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Abstract 

The production of municipal solid waste (MSW) has 
increased annually worldwide. This situation can be verified 
in the municipalities of Brazil, that produce more MSW and 
have difficulty in managing their waste resulting in harmful 
consequences for the environment and ecosystems. For 
instance, in the State of Goiás, most of the produced MSW 
are sent to dumps. In this context, the goal of this study was 
to create a projection for the amount of MSW that will be 
generated in each of the 246 municipalities of Goiás by 2040. 
To do so, a population projection from 2015 to 2040 was 
done, alongside its correspondent MSW production and 
identification of the current MSW managing systems in the 
State. Results show that, by 2040, Goiás will have more than 
8.7 million inhabitants, 32% more than 2015. However, 88% 
of the municipalities will continue to have less than 50 
thousand inhabitants. The municipalities of bigger 
dimension, on the other hand, will be concentrated mainly in 

the Goiânia Metropolitan area and surroundings of the 
Federal District regions. In terms of MSW production, an 
increase of about 35% in waste generation is estimated for 
2040 when compared to 2015. In 2040, the Goiânia 
Metropolitan, surroundings of the Federal District and the 
Southwest regions of Goiás will produce 70% of the State 
MSW. Regarding the produced MSW technological routes, in 
2015 about 70% of the State waste went to either unlicensed 
landfills or dumps, while 8% did not even get collected, 
having ended up in wastelands or waterways. Considering 
this panorama in Goiás, what will be the management of 
MSW in 2040 if nothing is done?  

 
 
 

Keywords: Municipal solid waste. Generation. Projections. 
Goiás. Developing countries. 

1. Introduction

The generation of municipal solid waste (MSW) in the 
world has been reaching increasingly alarming quantitative 
growth. In the year 2012, a survey of the World Bank (2012) 
shows that about 1.3 billion tonnes of MSW were produced 
at global levels, the equivalent of 1.2 kg.inhab-1.day-1 (kg per 
inhabitant and per day). If this growth profile is maintained, 
it should reach 2.2 billion tonnes in 2025, the equivalent of 
1.42 kg.inhab-1.day-1 (World Bank, 2012). This is the 
consequence of the consumerism of the world population, 
and can lead to serious environmental problems (Lavee and 
Nardiya, 2013; Hannan et al., 2015). 

In addition to the quantity of produced MSW, another 
issue that concerns the society is the poor management of 
these wastes. Even though there are integrated systems for 
the treatment of such wastes to be operated in good 
condition, namely by biological treatment, thermal treatment, 
recycling and landfill (Kontos et al., 2005), in developing 
countries there is a deficiency in the provision of services 
throughout the whole waste management chain, from 
collection to final disposal. 

In developing countries, programs to prevent the 
production of waste are scarce, as are the incentives to 
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increase the lifespan of materials. In Brazil, despite Law Nº. 
12 305 (National Policy of Solid Waste) establishing the 
principles of the prevention and life cycle of products, the 
circular economy is still an incipient practice. It can be seen 
that there are practically no actions aimed at reducing waste 
production, such as initiatives to change people consumption 
patterns, or information about the life-cycle impacts and the 
costs of the use of resources (Brazil, 2010; EC, 2011; 
Godecke et al., 2013). This information gap is translated into 
inadequate management of the MSW, and results in mixed 
residues, deposited in landfills or even in dumps (Abreu et 
al., 2016; Figueiredo, 2012). Another complicating element in 
the management of MSW in peripheral countries is the 
scarcity of economic resources, appropriate technologies and 
skilled labor to treat solid waste (Andrade and Ferreira, 2011). 

An example of difficulties in MSW management occurs 
in the State of Goiás, Brazil. According to data of the 
Department of Environment, Water Resources, 
Infrastructure, Cities and Metropolitan Affairs – 
SECIMA/GO, only 15 of 246 municipalities in the State 
have licensed landfills (SECIMA/GO, 2015). In these 
landfills, it is disposed the MSW of 16 municipalities of 
Goiás, because Cidade Ocidental shares its waste disposal 
system with Valparaíso de Goiás, neighboring municipality 
(Colvero et al., 2015). The remaining municipalities in the 
State send the produced MSW for unlicensed landfills and 
dumps. 

Landfills are places where MSW are inadequately 
deposited without any kind of control over land use (Marchi, 
2015). Since unlicensed landfills are MSW disposal sites, 
there are some mechanisms to minimize soil impacts, such as 
compaction of MSW, coverage of wastes with a soil layer, 
and in some cases, some monitoring to minimize 
groundwater pollution.  

