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ABSTRACT

This study addresses the implementation of biodigesters in beef cattle confinement
systems, an economic activity of great relevance, however, which faces significant
challenges in waste management. The research highlights the transformation of waste into
valuable resources, such as biogas and biofertilizers, and the promotion of sustainable
agricultural practices. Through a systematic literature review and documentary analysis, a
theoretical research was carried out, which covered academic literature from several
decades. The results indicate that biodigesters offer an effective solution for waste
management in beef cattle, contributing to the reduction of waste and harmful emissions
and promoting the circularity of resources on the farm. However, the implementation of
these systems is not without challenges, including the need for qualified personnel for
operation and maintenance, corrosion of equipment by hydrogen sulfide gas, and the
complex logistics of livestock management and leachate treatment. Despite these
challenges, the integration of biodigesters into beef cattle is a promising approach that
offers substantial benefits for crop production and environmental preservation. The
adoption of this technology can contribute significantly to the sustainability of beef cattle,
turning challenges into opportunities and promoting a more balanced and efficient
production model. Continuing these efforts can pave the way for more sustainable farming
practices in the future.

Keywords: Sustainability. Waste Management. Biogas. Biofertilizers. Good Agricultural
Practices.
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INTRODUCTION

Beef cattle production is a crucial component of the global agribusiness, providing
essential protein for the human diet. According to Cepea (2023), beef production in Brazil
reached a record 8.91 million tons in 2023, an increase of 11.2% compared to 2022. This
places Brazil as one of the main beef producers in the world, with an industry that is both
quantitative and qualitative, with technological and sustainable facilities that guarantee
more quality, waste reduction and maintenance of animal welfare.

However, despite this significant growth, the industry faces considerable
environmental challenges, especially when it comes to waste management. With the
growing discussions about carbon credits and climate change, the need for good
agricultural practices and sustainable innovations in agribusiness, the agro-industrial
market has been urgently seeking new sustainable solutions. In this context, the
construction and operation of a biodigester in a cattle confinement system emerges as a
promising strategy for the proper management of waste and for the generation of new
revenues for the property, with biogas and biofertilizers, closing a cycle of energy
autonomy (Carvalho and Zen, 2017).

The agricultural confinement system produces a significant amount of waste,
bringing with it a health problem that can transmit diseases to humans and animals.
Biodigesters, when correctly designed and implemented, can transform waste into valuable
resources, closing the nutrient loop and minimizing waste (Fernandes, 2021). During the
finishing phase, the confinement system becomes a favorable scenario to deal with the
waste produced by beef cattle. The implementation of technologies such as the biodigester
in this context brings considerable benefits to producers and the national livestock sector.
These advantages include the transformation of cattle manure into biogas and
biofertilizers, which helps to reduce the amount of solid waste while minimizing negative
environmental impacts. In addition, this practice provides an opportunity for diversification
of revenues on the property.

From the anaerobic digestion of cattle manure, biogas is produced, a versatile
energy source that can be used for heating, electricity generation or as an alternative to
conventional fuels. This contributes to meeting the energy needs of the property, reducing
energy costs (Lins, Furtado and Mito, 2022). The use of biogas as a substitute for fossil
fuels not only contributes to the reduction of CO2 emissions, but also plays a crucial role in

decreasing methane, a potent greenhouse gas. This benefit is particularly relevant in the
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context of the management of waste from various sources, especially animal waste.
(Manso and Mendes, 2007 and Silva 2024).

The solid waste resulting from the digestion process, called digestate, is a nutrient-
rich organic fertilizer that can be applied in agriculture, strengthening soil sustainability and
reducing dependence on chemical inputs (Nicoloso, 2019). The implementation of
biodigesters and other sustainable practices not only improves the image of the property in
society, but also adds value to agricultural products and strengthens the producer's
competitiveness in the market.

However, the widespread adoption of this technology faces challenges, such as high
upfront costs, the need for specialized technical knowledge to operate the system, variation
in biogas production, and the logistical complexities associated with collecting and
transporting manure on medium and small properties (Lins, Furtado, and Mito, 2022).

