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Abstract: This study aims to evaluate environmental performance indicators and eco-
controls in the poultry production chain in Goiás, with a focus on forest management,
waste generation, water resources, energy use, emissions, and environmental accounting.
A mixed-methods approach was used, combining qualitative and quantitative data from
13 agro-industrial companies, 230 farms, and 816 broiler houses. The results highlight
the role of environmental management accounting (EMA) in monitoring and improving
environmental practices, supporting continuous performance assessment. Econometric
analysis revealed a positive link between sustainability practices and economic growth, as
measured by GDP per capita. However, productive capacity and energy efficiency showed
no significant impact at the 5% level. The study limitations include the focus on a single
region and industry, which may limit the generalizability of the findings. Future research
should expand to other chains and regions to assess broader applicability and explore
the public policy impacts on environmental sustainability, as well as the impact of public
policies on environmental sustainability within the sector.

Keywords: agrifood value chain; sustainability; agribusiness; sustainable development;
principal component analysis

1. Introduction
Chicken meat production plays a crucial role in Brazil’s economy, with the coun-

try being the largest exporter and the third-largest producer worldwide, behind the U.S.
and China. Between 2000 and 2022, Brazil’s production rose by over 280%, from 4.6 to
12.9 million tons, while export revenues increased from USD 828.3 million to USD
9.5 billion [1–3]. The sector employs around 3.6 million people and contributes about
1.5% of Brazil’s GDP [4], driven by technological improvements that have boosted
productivity [5].

However, sustainable development in the poultry industry remains a significant
challenge. Addressing this requires further research on genetics, nutrition, environmental
management, and resource optimization. This aligns with the growing emphasis on ESG
(Environmental, Social, and Governance) disclosures across Latin America [6]. Strong
governance structures are key to advancing sustainability [7]. The main research challenge
this paper addresses is the lack of validated indicators and eco-controls to measure and
promote sustainability in the poultry chain in Goiás.

This study aims to validate environmental performance indicators and eco-controls
in the poultry production chain, highlighting their importance for competitiveness and
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sustainable growth. Previous research [8,9] has stressed the need for such indicators to
ensure compliance with legislation and manage externalities. Ref. [10] further underscores
the role of environmental management accounting (EMA) in integrating sustainability into
corporate performance.

1.1. Poultry Farming and the Environmental Challenge

As highlighted by the United Nations, the agricultural sector is the largest global
consumer of water resources, responsible for 70% of water usage worldwide. Despite
Brazil’s abundant water reserves, challenges like inefficiencies, decreased rainfall, growing
populations, and heightened demand have led to localized water shortages [11,12]. The
ISO 14001 standard [13] defines environmental impact as any positive or negative alteration
caused by organizational activities [14,15].

Brazilian regulations, including Water Law No. 9433/1997, provide guidelines for
effluent reuse, especially in fertigation, but do not comprehensively prevent environmental
degradation. Performance evaluations in environmental management serve as strategic
tools for planning, though further research is still needed on the impact of poultry farming
on soil and water resources. This study aims to validate key indicators and eco-controls to
enhance sustainability in poultry production [16,17].

Environmental management accounting (EMA) provides a structured approach to
monitoring and enhancing an organization’s environmental interactions, thereby sup-
porting continuous improvement and audit processes [18]. According to [19], combining
Industry 4.0 technologies with circular economy principles can lead to more sustainable
poultry farming practices by maximizing resource efficiency and reducing waste. Effective
evaluations depend on customized indicators and management’s commitment to fostering
environmental accountability [20–22]. This research contributes to the field by examining
indicators and eco-controls within the poultry sector to support sustainable development.

1.2. Environmental Management Accounting and Environmental Performance

Environmental management accounting (EMA) is a critical tool for documenting and
analyzing how organizations engage with the environment, tracking resources such as ma-
terial flows, energy consumption, and emissions [18]. It is essential to integrate knowledge
management with organizational processes to transition from eco-innovation to circular
economic practices, thereby driving improvements in sustainability performance [23].

