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ARTICLE INFO ABSTRACT

Handling Editor: Prof. Jiri Jaromir Klemes The textile industry is highly polluting as it extracts natural resources for production, consumes much energy,
generates a large volume of post-consumer waste, and uses chemical products for the dyeing process. However,
the textile industry has achieved sustainable resilience due to the pressures of the 2030 agenda to promote
sustainable development, demanding incremental changes in cleaner production practices considering the cir-
cular economy to reduce the environmental problem. In this context, it is supposed that small textile companies
face more difficulties when compared to medium and large companies to achieve sustainable resilience in
response to market pressures. Thus, this study aims to assess the degree of sustainable resilience by the size of the
textile industry to drive incremental changes in cleaner production practices considering the circular economy.
The research method adopted was a survey with 100 responses and data analysis using ANOVA. The theoretical
contribution of this study was to assess the textile industry’s sustainable resilience by considering its size to drive
incremental change in Cleaner Production Practices considering the Circular Economy. For instance, it was found
that companies’ degree of sustainable resilience is related to the environmental requirements of the market in
which they operate. Important practical conclusions were presented that can help shareholders and managers
when intending to supply foreign market; guidance is needed on investment in circular economy actions in
production, small and medium-sized textile companies would require government subsidies for the investment in
product projects and processes with circular economy principles. In contrast, large textile industries can make
significant investments, aiming to be recognized by customers/consumers as a brand that invests in sustain-
ability. Regarding society, adopting the circular economy at the micro-level can contribute to eliminating the
company’s environmental impacts, bringing benefits for the health and safety of employees and the local
community.
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1. Introduction adoption in the textile industry (Silva et al., 2021). In 1989, the United

Nations Environment Program (UNEP) defined CPP as a conceptual and

The textile industry is highly polluting due to the high volume of
chemicals and water used for dyeing and the high energy consumption
and volume of post-consumer waste. Thus, the textile industry needs to
adopt environmental actions in the production system to eliminate
pollution. The Cleaner Production Practices (CPP) is an essential tool for
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procedural approach to production, preventing or minimizing risks to
humanity and the environment, considering the product life cycle
applied to industrial processes, products, and services provided to so-
ciety (Baas, 1995),. In addition, CPP influences the continuous appli-
cation of environmental strategies in textile processes, products, and
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services to improve efficiency and minimize risks to people and the
environment (Alkaya and Demirer, 2014).

It is noteworthy that companies have come under institutional
pressure from stakeholders (consumers and government) to the detri-
ment of the environmental emergency prevailing in the 2030 agenda,
mainly related to the loss of the company’s reputation, which could lead
to loss of contracts (Oliveira Neto et al., 2021a). Thus, minimizing or
mitigating the environmental impacts using CPP is no longer enough.
However, CPP is the primary and most important step toward Circular
Economy (CE) at the micro-level. Thus, it is necessary to adopt CE,
which focuses on the regeneration and recovery of waste in the pro-
duction system, preservation of natural capital, and use of renewable
resources for the system’s efficiency (Ellen Macarthur Foundation,
2017a).

The adoption of CE by the company promotes an improvement in the
capacity of the economic, environmental, and social systems, turning the
company more resilient and, consequently, more capable of recovering
from changes such as economic crises or natural disasters (Ellen Mac-
arthur Foundation, 2015a). The CE has sustainable development as its
goal, providing benefits to the environmental, economic, and social
dimensions.

This can only be achieved through a paradigm shift by replacing a
linear view of the product’s useful life with the adoption of reduction,
reuse, recycling, and recovery of materials in production and distribu-
tion processes, made possible by new business models (Kirchherr et al.,
2017). Therefore, CPP is a relevant tool for adopting CE, allowing the
maximization of the use of more valuable resources, components, and
materials in the production system (Ghisellini et al., 2018; Sousa-Zomer
et al., 2018).

In this context, companies that have adopted CPP practices can
consider CE a relevant strategy to face market pressures, which demand
greater environmental action to reduce environmental impacts. Thus,
contemporary organizations must have sustainable resilience in the
practices of their activities to serve the market (Meerow and Newell,
2015; Marchese et al., 2018; Mou et al., 2021) because it allows turning
traditional linear production and consumption into CE (Scarpellini et al.,
2020), searching for solutions that meet current needs without
compromising future sustainability (Mou et al., 2021).

An example is found in Nelson et al. (2019), in which resilience is
defined as the ability of a system to adapt and improve the market to-
wards the adversities, simultaneously paying attention to the
intra-system and intergenerational distribution of impacts and sustain-
ability capital in the system. In addition, it has been pointed out that
companies need to achieve sustainable resilience to deal with problems,
adapts to changes, overcoming adversities and persisting environmental
pressures (Chiu et al., 2020).

Besides, it has also been pointed out that research on sustainable
resilience indicates that it is essential to assess changes both in the main
system and in the organization’s subsystem, investigating vulnerabil-
ities, together with adaptation strategies to monitor and manage trends
of the organization (Gillespie-Marthaler et al., 2019). Therefore, Nelson
etal. (2019) mention that companies must achieve sustainable resilience
through clear objectives that guide and evaluate goals and processes.
Tisserant et al. (2017) concluded that solutions based on sustainable
resilience are necessary to reduce waste, increase productivity and
material recycling, improving the circularity index.

Ten studies that related sustainable resilience with CPP and/or CE
were found. Eight of these mentioned the relationship between CPP and
sustainable resilience, concluding that by using multiple case studies in
the automotive sector that CPP has a significant impact on sustainable
resilience, minimizing environmental risks from products, waste
generated, and worker health and safety for the external audience
(Govindan et al., 2014). Also, the adoption of CPP made integrating
industrial processes in the eco-parks of Kalundborg and Ulsan easier,
generating sustainable resilience, and supporting disruptive events in
front of stakeholders (Valenzuela-Venegas et al., 2018).

Journal of Cleaner Production 380 (2022) 134633

Other studies carried out in the agribusiness sector found by a survey
that the CPP adoption generated sustainable resilience due to the
minimization of water consumption in the production of cotton and
irrigation, an aspect monitored by stakeholders, mainly the government
(Imran et al., 2018; Li et al., 2019); in addition to the reduction in energy
consumption, carbon and nitrous oxide emissions when compared to
conventional agriculture that does not use CPP, denoting greater sus-
tainable resilience of soil health, being the main concern of the farmer
(Lal et al., 2019).

On the other hand, another research carried out in Qatar found that
implementing CPP in companies boosted sustainable resilience in pur-
suing successful public policies for sustainable consumption (Sahin
et al.,, 2019). In addition, in the survey carried out in the electronics
sector in Malaysia, it was found that the adoption of CPP and industry
4.0 improved the visibility of the supply chain, allowing the planning of
sustainable resilience actions to overcome obstacles (Mubarik et al.,
2021). Rutitis et al. (2022) conducted a focus group. They found that
raw material suppliers are being encouraged by stakeholders and the
market to implement CPP for sustainable transition, aiming at the use of
biocomposites.

Two studies related sustainable resilience with CPP and CE. Two case
studies indicated that the government of Vietnam had pressured the
transformation of conventional industrial zones into eco-industrial parks
based on CPP and CE to promote the reuse of by-products, waste, and
wastewater, denoting an adequate opportunity to achieve sustainable
resilience (Stucki et al., 2019). Another case study in Russia concluded
that adopting CE and CPP with digital technology increased the recy-
cling of municipal solid waste, minimizing environmental impacts and
costs due to the reuse of materials and reduction in the emission of
greenhouse gases, promoting sustainable resilience (Maiurova et al.,
2022).

In this context, no previous study evaluated the textile industry’s
sustainable resilience to drive incremental change in CPPs considering
CE or the size of the companies considered. Although the criteria for
classifying a company by size are subjective, the most used is the number
of employees. Most countries consider small companies as those with up
to 50 employees, medium companies with up to 250 employees, and
large companies (Ayyagari et al., 2003; Lepoutre and Heene, 2006).

It is noteworthy that the theory’s duty is to study the market con-
ditions that could affect industrial technical progress, driving incre-
mental changes in processes, considering exogenous pressures (related
to public policy, society, and economic agents) and the endogenous
influences (referring to technical progress in the industry in terms of
innovations). Thus, these exogenous and endogenous pressures drive
incremental changes in the industry to continue serving the market and
keep it operating (Dosi, 1984).

Another motivation for this study was that the textile industry has
difficulties adopting CPP as it is a highly polluting sector, requiring
sustainable resilience through incremental changes. The textile industry
manager usually focuses on improving economic and operational per-
formance, aiming at reducing operating costs at the expense of mini-
mizing waste (Oliveira Neto et al., 2021a). However, stakeholders have
influenced the textile industry in adopting CPP, mainly economic agents
(shareholders) worried about losing the market, as the adoption of CPP
practices is a mandatory attribute for supply in the European market
(Oliveira Neto et al., 2021b).

With the circular economy approach, the market has become even
more demanding for the textile industry, mainly due to its volume of
waste generated in production and post-consumption, needing to
improve circularity in terms of reuse of shredded waste in production, as
well as eliminate toxic materials presented in the composition of textile
products, mainly in the dyeing chain (Oliveira Neto et al., 2022a).

Thus, Amindoust and Saghafinia (2016) and Oliveira Neto et al.
(2022a) concluded that the textile industry has great challenges
regarding the implementation of CE because, first, it is a sector that
consumes and pollutes water in the dyeing operation (Chen et al., 2017).
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The World Bank estimates that about 20% of all freshwater pollution is
due to textile sector activities (Periyasamy et al., 2017) resulting from
inappropriate r disposal of chemical materials and toxic metals (San
et al., 2018).

In this context, the textile industry needs sustainable resilience to
withstand market pressures regarding CE adoption and reconfigure and
overcome adversities. However, the small and medium textile company
may have more difficulties investing in environmental practices (CPP
and CE), despite suffering little pressure from the market because it sells
most of the time to the national market. On the other hand, the large
textile industry supplies directly to the foreign market, which may
require providing the most realistic regulations and certifications on
environmental actions, considering the CPP and CE. Thus, the objective
of this study is to evaluate the degree of sustainable resilience by the size
of the textile industry to drive incremental change in CPPs considering
CE.

2. Incremental change in cleaner production practices
considering the circular economy

First, the following keywords: “cleaner production” AND “resilience”
AND “practices” OR “practices” OR principles” OR “tools” OR “tech-
niques” OR “actions” OR “activities” OR “circular economy” were
searched in Scopus, Science Direct; Emerald; Wiley; Taylor & Francis
and Scielo Based on the systematic review of the literature, 20 Cleaner
Production Practices (CPP) related to Circular Economy Actions based
on Cleaner Production (CECP) were identified, as shown in Table 1.

