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 Waste management is one of the main objectives today as a tool to reduce environmental 

pollution and ensure the health and well-being of people. The Escuela Superior Politécnica del 

Litoral (ESPOL) university campus produces around 235.00 tons/year of garbage in Ecuador. 

In the quest to manage waste, the campus requires an entire infrastructure for its management 

and sustainable use. This work aims to design a separation, valuation, and recycling centre 

(SVRC), through technical criteria, for the sustainable management of solid waste. The 

methodology consists of: i) technical evaluation of the study area to define the SVRC location, 

ii) design of the collection and transportation route, and iii) architectural, structural, sanitary, 

and reference budget design of the SVRC. The SVRC structure was designed for an area of 

146.37 m2. This civil work will act as a temporary waste collection centre with a processing 

capacity of 297.00 tons/year and, mainly, will optimize the volume of waste produced on the 

university campus, promoting reuse and recycling. Eleven internal routes and one main route 

were designed for garbage transportation. The methodology used in this study contributes to a 

solution to solid waste management at the level of universities and municipalities, which can 

be replicated at the national level. 
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1. INTRODUCTION 

 

According to World Bank statistics, in 2020, there will be 

approximately 7,762 million people in the world [1]. 

Furthermore, based on estimates, the population will probably 

reach 8.5 billion by 2030 [2]. Accelerated population growth, 

economic boom, and rising living standards have led to a huge 

increase in waste generation [3]. However, solid waste 

generation negatively influences water, air, human health and 

increases climate change [4]. This situation is of concern in 

many localities where there is no adequate plan for waste 

management, representing a danger to human health and 

ecosystem pollution [5]. 

Given this problem, integrated waste management 

represents an efficient alternative for garbage management [6, 

7]. Furthermore, this alternative implements environmentally 

and socially sustainable strategies in solid waste management 

[8-11]. Disposal management legislation and policies, which 

are country-specific, determine municipal solid waste 

collection activities [12]. However, this same legislation 

promotes a first basic sorting of waste by localities/university 

campuses at the source. 

According to Guerrero et al. [13], local administrations (e.g., 

municipalities) provide an efficient solid waste management 

system in cities. However, problems related to the capacity of 

local administrative authority are common [14], coupled with 

poor organisation, limited funding, and complexity of the 

management systems applied [15]. In the case of university 

centres, with their autonomy in their university campuses, 

internal management is part of their administration. University 

campuses are important generators of municipal solid waste 

[16]. The different activities of the population (e.g., students, 

teachers, administrators) in these institutions contribute to the 

increase in resource consumption patterns and, in turn, the 

effect that their waste generates on the environment directly or 

indirectly [17]. According to Budihardjo et al. [17], these 

educational institutions must manage solid waste 

environmentally friendly, achieving institutional sustainability 

[18]. There are some cases of higher education institutions that 

developed waste management plans [19-21], and many of 

them contemplated that it is essential to generate 

environmental awareness in students [22]. However, to 

complement this aspect, it is necessary to have adequate 

infrastructure for management work [23]. This type of 

infrastructure integrates activities that enable valuation, 

treatment, separation, disposal and reuse [24]. Other higher 

education institutions have included infrastructure for solid 

waste management. One example is Mahasarakham 
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University in Maha Sarakham province (Thailand), which has 

included additional waste management facilities to reduce the 

volume of disposals going to the local landfill [25]. Another 

case is the Cesar Vallejo University in the Ancash region 

(Peru), which implemented a management centre to optimise 

its solid waste management through a solid waste 

characterisation study [26].  

In Ecuador, there is the National Program for the Integral 

Solid Waste Management (PNGIDS acronym in Spanish) 

prepared by the Ministerio del Ambiente (MAE) [27]. Several 

studies have been carried out for solid waste management in 

different municipalities in this context. For example, some 

investigations are oriented toward the importance of organic 

solid waste as compost for crops [28], considering that one of 

the productive axes of the country is agriculture. Likewise, the 

possibility of converting waste into energy through the 

recovery of biogas has been studied [29, 30], training in rural 

communities on waste management to care for the 

environment [31], and the definition of optimal sites for the 

storage, classification and distribution of solid waste [32]. 

However, this type of management does not receive the 

necessary attention in universities, and in many cases, it is not 

applied rigorously.  