EMA enables firms to pinpoint areas requiring enhancement, collecting routine data
to support environmental audits. While it facilitates informed decision-making regarding
environmental impact, it does not directly resolve ecological challenges [18]. Environmen-
tal accounting facilitates sustainability tracking by utilizing performance indicators that
evaluate both economic and environmental factors. However, current frameworks, such as
the GRI and CDP, have limitations in fully capturing these impacts [24].

This study highlights the need to differentiate between managerial and environmental
indicators to better assess operational efficiency and ecological impact [10]. EMA tools,
such as impact assessments and eco-controls, support this distinction [25]. Strong or-
ganizational performance indicators and eco-control techniques are crucial for strategic
management [20,22]. Ref. [7] noted that leadership diversity, including women in top
positions, is associated with stronger sustainability commitments and transparency.

The success of environmental performance assessments depends on management’s
dedication and the application of suitable metrics, which enhance organizational efficiency
and communication [20–22]. Indicators should address material usage, emissions, and
compliance with regulations [26]. Studies have shown that transparency in eco-efficiency,
achieved by linking financial and environmental performance, promotes sustainable re-
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source use [26–28]. This research contributes to the field by applying these principles within
the poultry production chain, underscoring their importance for sustainable development.

This study employs both qualitative and quantitative methods to examine eco-controls
and environmental indicators throughout the poultry value chain, focusing on waste, water,
energy, and emissions. Building on the contributions of [25,29], this research examines
how integrated environmental management can promote socio-economic development
and sustainability within the poultry sector.

The econometric analysis validates the relationship between environmental perfor-
mance indicators and municipal economic growth. This study aligns [30]’s perspective
on integrating environmental metrics into governance frameworks, contributing to the
expanding body of literature on environmental accounting in agriculture.

2. Materials and Methods
2.1. Research Design

This study employs a mixed-methods approach, combining both qualitative and
quantitative research methods. The case study methodology was selected for its ability to
explore complex real-world phenomena within the poultry production chain [31]. This
research employs a descriptive design to map and analyze environmental management
practices. Documental research and questionnaires were used for data collection, while
content analysis and econometric models facilitated the analysis. This methodological
framework ensures depth and contextual understanding, allowing for a detailed investiga-
tion of performance indicators and eco-controls in environmental management.

The case study method was chosen for its suitability in exploring contemporary
environmental management challenges, particularly in sustainability within industrial
production [31]. Given the intricate nature of the poultry chain, this approach fa-
cilitates an in-depth analysis of organizational processes, management practices, and
operational outcomes.

2.2. Data Collection

Data were gathered from both primary and secondary sources. Primary data were
obtained through closed-end questionnaires administered to representatives of key units in
the poultry production chain, including integrators, integrated farms, and others. In
contrast, secondary data was extracted from financial reports and public documents.
The primary data collected in 2021 focused on environmental practices, including waste
management and energy use. The secondary data included the GDP per capita of mu-
nicipalities, providing a macroeconomic backdrop for the environmental performance
indicators analyzed.

The closed-ended questionnaire was designed to capture specific, quantifiable data
related to environmental practices and operational metrics across different segments of the
poultry chain (Table 1) [32]. The questions were structured based on the literature review,
incorporating criteria from [17,33]. This structure ensures the collected data aligns with
established academic and regulatory frameworks (e.g., ISO 14001 and NBC T 15) (Table 2).
The reliability of the questionnaire was pre-tested on a small sample before full deployment,
ensuring clarity and consistency.

Table 1. Characteristics of the study sample.

Number of
Studied Units Activity Sector Products Productive Capacity

2 Breeder houses Agroindustry Hens 12.6 million fertile eggs/month
1 Hatchery Agroindustry One day chicks 11.4 million eggs/month
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Table 1. Cont.

Number of
Studied Units Activity Sector Products Productive Capacity

1 Warehouses Storage and
distribution Grains for feed 110 thousand t (4 months of

strategic stock)
2 Flour and oil factory Industry Meals and oils for pet food 51 thousand t/year

2 Chemical effluent
treatment station (ETE) Industry Fatty oil and solid sludge 3 thousand t/year

2 Feed factory Industry Feed for hens, chicks and broilers 674,646 thousand t/year
2 Slaughterhouse Industry Whole chicken and cuts 121.4 million chickens/year

1 Chicken meat
processing plant Industry Sausages, nuggets 3 thousand t/year

230 Integrated farms Farming Chicken 121.4 million chickens/year

816 Broiler houses Chicken
production Poultry for slaughter 121.4 million chickens/year

Source: Adapted from [28].

