which is a type of expanded polyethylene and 
whose composition cannot be recycled or is cur-rently not recycled in 
the country; Finally, the remaining 20% corresponds to recyclable 
materials such as plastics, paper and cardboard, glass, among others. 

During the second phase, the participating households were subjected 
to an educa-tion program for separation at the source and participation 
and separation were motivat-ed in the following weeks, the program 
consisted of the delivery of colored covers, delivery of educational 
material to learn about the days and hours of collection of organic 
materi-als (Monday, Wednesday and Friday) and disposable and 
recyclable Saturdays. The waste was collected and weighed during 
collection at each address and the following re-sults were obtained. 

Table 4. Summary of the composition of waste in the Los 
Alamos neighborhood – Second Phase 

 

Waste Composition Percentage  

Organics 73 % 

Recyclable 12 % 

Disposable 15% 

Table 4 shows the composition of waste by class during the second 
phase, thus, dur-ing the 4 weeks of differentiated collection, 73% of the 
waste corresponds to organic, 12% recyclable and 15% disposable.  

In this phase the percentage of organic increase from 60% to 73% and 
the percentage of recyclables also decreased to 12% due to the fact that 
much of the material was deliv-ered to base recyclers or was used by the 

60%

18% 7% 6% 4% 2% 2% 1% 1%
0%
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neighbourhoods’ families and this waste was not delivered and was not 
accounted for. 

In the same way, the percentage of unacceptable waste decreased to 
15%, this hap-pens mainly because by separating the waste, a greater 
amount of organic and recyclable material can be recovered, since it is 
not mixed with other waste such as disposable. In this way, it is 
observed that the waste separation pilot plan provided favourable 
results, considering the decrease in recovered disposable waste.  

This decrease is mainly due to the fact that the waste, when classified, is 
more likely to be recovered, some of the recovered wastes are either 
reutilized at the source within the same families or sold to recyclers, 
locally known as recicladores de base (persons who practice the 
exchange of recycled waste for other goods) [25]. 

In the same way, it is observed that in composition in the second phase 
the genera-tion of organic waste slightly increased and the number of 
disposables and disposables decreased, which can mention that by 
classifying the waste it is avoided that organic and recyclable material is 
lost and it is consider as disposable. 

Comparing the weights obtained during the Phase I and Phase II study, 
the follow-ing weights were obtained. 

Figure 4. Weights of waste collected per week – Los Alamos 

 

Figure 4 shows a decrease in weights collected when comparing phase I 
with phase II, which maintain an average of 286.16 kg of waste. 

Figure 5. Quartering methodology application at Porlón landfill. 
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Once phase I and II of the project were completed, the load capacity of 
the Porlón landfill was determined with the variables established in 
table 1, obtaining the values presented in table 5, and a maximum 
capacity of 774,342 tons of waste. for a period of 11 years (2015 – 
2026). This scenario is proposed considering that there is no separation 
of waste at the source in the city and that waste recovery is minimal. 

Given this situation, scenarios were proposed the amount of waste 
entering the land-fill be reduced, mainly by separating solid waste in 
homes and using it through activities based on circular economy.  

The scenarios, considering the population growth can be maintained, 
the increase in per capita waste production, as well as, the 
implementation of waste separation strategies and programs at the 
source, in addition to recovering a percentage according to the sce-
narios proposed from the year 2022 (table 6). 

 

 

Table 5. Estimation of the load capacity in weight of Porlón landfill 

Year Population PPC 
(kg/inhab/day) 

Kg/day ton/day ton/ 
month 

ton/yea
r 

2015 249891 0,6 149935 150 4498 54726 

2016 252865 0,6 151719 152 4552 55377 

2017 255766 0,6 153460 153 4604 56013 

2018 258597 0,6 155158 155 4655 56633 

2019 261360 0,6 156816 157 4704 57238 

2020 264048 0,6 158429 158 4753 57827 

2021 267238 0,6 160343 160 4810 58525 

2022 270466 0,74 200145 200 6004 73053 

2023 273734 0,74 203576 204 6107 74305 

2024 277041 0,75 207065 207 6212 75579 

2025 280388 0,75 210615 211 6318 76874 

2026 283775 0,75 214225 214 6427 78192 

Total capacity in weight of the landfill until 2026 (ton) 774342 774342 
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Once the projections were made and the scenarios determined, the 
values for each of them were obtained. This is how, if waste 
management continues without any type of waste separation program 
at the source and without any form of waste utilization, the useful life of 
the landfill will be until the year 2026. This contrasts with the 
information provided in Figure 5, detailing the increase in landfill life as 
less waste enters the landfill. 