The ESPOL university campus, which had a population of 

19,032 inhabitants in 2019, produced 168.18 tons of waste, 

and it is estimated that by 2035 the population will increase to 

21,757 inhabitants, so the amount of waste produced will be 

higher [33]. Currently, the campus has a collection centre that 

stores the garbage generated. However, this centre is in a place 

far from the activity area of the campus, which makes it 

difficult to operate (transfer of waste from collection areas on 

campus). In addition, it is in an area with no surveillance or 

control, which leads to manipulation by outsiders. Under these 

circumstances, it is necessary to have an infrastructure 

designated exclusively for utilising waste in an appropriate 

location to optimise waste management. 

This study aims to design a separation, valuation, and 

recycling centre (SVRC) by applying technical criteria 

following regulations for sustainable garbage management, 

optimising the volume of disposals, and promoting reuse and 

recycling.  

 

 

2. MATERIALS AND METHODS 
 

The methodology consists of: i) Technical evaluation of the 

study area to define the location of the SVRC, ii) Design of 

collection and transportation routes, and iii) Architectural, 

structural and sanitary design, and reference budget for the 

SVRC (Figure 1). This working method has been designed to 

comply with current structural and road regulations [34-38] 

and the processes of solid waste management. 

 

2.1 Technical evaluation for site location 

 

In this first phase, data from previous studies were 

processed, including analysis of population growth, estimation 

of per capita production, evaluation of institutional structure 

in terms of waste management and waste utilisation [33]. In 

addition, this phase included a geomorphological, 

hydrogeological, seepage and depression points analysis. For 

the landslide susceptibility analysis, the Mora-Vahrson 

methodology [39] was applied, which considers two aspects: 

a) conditioning factors (geological and geomorphological 

parameters and slope), and b) triggering factors (seismicity 

and rainfall). This analysis made it possible to establish a 

landslide susceptibility map for the institutional campus.  

 

 
 

Figure 1. Cavity geometry 

 

For the hydrogeological analysis, the application of vertical 

electrical soundings (VES) was considered, which allowed the 

estimation of the type of lithology through the interpretation 

of resistivities. The points of application of the VES included 

areas where there is no runoff. The results were processed and 

interpreted using IPI2win software. 

Finally, infiltration and depression points were analysed 

through a digital elevation model in ArcGIS software to 

complement the technical evaluation work, covering 50 m 

under the Ministerio de Ambiente de Ecuador [40]. This 

analysis made it possible to identify runoff confluence zones 

to avoid locating the SVRC in areas at risk of water infiltration. 

 

2.2 Stage II: Design of collection and transportation routes 

 

In this second phase, the optimal points were identified for 

placing non-hazardous solid waste collection areas, where the 

internal and external routes should be located. It was proposed 

to place stations with greater collection capacity in these sites 

to optimise the time spent transporting waste. The sites 

designated as collection zones were proposed based on 

collecting garbage cans, distribution of laboratories, research 

centres, and restaurants.  

For the design of the main collection route, the Norma 

Ecuatoriana Vial Nevi 12 [34] was consulted so that the routes 

comply with accessibility criteria, do not harm the annual 

average daily traffic, and the waste transfer time is as short as 

possible. Furthermore, within the ESPOL campus, the internal 

routes were interconnected with the collection sites to expedite 

the work of the people in charge and transfer them to the 

SVRC through the main route.  
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2.3 Stage III: Technical design and reference budget 

 

Stage three included the architectural design of the SVRC, 

considering that it should have the necessary space for waste 

separation (considering waste generation until 2035), restroom 

areas, waste containers and the corresponding machinery 

(such as a compactor, shredder, etc.). The area of the SVRC 

was determined based on the design of the SVRC of the 

Universidad del Norte in Barranquilla - Colombia, which has 

a similar centre. A correlation was established between both 

universities' population and waste production to determine the 

SVRC dimensions to be designed in this proposal.  

According to the Norma Ecuatoriana de la Construcción in 

the chapter on seismic-resistant design, NEC-SE-SD [38], for 

the structural analysis, the Z factor was chosen, which is the 

maximum expected acceleration in rock expressed as a 

fraction of gravity, depending on the seismic zone where the 

project is located. Furthermore, to define the type of live load 

that the SVRC slab will support, it was chosen to use the 

values specified in the US code ASCE 7-16 [37], considering 

that it will not support a high load demand, only its weight and 

load of people climbing on the deck to perform cleaning or 

maintenance activities. 

The NEC-SE-SD [36] load combinations were used to 

analyse the most unfavourable condition through a stress 

envelope in the SAP2000 program to know the magnitude of 

the stresses generated in the structural elements. 

