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Abstract— Objective: this work aimed to investigate aspects of waste
generation in Brazil and the main waste management techniques that are
reported in the literature. Methodology: the methodology used comprises a
literature review, where recent works were used in order to expose the
current scenario of the Brazilian context, as well as waste management
techniques used more widely. Results and Discussion: through the
information collected, it was possible to note that Brazil has a high
generation of waste, with about 216 tons per day throughout the national
territory. In Brazil, the most used form of management refers to the use of
sanitary landfills, however, landfills require complex management, in
addition to a grandiose strip of land. In this way, solutions such as
incineration can contribute to waste management both in Brazil and in the
world, since it considerably reduces the volume of wa-ste. Other
alternatives reported in this study include bioremediation, recycling and
composting. It is also noteworthy that re-cycling, despite being a highly
effective method, leads to severe contamination problems, which makes the
plants need to have strict controls for cleaning and care, avoiding the
contamination of employees. Final considerations: several measures can be
adopted, but they must consider the context in which the cities and the
respective State are located, in order to obtain lower costs and greater
efficiency.

I.  INTRODUCTION

In recent years, pollution problems have increased
significantly both in magnitude and in diversity, leading
society to warn about such complications and become
aware of their potential scratchs. Ribeiro and Mendes [1]
and Liden et al. [2] report that issues related to different
issues related to contamination and degradation of the
environment have become increasingly important in the
lives of the world's population, resulting in the changing
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certain paradigms related to the use of natural resources,
waste disposal and the need to rethink consumerism. As a
result of the social pressure generated, decision makers are
expected to demonstrate a growing political will to solve
problems, working together with solidly trained experts
who need to offer solutions [3]. Currently, subjects on this
subject are found in practically all the media, which, in a
way, helps to form the population's opinion about this
setback. However, although they help in the promotion of
knowledge and forms of “rational” use, these media do not
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provide a formal culture on the subject, which often leads
to the adoption of solutions that, although popular, are not
always adequately technical, economically and socially
viable. In order to propose solutions that not only “sound
good”, but that can be put into practice and, above all, that
improve and preserve the environment, it is necessary to
have, among other characteristics, a good technical
knowledge of both the problem and the options for
solutions. suitable. It is necessary to document experiences
about problems that occurred and how they were solved to
take advantage of this knowledge [4].

Waste and its management are environmental vectors
on which it is possible to carry out specific actions that do
not involve great efforts, and which, in turn, provide a high
environmental benefit. Commercial establishments such as
markets, for example, begin to integrate environmental
measures into their daily lives, establishing new strategies
that favor the improvement of the image and greater
competitiveness in the sector. In this sense, commercial
establishments, in partnership with public bodies,
whenever possible, play an important role in adopting
measures that contribute to improving the management of
the waste they generate, without losing the quality of their
service [5].

Another factor that makes the relevance of the topic
perceptible is the creation of laws that specifically deal
with waste management in Brazil, such as Law
12.305/2010 (National Solid Waste Policy), which
provides guidelines and observations on how to the
handling of these materials, their destination, disposal and
recycling should be carried out, mainly considering the
reduction of the environmental impacts caused by these
residues. Therefore, the present work aims to describe the
main waste management models that are used in the world,
in addition to understanding the intrinsic aspects of each
process, its advantages and disadvantages [6].

Solid waste management is understood as a system that
includes cleaning, collection, selection, transport, final
disposal and use of community waste [7]. However, most
Municipalities only partially and moderately cover the
processes of collection, transport and final disposal of
generated waste. From the 1970s onwards, the adverse
impacts on health and the environment produced by urban
solid waste began to become evident, and they do not
undergo adequate management. Solid waste generated in
Brazilian municipalities, in most cities, does not receive
adequate treatment, being collected by truck and later
taken to sanitary landfills, where they are deposited.

One feature that highlights the sector's problem is due
to the fact that landfills are reaching their maximum
capacity in several regions [8]. This is because not all
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cities have the technical capacity to create and manage
their own landfill; so, sometimes, a landfill receives waste
from several cities, requiring an optimized management
that avoids soil and groundwater contamination, as well as
meets safety prerequisites.

In view of this, for good waste management, it is also
necessary to adapt the process of transporting this material
from a city to a more distant landfill. This transport is
commonly carried out in non-specific trucks, where this
material, compacted, is transported with minimum safety
conditions, which may bring a risk of contamination in
cases of accidents or fire, depending on the residue and the
weather conditions at the time of transport.

Based on this context, it becomes relevant to know and
discuss the most recent techniques used in waste
management that can be applied to the Brazilian context,
indicating alternatives to reduce the generation of solid
waste, its destination and recycling measures, whose final
objective is to minimize environmental impacts and reduce
the volume thrown into sanitary landfills.

In view of the above, the present work aimed to
investigate aspects of urban solid waste management in
Brazil, as well as to identify the most modern solid waste
management techniques that are being applied in different
contexts, pointing out alternatives that aim at
environmental preservation and reduction volume of waste
thrown into landfills and into the environment.

1. METHODOLY

A narrative and critical review of the biomedical
literature was carried out. In the SciElo, Scopus, Web of
Science, google academic, CAPES periodical databases.
We used articles published in English, Spanish, French and
Portuguese from the last ten years were searched.

I11.  SOLID WASTE MANAGEMENT

The substantial increase in the generation of urban
solid waste, due to the population growth of consumer
societies, has constituted a major environmental problem.
The collection and final disposal of this waste become a
problem that is difficult to solve, with consequent risks of
soil and surface and underground water pollution, with
implications for the quality of life of the population [9].
The model of economic and social development adopted
by most countries since the Industrial Revolution, based on
the strong expansion of household consumption,
stimulating industrialization and generating employment
and income, accelerated the process of depletion of natural
resource reserves, putting jeopardize the stability of
terrestrial ecosystems. Solid waste management is a
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worldwide problem for big and small cities. Factors such
as population growth, population concentration in urban
areas, inefficient development of the industrial and/or
business sector, changes in consumption patterns and
improvements in the standard of living, among others,
have increased the generation of solid waste in cities. The
steps that constitute the management of this solid waste
are: generation, storage, collection, transport, transfer,
treatment and final disposal [10]. The international report
released in 2016 by the United Nations Environment
Program (UNEP), the Global Waste Management Outlook,
estimated that 2 billion tons of waste are produced
worldwide and that almost 50% of these are not disposed
of properly. proper. With regard to the importance of the
high generation of solid waste and its inadequate
management, there are the consequent environmental and
health problems, which have been accentuated in recent
years due to the increase in population and production and
consumption patterns. Garbage not only generates an
unpleasant image in the countryside and in cities, but also
contaminates the soil, water and air and, due to its
confinement, occupies large spaces, which is why it has
become a social and public health problem [11].