In Table 1, the incremental change in CPPs considering CE is shown.
As can be seen, the adoption of CPP is vital to achieving a circular
economy at the micro-level, contributing to the improvement of the
company’s sustainable performance. Thus, the CE works as a company
strategy, which adopts CPP at the micro level to achieve sustainability
(Oliveira Neto et al., 2022b). Besides, CPPs are undergoing some in-
cremental changes, as they are specific to promoting the eco-efficiency
of a system, aiming at reducing waste and consumption of productive
resources. At the same time, CE actions are more focused on the circu-
larity of a system, being related to the elimination of waste and con-
sumption of productive resources, aiming at the regeneration and
revaluation of post-consumption waste. The incremental change in CPPs
considering CE is related to sustainable business resilience, which con-
sists of the ability of companies to adapt to new market requirements
(Meerow and Newell, 2015; Marchese et al., 2018; Mou et al., 2021), as
it allows transforming the traditional linear system of production and
consumption to CE (Scarpellini et al., 2020).

For example, based on Table 1, CPP3 mentions the efficient use of
energy and technologies to minimize energy consumption (Yuksel,
2008; Severo et al., 2018; Sousa-Zomer et al., 2018; Oliveira Neto et al.,
2020 Silva et al., 2021), while CECP3 reports on co-generating energy
and using clean energy, aiming to eliminate energy consumption from
non-renewable sources in the production system (Ghisellini et al., 2016;
Gopinath et al., 2018; Suarez-Eiroa et al., 2019).

Another example was found in CPP6, which emphasizes the
replacement of materials/components with non-toxic and non-polluting
ones, bringing benefits to health and the environment (Yuksel, 2008;
Yusup et al., 2015; Oliveira Neto et al., 2020; Silva et al., 2021), while
CECP6 mentions the elimination of the use of toxic materials, promoting
the reduction of pollutant emission levels in production processes Hens
et al., (2018); Sousa-Zomer et al., (2018); Mendoza et al. al. 2019.

Thus, Table 1 was developed based on a systematic review of the
literature and showed the incremental change in CPPs considering CE,
innovating state of the art.
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3. Methods
3.1. Research method and data gathering procedure

The selection of articles was performed as follows: (i) identification
and removal of repeated articles; (ii) analysis of the title, abstract, and
keywords to select only the works that mention the relationship between
cleaner production practices and circular economy actions; and (iii)
development of content analysis. Bryman (2003) mentions that this step
is vital to define and refine the theoretical constructs and support the
work structures. This step made it possible to identify 20 articles. This
study was developed in the textile industry and used the survey method
to determine the degree of sustainable resilience to drive incremental
change in CPPs considering CE. Survey research makes it possible to
confirm the study statistically and is suitable for quantitative research
(Thietart, 2001; Forza, 2002).

Thus, structured questionnaires were applied to find patterns and
relationships between variables. The survey research method’s adoption
makes it possible to carry out statistical analyses (Bryman, 2003). In this
context, this study followed three steps: first, delimitation of the
research domain and determination of the sample size; second, carrying
out pre-tests to verify the validity and reliability of the research in-
strument and data; and third, application of the survey in the domain
and the defined sample (Forza, 2002).

The questionnaires considered the 5-point Likert scale to determine
the degree of sustainable resilience of each CPP practice considering CE.
It is worth noting that companies were categorized into small, medium,
and large industries. In this way, the respondents themselves were able
to interpret each of the statements and score the intensity of agreement
or disagreement (Likert, 1932)

3.2. Data analysis procedure

The validation step of the research instrument was carried out
through a face test. Textile sector specialists with CPP and CE knowledge
reviewed and validated the variables. The minimum sample size was 64
correctly answered questionnaires; these calculations were performed
using the GPower 3.1.9.7 software (Faul et al., 2009). It is worth noting
that for these calculations, it was necessary to determine the size of the
effect and the power of the test. The determination of the effect size was
performed based on the F test. This study considered the guidelines of
Hair et al. (2016) and adopted an effect size of 0.15. The determination
of the power of the test was performed, considering a confidence level of
95%. This work evaluated the guidelines of Hair et al. (2016) and
adopted the test power of 0.80. After an extensive search by companies
and professionals adhering to the scope of this research, 281 question-
naires. Otherwise, only 37% were answered correctly; in other words,
104 questionnaires were collected, and only 69 were considered (Fig. 1).

The analysis of the collected data was performed first by observing
the data quality. The relationship between variables was analyzed, and,
finally, the necessary treatments were performed on the data (Hair et al.,
2016). At this point, an imbalance was observed in size, as correctly
completed questionnaires were collected from 44 large companies, 37
medium-sized companies, and 23 small companies. Aware that applying
statistical tools to unbalanced data requires more steps to obtain the
desired results (Good, 2013). Therefore, 23 questionnaires answered by
large companies were randomly selected; this same procedure was
carried out with the questionnaires of medium-sized companies. Finally,
the sample size was reduced from 104 to 69 completed questionnaires. It
is worth noting that even after the data balancing step, the minimum
sample size calculated remained respected.

The assumption for carrying out the Analysis of Variance (ANOVA) is
the confirmation of the normality and homogeneity of the variances of
the research variables (Sthle and Wold, 1989). To test for normality, the
Skewness and Kurtosis values were evaluated (appendix). A variable is
normally distributed when the Skewness values are between —1.0 and +
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Table 1
Incremental change in CPPs considering CE.

COD Cleaner Production Concept Authors COD Circular Economy Concept Authors

Practices (CPP) actions considering
Cleaner production
(CECP)

CPP1 Environmental issues  Establish rules for the Yuksel (2008); Zeng CECP1 Suppliers apply closed Suppliers must provide Gao et al. (2006);
are considered development of et al. (2010); cycles for materials and circularity through Hens et al. (2018);
during the supplier partnerships between Laforest et al. (2013); renewable energy flows industrial ecology to Sousa-Zomer et al.
selection companies and Oliveira Neto et al. in their production provide circularity of (2018); Walmsley

suppliers that result in (2015); Severo et al. systems and mainly use material flows, use of et al. (2018); Gupta
environmental (2015); Yusup et al. back-and-forth clean energy and use of et al. (2021)
performance (2015); Silva et al. packaging (reuse) shuttles.

(2017); Oliveira eliminating waste

Neto et al. (2020); generation

Silva et al. (2021);

Oliveira Neto et al.

(2021a); Oliveira

Neto et al. (2021b).

CPP2 Environmental issues ~ Opportunity to reduce Bass (1995); van CECP2 Develop layout prepared  Appropriate layout for Hu et al. (2011);
are observed in the waste in a preventive Berkel et al. (1997); for circularity closed-loop processing Geng et al. (2012);
factory way considering all Yuksel (2008); aimed at eliminating Winans et al. (2017);

stages of the process, Laforest et al. (2013); waste generation and Shayganmehr et al.
organizing the layout to  Oliveira Neto et al. making production (2021); Gupta et al.
reduce pollution at (2015); Severo et al. systems more flexible for ~ (2021)
source. (2015); Wasserman disassembly and reuse of

et al. (2016); de remanufactured

Guimaraes et al. components

(2017); Silva et al.

(2017); Hens et al.

(2018); Severo et al.

(2018); Sousa-Zomer

et al. (2018) Oliveira

Neto et al. (2020);

Silva et al. (2021);

Oliveira Neto et al.

(2021a); Oliveira

Neto et al. (2021b).

CPP3 Efficient use of Minimization of energy Bass (1995); van CECP3 Cogenerate energy and Eliminate energy Ghisellini et al.
energy and consumption in the Berkel et al. (1997); use clean energy consumption from non- (2016); Winans et al.
technologies to production system by Yuksel (2008); La renewable sources in the ~ (2017); Gopinath
minimize the energy optimizing waste and Forest et al. (2013); production system by et al. (2018);
consumption adopting clean Yusup et al. (2015); the energy cogeneration  Suarez-Eiroa et al.

technologies. Vieira and Amaral and the use of clean (2019); Rajput and
(2016); Wasserman technology. Singh (2020); Luthra
et al. (2016); Silva and Mangla (2018);
et al. (2017); Adapa Oliveira Neto et al.
(2018); Hens et al. (2022b).
(2018); Matos et al.
(2018); Severo et al.
(2018); Sousa-Zomer
et al. (2018);
Oliveira Neto et al.
(2020); Silva et al.
(2021); Oliveira
Neto et al. (2021a);
Oliveira Neto et al.
(2021Db).

CPP4 Environmental issues  Production is less van Berkel et al. CECP4 Technological Selection of equipment/  Hu et al. (2011);
are considered in the  polluting and more (1997); Yuksel optimization in the machines to promote Geng et al. (2012);
selection of efficient when new (2008); Yusup et al. selection of equipment/ circularity, aiming at Mendoza et al.
equipment/ machines produce (2015); Sousa-Zomer machines for disposal in technological (2019); Rajput and
machines for the fewer off-spec products et al. (2018); the generation of waste optimization for the Singh (2020);
production Oliveira Neto et al. and gas emissions processes improvement Oliveira Neto et al.

(2020); Silva et al. making them more (2022b).
(2021); Oliveira reliable and suitable for
Neto et al. (2021a); elimination in the
Oliveira Neto et al. generation of waste and
(2021b). pollutants.
CPP5 Possibilities of Consider recycling and Yuksel (2008); Zeng CECP5 Product design focuses It aims to develop Ghisellini et al.

recycling and reuse
of materials and

reusing of production
waste and packaging in

et al. (2010); Neto
et al. (2014);

on closed-loop
manufacturing systems

products, considering
the reuse of yarns/

(2016); Ghisellini
et al. (2018); Hens

packaging are product design to Oliveira Neto et al. to eliminate waste fabrics/products et al. (2018);
considered in the improve environmental (2015); Sousa-Zomer generation through (leftovers); of inputs and ~ Kalmykova et al.
proucts design performance and et al. (2018); remanufacturing and packaging that are (2018); Sousa-Zomer

production efficiency

Oliveira Neto et al.
(2020); Silva et al.

reuse of materials,
supplies and packaging.

generated or used
throughout the

et al. (2018);
Walmsley et al.

