/\

Revista Ciéncias

, Administrativas ] Y

. e-ISSN:2318-0722 Journal of Administrative Sciences

Methodological Proposal for the Transition of Industrial Parks Toward the
Circular Economy

Proposta Metodolbgica para Transi¢cdo de Parques Industriais Rumo a Economia
Circular

Propuesta Metodoldgica para la Transicion de Parques Industriales Hacia la Economia
Circular

d.) 10.5020/2318-0722.2025.31.e17173

Felipe Moura Oliveira @ @

Assistant Professor | at State University of Piaui..

Luis Matheus Tavares Silva (¢}
CNPq Industrial Technological Development Fellow (Level B).

Moénica Cavalcanti Sa de Abreu o
CNPq Research Productivity Fellow (Level 1C). Head of the Laboratory for Studies in Competitiveness and Sustainability (LECoS/UFC).

Caroline Rodrigues Vaz (©)
CNPq Research Productivity Fellow (Level 2). Head of the Research Group on Sustainability and Innovation in Renewable Energies (SINERGIA/
UFSC).

Abstract

This study proposes a methodology for initiating the mapping of industrial processes and material flows in industrial parks to
support the early stages of the transition toward the Circular Economy (CE). Unlike the Linear Economy (LE), which is based
on resource extraction, production, consumption, and disposal, the Circular Economy, when applied to industrial parks, seeks
to integrate companies and material flows so that waste and by-products from one activity can be reincorporated as inputs into
other production processes. The proposed methodology comprises three stages: (1) identification of the industrial park and the
companies operating within it; (2) mapping of inputs, production processes, products, and waste through documentary analysis
of Environmental Impact Assessments (EIAs) and Environmental Impact Reports (EIRs), integrated with a scoping review of the
scientific literature; and (3) identification of circularity opportunities based on the reuse of waste in manufacturing processes. The
Pecém Industrial and Port Complex (CIPP) was selected as the empirical setting of the study. To operationalize the methodology,
seven EIA/EIR documents and 125 articles indexed in the Web of Science were analyzed. Its application at the CIPP identified
a range of industrial processes, waste streams, and reuse opportunities, including the incorporation of fine particles into precast
concrete production, the use of residual gases in the fertilizer industry, and sludge for energy generation. The study contributes a
structured and replicable methodology for the initial diagnosis of circularity opportunities in industrial parks, supporting the reduction
of environmental impacts and the advancement of more sustainable strategies at the meso-industrial level.

Keywords: circular economy, waste management, methodological proposal.
Resumo

Este estudo tem como objetivo propor uma metodologia para o inicio do mapeamento de processos industriais e de fluxos materiais
em parques industriais, visando subsidiar o inicio da transigdo para a Economia Circular em parques industriais. Diferentemente
da Economia Linear (EL), baseada na extragédo, na produgédo, no consumo e no descarte, a Economia Circular (EC), quando
aplicada a parques industriais, busca integrar empresas e fluxos materiais para que residuos e subprodutos de uma atividade
sejam reinseridos como insumos em outros processos produtivos. A metodologia foi estruturada em trés etapas: (1) identificagdo
do parque industrial e das empresas nele instaladas; (2) mapeamento de insumos, processos produtivos, produtos e residuos,
por meio da analise documental de Estudos de Impacto Ambiental e Relatérios de Impacto Ambiental, articulada a uma reviséo
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de escopo da literatura cientifica; e (3) identificagdo de oportunidades de circularidade a partir do reaproveitamento de residuos
em processos fabris. O Complexo Industrial e Portuario do Pecém (CIPP) foi adotado como lécus empirico do estudo. Para o
mapeamento, foram analisados 7 EIA/RIMA e 125 artigos indexados na Web of Science. A operacionalizagdo da metodologia no
CIPP permitiu identificar diferentes processos, residuos e oportunidades de reaproveitamento, incluindo particulas finas na produgcao
de pré-moldados, gases residuais para a industria de fertilizantes e lodo para geragao de energia. Como contribui¢éo, o estudo
oferece uma metodologia estruturada e replicavel para o diagndstico inicial de oportunidades de circularidade em parques industriais,
contribuindo para a reducdo de impactos ambientais e para o avanco de estratégias mais sustentaveis em nivel mesoindustrial.

Palavras-chave: economia circular, gestdo de residuos, proposta metodolégica.
Resumen

Este estudio tiene como objetivo proponer una metodologia para iniciar el mapeo de procesos industriales y flujos de materiales en
parques industriales, con el fin de apoyar las primeras etapas de la transicién hacia la Economia Circular en estos entornos. A diferencia
de la Economia Lineal (EL), basada en la extraccion, produccién, consumo y eliminacién de recursos, la Economia Circular (EC),
cuando se aplica a parques industriales, busca integrar empresas y flujos de materiales de modo que los residuos y subproductos
de una actividad sean reincorporados como insumos en otros procesos productivos. La metodologia se estructuré en tres etapas:
(1) identificacién del parque industrial y de las empresas instaladas en él; (2) mapeo de insumos, procesos productivos, productos
y residuos mediante el anélisis documental de Estudios de Impacto Ambiental y Informes de Impacto Ambiental, articulado con una
revisién de alcance de la literatura cientifica; y (3) identificacién de oportunidades de circularidad a partir del reaprovechamiento
de residuos en procesos industriales. El Complejo Industrial y Portuario de Pecém (CIPP) fue adoptado como ambito empirico del
estudio. Para el mapeo se analizaron siete Estudios e Informes de Impacto Ambiental (EIA/RIMA) y 125 articulos indexados en la
base de datos Web of Science. La operacionalizacién de la metodologia en el CIPP permitié identificar diversos procesos, residuos y
oportunidades de reaprovechamiento, incluyendo particulas finas para la produccién de elementos prefabricados, gases residuales
para la industria de fertilizantes y lodo para la generacion de energia. Como contribucion, el estudio ofrece una metodologia
estructurada y replicable para el diagnéstico inicial de oportunidades de circularidad en parques industriales, contribuyendo a la
reduccion de impactos ambientales y al avance de estrategias mas sostenibles a nivel mesoindustrial.

Palabras clave: economia circular, gestion de residuos, propuesta metodoldgica.

Introduction

The Linear Economy (LE) is a model of production and consumption based on the sequence of “extract, produce,
use, and dispose” (Geissdoerfer et al., 2017). In the context of industrial parks, the linear model is characterized
by high water and energy consumption, substantial waste generation, and the absence of Industrial Symbiosis (IS)
mechanisms, such as intercompany resource reuse and the valorization of waste as substitute inputs in new production
processes (Nguyen & Le, 2025; The World Bank, 2021). In contrast, the Circular Economy (CE) has emerged as an
approach capable of mitigating environmental impacts and promoting sustainability across multiple sectors of the
global economy (MacArthur, 2013). CE encourages the reuse of materials that would otherwise be discarded while
reducing the amount of energy dissipated into the environment. Simultaneously, it reduces waste generation and
diverts waste from landfills, incinerators, and other inappropriate disposal sites, thereby extending the service life of
these facilities (Geng et al., 2019).

Implementing CE in industrial parks requires the participation of all organizations operating within the park in
decision-making processes, as well as the integration of different supply chains to reduce environmental and social
impacts and promote the sustainable production and consumption of material resources (Abreu et al., 2020; Ceglia et
al., 2017). More broadly, this entails regulating and facilitating interactions among industrial park stakeholders, thereby
creating an ecosystem that synchronizes and optimizes all activities (Asgari & Asgari, 2021).

Within the Brazilian regulatory context, the National Circular Economy Plan (PNEC, 2025-2034) incorporates IS,
defining it as “a system that enables circular resource flows by bringing together traditionally separate organizations within
a collective approach to share input and output flows and optimize their value networks” (Ministério do Desenvolvimento,
Industria, Comércio e Servigos [MDIC], 2025, p. 14). Accordingly, IS constitutes the primary mechanism through which
CE is introduced into industrial parks. Parida et al. (2019) argue that establishing such a circular ecosystem enables
market differentiation and competitive leadership by reducing costs while improving social, financial, and environmental
performance for customers and consumers.

Despite its potential, several barriers hinder the transition of industrial parks toward CE. These include a lack
of initiative to exchange information on production processes and generated waste (Abreu et al., 2020; Kirchherr
et al., 2018), insufficient knowledge of opportunities for reusing industrial by-products (Bacudio et al., 2016; Sellitto
et al., 2021), and limited collaboration and trust among companies, often coupled with a narrow focus on achieving
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economies of scale (Zhang et al., 2019). Furthermore, Brazil currently lacks legislation requiring industrial parks to
adopt circular models. Nevertheless, this does not imply an absence of regulatory pressure. Decree No. 12,082/2024
established the National Circular Economy Strategy to promote the transition from a linear production model to CE. In
addition, PNEC provides for the development of targets, standards, indicators, and the National Industrial Symbiosis
Program (MDIC, 2025; Decree No. 12,082/2024).

