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Abstract: Cleaner production (CP) has emerged as a new concept to cope with the astronomical
environmental degradation associated with the expanding scope of industrialization. We conducted
a review of the scientific data on the conceptualization of “cleaner production” using published
documents from the 2011–2021 period. Data were extracted from the CNKI and WOS databases—two
major databases based in China and the United States, respectively. Citespace software was used
to track the developmental process and trend of future research on cleaner production. We report
the following findings: (1) While the literature on cleaner production in CNKI is decreasing, the
literature in WOS has been increasing annually. (2) Even though clear instances of different research
priorities exist between WOS and CNKI, the research problems addressed in the two databases,
however, are mostly common. In terms of research collaboration, WOS is more likely to accept
papers with cross-institutional authorship. The study further identified that there is no aggregation
effect between Chinese research institutions. (3) In WOS, the Journal of Cleaner Production is the
most popular journal for researchers, and in CNKI the Chinese Journal of Agricultural Resources
and Regional Planning leads in CP publications. (4) Regarding the research hotspots, there are
obvious differences between WOS and CNKI. Finally, we put forward the future prospects for cleaner
production research.

Keywords: cleaner production; bibliometric method; environmental protection; carbon emission;
green production

1. Introduction

The increasing industrial activities have subjected the natural environment to serious
damage in diverse ways [1,2]. As a result, several sustainable development models are
being proposed to engender green production. Political administrators are particularly
under pressure from international non-governmental organizations (INGOs) to prioritize
environmental issues [3]. Against this backdrop, many countries have formulated policies
such as environmental legislation, pollution emission standards and cleaner production
(CP) strategies to mitigate the undesirable industrial impacts on the environment. The
2030 Agenda proposed by the UNEP (2015) lists 17 sustainable development goals and
169 specific goals [4].

Research has shown that the sole reliance on terminal treatment to solve environmental
problems has failed [5,6]. Cleaner production, therefore, was conceived as a new concept
for overall pollution prevention and was first introduced in the chemical industry [7].
With many years of growing popularity, it has been introduced in other industrial sectors,
including agricultural and manufacturing. In practice, it is believed that CP plays an
important role in resource conservation, efficiency improvements and pollution emissions
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reductions [5]. Cleaner production is conducive to achieving the sustainable development
goals [4]. It is, therefore, touted as an important way to achieving sustainable development.

Presently, there is no unified definition of CP. Most scholars classified it as a scheme for
pollution prevention, clean technology, energy savings and emission reductions [8]. Since
the industrial advancements vary between countries, the United Nations Environment
Programme (UNEP) tried to propose a standard definition of CP in 1996 as “a kind of sys-
tematic, sustainable and innovative thinking mode which runs through the environmental
protection strategy in all aspects of management, production and services, and reduces
environmental damage caused by economic production” [9]. European countries call it
a “less waste and no cost process” [10]. Since this proposition, different countries have
summarized it in different but complimentary ways. For instance, Japan mostly sees it
as a “pollution-free process”. The US refers to it as “pollution prevention” and “waste
minimization”, among others. Cleaner production is a way of thinking with integrity,
sustainability and innovation. This ideology applies to environmental protection strategies
in all aspects of production, management and service [5]. The concept of cleaner production
was expanded at the Fifth High-Level Seminar on Environmental Sustainability organized
by the UNEP, whereby industrial ecology was included within the scope of CP [9].

In terms of management, cleaner production is seen as incorporating environmental
factors into daily management. From a production process perspective, this is mainly
reflected by using environmentally friendly, energy-saving and non-toxic materials to
reduce pollution [11]. Relative to product design, the drive to reduce the impacts on
the environment after product abandonment relieves the burden of fatal environmental
consequences [12].

In essence, cleaner production encapsulates the production methods that reduce
adverse environmental impacts from human economic endeavors, thereby resulting in
efficient resource utilization [12,13]. CP can be achieved through specific measures such as
improving technology and management processes, streamlining production processes and
reducing pollution emissions from products or services [5]. Since CP is a universal, scien-
tific and environmental method, it has become an important way to achieve sustainable
development in the future. The core factors of CP include green production, low-carbon
production, lean production and circular production [12]. However, there are many obsta-
cles preventing the adoption of cleaner production. For example, Leite [14] pointed out
that cultural and technological barriers have a negative impact on the adoption of cleaner
production by small enterprises. The scale of the company affects the level of enterprise
adoption and the implementation of cleaner production [15]. We should pay attention to
these barriers and overcome them for better implementation results.