(continued on next page)
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Table 1 (continued)
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COD Cleaner Production Concept Authors COD Circular Economy Concept Authors
Practices (CPP) actions considering

Cleaner production

(CECP)
(2021); Oliveira manufacturing process, (2018) e Mendoza
Neto et al. (2021a); enabling regeneration, et al. (2019); Gupta
Oliveira Neto et al. reuse or recovery and et al. (2021)
(2021b); Correia recycling at the end of
et al. (2021). their life cycle.

CPP6 Materials/ Eliminating product van Berkel et al. CECP6 Elimination of the use of  Eliminate the use of Hu et al. (2011);
components are toxicity results in no (1997); Yuksel toxic materials, toxic materials in Lieder; Rashid
replaced by non- generation of toxic (2008); Yusup et al. promoting the reduction ~ manufacturing (2016); Hens et al.
toxic and non- waste, simplifies (2015); Wasserman of pollutant emission processes, as well as (2018); Sousa-Zomer
polluting effluent treatment and et al. (2016); Hens levels in production replace them with raw et al. (2018);

brings benefits to health et al. (2018); processes, eliminating materials with a low Mendoza et al.
and the environment. Sousa-Zomer et al. negative impacts on the toxicity level and with (2019); Shayganmehr
(2018); Oliveira health and safety of properties that do not et al. (2021)
Neto et al. (2020); employees affect the environment.
Silva et al. (2021);
Oliveira Neto et al.
(2021a); Oliveira
Neto et al. (2021b).

CPP7 Considers the In the product Yuksel (2008); La CECP7 Develop the product Companies should Hu et al. (2011);
opportunity to development, it is Forest et al. (2013); design to eliminate the eliminate and provide Ghisellini et al.
reduce the use of suggested to study the Oliveira Neto et al. use of inputs and natural  circularity in the use of (2016); Ghisellini
packaging in the possibility of (2015); Yusup et al. resources reusing of packaging in order to et al. (2018); Hens
product design minimizing the use of (2015); Vieira and packaging in a closed minimize the use of et al. (2018);

packaging Amaral (2016); cycle inputs and natural Suarez-Firoa et al.
Wasserman et al. resources. (2019);Gupta et al.
(2016); Silva et al. (2021)
(2017); Matos et al.
(2018); Sousa-Zomer
et al. (2018);
Oliveira Neto et al.
(2020); Silva et al.
(2021); Oliveira
Neto et al. (2021a);
Oliveira Neto et al.
(2021b).

CPP8 Environmental issues Using mechanical Yuksel (2008); CECP8 Manufacturing systems The manufacturing Gao et al. (2006);
are considered when rather than physico- Yusup et al. (2015); keep the added value of system must ensure the Ghisellini et al.
selecting chemical processes and Silva et al. (2017); products longer and manufacture of durable (2016); Hens et al.
manufacturing streamlining the entire Sousa-Zomer et al. eliminate waste by products. In addition to (2018); Sousa-Zomer
systems production process (2018); Oliveira reuse, repair or recycling  promoting the et al. (2018);

improves Neto et al. (2020); circularity of the Walmsley et al.
environmental Silva et al. (2021); material in post- (2018); Rajput and
performance Oliveira Neto et al. consumption through Singh (2020); Gupta
(2021a); Oliveira reuse, repair and et al. (2021)
Neto et al. (2021b). recycling.

CPP9 Environmental issues Integrating Yuksel (2008); CECP9 The movement of Moving materials Winans et al. (2017);
are considered in the  environmental issues Yusup et al. (2015); materials when carried internally and externally ~ Gopinath et al. (2018)
material handling with material handling Sousa-Zomer et al. out by equipment that by environmentally e Suarez-Eiroa et al.

brings benefits to the (2018); Oliveira only uses clean energy friendly equipment that (2019); Rajput and
health and safety of Neto et al. (2020); generated by the energy uses clean energy Singh (2020); Luthra
employees Silva et al. (2021); conversion of waste into  generated by converting et al. (2021);
Oliveira Neto et al. electricity or by the use waste energy into Shayganmehr et al.
(2021a); Oliveira of renewable fuels electricity or by using (2021)
Neto et al. (2021b). eliminates negative renewable fuels.
impacts on the health
and the safety of
employees

CPP10 Considers the Improving efficiency in Yuksel (2008); La CECP10 Increasing share of It emphasizes the Ghisellini et al.
reduction of the extracting natural Forest et al. (2013); renewable and regeneration, reuse, (2016); Hens et al.
natural resources in resources, choosing Yusup et al. (2015); recyclable resources, as recovery and recycling (2018); Kalmykova
the manufacturing renewable sources and Hens et al. (2018); well as reusing materials so that these materials at et al. (2018);
process using them rationally Severo et al. (2018); and components in the end of their useful Sousa-Zomer et al.

improves Sousa-Zomer et al. different streams after lifetime are the basis for (2018); Walmsley
environmental (2018); Oliveira the end of the useful tMendoza et al. (2019) et al. (2018) e
performance Neto et al. (2020); lifetime he development of new Mendoza et al.
Silva et al. (2021); products, contributing (2019); Gupta et al.
Oliveira Neto et al. to the circularity of the (2021)
(2021a); Oliveira material.
Neto et al. (2021b).
COD Concept Authors COD Concept Authors

(continued on next page)
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Table 1 (continued)
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COD Cleaner Production Concept Authors COD Circular Economy Concept Authors

Practices (CPP) actions considering
Cleaner production
(CECP)

Cleaner Production Circular Economy

Practices (CPP) actions considering
Cleaner production
(CECP)

CPP11 Environmental issues  The integration of Yuksel (2008); Zeng CECP11 The production planning ~ Production planningand  Suarez-Eiroa et al.
are considered in the environmental issues et al. (2010); La and control sector control must include in (2019); Shayganmehr
production planning with production Forest et al. (2013); changes the linear and/ operations the use of et al. (2021); Gupta
and control processes  planning and control Oliveira Neto et al. or semicircular flows to circular flows for the et al. (2021)

results in the rational (2015); Severo et al. closed flows (cycles) reuse of regenerated,
use of materials and in (2015); Yusup et al. reused, recovered or
the reduction of rework (2015); Silva et al. recycled materials in the
and waste (2017); Oliveira manufacturing system,
Neto et al. (2020); ensuring the circularity
Silva et al. (2021); of materials as much as
Oliveira Neto et al. possible
(2021a); Oliveira
Neto et al. (2021b).

CPP12  Considers in the Conducting an Yuksel (2008); CECP12 It considers in the Considering in the Lieder; Rashid
production program environmental risk Oliveira Neto et al. production program the production program the (2016); Sousa-Zomer
the schedule for analysis integrated to (2015); Oliveira focus on the premise of elimination of etal. (2018) e
solving the production schedule ~ Neto et al. (2020); closing cycles, on the environmental impacts Mendoza et al.
environmental allows preventive Silva et al. (2021); actions to solve through recycling, reuse ~ (2019); Shayganmehr
problems actions to be taken and Oliveira Neto et al. problems, promoting the  and recovery of et al. (2021); Gupta

increases (2021a); Oliveira elimination of materials in the et al. (2021)
environmental Neto et al. (2021b). environmental impacts production system. And
awareness based on the production

plan, it is suggested to

control these processes

through performance

indicators to eliminate

environmental impacts.

CPP13  Considers in capacity ~ Using clean technology Van Berkel et al. CECP13  Considers the use of Use of renewable Geng et al. (2012);
decisions the and investing in (1997); Yuksel technologies that use energy, originating from  Rajput and Singh
possibility of using innovation minimize (2008); Zeng et al. clean energy, as well as natural resources, such (2020); Luthra et al.
clean and efficient the environmental (2010); La Forest the process materials as thethe the sun, wind, (2021); Shayganmehr
energy technologies damage, reduce the et al. (2013); from renewable sources rain, tides and et al. (2021); Oliveira

waste and improves the  Oliveira Neto et al. geothermal energy. Neto et al. (2022b).
operational efficiency (2015); Yusup et al. With this, companies
(2015); Vieira and could stop using energy
Amaral (2016); obtained by uranium
Wasserman et al. (atomic), coal and oil. It
(2016); de is noteworthy that
Guimaraes et al. searching for
(2017); Hens et al. technologies that use
(2018); Severo et al. renewable resources is
(2018); Sousa-Zomer not an easy task for
et al. (2018); organizational
Oliveira Neto et al. managers, mainly
(2020); Silva et al. because they are more
(2021); Oliveira expensive than the
Neto et al. (2021a); conventional ones, but
Oliveira Neto et al. promoting the circular
(2021b). economy at the micro
level (production) is
inevitable.

CPP14 Considers the The use of renewable Yuksel (2008); Zeng CECP14 Use of biological Pursuing raw materials Hu et al. (2011);
possibilities of using resources contributes to et al. (2010); renewable raw materials  and energy from Winans et al. (2017);
renewable resources the reduction of Oliveira Neto et al. and clean energy renewable sources, Gopinath et al.
to select raw environmental impact. (2015); Yusup et al. eliminating the use of (2018); Mendoza
materials and energy (2015); Wasserman non-renewable raw etal. (2019) e

et al. (2016); materials and energy Suarez-Firoa et al.
Oliveira Neto et al. obtained from fossil (2019); Rajput and
(2020); Silva et al. fuels. With this, the Singh (2020)
(2021); Oliveira main focus is the
Neto et al. (2021a); promotion of processes
Oliveira Neto et al. with lower rates of
(2021b). generation of pollutants
and residues.
CPP15 Minimizes the Preventive actions that Yuksel (2008); La CECP15 Develop the product Promote the reuse of Hu et al. (2011);

generation of waste
and emissions in the
production system

stimulate the rational
use of productive
resources, which
include reducing: in the

Forest et al. (2013);
Oliveira Neto et al.

(2015); Severo et al.
(2015); Yusup et al.

design for reuse of
wastewater and solid
waste generated in a
closed cycle

wastewater and solid
waste in a closed cycle to
eliminate as much as
possible the waste and

Ghisellini et al.
(2016); Kalmykova
et al. (2018);
Walmsley et al.

(continued on next page)
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COD

Cleaner Production
Practices (CPP)

Concept

Authors

COD

Circular Economy
actions considering
Cleaner production
(CECP)

Concept

Authors

CPP16

CPP17

CPP18

CPP19

Efficient use of raw
materials and inputs,
avoiding waste

Considers the
Cleaner Production
intrinsic to the
environmental
management system,
with periodic audits,
aiming at continuous
improvements

Increase the
employee
environmental
awareness by
training

Improve the working
conditions to reduce
the waste

generation of waste, in
water consumption and
emissions in the
production system.