Although Prieto-Sandoval et al. (2021), Rodriguez-Borges (2024), and Verkic et al. (2026) have reported
advances in IS and CE through the development of frameworks, conceptual models, and implementation roadmaps, an
operational gap remains at the industrial park level because of the absence of a methodological pathway to guide this
transition. In this regard, Krzeminski et al. (2026) demonstrated that IS implementation typically begins with mapping
the current situation, followed by identifying synergies, assessing feasibility, and selecting opportunities.

Although several methods have been employed to support the transition toward CE, important limitations remain.
Material Flow Analysis (MFA), for example, facilitates the quantification of resource inputs, outputs, and stocks but
depends on consistent datasets and extensive data collection. Moreover, it has difficulty capturing the dynamic complexity
of industrial systems, which may make its application costly and constrain it because of confidentiality concerns and
limited access to information (Patricio et al., 2022; Munonye, 2025). Similarly, Life Cycle Assessment (LCA) is better
suited to comparing previously defined circularity scenarios than to structuring initial diagnostic assessments. In addition,
it is characterized by considerable methodological variability and limited comparability across studies (Patricio et al.,
2022; Vahidzadeh et al., 2025). Consequently, transition-readiness assessment tools can help evaluate the conditions
necessary for resource exchanges among companies but do not, by themselves, address the challenge of mapping
industrial processes and waste streams within industrial complexes (Agudo et al., 2022).

Ramirez-Rodriguez et al. (2024) argue that the transition toward CE should not rely on a single method but rather
on methodological combinations tailored to the different phases of identification, assessment, implementation, and
monitoring. In light of this gap, the present study addresses the following research question: How can a methodology
based on documentary evidence and the scientific literature be structured to map industrial processes and material
flows in industrial parks and identify IS opportunities that support the transition toward CE? Accordingly, this study
aims to propose a methodology for initiating the mapping of industrial processes and material flows in industrial parks
to support the early stages of the transition toward CE.

The proposed methodology provides a practical tool for planning the transition of industrial parks toward CE
through IS by enabling the identification of waste, by-products, resources, and potential interorganizational connections
based on documentary and scientific evidence. From an academic perspective, this study contributes to the growing
body of research on CE at the meso level by proposing a replicable procedure for identifying preliminary IS opportunities
in industrial parks, where the concentration of industrial activities and diversity of material flows coexist with limited
information transparency and weak interorganizational coordination. By using publicly available and standardized
documents as its analytical basis, the proposed method enables an initial diagnostic assessment without requiring prior
collaboration among stakeholders. From a managerial perspective, the methodology supports material-flow mapping,
the prioritization of collaborative initiatives, and the early-stage planning of actions aimed at promoting circularity.

This article is organized as follows: (a) the Introduction presents the study background and research context;
(b) the Methodology describes the proposed steps for supporting the transition of industrial parks toward CE; (c) the
Results Analysis presents the application of the proposed methodology to an industrial park and identifies potential
circularity opportunities; (d) the Discussion develops the proposed methodological framework and examines its
implications; and (e) the Conclusions summarize the study’s main contributions and limitations.

Methodology

This study proposes that the transition of industrial parks toward CE should begin by identifying the companies
operating within them. This step is essential because material exchanges among colocated companies foster a circular
ecosystem through resource circulation (Wen & Meng, 2015). The next step involves mapping inputs, manufacturing
processes, products, and waste streams (Pereira et al., 2023; Yu et al., 2015). For this purpose, the methodology
recommends collecting and conducting a documentary analysis of Environmental Impact Assessments (EIAs) and
Environmental Impact Reports (EIRs), where available, for the companies operating within the industrial complex,
together with a scoping review of the scientific literature on their core manufacturing processes and potential CE
applications for their waste streams.

Within the environmental licensing framework, an EIA is the technical instrument used to identify, predict, and
assess the potential environmental impacts arising from the implementation and operation of a given project, thereby
providing the analytical basis for evaluating its environmental feasibility (Secretaria do Desenvolvimento Sustentavel do
Parana, 2025). Complementarily, an EIR presents the main findings of the EIA in a concise, objective, and accessible
manner, making the information understandable to the public and promoting transparency and public participation
in decision-making (Instituto Agua e Terra, 2025). Together, EIAs and EIRs play a central role in bridging technical
assessment, institutional oversight, and social legitimacy within environmental licensing processes.
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ElAs and EIRs are therefore valuable resources for this process because they provide empirical information
on installed operations and manufacturing processes, as well as on the products and waste generated by facilities
classified by environmental legislation and the relevant authorities as having high pollution potential (Rocha et al.,
2023; Oliveira et al., 2024). The scoping review is also important because it explores the principal concepts related
to the topic and synthesizes and organizes the available evidence into information suitable for analysis (Mattos et al.,
2023; Kastner et al., 2012; Mays et al., 2005; Thomas & Harden, 2008). Together, these sources make it possible to
identify inputs, manufacturing processes, products, and potential opportunities for reusing waste commonly generated
within the industrial complex.

Methodological Stages

The Pecém Industrial and Port Complex (CIPP) was selected for the application of the proposed methodology
because it aims to promote industrial development in the state of Ceara by integrating port and industrial activities
(Abreu et al., 2020). The CIPP is a joint venture between the Governo do Estado do Ceara and the Port of Rotterdam
and is located in the municipalities of Sdo Gongalo do Amarante and Caucaia (Complexo do Pecém, 2023). Companies
operating within the CIPP produce cement, steel products, precast concrete components, animal feed, fertilizers,
ceramic products, wind turbine blades, and electricity through coal combustion (Complexo do Pecém, 2023).

Between February and April 2023, seven EIA/EIR documents were collected and analyzed through online
searches and two visits to the Superintendéncia Estadual do Meio Ambiente (SEMACE-CE). These comprised three
EIA/EIRs from cement companies, two from steel companies, and two from thermoelectric power plants. Scientific
articles were subsequently retrieved from the Web of Science database in September 2023. Data collection and analysis
were guided by the Preferred Reporting Items for Systematic Reviews (PRISMA) checklist (Liberati et al., 2009).

The literature review included studies published up to 2023, corresponding to the period in which the research
data were collected. This cutoff was established to ensure consistency between the literature analyzed and the
empirical period in which the study was operationalized, thereby reflecting the state of knowledge available at that
time. Following retrieval, the articles underwent screening, application of the inclusion and exclusion criteria, and
in-depth analysis, a process that required time to systematize the findings. Furthermore, integrating the selected
studies with the data obtained from the EIA/EIRs provided sufficient theoretical and empirical depth to identify the IS
opportunities discussed in this study.

The scoping review comprised the following steps: (1) identification of the search strings; (2) establishment of
the study inclusion and exclusion criteria; (3) definition of the information to be extracted from the relevant studies,
including study categorization; (4) interpretation of the findings; and (5) presentation of the review through a synthesis
of the evidence (Munn et al., 2018; Pham et al., 2014; Tricco et al., 2016).

The search strategy included three components: (1) industrial sector; (2) CE; and (3) LCA. The first component
defined the industrial sector of interest, the second identified potential CE applications within that sector, and the third
focused on the inputs, processes, products, and waste generated. This search retrieved 125 scientific articles. The
search strings are presented in Table 1.

Table 1

Search strings used in the scoping review

Industrial activity Search string Results
Cement industry “Cement industry” AND “circular economy” AND “Life Cycle Assessment” 11
Steel industry “Steel industry” AND “circular economy” AND “Life Cycle Assessment” 12
Animal feed “Animal feed” AND “circular economy” AND “Life Cycle Assessment” 19
Wind turbine blades “wind blade” AND “circular economy” AND “Life Cycle Assessment” 1
Thermoelectric “steam thermal power plant” OR “coal-fired” OR “thermal power plant” AND “circular 4
power generation economy” AND “Life Cycle Assessment”
= “Precast concrete” OR “prefabricated concrete” AND “circular economy” AND “Life Cycle

recast concrete Assessment” 7
Fertilizers “fertilizer*” AND “circular economy” AND “Life Cycle Assessment” 71
Ceramics “Potter*” OR Ceramic* AND “circular economy” AND “Life Cycle Assessment” 20

Source: Prepared by the authors (2025).

