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THE STATE OF RESEARCH ON CLEANER
PRODUCTION IN BRAZIL

0 estado da pesquisa sobre produgdo mais limpa no Brasil

El estado de la investigacién sobre produccion mads limpia en Brasil

ABSTRACT

The application of cleaner production (CP) practices in companies is not commonplace in Brazil.
Moreover, there are significant difficulties in establishing partnerships among universities, com-
panies, and the government. However, an increase in the number of companies concerned about
the impacts of industrial activities on the environment has enabled the development of CP research.
Hence, using a literature review and a bibliometric analysis to quantify the scientific production of CP,
published in a congress promoted by the Journal of Cleaner Production in Brazil, and an analysis of
social networks using UCINET-Draw, this study contributes to the current state of CP research in Brazil.
Despite remarkable developments, shareholders and entrepreneurs still lack knowledge about the
subsidies/funds to implement CP made available by the government, which would improve the imple-
mentation of CP practices. Moreover, university research programs may help companies to generate
innovations in this field. This study is one of the first to review CP practices in Brazil, and proposes a
framework to promote CP practices in Brazil.

KEYWORDS | Cleaner production, bibliometric analysis, UCINET-Draw, sustainable production and
consumption, participation of universities, enterprises, and governments in research.

RESUMO

A aplicagdo da produgdo mais limpa (PML) em empresas ndo € prdtica comum no Brasil. Além disso,
hd dificuldades significativas para o estabelecimento de parcerias entre universidades, empresas
e o governo. Entretanto, um aumento no niimero de empresas preocupadas com os impactos das
atividades industriais no meio-ambiente tem permitido o desenvolvimento de pesquisas sobre PML.
Assim, utilizando uma revisdo de literatura e uma andlise bibliométrica para quantificar a produgdo
cientifica sobre PML, publicadas em um congresso promovido pelo Journal of Cleaner Production no
Brasil, e uma andlise de redes sociais, com a utilizagdo do UCINET-Draw, este estudo contribui para
o0 estado atual da pesquisa sobre PML no Brasil. Apesar de notdveis avangos, ainda falta aos acionis-
tas e empreendedores conhecimento sobre os subsidios/fundos disponibilizados pelo governo para
a implementagdo da PML, os quais melhorariam a implementagdo de prdticas de PML. Além disso,
programas de pesquisa universitdria podem ajudar as empresas a gerar inovagdes neste campo. Este
estudo é um dos primeiros a revisar prdticas de PML no Brasil, e propde uma estrutura para promover
praticas de PML no Brasil.

PALAVRAS-CHAVE | Produg¢do mais limpa, andlise bibliométrica, UCINET-Draw, produgdo e consumo
sustentdveis, participagdo de universidades, empresas e governos em pesquisas.

RESUMEN

La aplicacion de prdcticas de produccion mds limpia (CP) en compaiiias no es habitual en Brasil.
Ademads, existen dificultades significativas para establecer alianzas entre universidades, compaiias y
el gobierno. Sin embargo, un aumento de la cantidad de compa#fiias preocupadas con los impactos de
las actividades industriales en el medio ambiente ha permitido el desarrollo de la investigacién de CP.
Por consiguiente, usando una revisién bibliogrdfica y un andlisis bibliométrico para cuantificar la pro-
duccién cientifica de CP, publicados en un congreso promovido por el Journal of Cleaner Production
en Brasil, y un andlisis de las redes sociales utilizando UCINET-Draw, el presente estudio contribuye
al estado actual de la investigacién de CP en Brasil. A pesar de los notables acontecimientos, a los
accionistas y emprendedores atin les falta conocimiento sobre los subsidios/fondos para implemen-
tar CP ofrecidos por el gobierno, lo que mejoraria la implementacion de prdcticas de CP. Ademds, los
programas universitarios de investigacion pueden ayudar a las compafiias a generar innovaciones en
este campo. Este estudio es uno de los primeros en resefias prdcticas de CP en Brasil y propone un
marco para promover las prdcticas de CP en Brasil.