Figure 5. Scenarios of landfill useful life extension 

 

0 1
4

13
16

27

2010

2020

2030

2040

2050

2060

0

5

10

15

20

25

30

Scenario 1
- 100%

Scenario 2
- 80%

Scenario 3
- 50%

Scenario 4
- 25%

Sscenario 5
- 20%

Sscenario 6
- 12%

Ye
ar

 -
La

n
d

fi
ll 

lif
e 

en
d

s

Ye
ar

s 
-

ex
te

n
si

o
n

 o
f 

u
se

fu
l l

if
e

Years - extension of useful life Year - Landfill life ends

Table 6. Scenarios for the reduction of urban solid waste entering the Porlón landfill 

Scenario Description 

1 Enter 100% of waste as currently happens, there is no separation at source, use 
of organic and recyclable. 

2 Enter 80% of waste corresponding to organic and disposable according to this 
study, the remaining 20% (recyclable waste) are recovered. 

3 Enter 50% of waste corresponding to disposables and a fraction of organic 
according to this study. The remaining 50% (organic and recyclable fraction) 
are recovered and used. 

4 Enter 25% of waste corresponding to disposable and a small fraction of organic 
according to this study. The remaining 75% (organic and recyclable fraction) 
are recovered and used 

5 Enter 20% of waste corresponding to disposable waste reported in this study. 
The remaining 80% (organic and recyclable) are recovered and used 100%. 

6 Enter 12%, corresponding to the fraction of disposable waste in the event that 
there is an adequate separation of waste. The remaining material is used and 
recovered. 
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If programs and/or pilot plans for separation at the source are 
implemented, it would be possible to extend the useful life of the landfill 
by one year if 80% of waste is entered, 4 years if 50% is entered, 13 
years if 25%, 16 years if 20% enters and 27 years if 12% of the waste 
enters, so recycling can help diversion of Municipal Solid Waste from 
overstressed public landfills extending their operation life [26].  

 

4. Discussion 

This study reveals that in the city of Riobamba a standard 
neighbourhood generate has 0.71 kg/person/day of waste, the 
generation of urban solid waste is closely related to the number of 
inhabitants and the socio-economic factors particularly household size 
and income of a particular area [27,28], in this case the per capita 
production is similar to commercial, industrial and tourist cities in 
Ecuador [29], other studies show that the so-cio-economic conditions of 
the population directly influence waste generation [10], mainly due 
factors like gross domestic product in developing countries or the impact 
of the tour-ism among others [30]. Several authors mention there is a 
trend in the PPC of household waste, being higher in high socioeconomic 
extracts, which indicates the upper classes with higher consumption 
tend to generate more waste [31]. The residues also differ in 
composition [32-34], so that households having low income have a high 
percentage of or-ganic matter, and household having middle- and high-
income households the percentage of organics is decreasing and the 
percentage of waste like paper, plastic, glass, and metal fractions 
increase in the waste, this pattern in the waste composition is attributed 
to high spending among better-off people on packaging materials and 
much disposed [35]. 

This trend of consumption and generation of waste is aggravated since 
the popula-tion is exposed to the introduction of new consumer 
products with a limited useful life and scheduled expiration [36]. 

However, in this study with proper separation at the source, 
differentiated collection and proper management the high percentage 
of organic waste could be managed and used to produce compost and 
other derivatives, since it is a practice widely accepted as sustainable 
and used in all systems associated with climate-smart agriculture, since 
it combines the protection of the environment with sustainable 
agricultural production [37].  