The inclusion and exclusion criteria presented in Table 2 were applied.
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Table 2

Inclusion and exclusion criteria for articles in the scoping review

Criterion Question

Inclusion Does the article directly address the relationship between CE principles and the LCA methodology?
Does the article explore the application of LCA to assess CE concepts within the specified industrial sectors?

Does the article focus on one of the following industrial sectors:
» Cement production,

« Steel production,

* Animal feed,

» Wind turbine blade manufacturing,

» Gas-fired or coal-fired thermoelectric power generation,

* Prefabricated or precast concrete,

* Fertilizer production,

« or Ceramics and pottery?

Does the article provide a clear description of the LCA methodology, including data sources, system
boundaries, and assumptions?

Does the article address or explore CE principles, strategies, or practices within the specified industrial sectors?
Examples include product design for longevity or reuse, recycling and material recovery, resource efficiency
and waste reduction, remanufacturing or refurbishment, Extended Producer Responsibility (EPR), and circular
supply chains.

Exclusion Is the article unrelated to the intersection between CE and LCA?
Is the article not a peer-reviewed publication, such as an editorial, opinion article, or news item?
Was the article not published in English?
Does the article focus on industries outside the industrial sectors included within the scope of the review?

Is the article inconsistent with the EIA/EIR documentation of the companies operating within the industrial
complex under study?

Does the article exhibit substantial or unbalanced bias that compromises impartiality and objectivity?

Does the article fail to provide substantial or relevant information on the intersection between CE and LCA,
even if it meets other criteria?

Is the article unavailable through open access or otherwise not reasonably accessible to the review team?

Source: Prepared by the authors (2025).

The initial screening of articles for the scoping review was conducted by three reviewers with expertise in the
subject. All had academic backgrounds, had completed stricto sensu graduate programs, and had experience teaching
in higher education. Before screening began, all reviewers were given access to the EIA/EIRs of the companies
operating within the CIPP, which served as reference documents to guide study selection.

The first reviewer held a degree in Civil Engineering and postgraduate training in Environmental Engineering and
screened articles related to the cement, steel, wind turbine blade, thermoelectric power generation, precast concrete,
and ceramics sectors, evaluating a total of 55 articles. The second reviewer, who held a degree in Environmental
Engineering, contributed to the selection of studies on animal feed, wind turbine blades, thermoelectric power
generation, precast concrete, and fertilizers, evaluating 102 articles. The third reviewer held a degree in Economics
and postgraduate training in Operations Research and screened studies related to the cement, steel, ceramics, animal
feed, and fertilizer sectors, evaluating 114 articles. Following screening, 54 articles met the eligibility criteria and were
retained for full-text review and data extraction.

Screening was conducted using Rayyan, a free web-based platform designed to support systematic literature
reviews. Blind mode was enabled so that each reviewer could access only their own screening decisions. The number
of studies included as the basis for this research is presented in Figure 1.
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Figure 1

Protocol for the proposed methodology
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Source: Prepared by the authors (2025).

Following expert review, the scoping review retained only the articles that met the predefined inclusion and
exclusion criteria for each specific study area. The final sample comprised one article on wind blades, three articles
on thermal power plants, four articles on precast concrete, three articles on the cement industry, four articles on the
steel industry, 14 articles on animal feed, 11 articles on the ceramics industry, and 14 articles on fertilizers, resulting
in a total of 54 articles.

Results of the Application

The proposed methodology is replicable and can be adapted to different industrial parks. In this study, its
empirical application was limited to the industries currently operating within the CIPP. Because not all companies
within the complex had EIA/RIMA available, the methodology was designed as a complementary approach, integrating
documentary evidence with findings from the scientific literature. Consequently, its primary contribution lies in its
applicability to different industrial contexts, provided that sufficient information is available to support an initial diagnosis
of material flows and the identification of opportunities for CE.

This study systematized 54 articles identified through the scoping review together with seven EIA/RIMA. Based
on these sources, the information required to initiate the transition of industrial parks toward CE was extracted, including
inputs, manufacturing processes, products, and generated waste. Table 3 presents the industries’ linear business
models, describing the inputs used by each company, their manufacturing processes, products, and waste streams.
Some of these waste streams can be incorporated as inputs into other industrial processes within the complex, thereby
increasing circularity in the CIPP. Such practices may provide numerous organizational benefits, including reduced
environmental impacts and extended material lifecycles (Ghisellini et al., 2016).

Slag is a by-product of metal smelting and steel production consisting of non-metallic materials and impurities
separated from molten metal during the melting process (Uddin et al., 2023; Ren et al., 2017; Perathoner et al.,
2021). Because it is rich in silica and alumina, two key constituents of cement, it can be used as a partial or complete
replacement for clinker, the principal component of cement (Perathoner et al., 2021). Slag may also be incorporated
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into concrete production, improving compressive strength, abrasion resistance, and durability. In addition, it can be
used in asphalt production and other construction materials (Pinto & Diemer, 2020). Another waste stream generated
within the CIPP is fly ash from thermal power plants. Owing to its high silica and alumina content, fly ash enhances
cement resistance to abrasion and cracking, thereby increasing its durability and mechanical performance (Batuecas
etal., 2021; Uddin et al., 2023). Likewise, solid waste generated during the production of wind turbine blades, cement,
and concrete can be incorporated into cement manufacturing after mechanical crushing (Batuecas et al., 2021).

During fertilizer production, anaerobic treatment generates sludge rich in methane, which can be converted
into biogas for energy production. The subsequent combustion of biogas produces ash that can be used in cement
and precast concrete manufacturing (Rufi-Salis et al., 2020). The Strategic Water Resources Action Plan of the
State of Ceara provides for the operation of a reclaimed water treatment plant to supply the CIPP. This facility will be
supplied with urban wastewater collected from the Metropolitan Region of Fortaleza (Secretariat of Water Resources
of the State of Ceara, 2018). Consequently, sludge is also produced during wastewater treatment. This material can
be recovered for fertilizer production through struvite crystallization using three established technologies: (1) REM-
NUT®, an ion-exchange process that recovers phosphorus as struvite from secondary-treated effluent by adding
Mg?* to satisfy stoichiometric requirements; (2) Ostara®, which employs a dedicated reactor together with Mg?* and
NH,* to precipitate struvite from digestate; and (3) AirPrex®, which introduces Mg** as magnesium chloride before the
material enters an AirLift reactor, where intensive aeration through CO, stripping raises the pH and promotes struvite
crystallization (Rufi-Salis et al., 2020).

Fine particles are waste generated by ceramic and precast concrete production processes and constitute a
type of air pollutant comprising solid or liquid particles with an aerodynamic diameter smaller than 2.5 micrometers
(PM2.5) or 10 micrometers (PM10). These particles can be inhaled and may even enter the bloodstream, causing
a range of health problems, including respiratory and cardiovascular diseases and cancer (Settembre-Blundo et al.,
2019). Fine particles can be incorporated into concrete or asphalt production processes, provided that they undergo
chemical treatment to eliminate their toxicity (Perathoner et al., 2021).

All cement, steel, precast concrete, and thermoelectric power companies were found to emit greenhouse
gases with similar emission profiles, namely CO,, CO, CH,, NO_, N,O, SO,, HF, and HCI. These gases can be used to
produce fertilizers through the following steps: (1) a catalytic conversion process in which atmospheric nitrogen (N,) is
converted into nitrous oxide (N,O) (Sen & Bakshi, 2023); and (2) a reaction between nitrous oxide and hydrogen (H,),
resulting in the formation of ammonia (NH,) (Mohammed et al., 2018). The ammonia produced plays an essential role
in manufacturing nitrogen fertilizers, such as urea, ammonium nitrate, and ammonium sulfate (Aleisa et al., 2021). Itis
important to note that the most widely used ammonia production process is the Haber—Bosch method, which requires
high pressure and temperature (Humphreys et al., 2021).