Solid waste management comprises all functional or
operational activities related to the handling of solid waste
from the place where it is generated to its final disposal
[12]. According to the deposition and type of waste,
different techniques are used for waste management. They
can vary from person to person, from place to place, and
from country to country, since the technologies involved in
the processes must be considered, as well as the existence
of trained professionals to perform the related tasks. In
Brazil, more than 50% of solid waste generated in
households is organic. Such a profile is typical for
countries with large agricultural production and food
waste, and decentralized composting is an option
increasingly considered to address such waste. In addition
to reducing the volumes that would be disposed of in
landfills, it reduces the demand for transport, impacts to
the environment, among others, being an environmental
education tool [13]. The National Solid Waste Policy
(PNRS) has as one of its objectives the observance of the
following order of priority: ‘“Non-generation, reduction,
reuse, recycling and treatment of solid waste, as well as the
environmentally adequate final disposal of waste” [14]. It
structures a whole set of scaffolding on which the
reconstruction of everything related to the sector must be
supported, until now, matters very disseminated in the
multiplicity of official entities. The PNRS is theoretically
based on a practical and coherent guiding philosophy,
which should provide the basis for sectoral planning and
management that includes, as a reason for being, the
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protection of the environment and its resources and that of
communities, all within a framework geosystemic and
integrated. The Diagnosis of Urban Waste Management —
2015, compiled by the National Secretariat for
Environmental Sanitation of the Ministry of Cities,
revealed that, of the 77,997,025 tons of waste that arrived
at some processing unit (landfills, controlled landfills,
dumps, sorting, etc.), only 0.3% was directed to existing
composting units in the country [3] [15]. In this context,
the integrated and sustainable management of solid waste
must start from the premise of avoiding, as much as
possible, the generation of waste. When it is not possible
to carry out this action, the waste that has been generated
must follow an order of priority: be reused, recycled,
treated and disposed of. Therefore, the act of disposing of
waste is considered the last option, and only what is
rejected should be landfilled, that is, everything that could
not be recycled or treated [16].

IV.  SANITARY LANDFILE

Landfills are an important part of any municipal waste
management system, irrespective of other waste disposal
solutions used. Even cities that recycle much of their
waste, or rely heavily on incineration, need to deposit
residual ash in landfills. Landfills are mature and proven
waste management techniques. However, they are still
quite uncommon in some low- and middle-income
countries, due to the costs involved in infrastructure and
operation and inadequate regulatory oversight. In these
areas, it is very common to find uncontrolled or open-air
dumps without basic environmental controls, putting
public health and safety at risk [17]. Worldwide, nearly
40% of all waste discarded goes to some type of landfill.
The rate is even higher in upper-middle-income countries,
at 54%. Along with open-air landfills at 33%, landfills are
the most common form of waste disposal. They require a
design (as opposed to open dumps) and must be
constructed and operated with care to ensure they do not
create problems that threaten human or ecosystem health
[18].

A properly designed landfill includes an area of land
with an impermeable lining at the bottom. The coating
prevents liquid contaminants (leachate) from coming into
contact with groundwater (aquifers) and seeping into the
soil. Slurry forms from moisture from garbage or rainwater
that flows into the landfill, and must be collected and
treated. In a well-managed landfill, waste is compacted to
save space; a covering material is applied over the waste
regularly to control odor, spread litter and other nuisances;
and gas control systems are used to capture flammable
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landfill gas that forms as organic material decomposes
within the landfill [19].

Several aspects must be considered and one of them is
the landfill capacity. Landfills are generally built to last
approximately 30 years; however, they must be scaled to
account for anticipated changes in local waste generation
levels as the population grows or household income levels
increase. ldeally, the plan should create and fill a cell
every 18 months — 2 years before it is closed and used as a
landfill gas for energy [19].

The location of a landfill is geographically isolated
from residential areas, airports and drinking water
aquifers. Depending on the area served by the landfill,
proximity to railway lines or roads capable of handling
heavy truck loads or volumes may be required. The
selected site must be evaluated by engineers and geologists
to ensure low risk of floods, earthquakes and landslides.
Access to a regular supply of roofing material is also
critical. Communities near the selected site should be
consulted to understand and address their concerns before
the facility begins operating. Some communities may need
to be resettled once a site is selected, and must be
compensated for any loss of land, livelihoods or cultural
identity caused by the settlement [20].

Landfill life can be extended if recyclables and organic
materials are removed or recovered before the waste
reaches the landfill, and will likely result in lower costs.
This can be done at the community level, at a materials
recovery facility, or at the landfill itself. Landfill operators
could benefit from partnering with waste pickers at the
landfill site to ensure that these materials can be diverted,
and must ensure that livelihoods are not displaced without
making alternative provisions for them [21].

In order for a landfill to function properly, specialized
labor is required, in addition to equipment that reduces the
use of masonry tools or utensils, such as: pneumatic
wheelbarrows, shovels, pickaxes, hoes, bars, wood
compactors. In addition to forks or rakes and roller-
compactor. The number of these tools depends on the
number of workers, which in turn depend on the amount of
solid waste to be buried in the landfill. In the transport of
covering material or waste, in the cells already built, it is
recommended to place some boards on the surface of the
landfill, in a linear way to facilitate the movement of the
forklifts, especially in the rainy season, thus improving the
performance in the operation [22].

In manual landfill, as the name implies, all operations
are based on work performed by workers from the
municipality or the community. The number of workers
needed depends on the amount of solid waste to be buried,
the weather conditions and the form of construction of the
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landfill, among others. It is also necessary to have a
cleaning manager or supervisor who has the necessary
knowledge to direct this work in constant operation [23].

Unlike manual landfills, mechanized compaction
landfills are the appropriate technology for medium and
large municipalities, which produce a daily amount of
garbage that would not be feasible to be handled entirely
by hand. Generally, one or two compactor tractors work in
the mechanized landfill to carry out the work of placing,
compacting and covering the waste; and the excavations
and transport necessary for the supply of new roofing
material [24].

Maintenance work can be done manually or with the
support of machines, depending on the availability and
need of these machines (for example, digging ditches
manually or with a backhoe), thus aiming to obtain the
greatest efficiency of the respective landfill [25].

Advantages and disadvantages

Below (Table 1) some advantages and disadvantages
are mentioned in relation to the implantation of the
sanitary landfill as a form of waste management, being one
of the most convenient alternatives for Brazil. Siqueira and
Assad [26] emphasize that it is essential to allocate
adequate financial and technical resources for their
planning, design, construction, operation and maintenance.
Despite many advantages, the landfill also brings with it
several disadvantages that make its implementation
demand a high level of specialization and care. The first
disadvantage to be mentioned, as shown in Table 1, refers
to the acquisition of land, which constitutes the first barrier
to the construction of a sanitary landfill, due to the
opposition that arises from the public, caused in general,
according to Lima et al., [27] by factors such as, for
example, regarding the generation of landfill gases and
leached liquids, as caused by the biological decomposition
of degradable organic matter, chemical oxidation,
decomposition and transport of organic materials and
inorganic due to the action of infiltrated water and existing
percolation, movement of the material by molecular
diffusion, differential settlements, etc. If not well
managed, people who live around the landfill suffer the
consequences of bad smells, birds, percolating liquids,
increased traffic of collection trucks and so on.

Table 1 - Advantages and Disadvantages of Landfills [27.]