The significance of CP can be summarized by three core aspects. First, CP involves
pollutant prevention and control from the source. CP is not only concerned with the
production process, but all stages of product production. It strives to reduce pollutants
at the source and improves the efficient use of resources, rather than the traditional end
treatment [12]. Second, CP is designed to change the mode of economic development.
Specifically, it adopts a more intensive production model differing from the traditional
extensive development model [5,16]. Third, CP can help achieve sustainable development.
The use of a clean production process is key to improving the level of production and
management to enhance the benefits and environmental benefits [10].

The UNEP first proposed the term “cleaner production” in 1989. After this, the UNEP
formulated the ‘Cleaner Production Plan’. Since the birth of the CP concept, scholars have
carried out continuous and detailed research on clean production mechanisms. The US
Congress passed the Pollution Prevention Act in 1990, which clearly announced that the
pollution prevention policy would replace the long-term pollution control policy focusing
on “end treatment”. In 2019, the UNEP recommended that CP should be taken as a
development strategy [17]. They further recommended that its ideas should be integrated
into all stages of production and management, including the minimization of environmental
pollution. China promulgated its law on Cleaner Production Promotion in 2002. In
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principle, the law seeks to make effective use of every resource, and at the same time
to reduce or even avoid the generation of pollutants in the production process so as to
achieve the goal of protecting the natural environment.

There are many studies on CP, including studies related to the legal system, standards,
development process, technology and management [9]. However, at present, there are no
empirical studies on the evolution of CP and its development. It is, therefore, necessary
for a study to be conducted on CP to bring to bear the distribution of publications on the
subject matter, while contributing knowledge to shape the future research direction [9].
Some scholars have used visual means to summarize the progress in specific fields, in-
cluding ecological environment. Chen et al. [18] conducted a comprehensive bibliometric
analysis on biodiesel production from edible waste oil. The authors used ArcGIS 10.2, VOS
viewer and Citespace to analyze 2750 publications in the science network’s core collection
database (2000–2020). Their study provided a summary of the progress in the field, in-
cluding the publishing trends, geographical distribution, a CO citation reference analysis
and so on. Moreover, Azam et al. [19] researched wind power generation and visually
presented the research process and future research development direction. The authors
discussed the influence of the economy and technology on traditional wind farms. They
further determined the countries and journals with the largest literature outputs. Zhong
et al. [20] systematically reviewed the literature on carbon footprint calculations via life
cycle assessments and established a knowledge map of the relevant research. Hu et al. [21]
analyzed 2099 references from WOS (1968–2018). Their findings established the hot spots,
frontiers and developmental trends for the use of the ecosystem model.

The absence of a bibliometric study on cleaner production in the prior literature
suggests an urgent need for one to be carried out to address this gap [9]. In the face of many
studies on CP, it is imperative to empirically understand the statistics for such publications;
in other words, it is important to find out the general characteristics, important fields, most
influential scholars, overall characteristics of the literature, research highlights and future
research directions of CP.

This thesis analyzes the research results for cleaner production for the period of 2011
to 2021. This was intended to highlight the development and status of cleaner production
initiatives and to provide a reference for relevant research. By analyzing the quantity of
documents, high-frequency keywords and research hotspots of CP, this paper identifies the
similarities and differences between the international and Chinese research. It subsequently
defines the evolution process for cleaner production research. On this basis, the future
prospects of CP research are put forward.

The remainder of this paper is organized as follows. Section 2 presents the data extrac-
tion method. Sections 3 and 4 focus on the discussion of the literature from WOS and CNKI.
Section 5 compares the analysis results from the two databases. Finally, in Sections 6 and 7,
we discuss the findings and subsequently provide a conclusion to the study.

2. Data
2.1. Data Sources

The data for this study were obtained from CNKI and WOS. Compared with other
databases, these two databases have more studies and comprehensive coverage, and are
recognized as important databases by scholars. In China, CNKI is the most authorita-
tive database. In hard science, WOS is the preferred platform for researchers to publish
papers. In CNKI, keywords such as “cleaner production”, “green production”, “lean
production”, “low-carbon production” and “recycling production” were used to obtain
the needed documents for the study. Since 2011, cleaner production has entered a new
stage. China, Brazil, India and other countries have designated key industries for CP
and implemented it into key enterprises. A time span of 2011–2021 was used for our
data extraction. Overall, a total of 1976 articles were retrieved. Data from international
journals were obtained from the Science Citation Index Expanded, Social Science Citation
Index and other archives in the Web of Science core database. Moreover, search terms
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were used to conduct an advanced search in the core collection of Web of Science. These
included: (TS = (“cleaner production”) OR TS = (“lean production”) OR TS = (“low-carbon
production”) OR TS = (“recycling production”) OR TS = (“greener production”)). A total
of 4328 articles were retrieved to that effect.

