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Abstract: The purpose of the article is to demonstrate the benefits of implementing the simulation model of a comprehensive
solid waste control at a Peruvian University and be recognized in our country as the first university that contributes to
environmental benefits and at the same time generate income with the commercialization of solid waste for the benefit of the
University, through defined strategies. The model was defined by the diagram of activities and programmed in Arena.

The model integrates different components such as simulation time, location, types and amount of waste. It is concluded that
the programming model for solid waste management benefits significantly in the amount of solid waste in a Peruvian
university. Finally, we made a comparison of two possible scenarios, one of which contemplates the alternative of use-benefit
of waste, while the other scenario maintains the tendency to collect all waste for disposal.
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1. Introduction

Solid waste management represents a problem over time, this is due to two main factors [1]: first, urban solid
waste is a problem since the population is only concerned with the disposal of waste without considering the
impact it can have on the environment [2, 3]. Secondly, the problem arises from public and private institutions,
including municipalities and universities, since they usually do not have efficient solid waste management due to
the lack of policies for the subsequent treatment of the generated waste [4, 5].

According to the legislation in force in the municipalities, it is mandatory to regulate and control the process
that is in the final disposal of solid waste [5], as well as provide public cleaning service according to the area
where waste is accumulated, sanitary landfills; also, taking into account the industrial use [7, 8, 9].

According to the Ministry of Environment, in the last year a total of 7,497,482 tons of municipal waste was
generated, with respect to its composition, about 53% of solid waste corresponds to organic matter, 18.64%
represent unusable waste, 18.64% corresponds to usable waste and only 6.83% is made up of recyclable waste [4].

Of the total municipal solid waste generated, less than 50% were disposed in the landfills, with the remainder
of such waste sent to dumps or other informal facilities, which negatively affects the health of the population

Therefore, Peruvian universities should implement and encourage a culture of recycling, so the purpose of the
research was the implementation of a simulation model for solid waste management in a Peruvian university [5].

The amount of solid waste in a Peruvian university is shown (Table 1)

Table 1. Amount of solid waste generated

Year Amount (kg.)
2015 47064
2016 50945
2017 54827
2018 58708
2019 62590
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In table 1, an average 54827 kg of solid waste is produced per year and around 150 kg per day. Therefore, an
average number and also the amount of waste generated per year and day was obtained.

2. Materials and Methods

The methodological framework consists of stages: pre-evaluation, research, simulation model and the analysis
of results. The purpose of the pre-evaluation is to find the main problem, to start the search for bibliographic
review, in this case it focuses on improving the efficiency of solid waste management in universities [9],
specifically in the treatment they receive; After that, the results were modeled and finally analyzed [10]. (See table
2)

Table 2. Phases of the methodology

Phases Steps

Pre-assesment Problem formulation and
Study plan

Research Data collection and model
definition

Simulation model Define model
Do the pilote run
Experimental design
Validation
Make the production run

Analysis of results Analysis data ouput

2.1.Description of the model structure

Simulation model are built by using various simulation model [6]. In this case we are going to use the Arena
software, the model aims to provide a tool [7, 8] that allows to know the behavior of the waste of Peruvian
universities, visualizing the economic impact of a management plan in the short, medium and long term.
Simulation is the technique of choice of problem solving [7].

The model describes the general dynamics of solid waste in Peruvian universities considering a simulation
period of 5 years

2.2.Definition of variables
t=year 2020, ..., 2025
j= waste (paper, cardboard, plastic, etc)
k= landfills (Ventanilla, Bellavista)
Variables

Waste not transportedx: amount of waste that was not transported to the landfill k, in tons, between 2019 and
year t.

Landfilli (t): solid waste from the university g that goes to the landfill k, in tons, between the year 2019 and
year t.

Recycled waste; (t): solid waste from the Peruvian universities recycled type j, in tons, between the year 2019
and year t.

Waste generation (t): amount of waste generated for landfill k, in tons in year t.

Total RS; (t): total amount of solid waste j collected in year t.