PALABRAS CLAVE | Produccién mds limpia, andlisis bibliométrico, UCINET-Draw, produccién y con-
sumo sostenibles, participacion de universidades, empresas y gobiernos en investigacion.
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INTRODUCTION

Intense global competition and a rapidly changing business
environment have encouraged enterprises to search for new ways
to obtain a competitive advantage. Moreover, in order to minimize
the impacts on the environment, many companies have changed
their production processes, which has made research on cleaner
production (CP) possible.

According to The United Nations Environment Programme,
CP is defined as the continuous application of an integrated
preventative environmental strategy to processes, products, and
services to increase efficiency and reduce risks to humans and
the environment (UNIDO, 2015).

This concept emerged in response to the need to
disseminate information on sustainable development to
enterprises, government agencies, and the academic community
so that the impact of industrial activities on ecosystems could
be understood and minimized. This understanding aids the
identification and resolution of the problem of wasted raw
materials in manufacturing processes. CP must be included in
manufacturing processes in order to reduce emissions and to
promote the use of resources in an eco-efficient manner (Glavic
& Lukman, 2007).

CP was initially introduced in Brazil in 1995 through the
creation of the National Center for Clean Technologies (CNTL). The
Brazilian Network subsequently supported the Center in order
for CP work centers to be installed in all Brazilian states (Pereira
& Sant’Anna, 2012).

CP analyzes aspects related to the operation of a business
and identifies opportunities for improvement, in terms of both
economic and environmental performance (Khan, 2008).

Works that use bibliometric, meta-analyses, content
analyses, and systematic reviews related to CP stakeholders
include methanol production, sustainable development,
similarities and differences in the concept of CP, carbon dioxide
reuse in the production of leather, and barriers and CP strategies.
Staniskis (2012) conducted analysis in different cases of
researches carried out in Austria, Bulgaria, Estonia, Lithuania
and Spain, denoting that the best results can be achieved when all
stakeholders work together to implement sustainable production
and consumption. However, seeking stakeholder’s cooperation
in environmental and economic practices is a challenge.

Riaz, Zahedi, and Klemes (2013) reviewed how CP is
used in the methanol production process. The main purpose
was to highlight the problems associated with the production of
methanol, as well as to comply with the efforts of scientists and
researchers to overcome these problems using modeling and
optimization. Furthermore, they discussed the environmental

benefits of methanol in reducing carbon dioxide (CO)). Their
findings indicate that methanol can increase consumption when
mixed with fuel gas. Fluidized bed reactors, membrane reactors,
and thermally coupled reactors are more viable, and have the
potential to contribute to CP.

Karatzoglou (2013) compiled a literature review of
education for sustainable development from articles published
between 2003 and 2011. The results showed that CP is an excellent
strategy for sustainable development. The most relevant journals
were the Journal of Sustainability in Higher Education and the
Journal of Cleaner Production, which included case studies.

Sangwan and Mittal (2015) reviewed green manufacturing
and similar structures in order to trace the origin, definitions,
scope, similarities, and differences of green manufacturing;
environmentally conscious manufacturing; environmentally
responsible manufacturing; environmentally benign
manufacturing; sustainable manufacturing; clean manufacturing;
cleaner production; and sustainable production with reference
to the triple bottom line, product life cycle engineering, the
systems approach, resource and energy efficiency, supply
chains, and pollution prevention. Their results showed the need
for standardization, because the aforementioned terms are not
used consistently as concepts. In general, these terms focus on
the life cycle, formulating end-of-life strategies, including the
overall supply chain, and integrating environmental improvement
strategies with business strategies.

Deng, Chen, Huang, Hu, and Chen (2015) reviewed
carbon dioxide deliming in leather production, and proposed
reusing carbon dioxide by means of available absorption and
desorption technologies, which reduces occupational safety
risks, regenerates new resources, and leads to CP. Moreover,
they give an overview of the fundamentals, process optimization,
occupational safety, and possible ways forward for carbon dioxide
delimingin leather, and provide useful information to researchers
and engineers in this field. Then, Hu and Deng (2016) conducted a
literature review on the application of supercritical carbon dioxide
in leather processing, and found opportunities to use carbon
dioxide as a potential alternative solution for the CP of leather.