Table 2. Legal and technical regulations regarding the researched actions.

Practices Legal or Technical Regulations

Forest management

- Federal Law No. 12,727 of 17 October 2012, also known as the Forestry
Code [34].

- Goiás State Law No. 18,104 of 18 July 2013, addressing regional forest
conservation requirements [35].

Solid waste management

- Federal Law No. 12,305 of 2 August 2010, establishes the National Solid
Waste Policy [36].

- Federal Decree No. 10,936 of 12 January 2022, providing regulations for
Law No. 12,305/2010 [37].

- Goiás State Law No. 14,248 of 29 July 2002, creating the State Policy on
Solid Waste [38].

- Goiás State Law No. 20,725 of 15 January 2020, enhancing state-level
waste management policies [39].

- Goiás State Law No. 21,393 of 13 May 2022, strengthening the legal
framework against unauthorized waste disposal [40].

Liquid waste management (effluents)

- CONAMA Resolution No. 430 of 13 May 2011, detailing conditions for
effluent discharge [41].

- CONAMA Resolution No. 503 of 14 December 2021, updating effluent
management standards [42].

Water management

- CONAMA Resolution No. 430 of 13 May 2011, addressing
environmental guidelines for water management [41].

- CONAMA Resolution No. 503 of 14 December 2021, further stipulates
water use conditions [40,42–44].

Energy and emissions

- CONAMA Resolution No. 491 of 19 November 2018, setting air quality
standards related to emissions [45].

- Federal Law No. 14,300 of 6 January 2022, establishing the legal
framework for distributed energy generation and compensation [46].

Environmental management
- ISO 14001 outlines standards for environmental management systems

(EMS), enabling organizations to create frameworks for sustainable
operations [13].
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Table 2. Cont.

Practices Legal or Technical Regulations

Environmental accounting

- NBC T 15, issued by the Federal Accounting Council, establishes
guidelines for environmental and social information reporting [47].

- CTG 9, defining Integrated Reporting protocols aligned with global
sustainability standards [11,48].

Source: [49].

2.3. Sample Selection

The study population consists of 13 enterprises within the poultry value chain and
230 integrated farms. The sample represents a comprehensive cross-section of the produc-
tion process, covering industrial sectors such as hen houses, hatcheries, chemical effluent
treatment plants, and slaughterhouses. The selection of these units was purposive, focusing
on those most representative of the sector’s environmental impacts.

The sample size (n = 243) is robust for the analysis, ensuring statistical power in the
study’s qualitative and quantitative components [50]. Including diverse actors across the
chain strengthens the generalizability of the findings. At the same time, the proportional
representation of key production units (e.g., integrated farms) aligns with recommendations
by [51] for analyzing environmental performance at the industry level.

2.4. Data Analysis

The study employs both qualitative and quantitative techniques. Content analysis was
used for qualitative data from company reports, and econometric models, including Princi-
pal Component Analysis (PCA) and multiple regression, were applied to the quantitative
data [52]. These methods ensure the extraction of meaningful patterns and relationships
between variables, providing insights into the environmental performance indicators and
eco-controls within the poultry chain.

The variables were grouped via PCA into three factors: production capacity and
size; sustainability and environmental management practices; and energy efficiency and
alternative sources. The logic of this choice is based on the normative and empirical
relevance of these measures in assessing the environmental impact and its relationship
with the municipal GDP per capita.

The use of PCA addresses the multicollinearity issues inherent in the dataset due to
the presence of highly correlated indicators [53]. By reducing the dimensionality of the data,
PCA enables the identification of key components that explain the variance in environmen-
tal management practices without a significant loss of information. Variables selected for
PCA include the productive capacity, energy consumption, and waste management. The
Kaiser–Meyer–Olkin (KMO) test indicated a value of 0.666, confirming the adequacy of
the sample for factor analysis [54]. Factors with eigenvalues greater than 1 were retained,
accounting for approximately 57% of the variance in the data (Tables 3–8).