Table 3

Systematization of the identified inputs, processes, products, and wastes

Manufacturing Product

Industry Inputs Processes Wastes References
Greenhouse gases (CO,, CO,
Limestone, clay, iron ore sum, sand rc‘r;nr;(rl]:mg Cement, \(/:;;’till\el%xr’ ,;112'1(3: (?:r(; So?lzn)éis Uddin et al. (2023); Batuecas et al. (2021);
Cement Plant » cay, » gypsum, sand, 9 ¢ . 9 omp Perathoner et al. (2021); Apodi (2019):
and coal ash. burning, clinker clinker. (VOCs), fine particles (PM 2,5 X o
- Votorantim (2014); Polimix (2016).
grinding. and PM 10) and heavy metals
(As, Cr, Hg, and Ni).
Steel scrap, iron ore, coke, coal, and Melting, Slag, dust, gases, and Broadbent (2016); Pinto and Diemer (2020);
Steel Mill st P. » CoKe, coal, refining, and  Steel. waft;awate'rg . Minunno et al. (2020); Li et al. (2022); Dong et
. rolling. . al. (2016); ArcellorMittal (2017); Gerdau (2012).
Campos et al. (2020); Jagtap et al. (2021);
Viana et al. (2023); Laso et al. (2018);
Animal Mixing, Production waste, composting Teigiserova et al. (2022); Petit et al. (2020);
Nutrition Protein, water, food waste, and grains. granulation, Feed. co-products, CH,, N,O, and Ojha et al. (2020); Oldfield et al. (2017); San
packaging. VOCs. Martin et al. (2021); Albizzati et al. (2021a,
2021b); Owsianiak et al. (2022); Sanchez
Matos et al. (2021); Suckling et al. (2021).
Manufacturing, . .
Wind Blade Carbon fiber, fiberglass, and epoxy. molding, and Wind Material scraps and Ghosh et al. (2022).
blades. manufacturing waste.
assembly.
Ash, wastewater, gases (CO,,
Coal, gas, biomass, water, 02, organic, . S0,, NO,, CO e CH,), heavy . i .
Thermal inorganic, and inert waste to produce Compu§t|on, metals (Zn, As, Cd, Cr, Hg, Ni, Asif et al. (2022)’_ Rathore and‘Sarmah (2020);
. X electricity Energy. Ren et al. (2017); MPX (2001); Termolux
Power Plant biogas, red mud, and slag (aluminum and . Pb, and V), and non-methane
N generation. " . (2008).
carbide). volatile organic compounds
(NMVOC).
Concrete, steel, wood, cement, and Greenhouse gases (CO,, CO,
aggregates (sand, gravel, and crushed Moldin CH,, NOx, N,O, and SO,)
Precast stone), water, solid particles (fly ash), curin 9. Precast volatile organic compounds Zhang et al. (2023); Yu et al. (2024); Zhao et al.
cement, water, sand, superplasticizer, finish?r;g products. (VOCs), fine particles (PM 2,5 (2020); Moreno-Juez et al. (2020).

and construction and demolition waste
(CDW).
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Nitrogen, calcium, silicon, phosphorus,

potassium, struvite, organic materials, Colley et al. (2021); Pagliaro et al. (2022); Rufi-

herbicide, ammonia, treated wastewater, g/:'g(::ﬁétion Salis et al. (2020); Mgller et al. (2023); Cobo et
Fertilizers phosphate, magnesium, NH,NO,, gasification’ Fertilizers Purged sludge and ash al. (2019); Taifouris and Martin (2018); Aleisa
(NH,)2HPO,, struvite, sludge, manure, and ’ ! : et al. (2021); Li et al. (2022); Mohammed et al.
municipal solid waste (MSW), ification (2018); Sen and Bakshi (2023); Pajura et al.,
lignocellulosic waste, phosphogypsum, purt : (2023); Antonetti et al. (2017).
and compost.
Lopez-Garcia et al. (2021); Silvestri et al.
Molding Production waste (breakage) (2021); Bianchi et al. (2023); Barbosa et al.
) Clay, feldspar, sand, water, and calcium ) - Ceramic (2022); Barraco et al. (2023); Cangussu et al.
Ceramics carbonate drying, firing, products and pollutant gases (CO,, NO,, (2023); Zygmuntowicz et al. (2021); Dino et
’ and glazing. : S0,, HF, and HCI). . X ;

al. (2020); Simao et al. (2022); Gaibor et al.
(2023); Settembre-Blundo et al. (2019).

Source: Prepared by the authors (2025).

In the fertilizer industry, CH, can also be used to produce nitrogen fertilizers (Colley et al., 2021; Li et al.,
2022). CO,, in turn, can be used in the production of phosphate fertilizers, such as single superphosphate and triple
superphosphate (Cobo et al., 2019). The recovery and reuse of residual gases are important aspects of efficiency
and sustainability in the fertilizer industry, contributing to resource optimization and reduced environmental impacts
(Colley et al., 2021).

These residual gases may also be used in animal feed production (Teigiserova et al., 2022). Methane generated
through the anaerobic digestion of organic matter, such as animal manure, can, for example, be used directly in animal
feed production (Laso et al., 2018). Similarly, CO, and NH, can also be used in this process through fermentation (Laso
et al., 2018). The use of residual gases in animal feed production therefore represents a technological challenge for
the industrial complex, as careful attention must be given to the required techniques (Ojha et al., 2020).

Based on the literature, precast concrete and cement companies generate volatile organic compounds (VOCs)
as waste streams. VOCs are non-metallic air pollutants and generally comprise organic chemical compounds with
low boiling points and high vapor pressures, meaning that they can readily evaporate and become gases in the
atmosphere (Yu et al., 2024). Many VOCs are harmful to human health and the environment and are frequently
emitted by industrial processes, chemical products, solvents, fuels, and other sources. However, the articles did not
specify these compounds or identify opportunities for circularity among the companies operating within the industrial
complex. Therefore, disposal at an industrial landfill is recommended for these waste streams.

Similarly, the literature indicates that cement, thermoelectric power, and precast concrete companies generate
heavy metals as waste, including As, Cr, Hg, Ni, Zn, Pb, and V. The literature provide no consolidated evidence
supporting circular applications for these elements; therefore, their disposal at an industrial landfill is also recommended.
According to Zhang et al. (2023), if improperly discarded, these elements can contaminate water, soil, and air, affect
the entire biosphere, and pose a threat to human health.

Development of the Methodological Framework and Next Steps for the Transition of Industrial
Parks Toward CE

To develop a qualitative material balance for the CIPP with a focus on circularity, the need arose to propose
a methodology for initiating the mapping of industrial processes and material flows in industrial parks to support the
early stages of the transition toward CE. In this study, the proposed methodology combines the analysis of EIA/EIR
documentation with a scoping review. This approach examined the procedures used to understand and improve the
operations of companies within an industrial complex, promoting environmental and societal well-being while creating
opportunities for new business development.

Figure 2 presents the proposed methodological framework for reproducing the initial steps required to identify
CE opportunities among companies operating within an industrial complex. LCA plays a key role in understanding
material exchanges because it establishes the system boundaries of the production processes under investigation
while identifying their main components — inputs, manufacturing processes, products, and waste streams — as well
as their associated environmental impacts.
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Figure 2

Proposed methodological framework
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Source: Prepared from data collected in this study (2025).

To replicate the proposed methodology, the relevance of CE to the industrial complex under investigation should
first be established. Subsequently, the following steps should be undertaken:

1) Select the industrial complex in which the transition toward CE will begin and identify the companies
operating within it;

2) Collect the EIA/EIR documentation for the companies operating in the selected industrial complex, as these
documents guide the study selection process and improve the quality of the evidence retrieved during
the scoping review;

3) Conduct a scoping review to map and synthesize the current state of scientific knowledge on manufacturing
processes relevant to the industrial complex under investigation;

4) Categorize the information extracted from both the scientific literature and the EIA/EIR documentation,
including the companies involved, inputs, manufacturing processes, products, and waste streams;

5) Identify opportunities to recover waste generated by one company as inputs for other companies operating
within the industrial complex;

6) Integrate the findings from the previous steps into a visual synthesis using a table organized according to
the predefined categories.

These sequential steps provide a comprehensive and holistic view of the proposed methodology. In summary,
the methodology not only identifies opportunities to improve operational efficiency but also maps practical strategies
for promoting CE through material exchanges among companies and strengthening circularity within the industrial
complex using secondary sources of information.

Figure 2 illustrates that the proposed methodology was specifically designed to address the barriers that hinder
the transition of industrial parks toward CE. The use of EIA/EIR documentation reduces dependence on voluntary
information sharing in environments characterized by limited transparency among companies, as described by Abreu
et al. (2020) and Kirchherr et al. (2018). Complementarily, the incorporation of a scoping review expands the capacity
to identify opportunities for by-product recovery by linking the material flows identified within the industrial park to
technical alternatives reported in the literature (Bacudio et al., 2016; Sellitto et al., 2021). Furthermore, the integration
and categorization of data address the fragmentation that often prevents the identification of connections among
manufacturing processes, inputs, products, and waste streams. In this context, assessing the potential conversion of
waste into production inputs anticipates, at the analytical level, interorganizational collaboration that would otherwise
be constrained by limited trust and cooperation among companies, as argued by Zhang et al. (2019). Consequently, the
proposed methodology overcomes the interdependence between information sharing and preexisting trust by enabling
an initial diagnostic assessment without requiring established collaborative relationships from the outset. In doing so,
it identifies material flows and establishes the informational foundation from which the transition toward CE can begin.
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Final Considerations

Overall, this study achieved its objective by proposing a methodology for mapping industrial processes and
material flows in industrial parks to support the early stages of the transition toward CE. By integrating the analysis of
EIA/EIR documentation with a scoping review of the scientific literature, the proposed methodology identified material
flows and preliminary opportunities for circularity among the industrial activities operating within the complex.