The slab and structural elements, beams and columns, were 

designed by shear and bending according to the requirements 

of the ACI 318-14 code [35] and local standard NEC-SE-DS 

[38]. For the SVRC substructure, a shallow foundation type 

was designed because the structure does not require high load 

demands, and the soil is suitable for this type of foundation. 

For the potable and sanitary water systems, by the 

provisions of the architectural plans, the piping design for 

toilets, urinals, sinks, and showers was carried out using 

NEC11 [36]. Finally, the budget necessary for the execution 

of the design, which includes the structural design and sanitary 

design, was evaluated.  

 

 

3. RESULTS 
 

3.1 SVRC location 

 

According to Merchán-Sanmartín et al. [33], ESPOL in 

2019 had a population of 19,032 inhabitants with a production 

of garbage that reached 215.82 tons. Garbage composition 

generated was 61.82% organic, followed by plastic with 

18.79%, Then Paper with 13.05%, and the remaining 6.34% is 

metal, glass, tetra pack, and electronics. On the other hand, the 

study reflected a growing population projection for 2035 of 

23,499 inhabitants. Therefore, the results obtained from the 

projection of solid waste production until 2035 in this study 

reach 297 tons/year (Figure 2).  

The analysis of the soil conditions in the studied area 

indicates that due to its morphology (generally gentle slopes) 

and lithology made up of sands, gravels and shales (Cayo 

Formation, Cretaceous Period) with a medium-low 

permeability; the susceptibility to landslides of approximately 

85% of the terrain represents stable conditions, propitious for 

the installation of a SVRC (Figure 3). 

Also, within the hydrogeological analysis through 6 VES, it 

reflects that in the studied area, the resistivities obtained 

correspond with the lithology as mentioned above, confirming 

that there is no presence of surface aquifers that affect the 

implementation of the SVRC in the institution. Based on the 

information obtained from the ground conditions, it was 

established that the optimum location for the SVRC is point 6, 

located inside the university at the Gustavo Galindo Campus, 

behind the Community Police Unit (Figure 4).  

 

 
 

Figure 2. ESPOL's annual production of solid waste 
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Figure 3. Landslide susceptibility map of the ESPOL campus 

 

 
 

Figure 4. Possible location of the SVRC 

 

3.2 Optimal collection routes 

 

Eleven internal routes were designed to cover the collection 

sites to transport garbage through the main route. The main 

route runs through the less travelled area, with a total length of 

3,486 m and runs from inside the campus to the admissions 

building (Figure 5). 

 

3.3 Architectural design of the SVRC 

 

Based on the solid waste projection, the design considered 

the estimated production in 2035 (Figure 2). The dimensions 

for the SVRC were 12.30m x 11.90 m, giving an area of 146.37 

m2, with a height of 3.40 m that allows processing from 185 

tons/year in 2022 to 297 tons/year in 2035, and can be 

increased according to the change in the collection frequency 

of the manager. The centre has five areas: collection area, 

classification area, crushing and compaction area, weighing 

area, and toilets. In addition, it has some grids for cleaning 

(Figures 6 and 7).  

 

3.4 Structural design of the SVRC 

 

According to the NEC-SE-DS norm [38], the structure was 

designed for soil type D, and a Z factor equal to 0.4 was used. 

In addition, a portal system was used to design the SVRC. For 

the design of the reinforced concrete structure, concrete with a 

compressive strength f'c = 280 kg/cm2 (28 MPa) and 

reinforcing steel with a yield strength f'y = 4,200 kg/cm2 were 

considered. The live and dead loads supported by the slab are 

shown in Table 1.  
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Figure 5. Main and secondary garbage collection routes 

 

 
 

Figure 6. a) Architectural design and distribution of the spaces for the SVRC and b) detail of the interior of the SVRC  

 

 
 

Figure 7. Architectural design of the SVRC and distribution of areas 
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Table 1. Value of live and dead load to be supported by the 

slab 

 
Load type Value Unit 

Live load 0.15 tons/m2 

Dead load 0.50 tons/m2 

 

Sixteen columns support the management centre slab. Table 

2 shows the detail of the columns. 

 
Table 2. Reinforcement detail and column dimensions 

 

Dimensions 
b [cm] h [cm] L [m] 

30 30 3.40 

Longitudinal 

steel 

db [mm] # bar 

12 8 

Transverse 

steel 

dest [mm] #branches s [cm] 

10 2 10-15-10 
Notes: b: width, h: height, L: length, db: bar diameter, dest: stirrups diameter, 

s: spacing. 