Equation (1): Data matrix

X =


x11 x12 . . . x1p

x21 x22 . . . x2p
...

...
. . .

...
xn1 xn2 . . . xnp

 (1)
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Equation (2): Multiple regression

ln(Y) = β0 + β1CA + β2SU + β3EF + ϵ (2)

where

• ln(Y) is the natural logarithm of GDP per capita of the municipality;
• β0 is the constant;
• β1, β2, and β3 are the parameters associated with the variables productive capacity

and facility size (CA), sustainability and environmental management (SU), and energy
efficiency and use of alternative sources (EF);

• ϵ is the error term.

The multiple regression model was employed to estimate the impact of environmental
management practices on economic development, measured by GDP per capita. The regression
model incorporates three independent variables derived from PCA: (i) productive capacity,
(ii) sustainability practices, and (iii) energy efficiency. This model enables the precise analysis of
how eco-controls and environmental indicators impact economic outcomes.

Table 3. Sample adequacy tests.

Variables Kaiser-Meyer-Olkin (KMO) Test

Productive capacity 0.800
Number of employees 0.649

Number of broiler houses 0.638
Hectares of planted forests 0.608

Own biomass production (firewood) 0.617
Destination of recyclable waste on the farms 0.623

Gas consumption to burn feathers 0.692
Amount of diesel consumed 0.769

Use of photovoltaic energy on the farm 0.695
General KMO 0.666

Determinant of the correlation matrix 0.154
Bartlett’s Sphericity Test

χ2 355.88
Degrees of freedom 36

p-value 0.0000
Source: Research results.

Table 4. Eigenvalues and cumulative proportion of generated factors.

Factors Eigenvalue Difference Proportion Accumulated

1 2.654 1.262 0.295 0.295
2 1.392 0.306 0.155 0.450
3 1.087 0.136 0.121 0.570
4 0.951 0.118 0.106 0.676
5 0.833 0.127 0.093 0.769
6 0.706 0.101 0.079 0.847
7 0.605 0.030 0.067 0.914
8 0.575 0.378 0.064 0.978
9 0.197 - 0.022 1.000

Source: Research results.
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Table 5. Factor loadings and singularity after rotation.

Variables Factor 1 Factor 2 Factor 3 Singularity

Productive capacity 0.597 0.003 −0.191 0.607
Number of employees 0.838 0.216 0.120 0.236
Number of broiler houses 0.860 0.128 0.122 0.230
Hectares of planted forests 0.109 0.788 0.168 0.339
Own biomass production (firewood) 0.170 0.802 −0.019 0.327
Destination of recyclable waste on the farms −0.103 0.169 0.391 0.808
Gas consumption to burn feathers 0.469 −0.168 −0.574 0.422
Amount of diesel consumed 0.562 0.091 −0.090 0.667
Use of photovoltaic energy on the farm 0.371 −0.207 0.767 0.231
Has a water supply permit 0.597 0.003 −0.191 0.607

Source: Research results.

Table 6. Factor variance after rotation.

Factors Variance Difference Proportion Accumulated

1 2.523 1.087 0.280 0.280
2 1.436 0.262 0.160 0.440
3 1.174 - 0.131 0.570

Source: Research results.

Table 7. Proposal for environmental eco-controls for the production chain.

Environmental
Management Practices Indicator Indicator Description Unit of Measure

Forest Diagnosis

Reforestation up to 5 ha Areas designated for reforestation are up to
5 hectares in size. Hectares (ha)

Reforestation from 5 to 10 ha Reforestation activities carried out on land
between 5.1 and 10 hectares. Hectares (ha)

Reforestation from 10 to 50 ha Designated reforestation lands ranging from
10.1 to 50 hectares. Hectares (ha)

Reforestation over 50 ha Larger reforestation initiatives on land
exceeding 50 hectares. Hectares (ha)

Investment
Funds allocated to support reforestation
practices, including tree planting and forest
preservation.

