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Abstract: Urban Solid Waste Management (USWM) is one of the components that
influences in the sustainable cities. It is a fundamental factor in achieving the
Sustainable Development Goals (SDGs), 2030 agenda. This paper work aims to validate
a mathematical model for solid waste generation and to estimate the economic loss
due lack of recycling in the city of Campo Grande, State of Mato Grosso do Sul/Brazil.
The model adopted was developed by Dias et. al. (2012), which allows projecting the
mass of waste to be generated by the inhabitants from socioeconomic indicators, such
as per capita income, social classes and size of population in a specific urban territory.
Besides, waste composition was analyzed to determinate the value and share of the
gravimetric characterization, in order to estimate the economic loss in areas, which there
are no selective collection of Household Solid Waste (HSW). The model showed strong
adherence, when compared to the real mass of HSW collected. The economic loss due
to selective collection approaches nearly 9.6 million USS, or about 11 USS per person
per year. The study can provide support for economic evaluation of project sand public
policies related to USWM executed in any other city with similar characteristics.

Key words: Household solid waste, urban solid waste management, waste generation
model, validation of mathematical model.

INTRODUCTION

Urban Solid Waste Management (USWM)
integrate the civil infrastructure of cities and is
a critical and indispensable activity. So, strong
attention should be given to the collection and
discharge processes,inordertoassurethe correct
environmental protection. Due to the significant
increase in the individual consumption of goods
and products, closely influenced by cultural
and socioeconomic aspects, the Brazilian
municipalities are challenged to identify
adequate strategies to come to terms with the
great growth of Household Solid Waste (HSW).
In developing countries, such as Brazil,
where the public services is not so efficient, this
task becomes harder and of difficult execution.
It is worth mentioning that one of the targets

proposed in the National Solid Waste Policy is
the eradication of the dumpsites (BRASIL 2010).
Such commitment should have been fulfilled
four years after the publication of Law n°
12.305 of August 2010. Nevertheless, after more
than five years since the Law came into effect,
few more than 15% of the municipalities had
achieved the determinations of the law (SENADO
FEDERAL 2015). In view of the non-achievement
of the targets, the temporary commission of
the solid waste of the Federal Senate extended
the deadline to extinguish the dump sites
and replace with sanitary landfills (CAMARA
2017). However, this issue still goes through
several analyzes, facing opposition from some
parliamentarians.
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The problem of waste disposal is a current
concern in Brazil and due to this, some studies
show the harmful influence of the deposition
of waste on the soil and water courses and
the contamination of aquifers with harmful
consequences to the environment. Cotta (2020)
presented a study on the problem of deposition
of waste in a waste pile in a uranium mining
company. Assis et al. (2017) presents a work on
the impact of waste produced by health services.
The anthropogenic impact on the environment
from the release of untreated sewage along the
coast has been the subject of studies by Pitanga
et al. (2012). The pollution problem due to the
impact of metallurgical, electroplating, steel,
petrochemical, and tannery companies was the
subject of studies conducted by Schneider et al.
(2014).

According to (Frésca 2007), the main causes
of the problems related to USWM are social
and economic characteristics of the local
contexts, as well as the high urbanization rate
that cities have been facing. Moreover, multiple
processes related to USWM are responsible for
Greenhouse Gas (GHG) emissions. (US EPA 2006).
Those emissions occur throughout the life-cycle
of the material produced, transportation, use
and discharging, including greenhouse gases,
which are relevant to climate change, such as
methane (CH,), carbon dioxide (CO,) and nitrous
oxide (N,0) (Gentil et al. 2009).

In another strand, the strategies and
infrastructure adopted by some countries have
offered the recycling market, as opposed to
the sanitary landfills, combustion and other
alternative treatments, representing a positive
landmark for the cities which adopt recycling as
part of their systematization and USWM (ISWA
2018, ABRELPE2018).Therefore,acknowledgement
about waste generation is important not only to
compliance with the legislation, but also to plan
the activities of USWM. In this sense, according

SOLID WASTE GENERATION MODEL VALIDATION AND APPLICATION

to Gaieski (1991), the per capita income and
quantity of inhabitants influence on the waste
generation in society, since there is a direct
relationship between bigger consumption,
larger populations, and the generation of HSW.