Advantages

elnitial capital investment lower than necessary to implement any of the
treatment methods: incineration or composting;

eLow cost of operation and maintenance;

eEconomic advantages for the Municipality, because with the proper
management of the sanitary landfill, the land can be used to the fullest.
Waste compaction and planned construction increase landfill life and
allow for longer land use;

eBetter protection of the environment (drainage and treatment of leached
water, gas drainage through chimneys, waste cover) avoids the problems
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of incineration ash and non-decomposing material in compost;

el_ess nuisance and pollution for citizens: proper management starts with
the selection of land for the landfill, which should not be close to
inhabited places, however, when a landfill is well managed, it can be
close to the urban area, thus reducing the transportation costs. And
facilitating community oversight;

oGreater safety for workers (defined slopes, compaction of garbage,
lower risk of falling waste, less contamination in the work environment);

o|t allows the recovery of methane gas, which is an alternative source of
energy.

|t allows the recovery of land considered unproductive or marginal,
making it useful for the construction of a park, leisure area, sports field,
etc.; and

elt is flexible in that it does not require permanent and fixed installations,
and also because it receives larger amounts of additional waste with little
addition of personnel.

Disadvantages

el ack of knowledge about the sanitary landfill technique;

eThe term "sanitary landfill" is associated with "open dump";

oThe evident distrust of local administrations; and

eThe rapid urbanization process that increases the cost of the few
available land, having to locate the sanitary landfill in places far from the
collection routes, which increases the transport costs.

Finally, through the information presented, it can be
said that the implementation of the sanitary landfill is
highly conflicting both in terms of approval by the
authorities and in the perception of citizens, and can be an
interesting management alternative when implemented in
conjunction with other forms of management as the
recycling process.

V. RECYCLING

Recycling consists of reusing the solid waste generated
in order to obtain from them a raw material that can be
incorporated directly into a production or consumption
cycle. It is an activity that involves the use of energy to
obtain new products in a recycling plant. The importance
of recycling can be associated with mitigating
indiscriminate cutting of trees, reducing air, water, and soil
pollution and, ultimately, living on a pollution-free planet
[28], involving a series of steps to in order to give the
proper destination, as shown in Figure 1.

. Classify inorganic Taking all Piocass sack
Separating the tsi . :
components of COMHONENts i these materials waste material
organic and paper, cardboard, to the recycling with proper

glass and industries treatment

inorganic waste L

Fig. 1 — Stages of the recycling process [28].

One of the alternatives to solve the problem of
pollution and contamination of the environment is through
recycling, where waste is collected and transformed into
new materials that can be used or sold as new products or
materials. raw materials such as paper, cardboard, glass
and metals, among others [28]. The adoption of measures
to conserve natural resources such as minerals, water and
wood guarantees a sustainable and ideal use [29].
Recycling minimizes pollution All forms of pollution in
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the modern world emanate from industrial waste. The
recycling of industrial waste, such as plastics, cans and
chemicals, contributes to significantly reducing pollution
levels, as these wastes can be reused in the production of
new products or used in other recycling processes. use,
reducing reckless disposal, in addition to being able to
contribute to the generation of jobs [20].

It is important to point out that the proposal to consider
recycling as a niche for innovation and entrepreneurship
gains more strength when verifying that in Brazil abundant
inorganic residues are produced daily, which go to the
garbage collector, where they could be used to create new
products and subsequent commercialization, generating
income that can be invested to cover expenses of a small
industry or any other business that operates in this field.
Recycling old and used materials into reusable products
greatly reduces the chance of suffocation in landfills. This
is beneficial because it helps to minimize soil and water
pollution, as landfills greatly contribute to environmental
degradation [7].

However, it is also worth mentioning that although
they contribute to the sustainability process, some
recycling processes, although they reduce the release of
toxic waste, cannot eliminate this process, and may also
emit greenhouse gases because once the same waste
recycling industries burn few fossil fuels. Despite being
extremely advantageous, recycling also has some
disadvantages, so that it is not always profitable, making it
interesting to develop processes and/or use other more
profitable technologies with less damage, depending on the
waste material generated. In addition to recycling, one of
the techniques that has drawn attention is composting,
which aims to use organic waste as a source of nutrients
for use in vegetable gardens, plantations and other
agricultural activities [29].

VI. COMPOSTING

Composting is the controlled aerobic biological
decomposition of organic matter into a stable humus-like
product called compost. It is essentially the same process
as natural decomposition, except that it is enhanced and
accelerated by mixing organic waste with other ingredients
to optimize microbial growth [26]. According to Valente et
al. [30], composting is a process of controlled aerobic
decomposition and stabilization of organic matter under
conditions that allow the development of thermophilic
temperatures, resulting from a calorific production of
biological origin, obtaining a stable, sanitized final
product, rich in humic compounds and whose use in the
soil does not pose risks to the environment. The potential
benefits of composting manure and other organic waste are
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improved manure handling; reduced odor, flies and other
problems; and reduction of weed seeds and pathogens.
According to Souza et al. [31], during composting, as a
result of the action of microorganisms, carbon dioxide,
energy and water (in the form of steam) are released. Part
of this energy is used for the growth of microorganisms,
the rest being released as heat. Consequently, the material
being composted heats up, reaches a high temperature,
cools down and reaches the maturation stage. After
maturation, the organic compost will be ready, consisting
of resistant parts of organic residues, decomposed products
and dead and alive microorganisms. Compost applied to
land improves soil fertility, tillage and water holding
capacity. It is also odor free and can be stored for long
periods. These qualities make it suitable for use in
agriculture or for sale [10]. The use of biodigesters has the
advantage of producing sustainable energy that ends up
reducing the producer’'s costs with other energy sources,
being also sustainable from an environmental point of
view, since it reduces the amount of polluting waste in the
environment [32]. Biodigesters can be used for the three
types of animal production (cattle, poultry and swine), but
they are more frequently used for cattle and swine, which,
because they have a higher production of manure per
animal per day, have a greater production of biogas [33].

Composting is easily adapted to agricultural operations
because crops generally produce adequate amounts and
types of waste for composting, have adequate land, will
benefit from the application of compost to the soil, and
already have the necessary equipment available [34].

Key elements in planning a composting facility include
conducting site investigations and developing the recipe
design, facility design, waste utilization plan, and an
operation and maintenance plan. As composting is a
relatively flexible process, it is necessary to decide
between alternative methods, locations and materials. The
decision depends on the management and economic
aspects of the farm or the place where the plantations take
place, as well as the physical limitations of the place. The
planner needs to present the different alternatives to the
owner so that the owner can make the final decision [26].

Regarding the composting process, this is carried out
by a diverse population of predominantly aerobic
microorganisms that decompose organic matter to grow
and reproduce. The activity of these microorganisms is
stimulated through the management of the carbon-nitrogen
ratio (C:N), oxygen supply, moisture content, temperature
and pH of the formed compost pile. Properly managed
compost increases the rate of natural decomposition and
generates enough heat to destroy weed seeds, pathogens
and fly larvae [37]. The composting process there is an
acceleration of the decomposition of organic matter,
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triggering a sudden increase in temperature (thermophilic
phase) due to an intense proliferation of microorganisms
(fungi and bacteria). of pathogens (total coliforms and
bacteria of the genus Salmonella) and weed seeds.