Brazilian Real (BRL)

Cost
Total expenses related to essential operational
activities, such as maintaining water sources
and APP.

Brazilian Real (BRL)

Water Resources
Number of water sources A count of water sources found on farms,

including springs and surface flows. Units

APP + legal reserve
Areas under permanent preservation and
legally required reserves that protect
biodiversity.

Hectares (ha)

Waste Management

Organic waste generated The amount of organic waste produced
throughout the production chain. Tons

Organic waste for own use Organic waste, such as compost, is repurposed
and utilized within the facilities. Tons

Organic waste sold Organic waste is sold to external buyers for
agricultural and other uses. Tons

Investments in waste
management

Financial resources are devoted to the
development of waste management systems. Brazilian Real (BRL)

Cost in waste management Costs incurred for managing waste, including
recycling, transportation, and disposal. Brazilian Real (BRL)
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Table 7. Cont.

Environmental
Management Practices Indicator Indicator Description Unit of Measure

Other Waste

Amount of other waste Volume of additional waste streams such as
plastics, cardboard, and industrial debris. Kg or Tons

Waste collected by the city Quantity of waste managed by municipal
services. Kg or Tons

Waste for incineration The amount of waste processed through
incineration facilities. Kg or Tons

Waste sent to landfill Total waste directed to landfills for disposal. Kg or Tons

Water Resources
Management

Groundwater extraction Volume of water drawn from underground
sources, typically via wells. Cubic Meters (m3)

Surface water withdrawal The amount of water obtained from surface
bodies like rivers, lakes, or reservoirs. Cubic Meters (m3)

Rainwater harvesting The quantity of rainwater collected for use in
production processes. Cubic Meters (m3)

Investment in water resources
Funds allocated to water resource
management, including conservation and
sustainable use.

Brazilian Real (BRL)

Cost of water resources
capture

Expenditures related to the collection and
treatment of water resources. Brazilian Real (BRL)

Effluent Generation

Effluent destination Description of effluent management, including
septic tanks and soil infiltration. Unit/Capacity

Pond or ground disposal Use of ponds or direct soil treatment for
effluent processing. Capacity

Investment in effluent
management

Financial investment in developing systems for
efficient effluent treatment. Brazilian Real (BRL)

Cost of effluent management Costs related to the handling, treatment, and
disposal of effluents. Brazilian Real (BRL)

Energy and Emissions

Energy consumption
The energy used within the production unit is
measured in kilowatt-hours or
megawatt-hours.

kWh or MWh

Own energy generation Energy generated on-site for self-use, partially
or fully offsetting external energy needs. Brazilian Real (BRL)

SIN purchase Energy is purchased from the National
Interconnected System (SIN). kWh or MWh

Fossil fuel consumption Quantity of fossil fuels (e.g., diesel, LPG, and
gasoline) consumed monthly.

Liters or Cubic
Meters

Firewood consumption
The volume of firewood used, measured in
cubic meters, sourced from own production or
purchased.

Own Production
(m3)/Purchased

(m3)

Environmental
Management
Accounting

Water grants Government-issued authorizations for the use
of water resources from natural bodies. Validity

Land use certificates
Certificates that verify permissible activities
and land subdivision for industrial or
agricultural use.

Units

Precautionary practices Count and financial allocation for preventive
measures that protect the environment. Number/BRL

Certifications The company’s environmental certifications
ensure compliance with sustainable practices. Units

Budget forecast Forecast of revenue and expenditure in
alignment with environmental objectives. Brazilian Real (BRL)

Incentive system Investments and costs related to incentive
programs promoting eco-friendly practices. Brazilian Real (BRL)

Notes: BRL refers to Brazilian Real. Source: [28].
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Table 8. Analysis of environmental management practices and the municipalities’ GDP.

Dependent Variable: GDP Per Capita of the Municipality

Regressors Model (1)

Production capacity and size of facilities −0.012
(0.016)

Sustainability and environmental management 0.033 **
(0.016)

Energy efficiency and the use of alternative sources −0.015
(0.017)

ICMS collection (control variable) 0.087 *
(0.047)

Constant 3.299
(0.019)

F (4, 185) 2.43
Prob. > F 0.0491
R2 0.0593
R2 adjusted 0.0390
Number of observations 190

Standard deviations are in parentheses. p-values: **: p ≤ 0.05; *: p ≤ 0.10. Source: Research results.