The rational use of raw
materials is also related
to the continuous
improvement practices
and reduction of
process variations, in
addition to
environmental
performance.

The application of CP
practices collaborates
with the
implementation of the
Environmental
Management System,
with audit programs

Environmental
education requires the
training of all
employees and
activities related to
environmental impacts,
environmental
management and
recycling

Conducting training
related to ergonomics
and environmental
issues improves
occupational health and

(2015); Vieira and
Amaral (2016);
Wasserman et al.
(2016); de
Guimaraes et al.
(2017); Adapa
(2018); Hens et al.
(2018); Matos et al.
(2018); Severo et al.
(2018); Sousa-Zomer
et al. (2018);
Oliveira Neto et al.
(2020); Silva et al.
(2021); Oliveira
Neto et al. (2021a);
Oliveira Neto et al.
(2021b).

Bass (1995); van
Berkel et al. (1997);
Yuksel (2008); La
Forest et al. (2013);
van Hoof and Lyon
(2013); Oliveira
Neto et al. (2015);
Severo et al. (2015);
Yusup et al. (2015);
Vieira and Amaral
(2016); Wasserman
et al. (2016); de
Guimaraes et al.
(2017); Silva et al.
(2017); Hens et al.
(2018); Matos et al.
(2018); Severo et al.
(2018); Sousa-Zomer
et al. (2018);
Oliveira Neto et al.
(2020); Silva et al.
(2021); Oliveira
Neto et al. (2021a);
Oliveira Neto et al.
(2021b).

Yuksel (2008); Zeng
et al. (2010);
Oliveira Neto et al.
(2015); Yusup et al.
(2015); Wasserman
et al. (2016);
Oliveira Neto et al.
(2020); Silva et al.
(2021); Oliveira
Neto et al. (2021a);
Oliveira Neto et al.
(2021b).

Bass (1995); Yuksel
(2008); Zeng et al.
(2010); Oliveira
Neto et al. (2015);
Yusup et al. (2015);
Vieira and Amaral
(2016); Adapa
(2018); Oliveira
Neto et al. (2020);
Silva et al. (2021);
Oliveira Neto et al.
(2021a); Oliveira
Neto et al. (2021b).
Bass (1995); Yuksel
(2008); Zeng et al.
(2010); Severo et al.
(2015); Yusup et al.
(2015); de
Guimaraes et al.

CECP16

CECP17

CECP18

CECP19

Eliminate waste of raw
materials and inputs to
minimize the use of
inputs and natural
resources

Conducting periodic
audits leads to greater
sustainable value by
optimizing the use of
materials, equipment
and goods for as long as
possible, in closed cycles
and powered by clean
sources or cogeneration
with environmental
benefits.

Train and increase the
awareness among
employees to create
value for the product
through circularity,
considering its life cycle
extension.

Maximize the working
conditions that
guarantee closed-loop
manufacturing
processes, eliminating

the emissions generation
in the product design.

It aims to promote the
circularity of materials,
by eliminating the waste
of raw materials and
inputs with the concern
of the regeneration of
natural resources.

It emphasizes the use of
environmental audits in
the production system
with a focus on
optimizing material and
physical resources as
much as possible in a
closed loop.

It aims at training and
raising awareness
among employees to
create value in the
product to extend its life
cycle.

Training on
environmental
management needs to be
extended to all
employees, being an
important step towards

(2018); Mendoza
et al. (2019);Gupta
et al. (2021)

Hu et al. (2011);
Kalmykova et al.
(2018); Ghisellini
et al. (2018);
Sousa-Zomer et al.
(2018); Walmsley
et al. (2018);
Mendoza et al.
(2019); Suarez-Eiroa
et al. (2019);Rajput
and Singh (2020);
Gupta et al. (2021)

Geng et al. (2012);
Suarez-Eiroa et al.
(2019); Rajput and
Singh (2020); Luthra
et al. (2021)

Geng et al. (2012);
Lopez et al. (2019);
Suarez-Eiroa et al.
(2019);Luthra et al.
(2021); Shayganmehr
et al. (2021);Gupta

et al. (2021)

Walmsley et al.
(2018); Suarez-Eiroa
et al. (2019); Luthra
et al. (2021);
Shayganmebhr et al.
(2021)

(continued on next page)
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COD Cleaner Production Concept Authors COD Circular Economy Concept Authors
Practices (CPP) actions considering
Cleaner production
(CECP)
safety, in addition to (2017); Hens et al. waste and waste maximizing the working
reducing the waste (2018); Matos et al. generation conditions to eliminate
(2018); Oliveira waste.
Neto et al. (2020);
Silva et al. (2021);
Oliveira Neto et al.
(2021a); Oliveira
Neto et al. (2021b).
CPP20 Efficient use of water Preventive actions that Yuksel (2008); La CECP20 Optimization of the Practice CP to promote Gao et al. (2006); Hu

promote the rational
use of water make it
possible to identify
opportunities for reuse
and mitigate risks of
effluent pollution,

Forest et al. (2013);
Oliveira Neto et al.
(2015); Severo et al.
(2015); Yusup et al.
(2015); Vieira and
Amaral (2016);

Wasserman et al.
(2016); de
Guimaraes et al.
(2017); Adapa
(2018); Hens et al.
(2018); Matos et al.
(2018); Severo et al.
(2018); Sousa-Zomer
et al. (2018);
Oliveira Neto et al.
(2020); Silva et al.
(2021); Oliveira
Neto et al. (2021a);
Oliveira Neto et al.
(2021b).

reducing the
environmental impacts

efficient use of water in
the production system,
with a focus on reducing
consumption, reuse,
conservation and
preservation.

water use and increased
effectiveness of
wastewater treatment,
enabling the circularity
in industrial processes

et al. (2011); Geng
et al. (2012);
Ghisellini et al.
(2018); Kalmykova
et al. (2018); Sousa -
Zomer et al. (2018);
Lopez et al. (2019);
Gupta et al. (2021)

Distribution of data by company size

kBB,

= = B

Small Medium Large

Minimum
sample size

Data information about the questionnaires

300

Total
questionnaires
sent

| After the
balancing
| procedure

Questionnaires
answered

Fig. 1. Sample size.

1.0 and the Kurtosis values are below 2.0. It is worth mentioning that the
normality of the data was analyzed before and after the balancing step
and the expected result was normality maintenance.

ANOVA application made it possible to test the equality of two or
more population means from the analysis of sample variance. Thus, the
interpretation of the results can be performed directly (Triola, 2008),
considering the range from 1 to 5. Via the ANOVA test, the relationship
between the degree of sustainable resilience and the size of the in-
dustries was verified.

It is important to emphasize that there are different ways of applying
ANOVA in the literature, depending on the problem to be analyzed. For
example, Tucci and Neto (2019) used, in addition to ANOVA, Student’s
t-test, and the Process Control Chart (PCC) to assess the reduction in
flight delays after changes in aircraft maintenance procedures.

In this study, Levene’s test was performed by comparing groups
(Levene, 1960; Zaiontz, 2022), that is, large & medium, medium &
small, and finally, large & small. Levene’s test revealed that the values of
the large group stood out compared to the medium and small companies.
Furthermore, the Tamhane test was applied following the ANOVA,

which allowed the identification of possible pairings. This test compared
each of the 20 practices regarding company size to verify the existence
or absence of relationships. In the appendix, it is possible to observe
relationships through the symbol * and the lack of relationships through
the acronym N.S., referring to non-significant. The comparison of the
degree of sustainable resilience according to the company’s size was also
tested in a multivariate way.

The results of the Pillai Test performed on the entire data sample
were equal to 0.0017, considering an F equal to 2.4812, confirming the
relationship as a function of size. It is important to highlight that the
Pillai trait was chosen because it is the most suitable for evaluating
events in which the groups are of different sizes. Therefore, the f-value
was used to validate the significance of the model (Field, 2013).

This result emphasizes that there are significant differences between
the groups. The descriptive statistics of the degree of sustainable resil-
ience according to size are shown in Table 2. It is worth noting that the
degree of sustainable resilience is calculated by the number of practices
implemented divided by the total number of practices. Therefore, one
can see that large industries showed a higher degree of sustainable
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Table 2
Sustainable Resilience Degree by size.
Cleaner Prodution Circular Economy Small Medium Large
Practices (CPP) actions considering
Cleaner Production
(CECP)
CPP3 - Efficient use of CECP3 - Cogenerate 1.8 3 3.95
energy and energy and use clean
technologies to energy
minimize the energy
consumption
CPP7 - Considers the CECP7 -Develop the 2.4 2.65 4.1
opportunity to product design to
reduce the use of eliminate the use of
packaging in the inputs and natural
product design resources reusing of
packaging in a closed
cycle
CPP15 - Minimizes the CECP15 - Develop the 2.55 3.2 4.45
generation of waste product design for reuse
and emissions in the of wastewater and solid
production system waste generated in a
closed cycle
CPP16 - Efficient use of =~ CECP16 - Eliminate 3.4 3.6 4.1
raw materials and waste of raw materials
inputs, avoiding and inputs to minimize
waste the use of inputs and
natural resources
CPP19 - Improve the CECP19 - Maximize the 3 3.2 3.65
working conditions working conditions that
to reduce the waste guarantee closed-loop
manufacturing
processes, eliminating
waste and waste
generation
CPP17 - Considers the CECP17 - Conducting 2.95 3.8
Cleaner Production periodic audits leads to
intrinsic to the greater sustainable
environmental value by optimizing the
management system, use of materials,
with periodic audits, equipment and goods
aiming at continuous  for as long as possible, in
improvements closed cycles and
powered by clean
sources or cogeneration
with environmental
benefits.
CPP18 - Increase the CECP18 - Train and 3.35 3.9
employee increase the awareness
environmental among employees to
awareness by create value for the
training product through
circularity, considering
its life cycle extension.
CPP20 - Efficient use of =~ CECP20 - Optimization 3.85 4.35
water of the water use and
increased effectiveness
of wastewater
treatment, enabling the
circularity in industrial
processes
CPP1 - Environmental CECPP1 - Suppliers 3.3
issues are considered apply closed cycles for
during the supplier materials and renewable
selection energy flows in their
production systems and
mainly use back-and-
forth packaging (reuse)
eliminating waste
generation
CPP2 - Environmental CECP2 - Develop layout 3.55
issues are observed in  prepared for circularity
the factory
CPP4 - Environmental CECP4 - Technological 4.4

issues are considered
in the selection of

optimization in the
selection of equipment/
machines for disposal in

Table 2 (continued)
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Cleaner Prodution
Practices (CPP)