Also since Riobmaba's main source of income is the production and 
commercializa-tion of agricultural products, such as potatoes, quinoa, 
broad beans, barley, kidney toma-toes, beans, peas, corn, among others, 
organic material could help improve the quality of the soils that is poor 
in all over the canton [38]. 
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The recycle waste generated also can be recovered and returned to the 
production chain through circular economy strategies and can be 
managed by including grassroots recyclers in order to reinforce 
collection logistics of the city and promote the development of this 
vulnerable sector, in addition to the fact that these can be recovered by 
the grass-roots recyclers of the association of recyclers Manos que 
Limpian (ASOMALIM); who work under extreme conditions of risk and 
unhealthiest without state support. 

The information gathered in this study shows that the sanitary landfill 
receives about 200 tons of waste per day, but does not have all the 
appropriate environmental conditions for waste management because 
there is no good leachate management, no adequate con-trol of odours, 
rodents and pests, mainly due to poor public management, in this 
context the results have shown that the best scenario is to increase any 
percentage of recovery thought improving waste management to 
increase landfill useful life, however, in several countries, llandfills are 
still the main means of household waste disposal [6], and spend 
between 20 and 49% of municipal revenues on waste, this amount is 
often unable to keep pace with the magnitude of waste generation [39]. 

Although municipalities have the responsibility to design and implement 
selective collection systems at source and recycling practices, many of 
them shown limited capa-bilities for improving sortation of waste from 
winding up as rejects in public overloaded landfills or leaked as littering 
into the environment [26]. Also, because land is scarce, hu-man 
settlements encroach on landfill space and, in some cases, local 
governments en-courage the construction of new buildings directly on 
top of operating or recently closed landfills [4]. 

 

5. Conclusions 

This study reveals that Riobamba's per capita generation in an upper-
middle income neighborhood generates 0.71 kg/inhabitant/day of 
waste, an average per capita production similar to that of other cities 
with high economic growth, suggesting that Riobamba is a growing city 
with higher purchasing power. The organic fraction is the highest with a 
flow of between 60% and 73% depending on the management practices 
and separation of waste at the source, indicating that while separation 
practices improve, a higher percent-age of organic and recyclable waste 
can be recovered and could be used as raw material for other processes.  

The results also indicate a high percentage in the level of predisposition 
of citizens for the waste separation at source, for this reason, the 
application of waste management pro-grams like recycle or source 
separation would considerable acceptance, which is why the Municipally 
is urged to maintain the source separation programs in Los Alamos and 
ex-pand to other neighbourhoods.  
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If the waste separation is promoted on a large scale, adequate 
conditions would be presented for the use and recovery of recyclable 
and organic waste, through practices based on circular economy. This 
will generate social, environmental and economic bene-fits for the 
citizens and municipally. 

Separation at source plans would increase the use of waste in circular 
economy, the useful life of the city's sanitary landfill will be extended up 
to in 27 years if only the frac-tion of waste considered disposable would 
be located in the landfill, for which it is neces-sary that public policies be 
implemented from the competent agencies aimed at improving the solid 
waste management system and inclusion of base recyclers in these 
processes. 

 

Bibliography  

1. ODS. Objetivos y metas de desarrollo sostenible. Available online: 
https://www.un.org/sustainabledevelopment/es/objetivos-de-desarrollo-
sostenible/ (accessed on  

2. Espinoza-Villarreal, V. CARACTERIZACIÓN BACTERIOLÓGICA DE LOS 
RESIDUOS SÓLIDOS GENERADOS DENTRO DEL CAMPO DE LA UNIVERSIDAD 
AUTÓNOMA DE CHIRIQUÍ, PANAMÁ. 2019. 

3. Franco, E.F.; Padrón Iglesia, W.; Pérez Teruel, K. Household Solid 
WasteManagement in the Dominican Republic: Case of the Municipality of 
Puñal, Santiago. Sustainability 2022, 14, 3149. 

4. Nabegu, A.B. Municipal solid waste characteristics in three residential 
zones of Kano metropolis: Implications for management. Maiduguri 
Journal of Arts and Social Sciences 2008, 6, 199-210. 

5. Nabegu, A. Constraints to Municipal Solid Waste Management in Bauchi 
Metropolis, Nigeria. 2016. 

6. Kebaili, F.K.; Baziz-Berkani, A.; Aouissi, H.A.; Mihai, F.C.; Houda, M.; 
Ababsa, M.; Azab, M.; Petrisor, A.I.; Fürst, C. Characterization and Planning 
of Household Waste Management: A Case Study from the MENA Region. 
Sustainability (Switzerland) 2022, 14, doi:10.3390/su14095461. 