2.5. Reliability and Validity

Several steps were taken to ensure the reliability of the data, such as pre-testing the
questionnaire and using standardized measures in the analysis. Content validity was
achieved by aligning the questionnaire and indicators with existing legal frameworks (e.g.,
the Forestry Code and the Solid Waste Management Law) and the academic literature. The
triangulation of data from multiple sources, including primary surveys and secondary
reports, further strengthens the validity of the findings [55].

All participants in the study were informed about the research objectives, and their
consent was obtained before data collection. Data was anonymized to protect the confiden-
tiality of participants and the organizations involved.

In summary, the eco-controls were prepared based on data collected through a closed
questionnaire and documents. They are derived from systematic surveys and observations,
with statistical validation through Principal Component Analysis and regressions.

3. Results
This section outlines the indicators and eco-controls created and implemented across

all aspects of the poultry farming value chain, including forest management practices,
waste generation, water resources, energy and emissions, and environmental management
accounting. The section then delves into analyzing the econometric model applied to data
gathered from the integrated farms.

3.1. Analysis of Data from the Integrating Company and Integrated Farms

This section presents the analysis of 28 indicators and 13 eco-controls (Table 3),
beginning with insights into forest management practices, current scenarios, and sug-
gested approaches. Five indicators—three focusing directly on performance and two
eco-controls related to investment and costs—were developed and applied to evaluate
forest management.

The integrator’s actions included self-producing firewood and investing in permanent
protection areas and legal reserves. In the Cerrado biome, legal requirements stipulate
that 30% of farm areas, plus designated permanent preservation areas (APPs), must be
allocated. In 2021, the integrator supported the natural recovery of 28 hectares and planted
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30 hectares of eucalyptus, along with 4000 native plant seedlings across integrated company
properties. These initiatives align with [56], which describes energy crops as essential for
producing biomass fuel, a strategy reflected in the use of eucalyptus plantations as sanitary
barriers in 90% of all installed poultry farms.

Regarding the reforestation potential of integrated farms, it was found that 174 out of
the 230 surveyed properties had areas smaller than five hectares, rendering reforestation
impractical. Only 42 farms had up to 5 hectares, 13 were between 5.1 and 10 hectares, and
one ranged from 10.1 to 50; none exceeded 50 hectares. This categorization reflects the
predominance of small- and medium-sized farms, with only 11% of respondents reporting
investments in forest management in 2021. Recognizing energy forests and environmental
assets on balance sheets or emissions inventories could benefit integrators and integrated
farms, as suggested by [56].

The analysis of waste management was organized into subcategories: organic waste
disposal, use for self-consumption, and solid waste. The integrator ensured that 100%
of organic waste (23,000 tons in 2021) was directed to composting, reflecting the grow-
ing adoption of circular economy practices among organizations, as noted by [57]. Dur-
ing the integration process, it was also observed that organic waste was primarily uti-
lized for self-consumption, with 201 integrated farms selling poultry litter as fertilizer for
regional crops.

Other waste management practices were categorized into municipal collection, incin-
eration, and collection by the integrator. The integrator allocated 628.72 tons of waste to
landfills, incinerated 122.10 kg, and sold 1200 tons of scrap metal. However, only 15 farms
relied on municipal services for waste collection, while 201 depended on the integrator’s
services, indicating widespread adoption of effective waste disposal measures.

Ref. [58] highlighted the opportunity for energy generation through biogas production
from livestock waste, a renewable and low-cost alternative that benefits rural producers.
This process reduces greenhouse gas emissions and produces biofertilizers for agricultural
use. Water management was analyzed by examining groundwater extraction, surface water
collection, and rainwater harvesting practices. The integrator gathered 3036 megaliters
(MLs) from surface sources and 611.2 ML from underground wells. Of the 230 integrated
farms surveyed, 223 utilized groundwater, while only seven sourced surface water. These
findings underscore the need for programs that encourage rainwater use and improve water
management at integrated farms, consistent with [59], which noted that environmental
degradation has exacerbated regional climate change.