2.2. Data Processing

This paper analyzed the retrieved data by using the information visualization software
CiteSpace developed by Professor Chen Chaomei. Through the visualization of information,
we can intuitively understand past and current research hotspots, future research trends
and hot research fields within a discipline [22]. Our study adopted the WOS text data
format. The document data from CNKI and WOS were preprocessed through the built-in
data converter in CiteSpace. After the format conversion, the duplication of WOS and
CNKI data ensured the accuracy of the results. Furthermore, in this study, we used the
CiteSpace software to analyze the co-words of cleaner production research keywords to
master the research status in the field of cleaner production.

3. Analysis of WOS Results
3.1. Overview of Cleaner Production Studies from WOS

Figure 1 shows that from 2011 to 2021, the number of publications increased gradually.
It reached its peak in 2020. During the period from 2011 to 2014, not many research activities
took place in this field and less documents were published. After 2014, the field attracted a
great deal of attention, and accordingly the literature on CP in WOS surged rapidly. From
2017 to 2020, the number of documents gradually increased from 355 to 824. The annual
growth rate was 31.4%. As of October, 756 international studies on CP were published in
2021, and this number is expected to upsurge astronomically in the future.
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Figure 1. The quantity of published studies on cleaner production.

Table 1 lists the cleaner production subject areas addressed in WOS. Among the
4328 documents published, 2493 came from environmental sciences and 2190 came from
environmental sciences ecology. Moreover, 1926 came from sciences technology and other
topics, accounting for 44.5%. These disciplines were the important research fields in
WOS. Chemistry, agriculture, energy and fuel, materials science, operations research and
management science were also vital subjects in CP research.
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Table 1. Topic distribution of studies on cleaner production from WOS (Top 10).

Research Field Quantity Proportion

Environmental sciences 2493 57.602%
Environmental sciences ecology 2190 50.601%
Science technology other topics 1926 44.501%

Chemistry 373 8.618%
Agriculture 299 6.909%
Energy fuels 249 5.753%

Materials science 244 5.638%
Operations research management

Science 204 4.713%

Veterinary sciences 118 2.726%
Biotechnology applied microbiology 116 2.680%

Table 2 presents an analysis of the literature including co-citations. By combing the
five most highly cited studies, we found that the research focused on two aspects, namely
the improvement of the utilization of resources to achieve CP and the efficient utilization
of resources. For example, Hens et al. [1] connected the SO50001 criterion with an energy
management method to address the problem of power consumption in a lead-acid battery
factory. On the other hand, they provided a reference and guidance for CP through the
perfect theory system framework. Ghisellini et al. [23] reviewed the literature on the
circular economy and highlighted the dominant viewpoints. The most central paper was
Cleaner Production in Small Firms taking part in Mexico’s Sustainable Supplier Program
(centrality = 0.08).

Table 2. Top 10 most highly cited studies on cleaner production from WOS.

No. Title Author Journal Citation Count Year

1 Barriers and strategies applying Cleaner
production: a systematic review Vieira, LC Journal of Cleaner

production 31 2016

2 On the evolution of “cleaner production” as a
concept and a practice Hens, L Journal of Cleaner

production 27 2018

3
A review on circular economy: the expected

transition to a balanced interplay of
environmental and economic systems

Ghisellini, P
International Journal

of Production
Research

24 2016

4 Lean production: literature review and trends Jasti, NVK
International Journal

of Production
Research

23 2015

5 Critical success factors for implementing lean
production: the effect of contingencies Netland, TH

International Journal
of Production

Research
23 2014

6 The Circular Economy: A new sustainability
paradigm? Geissdoerfer, M Journal of Cleaner

production 22 2017

7

Cleaner production, environmental
sustainability and organizational performance:

an empirical study in the Brazilian
Metal-Mechanic industry

Severo, EA Journal of Cleaner
production 21 2015

8 Cleaner production in small firms taking part
in Mexico’s Sustainable Supplier Program van Hoof, B Journal of Cleaner

production 20 2013

9 Successful lean implementation:
Organizational culture and soft lean practices Bortolotti, T

International Journal
of Production

Research
19 2015

10

Framework to overcome barriers in the
implementation of cleaner production in small
and medium-sized enterprises: Multiple case

studies in Brazil

Neto, GCO Journal of Cleaner
production 19 2017
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3.2. Quantitative Analysis of the Studies from WOS
3.2.1. Research Institutions

Table 3 lists the research institutions with high publication frequency rates. Most
of the top ten institutions happened to be Chinese institutions. The CAS ranks first in
terms of its quantity and centrality. This means that Chinese research institutions have
contributed significantly to advancing the knowledge on cleaner production. Furthermore,
the centrality scores for the Chinese Academy of Sciences reached 0.11. These research
results have been referenced by scholars from all over the world. However, the centrality
scores for other Chinese institutions are low, mostly at 0.01 or 0.02. This indicates that there
is lack of cooperation among these institutions. Consequently, academic exchanges and
cooperation across institutions and regions still need to be improved.