The final destination of MSW in unlicensed landfills and 
dumps that occur in Goiás municipalities can lead to 
contamination of soil and water resources, as well as putting 
human health at risk (Barros et al., 2015; Malakahmad et al., 
2017). 

In addition to the inadequate provisions, according to a 
survey conducted directly with the municipalities of Goiás 
(via questionnaires answered by municipal managers in 2012 
and 2013, as noticed by Colvero et al. (2017), and concerning 
the implementation of MSW management services, waste 
collection is made by the city councils in 87 % of 
municipalities of Goiás. The remaining 13% were collected 
by a company contracted to carry out the service. Regarding 
the operation of the systems of final disposal of MSW, 95 % 
of the municipalities manages this service directly, while 
others municipalities outsource this service to 
outside companies. 

The change of this panorama of inefficient management 
of MSW of Goiás must begin by being based on a knowledge 
of the amounts of produced MSW. That way, it will be 

possible to establish which management system(s) is/are the 
most adequate and to define the most appropriate 
technologies to perform the treatment and recovery of the 
MSW (Assamoi and Lawryshyn, 2012).  

 

1.1 The main goals 

In this context, the objective of this study was to perform 
a quantitative projection of MSW generated by each 
municipality in Goiás until the year 2040. For this purpose, 
an estimation of the population evolution was carried out for 
these municipalities until 2040. The MSW management 
systems existing in Goiás were also identified. 

 

2. Study area 

Goiás is a state located in the Central-West region of 
Brazil. In 2015, the population was estimated at 6 610 681 inhabitants 
distributed in a territorial extension of 340 111 km2, which 
corresponds to a population density of 19.4 inhabs.km-2.  

State of Goiás borders at North with the State of 
Tocantins, to the East by the State of Bahia and the State of 
Minas Gerais, to the West with the State of Mato Grosso and 
at South with the State of Minas Gerais and Mato Grosso do 
Sul (Fig. 1). The State is divided into ten planning regions, 
which constitutes a strategic delimitation that aims to 
establish the investments of the state government according 
to the socio-economic needs of each region (IMB, 2014; 
IBGE, 2016 b, d). 

 

3. Material and methods 
 

The methods used to estimate the population and MSW 
produced in each municipality of Goiás, as well as the 
existing MSW management systems in the State (and material 
flow), are described in the following sections. 
 

3.1 Methods of population projection 

To estimate the quantity of MSW that are generated in a 
given future year, it is necessary to perform a population 
projection. The population estimation can be determined 
through the use of mathematical models or statistical 
regression analysis methods (linear or non-linear). The 
regression methods are applied, when large historical series 
of data is available, while the mathematical models are used 
when information is scarce, as for example, the population 
of demographic census in three or four specific years 
(Benetti, 2007). 

Because the official population data of each of the 246 
municipalities of Goiás are listed in the censuses carried out 
by the Brazilian Institute of Geography and Statistics – IBGE 
(DATASUS, 2016 a, b) for the years 1980, 1991, 2000 and 
2010, we decided to apply mathematical methods, which will 
be described in the following items.  
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Fig. 1. Quantitative population in the municipalities of Goias in 2040. 

 

In this study, the population projection of Goiás 
municipalities was performed for 2040. It was established for 
the project horizon the year 2040, because the Law Nº. 12 
305 stablished that the National Solid Waste Plan must have 
a time horizon of 20 years (Brazil, 2010 b). Based on the 
assumption that in 2020 the State may have a MSW management 
system appropriate and ready to operate, the population of the end-
of-life of this system will be estimated for 2040. 

 

3.1.1 Arithmetic Projection Method 

According to Benetti (2007), the arithmetic projection 
method is applied in situations where population growth 
occurs at a constant rate over time, taking as a reference the 
population at the starting date and without periodic 
accretion. The model considers an evolution in arithmetic 
progression, being considered a reliable method in short term 
estimatoins. The calculations for this method are those 
presented in Equation 1 (Qasim, 1999; Marques and Sousa, 
2008), 

 

𝑃𝑡𝑎 =  𝑃𝑜 +  𝐾𝑎 . (𝑡 −  𝑡0) (1) 

where: 𝑃𝑡𝑎 = Estimated population, by the arithmetic 

method, in year t (inhabitants); P0 = Population in year t0 
(inhabitants); Ka = arithmetic growth coefficient; t0 = date of 
the first available census (year) and; t = date on which the 
population is to be estimated. 