Effluent management was evaluated using ponds, soil applications, and stream dis-
charge. The integrator employed two primary effluent treatment strategies, pond systems
and a chemical effluent treatment plant (ETP), which processed 83% of the 3017.9 ML of
effluent generated. All integrated farm respondents reported using septic tanks, with no
instances of improper effluent discharge observed. These practices align with the anaerobic
bio-digestion methods described by [60].

Energy and emissions management was analyzed based on the source of energy—
whether self-produced, purchased, or a combination. The integrator reported 6518.346 tons
of CO2 (tCO2) from direct Scope 2 emissions in 2021, and 13,023.023 tCO2 from indirect
Scope 1 emissions, primarily from electricity and fuel consumption. However, due to
geographical and data limitations, emissions from integrated farms were not estimated.

The integrating company has implemented environmental management accounting
(EMA), though it has yet to be adopted by integrated farms. As noted by [18,25], EMA
provides significant benefits by guiding project development, strategy formulation, and
minimizing environmental impacts. The authors of [8,9,28,61–64] also confirm EMA’s
potential to support sustainable development goals across the poultry production chain.
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3.2. Analysis of the Econometric Model

The econometric model from Equation (1) is estimated, and the following parameters
are presented in Table 4.

The model revealed that only the factor “sustainability and environmental man-
agement” has a positive and statistically significant relationship with GDP per capita
(coefficient 0.033; p < 0.05—Table 8). Productive capacity and energy efficiency were not
significant. Tables 4–7 show the extracted factors and proposed eco-controls. Table 7, for
example, details the indicators applied to forest, waste, and water management.

4. Discussion
The research results reveal that sustainability and environmental management are

the most significant factors affecting economic development, as evidenced by the positive
relationship between these variables and GDP per capita at the municipal level. This finding
supports the growing body of literature highlighting the importance of sustainable practices
in driving economic growth. Studies such as [21] emphasize that eco-efficiency, which
aims to meet the needs of businesses and communities while minimizing environmental
impact, is crucial for enhancing competitiveness and promoting sustainable development.
In the case of the poultry sector, this connection is robust, as organizations that prioritize
sustainability are more likely to see improvements in efficiency, cost reduction, and access
to new markets.

The insignificance of productive capacity, facility size, and energy efficiency at the 5%
significance level suggests that traditional metrics of economic output, such as production
scale, may no longer be as impactful as previously thought. The shift towards sustainability
as a driving force is echoed in studies like [18], which argue that environmental manage-
ment accounting (EMA) enables organizations to assess their processes better, providing
transparency and identifying areas for improvement. The results align with those of [10,65],
who highlight that EMA facilitates more accurate environmental impact assessments and
enhances competitive advantage through improved transparency and accountability.

One key explanation for the positive impact of sustainability on economic development
is the ability of companies to implement eco-control measures to reduce costs and increase
efficiency. As [18] emphasizes, EMA can help identify inefficiencies and potential cost
savings by encouraging companies to adopt practices that reduce their environmental
footprint, such as waste reduction and energy conservation. These cost savings can translate
into improved competitiveness, allowing municipalities with environmentally conscious
poultry farmers to experience higher economic growth.

Moreover, sustainable practices not only improve a company’s reputation but also
enhance market access. Domestic and international consumers are increasingly concerned
with the environmental and social responsibility of the products they consume. Companies
that embrace sustainability can leverage this demand to access new markets and increase
revenues, contributing more to local income. This supports the view of [66], who argue that
environmental management contributes to economic growth by opening new opportunities
in sustainable markets.

Another contributing factor to the positive relationship between sustainability and
economic development is the influence of stakeholders. As noted by [21,49], suppliers,
regulators, and environmental groups are increasingly crucial in shaping corporate behavior.
These groups often demand greater transparency, accountability, and resource efficiency,
pushing companies to adopt more sustainable practices. The pressure to conform to these
expectations can lead to greater market competitiveness and, as the results suggest, local
economic growth.
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These dynamics overlook the importance of stakeholder influence in driving sustain-
able practices, which have a significant impact on local economies. As supported by the
study [67], companies can respond more effectively to stakeholder demands by adopting
EMA and integrating sustainability into their core operations. These actions enhance
the corporate reputation and improve the company’s ability to attract investment and
customers, thereby promoting economic development.