Table 3. Top 10 institutions for frequently published studies on cleaner production in WOS.

No. Count Centrality Year Institutions

1 89 0.11 2011 Chinese Acad Sci
2 53 0.02 2012 Tsinghua Univ
3 36 0.02 2011 Northeastern Univ
4 34 0.01 2014 Tianjin Univ
5 32 0.02 2011 Univ Fed Rio Grande do Sul
6 31 0.02 2011 Shandong Univ
7 31 0.02 2011 Shanghai Jiao Tong Univ
8 28 0.02 2011 Zhejiang Univ
9 28 0.01 2013 Univ Chinese Acad Sci

10 24 0.03 2012 Univ Fed Santa Catarina

3.2.2. Research Hotspots

Table 4 presents the top 10 high-frequency keywords related to cleaner production.
Based on this, we can determine that the studies published on CP in WOS for the past
decade mainly focused on two aspects, namely the practice of CP and its impact.

Table 4. Top 10 keywords related to cleaner production in WOS.

No. Count Centrality Year Keyword

1 436 0.13 2011 Performance
2 332 0.16 2011 Management
3 268 0.16 2011 Impact
4 262 0.11 2011 Cleaner production
5 256 0.09 2011 System
6 226 0.07 2011 Model
7 175 0.16 2011 Design
8 156 0.07 2011 Energy
9 149 0.05 2011 Optimization

10 149 0.08 2011 Implementation

Figure 2 shows the top 10 keywords, reflecting the research trends to a certain extent.
Adsorption, behavior and biomass were research hotspots in the most recent two years,
with salience intensity values of 12.42, 11.31 and 11.11, respectively. This may be related to
the United Nations initiative for green economic recovery. This initiative calls on all parties
to promote clean and green development against a timetable of “carbon neutrality” put
forward by many countries. In this paper, the keywords are clustered. We used the “LLR”
algorithm to extract the cluster labels, as indicated in Figure 3. After the cluster analysis on
the keywords of 4328 publications in WOS from 2011 to 2021, six (6) main clusters were
generated. Table 5 lists the high-frequency terms within each cluster. It was found that
the current hot keywords in the field of CP are lean production, energy efficiency, aqueous
solution, work organization, operational performance and evaluation method.
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Table 5. Keyword clustering table of the literature from WOS.

Ordinal Cluster Header Main Cluster

0 lean production lean production; contextual factor; green supply chain;
food supply chain leanness; developed qfd model

1 energy efficiency energy efficiency; operational performance; carbon
emissions; life cycle assessment; driving force

2 aqueous solution aqueous solution; d-lactic acid; adsorption technology;
emergent contaminant; water purification

3 work organization work organization; automotive industry; green
innovation; life cycle assessment; renewable energy

4 operational performance
operational performance; Indian mining industries; firm

motivation; production technologies; enterprises
willingness

5 evaluation method
evaluation method; water consumption; economic
assessment; effect mechanism; hydrochloric acid

medium
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The cluster for lean production contains 32 nodes. The cluster average contour value
(S) is 0.569 (when S > 0.5, this means the clustering is reliable). The average year of
publication is 2011. The high-frequency terms for this cluster include lean production,
contextual factor, green supply chain and food supply chain leanness. Other cluster labels
and high-frequency terms are shown in Table 5.

4. Analysis Results of CNKI
4.1. Overview of Cleaner Production Studies from CNKI

Figure 4 shows that from 2011 to 2021, the number of studies on CP in CNKI shows an
overall downward trend. It reached a peak in 2014 at 223. The number of published articles
declined in 2012. The output, however, began to increase each year between 2012 and
2014. This may be related to the decision adopted by the Chinese Government to amend
the Law of the People’s Republic of China on the Promotion of Cleaner Production (29
February 2012). The number of studies published began to decline again after 2014 and
increased from 2019 to 2021. However, this was still less than the 223 published articles in
2014. Figure 4 also shows that after 2020, the literature in the field of CP increased.
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Regarding the discipline distribution of CP research in CNKI, Table 6 shows that
environmental science and resource utilization are the main disciplines. Of the 1976
Chinese studies, 33.65% included related questions. In addition, 50% of the studies were
related to industrial economy, macroeconomic management and sustainable development
and agricultural economy. According to the proportion of studies published, the research
on CP in China mostly focused on industry applications.