7. Bolaane, B.; Ali, M. Sampling Household Waste at Source: Lessons Learnt 
in Gaborone. Waste management & research : the journal of the 
International Solid Wastes and Public Cleansing Association, ISWA 2004, 
22, 142-148, doi:10.1177/0734242X04044970. 

8. Phuong, N.T.L.; Yabar, H.; Mizunoya, T. Characterization and Analysis of 
Household Solid Waste Composition to Iden-tify the Optimal Waste 
Management Method: A Case Study in Hanoi City, Vietnam. Earth 2021, 2. 

9. Buenrostro, O.; Bocco, G.; Vence, J. Forecasting Generation of Urban Solid 
Waste in Developing Countries—A Case Study in Mexico. Journal of the Air 
& Waste Management Association 2001, 51, 86-93, 
doi:10.1080/10473289.2001.10464258. 

10. Oribe-Garcia, I.; Kamara-Esteban, O.; Martin, C.; Macarulla-Arenaza, A.M.; 
Alonso-Vicario, A. Identification of influ-encing municipal characteristics 
regarding household waste generation and their forecasting ability in 
Biscay. Waste management 2015, 39, 26-34. 



 
 
 
 
Journal of Namibian Studies, 33 S2(2023): 3539–3554   ISSN: 2197-5523 (online) 
 

 

3553   

11. Yoada, R.M.; Chirawurah, D.; Adongo, P.B. Domestic waste disposal 
practice and perceptions of private sector waste management in urban 
Accra. BMC public health 2014, 14, 1-10. 

12. Dagadu, P.K.; Nunoo, F. Towards municipal solid waste source separation 
at the household level in Accra, Ghana. In-ternational Journal of 
Environment and Waste Management 2011, 7, 411-422. 

13. Díaz Llumiquinga, L.; Pilataxi Gordon, E.; Puente Guijarro, C.; Gallegos 
Núñez, J.; Baquero Luna, J.; Jara Samaniego, J. Caracterización del sistema 
de contenerización de la ciudad de Riobamba mediante análisis 
multivariado. 2019. 

14. Ukpong, I.; Udofia, E. Domestic Solid Waste Management in a Rapidly 
Growing Nigerian City of Uyo. Journal of Human Ecology 2011, 36, 
doi:10.1080/09709274.2011.11906441. 

15. Sáez, A.; Urdaneta, J.A. Manejo de residuos sólidos en América Latina y el 
Caribe. Omnia 2014, 20, 121-135. 

16. Wowrzeczka, B. City of waste—importance of scale. Sustainability 2021, 
13, 3909. 

17. Cando, C. Estadística de información ambiental económica en gobiernos 
autónomos descentralizados municipales. Instituto Nacional de 
Estadísticas y Censos, Quito 2014. 

18. ONU. Conferencia mundia sobre el medio ambiente y el desarrollo: 
Agenda 21. 1992. 

19. Riobamba, M. Plan PDyOT 2020 - 2030 - Plan de Desarrollo y 
Ordenamiento Territorial 2020 - 2030 Available online: 
https://www.gadmriobamba.gob.ec/index.php/ordenamiento-
territorial/plan-pdyot-2020-2030 (accessed on  

20. questionpro_Es. Calculadora de tamaño de muestra | QuestionPro. 2022. 

21. Montoya, A. Caracterización de Residuos Sólidos. CuadernoActiva(4), 67-
72. 2012. 

22. Reyes, O.E.S.; Orozco, M.C.A.; Tenorio, E.B. Evaluación preliminar de 
residuos sólidos en la Plaza de Mercado del mu-nicipio de Puerto Tejada 
(Cauca). Revista de Investigación Agraria y Ambiental 2018, 9, 355-368. 

23. Nte Inen 2841 Estandarización de Colores Para Almacenamiento Temporal 
de Desechos - PDF Free Download. Availa-ble online: 
https://qdoc.tips/nte-inen-2841-estandarizacion-de-colores-para-
almacenamiento-temporal-de-desechos-pdf-free.html (accessed on  

24. Jaramillo, J. Guía para el diseño, construcción y operación de rellenos 
sanitarios manuales. Centro Panamericano de Inge-niería Sanitaria y 
Ciencias del Ambiente 2002, 19-24. 