The principal contribution of this study lies in providing a replicable methodological procedure that can be
applied in contexts where interorganizational collaboration remains limited and primary data are not readily available.
Accordingly, the proposed methodology should not be viewed as the transition itself but rather as an essential initial
diagnostic stage that supports its implementation by assisting public and private decision-makers in identifying IS
opportunities and planning circularity strategies at the meso level.

A limitation of the proposed methodology is its dependence on the availability of environmental documentation
in either digital or physical format. This is particularly relevant because not all industrial activities require EIA/EIR
documentation, as environmental licensing may instead rely on simplified environmental studies or, depending on the
characteristics of the project and the decision of the environmental authority, may not require such documentation.
Consequently, the findings reflect the information that was effectively available at the time of data collection. Nevertheless,
incorporating additional environmental documentation could broaden the methodological evidence base and further
enhance the initial mapping of material flows, waste streams, and circularity opportunities within industrial parks.

Future research should apply the proposed methodology to other industrial contexts in order to assess its
replicability and support studies aimed at further investigating, validating, and quantifying circularity opportunities. The
opportunities identified through the proposed method require subsequent investigations to determine their feasibility
under specific industrial conditions and, where appropriate, to quantify the associated material flows, benefits, and
implementation constraints. Such research would not only strengthen the analytical robustness of the methodology but
also consolidate its usefulness as a foundation for investigating the transition of different industrial systems toward CE.

References

Abreu, M. C. S. de, Mota, R. C., & Paula, E. V. de. (2020). Identifying barriers and proposing a roadmap to develop
industrial symbiosis. Revista de Administragado da UFSM, 13(3), 517-534. https://doi.org/10.5902/1983465929127

Agudo, F. L., Bezerra, B. S., Paes, L. A. B., & Gobbo, J. A., Junior. (2022). Proposal of an assessment tool to diagnose
industrial symbiosis readiness. Sustainable Production and Consumption, 30, 916-929. http://dx.doi.org/10.1016/].
spc.2022.01.013.

Albizzati, P. F., Tonini, D., & Astrup, T. F. (2021a). A quantitative sustainability assessment of food waste management
in the European Union. Environmental Science & Technology, 55(23), 16099-16109. https://doi.org/10.1021/acs.
est.1c03940

Albizzati, P. F., Tonini, D., & Astrup, T. F. (2021b). High-value products from food waste: An environmental and socio-
economic assessment. Science of the Total Environment, 755, 142466. https://doi.org/10.1016/j.scitotenv.2020.142466

Aleisa, E., Alsulaili, A., & Almuzaini, Y. (2021). Recirculating treated sewage sludge for agricultural use: Life cycle
assessment for a circular economy. Waste Management, 135, 79-89. https://doi.org/10.1016/j.wasman.2021.08.035

Antonetti, E., laquaniello, G., Salladini, A., Spadaccini, L., Perathoner, S., Centi, G. (2017). Waste-to-chemicals for
a circular economy: The case of urea production (waste-to-urea). ChemSusChem, 10(5), 912-920. https://doi.
org/10.1002/cssc.201601555

Apodi. (2019). Estudo de impacto ambiental e relatério de impacto ambiental. Apodi.

ArcellorMittal. (2017). Estudo de impacto ambiental e relatério de impacto ambiental. ArcellorMittal.

Asgari, A., & Asgari, R. (2021). How circular economy transforms business models in a transition towards circular
ecosystem: The barriers and incentives. Sustainable Production and Consumption, 28, 566-579. https://doi.

0rg/10.1016/j.spc.2021.06.020

Asif, Z., Chen, Z., Wang, H., & Zhu, Y. (2022). Update on air pollution control strategies for coal-fired power plants. Clean
Technologies and Environmental Policy, 24(8), 2329—-2347. https://doi.org/10.1007/s10098-022-02328-8

10 Revista Ciéncias Administrativas, 31: e17173, 2025


http://periodicos.unifor.br/rca

Methodological Proposal for the Transition of Industrial Parks Toward the Circular Economy

Atalanio, M., Ibiapina, H., & Machado, T. (2022). A economia circular como modelo de desenvolvimento
sustentavel. Revista de Direito, Economia e Desenvolvimento Sustentavel, 8(1), 1-21. https://doi.org/10.26668/
IndexLawJournals/2526-0057/2022.v8i1.8963

Barbosa, M. Z., Dias, J. de O., Marvila, M. T., & de Azevedo, A. R. G. (2022). Life cycle approach applied to the
production of ceramic materials incorporated with ornamental stone wastes. Environmental Science and Pollution
Research, 29, 9957-9970. https://doi.org/10.1007/s11356-021-16386-w

Batuecas, E., Liendo, F., Tommasi, T., Bensaid, S., Deorsola, F. A., & Fino, D. (2021). Recycling CO2 from flue gas
for CaCO3 nanoparticles production as cement filler: A Life Cycle Assessment. Journal of CO2 Utilization, 45(1),
101446. https://doi.org/10.1016/j.jcou.2021.101446

Bianchi, I., Forcellese, A., Simoncini, M., Vita, A., Delledonne, L., & Castorani, V. (2023). Life cycle assessment of
carbon ceramic matrix composite brake discs containing reclaimed prepreg scraps. Journal of Cleaner Production,
413(1), 137537. https://doi.org/10.1016/j.jclepro.2023.137537

Broadbent, C. (2016). Steel’s recyclability: Demonstrating the benefits of recycling steel to achieve a circular economy. The
International Journal of Life Cycle Assessment, 21, 1658—1665. https://doi.org/10.1007/s11367-016-1081-1

Campos, I., Valente, L. M. P., Matos, E., Marques, P., & Freire, F. (2020). Life-cycle assessment of animal feed
ingredients: Poultry fat, poultry by-product meal and hydrolyzed feather meal. Journal of Cleaner Production, 252,
119845. https://doi.org/10.1016/j.jclepro.2019.119845

Cangussu, N., Vasconcelos, L., & Maia, L. (2023). Environmental benefits of using sewage sludge in the production
of ceramic bricks. Environmental Science and Pollution Research, 30(10), 25344—25355. https://doi.org/10.1007/
s11356-022-18670-9

Ceglia, D., de Abreu, M. C. S., & da Silva, J. C. L., Filho. (2017). Critical elements for eco-retrofitting a conventional
industrial park: Social barriers to be overcome. Journal of Environmental Management, 187, 375-383. https://doi.
org/10.1016/j.jenvman.2016.10.064

Cobo, S., Levis, J. W., Dominguez-Ramos, A., & Irabien, A. (2019). Economics of enhancing nutrient circularity in
an organic waste valorization system. Environmental Science & Technology, 53(11), 6123-6132. https://doi.
org/10.1021/acs.est.8b06035

Colley, T. A., Valerian, J., Hauschild, M. Z., Olsen, S. I., & Birkved, M. (2021). Addressing nutrient depletion in
Tanzanian sisal fiber production using life cycle assessment and circular economy principles, with bioenergy co-
production. Sustainability, 13(16), 8881. https://doi.org/10.3390/su13168881

Complexo do Pecém. (2023). Area industrial. https://www.complexodopecem.com.br

Decreto n® 12.082, de 27 de junho de 2024. (2024). Institui a Estratégia Nacional de Economia Circular. Camara
dos Deputados. https://www2.camara.leg.br/legin/fed/decret/2024/decreto-12082-27-junho-2024-795869-
publicacaooriginal-172239-pe.html

Dino, G. A., Cavallo, A., Rossetti, P., Garamvolgyi, E., Sandor, R., & Coulon, F. (2020). Towards sustainable mining:
Exploiting raw materials from extractive waste facilities. Sustainability, 12(6), 2383. https://doi.org/10.3390/su12062383

Dong, L., Fujita, T., Dai, M., Geng, Y., Ren, J., Fuijii, M., Wang, Y., & Ohnishi, S. (2016). Towards preventative eco-
industrial development: An industrial and urban symbiosis case in one typical industrial city in China. Journal of
Cleaner Production, 114, 387—400. https://doi.org/10.1016/j.jclepro.2015.05.015