The objective of this paper is to examine the application and impacts of the
implementation of biodigesters in beef cattle confinement systems in Brazil, highlighting the
transformation of waste into valuable resources, such as biogas and biofertilizers, and

discussing the challenges and opportunities associated with this sustainable practice.

METHODOLOGY

This study employed a methodology that encompasses a systematic literature
review, based on the principles of the PRISMA methodology (Galvao, 2015), and a
documentary analysis. The theoretical research covered academic literature from several
decades, with research sources in English and Portuguese obtained through the Google
Scholar database. The keywords used were "waste treatment in beef cattle confinement”.
Due to the lack of sufficient results, the search was expanded to "beef cattle confinement”
in the period from 1980 to the present date, resulting in 177 publications.

In addition, databases from renowned research institutions, such as Itaipu, Embrapa
and Emater, as well as websites of biodigester companies throughout the country, were
consulted. Initially, 50 publications were selected based on reading the abstract or
introduction. After a more careful analysis, 24 of these publications were chosen for a more
detailed reading. The selected publications cover a period from 1980 to the current year
2024. This methodology enabled a comprehensive and current analysis of the most recent
practices and technologies in the field of waste treatment in livestock, the use of

biodigesters and the interrelationship of both in beef cattle feedlots.
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In addition to the literature review and documentary analysis, empirical analyses
were carried out on two farms located in the state of Parand, Brazil. The first farm is
located in Cascavel and the second in Leopolis, both in the state of Parana. These field
analyses allowed the direct observation of waste treatment practices and the use of
biodigesters in beef cattle feedlots, providing complementary and practical data that
enriched the theoretical research. The information collected on the farms was compared
with the data obtained in the literature review, allowing a more comprehensive and detailed
evaluation of the technologies and practices used in the treatment of waste in livestock.

The empirical analyses involved visits to the farms, where the waste management
practices and the operation of the biodigesters were observed. Data were collected on the
amount of waste generated, the efficiency of biodigesters in the production of biogas and
biofertilizers, and the challenges faced in the implementation and operation of these
systems. The field observations were complemented by interviews with the owners and
operators of the farms, providing a practical and detailed view of the technologies and

practices used.

DEVELOPMENT
CURRENT PERSPECTIVES OF BRAZILIAN CATTLE FARMING

The cattle farming scenario in Brazil presents significant challenges that demand
innovative and sustainable solutions to ensure the economic and environmental viability of
the sector. As highlighted by Lopes, et al (2022), the search for more sustainable
agricultural practices has become a priority, in response to the growing demands for
responsible food production. In this context, the adoption of technologies such as
biodigesters in beef cattle confinement systems emerges as a promising strategy to
minimize negative environmental impacts, while promoting the generation of renewable
energy and biofertilizers.

With a critical look at the current situation of cattle farming in Brazil, opportunities
are identified to integrate sustainable practices that not only meet the needs of the industry,
but also contribute to the mitigation of adverse effects on the environment. According to
Menezes, et al. (2023), the implementation of effective waste management systems, such
as biodigesters, can not only reduce the carbon footprint of livestock activity, but also boost
the energy autonomy of properties and favor soil fertility through the use of biofertilizers

resulting from the anaerobic digestion process.
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HANDLING OF TWO BEEF CATTLE DEPOTS

Beef cattle generate waste that needs to be properly managed to avoid negative
environmental impacts. Waste from beef cattle farming involves feces, urine and food
scraps. These wastes have recycling potential, but need treatment to avoid environmental
damage due to the high levels of BOD and COD (Biochemical Oxygen Demand and
Chemical Oxygen Demand) present, as pointed out by Ramasamy and Abbasi (2000) and
Ramasamy et al. (2004).

Responsibly managing beef cattle manure is essential to mitigate their
environmental impact. In many cutting properties, manure management is carried out in
solid form, by scraping the floor of the facilities, resulting in manure with approximately 15
to 20% total solids (TS) (Fulhage, 1997). Unlike countries with large herds in feedlots, in
Brazil, the predominance is extensive breeding and smaller herds, which can facilitate the
issue of proper waste management (Xavier, 2005).