It is worth highlighting also that, the Waste
Code of the Municipality of Campo Grande City
establishes that, typically household solid waste
in quantities below 200 liters or 50 kilograms per
day shall be dealt with by the regular collection
and carried out by the municipality services. On
that line, it was verified about characteristics
of the HSW, which are basically composed by
recyclable material, such as: plastic packaging,
paper, paperboard, sanitary and organic refuse
(PMCG P. M. 2012).

The collection and transportation of the
HSW are done overthe all urban perimeter of the
municipality, which is subdivided into regions
to organize the collection schedule, using
containers compactor trucks of two or three
axles (PLANURB 2017). Finally, it is necessary to
clarify that, the USWM of Campo Grande city is
ruled by a Private-Public Partnership, on behalf
of the Municipal Secretariat for Infrastructure
and Public Services (SISEP).

The study applies the mathematical model
for projection of HSW generation, as proposed
by Dias et al. (2012), in order to validate it, by
comparing the simulated results with the real
values of waste collection in the city of Campo
Grande-MS. The paper also aims to estimate
the annual economic loss per capita,due the
non-recycling of all the potential dry recyclable
HSW. For that purpose, the mathematical model
was applied for the years 2013 and 2017 and the
economic loss was calculated for the year 2018.

MATERIALS AND METHODS

In 2012, Dias proposed in his doctoral thesis a
model to estimate the generation of solid waste
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in an urban environment. The model was based
on data from the city of Belo Horizonte and
was developed at Federal University of Minas
Gerais (UFMG). The mathematical model shows
the relationship between size population, its
income and HSW generation.

A linear regression was applied, using a
dispersion of data pairs, including per capita
income, in Brazilian currency (R$/inhab.month)
and per capita collected mass of solid waste
(kg/inhab.day). Note that, if the model will be
used in other countries, currency should be
converted to Brazilian Reals (RS$), in order to
maintain coefficients compatible.

Figure 1shows the adjustmentofan equation
(Equation 1), achieved after five years of data
observation (2006 to 2010). The Coefficient of
Determination (R?) reaches 0.8525, value that
was considered quite sufficient, given the wide
socioeconomic diversity and social inequality
existing in the Brazilian reality.

Besides, before publishing, still during
the thesis, in order to evaluate its quality, the
model was also previously validated in Porto
Alegre City, Rio Grande do Sul state, where it was
applied, showing a relative error of only 0.4%,
when comparing HSW estimated by the model
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and the real mass collected by local public
service. Therefore, it may be inferred that a
strong adherence of equation was suggested.

Thus, for bringing the case into Campo
Grande city and verify if the model is still
useful and accurate, the model was used for a
period six-years, from 2013 to 2017, updating the
number of residents and the monthly nominal
household income, for this period.

n

C=2P*(-0,00000005 x2 + 0,0006 x + 0,2848)
(Equation 1).

Where:

C = total daily amount of household solid
waste generated (kg/day).

X = per capita average monthly income
of each defined socioeconomic stratum (RS/
month).

P = existing population in each defined
socioeconomic stratum in the analyzed region.

I=amount of defin ed socioeconomic ranges,
from 1to n.

Figure 1. HSW
generation model.
Source: Dias et

al. (2012).
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Then data sources came from Brazilian
official statistics institute (IBGE) and from
the Campo Grande Municipal Secretariat for
Infrastructure and Public Services (SISEP). The
values and annual increases of the minimum
wages as set by the Central Bank of Brazil (BCB
2018a) were calculated for the evolution of
nominal household income and then assigned
to the median of each income range distribution.

The HSW mass, for the correct comparison
with the values simulated by the proposed
model, were obtained from the annual report
on household waste collected in Campo Grande,
produced by SISEP and published in (PLANURB
2017). Subsequently, in order to determine the
per capita income variable, the rate of residents
per households in the city of Campo Grande was
considered: around 312 residents per household,
according to the IBGE (2018). Simultaneously, to
calculate the economic loss due lack of recycling,
a characterization of physical composition of
HSW generated was obtained, based on the
scope of the Selective Collection Plan. Also,
the values of recyclable materials in the local
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market were obtained from price quotation and
from systematized information in the Situational
Diagnosis of the current Selective Collection
Plan of the municipality of Campo Grande (PMCG
PM. TOMO I11/1V 2017).

RESULTS AND DISCUSSION

Model validation in Campo Grande

The distribution of the population, according in
come per capita ranges was computed, excluding
those households without income. The total
quantity of households registered was 244,499,
divided into eight income ranges, as presented
in Figure 2.