Table 6. Topic distribution of studies on cleaner production from WOS (Top 10).

No. Topic Quantity Proportion

1 Environmental Science and resource utilization 665 33.65%
2 Industrial economy 349 17.66%

3 Macroeconomic management and sustainable
development 238 12.04%

4 Agricultural economy 227 11.49%
5 Enterprise economy 181 9.16%
6 Organic chemical industry 180 9.11%
7 Economic system reform 146 7.39%
8 Inorganic chemical industry 123 6.22%
9 Basic agricultural science 89 4.50%
10 Light industry and handicraft industry 76 3.85%
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Table 7 list the 10 most cited articles from CNKI. These were concentrated between
2013 and 2014. Some scholars used mathematical models to study the factors that affect
the introduction of CP in agricultural and industrial production, and subsequently made
proposals based on the research output [24–27]. The prior literature indicates that some
scholars have studied the construction of new management models within the ambit of
CP [28,29], including the development of lean production [30], the development of green
production in factories in various provinces of China [31], the development and application
of the circular agriculture theory in China [32] and research on the emissions characteristics
of VOCs in China [33].

Table 7. Top 10 most highly cited studies on cleaner production from WOS.

No. Title Author Journal Citation Count Year

1

Environmental efficiency, industry
heterogeneity and optimal regulation
intensity—a non-linear test of China’s

industrial industry panel data

Shen N China’s industrial
economy 410 2012

2

Analysis on Farmers’ agricultural low-carbon
production behavior and its influencing

factors—Taking the application of chemical
fertilizer and pesticide as an example

Tian Y China Rural
observation 211 2015

3 Study on emission characteristics and
Control Countermeasures of VOCs in China Wang TY environmental

science 165 2013

4 Theory and practice of circular agriculture
development in China Yin CB

Chinese Journal of
ecological
agriculture

165 2013

5
Discussion on management innovation mode
of manufacturing enterprises based on lean

production
Niu ZW Journal of Tianjin

University 158 2014

6 A review of lean thinking model Fan DC Management
modernization 153 2013

7

Aging, social network and farmers’ green
production technology adoption

behavior—Verification of farmers’ data from
six provinces in the Yangtze River Basin

Yang ZH China Rural
observation 144 2018

8
Pricing of low-carbon products and optimal
carbon emission strategy under carbon quota

trading system
Ma QZ

Journal of
Management
Engineering

143 2014

9 Evaluation of green industrial development
among provinces in China Su LY

Population,
resources and

environment in
China

143 2013

10 An empirical study on quality management
improvement based on Lean Six Sigma Lu WY

Research on
science and
technology

management

137 2014

4.2. Quantitative Analysis
4.2.1. Research Institutions

According to the number of studies published (Table 8), Huazhong Agricultural
University has the largest number of articles of the Chinese research institutions. This is
followed by Northwest University of Agriculture and Forestry Science and Technology.
However, the central value of the research institutions is 0. This indicates that the research
output on CP in China is dispersed.
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Table 8. The most cited articles on cleaner production from CNKI.

No. Count Centrality Institution

1 15 0.00 Huazhong Agricultural Univ

2 14 0.00 Northwest Univ of agriculture and
forestry science and technology

3 11 0.00 Sinopec Petrochemical Research
Institute

4 10 0.00 Tianjin Univ
5 9 0.00 Nankai Univ
6 8 0.00 Nanjing Agricultural Univ

7 8 0.00 School of economics and management,
Huazhong Agricultural Univ

8 7 0.00 Renmin Univ of China
9 7 0.00 Central South Univ

10 6 0.00 Chinese Academy of Environmental
Sciences

4.2.2. Research Hotspots

Table 9 shows the keyword frequency list for Chinese research studies, among which
the keyword with the highest frequency is “cleaner production”. According to the clustering
results, green development, lean production, circular economy, syngas low-carbon economy
and so on are the topics studied by Chinese scholars. In terms of the frequency of keywords,
the Chinese literature focuses on the methods related to CP.

Table 9. Top 10 keywords related to cleaner production from CNKI.