The population growth rate as a function of time can be 

calculated as: 
dP

dt
=  Ka . However, the Ka coefficient was 

calculated according to Equation 2: 

𝐾𝑎 =  
𝑃𝑛 − 𝑃0

𝑡𝑛 −  𝑡0
 

(2) 
where: Pn = Population in the last year of census; P0 = 
Population in the first year of census; tn = year of last census; 
t0 = year of the first census. 
 

3.1.2 Geometric Projection Method 

A widely used methodology for estimating population at 
any time t is through the mean rate of population growth (r) 
between two known periods (Rios-Neto and Riani, 2004), for 
which the population is known. In geometric projection, 
population growth is a function of the population that exists 
at each moment (Benetti, 2007).  

Distrito

Federal
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Arithmetic projection, is more a reliable method in short-
term estimates. Thus, we can calculate the geometric or 
exponential growth rate, according to equations 3 and 4, 
respectively (Qasim, 1999; Marques and Sousa, 2008), 

𝑟𝑔 = ( √
𝑃𝑛

𝑃0

∆𝑡

) − 1 

(3) 

𝑟𝑒 =
1

∆𝑡
 . ln (

𝑃𝑛

𝑃0
) 

(4) 

With values of the growth rate, it is possible to calculate 
the geometric and exponential population, in any year t, using 
equations 5 and 6, respectively, 

𝑃𝑡𝑔
= 𝑃0 . (1 + 𝑟𝑔) (𝑡−𝑡0) (5) 

𝑃𝑡𝑒
= 𝑃0 .  𝑒𝑟𝑒(𝑡−𝑡0) (6) 

where: 𝑃𝑡𝑔
= population estimated by the geometric method, 

at date t (inhabitants); 𝑃𝑡𝑒
= population estimated by the 

exponential method, in date t (inhabitants), t0 = date of the 
first available census (year) and t = date in which the 
population is to be estimated (year). 

 

3.1.3 Decreasing rate of growth method 

In the decreasing rate of growth method, the following 
premise is used: as the population of a municipality grows, 
the rate of growth of the population decreases. In other 
words, the population tends asymptotically to a saturation 
value (Benetti, 2007). The model of population projection 
using this method is translated into the Equation 7 (Qasim, 
1999; Marques and Sousa, 2008), 

 

𝑃𝑡𝑑
=  𝑃0 + (𝑃𝑠 − 𝑃0)[1 − 𝑒−𝐾𝑑 .(𝑡− 𝑡0)] (7) 

 

where:  

𝑃𝑡𝑑 = Estimated population, by the decreasing rate method, 

in year t (inhabitants); P0 = Population in year t0 (inhabitants); 
PS = Population of saturation (inhabitants); Kd = coefficient 
of decreasing rate of growth; t0 = date of the first available 
census (year) and; t = date on which it is intended to estimate 
the population (year). 

The population growth rate as a function of time is given 

by:  
dP

dt
= Kd . (PS-P).  

The saturation population and the coefficient Kd were 
calculated according to Equations 8 and 9, 

 

𝑃𝑠 =
2. 𝑃0. 𝑃1. 𝑃2 − 𝑃1

2. (𝑃0 + 𝑃2)

𝑃0. 𝑃2 − 𝑃1
2  

(8) 

𝐾𝑑 =
− ln[(𝑃𝑠 − 𝑃2)/(𝑃𝑠 −  𝑃1)]

𝑡2 −  𝑡1 
 

(9) 

where: P0, P1 and P2 = population in the years of censuse t0, 
t1, t2; t0, t1, t2 = periods of time equidistant from each other. 

It should be emphasized that there are other methods of 
population projection such as logistic growth and 
multiplicative regression. However, the three methods 
described in sections 3.1.1, 3.1.2 and 3.1.3 can be considered 
the best ones to estimate the population growth trend of the 
municipalities of Goiás. 

 

3.2 Estimations of the municipal solid waste quantitative 
generated in Goiás 

In order to forecast the MSW quantity that will be 
generated in Goiás in 2040, two sets of information were 
used: i) the population estimation for each Goiás 
municipality (number of inhabitants), obtained from the 
methodology described in section 3.1, and ii) generation per 
capita of MSW for each municipality of Goiás (in kg.inhab-1.day-1), 
according to Colvero et al. (2017). 