 

The final height of the beams meets the requirements of ACI 

318 [35] and NE-SE-DS [38]. On the other hand, considering 

that columns should be greater than or equal to 25 cm for 

seismic zones, the beam was designed with a width of b=25 

cm. Table 3 shows the detail of the beams. 

 

Table 3. Reinforcement detail and sizing of beams 

 

Dimensions 
b [cm] h [cm] 

25 30 

Flexural 

reinforcement 

Moment (+) Moment (-) 

db [mm] # bar db [mm] # bar 

12 2 12 3 

Shear 

reinforcement 

dest [mm] s [cm] 

10 12 
Notes: b: width, h: height, db: bar diameter, dest: stirrups diameter, s: spacing. 

 

The design of the one-way ribbed slab considers a thickness 

of 20 cm. Figure 8 shows a schematic of the typical slab 

section. 

A 15x20 cm electro-welded mesh was placed on top of the 

compression slab. Table 4 shows the detail of the slab. 

 
 

Figure 8. Diagram of typical ribbed slab cross-section  

 

Table 4. Reinforcement detail and sizing of beams 

 

Dimensions 
b [cm] h [cm] 

10 20 

Flexural 

reinforcement 

Moment (+) Moment (-) 

db [mm] # bar db [mm] # bar 

10 1 10 1 

Shear 

reinforcement 

dest [mm] s [cm] 

8 10 

Slab 
db [mm] s [cm] 

8 20 
Notes: b: width, h: height, db: bar diameter, dest: stirrups diameter, s: spacing. 

 

The foundation design consists of 1.20 m x 1.20 m insulated 

plinths, a thickness of 40 cm, and a slab depth of 1.20 m. The 

reinforcing steel consists of a grid of steel bars, both vertical 

and horizontal, Ø12 mm in diameter, with a spacing of 15 cm 

between bars (Figure 9). 

 

3.5 Hydrosanitary design 

 

For the potable water design, polyvinyl chloride PVC pipes 

were used, with a diameter of Ø ½ inch, while for the 

sanitation system, PVC pipes were also used, but with a 

diameter of Ø 4 inches (Figures 10 and 11). It was unnecessary 

to implement a pump, cistern or elevated tank for this design 

since the ESPOL pressure has sufficient capacity to supply the 

entire proposed potable water system.  

The work cost estimated based on the price of materials, 

labour, equipment, machinery, and other activities was USD 

1,554.25 for the hydro-sanitary part and USD 27,069.00 for 

the structural part, for a total of USD 28,623.25. 

 

 
 

Figure 9. Foundation detail 
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Note: The blue line is the SVRC drinking water distribution system 

 

Figure 10. Potable water design 

 

 
Note: a) The yellow line is the drainage system that connects to the maintenance hole. b) CR is the maintenance hole that 

connects to the public sewer system. 

 

Figure 11. Sanitation system design 

 

 

4. DISCUSSION OF RESULTS 

 

ESPOL is the leading public university in the country, 

which provides knowledge and skills to future professionals, 

making it possible to understand the importance of solid waste 

management. In a previous study conducted by Merchán-

Sanmartín et al. [33], a characterisation of the institution's 

solid waste was carried out, highlighting a solid waste 

production of 168.18 tons/year in 2019. Most waste is 

composed of organic waste, followed by plastic, paper, glass, 

and metal. According to Armijo de Vega et al. [41], the 

characterisation of waste (quantity, composition and recycling 
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potential) is essential in management plans. 

Solid waste management is one of the goals of the 2030 

Agenda for Sustainable Development (Goal 9, 11, and 12). In 

addition, universities, due to their population, size and 

activities [42], require waste management infrastructures [43], 

as key elements for the sustainable development of institutions 

considered leaders in environmental and social responsibility 

[44]. 

Considering that inadequate waste disposal impacts the 

environment, polluting the atmosphere, water, and soil [45, 

46], causing health risks, this study proposes the design for an 

SVRC with an area of 146.37 m2. The infrastructure allows 

optimising the volume of solid waste and promoting reuse and 

recycling. The design of the SRVC has been made taking into 

account a significant increase in solid waste by the year 2035, 

which allows for the processing of 297 tons/year, which can 

be doubled based on the efficiency of the collection and 

transport plans. Furthermore, decreasing solid waste through 

separation processes [47, 48], will make successful waste 

management possible [49]. A one-way ribbed slab type was 

chosen for structural design due to the low load demand that 

the slab will support and not require additional economic 

expenditure for maintenance issues. While for the foundation, 

having designed it through isolated plinths is justified because 

the structure sits on firm ground and will not transmit large 

loads, this is convenient since this type of foundation is more 

economical due to the low steel demand. 