Circular Economy
actions considering
Cleaner Production
(CECP)

Small Medium Large

equipment/machines
for the production
CPP5 - Possibilities of
recycling and reuse
of materials and
packaging are
considered in the
proucts design

CPP6 - Materials/
components are
replaced by non-toxic
and non-polluting

CPP8 - Environmental
issues are considered
when selecting
manufacturing
systems

CPP9 - Environmental
issues are considered
in the material
handling

CPP10 - Considers the
reduction of the
natural resources in
the manufacturing
process

CPP11 - Environmental
issues are considered
in the production
planning and control
processes

CPP12 - Considers in
the production
program the schedule
for solving
environmental
problems

CPP13 - Considers in
capacity decisions
the possibility of
using clean and
efficient energy
technologies

CPP14 - Considers the
possibilities of using
renewable resources
to select raw
materials and energy

the generation of waste
and gas emissions
CECPS - Product design
focuses on closed-loop
manufacturing systems
to eliminate waste
generation through
remanufacturing and
reuse of materials,
supplies and packaging.
CECP6 - Elimination of
the use of toxic
materials, promoting
the reduction of
pollutant emission
levels in production
processes, eliminating
negative impacts on the
health and safety of
employees

CECP8 - Manufacturing
systems keep the added
value of products longer
and eliminate waste by
reuse, repair or
recycling

CECP9 - The movement
of materials when
carried out by
equipment that only
uses clean energy
generated by the energy
conversion of waste into
electricity or by the use
of renewable fuels
eliminates negative
impacts on the health
and the safety of
employees

CECP10 - Increasing
share of renewable and
recyclable resources, as
well as reusing materials
and components in
different streams after
the end of the useful
lifetime

CECP11 - The
production planning
and control sector
changes the linear and/
or semicircular flows to
closed flows (cycles)
CECP12 - It considers in
the production program
the focus on the premise
of closing cycles, on the
actions to solve
problems, promoting
the elimination of
environmental impacts
CECP13 - Considers the
use of technologies that
use clean energy, as well
as the process materials
from renewable sources

CECP14 - Use of
biological renewable
raw materials and clean
energy

3.75

3.8

4.2

4.2

4.05

4.05

3.7

3.55

3.8

(continued on next page)
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Table 2 (continued)

Cleaner Prodution Circular Economy Small Medium Large
Practices (CPP) actions considering
Cleaner Production
(CECP)
Sustainable Resilience 5/20 8/20 = 20/
Degree = 0.40 20 =
0.25 1

resilience when compared to SMEs.

4. Results and discussion

The degree of sustainable resilience of small textile companies is low,
0.25, as only five cleaner production practices promoted incremental
changes, considering circular economy actions, while the mid-sized
textile companies’ degree is 0.40, with eight gradual changes. Howev-
er, the large textile industries have achieved the degree of sustainable
resilience 1, by migrating all CPP’s actions to CE, according to Table 2.

This finding points out that the degree of sustainable resilience is
related to the demands and pressures received from the market by a
company to adapt to environmental practices. Small textile companies
serve the Brazilian market, producing part of the chain. Most small
companies are service providers for medium and large companies in the
sector, not receiving pressure to adopt CE actions. In contrast, some
medium-sized textile companies carry out the dyeing operation,
providing services to national and multinational companies. As a result,
it receives a little more pressure for environmental compliance than the
small company.

On the other hand, large textile industries are usually multinational
or sell products abroad, driven by the environmental legislation of more
demanding countries, such as the European countries, which are focused
on fulfilling the 2030 agenda. They operate on the assumption of pro-
moting incremental changes in CPPs, considering the CE principles in
agreement with sustainable development, and considering the circular
economy as a business strategy for producing goods and services.

Some research already reported about this subject indicates that
large companies suffer institutional pressures from the market to the
detriment of the environmental emergency prevailing in the 2030
agenda, mainly concerning the loss of the company’s reputation, leading
a company to have to terminate the supply of goods and services (Oli-
veira Neto et al., 2021b). Thus, the more pressure from the market for
environmental compliance, the greater the degree of resilience, which
consists of the system’s ability to adapt and improve the market (Nelson
etal., 2019), considering the adoption of CE as a relevant strategy to face
the challenges market pressures (Mou et al., 2021). This leads the
traditional linear system of production and consumption into CE at the
micro-level (Scarpellini et al., 2020).

This result contributes to the scientific literature because this is the
first study that assesses the degree of sustainable resilience of the textile
industry by size to drive incremental change in CPPs considering CE. It
also contributes to organizational practice, as it can guide shareholders
and managers that, when seeking to get into the European market, must
invest in CE actions to migrate from minimization practices to envi-
ronmental elimination. In addition, the adoption of CE at the micro-level
contributes to eliminating the company’s environmental impacts,
bringing benefits to the health and safety of employees and the local
community.

4.1. Small textile industry

As mentioned before, the Sustainable Resilience Degree of small
textile companies is low, only 0.25, according to Table 2, mainly because
the small textile companies have adopted CPP practices to reduce waste
of raw materials and inputs to obtain economic gain (CECP16/3.40). As
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a result, they promoted the readjustment of performance indicators
related to the consumption of raw materials and inputs, the amounts of
waste generated and emissions, as well as the recycling and reuse of
waste for the production of articles from recycled or reprocessed raw
materials within the process itself, collection and reuse of water,
generated in a closed cycle. These aim to eliminate the waste of raw
materials and inputs and minimize the use of these inputs and natural
resources, as indicated by Kalmykova et al. (2018) and Mendoza et al.
(2019).

Consequently, these improvements maximized working conditions
as they considered manufacturing in closed cycles, eliminating the
generation of waste and waste itself (CECP19/3.0). Walmsley et al.
(2018) and Suarez-Eiroa et al. (2019) emphasized that environmental
performance indicators have undergone incremental changes, previ-
ously, the focus was on minimizing pollution, and currently, processes
must provide circularity, eliminating waste.

In this way, small companies have adopted CPP to obtain economic
gain, but they have difficulties investing in technologies for energy
cogeneration (CECP3/1.8). The studies by Ghisellini et al. (2016),
Winans et al. (2017), and Gopinath et al. (2018) pointed out that the
installation of medium and small solar power plants can be a good
alternative for small companies, generating clean energy for production
while reducing costs, with medium-term return on investment. Small
textile companies also began to design products aimed at minimizing the
generation of waste and emissions in the production system and
reducing the use of packaging.

Besides, incremental changes were observed, considering the
development of products with a focus on the circularity of waste (solid
and liquid) in the production and post-consumption system (CECP15/
2.55), in addition to designing products without the need for packaging
and in extreme cases promote reuse as much as possible in a closed cycle
(CECP7/2.4). This finding shows that an incremental change is taking
place, which considers the CE premises in the development of the
product and process design, promoting the circularity of waste (solid
and liquid) in the production system and adequacy of the reuse of
packaging in a closed cycle, as presented by Hens et al. (2018) and
Ghisellini et al. (2018).

Therefore, small textile companies in Brazil are still in the early stage
of CE actions in production, as they do not suffer pressure from the
Brazilian market to adopt them. For this reason, sustainable resilience is
very low. Still, they gradually realize the opportunity to increase eco-
nomic benefits at the expense of eliminating waste of raw materials and
energy, maximizing closed-loop working conditions, and starting the
development of product designs and processes to stop waste generation
and the use of packaging.

This finding contributes to the theory as it shows the opportunity for
small textile companies to increase economic gains through adopting CE
actions in production, and searching for sustainable resilience with an
economic focus. It also collaborates with organizational practice,
encouraging the manager and the entrepreneur to design products and
processes with CE principles for economic gain. It is noteworthy that it
would be important to develop specific legislation for implementing CE
actions to pressure small companies, including financial support to
eliminate the pollution that can lead to the reduction of local pollution.

4.2. Medium-sized textile industry

It was also found that the degree of resilience of medium-sized textile
companies is 0.40, as in this group, eight cleaner production practices
underwent incremental changes, considering circular economy actions,
according to Table 2. The biggest concern of medium-sized textile
companies is the optimization of water consumption and the adoption of
wastewater circularity, considering reuse in the company (CECP20/
3.85). Thus, these companies are designing products and processes
aimed at the closed-cycle reuse of liquid and solid waste in industrial
plants (CECP19/3.2). This finding can be justified because medium-
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sized textile companies usually have the dyeing process in the chain,
which in many cases provides services to small companies. The dyeing
process uses chemicals diluted in water, generating highly polluting
liquid waste, requiring reuse in a closed cycle.

Thus, some studies have indicated the need to promote sustainable
resilience aiming at the circularity of wastewater, considering the need
to reuse water in the process (Kalmykova et al., 2018; Sousa-Zomer
et al.,, 2018; Lopez et al., 2019), mainly in agribusiness, with the
maximum possible optimization of water consumption in cotton pro-
duction and irrigation, an aspect monitored by stakeholders, primarily
the government (Imran et al., 2018; Li et al., 2019). Another example is
the government of Vietnam, which is pushing to transform conventional
industrial zones into eco-industrial parks to reuse waste and wastewater
(Stucki et al., 2019).

Another important finding related to the medium-sized textile
company is the concern with the elimination of waste of raw materials
and inputs (CECP16/3.6), processing in a closed cycle, eliminating the
generation of waste, in addition to consequently improving working
conditions (CECP15/3.2). Thus, companies recover fabric residues
through defibration, which returns the fabric to cotton, making it
possible to produce the product again. With this, waste is eliminated,
which in addition to recovering tissue residues generated in
manufacturing, can also consider post-consumer tissue residues in the
defibration, which is in good agreement with Oliveira Neto et al.
(2022a)

It is noteworthy that adopting training/capacitation to improve
employee awareness of environmental issues in the CPP implementation
process generated the revaluation of waste in a closed cycle, regenera-
tion, and useful life extension driven by the circular economy approach
(CECP18/3.35). As a result, sustainable training processes began to
consider CE in CPP, aiming at sustainable resilience in terms of value
creation, regeneration, circularity, and extension of the useful life of
tissue waste, which is in good agreement with Lopez et al. (2019) and
Suarez-Eiroa et al. (2019) considering that the application of periodic
audits promotes and encourages continuous improvements through an
integrated training of employees on CE in production.

As such, when considering CE at the micro-level of medium-sized
textile companies, incremental changes are taking place in the activ-
ities of audits of the environmental management system, which are
currently audited with a focus on circularity and elimination of waste of
raw materials, inputs, and electricity (CECP19/2.95). The adoption of
CE in the environmental management system in the company can be an
excellent channel to offer training to employees, generate their aware-
ness, and train auditors based on the actions of the CE.