According to Xavier (2005), the factors that influence the amount and composition of
manure include the production system, climate, animal weight, physiological state and
production level. The variation in animal feed also plays an important role in the
composition of manure. Nutritional strategies aimed at feed efficiency are essential to
minimize economic and environmental losses related to the nutrients present in waste
(Xavier, 2009).

The concern with the proper management of beef cattle manure extends to avoid
environmental contamination. As in dairy farming, manure contains biological agents that
can cause damage to human and animal health, in addition to representing economic
losses (Chadwick et al., 2008). Therefore, measures such as the proper treatment of waste
and the prevention of direct application to the soil are essential to avoid contamination of
the environment and ensure the health of surface and groundwater (Oliveira, 2011).

The management of cattle manure continues to be a relevant concern, as evidenced
since the early 2000s. With the increase in livestock production and the concentration of
animals on farms and feedlots, proper waste management has become crucial to mitigate
environmental impacts (Costa and Zenatti, 2023). In this context, biodigesters emerge as a
promising solution. These systems convert waste into biogas, a renewable energy source,
and biofertilizers, reducing waste and providing valuable resources for agriculture (Matos,
2016).
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FUNCTIONING AND BENEFITS OF BIODIGESTERS

The biodigester is a system that plays a key role in the anaerobic degradation of
biomass, resulting in the production of biogas and biofertilizers, essential resources to
promote environmental and energy sustainability. As mentioned by Barrera (1993), the
biodigester consists of a closed chamber where methanogenic bacteria degrade organic
matter, releasing methane gas as the main component of the biogas. This simple and
efficient technology contributes to the valorization of organic waste and the generation of
renewable resources.

The benefits arising from the installation of a biodigester on a small rural property
are numerous and positively impact several activities (Silva, Porto and Silva, 2024). The
use of biogas reduces or eliminates the need to remove firewood from nearby forests,
preserving the environment and preventing problems such as soil erosion, pest
proliferation and ecosystem imbalance. In addition, the production of biofertilizers
stimulates agriculture, improving soil fertility and increasing the quality of crops, as
highlighted by Costa, Silva and Gomes (1985).

Replacing cooking gas with biogas results in financial and environmental savings,
eliminating costs with transportation and storage of fossil fuels, in addition to providing a
more hygienic and sustainable option for food preparation. The application of the
biodigester is not restricted only to animal waste, but may also include human excrement,
which contributes significantly to improving hygiene and sanitation in rural areas, as
highlighted by Gaspar (2003).

In addition to the benefits linked to cost reduction and environmental preservation,
the use of biogas in various daily activities, such as lighting, water heating, and equipment
activation, demonstrates the versatility and energy potential of this renewable resource.
The production of biofertilizers is also crucial for the development of agriculture, providing
an organic fertilizer rich in nutrients and contributing to the sustainability of crops, as
highlighted in Tolmasquim (2007).

In the state of Parand, the implementation of biodigesters on farms dedicated to
beef cattle has proven to be an effective strategy for sustainable waste management and
renewable energy generation. The facilities, such as those at Fazenda Santa Alice in
Ledpolis - PR and Fazenda Sdo Domingos in Cascavel - PR, are pioneers in the
conversion of cattle waste into biogas and biofertilizers, exemplifying a circular economy

model that values by-products and minimizes environmental impacts. The energy
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production of these systems reaches an average of 1.5 kW per animal per day, as reported
by the farms, evidencing a significant contribution to the energy self-sufficiency of the
farms.

In the farms analyzed, the integration of sustainable practices with beef cattle is
evidenced by accurate environmental monitoring and efficient biogas production. The
collection of climate data, carried out monthly, is essential for understanding the
environmental conditions that directly influence agricultural production and energy
generation. The data, which includes average temperature, relative humidity, precipitation
and solar radiation, are obtained via the internet from the nearest weather station, thus
ensuring the accuracy of the information.

Biogas production is monitored through a computerized system that records the
average energy generation in kWh/day, correlating it with the climate variables collected.
This system allows a detailed analysis of the energy performance of the biogas produced
from cattle manure. The estimated biogas production per animal is a determining factor in
the farm's operating costs. It is estimated that each animal produces an average of 1.5 kW
per day, contributing to a total production of 650 kW/day in a feedlot of 450 animals. This
production is converted into energy by a motor adapted to biogas, operating 10 to 12 hours
a day with a capacity of 60 kW/hour.