One critical area where sustainability practices have a direct economic impact is the
preservation of water resources, which are essential for the poultry sector. Water is vital
for maintaining hygiene in poultry farms, cleaning equipment, and producing feed. The
research highlights the need for integrated farms to adopt water management practices,
such as rainwater harvesting and efficient water use, in line with [59], who emphasize that
environmental degradation has accelerated the depletion of water resources.

The preservation of natural resources, including water, also creates positive externali-
ties for the local economy, such as maintaining a stable water supply, supporting tourism
and recreational areas, and protecting industries that depend on these resources. This con-
tributes to improvements in public health and enhances local quality of life. As [68] argues,
environmental conservation efforts can result in widespread benefits that extend beyond
individual organizations to the broader community, reinforcing the idea that sustainability
is a crucial driver of local economic development [9].

In summary, this study provides strong evidence that sustainability and environmental
management are significant contributors to economic development in municipalities with
poultry farming. The adoption of eco-control measures not only promotes efficiency
and cost savings but also enhances market access and competitiveness. By aligning with
stakeholder pressures and responding to environmental demands, companies in the poultry
sector can build stronger reputations and attract more investment, contributing to local
economic growth.

Furthermore, preserving natural resources, particularly water, and generating positive
externalities for the community demonstrate how sustainable practices benefit businesses
and society. As [33,67] emphasize, organizations that incorporate sustainability into their
operations are better positioned to thrive in a competitive market while simultaneously
driving local development. Therefore, this study’s findings highlight the crucial role that
environmental management and sustainability play in promoting economic growth in the
poultry sector, laying the groundwork for future research into the broader implications of
these practices across other industries.

5. Conclusions
This research examined the application of environmental performance indicators and

eco-controls within the poultry production chain in Goiás, focusing on aspects such as
forest management, waste generation, water resource utilization, energy consumption,
emissions, and environmental accounting. The study involved data from 13 agro-industrial
companies, 230 farms, and 816 broiler houses.

The findings suggest that well-implemented environmental accounting systems can
provide crucial insights for evaluating and managing environmental practices, enabling
continuous monitoring and clear objective setting. Environmental management accounting
(EMA) has emerged as a strategic tool that not only improves environmental performance
but also enhances operational efficiency and drives cost savings, as noted by [18,65].

Econometric analysis demonstrated the importance of sustainability indicators and
controls, revealing their contribution to economic development. A positive association was
identified between sustainable practices and GDP per capita, suggesting that municipalities
with poultry farmers committed to sustainability tend to experience higher economic
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growth. This aligns with the conclusions of [21] regarding the role of eco-efficiency in
enhancing business competitiveness and local development.

Companies adopting eco-controls reduce environmental impacts, drive efficiency,
achieve cost savings, and enhance market competitiveness. Sustainable enterprises also gain
improved market access and attract investment, bolstering their reputation, as highlighted
by [49,67].

Furthermore, public institutions could support EMA adoption in different ways,
through a possible set of strategies like (a) encouraging the adoption of environmental
management accounting (EMA) on integrated farms; (b) promoting the use of rainwater
and reuse of effluents; (c) implementing Payment for Environmental Services (PES) for
conservation and reforestation; (d) offering tax incentives for renewable energy sources,
such as photovoltaics and biogas; (e) creating regional technical training programs on
eco-controls; and (f) integrating the study’s environmental indicators into licensing and
certification criteria.

This study makes a significant contribution to environmental management accounting
by presenting models that integrate sustainability indicators, thereby promoting greater
transparency and accountability. Effectively managing these indicators benefits businesses
and local communities, preserving resources and fostering sustainable development.

Future research should investigate the application of these indicators across various
production chains and regions to enhance the understanding of how sustainability impacts
economic growth, thereby reinforcing the role of environmental accounting in supporting
sustainable development in the agro-industrial sector.
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