Also, one of the main concerns of the medium textile company is the
search for energy efficiency due to the excessive consumption of elec-
tricity in the chain. However, companies are currently adopting clean
energy cogeneration processes (CECP3/3.0). A study by Lal et al. (2019)
in the agribusiness sector concluded that the reduction in energy con-
sumption using clean energy had been demanded by public organiza-
tions, denoting the need for sustainable resilience.

Another meaningful action was the elimination of product packaging
and, in extreme cases, the reuse of packaging in a closed cycle (CECP7/
2.65). In this context, the textile industry is reducing (eliminating)
excess packaging from products. Also, they are using more durable and
reusable packaging to avoid the use of cardboard or plastic packaging,
corroborated by the studies by Hens et al. (2018) and Ghisellini et al.
(2018). The latter indicated the opportunity to optimize as much as
possible in the use of packaging of products.

Thus, medium-sized textile companies are being implemented (be-
tween 3 and 3.99) in the CPPs and CE aiming at the circularity of
wastewater defragment of fabric waste, elimination of product pack-
aging, and adoption of clean energy because there are many service
providers of dyeing and weaving for small and large companies located
in Brazil. As a result, they are applying sustainable training/training to
employees for the revaluation of waste, regeneration, circularity, and
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extension of the useful life of tissue waste, as well as inviting suppliers to
explain and propose technologies for the cogeneration of clean energy
implementation.

As such, this study contributes to the theory, showing that medium-
sized company still suffers little pressure from some large multina-
tionals, according to Oliveira Neto et al. (2020) and Oliveira Neto et al.
(2021a), which require sustainable practices (circularity of wastewater,
defibrillation of fabric residues, elimination of product packaging, and
adoption of energy clean), as an attribute for the provision of services,
denoting that sustainable resilience (0.4), although low, advances as
medium-sized textile companies are charged by the homologation
requirements.

It also contributes to organizational practice by showing that despite
the low demand from large companies, sustainable improvements in the
implementation stage is required considering the main villains of envi-
ronmental pollution in the sector, namely: water pollution, high volume
of industrial waste generation, post-consumption, and packaging, as
well as the use of clean energy cogeneration. Moreover, the training of
the employees can contribute to society, as it can increase the envi-
ronmental awareness, bringing benefits to the health and occupational
safety of employees and reduction of local pollution.

4.3. Large textile industry

It was also identified that the degree of resilience of large textile
companies is 1, according to Table 2, denoting the circular economy as a
business strategy for producing goods and services, thus generating in-
cremental changes in CPPs, considering the CE principles. The data
shows that some large companies have implemented (from 4.00 to
4.99), and others are implementing (from 3.00 to 3.99) CE principles in
production.

The CE actions that are implemented in the production and testing
stages (from 4.00 to 4.99) advocate the development of the product
project for the reuse of wastewater and solid waste generated in a closed
cycle (CECP15/4.45, CECP20/4.35) in addition to the elimination of
inputs and resources natural resources through packaging reuse
(CECP7/4.1). This finding shows that a large part of the large textile
industry has the dyeing process, which is the main source of pollution
because it uses much water with contaminating chemicals, generating
the need to reuse wastewater, according to research by (Kalmykova
et al., 2018; Sousa-Zomer et al., 2018; Lopez et al., 2019). Also, these
companies are developing products aimed at eliminating waste gener-
ation, even though it is a great challenge because the production process
generates an excessive volume of waste in production (fabric scraps) and
post-consumption (Annaldewar et al., 2021; Oliveira Neto et al., 2022a)

Thus, when developing products considering CE principles, it
became necessary to involve the manufacturing process, particularly the
production planning and control sector, which had to change linear and/
or semicircular flows to circular flows (CECP11/4.05), eliminating
material waste raw materials and inputs to minimize the use of inputs
and natural resources, considering the revaluation of waste through
reuse, repair or recycling (CECP8/4.2/CECP16/4.1). This generates an
increase in the share of renewable and recyclable resources, as well as
the reuse of materials and components in different flows after the end of
their useful life (CECP10/4.05). This finding shows that the large textile
industry has been concerned with adopting production practices to
eliminate waste generation, and as promoting the circularity of post-
consumer waste, denoting an incremental change in terms of minimi-
zation towards an elimination approach. This finding is supported by
(Sinha et al., 2016; Annaldewar et al., 2021)

Thus, they are investing in technologies (CECP4/4.4) based on dig-
ital transformation to eliminate the generation of waste and gas emis-
sions, especially in the process of moving materials, using equipment
that uses clean energy generated by the energy conversion of waste into
electricity or by the use of renewable fuels (CECP9/4.2). This result
indicates that large textile companies are investing in industry 4.0
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technologies connected to CE principles and actions (Oliveira Neto et al.,
2022b). The join (composition) of the circular economy considering
CPPs with industry 4.0 was identified in the studies by Rajput and Singh
(2020), Shayganmehr et al. (2021), Gupta et al. (2021), Luthra and
Mangla (2018), concluding significant qualitative results on the benefits
for sustainability when considering that the adoption of autonomous
systems with Industry 4.0 technologies eliminates environmental im-
pacts on the production system, denoting circular economy action.

As a result of the consideration of CE in the development of product
and process design (CECP5/3.75), other CE actions are being imple-
mented in production by large textile companies (from 3.00 to 3.99).
Energy cogeneration and the use of clean energy are being implemented
due to the high investment value, but with a short-term return on in-
vestment (CECP3/3.95). Also, it is necessary to use technologies that use
clean energy, as well as process materials from renewable sources
(CECP13/3.55).

The large textile industries have economic interests in eliminating
energy consumption because they pay very high added value monthly,
despite the need to invest in technology to cogenerate clean energy. The
studies by Ghisellini et al. (2016), Winans et al. (2017), Gopinath et al.
(2018), Suarez-Eiroa et al. (2019), Rajput and Singh (2020), and Luthra
and Mangla (2018) in other sectors indicate that the elimination of en-
ergy consumption from non-renewable sources in the production system
by using energy cogeneration and the use of clean technology is an
important action to promote CE in the production.

They are also investing in employee training and awareness,
increasing the product value creation through the fulfill and closed-loop
use of resources and materials with life-cycle extension (CECP12/3.7,
CECP18/3.9), including in the training of auditors of the environmental
management system the need for revaluation and circularity of waste,
use of equipment and goods for as long as possible and use of clean
energy cogeneration (CECP17/3.8). The studies by Lopez et al. (2019),
Suarez-Eiroa et al. (2019), Luthra and Mangla (2018), Shayganmehr
et al. (2021), and Gupta et al. (2021) mentioned that training generates
employee awareness to create value in the product for life cycle exten-
sion, migrating from the linear to the circular behavior.

Another important finding is that the elimination of the use of toxic
materials has been implemented to reduce the levels of pollutant emis-
sions in production, mainly in the dyeing process (CECP6/3.8). For this,
studies are being carried out to consider biological and clean energy
renewable raw materials (CECP14/3.8) that can lead to eliminating
problems related to the health and safety of employees, maximizing
working conditions, and eliminating the generation of waste (CECP19/
3.65). Thus, it seeks to select and certify potential suppliers in line with
the demands of developing non-toxic and non-polluting materials/
components (Hu et al., 2011; Hens et al., 2018), generating an incre-
mental change in the substitution of materials/components. Toxic
components for their elimination (Sousa-Zomer et al., 2018; Mendoza
et al., 2019; Shayganmehr et al., 2021).

However, to eliminate the generation of waste and waste itself, it was
necessary to implement an appropriate layout for closed-loop process-
ing, aiming at flexibilities of the production system for disassembly and
reuse of remanufactured components, specifically for tissue recovery
(CECP2/3.55), as directed by Winans et al. (2017), Shayganmehr et al.
(2021), Gupta et al. (2021). However, Sinha et al. (2016) and Annal-
dewar et al. (2021) emphasized that the recovery of components and
fabrics is a complex activity in the apparel textile sector, requiring a
specific approach to remanufacturing.

In addition, large companies are orienting suppliers to use closed
cycles in their production systems for materials and renewable energy
flows, and especially to use back-and-forth packaging (reuse) elimi-
nating waste generation (CECP1/3.3). It should be noted that the Pro-
curement area approved some suppliers that are certified or that prove
the use of renewable and recyclable resources. However, there is a lack
of a project with suppliers, intermediary customers in the textile chain
up to the final customer for the collection of finished products after the
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end of their useful life, so that these products return to the production
process (recycling, “defibration”, new processing).

Large textile industries are usually multinationals or sell products
abroad, being driven by the environmental legislation of more
demanding countries, such as European countries, which are focused on
meeting the 2030 agenda towards sustainable development. Thus, large
textile companies are considering CE in CPPs and have implemented
(between 4.00 and 4.99) the development of the product project for the
circularity of wastewater and solid waste, including packaging waste. A
relevant aspect was the implementation of CE actions by the production
planning and control sector, which changed the circular linear flows,
eliminating waste of raw materials and inputs, resulting in the revalu-
ation of waste through reuse, repair, and recycling, besides the imple-
mentation of industry 4.0 technologies for elimination in the generation
of waste, emissions, and energy.

As aresult of the implementation of CE actions in the development of
the product project, other actions have been implemented in the pro-
duction by large textile companies (from 3.00 to 3.99), starting with
technological investment in clean energy cogeneration, investment in
training, and awareness of employees, including environmental auditors
on CE in production, elimination of toxic materials for dyeing, devel-
opment of circular layout for waste recovery and approval of suppliers
that have a circular process, seeking the formation of industrial ecology.

This finding contributes to the scientific literature, as the large
companies can make investments, as well as tend to implement CE
practices to become able to supply goods and services to the foreign
market. The innovative aspect of this finding is in it being the first study
that assessed the degree of implementation of CE practices in the textile
industries by size. With this, when large textile companies are adept at
CE practices, they could obtain economic advantages, in addition to
contributing to society in terms of eliminating pollution.

5. Conclusion

This study evaluated the degree of sustainable resilience of the textile
industry and further research may include annual revenues as the cri-
terion to define the company’s size, but although the findings can only
refer to industries in the textile segment the study can be expanded to
other industrial sectors.

Regarding incremental changes in CPPs considering CE.