No. Count Centrality Year Keyword

1 250 0.57 2011 cleaner production
2 70 0.12 2011 lean production
3 70 0.08 2011 synthesis gas
4 60 0.13 2011 circular economy
5 58 0.19 2014 green development
6 53 0.21 2014 green production
7 43 0.05 2011 low-carbon economy
8 39 0.08 2013 environmental rules
9 36 0.01 2012 light olefin

10 30 0.03 2011 Lower alcohol

Figure 5 shows the top 10 keywords related to cleaner production from 2011 to 2021.
Synthesis gas, green production, green agriculture and environmental rules have been the
frontier issues in CP in recent years. This to some extent reflects the development trend for
the studies conducted so far. From Figure 5, the top three key words on CP in CNKI are
green development, low-carbon economy and recycling economy, with scores of 16.31, 9.14
and 8.6, respectively. Synthesis gas, green production, green agriculture, environmental
rules and other keywords are the prominent research topics in CNKI. In recent years,
the research on CP in CNKI has focused on environmental regulation, green production
and green agriculture. Among them, the strength of green development is significant but
has decreased since 2016. However, regarding the sustained growth of synthesis gas, the
strength is weak. This shows that scholars have been paying attention to this topic but
have not focused on publishing related studies.
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To further analyze the research hotspots in China, this study used the LLR algorithm
to cluster the keywords to form 12 keyword clustering tags. Due to the large number of
clustering tags generated, in this study we selected the first five tags (Table 10) for analysis.
These were CP, influencing factors, green production, circular economy and syngas.

Table 10. Keyword clustering for cleaner production studies in WOS.

Ordinal Header Main Cluster

0 Cleaner production Cleaner production; conserve energy; reduce emissions;
electroplate; Terminal treatment; pollution prevention

1 Influencing factors Influencing factors; Low-carbon economy; Low-carbon
agriculture; industrial enterprise; carbon emission

2 Green production Green production; Green technology; Biological
pesticides; Organic fertilizer; cleaner production

3 Circular economy Circular economy; Ecological civilization; Green
consumption; Countermeasures; Agriculture

4 Syngas Syngas; Light olefins; catalyzer; Low-carbon alcohol;
Fischer–Tropsch synthesis

5 Environmental
regulation

Environmental regulation; technological innovation
Remanufacturing; environmental pollution; fdi

The cluster for CP consists of 63 nodes. The average profile value S = 0.892, and
the average year of publication is 2015. The high-frequency terms of the cluster include
CP, energy savings and emission reductions, electroplating, end treatment and pollution
prevention. Through the analysis, it was found that the research content focuses on three
aspects. These are the study of the new model of CP [34,35], the realization path of CP [36]
and the theory of CP [37]. The cluster for the influencing factors consists of 45 nodes
(S = 0.921).

The average year of publication is 2015. The high-frequency terms of the cluster include
the influencing factors, low-carbon economy, low-carbon agriculture, industrial enterprises,
carbon emissions and so on. We found that these studies focus on the influencing factors of
industrial green production [38,39] and agricultural green production [40–42]. The cluster
for green production consists of 41 nodes, the average profile value (S value) of which is
0.987, while the average publishing year is 2019.

The high-frequency terms of the cluster include green production, green technology,
biological pesticides, organic fertilizer and CP. The research focuses on the factors affecting
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the adoption of green manufacturing technology and the development of green produc-
tion [43–46]. The cluster for the circular economy consists of 34 nodes (S = 0.898), while
the average year of publication is 2014. The high-frequency terms of this cluster include
circular economy, ecological civilization, green consumption, countermeasures and agricul-
ture [47–51]. The cluster for syngas consists of 30 nodes (S = 0.994), and the average year of
publication is 2016. The high-frequency terms of this cluster include syngas, light olefins,
catalysts, light alcohols and Fischer–Tropsch synthesis. We found that the research focused
on the realization path for syngas manufacturing catalysts [52–55].

5. Comparative Analysis Results

In this section, the studies from WOS and CNKI are compared in terms of the numbers
of articles, research directions, research institutions and research hotspots. For the numbers
of articles, Figure 6 shows that the quantity of researched articles in WOS is increasing year
by year, while that of CNKI is decreasing. Before 2015, the number of studies published in
CNKI was more than that in international studies. The trend however, changed afterwards.
We can directly find the change in the research hotspot in one research field within a
specific period. Since 2014, the research trend in the field of CP has been increased rapidly.
Internationally, the number of studies on CP has increased significantly. The relevant
research in CNKI is insufficient, and the number of studies has increased sharply. Overall,
the number of international studies is significantly higher than that of CNKI.
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From Figures 7 and 8, the keyword with the most frequent occurrence for international
CP is “performance”. However, it is that “cleaner production” the most frequent in
China. Specifically, the top keywords for international green production are performance
(frequency is 436), management (332), impact (268), cleaner production (262), system
(256), model (226), design (175), energy (156) and optimization (149). In CNKI, they are
cleaner production (frequency 250), lean production (70), syngas (70), circular economy
(60), green development (58), green production (53) and low-carbon economy (43). Overall,
the international CP keywords are related to performance and management. This indicates
that all countries pay more attention to organizational behavior, pollution prevention and
environmental performance. The research in China focuses on CP, lean production, the
circular economy and so on.
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CAS is the most influential research establishment of CP. The centrality of the Chinese
Academy of Sciences is 0.11. This indicates that the international recognition and citations
of the research results for this institution are high. However, the centrality of Huazhong
Agricultural University is 0. This indicates that the research on CP at this institution is
relatively scattered. In other words, the clustering effect has not been formed.