The initial stage of composting is marked by
temperatures below the mesophilic phase, depending on
the ambient temperature and the temperatures of the
material in the compost mixture. A short period of delay is
typical at the beginning of the composting process, before
the temperature starts to rise rapidly. This latency period is
the time required for the development of the microbial
population [38]. As the temperature varies (Figure 2), the
conditions become unsuitable for some microorganisms
and, at the same time, they become ideal for others [26].
The active composting period has three temperature
ranges. These intervals are defined by the types of
microorganisms that dominate the pile during these
temperatures, as shown in Figure 2, and are called the
mesophilic and thermophilic  phases. Mesophilic
temperatures are between 20 and 40°C and thermophilic
above 40°C [39].

e Biostabilization Humidification
A Semi-cured

v compound Cured compost
0 2| —

g Thermophilic phase
Proogr- 1) 1 M WO, - SO ..

;c-_, Mesophilic phase
20 Lt RS e O L e T I T T T RIS

Y

composting time

Fig. 2 - Compost temperature range [39].

From an ecological and industrial point of view, the
main advantage of using compost is that it allows us to
safely eliminate and recycle many types of biodegradable
organic waste into inputs for agricultural production,
avoiding environmental pollution problems that would
trigger their abandonment or dumping. Other advantages
refer to the fact that it allows a second use of organic
matter, recovering and recycling it. In addition, the amount
of Urban Solid Waste (MSW) that goes to landfills and
treatment plants is reduced, avoiding problems of soil
contamination or the emission of harmful gases into the
atmosphere [40]. According to Sena et al, [41],
composting favors land productivity is favored without the
need to apply other synthetic chemicals, which is why it
produces a series of effects with very favorable agro-
biological repercussions, improving physical properties. -
chemical properties of the soil, since, in the chemical
sense, it provides macronutrients such as N, P and K, in

Page | 245


http://www.ijaers.com/

Viana et al.

addition to micronutrients, and improves the cation
exchange capacity of the soil. It also has the factor of the
organic matter supplied to contribute favorably to improve
the stability of the structure of agricultural soil aggregates,
increase the permeability to water and gases and contribute
to increase the water holding capacity of the soil through
the formation of aggregates.

VII.  INCINERATION

Incineration means the act of burning something until
there is nothing left but ashes. An incinerator is a unit or
facility used to burn used waste and some other different
type of waste until it is finally reduced to just ash. An
incinerator is constructed of strong, well-insulated material
so that, during combustion, extreme heat is not lost, but
contained. Heat is left inside the kiln so that all waste
inside the incinerator plant can be burned very quickly and
efficiently. But when heat is not well contained, waste is
not burned completely with the expected level of
efficiency [42].

Incineration refers to a process of direct controlled
burning of waste in the presence of oxygen at temperatures
of around 8000°C and higher, releasing thermal energy,
gases and inert ash. To avoid the shortcomings of
conventional incinerators, some modern incinerators use
higher temperatures of up to 16,500°C using auxiliary fuel.
This reduces the volume of waste by almost 97% and
converts some inorganic contents, such as metal and glass,
into inert ash [43]. The net energy yield depends on the
density and composition of the waste. Relative percentage
of moisture and inert materials, which increase heat loss;
Ignition temperature; size and shape of constituents;
combustion system design, etc. In practice, about 65% to
80% of the energy content of organic matter can be
recovered as thermal energy, which can be used for direct
thermal applications or for energy production with the help
of steam turbine-generators [44].

Although incineration is widely used as an important
method of waste disposal, it is associated with some
polluting discharges that are of environmental concern,
albeit in varying degrees of severity. Fortunately, these can
be effectively controlled by installing proper pollution
control devices and through proper furnace construction
and combustion process control [44].

The basic operational steps of a waste incineration
plant can include the following steps, as pointed out by
Silva et al., 45 in Figure 3:
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manitoring and =| contral and treatment -
control treatment managemeant

Fig. 3 — Solid waste processing steps in an incineration
plant [45].

It is important to note that several technologies are
required for the operation of a Municipal Solid Waste
(MSW) incineration plant. The main residue from RSM
incineration is slag. The amount generated depends on the
ash content of the waste. In the combustion process, the
volume of waste from high-income cities will, by
experience, be reduced by approximately 90% and the
weight by 70% to 75%. For low-income areas, the amount
of ash in the waste can be high; for example, in areas that
use coal, wood or similar for heating. In addition to the
slag, the plant generates residues from more or less
advanced processes for cleaning dry, semi-dry or wet flue
gases. The amount and its environmental characteristics
will depend on the technology applied [46].

One of the most attractive features of the incineration
process is that it can be used to reduce the original volume
of fuels by 80% to 95%. Controlling air pollution remains
a major issue in the implementation of incineration for
solid waste disposal. In Brazil, the cost of the best
available technology for the incineration plant can reach
35% of the project cost. The cost of control equipment,
however, will depend on existing air pollution regulations
in a given least developed country [47].

Regarding the use or disposal of ash, modern waste
incineration facilities differ in technical solutions, but it
can be assumed that emissions are kept within the limits of
legal restrictions, regardless of the composition of the
incinerated waste. This suggests that, despite a site-
specific approach, the model is quite general with regard to
emissions to air and water, for plants working under the
same legal restrictions. Waste products, additive
consumption and energy recovery are more site specific
[48]. Companies and researchers have been investigating
ways to treat ash waste from facilities. Ash consists of
residue left in the combustion chamber (bottom ash) and
its pollution treatment devices (fly ash). Post-treatment of
ash produced by low-temperature combustion chambers,
such as fluidized beds, usually involves vitrification at
high temperatures to immobilize the metals [49].

Page | 246


http://www.ijaers.com/

Viana et al.

The main objective of ash treatment is to prevent the
toxic constituents of the ash, especially dioxins, furans and
heavy metals, from escaping into the environment after
disposal. Solidification through vitrification or application
of various chemicals is another means of decreasing the
chances of metal leaching. Phosphate has been shown to
stabilize heavy metals in dust that results from vitrification
of incinerator ash. Ash treatment is a much more mature
technology than reuse [50]. The bottom ash produced at
the plant resembles clinker ash and, after mechanical
separation of ferrous and non-ferrous metals, has a
relatively high density (typically 2.25); and according to
reports, contains less than 2% carbon and less than 1%
fines. The leach test of toxicity characteristics based on the
EPA standard showed that the metals in the bottom ash are
not leachable [48].

Regarding the advantages that can be cited considering
the above, it is known that incineration is an efficient way
to reduce the volume of waste and the demand for landfill
space. Incineration plants can be located close to the center
of gravity of waste generation, reducing the cost of
transporting waste. Using the ash from RSM incinerators
for environmentally sound construction not only provides
a low-cost aggregate, but further reduces the need for
landfill capacity. In particular, incineration of waste
containing heavy metals and so on should be avoided to
maintain adequate slag quality. The slag quality must be
checked before use. Energy can be recovered for heating
or energy consumption [50].

All waste disposal alternatives eventually break down
organic materials into simpler carbon molecules such as
CO2 (carbon dioxide) and CH4 (methane). The balance
between these two gases and the time period for the
reactions vary depending on the alternative. Incineration
provides the best way to eliminate methane gas emissions
from waste management processes. In addition, energy
from waste projects provides a substitute for fossil fuel
combustion. These are two ways in which incineration
helps reduce greenhouse gas emissions [1].