The generation per capita of MSW for each municipality of 
Goiás was defined based on two sets of information (Colvero 
et al., 2017): i) based on primary data from the questionnaire 
answered by the municipalities of Goiás in 2012 and 2013, 
and ii) data obtained from literature about studies carried out 
in Goiás municipalities with different numbers of inhabitants 
(Table 1). The generation per capita of MSW was arranged by 
population ranges (Colvero et al., 2017), according to Table 1. 

Based on the two sets of information established for the 
generation per capita of MSW, two scenarios were defined for 
the projection of MSW generation in each municipality of 
Goiás: 

Scenario 1: population estimation for each Goiás 
municipality (number of inhabitants) multiplied by the 
values of generation per capita of MSW resulting from the 
questionnaire sent to the municipalities of Goiás; 

Scenario 2: population estimation for each municipality in 
Goiás (number of inhabitants), multiplied by the values 
of generation per capita of MSW obtained in the literature. 

As a result of the application of this methodology to the 
246 municipalities of the State, two estimations of MSW 
generation were obtained for each municipality and, 
consequently, for each of the two scenarios considered for 
Goiás. Generation per capita of MSW (Colvero et al., 2015), 
means that the production of MSW will vary over time only 
according to the population variation (ARCADIS and 
EUNOMIA, 2009; BNDES, 2013 a).  

In the case of scenario 1, since the generation per capita of 
MSW is considered constant (Colvero et al., 2015), means 
that MSW production will vary over time only according to 
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population variation (ARCADIS and EUNOMIA, 2009; 
BNDES, 2013 a). 

As in Goiás there are municipalities that will have a 
population growth and others a population decrease, the 
generation of MSW will be variable according to the 
population growth/decrease rate over the years.  

In the case of scenario 2, the MSW production projection 
depends on two factors: i) population growth (or decrease), 
and ii) alteration of the category of the population range of 
each municipality, with consequent change of its generation 
per capita of MSW (Table 1). 

This methodology was applied to obtain the following 
MSW generation estimations for the municipalities of Goiás: 

- generation of MSW in the planning regions of Goiás in 
2015, according to scenario 1; 

- generation of MSW in the planning regions of Goiás in 
2015, according to scenario 2; 

- generation of MSW in the planning regions of Goiás in 
2040, according to scenario 1; 

- generation of MSW in the planning regions of Goiás in 
2040, according to scenario 2.

 

Tab. 1. Estimation of the the generation per capita of MSW, by range of population, for Goiás. Adapted from Colvero et al. (2017). 

Categories of the population 
ranges for the municipalities of 
Goiás (inhabitants) 

Median of generation per capita of MSW 
– estimation for scenario 1 

(kg.inhab -1.day-1) 

Median of generation per capita of 
MSW - estimation for scenario 2 

(kg.inhab-1.day-1) 

Up to 5 000  0.90 0.46 

From 5 001 to 10 000  0.87 0.50 

From 10 001 to 20 000  0.95 0.54 

From 20 001 to 50 000  0.86 0.60 

From 50 001 to 100 000  0.77 0.69 

More than 100 000  0.85 0.77 

 

3.3 MSW management systems in the State of Goiás and its mass 
balance 

In order to calculate the MSW values for each treatment 
and final disposal technology in the State of Goiás it was 
necessary to identify which fraction of the population of the 
municipalities of Goiás is served by MSW collection systems. 
For this purpose, data from a survey carried out by IMB 
(2014) were used. 

With the percentages of MSW collected in each 
municipality, the existing management systems for these 
wastes were identified, based on the information provided by 
the municipalities in response to the 2012/2013 
SECIMA/GO questionnaires. This information was 
complemented with data from SECIMA/GO for 2015, 
which indicates the municipalities of Goiás that are sending 
the MSW to licensed landfills. In addition, the BNDES 
(2013b) information was used to identify the Goiás sorting 
centers. Based on the gathered information, it is concluded 
that the management of MSW in Goiás is done in the 
following locations: i) sorting centers; ii) a composting plant; 
iii) landfills licensed by SECIMA/GO; iv) landfills not 
licensed by SECIMA/GO and; v) dumps. 

To calculate the quantities of  MSW that are sent to the 
sorting centers (SC), BNDES (2012b) data were used. This 
study shows that in the municipalities of  Goiás that have 
differentiated collection (DC) of  recyclables, the value of  this 
collection varies from 1 % to 5 % of  the mass of  the total 

MSW generated. Thus, in this work we chose to use for the 
municipalities that have a destination for DC, a value of  3% 
of  the MSW routed to the SC. However, 30% of  the mass 
of  MSW arriving in SC are eventually rejected and sent to 
dumps and landfills of  the State of  Goiás (NURSOL/UFG, 
2014). 