(i) small companies can benefit adopting CE by eliminating waste,
using cleaner energy cogeneration and maximizing closed-cycles.
In addition, designing for environment to eliminate waste,

(i) medium-sized companies should reinforce employee$ training/
capacitation on CE, reevaluate the potential of waste regenera-
tion and extend of the useful life of fabric waste, eliminating
packaging and adopting cleaner energy cogeneration, and

(iii) large companies must implement CE actions driven by the envi-
ronmental legislation of countries to meet the sustainable
development goals. Thus, CE’s premises must be incorporated in
product design with investments in industry 4.0 technologies,
considering the planning and control of strategic production to
achieve circularity.

Regarding organizational practices:

(i) Although small companies still face economic difficulties in
implementing CE due to lack of credit access, economic down-
turns, decision makers’ lack of knowledge, economic gains and
the opportunity to expand the company can encourage designing
products and processes with CE principles;

(ii) Despite large companies require continuous improvements for
medium-sized suppliers, most of the improvements are still in the
implementation stage. Nevertheless, medium-sized companies
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can invest and promote modernization by acquiring innovative
technologies

(iii) Large textile industries made incremental changes in the CPP’s
considering the adoption of CE in production as a strategic
attribute for the supply of products and services to the foreign
market.

Regarding their benefits to society:

(i) Small companies need specific legislation and financial support
for the implementation of CE

(i) Medium-sized companies may multiply knowledge and generate
benefits regarding occupational health and safety;

(iii) Large industries, by making incremental changes to the CPP’s
promote the increase of productive capacity, contributing to
public health. In addition, the generation of indirect jobs may
affect local economies by increasing purchasing power stimu-
lating knowledge, skills, values and socio-environmental
awareness.

CRediT authorship contribution statement

Geraldo Cardoso de Oliveira Neto: Conceptualization, Methodol-
ogy, Formal analysis, Writing — original draft. José Manuel Ferreira
Correia: Conceptualization, Methodology, Formal analysis, Data cura-
tion, Investigation. Henrricco Nieves Pujol Tucci: Methodology,
Software, Validation. André Felipe Henriquez Librantz: Methodology,
Software, Validation. Biagio Fernando Giannetti: Conceptualization,
Methodology, Investigation. Cecilia Maria Villas Boas de Almeida:
Conceptualization, Methodology, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
No data was used for the research described in the article.
Acknowledgments

The authors are grateful to CNPq Conselho Nacional de Desenvol-
vimento Cientifico e Tecnoldgico (National Council for Scientific and
Technological Development) — Research funding in Productivity — PQ-2
September 2020 - in the field of Production and Transportation Engi-
neering - Process: 305272/2020-9 - for funding the study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jclepro.2022.134633.

References

Adapa, S., 2018. Indian smart cities and Cleaner Production initiatives — integrated
framework and recommendations. J. Clean. Prod. 172, 3351-3366.

Alkaya, E., Demirer, G.N., 2014. Sustainable textile production: a case study from a
woven fabric manufacturing mill in Turkey. J. Clean. Prod. 65, 595-603.

Amindoust, A., Saghafinia, A., 2016. Textile supplier selection in sustainable supply
chain using a modular fuzzy inference system model. J. Textil. Inst. 108 (7),
1250-1258.

Annaldewar, B.N., Jadhav, N.C., Jadhav, A.C., 2021. Impact of COVID-19 on
sustainability in textile & clothing sectors. Environ. Footprint. Eco Design Prod.
Process. 93, 1162021.

Ayyagari, M., Demirgiic-Kunt, A., Beck, T., 2003. Small and Medium Enterprises across
the Globe: a New Database. The World Bank.

Baas, L.W., 1995. Cleaner production: beyond projects. J. Clean. Prod. 3 (1), 55-59.

13

Journal of Cleaner Production 380 (2022) 134633

Bryman, A., 2003. Research Methods and Organization Studies. Routledge, New York.

Chen, L., Wang, L., Wu, X., Ding, X., 2017. A process-level water conservation and
pollution control performance evaluation tool of cleaner production technology in
textile industry. J. Clean. Prod. 143, 1137-1143.

Chiu, A.S., Aviso, K.B., Baquillas, J., Tan, R.R., 2020. Can disruptive events trigger
transitions towards sustainable consumption? Clean Responsible Consumption. 1,
100001.

Correia, J.M.F., Oliveira Neto, G.C., Leite, R.R., da Silva, D., 2021. Plan to overcome
barriers to reverse logistics in construction and demolition waste: survey of the
construction industry. J. Construct. Eng. Manag. 147 (2), 04020172.

de Guimaraes, J.C.F., Severo, E.A., Vieira, P.S., 2017. Cleaner Production, project
management and strategic drivers: an empirical study. J. Clean. Prod. 141, 881-890.

Dosi, G., 1984. Technical Change and Industrial Transformation: the Theory and an
Application to the Semiconductor Industry. Palgrave MacMillan, England.

ELLEN MACARTHUR FOUNDATION, 2015a. Towards the Circular Economy:
Opportunities for the Consumer Goods Sector. Disponivel em: https://www.ell
enmacarthurfoundation.org/business/reports/ce2015. Acesso em: 10 jan. 2020.

ELLEN MACARTHUR FOUNDATION, 2017a. New Textiles Economy: Redesigning
Fashion’s Future, p. 2019. Disponivel em: https://www.ellenmacarthurfoundation.
org/publications. Acesso em: 15 dez.

Faul, F., Erdfelder, E., Buchner, A., Lang, A.G., 2009. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41,
1149-1160.

Field, A., 2013. Discovering Statistics Using IBM SPSS Statistics. Sage.

Forza, C., 2002. Survey research in operation management: a process-based perspective.
Int. J. Oper. Prod. Manag. 22 (2), 152-194.

Gao, C., Hou, H., Zhang, J., Zhang, H., Gong, W., 2006. Education for regional
sustainable development: experiences from the education framework of HHCEPZ
Project. J. Clean. Prod. 14, 994-1002.

Geng, Y., Fu, J., Sarkis, J., Xue, B., 2012. Towards a national circular economy indicator
system in China: an evaluation and critical analysis. J. Clean. Prod. 12, 216-224.

Ghisellini, P., Cialani, C., Ulgiati, S., 2016. A review on circular economy: the expected
transition to a balanced interplay of environmental and economic systems. J. Clean.
Prod. 114, 11-32. https://doi.org/10.1016/j.jclepro.2015.09.007.

Ghisellini, P., Ji, X., Liu, G., Ulgiati, S., 2018. Evaluating the transition towards cleaner
production in the construction and demolition sector of China: a review. J. Clean.
Prod. 195, 418-434.

Gillespie-Marthaler, L., Nelson, K.S., Baroud, H., Kosson, D.S., Abkowitz, M., 2019. An
integrative approach to conceptualizing sustainable resilience. Sustain. Resilient.
Infrastruct. 4, 66-81.

Good, P.I., 2013. Introduction to Statistics through Resampling Methods and R. John
Wiley & Sons.

Gopinath, A., Bahurudeen, A., Appari, S., Nanthagopalan, P., 2018. A circular framework
for the valorisation of sugar industry wastes: review on the industrial symbiosis
between sugar. Construct. Energy Indust. J. Clean. Prod. 203, 89-108.

Govindan, K., Azevedo, S.G., Carvalho, H., Machado, V.C., 2014. Impact of supply chain
management practices on sustainability. J. Clean. Prod. 85, 212-225.

Gupta, H., Kumar, A., Wasan, P., 2021. Industry 4.0, cleaner production and circular
economy: an integrative framework for evaluating ethical and sustainable business
performance of manufacturing organizations. J. Clean. Prod. 2951, 126253.

Hair, J.F., Hult, G.T.M., Ringle, C.M., Sarstedt, M., 2016. A Primer on Partial Least
Squares Structural Equation Modeling (PLS-SEM). Sage, Los Angeles.

Hens, L., Block, C., Cabello-Eras, J., Sagastume-Gutierez, A., Garcia-Lorenzo, D.,
Chamorro, C., Vandecasteele, C., 2018. On the evolution of “Cleaner Production™ as
a concept and a practice. J. Clean. Prod. 172, 3323-3333.

Hu, J., Xiao, Z., Zhou, R., Deng, W., Wang, M., 2011. Ecological utilization of leather
tannery waste with circular economy model. J. Clean. Prod. 19, 221-228.

Imran, M.A., Ali, A., Ashfaq, M., Hassan, S., Culas, R., Ma, C., 2018. Impact of climate
smart agriculture (CSA) practices on cotton production and livelihood of farmers in
Punjab, Pakistan. Sustainability 10, 1-20.

Kalmykova, Y., Sadagopan, M., Rosado, L., 2018. Economia circular - da revisao de
teorias e praticas ao desenvolvimento de ferramentas de implementacao. Resour.
Conserv. Recycl. 135, 190-201.

Kirchherr, J., Reike, D., Hekkert, M., 2017. Conceptualizing the circular economy: an
analysis of 114 definitions. Resour. Conserv. Recycl. 127, 221-232.

Laforest, V., Raymond, G., Piatyszek, E., 2013. Choosing cleaner and safer production
practices through a multi-criteria approach. J. Clean. Prod. 47, 490-503.

Lal, B., Gautam, P., Nayak, A.K., Panda, B.B., Bihari, P., Tripathi, R., Meena, B.P., 2019.
Energy and carbon budgeting of tillage for environmentally clean and resilient soil
health of rice-maize cropping system. J. Clean. Prod. 226, 815-830.

Lepoutre, J., Heene, A., 2006. Investigating the impact of firm size on small business
social responsibility: a critical review. J. Bus. Ethics 67, 257-273.

Levene, H., 1960. Robust tests for equality of variances. In: Olkin, I. (Ed.), Contributions
to Probability and Statistics. Stanford University Press, Palo Alto, Calif, 278-92.

Li, K., Huang, G., Wang, S., 2019. Market-based Stochastic Optimization of Water
Resources Systems for Improving Drought Resilience and Economic Efficiency in
Arid Regions, vol. 233, pp. 522-5371.

Lieder, M., Rashid, A., 2016. Towards circular economy implementation: a
comprehensive review in context of manufacturing industry. J. Clean. Prod. 115,
36-51.

Likert, R., 1932. A technique for measurement of attitudes. Arch. Psychol. 140, 5-55.

Lopez, F.J.D., Ton Bastein, T., Tukker, A., 2019. Business model innovation for resource
eficiente, circularity and cleaner production: what 143 cases tell us. Ecol. Econ. 155,
20-35.



G.C. de Oliveira Neto et al.