As far as disadvantages are concerned, an incineration
plant involves heavy investments and high operating costs
and requires local and foreign currency throughout its
operation. The resulting increase in waste treatment costs
will motivate waste generators to look for alternatives. In
addition, waste incineration is only applicable if certain
requirements are met. The composition of waste in
developing countries is often questionable in terms of its
suitability for automatic combustion. The complexity of an
incineration plant requires qualified personnel. In addition,
waste from flue gas cleaning can contaminate the
environment if not treated properly and should be disposed
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of in well-operated, controlled landfills to avoid soil and
surface pollution.

VIill. BIOREMEDIATION

The term Bioremediation is divided into two parts:
"bios" means life and refers to living organisms and
"remediation™ means solving a problem. "Bioremediation"
means using biological organisms to solve an
environmental problem, such as contaminated soil or
groundwater. Bioremediation is the wuse of live
microorganisms to degrade environmental pollutants or to
prevent pollution. In other words, it is a technology to
remove pollutants from the environment, thus restoring the
original natural environment and preventing further
pollution [51]. According to Leonel [52], bioremediation
can be defined simply as a biological process of
decontaminating a contaminated environment.
Bioremediation as a technique can include biodegradation
as just one of the mechanisms involved or applied in the
bioremediation process. Only some of the contaminants
are biodegradable and only some of the microorganisms
can degrade a fraction of the contaminants. Therefore, it
would be worthwhile to study the biodegradation potential
of microorganisms. Morais Filho & Coriolano [53], report
that although microorganisms have been used for the
treatment and transformation of waste for at least a
century, bioremediation is considered a new technology
for the ecologically correct decontamination of polluted
environments. As a popular case of application of this
technology, municipal wastewater is microbiologically
decontaminated under controlled conditions so that,
depending on the metabolic activities of microorganisms,
different activated sludge systems and fixed films are
applied in wastewater treatment facilities. Waste and
pollution can be permanently eliminated). Treatment
residues are generally harmless products and include
carbon dioxide, water and cellular biomass [54].

In  bioremediation, living organisms such as
microorganisms (bacteria, fungi and algae) or plants are
used to degrade and detoxify harmful pollutants present in
the environment and convert them into CO2, H20,
microbial biomass and metabolites (by-products that are
less toxic than than the original compound) [55], as shown
in Figure 4.
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Fig. 4— Principle of bioremediation [55].
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These microorganisms may be native to this
contaminated site or they may be isolated and brought
from outside to this contaminated site for bioremediation.
Microorganisms degrade and transform these pollutants
through their metabolic reactions and use them for their
growth. The complete degradation of a pollutant requires
the action of several microbes, therefore, sometimes,
potential microbes can be added to the contaminated site
for the effective degradation process and this process is
called bioaugmentation [56].

The biodegradation process depends on favorable
environmental conditions, the type and solubility of the
pollutant, and the bioavailability of the pollutant to the
microbes, therefore, environmental conditions are
controlled or manipulated to allow sufficient microbial
growth and therefore rapid and effective biodegradation
[56].

In  bioremediation, microbes inhabit  varied
environments such as hot springs, deserts, glaciers, saline
lakes and oceans. Microbes with degradation potential can
be isolated from contaminated environments such as heavy
metal polluted sites, landfills, petroleum contaminated
sites, pesticide contaminated sites due to agricultural
activities and wastewater treatment plant, for the
degradation of various pollutants. Microbes use the
hazardous pollutant as their energy and carbon source
under both aerobic and anaerobic conditions and therefore,
through metabolic activity, can degrade or convert the
pollutant into less or non-toxic metabolites. Microbes and
soil pollutants are not evenly distributed in the soil, so the
pollutant must be available or in contact with the microbes
for the effective degradation of the pollutant and this can
be done by the application of surfactants [57].

Aerobic bacterial species such as Mycobacterium,
Alcaligens, Sphingomonas and Pseudomonas are known
for their aerobic degradation of hydrocarbons (alkanes and
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polycyclic aromatic hydrocarbons) and pesticides. Along
with this, some of the aerobic methyltrophs are also
recognized for degradation of dichloroethane and
trichloroethane (chlorinated aliphatics). Some of the
anaerobic bacterial species are known to degrade PCBs
and trichlorethylene (chlorinated solvent). In addition to
bacterial species, some fungal species, such as
Phanerochaete chrysosporium, have also been reported to
be effective in remediating a variety of toxic and persistent
pollutants [57].

From the point of view of future bioremediation
prospects, it appears that the development of knowledge of
microbial populations, their interactions with the natural
environment and contaminants, the enhancement of their
genetic capabilities to degrade contaminants, long-term
field studies of new economic bioremediations techniques
can increase the potential for significant advances. There is
no doubt that bioremediation is a necessity in today's
world and can lead to the protection and preservation of
the natural resources that we navigate for generations to
come. Ahead, some of the most used types of
bioremediation are highlighted [56].

Most of the time, in situ is applied to eliminate
pollutants from contaminated soils and groundwater. It is a
superior method for cleaning contaminated environments
as it saves transportation costs and uses harmless
microorganisms to eliminate chemical contamination.
These microorganisms are more likely to have a positive
chemotactic affinity for contaminants. This feature
increases the likelihood of bioremediation at nearby points
where bioremediators have not been distributed.
Furthermore, the method is preferred because it causes
minimal disturbance to the contaminated area. This would
be of great relevance when minimal investment and
pollution is preferred (for example, in factories) or in areas
contaminated with dangerous contaminants (for example,
in areas contaminated with chemical or radioactive
materials) [57].

bioremediation in situ is the feasibility of synchronized
soil and groundwater treatment. However, this
bioremediation has some disadvantages: the method is
more time consuming compared to other correction
methods and leads to a seasonal variation in microbial
activity due to direct exposure to variations in
uncontrollable environmental factors, and the use of
additives can lead to problems additional. The yield of
bioremediation is determined by the type of waste, that is,
if the waste could provide the necessary nutrients and
energy, then the microorganisms would be able to make
the intermediate correction [58].
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However, according to Silveira [59], in the absence of
favorable residues, the loss of bioactivity can be
compensated through the stimulation of native
microorganisms. Another less preferred option is the
application of genetically modified microorganisms. Two
types of in situ are differentiated based on the origin of the
microorganisms applied as bioremediators:

I.  Intrinsic bioremediation - This type of in situ is
performed without direct microbial correction and through
intermediation in  ecological conditions of the
contaminated region and fortification of natural
populations and the metabolic activities of native or
naturally existing microfauna, improving nutritional and
ventilation conditions [59].

Il. Bioremediation In Situ - This type of
bioremediation is performed by introducing certain
microorganisms into a contamination site. As the
conditions of the contamination sites are most often
unfavorable for the establishment and bioactivity of
exogenously altered microorganisms, therefore, here as
intrinsic bioremediation, the environment is modified so
that improved physicochemical conditions are provided.
Oxygen, electron acceptors and nutrients (eg nitrogen and
phosphorus) are needed to enhance microbial growth [59].

The bioremediation process here takes place
somewhere outside the contamination site and therefore
requires transporting contaminated soil or pumping
groundwater to the bioremediation site. This technique has
more disadvantages than advantages. Depending on the
state of the contaminant in the bioremediation step, ex
situbioremediation is classified as [60]:

I.  Solid phase system (including soil treatment and
soil piles) - The system is used for bioremediation of
organic waste and problematic domestic and industrial
waste, sewage sludge and municipal solid waste. Solid
phase soil bioremediation includes three processes
including tillage, soil biopilation and composting.