To estimate the quantities that are sent to the only 
composting plant in Goiás, as well as the tailings of  this 
system, data available from BNDES (2012a) were used. The 
other MSW generated in Goiás have other destinations, such 
as licensed landfills, unlicensed landfills or dumps. There is 
also a fraction of  MSW that is not collected and dumped into 
public roads and vacant lots (IMB, 2014). These destinations 
were identified according to SECIMA/GO (2015), BNDES 
(2013 b) and with the questionnaires answered by the 
municipalities. 

In order to define the most appropriate MSW 
management system, the municipality, region or country 
must take into account the specificities of the generated 
MSW. In addition, it is necessary that these materials be 
analyzed through their production chain, considering from 
their generation (in terms of quantity), through the collection 
(differentiated or undifferentiated), transportation, the 
several forms of treatment and, to close the cycle, the 
elimination of these wastes (Pires et al., 2011). 

This sequence of operations is designated in Brazil as the 
technological route of the MSW of a given location (BNDES, 
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2013 b). In this context, the technological route of the MSW 
in Goiás and the quantity of MSW produced and treated in 
the State were analyzed using a fluxogram approach 
performed with STAN © software tool (version 2.5). This 
software alowed to calculate the general mass balance of 
MSW generated in the State. 
 

4. Results and Discussion 
 

4.1 Population Projection of Goiás 

Until 1988, the State of Goiás had an area of 617 831 km2 
(IBGE, 2016 b, c). However, with the promulgation of the 

last Brazilian Constitution, on October 5, 1988, Goiás was 
divided into two states (Brazil, 1988): i) in the former 
northern Goiás state, the State of Tocantins was created, with 
78 municipalities in Goiás (Rodrigues and Santos, 2015) and 
an area of 277 721 km2 (IBGE, 2016 c), ii) the other 340 111 km2 
corresponding to 209 municipalities continued to belong to 
Goiás (Pereira et al., 2009). Latter, other localities were 
emancipated, until reaching the current 246 municipalities in 
the State of Goiás. 

Despite the division of the state, along 30 years (from 

1980 to 2010) the number of inhabitants of Goiás increased 

by 92 %, as shown in Table 2.  

 

 

Tab. 2. Quantitative population of the State of Goiás from 1980 to 2010, based on IBGE. Adapted from DATASUS, 2016 a, b). 

State Total population of Goiás, according to the demographic census (inhabitants) 

1980 1991 2000 2010 

Goiás 3 121 125 4 018 903 5 003 228 6 003 788 

To estimate the population of the municipalities of the 
State, in this work were considered only the inhabitants of 
the municipalities that continued to belong to Goiás after the 
creation of the State of Tocantins. Thus, based on the 
population projection models used in this study (section 3.1), 
calculations were made to estimate the population of Goiás 
from 2016 to 2040.  

Of the 246 municipalities in Goiás was applyed: in 173 
municipalities, the decreasing growth rate; in 69 
municipalities the methodology of the geometric projection 
and; in other 4 municipalities the method of the arithmetic 
projection. These estimations were necessary because the 
IBGE has population projections for the entire State, but 
does not present a future population estimation for each 
municipality. 

The estimated values in this work, following the described 
methodology, were compared with the quantitative 
population projected by the IBGE (2013) for the State of 
Goiás. The sum of the quantitative estimated population of 
each municipality of Goiás is close to the projected values by 
IBGE for the State. For example, for the year 2030, there is 
a population difference of only 0.2 % between that estimated 
by IBGE and the one projected in this study; that is, IBGE 
estimates a population of 7 712 596 inhabitants by 2030, 
and in this study the projection is of 7 727 348 inhabitants. 

Although the projections indicate larger population 
densities in the 2040 horizon (Fig. 1), the State wiil 
remain with most of the municipalities (87.8 %) 
classified as small, that is, with less than 50 000 
inhabitants (Araújo and Nunes, 2013). The regions 
with the highest number of municipalities with a 

population of more than 100 000 inhabitants are the 
Entorno do Distrito Federal (EDF) and Metropolitana de 
Goiânia (MGyn), with 6 and 5 municipalities, 
respectively.  