In addition, transport and collection routes have been 

defined that reduce the distance and time of transporting the 

waste, representing a decrease in disposal cost. These routes 

are one of the main components of solid waste management 

[50]. The total estimated budget for implementing the 

designed SVRC represents USD 28,623.25, including the 

structure, sanitation services, and labour, representing a 

feasible alternative for the university. 

This study, which includes solid waste management on 

campus, makes it possible to determine that liquid waste and 

emissions into the atmosphere require attention. A future line 

of research contemplates a plan for liquid waste management 

through the implementation of purification systems. Likewise, 

it is recommended to carry out studies to reuse organic solid 

waste as composting material for the forest and crops within 

the campus. An essential factor to consider is that the success 

of this type of proposal is strengthened by awareness 

campaigns on the correct classification of garbage by the 

inhabitants, which allows for achieving sustainable waste 

management.  

 

 

5. CONCLUSIONS 

 

From a methodological point of view, the study allowed the 

design of an SVRC for the leading national higher education 

institution in Ecuador (ESPOL), which strengthens the 

existing solid waste management plans, promoting a life-cycle 

culture (circular economy). This design was complemented by 

defining a main waste collection route that optimises distance 

and travel time. In addition, this management design promotes 

an educational, cultural component throughout the university 

community, whether in curricular subjects for students or in 

training courses for administrative staff and teachers.  

The design of the SVRC is part of the university's integrated 

waste management. It is located in a strategic sector that 

contemplates internal routes connected to the main route, 

allowing waste transfer to a final depot. The processing 

capacity of the designed SVRC is 297.00 tons/year, which 

satisfies the population and garbage increase for a period of 15 

years. 

The methodology used in this study can be replicated in 

institutions nationwide that lack an SVRC for sustainable solid 

waste management that encourages reuse and recycling. In 

addition to this methodology, it is recommended to include a 

plan for liquid waste management and emission control to 

reduce environmental pollution problems. 

 

 

REFERENCES  

 

[1] Banco Mundial. Población Total. 26-Dec-2021. 

https://datos.bancomundial.org/indicator/SP.POP.TOTL

?end=2020&start=1960&view=chart, accessed on Dec. 

26, 2021. 

[2] Department of Economic and Social Affairs. (2019). 

World Population Prospects 2019. New York. 

[3] Zhang, Z., Malik, M.Z., Khan, A., Ali, N., Malik, S., 

Bilal, M. (2022). Environmental impacts of hazardous 

waste, and management strategies to reconcile circular 

economy and eco-sustainability. Sci. Total Environ., 807: 

150856. https://doi.org/10.1016/j.scitotenv.2021.150856 

[4] Mian, M.M., Zeng, X., al N. Bin Nasry, A., Al-Hamadani, 

S.M.Z.F. (2017). Municipal solid waste management in 

China: A comparative analysis. J. Mater. Cycles Waste 

Manag., 19(3): 1127-1135. 

https://doi.org/10.1007/s10163-016-0509-9 

[5] Costanza, R., de Groot, R., Braat, L., Kubiszewski, I., 

Fioramonti, L., Sutton, P., Farber, S., Grasso, M. (2017). 

Twenty years of ecosystem services: How far have we 

come and how far do we still need to go? Ecosyst. Serv., 

28: 1-16. https://doi.org/10.1016/j.ecoser.2017.09.008 

[6] Khan, S., Anjum, R., Raza, S.T., Ahmed Bazai, N., 

Ihtisham, M. (2022). Technologies for municipal solid 

waste management: Current status, challenges, and 

future perspectives. Chemosphere, 288: 132403. 

https://doi.org/10.1016/j.chemosphere.2021.132403 

[7] Morante-Carballo, F., Apolo-Masache, B., Carrión-Mero, 

P., Cedeño, B., Montalvan-Toala, J. (2021). 

Considerations in the methodology for the technical-

environmental viability of sanitary landfills in rural 

communities. Northern case of the province of Santa 

Elena, Ecuador. Int. J. Sustain. Dev. Plan., 16(2): 317-

325. https://doi.org/10.18280/ijsdp.160211 

[8] Tchobanoglous, G., Kreith, F. (2002). Handbook of Solid 

Waste Management. McGraw-Hill 2nd Education. 

[9] White, P.R., Franke, M., Hindle, P. (1995). Integrated 

Solid Waste Management: A Lifecycle Inventory. 

Springer Science & Business Media. 

[10] Morante Carballo, F., Marcatoma Brito, L., Carrión 

Mero, P., Aguilar Aguilar, M., Tumbaco Ramírez, J. 