In terms of the research direction, the three main disciplines of WOS are engineering,
environmental science and ecology. In contrast, 50% of the studies in CNKI explore CP from
the perspectives of environmental science and resource utilization, industrial economics,
agricultural economics, macro-economics and sustainable development.
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6. Discussion

Through the collection of 4328 studies from WOS and 1976 Chinese studies (CNKI),
this study used the bibliometric method to assess the research process, development
process and future research trends related to CP. The difference between this study and the
previous studies is mainly reflected in the systematic approaches adopted and the scope
of coverage. Zhang et al. [56] analyzed the current situation regarding cleaner production
in China, but did not comprehensively discuss the research on cleaner production. Hens
et al. [1] discussed the evolution of cleaner production based on 37 documents. Letícia and
Fernando [57] summarized the obstacles to the application of cleaner production practices.
These studies are limited to one aspect of cleaner production, and do not comprehensively
summarize the development of cleaner production.

In detail, this study analyzed the quantity of published articles, the distribution of
the research disciplines, the research institutions and the keywords. The key research
platforms, institutions, disciplines and topics highlighted in the field of CP were defined
and comparatively analyzed using documents from the two databases, WOS and CNKI.
Based on this, we have discussed the frontier issues of CP research and the prospects for
future research. The key highlights of this paper are as follows:

1. After 2014, the research on CP in the WOS gradually increased. From 2014 to 2021,
the quantity of studies in the WOS increased from 181 to 756, with an average annual
growth rate of 33.1%. This implies that the international attention on CP is increasing.
On the other hand, our findings indicated that from 2011 to 2021, the quantity of
articles published in CNKI declined. Moreover, from 2011 to 2014, more research
studies were published in CNKI than in WOS. However, since then, the number of
studies published in WOS has far exceeded that of CNKI. In 2021, the number of
studies published by WOS was identified to be 756, while that of CNKI was found to
be 182. Although the number of studies on CP in CNKI is relatively small, this does
not mean that China pays less attention to CP. This is because Chinese institutions still
account for 41.83% of the total literature in WOS. This shows that Chinese scholars
pay a great deal of attention to the international academic platforms;

2. CP involves many interdisciplinary studies. The main research objects of WOS are
engineering, environmental sciences, ecology and sciences technology. The numbers
of theses in these three disciplines equal 57.6%, 50.6% and 44.5% of the total, respec-
tively. The literature from CNKI mainly comes from environmental science, resource
utilization and industrial economics and agricultural economics disciplines. These
account for 22.35%, 11.92% and 8.14% of the total papers published, respectively.
The studies in WOS are more related to the micro-level, focusing on how to reduce
pollution emissions through improvements in technology and modes of production
to achieve CP. These scholars try to find concrete ways to solve the environmental
problems encountered in industrial and agricultural production. On the other hand,
the studies from CNKI are more inclined toward macro-research. Moreover, this study
has established that the research perspectives in WOS and CNKI are different, but
they complement each other;

3. Most of the institutional affiliations of the authors from the two databases are highly
reputed universities or research institutions. The publications and influence of the
Chinese Academy of Sciences are top-ranked around the world. Tsinghua University
also has many articles, but it is weak in terms of its research influence. There are
more articles on research projects collaboratively carried out by authors from dif-
ferent research institutions in WOS. Many of the research studies in CNKI indicate
less collaboration between authors across different universities or institutions. In
addition, there is a lack of cooperation between different departments in the same
institution. The highly cited studies from WOS and CNKI have been published in
two journals, namely the Journal of Cleaner Production and Agricultural Resources
and Regionalization in China, which are important scientific research journals for sus-
tainable urbanization research. The Journal of Cleaner Production is an international,
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interdisciplinary magazine that focuses on the study and practice of CP. It has a great
deal of influence among scholars. Thus, many highly cited and influential articles are
published in this journal;

4. The research focuses of the two databases are interrelated but somewhat different. The
most common topics in WOS are lean production, energy efficiency, aqueous solutions,
work organization, operational performance and the evaluation methods. However,
the most common topics in CNKI are CP, influencing factors, green production, the
circular economy and Syngas. Pollution prevention and control, energy savings and
emission reductions in the production process were found to be issues of widespread
concern around the world. Scholars from various countries are paying profound
attention to the prevention and control of pollution, the improvement of the utilization
rates of resources and the use of CP technology in the production process. However,
there are some differences in the focuses of their research. The CP research in WOS
focuses more on the improvement of the utilization rates of resources. For example,
Silva [58] studied the impacts of cleaner production practices on large-scale textile
manufacturing. On the other hand, the research topics in CNKI pay more attention to
the improvement of the level of CP in society as a whole.