According to Souza (2011), this scenario occurs because 
the State has a productive profile, focused on monocultures, 
which leads to concentration of land and incomes and, 
consequently, generates economic inequality. Situation that 
stimulates urban agglomerations, as in the MGyn and EDF 
regions. In addition, SEGPLAN and SEPIN (2011), reported 
that in EDF there is a great population displacement coming 
from Brasília towards the municipalities of Goiás that are 
part of this region, a situation that is due to the high cost of 
living in the federal capital. 

In addition, the quantitative population in each planning 
region can also be explained by the number of available jobs 
for each of the five sectors of activity (agriculture, trade, 
construction, industry and services). According to data from 
the IMB (2014), in all sectors, the State has 1 439 341 of jobs 
in 2012, concentrating more than 780 000 jobs only in the 
MGyn region, which correspond to 54 % of total 
employment in the State. 

According to IBGE (2016 a), MGyn and EDF regions 
together hold about 55 % of the State population (Table 3), 
with the MGyn region having the smallest territorial area of 
all regions and a density 17 times higher than the State 
average density. In opposite situation, it is the Nordeste Goiano, 
region that has 26 municipalities and a population of 
184 472 inhabitants. People are distributed in an area of 40 
181 km2, which means almost 12 % of the area of the State 
and a population density of 4.59 inhabs.km-2, value four times 
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smaller than the average density of the State (IBGE, 2015, 
2016 d; IMB, 2014). 

Population projections indicate that in 2040 the MGyn 
and EDF regions will continue to have the largest 
settlements. In addition to these regions, it is possible to join 
the Sudoeste Goiano that will reach more than 1.1 million 
inhabitants by 2040. Together, in 2040, these three regions 
(MGyn, EDF and Sudoeste Goiano) will have 66 % of the 
population of Goiás. The state will increase from 6.6 million 
inhabitants in 2015 up to 8.7 million in 2040 (Table 3). 

 

4.2 Projection of solid urban waste production in the State of 
Goiás 

The obtained results suggest a scenario of growth of 
MSW production in the State of Goiás by 2040. According 
to the projections based on scenario 1, the production of 
MSW in Goiás will increase from 5 828 t .day - 1  ( tons 

per day) in 2015 to  7 764 t.day-1 in 2040, representing an 
increase of 33 %. For scenario 2, in the same period, the 
expected increase for the MSW generation will change from 
4 967 t .day - 1  in 2015 to 6 849 t.day-1 in 2040, meaning a 
growth of 38 %. So, the values projected for the production 

of MSW from scenario 1 are about 900 t.day-1 higher than the 
values estimated from scenario 2. 

For both scenarios 1 and 2, the projections indicate that 
the MGyn and EDF are the regions with the highest MSW 
generation in Goiás. From the data of scenario 1, in 2015 
these regions generated, together, 3 056 t.day-1 of MSW, the 
equivalent to 52.4 % of the total produced MSW. In scenario 
2, in 2015 these two regions jointly generated 3 073 t.day-1 of 
MSW, a slightly larger quantity than that predicted according 
to scenario 1, but it represents 61.9 % of the total generated MSW. 

In addition, in both scenarios 1 and 2, the projections 
point to a growth in the quantity of  MSW generated in the 
Sudoeste Goiano region. Based on the projections in scenario 1, in 
2040 this region will assume the position of  second largest 
MSW generator in Goiás, standing above the EDF in terms 
of  MSW generation (Fig. 2 a).  

Also, according to scenario 1, in 2040, the three regions 
(MGyn, EDF and Sudoeste Goiano) will produce about 4 980 t.day-1 of  
MSW, which means 64.1 % of  the total 7 760 t.day-1 of  MSW 
that the State will generate. According to the projections for 
scenario 2, these three regions will produce about 4 913 t.day-1, 
which will represent 71.7 % of  the MSW generated in Goiás 
(Fig. 2 b). 

 

Tab. 3. Demographic picture of ten planning regions of the State of Goiás. Adapted from IMB (2014), IBGE (2015, 2016 d) and 
DATASUS (2016 b). Legend: inhabs.km-2 = inhabitants per km2; Entorno do DF – Entorno do Distrito Federal; Metrop. Goiânia - Metropolitana de 
Goiânia. 

