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Introduction
Brazilian agriculture has undergone exponential growth in recent 

decades, consolidating its position as the main structuring vector of the 
national economy (Santos and Spolador, 2022). �is advancement is 
intrinsically linked to increased productivity, the expansion of agricul-
tural frontiers, and technological intensi�cation, elements that direct-
ly in�uence environmental systems, territorial management, and the 
sustainability of natural resources (Panta et� al., 2023). Concurrently, 
the modernization process of the rural environment, coupled with in-
creased consumption in production units, has signi�cantly expanded 
the generation of solid waste in agro-pastoral or strictly agricultural 
contexts (Bhatia and Sindhu, 2024). On a global scale, agricultural sol-
id waste (ASW) production shows an annual growth close to 7.5%, as 
reported by Adejumo and Adebiyi (2020), intensifying pressures on ru-
ral communities and elevating the risks associated with public health, 
environmental quality, and ecosystem integrity (Khan et�al., 2024).

�e implementation of public policies for solid waste management 
in Brazil has become an instrument of paramount importance. Oliveira 
et�al. (2025) emphasize that changes in social and cultural behavior in 
Brazil, along with the creation of legal mechanisms, have proven nec-
essary concerning solid waste management practices. For environmen-
tally e�cient solid waste management in rural areas, Panta et�al. (2023) 
a�rm that it is essential to consider structuring variables, such as the 
demographic dynamics of the resident population and the intensi�ca-
tion of local productive activities. �ese factors directly in�uence the 
generation, typology, and �ow of waste, conditioning the capacity for 
planning, system sizing, and the implementation of sustainable man-
agement strategies (Santos and Spolador, 2022).

Conceptually, according to Singh et�al. (2024), solid waste is de-
�ned as all solid or semi-solid matter generated by anthropogenic ac-
tivities. In Brazil, Federal Law No. 12,305/2010 de�nes solid waste as 
materials or substances in solid or semi-solid states liable to disposal, 
including gases and liquids that cannot be directly discharged into wa-
ter bodies or sewage systems (Brasil, 2010). Agro-pastoral solid waste 
is de�ned as materials originating exclusively from agricultural and 
livestock activities, encompassing both hazardous and non-hazardous 
fractions (Ferreira et�al., 2025). �is waste is generated throughout dif-
ferent stages of rural production systems, resulting from processes of 
soil management, harvesting, area preparation, and animal husband-
ry (Bhatia and Sindhu, 2024). �is set includes organic residues with 
low polluting potential, such as crop residues and residual plant bio-
mass (roots, leaves, and senescent branches), as well as animal excreta, 
among other biodegradable materials (Singh et�al., 2024).

�e inadequate management of ASW constitutes a signi�cant envi-
ronmental threat, as the decomposition of the organic fraction releas-
es gases such as CH� and CO�, which are associated with unpleasant 
odors and the degradation of air, water, and soil quality (FAO, 2021; 
Silva et�al., 2021). According to data from the Intergovernmental Panel 
on Climate Change (IPCC), approximately 23% of the total greenhouse 

gas emissions into the atmosphere originate from agriculture, forestry, 
and other rural land-use sectors (IPCC, 2019).

In Brazil, solid waste management was driven by the creation of 
Law No. 11,445/07, which established the national guidelines for ba-
sic sanitation (Brasil, 2007). In 2010, the National Solid Waste Policy 
(NSWP), Law No. 12,305, was instituted, making the implementation 
of a solid waste management plan (SWMP) mandatory for di�erent 
types of waste-generating enterprises (Brasil, 2010). Additionally, the 
NSWP establishes a management hierarchy: non-generation, reduc-
tion, reuse, recycling, and treatment of solid waste, as well as the envi-
ronmentally adequate �nal disposal of rejects. Subsequently, in 2019, 
the National Rural Sanitation Program was instituted by Ordinance 
No. 3,174, seeking to enhance actions for the universalization of ac-
cess to basic sanitation in rural areas, such as traditional communities 
(Brasil, 2019).

�e increasing generation of solid waste in rural areas, particularly 
from agro-pastoral activities, has raised concerns about the adequate 
and sustainable handling of these materials (Ferreira et�al., 2025; Saxe-
na et�al., 2025). It is reported that, due to the remote distances of rural 
areas from urban centers, waste collection services tend to be ine�-
cient; consequently, service provision is o�en more precarious (SNIS, 
2021). De�ciencies in solid waste collection services in rural areas 
signi�cantly compromise the e�ciency of initial handling stages and 
subsequent phases of the waste management system, a�ecting stor-
age, containment, pre-treatment, and �nal disposal in public or col-
lective infrastructures (Bhatia and Sindhu, 2024). �is also increases 
the costs of waste transportation from its origin to the �nal destina-
tion (Oliveira et�al., 2025). Other contributing problems include issues 
related to waste composition and �nancial constraints for producers 
and public management (Moh and Abd Manaf, 2017); weaknesses in 
local environmental legislation and environmentally adequate social 
management (Freitas et�al. 2024); and the scarcity of discussions at the 
grassroots level concerning the management of generated solid waste, 
especially among the rural population (Lima et�al., 2018).

�e Rafael Fernandes experimental farm (RFEF) stands out as a 
research unit linked to the Federal Rural University of the Semi-Arid 
Region (UFERSA), conducting studies in Agrarian Sciences and Engi-
neering. It houses the Center for Technological Training in Apiculture, 
which researches bee compounds. �e agro-pastoral and administra-
tive activities generate speci�c waste, such as packaging from agricul-
tural inputs, veterinary medicines, fertilizers, plastic materials, liquid 
waste, and grease and oil packaging for machinery (Linhares, 2023). 
Simonetti et�al. (2021) and Ferreira et�al. (2024) highlight that all agents 
involved in the scope of production of a good are responsible for the 
management of the generated waste. Zago and Barros (2019) advocate 
that waste management must consider the particularities of the pro-
duction chain and the local context.

Research at RFEF began in the 1970s at the former Higher School 
of Agronomy of Mossoró, focusing on alcohol production from sor-






