Vieira and Amaral (2016) conducted a survey to identify
why CP is not widely adopted based on a systematic review of 37
articles distributed between 1994 and 2014. Their findings showed
that regulations need to be more than simply a legal requirement,
and must be seen as an opportunity forimprovement. In addition,
they identified characteristics that must be emphasized in
methodologies and tools that can help in the execution of CP
programs. These characteristics are related to culture, policies,
methodologies adopted, education, and a lack of social pressure.
It is necessary to promote the dissemination of knowledge and
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commitment within the entire chain of businesses, academics,
governments, and the community.

Chang, Wu, Qiao, and Zhang (2015) used a spatial and
temporal analysis to show the geographical characteristics,
regional differences, time variations, and industry allocations
of CP development in China. In addition, they emphasized
the implementation of CP in various industries to further
demonstrate the regional characteristics of CP development
in China. Finally, they proposed suggestions to promote the
use of CP management systems for future CP development
in China. The above findings indicate many deficiencies and
gaps. With regard to the gaps, possible actions and measures
include the following. First, to perfect the institutional system,
it is necessary to institute supporting and supplemental
regulations and policies in order to enhance the pertinence,
compulsion, and enforceability of laws and provisions and to
increase the applicability of CP to industries. In addition, it is
highly recommended that CP be integrated with environmental
management. Second, to improve administrative management, it
is necessary to refine the scope of work for government agencies
and to establish collaborative procedures and coordinating
mechanisms between government departments, such as the
environmental protection bureau, the competent authority
of the industrial sector, and funding management agencies.
Third, to expand China’s funding sources, it is necessary to
institute policies that encourage the use of CP, including
emission reduction incentives, CP subsidies, tax exemptions
and reductions, and bank financing. Fourth, it is necessary
to improve the technical capacity, including regular training
sessions, annual performance evaluations, and the development
of a professional qualification certificate system. It is also
necessary to regularly compile and publish reports on CP case
analyses in order to facilitate the dissemination of knowledge
and technologies. Fifth, to enhance system acceptance, it is
important to develop personnel so that they may qualify as
experts. Moreover, it is crucial to constantly promulgate updated
technical guidelines for industrial sectors in order to direct CP
implementations. Sixth, to increase the number of research
projects, it is necessary to increase the funding for such projects,
including regulations, policies, institutions, methodologies,
and technical guidelines. Furthermore, public participation
needs to be promoted to develop a platform of information
disclosure to broadcast new laws, regulations, and provisions
in a timely manner, as well as to share experiences. Therefore,
although CP developmentin Chinais generally increasing, there
are clear geographically significant differences across regions,
with considerable disparity in industrial allocation, especially
for key enterprises, owing to government initiatives. Thus, it

would beneficial to CP development in China if regionalized CP
management systems were established and operated based on
key geographical features, regional differences, and allocations
among the various industries.

We were not able to find any literature that promotes
improvements in the state of CP research in Brazil. Our results
enable us to discuss the current state of such research in Brazil,
and to suggest ways in which it can be improved and to present
the possible consequences of making such changes. Therefore,
this study serves as a guide for future Brazilian research on
this topic.

The Journal of Cleaner Production (JCP) has published
many articles on CP (Karatzoglou, 2013). Moreover, it promotes
and assists various workshops around the world to develop CP
research. Another relevant aspect is that, every two years, the
journal conducts the International Workshop on Advances in
Cleaner Production (IWACP), in which the JCP chief editor launches
a special volume to boost national and international submissions
for the journal.

Thus, the research question addressed in the present
research is as follows: How do we improve the state of CP research
in Brazil?

Based on this question, this research aims to achieve the
following objectives:

e  Toidentify the main thematic research on CP in Brazil

e Toidentify the most used research methods when
investigating CP in Brazil

e  To identify which business segments have adopted
CP in Brazil

e  To understand the relationship among universities,
the government, and enterprises in terms of CP
research in Brazil.

This article is organized as follows. Next sections present
the research procedures, our results and analysis, and the
discussion of the results. Last section concludes the article.

Research procedures

The research procedure consists of a bibliometric analysis to
quantify the scientific production (Cooper & Lindsay, 1998).
According to Pilkington and Meredith (2009) and Hassan,
Haddawy, and Zhu (2013), a bibliometric analysis is relevant to
indicating directions and strategies for future studies.