Region Number of 
Municipalities 

Area 

(km2) 

Population 2015 
Estimation of IBGE  

(population) 

Population estimated for Goiás 
by 2040  

(inhabitants) 

Demographic 
density  

(inhabs.km-2) 

Norte Goiano 26 60 946 320 433 382 508 5.3 

Nordeste Goiano 20 40 181 184 472 236 901 4.6 

Noroeste Goiano 13 14 872 147 698 179 567 9.9 

Centro Goiano 31 18 536 675 776 837 589 36.5 

Entorno do DF 19 30 982 1 179 669 1 416 802 38.1 

Oeste Goiano 43 55 535 352 618 435 547 6.4 

Metrop. Goiânia 20 7 315 2 421 831 3 185 744 331.1 

Sudeste Goiano 22 25 425 271 226 389 454 10.7 

Sudoeste Goiano 26 61 499 622 057 1 109 931 10.1 

Sul Goiano 26 24 820 434 901 526 244 17.5 

State of Goiás 246 340 111 6 610 681 8 700 287 19.4 
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Fig. 2. Projections of urban solid waste production (t.day-1) based on scenarios 1 (a) and 2 (b), by planning region of the State of Goiás, 
in 2040. 
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In the opposite situation are the Noroeste Goiano and 
Nordeste Goiano, with the least generation of MSW, according 
to the projections for both scenarios 1 and 2 (in descending 
order of generation of waste are the Nordeste Goiano region 
and the Noroeste Goiano region) as shown in Figure 2 a, b. 
According to the projection of scenario 1, in 2015, these two 
regions together produced 287 t.day-1 of MSW, equivalent to 
4.9 % of the total MSW of the State. While, according to the 
projections of scenario 2, these regions produced 182 t.day-1, 
or 3.7 % of the total MSW generated in the State. Although, 
an increase in the generation of MSW is expected for 2040 in 
these two regions, these both regions together will continue 
to produce the smallest percentage of total MSW produced 
in the State, this is, 4.8 % and 3.5 %, respectively, according 
to the projections of scenarios 1 and 2 for 2040. 
 

4.3 Mass balance of the technological route of urban solid waste 
in Goiás 

The MSW collection does not cover the entire population 
of Goiás (Table 4). According to IMB (2014), 92 % of the 
MSW generated in 2013 were collected.  

The municipalities of the MGyn region collected 99 % of 
the generated MSW. However, there are regions with low 
collection rates, such as Noroeste and Norte Goiano, which 
collected about 80 % of the generated MSW. The least 
satisfactory situation is observed in the Nordeste Goiano, where 
about 66 % of MSW were collected. 

The main management routes of the MSW of the State 
are related to the undifferentiated collection of MSW and 
deposition in dumps and landfills, not licensed by 
SECIMA/GO. In fact, unlicensed dumps and landfills are 
the destination of 70 % of the MSW produced in Goiás. 
Another part goes to the 15 landfills licensed by 
SECIMA/GO (2015), which received from 20 % to 23 % of 
MSW generated in the State. There are also between 7 % and 
9 % of MSW that are not collected, and are abandoned in 
vacant lots, public roads and rivers (IMB, 2014). 

In fact, less than 2 % of MSW are detached and sent to 
sorting units, which can separate about 70 % of the received 
MSW and send them for recycling. In the State, there is also 
a composting plant (BNDES, 2012a), which is installed in the 
municipality of Chapadão do Céu. The produced compost in 
this municipality unit is equivalent to less than 0.01 % of the 
total mass of the produced MSW in the State. 

The mass balance of  the technological route of  the 
produced MSW, in the State of  Goiás, in 2015, is presented 
in Figures 3 and 4, for scenario 1 and scenario 2, respectively. 

In Goiás, MSW management operations do not integrate 
technologies that use another form of  biological treatment 
than composting; for example, the anaerobic digestion 
technology of  the biodegradable organic fraction and 
subsequent energy recovery of  the produced biogas, has not 
been the choice of  Decision-makers for the MSW 
Management.

 

Tab. 4. Overview of the MSW collection, by planning region of Goiás in the year 2015. Legend: t.day-1 = tons per day; Entorno do DF – 
Entorno do Distrito Federal; Metrop. Goiânia - Metropolitana de Goiânia;  

Planning regions Produced MSW Colleted MSW 

Scenario 1 Scenario 2 Scenario 1 Scenario 2 

t.day-1 t.day-1 t.day-1 collected % t.day-1 collected % 

Norte Goiano 319 184 242 75.9 147 79.9 

Nordeste Goiano 173 99 112 64.7 67 67.1 

Noroeste Goiano 114 83 90 79.3 66 78.8 

Centro Goiano 606 488 550 90.9 455 93.3 

Entorno do DF 793 843 706 89.0 760 90.2 

Oeste Goiano 324 190 261 80.4 154 81.0 

Metrop. Goiânia 2 262 2 230 2 229 98.5 2 208 99.0 

Sudeste Goiano 268 164 234 87.2 143 87.1 

Sudoeste Goiano 562 416 508 90.4 378 91.0 

Sul Goiano 407 270 373 91.6 248 91.9 

Total 5 828 4 967 5 305 91.0 4 626 93.1 
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Fig. 3. Technological route of solid urban waste produced (in t.year-1) in the State of Goiás in 2015, according to the projections for 
scenario 1. 