Gaibor, N., Mateus, R., Leitao, D., Cristelo, N., Miranda, T., Pereira, E. N. B., & Cunha, V. M. C. F. (2023). Sustainability
assessment of half-sandwich panels based on alkali-activated ceramic/slag wastes cement versus conventional
building solutions. Journal of Cleaner Production, 389, 136108. https://doi.org/10.1016/j.jclepro.2023.136108

Geissdoerfer, M., Savaget, P., Bocken, N. M. P., & Hultink, E. J. (2017). The Circular Economy: A new sustainability
paradigm? Journal of Cleaner Production, 143, 757-768. https://doi.org/10.1016/j.jclepro.2016.12.048

Revista Ciéncias Administrativas, 31: e17173, 2025 1"


http://periodicos.unifor.br/rca
https://doi.org/10.1016/j.jclepro.2019.119845
https://www2.camara.leg.br/legin/fed/decret/2024/decreto-12082-27-junho-2024-795869-publicacaooriginal-172239-pe.html
https://www2.camara.leg.br/legin/fed/decret/2024/decreto-12082-27-junho-2024-795869-publicacaooriginal-172239-pe.html
https://doi.org/10.3390/su12062383

Felipe Moura Oliveira, Luis Matheus Tavares Silva, Ménica Cavalcanti Sa de Abreu, Caroline Rodrigues Vaz

Geng, Y., Sarkis, J., & Bleischwitz, R. (2019). How to globalize the circular economy. Nature, 565, 153-155. https://
doi.org/10.1038/d41586-019-00017-z

Gerdau. (2012). Estudo de impacto ambiental e relatério de impacto ambiental. Gerdau

Ghisellini, P., Cialani, C., & Ulgiati, S. (2016). Areview on circular economy: The expected transition to a balanced interplay
of environmental and economic systems. Journal of Cleaner Production, 114, 11-32. https://doi.org/10.1016/j.
jclepro.2015.09.007

Ghosh, T., Hanes, R., Key, A., Walzberg, J., & Eberle, A. (2022). The circular economy life cycle assessment and
visualization framework: A multistate case study of wind blade circularity in United States. Resources, Conservation
and Recycling, 185, 1-10. https://doi.org/10.1016/j.resconrec.2022.106531

Humphreys, J., Lan, R., & Tao, S. (2021). Development and recent progress on ammonia synthesis catalysts for
Haber—Bosch process. Advanced Energy and Sustainability Research, 2(1), 2000043. https://doi.org/10.1002/
aesr.202000043

Instituto Agua e Terra. (2025). Relatério de impacto ambiental — RIMA: PCH Paiol Grande. Secretaria do Desenvolvimento
Sustentavel e do Turismo do Parana. https://www.iat.pr.gov.br/sites/agua-terra/arquivos_restritos/files/
documento/2025-10/rima_pch_paiol_grande_out2025.pdf

Jagtap, S., Garcia-Garcia, G., Duong, L., Swainson, M., & Martindale, W. (2021). Codesign of food system and circular
economy approaches for the development of livestock feeds from insect larvae. Foods, 10(8), 1701. https://doi.
org/10.3390/foods 10081701

Kastner, M., Tricco, A. C., Soobiah, C., Lillie, E., Perrier, L., Horsley, T., Welch, V., Cogo, E., Antony, J. & Straus, S. E.
(2012). What is the most appropriate knowledge synthesis method to conduct a review? Protocol for a scoping
review. BMC Medical Research Methodology, 12(1), 1-10. https://doi.org/10.1186/1471-2288-12-114

Kirchherr, J., Piscicelli, L., Bour, R., Kostense-Smit, E., Muller, J., Huibrechtse-Truijens, A., & Hekkert, M. (2018).
Barriers to the circular economy: Evidence from the European Union (EU). Ecological Economics, 150, 264—-272.
https://doi.org/10.1016/j.ecolecon.2018.04.028

Krzeminski, P., Anastasovski, A., Erceg, A., Erceg, B. C., Dosoretz, C. G., Borg, M., Refalo, P., Godina, R., Neves, A.,
Jonaitiene, V., Kilcan, C. O., Tkaczyk, A. H., Szilagyi, A., Skoulou, V., Ryan, Y., & Puche, A. M. (2026). From theory
to practice: a methodological roadmap for mapping, assessing, and implementing Industrial Symbiosis. Cleaner
Engineering and Technology, 31(1), 1-24. hitps://doi.org/10.1016/j.clet.2026.101159

Laso, J., Margallo, M., Garcia-Herrero, I., Fullana, P., Bala, A., Gazulla, C., Polettini, A., Kahhat, R., Vazquez-Rowe,
., Irabien, A., & Aldaco, R. (2018). Combined application of Life Cycle Assessment and linear programming to
evaluate food waste-to-food strategies: Seeking for answers in the nexus approach. Waste Management, 80,
186—-197. https://doi.org/10.1016/j.wasman.2018.09.009

Li, D-Y,, Cho, Y-C., Hsu, M. H., & Lin, Y-P. (2022). Recovery of phosphate and ammonia from wastewater via struvite
precipitation using spent refractory brick gravel from steel industry. Journal of Environmental Management, 302,
114110-114117. https://doi.org/10.1016/j.jenvman.2021.114110

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gotzsche, P. C., loannidis, J. P. A., Clarke, M., Devereaux, P. J.,
Kleijnen, J., & Moher, D. (2009). The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: Explanation and elaboration. Journal of Clinical Epidemiology,
62(10), 1-34. https://doi.org/10.1016/j.jclinepi.2009.06.006

Lépez-Garcia, A. B., Cotes-Palomino, T., Uceda-Rodriguez, M., Moreno-Maroto, J. M., Cobo-Ceacero, C. J., Andreola,
N. M. F., & Martinez-Garcia, C. (2021). Application of life cycle assessment in the environmental study of sustainable
ceramic bricks made with ‘alperujo’ (olive pomace). Applied Sciences, 11(5), 2278. https://doi.org/10.3390/
app11052278

MacArthur, E. (2013). Towards the circular economy. Journal of Industrial Ecology, 2(1), 23—44.

12 Revista Ciéncias Administrativas, 31: e17173, 2025


http://periodicos.unifor.br/rca

Methodological Proposal for the Transition of Industrial Parks Toward the Circular Economy

Mattos, S. M., Cestari, V. R. F., & Moreira, T. M. M. (2023). Scoping protocol review: PRISMA-ScR guide refinement. Revista
de Enfermagem UFPI, 12(1), 1-12. https://doi.org/10.26694/reufpi.v12i1.3062

Mays, N., Pope, C., & Popay, J. (2005). Systematically reviewing qualitative and quantitative evidence to inform
management and policy-making in the health field. Journal of Health Services Research & Policy, 10(1), 6—20.
https://doi.org/10.1258/1355819054308576

Minunno, R., O’Grady, T., Morrison, G. M., & Gruner, R. L. (2020). Exploring environmental benefits of reuse and
recycle practices: A circular economy case study of a modular building. Resources, Conservation and Recycling,
160, 104855-104869. https://doi.org/10.1016/j.resconrec.2020.104855

Ministério do Desenvolvimento, Industria, Comércio e Servigos. (2025). Plano Nacional de Economia Circular (PNEC):
2025-2034. https://www.gov.br/mdic/pt-br/assuntos/enec/plano-nacional/plano-nacional-de-economia-circul
ar-2025-2013-2034_03-06-2025.pdf

Mohammed, F., Biswas, W. K., Yao, H., & Tadé, M. (2018). Sustainability assessment of symbiotic processes for the
reuse of phosphogypsum. Journal of Cleaner Production, 188, 497-507. https://doi.org/10.1016/j.jclepro.2018.03.309

Mgiller, H., Lyng, K-A., R66s, E., Samsonstuen, S., & Olsen, H. F. (2023). Circularity indicators and added value to
traditional LCA impact categories: Example of pig production. The International Journal of Life Cycle Assessment,
29, 1-13. https://doi.org/10.1007/s11367-023-02150-4

Moreno-Juez, J., Vegas, I. J., Gebremariam, A. T., Garcia-Cortés, V., & Di Maio, F. (2020). Treatment of end-of-life
concrete in an innovative heating-air classification system for circular cement-based products. Journal of Cleaner
Production, 263, 121515-121530. https://doi.org/10.1016/j.jclepro.2020.121515

Munonye, W. C. (2025). Towards circular economy metrics: a systematic review. Circular economy and sustainability,
5(5), 4093-4135. http://dx.doi.org/10.1007/s43615-025-00604-5

MPX. (2001). Estudo de impacto ambiental e relatério de impacto ambiental. MPX.