This analysis deals with the identification
of the frequency of households which compose
each socioeconomic range. The low economic
condition of the population is clear, since
almost 90% of them have an income below 10
minimum wages per month.To make possible
comparisons, it was necessary to clarify that, in
2018, the official minimum wage was equal RS
954.00 in Brazil, which means an amountaround
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Figure 2. Distribution of the monthly income ranges of the Campo Grande households. Source IBGE 2018.

An Acad Bras Cienc (2022) 94(3) 20210207 4|10



CAIO T. ASPET et al.

USS 244.00, considering average exchange rate
of August (ADVFN 2018).

In figure 3, it is possible to see, through a
dimensionless analysis of the waste generation,
the variation between the maximum and
minimum mass collected, where the value “1”
represents the average of the year, calculated
from the nominal HSW generated in the analyzed
period and divided by the average.

The relationship between HSW generation
and the seasonal influences in the period
analyzed years shows rising peaks, that may
be produced by population habits, as well as
weather factors and cultural aspects related
to the holiday season, combined also with the
Christmas-bonus effect on the economy. The
downtrend, after the economic heating, it could
be due to the personal indebtedness, which
consequently interferes with the purchasing
power. It is possible to realize also that, at the
end of each year the HSW generation reaches an
increase of around 20%. Seasonality also shows
that, in winter months the reduction in solid
waste generation reaches around 10%.

Based on the results calculated by the
model, HSW generation in Campo Grande city
was 22,724 metric tons per month, at an average
computed in the five years analyzed. Table |
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shows values calculated by the model and
values appointed by SISEP. The relative error
for each year analyzed was the deltas shown
at the last line of the table. The deltas pointed
out the comparison between the real values of
the monthly average collected and the values
simulated by the model. The simulated values
are lower when compared to the real values up to
the year 2015, resulting in a small negative delta.
After this, in 2016, there was an improvement
in the selective collection system in the urban
regions of Campo Grande, which probably cause
the positive delta, reaching an error around 8%
for 2017.

A detailed analysis of the projection of the
model of generation of HSW in kg/person-day is
shown in Figure 4. The levels of population with
lower income, less than 1 minimum wage, have
remained its HSW generation linearly, while the
bands from more than 1 up to 20 minimum wages
per person had significant growth. However,
people with more than 20 minimum wages per
month had a 6% decline in the generation of
HSW in the period evaluated. The fact of this
reduction could be a reflection of the use of
inhabitants or a better level of education and
more awareness of the side effect of unmanaged
solid waste.

Gy T %, T, B, % %, %, %, T B B, % B

s s ?.J"
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Figure 3. Evolution of HSW generation in Campo Grande in dimensionless values. Source: SISEP 2018.
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Table I. Evaluation of the model by the annual average of HSW generation in Metric tons/month.

Years under evaluation 2013
Total calculated by the model 20,478
Real total reported by SISEP 20,862
Delta -1.84%
2,5
T —
F 15 N N
t 4 i { {
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Z . . .
¥ 1 I Y |
0,5 - A
. - .
0

2013 2014 2015 2016 2017 2018
Year

Economic losses

An average apparent specific gravity of 166.99
kg/m’ as well as a detailed composition of the
waste collected by regular collection were set,
based on gravimetric composition. The analysis
of the qualitative physical characterization
shown the composition as 46.34% of organic
waste, 16.60% of refuse, 0.07% of hazardous
waste and 36.99% of dry recyclables.

The detailed distribution of components
of recyclable HSW is shown in Table Ill. Note
that share defined as “Non-attributed” means
components that do not reach economic
advantages, such as: fabric, mixed polymers and
styrofoam. The values for materials classified as
recyclables are shown in Table II.

2014 2015 2016 2017
21,421 22,592 24,076 25,056
22,920 22,770 22,727 23,213
-6.54% -0.78% 5.94% 7.94%

Figure 4. Projection of the
—e—Upto ¥ MW evaluation of the model
in kg/person-day for the

—m—More than % to 1 MW range in Minimum Wages.

—#—More than 1 to 2 MW
—~—More than 2 to 3 MW
—+—More than 3 to 5 MW
~®-—More than 5 to 10 MW

+~~More than 10 to 20
MW

-More than 20 MW

The planning established for 2018 was
to collect selectively 11.8% of the mass of
dry recyclable HSW through the modalities
proposed, including door to door or voluntary
disposal point. It means that about 88.2% of
urban household solid waste will neither be
dealt with by the municipal waste sorting unit
and, consequently, not it will have the chance of
being recovered.