ISSN 0034-7590

©RAE | S30 Paulo | V. 56 | n. 5| set-out 2016 | 547-577



550

ARTICLES | The state of research on cleaner production in Brazil

Data collection

First, we perform a literature review of bibliometric studies and
bibliometric reviews on the research topic of the present study.
In this phase, “ProQuest,” “EBSCO,” “JSTOR,” and “Google
Scholar” were researched for the period April 2013 to July 2013.
The researched articles included the following keywords (in
the title, keywords, or abstract): “bibliometric” and “cleaner
production,” “bibliometric” and “environmental,” “bibliometric”
and “sustainable production” and “bibliometric” and “sustainable
manufacturing.” Based on this search, we identified 42 articles
from which the constructs of the present study could be proposed,
as follows: the main thematics; business segments studied;
research methods employed; and author affiliations, which can
be specified as university, government, enterprise, or country.

Next, 512 articles published on the proceedings of the
JCP congress of 2007, 2009, 2011, and 2013 were identified. A
systematic analysis of the content of these papers was performed
to identify their research constructs and to codify the data in a
Microsoft Excel spreadsheet. The content analysis performed in
this study is a source document that represents the content of
these documents for the inference of knowledge through a set
of operations (codification, categorization) (Bardin, 1986). The
document analysis of the 512 articles lasted approximately 10
months, after which the data were codified and extracted from the
articles and categorized based on the constructs. Data collection
was performed and conferred upon by three researchers in an
independent manner to minimize errors and prejudice (Hayes &
Krippendorff, 2007).

Building the basis of our constructs: Bibliometric stu-
dies found in literature

Forthis study, we identified 42 articles that performed bibliometric
studies in the environmental area. The main goal of this review
was to select the basis for the constructs of the present study.
The variables were chosen because they were found in the 42
articles related to bibliometric CP studies.

Of the 42 papers, 20 are based on thematics, in which
publications are evaluated based on the primary subject of the
articles. According to Leonidou and Leonidou (2011), the analysis
of thematics seeks to identify the primary subjects, making it
possible to suggest directions for future studies and to assess
the knowledge of a specific thematic (Barrios, Borrego, Vilaginés,
Ollé, & Somoza, 2008). The subjects studied by the authors
included the following: technology, knowledge, science, and
evolution and policy (Radosevic, 2008); competitive advantage
and sustainable supply chains (Brito & Berardi, 2010); green

supply chains (Brito & Berardi, 2010; Jung, 2011; Rocha, Rocha,
Rosa, Camargo, Zamberlan, & Gomes, 2013); sustainability
(Avila, Madruga, Zamberlan, & Barros, 2013; Rocha et al., 2013);
environmental management (Leonidou & Leonidou, 2011);
sustainable innovation (Kneipp, Rosa, Bichueti, Madruga, &
Schuch, 2011); design processes and design cognition (Chai
& Xiao, 2012); environmental disclosure and environmental
accounting (Rosa, Ensslin, Ensslin, & Lunkes, 2012a); and water
(Avila et al., 2013).

An analysis of universities identified the teaching
institutions affiliated with the authors published in the events,
congresses, and conferences, as well as their relationships.
According to Du, Wei, Brown, Wang, and Shi, (2013), an analysis of
universities identifies the teaching institutions that produced the
most articles per country on a specific thematic. Yarime, Takeda,
and Kajikawa (2010) comment that various attempts have been
initiated to create global systems of research collaboration among
universities in order to improve the quality of studies. The country
analysis seeks to identify the origins of the universities affiliated
with the published authors. According to Machado, Manfrin, Lima,
Silva, and Maciel (2012), a country analysis consists of identifying
the geographic locations of the universities through the author
affiliations. Yarime et al. (2010) note that an analysis of countries
includes international collaborations within a specific thematic,
which can be effective for sharing existing regional knowledge.
In general, the works studied from this perspective, associated
universities with analyses by country.