Munn, Z., Peters, M. D. J., Stern, C., Tufanaru, C., McArthur, A., & Aromataris, E. (2018). Systematic review or scoping
review? Guidance for authors when choosing between a systematic or scoping review approach. BMC Medical
Research Methodology, 18, 1-7. https://doi.org/10.1186/s12874-018-0611-x

Nguyen, B. T., & Le, N. B. A. (2025). Circular economy: A study of eco-industrial park governance. Journal of Governance
and Regulation, 14(2), 310-316. https://doi.org/10.22495/jgrv14i2siart9

Ojha, S., BuBler, S., & Schliiter, O. K. (2020). Food waste valorisation and circular economy concepts in insect production
and processing. Waste Management, 118, 600—-609. https://doi.org/10.1016/j.wasman.2020.09.010

Oldfield, T. L., Achmon, Y., Perano, K. M., Dahlquist-Willard, R. M., VanderGheynst, J. S., Stapleton, J. J., Simmons, C.
W., & Holden, N. M. (2017). Alife cycle assessment of biosolarization as a valorization pathway for tomato pomace
utilization in California. Journal of Cleaner Production, 141, 146—156. https://doi.org/10.1016/j.jclepro.2016.09.051

Oliveira, O. B. Q., Filho., Pereira, E. G., Junior., dos Santos, N. L., & de Oliveira, M. P. (2024). A trajetoria do processo
de licenciamento ambiental da Usina Hidrelétrica de Ferreira Gomes-AP. Caderno Pedagogico, 21(6), e4742.
https://doi.org/10.54033/cadpedv21n6-034

Owsianiak, M., Pusateri, V., Zamalloa, C., de Gussem, E., Verstraete, W., Ryberg, M., & Valverde-Pérez, B.
(2022). Performance of second-generation microbial protein used as aquaculture feed in relation to planetary
boundaries. Resources, Conservation and Recycling, 180, 106158. https://doi.org/10.1016/j.resconrec.2022.106158

Pagliaro, M., Lino, C., Pizzone, D. M., Mauriello, F., Russo, M., Muscolo, A., Ciriminna, R., & Avellone, G. (2022).
Amino acids in new organic fertilizer AnchoisFert. ChemistrySelect, 7(47), €202203665. https://doi.org/10.1002/
slct.202203665

Pajura, R., Maston, A., & Czarnota, J. (2023). The use of waste to produce liquid fertilizers in terms of sustainable
development and energy consumption in the fertilizer industry—A case study from Poland. Energies, 16(4), 1747.
https://doi.org/10.3390/en16041747

Revista Ciéncias Administrativas, 31: e17173, 2025 13


http://periodicos.unifor.br/rca

Felipe Moura Oliveira, Luis Matheus Tavares Silva, Ménica Cavalcanti Sa de Abreu, Caroline Rodrigues Vaz

Parida, V., Burstrom, T., Visnjic, I., & Wincent, J. (2019). Orchestrating industrial ecosystem in circular economy: A
two-stage transformation model for large manufacturing companies. Journal of Business Research, 101, 715-725.
https://doi.org/10.1016/j.jbusres.2019.01.006

Perathoner, S., Van Geem, K. M., Marin, G. B., & Centi, G. (2021). Reuse of CO2 in energy intensive process
industries. Chemical Communications, 57(84), 10967—10982. https://doi.org/10.1039/D1CC03154F

Pereira, L. S., Gomes, T., & Pacheco, E. B. A. V. (2023). Métodos de alocagao de impactos ambientais para avaliagdo
do ciclo de vida na reciclagem de residuos plasticos. Peer Review, 5(19), 303-324.

Petit, G., Korbel, E., Jury, V., Aider, M., Rousselieére, S., Audebrand, L., K., Turgeon, S. L., & Mikhaylin, S. (2020).
Environmental evaluation of new brewer’s spent grain preservation pathways for further valorization in
human nutrition. ACS Sustainable Chemistry & Engineering, 8(47), 17335-17344. https://doi.org/10.1021/
acssuschemeng.0c04236

Patricio, J., Kalmykova, Y., Rosado, L., Cohen, J., Westin, A., & Gil, J. (2022). Method for identifying industrial
symbiosis opportunities. Resources, Conservation and Recycling, 185, 106437. http://dx.doi.org/10.1016/j.
resconrec.2022.106437

Pinto, J., & Diemer, A. (2020). Supply chain integration strategies and circularity in the European steel industry. Resources,
Conservation and Recycling, 153, 104517-104533. https://doi.org/10.1016/j.resconrec.2019.104517

Polimix. (2016). Estudo de impacto ambiental e relatério de impacto ambiental. Polimix.

Pham, M. T., Raji¢, A., Greig, J. D., Sargeant, J. M., Papadopoulos, A., & McEwen, S. A. (2014). A scoping review of
scoping reviews: Advancing the approach and enhancing the consistency. Research Synthesis Methods, 5(4),
371-385. https://doi.org/10.1002/jrsm.1123

Prieto-Sandoval, V., Torres-Guevara, L. E., Ormazabal, M., & Jaca, C. (2021). Beyond the circular economy theory:
Implementation methodology for industrial SMEs. Journal of Industrial Engineering and Management (JIEM),
14(3), 425-438. https://doi.org/10.3926/jiem.3413

Ramirez-Rodriguez, L. C., Ormazabal, M., & Jaca, C. (2024). Mapping sustainability assessment methods through
the industrial symbiosis life cycle for a circular economy. Sustainable Production and Consumption, 50, 253-267.
http://dx.doi.org/10.1016/j.spc.2024.08.005

Rathore, P., & Sarmah, S. P. (2020). Economic, environmental, and social optimization of solid waste management
in the context of circular economy. Computers & Industrial Engineering, 145, 106510. https://doi.org/10.1016/].
cie.2020.106510

Ren, C., Wang, W., Mao, Y., Yuan, X., Song, Z., Sun, J., & Zhao, X. (2017). Comparative life cycle assessment of
sulfoaluminate clinker production derived from industrial solid wastes and conventional raw materials. Journal of
Cleaner Production, 167, 1314—1324. https://doi.org/10.1016/j.jclepro.2017.05.184

Rocha, J., Barbosa, J. R. de A., & de Medeiros, S. R. F. Q. (2023). Projeto hidrico e transformacgdes territoriais no
Ceara-Brasil. Revista GeoNordeste, 34(1), 55—71. https://periodicos.ufs.br/geonordeste/article/view/18861

Rodriguez-Borges, C. G., Arroyo De Leodn, K. L., Pérez-Rodriguez, J. A., & Andrade-Cedeno, R. J. (2024). Metodologia
para la planificacion estratégica de un parque ecoindustrial en Esmeraldas-Ecuador. Revista de Ciencias Sociales,
30(2), 274-290. https://doi.org/10.31876/rcs.v30i2.41905

Rufi-Salis, M., Brunnhofer, N., Petit-Boix, A., Gabarrell, X., Guisosola, A., & Villalba, G. (2020). Can wastewater feed
cities? Determining the feasibility and environmental burdens of struvite recovery and reuse for urban regions. Science
of the Total Environment, 737, 139783. https://doi.org/10.1016/j.scitotenv.2020.139783

Ruiz-Pastor, L., Chulvi, V., Mulet, E., & Royo, M. (2022). A metric for evaluating novelty and circularity as a whole in
conceptual design proposals. Journal of Cleaner Production, 337, 130495. https://doi.org/10.1016/j.jclepro.2022.130495

San Martin, D., Orive, M., Martinez, E., Inarra, B., Ramos, S., Gonzalez, N., de Salas, A. G., Vazquez, L. A., & Zufia,
J. (2021). Multi-criteria assessment of the viability of valorising vegetable by-products from the distribution as

14 Revista Ciéncias Administrativas, 31: e17173, 2025


http://periodicos.unifor.br/rca

Methodological Proposal for the Transition of Industrial Parks Toward the Circular Economy

secondary raw material for animal feed. Environmental Science and Pollution Research, 28, 15716—15730. https://
doi.org/10.1007/s11356-020-11752-6

Sanchez Matos, J., Barberino, A. T. M. S., de Araujo, L. P., Lébo, I. P., & de Almeida, J. A., Neto. (2021). Potentials and
limitations of the bioconversion of animal manure using fly larvae. Waste and Biomass Valorization, 12, 3497-3520.
https://doi.org/10.1007/s12649-020-01141-y

Secretaria do Desenvolvimento Sustentavel do Parana. (2025). Instrugdo normativa n® 20/2025, de 25 de abril de
2025; Estabelece definigbes, critérios e diretrizes para empreendimentos geradores de energia de fonte solar.
Instituto Agua e Terra. https://www.iat.pr.gov.br/sites/agua-terra/arquivos_restritos/files/documento/2025-05/
instrucao_normativa_20-2025 - empreendimentos_geradores_de_energia_fonte_solar_-_23.574.540-2.pdf