Il. Sludge phase systems (including solid-liquid
suspensions in bioreactors) - Sludge phase bioremediation
is a relatively faster process compared to other treatment
processes.

Contaminated soil is mixed with water and other
additives in a large tank called an abioreactor and mixed to
bring indigenous microorganisms into close contact with
soil contaminants. Nutrients and oxygen are corrected, and
conditions in the bioreactor are adjusted so that an optimal
environment for microbial bioremediation is provided.
Upon completion of the process, the water is removed and
the solid waste is disposed of or further processed to
decontaminate the remaining pollutants.
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It is important to point out that different techniques are
employed depending on the degree of saturation and
aeration of an area.techniques In situ are defined as those
that are applied to the soil and groundwater of the site with
minimal disturbance.techniques Ex situ are those applied
to site soil and groundwater that have been removed from
the site through excavation (soil) or pumping
(water).bioremediation In situ by the indigenous microbial
population is an increasingly popular and environmentally
friendly option for cleaning up contaminated sites and
currently considerable effort is being spent to design
inexpensive and viable strategies using this technology,
which shows promise as a relatively good alternative.
Mercury-resistant bacteria were considered as a potential
approach to biological remediation [61].

Based on the post, bioremediation offers many
advantages over the physical and chemical treatments used
to treat contaminated water and soil. Bioremediation tends
to have lower costs than other treatments, such as
incineration, used to remove toxic substances from the
soil. Another advantage is that bioremediation aims to
degrade and detoxify dangerous pollutants, while other
technologies simply transfer the pollutants to a different
location. Therefore, it is a simple technology compared to
the others [62].

One of the disadvantages of bioremediation is the
difficulty in predicting the realization of this treatment.
The success of such a project depends on the ability of the
process operators to create and maintain the environmental
conditions necessary  for microbial growth.
Microorganisms are sensitive to temperatures, pH, toxicity
of the pollutant and its concentration, moisture content,
nutrient concentration and oxygen concentration. A
decrease in microbial activity will decrease degradation
and prolong the period If microbial activity stops, it would
be very difficult to restart treatment [63].

Sometimes bioremediation will not be useful when
contaminants are not degradable, or partially
biodegradable, or because contaminant levels are so high
that microbial activity is affected. As pollutant levels
decrease, biological  degradation  decreases and
microorganisms need to change energy sources or stop
growing together. In this case, bioremediation is not
sufficient to treat a site and therefore another treatment
will have to be used, therefore it is time consuming, i.e. the
time required to remediate a site usually depends on the
rate at which the pollutant is degraded [64].

IX.  CONCLUSION

Waste management has been a challenge for all nations
around the world. The production of garbage has increased
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in a generalized way, as it was possible to notice in the
information pointed out in the Brazilian context. As the
production of waste increases, more investments are
needed for proper treatment to be carried out, preventing
environmental damage from occurring due to incorrect
management of different types of waste.

In recent decades, the high production of consumer
goods and population growth have had a direct impact on
the growing generation of solid waste, many of which lack
adequate final disposal to avoid harmful impacts to society
and the environment; and this fact is what currently
represents one of the greatest challenges. Given this
scenario, for some countries such as Brazil, the fourth
largest generator of waste in the world per year, with a
total of 216,629 tons per day, the scale of this challenge is
even greater.

Current public policies require concrete actions in
search of higher rates of recycling and reuse of waste, as
well as a rearrangement in the planning of public spending
and costs related to its management. In fact, Brazilian
regions have high levels of solid waste generation, which
means that if its management is carried out improperly, the
recycling and reuse process is compromised, generating
high environmental and social impacts.

As existing alternatives, the Composting and
Bioremediation processes are recommended, given their
efficiency in the reuse of organic waste. These alternatives
contribute to the projection of a circular model of the
economy, both in terms of energy and soil fertilization,
vital processes for the current reality in Brazil.

In addition, other processes can be adopted in Brazilian
policies, such as Incineration, which is efficient in
different contexts, promoting the conversion of waste into
energy that can be used to supply electricity, or even
compose the energy matrix of a city when well designed.

Finally, several alternatives can be taken with regard to
solid waste management, but in the Brazilian case, due to
the extension of territory and the diversity of types of
waste generated in different states and regions, an
elaborate study is necessary to point out which alternative
best suited to the country's needs.

Another important aspect is the transparency in
expenditures and in the numbers raised on the production
of waste and its destination. As noted, data and studies are
released vaguely and sporadically, emphasizing that the
sector needs more rigorous political support, with solid
projects, which consider the various forms of management
presented in this research, and recycling techniques can be
adopted, Incineration, Bioremediation, Composting and
Sanitary  Landfills, which can be efficient and
environmentally friendly when well managed.

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(7)-2022

REFERENCES

[1] Ribeiro, B. M. G., & Mendes, C. A. B. (2018). Avalia¢do de
pardmetros na estimativa da geracdo de residuos solidos
urbanos. Revista  Brasileira de  Planejamento e
Desenvolvimento. Curitiba:  Universidade Tecnoldgica
Federal do Parana. v. 7, n. 3 (ago. 2018), p. 422-443..

[2] Liden, T, Clark, B. G., Hildenbrand, Z. L., & Schug, K. A.
(2017). Unconventional oil and gas production: waste
management and the water cycle. In Advances in Chemical
Pollution, Environmental Management and Protection (Vol.
1, pp. 17-45). Elsevier.

[3] de Albuquerque Silva, F. A., Lima, M. O., & Alves, C. N.
(2017). Analise do processo de descarte e reciclagem de
vidro em uma distribuidora de bebidas da cidade de Manaus,
estado do Amazonas. ITEGAM-JETIA, 3(11), 119-124..

[4] Santos, T., & Rovaris, N. R. S. (2017). Cenério brasileiro da
gestdo dos residuos solidos urbanos e coleta seletiva. Anais
do VI SINGEP-Sao Paulo-SP-Brasil-13 e, 14(11).

[5] Pereira, S. S., Curi, R. C., & Curi, W. F. (2018). Uso de
indicadores na gestdo dos residuos sélidos urbanos: uma
proposta metodoldgica de construgdo e analise para
municipios e regides. Engenharia Sanitaria e Ambiental, 23,
471-483..

[6] Silva, C. (2014). Gestao de residuos solidos: o que diz a lei.
Editora Trevisan.

[7]1 Nascimento, MCB, Freire, EP, Dantas, FDAS, & Giansante,
MB (2019). Estado da arte dos aterros de residuos sélidos
urbanos que aproveitam o biogés para geracdo de energia
elétrica e biometano no Brasil.Engenharia Sanitaria e
Ambiental,24, 143-155.

[8] Gurjdo, R. I. L.; Neto, CLA; Paiva, W. (2019). Avaliagdo do
tempo de vida Gtil do aterro sanitario em Campina Grande —
PB. In: Congresso Nacional de Pesquisa e Ensino em
Ciéncias- CONAPESC, 2019.

[9] Zanatta, F., Ziero, H. D. D., de Castilho Bertani, T., de
Oliveira Andrades Filho, C., Tubino, R. M. C., &
Tramontina, A. C. (2020). Residuo sélido industrial na Serra
Galcha: Geracdo, tipologia e destinacdo. Brazilian Journal
of Development, 6(6), 32805-32821.