The results showed that an article addressing the
thematic of eco-design analyzed 2,978 publications, and that
the Delft University of Technology was the most prolific, with
85 publications (Boks, Stevels, & Koster, 2001). A study on
sustainable developmentidentified 304 different universities in
53 countries, with an emphasis on 16 universities: 12 located in
the United States, 2 in Canada, 1 in England, and 1 in Australia
(Wright & Pullen, 2007). Another study on research technology,
knowledge, science, and evolution and policy identified the
degree of concentration of these articles as 35% in universities
in the United States, and 20% in universities in developing
countries (Radosevic, 2008). When addressing sustainability,
US universities published 27%, and UK universities published
11% (Yarime et al., 2010).

In analyzing the assessment of the environmental
impact, it was observed that there was a significant increase in
the number of publications, from five articles in 1973 to 250 in
2009 (Yanhua, Song, Hongyan, & Beibei, 2011). With regard to
sustainable innovation, the United States published the most
articles (236), and Sweden published the least (33). From this, we
inferred that the institutions that published the most are found in
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countries that invest in research (Kneipp et al., 2011). With regard
to sustainability, renewable energy, and the environment, it was
observed that 40 universities produced more than 50 articles, with
The Technical University of Denmark being the most productive
(Romo-Fernandez, Guerrero-Bote, & Moya-Anegbn, 2012). The
article identified the United States (30%) and the UK (20%) as the
countries that published the most, and Asia (10%) and Oceania
(10%) as the regions that published the least (Chai & Xiao, 2012).

With regard to environmental disclosure, it was observed
that the University of the Witwatersrand (47) published the most,
and the University of Western Ontario (14) published the least,
while the United States (560) published the most and Iran (29)
published the least (Rosa et al., 2012a). A study on performance
measurement identified that the United States (66) published
the most articles, and Italy (8) published the least (Taticchi,
Tonelli, & Pasqualino, 2013). With regard to green supply chain
management, the University Kassel (9) published the most
articles, and Dalian University Technology (4) published the
least. Then, the country with the most publications was the
United States (81), while Brazil (7) had the fewest publications
(Rocha et al., 2013). With regard to water, it was found that the
Commonwealth Scientific and Industrial Research Organization
(CSIRO) (154) was the university with the most publications,
while Cornell University (34) was 25 in the list. Here, the United
States (1,234) published the most articles, followed by Australia
(532) (Avila et al., 2013).

Finally, with regard to energy efficiency, the University
of California, Berkeley, USA (142), published the most articles,
while Oak Ridge National Lab, USA (32), published the least.
Of the universities that published the most articles, two were
American, six were Asian, one was European and one was
Brazilian. Furthermore, the United States (1,799) published the
most articles, and Italy (201) published the least (Du et al., 2013).

In the studied works, seven bibliometric studies that
analyzed the research methods used in the publications were
identified. The analysis of the publication methods enables us
to rank the methodological procedures used and to conduct a
relational analysis. According to Leonidou and Leonidou (2011),
the method of analysis consists of evaluating whether the studies
showed greater consistency in their results. The articles were
on the thematics of environmental management (Leonidou &
Leonidou, 2011), life cycle analyses (Costa & Boente, 2012), and
sustainability operation management (Machado et al., 2012).
For the thematics, a greater use of exploratory research and
a low incidence of literature reviews were found. With regard
to the thematics of corporate social responsibility (Bakker,
Groenewegen, & Hond, 2005) and environmental accounting
(Rosa et al., 2012b), the most common method was the literature

review, while descriptive studies were least common. For the
thematic of ecological economics, a trend toward empirical
methods (42%) was noted (Silva & Teixeira, 2011). For the thematic
of responsible procurement, quantitative research was the most
used method (35.10%), and descriptive studies were the least
used (4.8%) (Hoejmose & Adrien-Kirby, 2012).

Ofthe researched studies, five bibliometric studies analyzed
government agencies. A bibliometric analysis of government
agencies seeks to identify participation and the relationships in
articles published by entities of the government in congresses,
conferences, and so on. The analysis of government agencies in
bibliometric studies permits the identification of government
participation in sustainability practices (Romo-Fernandez et al.,
2012). The articles showed that government agencies published
more than universities when studies published in the primary
congresses were considered (Boks et al., 2001). With regard to
technology, knowledge, science, and evolution and policy, the
results of government policies were limited when there were
no organizers in the university, enterprise, and government
relationships (Radosevic, 2008). For sustainability, renewable
energy, and the environment, 22% articles were published by
government agencies (Romo-Fernandez et al., 2012).