 

Management systems for the thermal treatment of  MSW, 
such as incineration (Kontos et al., 2005), also do not exist in 
the municipalities of  Goiás. It is also observed that even in 
cases where MSW are destined for landfills, that is one of  the 
least sustainable options for the management of  MSW 
(Cherubini et al., 2009), there is no energy recovery of  
produced biogas.  

Goiás has a gap in terms of  evaluation that encompasses 
not only the financial aspects but also the technical, 
environmental, legislative and social aspects of  management 
policies of  MSW, a situation characteristic of  developing 
countries (Guerrero et al., 2013).  

Decision-makers should define an MSW management 

system according to the specificities of  the region, which 

includes in addition to technological and financial aspects the 

involvement of  the populations (Feo and Malvano, 2009). 

The additional 340 t.day-1 of non-collected MSW, as well 
as the 3 429 t.day-1 of MSW that are destined for unlicensed 
landfills and dumps in the municipalities of Goiás 
(quantitative shown in Fig. 3) may be contaminating soil, 
surface and underground water bodies, as well as causing 
diseases to the animals and people that are in contact with 
these residues (Barros et al., 2015; Marchi, 2015). 
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Fig. 4. Technological route of solid urban waste produced (in t.year-1) in the State of Goiás in 2015, according to the projections for 
scenario 2. 

 

According to a study performed by Malakahmad et al. 
(2017), one ton of MSW deposited in a landfill produces 
0.188 m3 of leachate; hundreds of cubic meters of this liquid 
may be percolating and contaminating daily the soil and 
waters of the municipalities of the State of Goiás.  

In addition, there is the landfill gas (LFG), resulting from 
aerobic and anaerobic biological decomposition of organic 
residues in MSW (Malakahmad et al., 2017). In the present 
study, the LFG is composed of 45-60 % of CH4 and 40-60 % 
of CO2 (Tchobanoglous et al., 1993), which are two of the 
main greenhouse gases (Piñas et al., 2016). 

 

5. Conclusion 
 

According to population projections for the 246 
municipalities in Goiás, the State will increase from 6.6 million of 

inhabitants in 2015 to a population exding 8.7 million of 
inhabitants in 2040. The State will increase from the current 
12 to 19 municipalities with more than 100 thousand 
inhabitants in 2040, being the most part of population (55 %) 
located in MGyn and EDF. MGyn has a population density of 
331.1 inhabs.km-2, well above the average of Goiás. 

With regard to projections for the production of 
municipal solid waste, there will be an increase ranging from 
33 % to 38 % in the generation of this kind of waste in Goiás 
by 2040. From more than 6 500 t.day-1 (up to 7 800 t.day-1) 
of MSW that will be produced in that year, between 64 % and 
72 % will be generated in three of the ten planning regions, 
MGyn, Sudoeste Goiano and EDF. Opposite situation will be 
observed in the Noroeste Goiano and Nordeste Goiano, which will 
produce between 3.8 % and 4.5 % of MSW of Goiás. 
However, the greatest problem is not the quantity of MSW 
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that the municipalities of Goiás will produce, but rather the 
lack of adequate management of this waste. 

Few municipalities have MSW treatment and disposal 
systems. In the State of Goiás there are 15 landfills (licensed 
by SECIMA/GO), 22 sorting centers and a composting 
plant. In contrast, 220 systems of inadequate MSW disposal 
were identified, with only 43 of such systems in the Centro 
Goiano. 

This situation evidences the urgent need for the creation 
of new systems of treatment and final disposal of MSW, 
considering that in 2015 between 76 % and 79 % of the total 
produced MSW in Goiás were discarded inadequately. This 
scenario will aggravate year after year, as more waste will be 
produced. 

Faced with this alarming panorama of the increasing 
production of MSW and the lack of an adequate system for 
the management of this waste, Goiás needs to create a 
strategy for alternatives to treat and dispose the MSW in an 
environmentally adequate way. 
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