In addition, the transformation of waste into solid and liquid biofertilizers enhances
soil fertility and agricultural productivity, reinforcing environmental sustainability. However,
challenges such as corrosion of equipment by hydrogen sulfide gas, the need for qualified
personnel for operation and maintenance, and the complex logistics of livestock
management and leachate treatment require attention and careful management. The
experience of these farms demonstrates that, despite operational obstacles, the integration
of biodigesters into beef cattle is a promising approach that offers substantial benefits for
crop production and environmental preservation, paving the way for more sustainable

farming practices in the future.

INTEGRATED WASTE MANAGEMENT IN LIVESTOCK: THE VITAL ROLE OF BIOGAS
PRODUCTION IN MITIGATING GREENHOUSE GAS EMISSIONS

The efficient management of livestock waste, especially in relation to biogas
production and the mitigation of greenhouse gas emissions, is vital for the environmental

sustainability of the sector. The energy use of biogas from the organic decomposition of
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animal waste can be a solution both for generating energy in isolated farms and for
reducing environmental impact. Companies in the poultry and pig farming sectors have
already adopted this practice, transforming their waste into biogas and, later, into energy
(Lora and Venturini, 2012).

Considering the national scenario, where the agricultural sector is responsible for a
significant portion of greenhouse gas emissions in Brazil, the use of biodigesters to treat
waste such as animal waste can be an effective strategy. It is estimated that this practice
can reduce emissions by up to 40%, contributing to the mitigation of environmental impact
and representing an opportunity to reward the sector due to the benefits for the
environment (Lins, Furtado and Mito, 2022).

Another factor is that when integrating biogas production with cattle farming, it is
important to consider the biogas production capacity from the different types of animal
waste. Among the herds evaluated, cattle and horses stand out for the amount of manure
produced daily, presenting a significant potential for biogas production. In general, biomass
from pigs shows a higher yield in biogas production, followed by cattle manure. The
animals' diet and the environment in which they are stable also influence the concentration
of methane present in the gas produced (Colatto and Langer, 2011).

Integrated waste management in livestock involves not only the production of
biogas, but also the consideration of environmental variables that influence the efficiency of
the process. The seasons, for example, play a crucial role, as lower temperatures in winter
can reduce microbial activity and, consequently, biogas production. On the other hand,
summer can accelerate organic decomposition, increasing methane production (Lins,
Furtado and Mito, 2022). Therefore, it is essential to develop strategies that optimize
biogas production throughout the year, considering seasonal fluctuations and their impacts
on the microbiology of biodigesters.

In addition, animal feed is a determining factor in the composition of manure and,
therefore, in the production of biogas. High-protein diets tend to result in waste with higher
potential for methane production, while high-fiber diets can suppress the activity of
methanogenic bacteria (Alves, 2016). Understanding these interactions is essential to
maximize the efficiency of biodigesters and minimize environmental impacts, contributing

to a more sustainable livestock farming.
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RESULTS AND DISCUSSION

The critical analysis of the current situation of cattle farming in Brazil reveals
opportunities to integrate sustainable practices that meet the needs of the industry and
contribute to the mitigation of adverse effects on the environment. The adoption of
biodigesters in beef cattle confinement systems emerges as a promising strategy to
minimize negative environmental impacts, while promoting the generation of renewable
energy and biofertilizers. Effective waste management through biodigesters can reduce the
carbon footprint of livestock activity, boost the energy autonomy of properties and favor soil
fertility.

As observed in the farms visited, the implementation of biodigesters, however,
presents challenges, such as the initial installation costs, the need for technical training for
operation and maintenance, and the proper management of waste and by-products. It is
essential that public policies and financial incentives are implemented to support rural
producers in adopting this technology.

The efficient management of livestock waste, especially in relation to biogas
production and the mitigation of greenhouse gas emissions, is vital for the environmental
sustainability of the sector. The energy use of biogas from the organic decomposition of
animal waste can be a solution both for generating energy in isolated farms and for
reducing environmental impact. Companies in the poultry and pig farming sectors have
already adopted this practice, transforming their waste into biogas and, later, into energy
(Lora and Venturini, 2012).