Four bibliometric studies on business constructs were
identified. Bibliometric analyses that focus on business seek
to identify the participation of companies in research and their
relationships in articles published in congresses, conferences,
and so on. According to Boks et al. (2001), the participation of
enterprises in scientific articles in the environmental area consists
of evaluating whether the enterprises are promoting and allowing
research on sustainability practices in production. The articles
mention eco-design, which refers to enterprises that produce
their own publications (6%) (Boks et al., 2001). With regard to
technology, knowledge, science, and evolution and policy, this
method identified that innovation is successful when enterprises
participate in research (Radosevic, 2008). With regard to the
green supply chain, the regulatory pressure of the market is the
predominant focus in the relationship between the enterprise
and stakeholders (41%), followed by the objectives of improving
the economic and environmental performance (30%) (Brito &
Berardi, 2010).

Only one study that performed a bibliometric study of
business segments of enterprises was identified. According
to Rocha et al. (2012b), analyses of the business segments of
enterprises consists of understanding which business segments
participated in studies in published articles, for example, when
sustainability is studied in the mining industry segment.

Exhibit 1 shows the constructs used in the bibliometric
studies found in the literature.
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Exhibit 1. Bibliometric reviews found in the present study
Constructs
Authors Title Scope . Research | Business X . X Country
Thematics University | Enterprise | Governments X
methods | segments analisys
The impact of
Boks et al. | li f
.|teratu.re re erena?s Ecodesign X X X X
(2001) in the field of applied
ecodesign
A bibliometric
analysis of 30 years
Bakker et al. of research and Corporate social
( ) theory on corporate ibilit X
2005 social responsibility responsibitity
and corporate social
performance
Examining the
literature: A
Wright b;l;l;%metnc sltudy Sustainabl
ustainable
& Pullen © . |9uma X X
articles in the development
(2007) education resources
information center
database
A tailored method
Lopez for eco-innovation . .
. X Eco innovation
(2008) strategies and drivers
(in the South)
Areview of a
literature on Technology,
Radosevic | i i i knowledge,
innovation, WI.'[h ' g X X X X X
(2008) a focus on policy science and
and instiitutional policy
implications
Bibliometric
analysis of journal Chemical
. articles published engineering
Yin (200 X X X
in (2009) by Southeast Asian researchers,
chemical engineering | journal studies
researchers
Competitive Green
Brito & i
: adv.antage |‘n supply supply chain,
Berardi chain sustainable . X X
Sustainable
(2010) management: A meta .
study supply chain
The study of
sustainability in
Velter et al. | administration: A
n I « Sustainability X
(2010) survey of the “hot
topics” published in
the last decade
(continue)
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Exhibit 1.

Bibliometric reviews found in the present study

(continuation)

Authors

Title

Scope

Constructs

Thematics

Research
methods

Business
segments

Country
analisys

University | Enterprise | Governments

Yarime et al.
(2010)

Towards institutional
analysis of
sustainability
science: A
guantitative
examination of the
patterns of research
collaboration

Sustainability

Banchieri et
al. (2011)

What has been said,
and what remains to
be said, about the

balanced scorecard?

Balanced
scorecard

Jung (2011)

A bibliometric
analysis on green
supply chain
management: A
preliminary result

Green supply
chain

Kneipp et al.
(2011)

Emergency of

the sustainable
innovation thematic:
An analysis of
sicentific production
through Web of
Science base

Innovation
Sustentabilidade

Leonidou &
Leonidou
(2011)

Research into
environmental
marketing/
management: A
bibliographic
analysis

Environmental
management

Manfrin et
al. (2011)

Sustainability: The
evolution of the
theme in operations
management - a
literature review

Sustainability,
Operations
Management,
Social Networks

Pereira et al.
(2011)

Socio-environmental
sustainability: A
bibliometric study
on the evolution of
the conceptin the
area of operations
management

Sustentaibility

Romo-
Fernandez
etal. (2011)

Analysis of Europe’s
scientific production
on renewable
energies

Renewable
energy, Europe

Silva &
Teixeira
(2011)

A bibliometric
account of the
evolution of EE in the
last two decades Is
ecological economics
(becoming) a post-
normal science?