(2019). Urban wastewater treatment through a system of 

green filters in the Montañita commune, Santa Elena, 

Ecuador. WIT Trans. Ecol. Environ., 239: 233-249. 

https://doi.org/10.2495/WS190211 

[11] Merchán, B., Ullauri, P., Amaya, F., Dender, L., Carrión, 

P., Berrezueta, E. (2021). Desing of a sewage and 

wastewater treatment system for pollution mitigation 

mitigation in El Rosario, El Empalme, Ecuador. WIT 

Transactions on Ecology and the Environment, 251: 77-

85. https://doi.org/10.2495/WS210081 

1074



 

[12] Vinck, K., Scheelen, L., Du Bois, E. (2019). Design 

opportunities for organic waste recycling in urban 

restaurants. Waste Manag. Res. J. a Sustain. Circ. Econ., 

37(1): 40-50. 

https://doi.org/10.1177/0734242X18817714 

[13] Guerrero, L.A., Maas, G., Hogland, W. (2013). Solid 

waste management challenges for cities in developing 

countries. Waste Manag., 33(1): 220-232. 

https://doi.org/10.1016/j.wasman.2012.09.008 

[14] Sujauddin, M., Huda, S.M.S., Hoque, A.T.M.R. (2008). 

Household solid waste characteristics and management 

in Chittagong, Bangladesh. Waste Manag., 28(9): 1688-

1695. https://doi.org/10.1016/j.wasman.2007.06.013 

[15] Burnley, S.J. (2007). A review of municipal solid waste 

composition in the United Kingdom. Waste Manag., 

27(10): 1274-1285. 

https://doi.org/10.1016/j.wasman.2006.06.018 

[16] Saphores, J.D.M., Ogunseitan, O.A., Shapiro, A.A. 

(2012). Willingness to engage in a pro-environmental 

behavior: An analysis of e-waste recycling based on a 

national survey of U.S. households. Resour. Conserv. 

Recycl., 60: 49-63. 

https://doi.org/10.1016/j.resconrec.2011.12.003. 

[17] Budihardjo, M.A., Humaira, N.G., Putri, S.A., Ramadan, 

B.S., Syafrudin, S., Yohana, E. (2021). Sustainable Solid 

waste management strategies for higher education 

institutions: Diponegoro university, Indonesia case study. 

Sustainability, 13(23): 13242. 

https://doi.org/10.3390/su132313242 

[18] Zen, I.S., Subramaniam, D., Sulaiman, H., Saleh, A.L., 

Omar, W., Salim, M.R. (2016). Institutionalize waste 

minimization governance towards campus sustainability: 

A case study of Green Office initiatives in Universiti 

Teknologi Malaysia. J. Clean. Prod., 135: 1407-1422. 

https://doi.org/10.1016/j.jclepro.2016.07.053 

[19] Drahein, A.D., De Lima, E.P., Da Costa, S.E.G. (2019). 

Sustainability assessment of the service operations at 

seven higher education institutions in Brazil. J. Clean. 

Prod., 212: 527-536. 

https://doi.org/10.1016/j.jclepro.2018.11.293 

[20] Geng, Y., Liu, K., Xue, B., Fujita, T. (2013). Creating a 

‘green university’ in China: a case of Shenyang 

University. J. Clean. Prod., 61: 13-19. 

https://doi.org/10.1016/j.jclepro.2012.07.013 

[21] Salguero-Puerta, L., Leyva-Díaz, J.C., Cortés-García, 

F.J., Molina-Moreno, V. (2019). Sustainability indicators 

concerning waste management for implementation of the 

circular economy model on the University of Lome 

(Togo) Campus. Int. J. Environ. Res. Public Health, 

16(12): 2234. https://doi.org/10.3390/ijerph16122234 

[22] Ferronato, N., Guisbert Lizarazu, E.G., Velasco Tudela, 

J.M., Blanco Callisaya, J.K., Preziosi, G., Torretta, V. 

(2020). Selective collection of recyclable waste in 

Universities of low-middle income countries: Lessons 

learned in Bolivia. Waste Manag., 105: 198-210. 

https://doi.org/10.1016/j.wasman.2020.02.014 

[23] Yukalang, N., Clarke, B., Ross, K. (2018). Solid waste 

management solutions for a rapidly urbanizing area in 

Thailand: Recommendations based on stakeholder input. 