On the basis of these findings, this study analyzes the future prospects for international
CP research and Chinese CP research as outlined below.

The future directions of international green production research mainly include the
following aspects: (1) International cooperative research on CP, which needs to be further
strengthened. At present, the objects of international CP research are mostly for a certain
country or industry, and there are no transnational studies related to CP. However, the
problem of CP contains strong externality factors. With the deepening of economic global-
ization, some pollutants will eventually spread to the atmosphere globally and will have
serious negative impacts on various countries. Transnational research on CP will be an
effective means to promote pollution control and green development. In the long run, inter-
national cooperation around CP will become the focus of further research. (2) The research
on CP regarding the integration of multiple disciplines needs to be promoted urgently.
The research results show that the international CP research achievements are generally
concentrated in the fields of environmental science, engineering, technological innovation
and so on. However, there is little research on CP from the perspective of the integration
of different disciplines. With the further development of CP theories and methods, the
research on CP will inevitably involve the intersection of multiple disciplines, especially
the integration of economics, management, law, ecology and other disciplines. From a
multi-disciplinary perspective to explore CP, an in-depth analysis of the related issues
has important theoretical value and practical significance, but will also be conducive to
bringing into full play the advantages of the discipline and will help to achieve theoretical
innovation and technological breakthroughs.

The research on CP in China mainly focuses on two aspects, as follows: (1) The
implementation path of CP needs to be further determined. Through this study, we
found that the existing research lacks a systematic analysis of the implementation path
of CP. In practice, the most popular high-frequency keywords are end-of-pipe treatment,
human resource management and industrial ecology, with a lack of analysis of CP paths in
China. In addition, the internal connections between each keyword are lacking in-depth
investigations, and the tightness of each link in CP practice is not strong. Therefore, in the
implementation path of CP, we should take note of to the top-level design practices and the
integration of various links. (2) The mode of CP needs to be innovated urgently, especially
the mode for multiple agents to participate in governance. Through this analysis, it can be
found that most of the studies on CP in China come from enterprises and governments,
including enterprise CP motivation, industrial technological innovation, environmental
performance, enterprise policy and regulation and government taxation or subsidy studies.
However, CP involves a variety of stakeholders, and their goals and interests will conflict;
for example, there is a balance of interests among governments, enterprises and society.
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Therefore, in order to balance the multi-agent conflicts of interest, we must deeply study the
system of multi-agent participation in governance, which is a potential research direction.

7. Conclusions and Limitations

Based on the analysis of the cleaner production literature from two databases using
Citespace software, we have drawn the following conclusions: (1) The number of papers
on cleaner production in WOS is growing rapidly, and is far greater than in CNKI. (2) The
cleaner production research involves many interdisciplinary studies, and its research fields
are very rich. (3) The research topics of the two databases are different but complementary.
(4) WOS focuses on improving resource utilization. CNKI pays more attention to the
improvement of the overall cleaner production level of the society.

The use of bibliometrics helps to improve the persuasiveness of a literature review and
to understand the history of a research topic comprehensively and systematically within
a field. Some scholars have used bibliometrics analyses to analyze the research results
related to green production. They, however, focused on only one database. At present, there
are no studies providing a comprehensive analysis of the research status of CP globally.
Through the analysis of research institutions, countries and keywords in the field of CP,
this study has identified the current research hotspots and future direction in the field of
CP comprehensively and systematically. It provides a reference point for studies in the
field of CP. Because Chinese scholars have great influence in this field, we analyzed the
common points and differences between WOS and CNKI. Finally, in terms of the future
research direction regarding bibliometrics, this study only used two authoritative databases
in Chinese and English. However, studies in other countries such as Germany, France
and Japan also have a strong influence in this field The authoritative databases of these
countries can, therefore, be included in future studies to enhance the global outlook on CP
publications.

Although we have provided meaningful research results, our research still has some
limitations: (1) The selected databases are limited. We only selected two representative
databases and did not include other databases. In future research, we could consider
adding available archiving platforms and databases to make the research results more
complete. (2) The keyword selection was not comprehensive enough, and similar subject
words or keywords were not comprehensively analyzed after merging. (3) It is hoped that
the future research can further analyze the literature on cleaner production in combination
with the development of visual software tools, and can explore the research hotspots and
development trends in this field.
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