[10] Rodrigues, A., Franga, J., Silveira, R., Silva, R., Ros, C., &
Kemerich, PD (2015). Compostagem de residuos organicos:
eficiéncia do processo e qualidade do composto.
Enciclopédia biosfera, 11(22).

[11] Silva, PHB; Souza, AC. (2020). Caracterizacdo da
reciclagem do p6 de vidro blindex® para obten¢do de um
novo composito a base de celulose, que sera aplicado na
industria da construgdo civil. Anais Do Enic.

[12] Arautjo, CS, & Silva, VF (2020). A gestdo de residuos
solidos em época de pandemia do Covid-19.GeoGraphos:
Revista Digital para Estudiantes de Geografia y Ciencias
Sociales,11(129), 192-215.

[13] Vich, D. V., Miyamoto, H. P., Queiroz, L. M., & Zanta, V.
M. (2017). Household food-waste composting using a small-
scale composter. Revista Ambiente & Agua, 12, 718-729..

[14] Brasil. Lei n. 12.305, de 2 de agosto de 2010. Institui a
politica nacional de residuos solidos; altera a Lei n. 9.605,
de 12 de fevereiro de 1998; e da outras providéncias. Diario
Oficial da Unido, Poder Legislativo, Brasilia, DF, 3 ago.

Page | 250


http://www.ijaers.com/

Viana et al.

2010. Secéo 1, p. 3. Disponivel em:
<https://bit.ly/2HVINdW>. Acesso em: 15 junho 2021.

[15] Brasil . (2015) Ministério das Cidades. Diagndstico
do Manejo de Residuos Sélidos — 2015. Brasil: Ministério
das Cidades. Disponivel em: . Acesso em: 14 abr. 2017

[16] Miranda Janior, N. D. S. (2020). Nada se cria, nada se
perde, tudo se transforma: a resiliéncia de uma regido
industrial téxtil e de confeccéo..

[17] Gomes, LP, Kohl, CA, Souza, CLDL, Rempel, N., Miranda,
LAS, & Moraes, CAM (2015). Avaliagdo ambiental de
aterros sanitarios de residuos sélidos urbanos precedidos ou
ndo por unidades de compostagem. Engenharia Sanitaria e
Ambiental, 20, 449-462.

[18] Nunes, RR, & Silva, RD (2015). Transbordo de residuos
s6lidos. Revista Pensar Engenharia, 3(1), 1-18.

[19] Goes, D. (2016). A contribuicdo do aterro sanitario na
gestdo de residuos sélidos. Revista Cientifica da FASETE,
90.

[20] Silva, WKAS, & Tagliaferro, ER (2021). Aterro sanitario-a
engenharia na disposi¢do final de residuos sélidos. Brazilian
Journal of Development, 7(2), 12216-12236.

[21] Pifias, JAV, Venturini, OJ, Lora, EES, Oliveira, MAD, &
Roalcaba, ODC (2016). Aterros sanitarios para geragdo de
energia elétrica a partir da produgdo de biogas no Brasil:
comparagdo dos modelos LandGEM (EPA) e Biogas
(Cetesb). Revista Brasileira de Estudos de Populagéo, 33,
175-188.

[22] Nascimento, VF, Sobral, AC, Andrade, PRD, & Ometto,
JPHB (2015). Evolugdo e desafios no gerenciamento dos
residuos sélidos urbanos no Brasil. Revista Ambiente &
Agua, 10, 889-902.

[23] Reichert, G. (2018). Projeto, Operagdo e Monitoramento de
Aterros Sanitarios: Manual 2007. 117 p.Acesso em,11.

[24] Ferreira, CFA; Jucd, JFT. (2017). Metodologia para
avaliacdo dos consoércios de residuos sélidos urbanos em
Minas Gerais. Engenharia Sanitaria e Ambiental, 2017, vol.
22, p. 513-521.

[25] Santos, CPD (2015). Gestdo de Residuos Urbanos e
Projetos de Recolha Seletiva: Uma abordagem para o
Municipio de Gondomar no ambito do PERSU 2020
(Doctoral dissertation).

[26] Siqueira, TMOD, & Abreu, MJD (2016). Fechando o ciclo
dos residuos organicos: compostagem inserida na vida
urbana. Ciéncia e Cultura, 68(4), 38-43.

[27] Lima, PG, Destro, GE, Junior, SB, & Forti, JC (2018).
Andlise gravimétrica dos residuos solidos urbanos de um
aterro sanitario/gravimetric analysis of urban solid waste
from a sanitary landfill. Revista Brasileira de Engenharia de
Biossistemas, 12(4), 410-426.

[28] Zonatti, WF (2016). Geracdo de residuos sdlidos da
indUstria brasileira téxtil e de confec¢do: materiais e
processos para reuso e reciclagem (Doctoral dissertation,
Universidade de Séo Paulo).

[29] Mostardeiro, MES, Oderich, AL, & Cidade, MK (2019).
Desenvolvimento de joia mediante a reciclagem de vidros e
processos de fabricagdo multidisciplinares. Plural Design,
2(1), 69-79.

[30] Demajorovic, J.; LIMA, M. Cadeia de reciclagem: um olhar

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(7)-2022

para os catadores. Editora Senac S&o Paulo, 2019.

[31] Valente, B. S., Xavier, E. G., Morselli, T. B. T. G. A,
Jahnke, D. S., Brum Jr, B., Cabrera, B. R., ... & Lopes, D. C.
N. (2009). Fatores que afetam o desenvolvimento da
compostagem de  residuos  organicos. Archivos  de
zootecnia, 58(224), 59-85..

[32] Souza, HD, Oliveira, EL, Faccioli-Martins, PY, Santiago,
L., Primo, AA, Melo, MD, & Pereira, GAC (2019).
Caracteristicas fisicas e microbiolégicas de compostagem de
residuos animais. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, 71, 291-302.

[33] de Luca Bonturi, G., & Van Dijk, M. (2012). Instalacéo de
biodigestores em pequenas propriedades rurais: analise de
vantagens socioambientais. Revista Ciéncias do Ambiente
On-Line, 8(2).

[34] Colatto, L., & Langer, M. (2011). Biodigestor-residuo
solido pecuario para produgdo de energia. Unoesc &
Ciéncia—ACET, Joagaba, 2(2), 119-128.

[35] Siqueira, TMOD, & Assad, MLRCL (2015). Compostagem
de residuos sélidos urbanos no estado de S&o Paulo (Brasil).
Ambiente & Sociedade, 18, 243-264.

[36] Monteiro, JAV (2016). Beneficios da compostagem
doméstica de residuos orgéanicos. Revista Educagdo
Ambiental em Acéo, (56).

[37] Souza, LA, do Carmo, DDF, & da Silva, FC (2020). Uso de
microrganismos eficazes em compostagem de residuos
solidos organicos de feira e restaurante. Revista Tecnolégica
da Universidade Santa Ursula, 2(2), 42-54.

[38] de Oliveira Filho, J. G., da Camara, C. P., de Sousa, T. C.
F., de Almeida Cruz, I., Egea, M. B., de Sousa Falcéo, H.
A., & da Silva, E. R. (2017). Caracterizagdo microbioldgica
do processo de compostagem de residuos organicos em
pequena escala. In Collogquium Agrariae. ISSN: 1809-
8215 (Vol. 13, No. 2, pp. 130-136).