Considering the national scenario, where the agricultural sector is responsible for a
significant portion of greenhouse gas emissions in Brazil, the use of biodigesters to treat
waste such as animal waste can be an effective strategy. It is estimated that this practice
can reduce emissions by up to 40%, contributing to the mitigation of environmental impact
and representing an opportunity to reward the sector due to the benefits for the
environment (Lins, Furtado and Mito, 2022).

Another factor is that when integrating biogas production with cattle farming, it is
important to consider the biogas production capacity from the different types of animal
waste. Among the herds evaluated, cattle stand out for the amount of manure produced
daily, presenting a significant potential for the production of biogas. In general, biomass
from pigs shows a higher yield in biogas production, followed by cattle manure. The
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animals' diet and the environment in which they are stable also influence the concentration
of methane present in the gas produced (Colatto and Langer, 2011).

Integrated waste management in livestock involves not only the production of
biogas, but also the consideration of environmental variables that influence the efficiency of
the process. The seasons, for example, play a crucial role, as lower temperatures in winter
can reduce microbial activity and, consequently, biogas production. On the other hand,
summer can accelerate organic decomposition, increasing methane production (Lins,
Furtado and Mito, 2022). Therefore, it is essential to develop strategies that optimize
biogas production throughout the year, considering seasonal fluctuations and their impacts
on the microbiology of biodigesters.

In addition, animal feed is a determining factor in the composition of manure and,
therefore, in the production of biogas. High-protein diets tend to result in waste with higher
potential for methane production, while high-fiber diets can suppress the activity of
methanogenic bacteria (Alves, 2016). Understanding these interactions is essential to
maximize the efficiency of biodigesters and minimize environmental impacts, contributing
to a more sustainable livestock farming.

Biogas production not only contributes to the reduction of greenhouse gas
emissions, but also offers a renewable energy source that can be used in various activities
on the farm (Menezes et al. 2023). The energy generated can be used for heating, lighting,
and powering equipment, reducing dependence on non-renewable energy sources and
farm operating costs.

The implementation of biodigesters also promotes the circular economy, where
waste is transformed into valuable resources, closing the cycle of production and
consumption in a sustainable way. The production of biofertilizers from animal waste
improves soil fertility and agricultural productivity, reducing the need for chemical fertilizers
and promoting more sustainable agricultural practices (Matos 2016).

In summary, integrated waste management in livestock, with a focus on biogas
production, is an effective strategy to mitigate greenhouse gas emissions and promote the
environmental and economic sustainability of the agricultural sector. Continuing these
efforts and conducting more research could pave the way for more sustainable farming

practices in the future.
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CONCLUSION

This study examined the application and impacts of the implementation of
biodigesters in beef cattle confinement systems in Brazil. The transformation of waste into
valuable resources, such as biogas and biofertilizers, contributing to the sustainability of
beef cattle was highlighted. However, challenges such as the need for qualified personnel
for operation and maintenance, corrosion of equipment by hydrogen sulfide gas, and the
complex logistics of cattle management and leachate treatment were identified.

Despite these challenges, the integration of biodigesters into beef cattle is a
promising approach that offers substantial benefits for crop production and environmental
preservation. The adoption of this technology can contribute significantly to the
sustainability of beef cattle in Brazil, transforming challenges into opportunities and
promoting a more balanced and efficient production model. Therefore, the implementation
of biodigesters in beef cattle confinement systems meets the objective of this study.

The results obtained in this research can help society and academia by providing
concrete data on the benefits and challenges of implementing biodigesters in beef cattle.
This data can be used to develop more sustainable public policies and agricultural
practices, promoting the environmental and economic sustainability of the agricultural

sector.

RECOMMENDATIONS FOR FUTURE WORK

To expand knowledge about the implementation of biodigesters in beef cattle, it is
recommended that future studies explore the application of this technology in different
regions of Brazil, considering the climatic and operational variables specific to each
location. In addition, it is important to investigate new technologies and practices that can
complement the use of biodigesters, as well as to assess the long-term economic and
social impact of implementing this technology in beef cattle. Continuing these efforts can

pave the way for more sustainable farming practices in the future.
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