Ecological
economics
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Exhibit 1. Bibliometric reviews found in the present study

(continuation)

Constructs
Authors Title Scope ) Research | Business X . X Country
Thematics University | Enterprise | Governments X
methods | segments analisys
Global environmental Envi
nvironmental
Yanhua et | impact assessment impact X X
al. (2011) | research trends
(1973-2000) assessment (EIA)
A bibliometric
Assefa & | mapping of the Science
Rorissa structure of STEM .
(2012) education using co- education
word analysis
Understanding
Chai & Xiao dt.esi.gn res?arch: A . . ‘
(2012) blbllometrlc arTalyS|s Design studies X X X
of Design Studies
(1996 e 2010)
Analysis of the
Costa & charéFteristic of the
Boente brazﬂlar’n papers Life Cycle X
on the life cycle
(2012) between 2000 and
2011
Sustainable
Dassisti | manufacturing as a Sustainability
(2012) game: A proposal of
framework
Socially and
environmentally
responsible Responsible
Hoejmose | procurement: A procurement
& Adrien- | literature review ? X X X
Kirby (2012) | and future research Corporaté SF’F'aI
agenda of a responsibility
managerial issue
in the
Sustainability
Machado et | OPerations Operations
al. (2012) management: An management, X X X
overview of research Sustainability
trends
Shades of green:
Using computer-
aided qualitative Corporate
Poseret al. | data analysis to environmental
(2012) explore different
aspects of corporate performance
environmental
performance
Ramirez & | Scientific research Innovation
Restrepo | analysis of sectoral
(2012) innovation systems systems
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Exhibit 1. Bibliometric reviews found in the present study

(continuation)

Authors

Title

Scope

Constructs

Thematics

Research
methods

Business
segments

University

Enterprise

Country

Governments .
analisys

Rocha et al.
(2012a)

Electronic waste: A
survey of scientific

production and hot
topics published in
the Web of Science
database in the last
decade

Electronic waste

Rocha et al.
(2012b)

Management for
sustainability in the
mineral industry: A
survey of scientific
production and hot
topics published in
the last decade

Mining industry

Romo-
Fernandez
etal. (2012)

World scientific
production on
renewable energy,
sustainability and
the environment

Renewable
energy

Rosa et al.
(2012a)

Environmental
disclosure
management: A
constructivist case

Environmental
disclosure

Rosa et al.
(2012b)

Environmental
accounting in
Spain: A structured
process of review
and theoretical
reference analysis
environmental
accounting

Environmental
accounting

Schiederig
etal. (2012)

Green innovation

in technology

and innovation
management — An
exploratory literature
review

Environmental
innovation,
Sustainable
innovation

Avila et al.
(2013)

Water and
sustainability: A
survey of scientific
production and hot
topics published in
the last decade

Water,
Sustainability

Battistella
etal. (2013)

The study of
sustainability in
administration: A
research of the hot
topics published in
the last decade

Sustainable
development

ISSN 0034-7590

©RAE | S30 Paulo | V. 56 | n. 5| set-out 2016 | 547-577



556  ARTICLES | The state of research on cleaner production in Brazil

Exhibit 1. Bibliometric reviews found in the present study

(continuation)

Constructs
Authors Title Scope ) Research | Business X . . Country
Thematics University | Enterprise | Governments X
methods | segments analisys
Identification and
Buter & Van a‘naly5|s of the highly Sustainability
Raan (2013) cited knowledge en X
aa 3 base of sustainability sclence
science
A bibliometric
analysis of recent
Du et al. ffici
e.nergye clency Energy efficiency X X
(2013) literatures: an
expanding and
shifting focus
The knowledge
Lu & Liu diffusion path.s of Corporate social
( ) corporate social ibilit
2013 responsibility — From responsibitity
1970 to 2011
Supply chain
management and
inability: Supply chain
Rocha et al. Sl:lSt.aInabl!lt\/. A pply
bibliometric study of management, X X X
(2013) e . S
scientific production Sustainability
in the Web of Science
database
Organizational
innovation and
Santos & :
. performan?e. A Sustanaible
Carneiro | study of scientific . X
L Innovation
(2013) publications from the
Web of Knowledge
database
Is environmental
management Environmental
Schaltegger | accounting a
A management X X
etal. (2013) | discipline? A )
bibliometric accounting
literature review
Performance
measurement of Performance
Taticchi et | sustainable supply measurement, X X
al. (2013) | chains: A literature Sustainable suply
review and a chains
research agenda
Greening the Ivory
Tower: A review of
Vaughter et | educational research Sustainability, X X
al. (2013) | on rustainability Education
in post-secondary
education