[39] Peixoto, AA, & Fernandes, JG (2016). Utilizacdo da
Técnica de Compostagem: uma proposta para destinacdo
final dos residuos orgéanicos gerados em um restaurante
universitario. XIlI SEGeT-Simpésio de Exceléncia em
Gestdo e Tecnologia. Disponivel em< https://www. aedb.
br/seget/arquivos/artigos16/8524288. pdf>. Acesso em, 7.

[40] Cardozo, BC, Mannarino, CF, & Ferreira, JA (2021).
Anéalise do monitoramento ambiental da incineracdo de
residuos solidos urbanos na Europa e a necessidade de
alteragBes na legislagdo brasileira. Engenharia Sanitaria e
Ambiental, 26, 123-131.

[41] Zambon, MM (2017). Alternativas para a gestdo dos
residuos organicos urbanos: um estudo de caso na cidade de
Florianopolis. Zanin, M., & Mancini, SD (2015). Residuos
plasticos e reciclagem: aspectos gerais e tecnologia.
SciELO-EdUFSCar.

[42] Oliveira, TBD, & Galvdo, ADC (2016). Planejamento
municipal na gestdo dos residuos solidos urbanos e na
organizacdo da coleta seletiva. Engenharia Sanitaria e
Ambiental, 21, 55-64.

[43] Silva, ERD, Toneli, JTDCL, & Palacios-Bereche, R. (2019).
Estimativa do potencial de recuperagcdo energética de
residuos sélidos urbanos usando modelos matematicos de
biodigestdo anaerobia e incineragdo. Engenharia Sanitaria e

Page | 251


http://www.ijaers.com/
http://www/

Viana et al.

Ambiental, 24, 347-357.

[44] Leite, CB (2017). Tratamento de residuos sélidos urbanos
com aproveitamento energético: avaliacdo econdmica entre
as tecnologias de digestdo anaerébia e incineragdo
(Doctoral dissertation, Universidade de S&o Paulo).

[45] Maiello, A., Britto, ALNDP, & Valle, TF (2018).
Implementagdo da Politica Nacional de Residuos Solidos.
Revista de Administracdo Publica, 52, 24-51.

[46] Schramm, JS, & Bazzo, E. (2016). Analise do potencial
energético e do processo de incineragdo como alternativa na
gestdo de residuos sélidos urbanos em Florianépolis. Anais
dos Encontros Nacionais de Engenharia e Desenvolvimento
Social-1SSN 2594-7060, 13(1).

[47] Neiverth, C., da Silva, RGDS, Santos, LFAS, de Oliveira
Oliveira, JC, Pedroso, CPPP, & SCHNEIDER, F. (2020).
Anadlise do potencial de geracdo de energia elétrica a partir
da incineragao de residuos solidos urbanos. Anais do
EVINCI-UniBrasil, 6(1), 138-138.

[48] Leitdo, JRC (2018). Misturas binarias de betdo auto-
compactavel com incorporagcdo de cinzas de fundo
resultantes da incineragdo de residuos sélidos (Doctoral
dissertation, Instituto Superior de Engenharia de Lisboa).

[49] de Souza, L. H. N.,, & Arruda, R. D. O. M. (2021).
Revitalizagdo de corpos d’d4gua com o wuso da
biorremediacdo. Revista Engenharia e Tecnologia Aplicada-
UNG-Ser, 4(1), 37-45.

[50] Hernandez-Ruiz, GM, Alvarez-Orozco, NA, & Rios-Osorio,
LA (2017). Biorremediacéo de organofosforados por fungos
e bactérias em solos agricolas: reviséo sistematica. Cienciay
Tecnologia Agropecuaria, 18(1), 138-159.

[51] Leonel, LV, do Nascimento, EG, Bertozzi, J., Boas, LAV, &
Bodas, GTV (2018). Biorremediacao do solo. Revista Terra
& Cultura: Cadernos de Ensino e Pesquisa, 26(51), 37-52.

[52] Morais  Filho, MD, & Coriolano, ACF (2016).
Biorremediacéo, uma alternativa na utilizagdo em &reas
degradadas pela industria petrolifera. HOLOS, 7, 133-150.

[53] Coutinho, PWR et al. Alternativas de remediacdo e
descontaminagéao de solos: biorremediagao e
fitorremediacéo. Nucleus, 2015, vol. 12, no 1, p. 59-68.

[54] Berticelli, R., Decesaro, A., Magro, F., & Colla, LM (2016).
Compostagem como alternativa de biorremediacdo de areas
contaminadas. Revista CIATEC-UPF, 8(1).

[55] Mallmann, V., Aragao, LWR, Fernandes, SSL, Fernandes,
TCL, Aragdo, RFR, & da Silva, RCDL (2019). As
Vantagens da Biorremediacdo na Qualidade Ambiental.
Ensaios e Ciéncia C Biologicas Agrarias e da Saude, 23(1),
12-15.

[56] Souza, LHN, & Arruda, RDOM (2021). Revitalizacdo de
corpos d'dgua com o uso da biorremediagdo. Revista
Engenharia e Tecnologia Aplicada-UNG-Ser, 4(1), 37-45.

[57] Decesaro, A., Berticelli, R., Magro, F. G., & Colla, L. M.
(2015). Biossurfactantes em Processos de
Biorremediaco. Revista Ciéncias Exatas e Naturais, 17(1),
119-143.

[58] de Almeida, AR, Coneglian, CMR, Pizi, JF, Torigoe, N., &
Figueiredo, H. (2018). Biorremediacdo de solo contaminado
por BTEX com utilizagdo de componente enzimatico
(Componente B).Revista dos Trabalhos de Iniciacdo

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(7)-2022

Cientifica da UNICAMP, (26).

[59] da Silveira, L. R., Tatto, J., & Mandai, P. (2016).
Biorremediacdo: consideragBes gerais e caracteristicas do
processo. Engenharia Ambiental: Pesquisa e
Tecnologia, 13(2)...

[60] Mannarino, C. F., Ferreira, J. A., & Gandolla, M. (2016).
Contribuigdes para a evolugdo do gerenciamento de residuos
solidos urbanos no Brasil com base na experiéncia
Européia. Engenharia Sanitaria e Ambiental, 21, 379-385.

[61] Marchi, CMDF (2015). Novas perspectivas na gestdo do
saneamento: apresentacdo de um modelo de destinac&o final
de residuos solidos urbanos. urbe. Revista Brasileira de
Gestao Urbana, 7, 91-105.

[62] Moraes, JL (2015). Dificuldades para o aproveitamento
energético de residuos sdlidos através da incineragdo no
brasil. Geosaberes: Revista de Estudos Geoeducacionais,
6(3), 173-180.

[63] Nagalli, A (2016). Gerenciamento de residuos sélidos na
construcao civil. Oficina de Textos.

[64] Petarnella, L., do Nascimento, HRF, Facd, J., & Junger, AP
(2017). A reciclagem de vidros e o impacto socioambiental:
0 caso da corporacdo de apoio a crianca queimada
(COANIQUEM). Revista de Casos e Consultoria, 8(2),
e821-e821.

Page | 252


http://www.ijaers.com/