Int. J. Environ. Res. Public Health, 15(7): 1302. 

https://doi.org/10.3390/ijerph15071302 

[24] Das, S., Lee, S.H., Kumar, P., Kim, K.H., Lee, S.S., 

Bhattacharya, S.S. (2019). Solid waste management: 

Scope and the challenge of sustainability. J. Clean. Prod., 

228: 658-678. 

https://doi.org/10.1016/j.jclepro.2019.04.323 

[25] Yukalang, N., Clarke, B., Ross, K. (2017). Barriers to 

effective municipal solid waste management in a rapidly 

urbanizing area in Thailand. Int. J. Environ. Res. Public 

Health, 14(9): 1013. 

https://doi.org/10.3390/ijerph14091013 

[26] Miñan Olivos, G.S., Simpalo López, W.D., Mudarra 

Valdivia, J.D. (2019). Implementation of a collection 

centre to optimise solid waste management at a private 

university in the Ancash region. UCV-SCIENTIA, 10(2): 

176-182. https://doi.org/10.18050/RevUcv-

Scientia.v10n2a7 

[27] Ministerio del Ambiente. (2019). National Program for 

the Integral Management of Solid Waste (NPIMSW). 

https://www.ambiente.gob.ec/wp-

content/uploads/downloads/2020/07/5.PROYECTO-

PNGIDS.pdf, accessed Feb. 19, 2022. 

[28] Jara-Samaniego, J., Pérez-Murcia, M.D., Bustamante, 

M.A., Pérez-Espinosa, A., Paredes, C., López, M., 

López-Lluch, D.B., Gavilanes-Terán, I., Moral, R. 

(2017). Composting as sustainable strategy for municipal 

solid waste management in the Chimborazo Region, 

Ecuador: Suitability of the obtained composts for 

seedling production. J. Clean. Prod., 141: 1349-1358. 

https://doi.org/10.1016/j.jclepro.2016.09.178 

[29] Moya, D., Aldás, C., Jaramillo, D., Játiva, E., Kaparaju, 

P. (2017). Waste-to-energy technologies: An opportunity 

of energy recovery from Municipal Solid Waste, using 

Quito - Ecuador as case study. Energy Procedia, 134: 

327-336. https://doi.org/10.1016/j.egypro.2017.09.537 

[30] Posso, F., Narváez C., R.A., Siguencia, J., Sánchez, J. 

(2019). Use of Municipal solid waste (MSW)-derived 

hydrogen in Ecuador: Potential applications for urban 

transportation. Waste and Biomass Valorization, 10(6): 

1529-1537. https://doi.org/10.1007/s12649-017-0161-1 

[31] Aung, M., Arias, M.L. (2006). Examining waste 

management in San Pablo del Lago, Ecuador: A 

behavioral framework. Manag. Environ. Qual. An Int. J., 

17(6): 740-752. 

https://doi.org/10.1108/14777830610702557 

[32] Cobos-Mora, S.L., Guamán-Aucapiña, J., Zúñiga-Ruiz, 

J. (2022). Suitable site selection for transfer stations in a 

solid waste management system using analytical 

hierarchy process as a multi-criteria decision analysis: A 

case study in Azuay-Ecuador. Environ. Dev. Sustain. 

https://doi.org/10.1007/s10668-022-02134-8 

[33] Merchán-Sanmartín, B., Almeida, P.N., Brocel, M., 

Pinto, B.R., Córdova, K., Mullo, A., Carrión-Mero, P., 

Berrezueta, E. (2021). Proposal for the management of 

solid waste generated in a university campus: A case 

study. WIT Transactions on Ecology and the 

Environment, 253: 593-604. 

https://doi.org/10.2495/SC210481 

[34] Ministerio de Transporte y Obras Públicas del Ecuador, 

“Ecuadorian Road Standard,” 2013. 

https://www.obraspublicas.gob.ec/wp-

content/uploads/downloads/2013/12/01-12-

2013_Manual_NEVI-12_VOLUMEN_3.pdf, accessed 

Feb. 28, 2022. 

[35] American Concrete Institute, “Building Code 

Requirements for Structural Concrete,” 2014. 

https://www.concrete.org/store/productdetail.aspx?Item

ID=318U14&Language=English&Units=US_Units, 

1075



accessed Feb. 28, 2022. 

[36] Ministerio de Desarrollo Urbano y Vivienda del Ecuador,

“Ecuadorian construction standard 2011: Hydrosanitary

Standard,” 2011.

https://inmobiliariadja.files.wordpress.com/2016/09/nec

2011-cap-16-norma-hidrosanitaria-nhe-agua-

021412.pdf, accessed Feb. 28, 2022.