©RAE | Sdo Paulo | V. 56 | n. 5| set-out 2016 | 547-577

ISSN 0034-7590



AUTHORS | Geraldo Cardoso Oliveira Neto | Fabio Ytoshi Shibao | Moacir Godinho Filho

557

Data analysis

Following the data codification, the data extracted from the
articles through lexical means were categorized: words were
classified according to their meaning, using pairing and
grouping (Bardin, 1986). This method enabled the identification
of thematics, business segments, and research methods in
the articles. Next, the authors’ affiliations were identified. In
addition, to identify the number of occurrences for each of
these constructs, the networks were analyzed to establish the
relationships among the constructs.

According to Pareto principles, 80% of the total is
dependent on 20% of the whole, which is formally known as the
80/20 rule. Thus, this rule was used for Brazilian universities.

A social network analysis examines the patterns of ties
in a network of nodes and ties. In a social network, the nodes
can be persons or firms that have activities in that both have
the ability to make choices. Network metrics can be calculated
at the node level and at the network level. Node-level metrics
measure how an individual node is embedded in a network from
thatindividual node’s perspective. Network level metrics compute
how the overall network ties are organized (Kim, Choi, Yan, &
Dooley, 2011).

In this analysis, the primary thematic (see Table 1) and
Brazilian universities (see Table 3) were identified (Graph 1) to
facilitate the analysis of social networks using UCINET-Draw
in order to generate indicators and to substantiate graphics
(Borgatti, 2002). However, when analyzing foreign universities,
governments, and enterprises, 100% of cases were considered
(see Table 3).

Next, the CP thematic was analyzed (219 articles),
culminating in a single network showing the relationship among
research methods and business segments. The main subjects
of the papers were taken from the Principles of CP. Then, the
networks were analyzed in order to establish the relationships
among the most and least business segments investigated, the
research methods, and subjects (see Table 2).

The networks of Brazilian and foreign universities,
governments, and enterprises were analyzed based on 512 articles
in two groups. The first group was composed of the following
two steps, in which the total affiliations of authors of Brazilian
universities were analyzed:

(i) The number of internal relationships (relationships
among themselves) and the number of external
relationships (publications with other universities,
governments, and enterprises) are identified. For example,
ifan article has three authors, we analyzed whetherthey are

affiliated with the same university (internal relationships;
IR) or other universities, governments, and enterprises
(external relationships; ER). Next, the data were recorded
in the first column of Table 3.

(ii) Then, 32 universities from 15 relations were analyzed in
detail to identify the most relevant relationships, allowing
us to generate propositions about the research findings.
The most important relationships were then recorded in
the second column of Table 3. Note that in this network,
repeated affiliations in the same article were excluded. In
other words, we considered just one peritem in order to
evaluate the number of times each university, government,
and enterprise appeared in a relationship.

The second group was composed of two steps, which
analyzed the total affiliations of the authors in foreign universities,
governments, and enterprises, considering all foreign affiliations,
regardless of whether they had relationships with Brazilian entities:

(i) Overall, we measured the quantity of internal
relationships (relationships among themselves) and the
number of external relationships (publications performed
with other universities, governments, and enterprises), as
shown in the third column of Table 3.

(ii) The most relevant relationships (companies from four
external relations, universities from three external relations,
and all government affiliations) allowed us to generate
propositions about the research findings, in addition to
identifying the most important relationships. The results are
shown in the fourth column of Table 3. This step repeated
the procedure performed in step two of the first group.

In this study, the density was extracted from external
relationships only. If a specific node or actor did not have an
external relationship, then their density in the network is set to
zero (Hanneman & Riddle, 2005).

Then, we selected the strongest ties (cohesion) in each
of the constru