25. Kassaye, A.Y. Contemporary institutional solid waste management 
practices of Haramaya University, Eastern Ethiopia. African Journal of 
Science, Technology, Innovation and Development 2018, 10, 219-238, 
doi:10.1080/20421338.2018.1443412. 

26. Correa, C.A.; De Oliveira, M.A.; Jacinto, C.; Mondelli, G. Challenges to 
reducing post-consumer plastic rejects from the MSW selective collection 
at two MRFs in São Paulo city, Brazil. Journal of Material Cycles and Waste 
Management 2022, 24, 1140-1155. 

27. Liu, J.; Li, Q.; Gu, W.; Wang, C. The impact of consumption patterns on the 
generation of municipal solid waste in China: Evidences from provincial 



 
 
 
 
Journal of Namibian Studies, 33 S2(2023): 3539–3554   ISSN: 2197-5523 (online) 
 

 

3554   

data. International journal of environmental research and public health 
2019, 16, 1717. 

28. Nell, C.M.; Schenck, C.; de Waal, J. Waste characterisation in Stellenbosch 
Local Municipality, South Africa. South African Journal of Science 2022, 
118, doi:10.17159/sajs.2022/12795. 

29. Soliz Torres, M.F.; Durango Cordero, J.S.; Solano Peláez, J.L.; Yépez 
Fuentes, M.A. Cartografía de los residuos sólidos en Ecuador, 2020; Quito, 
EC: Universidad Andina Simón Bolívar, Sede Ecuador/INEC/VLIR-UOS/GAIA 
…: 2020. 

30. Beigl, P.; Wassermann, G.; Schneider, F.; Salhofer, S. Forecasting municipal 
solid waste generation in major European cities. 2004. 

31. Orostegui Melendrez, K.; Matos Chamorro, R.A. Comportamiento de la 
generación de residuos sólidos domésticos en el Distrito de Chaclacayo. 
2009. 

32. Rivera, J. Relación entre la producción per cápita de residuos sólidos 
domésticos y factores socioeconómicos. 2002. 

33. Torres Palacios, J. Caracterización y percepción del manejo de los residuos 
sólidos domiciliarios para la propuesta de reutilización en Cabana–
Ayacucho, 2021. 2021. 

34. Mamani Gutierrez, Y.A. Relación entre la producción per cápita de 
residuos sólidos domésticos y los factores socioeco-nómicos de la 
localidad de Nuñoa. 2021. 

35. Fereja, W.M.; Chemeda, D.D. Status, characterization, and quantification 
of municipal solid waste as a measure towards effective solid waste 
management: The case of Dilla Town, Southern Ethiopia. Journal of the Air 
and Waste Management Association 2022, 72, 187-201, 
doi:10.1080/10962247.2021.1923585. 

36. de Albacete, A. Guía didáctica sobre Gestión de los Residuos Urbanos en 
Albacete. Consultado en: http://www. albacete. es/es/por-temas/medio 
ambiente/documentos 2020. 

37. Román, M. Factores asociados al abandono y la deserción escolar en 
América Latina: una mirada en conjunto. REICE. Revista Iberoamericana 
sobre Calidad, Eficacia y Cambio en Educación 2013, 11, 33-59. 

38. Jara-Samaniego, J.; Pérez-Murcia, M.D.; Bustamante, M.A.; Paredes, C.; 
Pérez-Espinosa, A.; Gavilanes-Terán, I.; López, M.; Marhuenda-Egea, F.C.; 
Brito, H.; Moral, R. Development of organic fertilizers from food market 
waste and urban gar-dening by composting in Ecuador. PloS one 2017, 12, 
e0181621. 

39. Miezah, K.; Obiri-Danso, K.; Kádár, Z.; Fei-Baffoe, B.; Mensah, M.Y. 
Municipal solid waste characterization and quanti-fication as a measure 
towards effective waste management in Ghana. Waste Management 
2015, 46, 15-27, doi:10.1016/j.wasman.2015.09.009. 

 