Recycled flow; (t): amount of solid waste from the university g recycled type j, in tons, in year t.
Parameters

Waste not transportedyx: amount of waste that was not transported to the landfill k, in tons, between 2019 and
year t.

Landfilly (t): solid waste from the university g that goes to the landfill k, in tons, between the year 2019 and
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year t.

Recycled waste; (t): solid waste from the Peruvian universities recycled type j, in tons, between the year 2019
and year t.

Waste generationy (t): amount of waste generated for landfill k, in tons in year t.
Total RS; (t): total amount of solid waste j collected in year t.
Recycled flow; (t): amount of solid waste from the university g recycled type j, in tons, in year t.

The equations that were taken into consideration for the simulation are detailed below:

d(waste not transported)/dt = waste generation (t) — Total RS; (t) 1)

d(recycled waste);/dt = recycled flow; (t) 2)

recycled flow; (t) = decomposition rate; x biodegradable waste ratex X generation waste
@)

recycling recovery; (t) = energy saving; x kilowatt price x recycled flow; (t) 4)

The steps that are being considered for solid waste management are as follows [3]:
e  Collection and transport

e  Waste classification

. Treatment

. Final provision to landfills

The solid waste management model is presented (See fig. 1)

——
Figure 1. Solid waste management model

The research was carried out at the university, to ensure that the information collected about solid waste
management is validated, it also allowed researchers to verify the operations involved from the location, types of
waste collected and quantity of waste.

3. Results and discussion
First part of the process consists of the following (See fig. 2)
—{ N |

Figure 2. First part of the process

The truck arrives at the university through the creation of a truck entity, for which an arrival time of 10 hours
has been considered, the respective attribute was also created to assign the time in which the entity was created
and it assigns the capacity through the assign module that was 85 kg.

The Process module was used to represent the waiting of the truck while it is filled with solid waste and the
resource associated to the trucks was assigned

With the Assign module the total variable was assigned to simulate the total amount that enters the system.
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Figure 3. Second part of the process

=}

With the classification module, it is simulated according to the type of waste entering the system
Then, by means of the module Decides the classification of waste to usable and non-usable waste is given.
Second part of the process (See fig. 3):
The Separate module of the original duplicate type was created.
Also, the Assign module was created to associate the attribute with the new entities.

The comparison is made taking into account the waste that goes to the landfill and is not recycled and those
that are used for recycling

In the Assigh module the cost of energy saving was assigned according to the table 3.

Table 3. Energy saving

Type of waste | Energy saving in | Saving in

(1 Ton) Kilowatt / Ton $  representing
each Kilowatt
(0.0983%)

Paper and | 475367.34 465,86

paperboard

Glass 132102.04 129,46

Plastic 2301795.91 2255,76

Aluminum 1686316.32 1652,59

The batch module was used to join waste that are not usable and that are sent to the landfill.

Finally, in the last stage of the process, the following was simulated (See fig.4):

}—I—«' Landfill 2 ‘

Figure 4. Last part of the process

In the Assign module, the energy saving of zero soles was recorded, since it is in the scenario that no type of
treatment after solid waste is carried out and it is going directly into the landfill.

The results of simulation are shown below.

1. The average time from when the truck collects solid waste until it is segmented to usable waste was 3.75
hours

2. The percentage of utilization of total solid waste for recycling increased by 96.47%

3. The percentage of use of trucks that load solid waste is increased by 23.53% thanks to the modeling of solid
waste management

4. The average total time since the truck collects solid waste and goes to landfills was 19 hours
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4, Conclusion

The Arena software allowed to simulate two possible scenarios to make a comparison of a possible reality in
which the implementation of a waste management plan is contemplated against another that does not and that is
currently being followed.

The scenario that includes the waste management plan represents an energy saving in Kilowatts for each ton
recycled which represents savings in money because it would be reusing materials instead of producing them

again.

The conclusion of this article would be that an implementation of solid waste management within a Peruvian
University would represent an opportunity to use them through the recycling process in conjunction with strategic
alliances, to obtain economic benefits
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