Secretaria dos Recursos Hidricos do Estado do Ceara. (2018). Plano de agbes estratégicas de recursos hidricos do
Ceara. https://www.srh.ce.gov.br/wp-content/uploads/sites/90/2018/07/PLANO-DE-ACOES-ESTRATEGICAS-
DE-RECURSOS-HIDRICOS-CE_2018.pdf

Sellitto, M. A., Murakami, F. K., Butturi, M. A., Marinelli, S., Kadel, N., Jr., & Rimini, B. (2021). Barriers, drivers, and
relationships in industrial symbiosis of a network of Brazilian manufacturing companies. Sustainable Production
and Consumption, 26, 443—454. https://doi.org/10.1016/j.spc.2020.09.016

Sen, A., & Bakshi, B. R. (2023). Techno-economic and life cycle analysis of circular phosphorus systems in
agriculture. Science of the Total Environment, 872, 162016. https://doi.org/10.1016/j.scitotenv.2023.162016

Settembre-Blundo, D., Garcia-Muifia, F. E., Pini, M., Volpi, L., Siligardi, C., & Ferrari, A. M. (2019). Sustainability as
source of competitive advantages in mature sectors: The case of Ceramic District of Sassuolo (ltaly). Smart and
Sustainable Built Environment, 8(1), 53-79. https://doi.org/10.1108/SASBE-07-2018-0038

Silvestri, L., Forcina, A., Di Bona, G., & Silvestri, C. (2021). Circular economy strategy of reusing olive mill wastewater
in the ceramic industry: How the plant location can benefit environmental and economic performance. Journal of
Cleaner Production, 326, 129388. https://doi.org/10.1016/j.jclepro.2021.129388

Simao, F. V., Chambart, H., Vandemeulebroeke, L., Nielsen, P., Adrianto, L. R., Pfister, S., & Cappuyns, V. (2022).
Mine waste as a sustainable resource for facing bricks. Journal of Cleaner Production, 368, 133118. https://doi.
org/10.1016/j.jclepro.2022.133118

Suckling, J., Druckman, A., Small, R., Cecelja, F., & Bussemaker, M. (2021). Supply chain optimization and analysis
of Hermetia illucens (black soldier fly) bioconversion of surplus foodstuffs. Journal of Cleaner Production, 321,
128711. https://doi.org/10.1016/j.jclepro.2021.128711

Taifouris, M. R., & Martin, M. (2018). Multiscale scheme for the optimal use of residues for the production of biogas
across Castile and Leon. Journal of Cleaner Production, 185, 239-251. https://doi.org/10.1016/j.jclepro.2018.03.018

Teigiserova, D. A., Hamelin, L., Tiruta-Barna, L., Ahmadi, A., & Thomsen, M. (2022). Circular bioeconomy: Life cycle
assessment of scaled-up cascading production from orange peel waste under current and future electricity
mixes. Science of the Total Environment, 812, 152574. https://doi.org/10.1016/j.scitotenv.2021.152574

Termolux. (2008). Estudo de impacto ambiental e relatério de impacto ambiental. Termolux.

The World Bank. (2021). Circular Economy in Industrial Parks: technologies for competitiveness. The World Bank.

Thomas, J., & Harden, A. (2008). Methods for the thematic synthesis of qualitative research in systematic reviews. BMC
Medical Research Methodology, 8(1), 1-10. https://doi.org/10.1186/1471-2288-8-45

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K., Colquhoun, H., Kastner, M., Levac, D., Ng, C., Sharpe, J. P., Wilson, K.,
Kenny, M., Warren, R., Wilson, C., Stelfox, H. T., & Straus, S. E. (2016). A scoping review on the conduct and
reporting of scoping reviews. BMC Medical Research Methodology, 16, 1-10. https://doi.org/10.1186/s12874-
016-0116-4

Revista Ciéncias Administrativas, 31: e17173, 2025 15


http://periodicos.unifor.br/rca

Felipe Moura Oliveira, Luis Matheus Tavares Silva, Ménica Cavalcanti Sa de Abreu, Caroline Rodrigues Vaz

Uddin, A., Ali, Y., Sabir, M., Petrillo, A., & De Felice, F. (2023). Circular economy and its implementation in cement
industry: A case point in Pakistan. Science of the Total Environment, 898, 165605-165617. https://doi.org/10.1016/].
scitotenv.2023.165605

Verkic, B., Schroder, E., Drees, K., Dosch, K., Buschbeck, C., & Greiff, K. (2026). Evaluation approach to assess actions
and scenarios for improving climate and resource efficiency of municipalities and companies in industrial parks.
Journal of Environmental Management, 398, 128442. https://doi.org/10.1016/j.jenvman.2025.128442

Viana, L., Dessureault, P-L., Marty, C., Boucher, J-F., & Paré, M. C. (2023). Life Cycle Assessment of oat flake
production with two end-of-life options for agro-industrial residue management. Sustainability, 15(6), 5124. https://
doi.org/10.3390/su15065124

Votorantim. (2014). Estudo de impacto ambiental e relatério de impacto ambiental. \Votorantim.

Wen, Z., & Meng, X. (2015). Quantitative assessment of industrial symbiosis for the promotion of circular economy: A
case study of the printed circuit boards industry in China’s Suzhou New District. Journal of Cleaner Production,
90, 211-219. https://doi.org/10.1016/j.jclepro.2014.03.041

Yu, F., Han, F., & Cui, Z. (2015). Evolution of industrial symbiosis in an eco-industrial park in China. Journal of Cleaner
Production, 87, 339-347. https://doi.org/10.1016/j.jclepro.2014.10.058

Yu, Y., Pacheco-Torgal, F., Zhao, X-Y., & Wang, X-L. (2024). Cleaner production of the precast concrete industry:
Comparative life cycle analysis of concrete using recycled aggregates from crushed precast rejects. ACS Sustainable
Chemistry & Engineering, 28(5), 1014-1038. https://doi.org/10.1080/19648189.2023.2240882

Zhao, Z., Courard, L., Groslambert, S., Jehin, T., Léonard, A., & Xiao, J. (2020). Use of recycled concrete aggregates
from precast block for the production of new building blocks: An industrial scale study. Resources, Conservation
and Recycling, 157, 104786—104799. https://doi.org/10.1016/j.resconrec.2020.104786

Zhang, A., Venkatesh, V. G, Liu, Y., Wan, M., Qu, T., & Huisingh, D. (2019). Barriers to smart waste management for a
circular economy in China. Journal of Cleaner Production, 240, 118198. https://doi.org/10.1016/j.jclepro.2019.118198

Zhang, C., Hu, M., van der Mei, M., Di Maio, F., Yang, X., Gao, X., Li, K., Zhao, H., & Li, C. (2023). Life cycle assessment
of material footprint in recycling: A case of concrete recycling. Waste Management, 155, 311-319. https://doi.
org/10.1016/j.wasman.2022.10.035

Zygmuntowicz, J., Tomaszewska, J., Zurowski, R., Wachowski, M., Szachogluchowicz, ., Piotrkiewicz, P., Kaszuwara, W.,

& Konopka, K. (2021). Environmental footprint as a criterion in the ZTA composites forming process via centrifugal
slip casting. Ceramics International, 47(13), 18053—-18064. https://doi.org/10.1016/j.ceramint.2021.03.121

16 Revista Ciéncias Administrativas, 31: e17173, 2025


http://periodicos.unifor.br/rca
https://doi.org/10.1016/j.scitotenv.2023.165605
https://doi.org/10.1016/j.scitotenv.2023.165605

Methodological Proposal for the Transition of Industrial Parks Toward the Circular Economy

How to cite:

Oliveira, F. M., Silva, L. M. T., de Abreu, M. C. S., & Vaz, C. R. (2025). Methodological Proposal for the Transition of
Industrial Parks Toward the Circular Economy. Revista Ciéncias Administrativas, 31, 1-17. https://doi.org/10.5020/2318-
0722.2025.31.e17173

Correspondence address:

Felipe Moura Oliveira
E-mail: felipeoliveira@uespi.urc.br

Luis Matheus Tavares Silva
E-mail: luismatheusts@gmail.com

Monica Cavalcanti Sa de Abreu
E-mail: mabreu@ufc.br

Caroline Rodrigues Vaz
E-mail: caroline.vaz@ufsc.br

Received on: 01/16/2025.

Accepted on: 02/21/2025.

Revista Ciéncias Administrativas, 31: e17173, 2025 17


http://periodicos.unifor.br/rca