Luthra, S., Mangla, S.K., 2018. Evaluating challenges to Industry 4.0 initia tives for
supply chain sustainability in emerging economies. Pro cess Saf Environ Prot 117,
168-179. https://doi.org/10.1016/j.psep. 2018.04.018.

Maiurova, A., Kurniawan, Tonni, A., Kurniawan, T.A., Kustikova, M., Bykovskaia, E.,
Othman, M.H.D., Singh, D., Hwang, Goh H., 2022. Promoting digital transformation
in waste collection service and waste recycling in Moscow (Russia): applying a
circular economy paradigm to mitigate climate change impacts on the environment.
J. Clean. Prod., 131604

Marchese, D., Reynolds, E., Bates, M.E., Morgan, H., Clark, S.S., Linkov, I., 2018.
Resilience and sustainability: similarities and differences in environmental
management applications. Sci. Total Environ. 613-614, 1275-1283.

Meerow, S., Newell, J.P., 2015. Resilience and complexity: a bibliometric review and
prospects for industrial ecology. J. Ind. Ecol. 19, 236-251.

Mendoza, J.M.F., Popa, S.A., D’Aponte, F., Gualtieri, D., Azapagic, A., 2019. Improving
resource efficiency and environmental impacts through novel design and
manufacturing of disposable baby diapers. J. Clean. Prod. 210, 916-928.

Mou, Y., Luo, Y., Su, Z., Wang, J., Liu, T., 2021. Evaluating the dynamic sustainability
and resilience of a hybrid urban system: case of Chengdu, China. J. Clean. Prod. 291.

Mubarik, M.S., Naghavi, N., Mubarik, M., Kusi-Sarpong, S., Khan, S.A., Zaman, S.I.,
Kazmi, S.H.A., 2021. Resilience and cleaner production in industry 4.0: role of
supply chain mapping and visibility. J. Clean. Prod., 126058

Nelson, K., Gillespie-Marthaler, L., Baroud, H., Abkowitz, M., Kosson, D., 2019. An
integrated and dynamic framework for assessing sustainable resilience in complex
adaptive systems. Sustain. Resilient. Infrastruct. 5, 311-329.

Neto, G.C.O., de Souza, M.T.S., da Silva, D., Silva, L.A., 2014. An assessment of the
environmental and economic benefits of implementing reverse logistics in the
textured glass sector. Ambiente Sociedade 17 (3), 195-216.

Oliveira Neto, G., Shibao, F., Godinho Filho, M., Carvalho Chaves, L., 2015. Cleaner
production: a study of the environmental and economic advantage in polymer
recycling. Interciencia 40, 364-373.

Oliveira Neto, G.C., Correia, J.M., Tucci, H., Silva, P.C., Ganga, G.M.D., 2020. Assessing
the implementation of cleaner production and company sizes: survey in textile
companies. J. Eng. Fiber. Fabric. 15 (15), 1558925020915585.

Oliveira Neto, G.C., Correia, J.M.F., Tucci, H.N.P., da Silva, P.C., da Silva, D., 2021a.
Relationship between cleaner production practices and company size in the Brazilian
textile industry. Environ. Eng. Manage. J. 20 (2), 203-216.

Oliveira Neto, G.C., Tucci, H.N.P., Correia, J.M.F., da Silva, P.C., da Silva, D.,

Amorim, M., 2021b. Stakeholders’ influences on the adoption of cleaner production
practices: a survey of the textile industry. Sustain. Prod. Consum. 26, 126-145.

Oliveira Neto, G.C., Teixeira, M.M., Gabriel Luis Victorino Souza, G.L.V., Arns, V.D.,
Tucci, H.N.P., Amorim, M., 2022a. Assessment of the eco-efficiency of the circular
economy in the recovery of cellulose from the shredding of textile waste. Polymers
14, 1317. https://doi.org/10.3390/polym14071317.

Oliveira Neto, G.C., da Conceicao Silva, A., Filho, M.G., 2022b. How can Industry 4.0
technologies and circular economy help companies and researchers collaborate and
accelerate the transition to strong sustainability? A bibliometric review and a
systematic literature review. Int. J. Environ. Sci. Technol. https://doi.org/10.1007/
513762-022-04234-4.

Periyasamy, A.P., Wiener, J., Militky, J., 2017. Life-cycle Assessment of Denim in
Sustainability in Denim. Woodhead Publishing, pp. 83-110.

Rajput, S., Singh, S.P., 2020. Connecting circular economy and industry 4.0. Int. J. Inf.
Manag. 49, 98-113. https://doi.org/10.1016/j.ijinfomgt.2019.03.002.

Rutitis, D., Smoca, A., Uvarova, L., Brizga, J., Atstaja, D., Mavlutova, 1., 2022. Sustainable
value chain of industrial biocomposite consumption: influence of COVID-19 and
consumer behavior. Energies 15 (2), 466.

Sahin, E.S., Bayram, LS., Koc, M., 2019. Demand side management opportunities,
framework, and implications for sustainable development in resource-rich countries:
case study Qatar. J. Clean. Prod. 241 (20), 118332.

San, V., Spoann, V., Schidt, J., 2018. Industrial pollution load assessment in Phnom Penh,
Cambodia using in industrial pollution projection system. Sci. Total Environ. 615,
990-999.

Scarpellini, S., Valero-Gil, J., Moneva, J.M., Andreaus, M., 2020. Environmental
management capabilities for a “circular eco-innovation”. Bus. Strat. Environ. 29,
1850-1864.

14

Journal of Cleaner Production 380 (2022) 134633

Severo, E.A., Guimaraes, C.F., Dorion, E.C., Nodari, C.H., 2015. Cleaner production,
environmental sustainability and organizational performance: an empirical study in
the Brazilian Metal-Mechanic industry. J. Clean. Prod. 96, 118-125.

Severo, E.A., de Guimaraes, J.C.F., Dorion, E.C.H., 2018. Cleaner Production, social
responsibility and eco-innovation: gen erations’ perception for a sustainable future.
J. Clean. Prod. 186, 91-103.

Shayganmehr, M., Kumar, A., Garza-Reyes, J.A., Moktadir, M.A., 2021. Industry 4.0
enablers for a cleaner production and circular economy within the context of
business ethics: a study in a developing country. J. Clean. Prod. 281 (25), 125280.

Silva, A.S., Medeiros, C.F., Vieira, R.K., 2017. Cleaner Production and PDCA cycle:
practical application for reducing the Cans Loss Index in a beverage company.

J. Clean. Prod. 150, 324-338.

Silva, P.C., Oliveira Neto, G.C., Correia, J.M.F., Tucci, H.N.P., 2021. Evaluation of
economic, environmental and operational performance of the adoption of cleaner
production: survey in large textile industries. J. Clean. Prod. 278, 123855.

Sinha, P., Muthu, S.S., Dissanayake, G., 2016. Systems requirements for remanufactured
fashion as an industry. Environ. Footprint. Eco Design Prod. Process. 45, 71.

Sousa-Zomer, T.T., Magalhaes, L., Zancul, E., Campos, L.M., Cauchick-Miguel, P.A.,
2018. Cleaner production as an antecedent for circular economy paradigm shift at
the micro-level: evidence from a home appliance manufacturer. J. Clean. Prod. 185,
740-748.

Sthle, L., Wold, S., 1989. Analysis of variance (ANOVA). Chemometr. Intell. Lab. Syst. 6
(4), 259-272.

Stucki, J., Flammini, A., Beers, D.V., Phuong, T.T., Anh, N.T., Dong, T.D., Hieu, V.T.,
2019. Eco-industrial park (EIP) development in Viet Nam: results and key insights
from UNIDO’s EIP project (2014-2019). Sustainability 11.

Suarez-Eiroa, B., Fernandez, E., Mendez-Martinez, G., Soto-Onate, D., 2019. Operational
principles of circular economy for sustainable development: linking theory and
practice. J. Clean. Prod. 214, 952-961.

Thietart, R.A., 2001. Doing Management Research. 1. Sage, London.

Tisserant, A., Pauliuk, S., Merciai, S., Schmidt, J., Fry, J., Wood, R., Tukker, A., 2017.
SolidWaste and the circular economy A global analysis of waste treatment and waste
footprints. J. Ind. Ecol. 21 (3) https://doi.org/10.1111/jiec.12562.

Triola, M.F., 2008. Elementary Statistics with Multimedia Study Guide. Pearson Addison
Wesley, Boston, MA.

Tucci, H.N.P., Neto, G.O., 2019. Analysis of application of Six Sigma in refuelling process
in Brazilian airline. Aeronaut. J. 123 (1260), 265-282.

Valenzuela-Venegas, G., Henriquez-Henriquez, F., Boix, M., Montastruc, L., Arenas-
Araya, F., Miranda-Pérez, J., Diaz-Alvarado, F., 2018. A resilience indicator for Eco-
Industrial Parks. J. Clean. Prod. 174, 807-820.

Van Berkel, R., Willens, E., Lafleur, M., 1997. Development of an industrial ecology
toolbox for the introduction of industrial ecology in enterprises. J. Clean. Prod. 5,
11-25.

Van Hoof, B., Lyon, T.P., 2013. Cleaner Production in small firms taking part in Mexico’s
Sustainable Supplier Program. J. Clean. Prod. 41, 270-282.

Vieira, L.C., Amaral, F.G., 2016. Barriers and strategies apply ing Cleaner Production: a
systematic review. J. Clean. Prod. 113, 5-16.

Walmsley, T.G., Varbanov, P.S., Su, R., Ong, B., Lal, N., 2018. Frontiers in process
development, integration and intensification for circular life cycles and reduces
emissions. J. Clean. Prod. 113, 5-16.

Wasserman, J.C., Quelhas, O.L.G., Lima, G.B.A., 2016. Analysis of Cleaner Production
practices in a printing company in Brazil. Environ. Qual. Manag. 26 (2), 45-63.

Winans, A., Kendall, A., Deng, H., 2017. The history and current applications of the
circular economy concept. Renew. Sustain. Energy Rev. 68, 825-833.

Yuksel, H., 2008. An empirical evaluation of cleaner production practices in Turkey.

J. Clean. Prod. 16 (51), 550-S57.

Yusup, M.Z., Mahmood, W.H.W., Salleh, M.R., 2015. The implementation of Cleaner
Production practices from Malaysian manufacturers’ perspectives. J. Clean. Prod.
108, 659-672.

Zaiontz, C., 2022. Levene’s Test. Real Statistics Using Excel.

Zeng, S.X., Meng, Z.H., Yin, H.T., Tam, C.M., Sun, L., 2010. Impact of clean production
on business performance. J. Clean. Prod. 18, 975-984.