Considering the amount of HSW estimated
for the year 2018, the share of dry recyclables
(36.99%) and the goals for selective collection
(11.8%), it means that 1,098 metric tons/month
of the dry recyclable waste were designated to
recycle. In return, a portion of 8,206 metric tons/
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Table IlI. Values of clean material, prices per metric
tons.

Materials valued based on Dry Average Value
Recyclables (Uss)
Paperboard 65.69
White Paper 9246

Multilayer packaging (long-life) 24.33

Steel cans (ferrous metal) 60.83
Aluminum cans 802.92
Glass 34.06

Rigid plastic 72.99
Plastic film 29197

PET 30414

Currency converted from R$ to US$ on 8/29/2018 (BCB 2018b).

month was deposited in landfills without any
adequate method of collection or treatment.

Moreover, for an effective calculation
of the HSW dry recyclables, only a portion of
the material selectively collected is actually
recovered, since part of the collected material
will either be composted or become refuse.
Considering factors of operational capacity
of service providers and the index of correct
segregation of the waste destined to selective
collection, a rate of 44.52% will be refused.

It should be noted that this high rate of
refuse it is a consequence from the precarious
education of the users of the selective collection
service of the municipality, that weak the
recovery chain of recyclable products and leads
to the economic losses.

Therefore, the dry recyclable HSW
production which can indeed be recovered is set
at a total of 4,552 metric tons per month. Thus,
the economic loss due to the lack of selective
collection and recycling of recyclable materials
produced in Campo Grande becomes evident as
can be seen in Table IlI.

Thus, the estimated economic the loss in
USWM in Campo Grande was USS 9,671,343 (Nine

SOLID WASTE GENERATION MODEL VALIDATION AND APPLICATION

million, six hundred and seventy-one thousand,
three hundred and forty-three American Dollars)
per year, which equals a loss of 11,11 USD per
person inthe analyzed year (currency conversion
from BRL to USD on 08/29/2018) (BCB 2018b).
Besides that, such generation of dry recyclable
waste, if fully recovered by the recycling system,
would allow the reduction of nearly 18% of the
total waste daily disposed in the dump site.

In addition, considering also that the total
value of US$14,904,703 was paid in 2017 by the
city hall to the company that collects, transports
and discharges the HSW (Bitencourt 2018), it is
possible to affirm that, around 65% of the that
cost could be amortized by recycling procedures,
considering the same expenditure for the year
2018.

CONCLUSIONS

The present investigation reinforces the
significant role of USWM, which can cause an
impact on the environment as well in the cost,
when not properly carried out with convenient
strategies. It was demonstrated that better
efficiency, productivity and innovation can be
achieved.

The mathematical model evaluated in this
article allows public and private managers to
have a systemic view of the local waste problem
so that the planning of infrastructure actions,
such as the collection, treatment and final
destination of waste can be adjusted to the local
reality. Therefore, the use of a mathematical
model which links the HSW collected amount,
the existing population and the defined
socioeconomic stratum was considered an
adequate choice.

With the systematic and detailed monitoring
of the generation of dry recyclable HSW, it is
possible to come up with strategies and identify
the investment needs of the recycling sector.
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Table lll. Economic loss for the non-recycling of dry recyclable household waste for the year 2018.

Recyclable materials gr;‘g:;?:{;;
Paperboard 2514%
White paper + colored paper 6.22%
Multilayer packaging (long-life) 2.70%
Steel cans (ferrous metal) 1.68%
Aluminum cans 0.84%
Tinted +clear glass 6.97%
Rigid plastic 4.54%
Plastic film 45.01%
PET 3.33%
Non-attributed 3.57%
TOTAL 100%

The present study has also pointed out the
significant economic potential wasted in dump
sites or landfills that could be used to help
achieve the Sustainable Development Goals or
others investments.

For the correct steps in the management of
dry recyclable HSW and an effective insertion
into the recycling market, first it is necessary a
collective action of both society and government
representatives to rationalize and value this
fraction of waste that can be reused.

Environmental awareness to make cities
more sustainable will only take place when
society awakens to the value paid for its own
waste. Therefore, we should be wise enough to
see dry recyclable waste as a valuable source,
subsidizing taxes such as the waste fee and,
in an integrated manner, paving the way for
the appropriated treatment and economic
compensation for the society.
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