[37] American Society of Civil Engineers, “Minimum Design

Loads and Associated Criteria for Buildings and Other

Structures,” 2017.

http://ascelibrary.org/doi/book/10.1061/9780784414248,

accessed Feb. 28, 2022.

[38] Ministerio de Desarrollo Urbano y Vivienda del Ecuador,

“Ecuadorian Construction Standard 2015: Seismic-

resistant Design,” 2015.

https://www.habitatyvivienda.gob.ec/documentos-

normativos-nec-norma-ecuatoriana-de-la-construccion/,

accessed Feb. 28, 2022.

[39] López, R.E., Zuluaga, A.D., Gómez, F., Tapia, L. (2020).

Application of the mora-Vahrson method to evaluate

landslide susceptibility in the municipality of Manaure,

Cesar, Colombia. REDER, 4(2): 57.

https://doi.org/10.55467/reder.v4i2.50

[40] Ministerio del Ambiente: Agua y Transición Ecologica

del Ecuador. Regulation of the Water Resources Law:

Uses and Exploitation of Water.

https://www.ambiente.gob.ec/, accessed Feb. 28, 2022.

[41] Armijo de Vega, C., Ojeda Benítez, S., Ramírez Barreto,

M.E. (2008). Solid waste characterization and recycling

potential for a university campus. Waste Manag., 28:

S21-S26. https://doi.org/10.1016/j.wasman.2008.03.022

[42] Alshuwaikhat, H.M., Abubakar, I. (2008). An integrated

approach to achieving campus sustainability:

Assessment of the current campus environmental

management practices. J. Clean. Prod., 16(16): 1777-

1785. https://doi.org/10.1016/j.jclepro.2007.12.002

[43] Tangwanichagapong, S., Nitivattananon, V., Mohanty,

B., Visvanathan, C. (2017). Greening of a campus

through waste management initiatives. Int. J. Sustain.

High. Educ., 18(2): 203-217.

https://doi.org/10.1108/IJSHE-10-2015-0175

[44] Barros, R.M., Filho, G.L.T., Moura, J.S., Pieroni, M.F.,

Vieira, F.C., Lage, L.R., Mohr, G.S., Bastos, A.S. (2013).

Design and implementation study of a Permanent

Selective Collection Program (PSCP) on a University

campus in Brazil. Resour. Conserv. Recycl., 80: 97-106.

https://doi.org/10.1016/j.resconrec.2013.09.005 

[45] Di Nardo, A., Bortone, I., Chianese, S., Di Natale, M.,

Erto, A., Santonastaso, G.F., Musmarra, D. (2019).

Odorous emission reduction from a waste landfill with an

optimal protection system based on fuzzy logic. Environ.

Sci. Pollut. Res., 26(15): 14755-14765.

https://doi.org/10.1007/s11356-018-2514-0

[46] He, L., Shao, F., Ren, L. (2021). Sustainability appraisal

of desired contaminated groundwater remediation

strategies: An information-entropy-based stochastic

multi-criteria preference model. Environ. Dev. Sustain.,

23(2): 1759-1779. https://doi.org/10.1007/s10668-020-

00650-z

[47] Andrews, A., Gregoire, M., Rasmussen, H., Witowich, G.

(2013). Comparison of recycling outcomes in three types

of recycling collection units. Waste Manag., 33(3): 530-

535. https://doi.org/10.1016/j.wasman.2012.08.018

[48] Zhang, H., Wen, Z.G. (2014). Residents’ household solid

waste (HSW) source separation activity: A case study of

Suzhou, China. Sustainability, 6(9): 6446-6466.

https://doi.org/10.3390/su6096446

[49] Simangunsong, T.L. (2021). Solid waste characterization

and reducing potential at Faculty of Engineering,

University of Surabaya. IOP Conf. Ser. Earth Environ.

Sci., 896(1): 012032. https://doi.org/10.1088/1755-

1315/896/1/012032

[50] Amarachukwu, E., Evuti, A.M., Salam, K.A., Silas, S.S.

(2020). Determination of waste generation, composition

and optimized collection route for university of Abuja

main campus using ‘MyRouteOnline’ software. Sci.

African, 10: e00569.

https://doi.org/10.1016/j.sciaf.2020.e00569

NOMENCLATURE 

cm Centimetres 

m Meters 

kg Kilogram 

mm Millimetres 

cm2 Square centimetre 

m3 Cubic meters 

USD United States Dollar 

Pa Pascal 

m2 Square meters 

tons/year tonnes per year 
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