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Cleaner Production, as an environmental strategy, is integrated into processes, products, and services to increase
efficiency and reduce risks to people and the environment. However, Cleaner Production management in water
treatment services does not receive much public attention. To address this need, a scientometric analysis of the
integration of Cleaner Production in water treatment was developed to investigate the efficacy and limitations of
various Cleaner Production strategies applied in water treatment. A search was carried out in the Scopus
database using the keywords “*Cleaner production,”” **Wastewater treatment,”” and **Drinking water treatment”’
between January 1, 2002, and October 31, 2022. Through the scientometric analysis, it was possible to identify
that Cleaner Production has been little applied in drinking water treatment. The reason for this was a systematic
review of the application of Cleaner Production in drinking water treatment. The data and information obtained
were filtered following the guidelines of the Preferred Reporting Declaration of elements for systematic reviews
and meta-analyses (PRISMA). The PICO method was used to structure the important components of the research
questions. The results of this review showed that there is currently little application of Cleaner Production in
drinking water systems. This article concludes that Cleaner Production is a strategy that contributes to reducing
the environmental impact generated by the different activities of treatment and distribution of drinking water.
However, it is necessary to carry out research that promotes the dissemination and knowledge of the different
Cleaner Production strategies, as well as highlighting the social, environmental, and economic benefits that their
application could generate. Future research should aim at the application of Cleaner Production strategies such
as water recycling and Good Housekeeping. Technological progress in purification processes can offer promising
results for saving water, energy, waste reduction, and gaseous emissions.

1. Introduction

Cleaner Production (CP) is considered worldwide as a tool to achieve
sustainable development (SD) (Kovac Kralj, 2021). The United Nations
Industrial Development Organization defines Cleaner Production (CP)
as the continuous application of a preventive environmental strategy,
integrated into processes, products, and services; to increase overall
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efficiency and reduce social and environmental risks (UNIDO, 2008).
These preventive practices contribute to achieving economic savings
and better environmental quality for society, which are fundamentally
emphasized in the description of the sustainable development goals
(SDGs) (Giannetti et al., 2020).

There are studies that have related CP practices to SDGs, which
focused on the efficient use of resources (Adekomaya and Majozi, 2022).
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Regarding Objective 6, which aims to guarantee the availability of water
and its sustainable management and sanitation for all, this objective can
be achieved through the application of four principles: 1) separate
drinking water from wastewater; 2) facilitate access to drinking water
and treat it to remove chemical and biological contaminants; 3) protect
and restore freshwater ecosystems; and 4) safeguard access to water and
the right to use water (Weststrate et al., 2019). Cleaner Production
practices could help to achieve SDG 6 (Garcia-Avila, et al., 2021a).
However, the community does not pay enough attention to the appli-
cation of CP in wastewater treatment (WWT) and in drinking water
treatment (DWT) (Leite et al., 2019).

CP can be applied to any process, product or service, and ranges from
simple changes in operating procedures that are easy and immediate to
execute, to major changes that involve the substitution of raw materials
(Adekomaya and Majozi, 2022), inputs or production lines for more
efficient ones (Gianneti et al., 2020). The main objective of the CP is “to
achieve the reduction of the environmental impacts of the production
process, focusing on the improvement of processes and products to avoid
environmental problems before they occur. For which, the CP makes use
of different strategies or techniques, such as: process improvements,
good operating practices, equipment maintenance, reuse and recycling,
raw material changes, and technology changes (Nunes et al., 2019).

Currently, there is a strong tendency for the application of CP options
by industries (Servere et al., 2017), they use various environmental
management tools which guide and optimize the development of pro-
cesses (Sikander et al., 2021). However, the application of environ-
mental practices in the service sector (water treatment) is still little
analyzed, normally few environmental impacts are assumed for not
producing palpable products (Oliveira Santos et al., 2020). The CP
application serves to provide recommendations that allow for improving
the performance of the WWTP, as well as the use of treated water. This
has motivated researchers to apply CP as a strategy to minimize the
impact of waste and improve environmental quality (Amala et al.,
2021); as well as to reduce the costs of construction and operation of the
treatment plant (Rahayu et al., 2018).

The reviewed literature has focused on the application of CP in the
WWT, there is very little research on the application of CP in the DWT. In
the literature review prior to this study, a gap was identified in the
research on the application of CP in the DWT, specifically in analyzing
and evaluating the different CP strategies in various treatment pro-
cesses. of drinking water. The reason for this, this study in the first
instance carried out a scientometric analysis of the application of the CP
in the treatment of wastewater and drinking water. In the scientometric
analysis, it was possible to clearly establish that CP is currently mostly
applied in the WWT, but not in the DWT. For this reason, a systematic
review of the application of CP in the treatment of drinking water was
subsequently carried out, due to the little application of CP strategies in
the purification process.

This document has the purpose of contributing to the literature on
why and how CP programs can be developed in the service sector, based
on integrated approaches to CP and water treatment. Drinking water
systems are an essential part of the public service, whose purpose is the
treatment and distribution of drinking water suitable for human con-
sumption (Alsaeed, 2021). The implementation of CP strategies in
drinking water treatment plants (DWTP), as alternatives for improve-
ment and efficient use of water, allows for generating a reduction in its
consumption in the treatment processes, without altering the quality of
drinking water (Garcia-Avila et al., 2021).

Purification causes certain impacts on the environment, such as the
generation of sludge in the decantation and filtration processes (Qre-
nawi and Rabah, 2021), and waste that must be handled in a special way
(Ruj et al., 2021). The residual chlorine in disinfection can produce toxic
effects, due to the formation of chlorination by-products caused by the
reaction of chlorine with the organic matter present (humic and fulvic
acids) (Yang et al., 2021). The purification of water includes the use of
technologies with various treatment processes, whose purpose is to
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remove contaminants from the water until they reach concentrations
that do not represent a risk to human health (Sharma and Bhattacharya,
2017). A nonconventional DWTP refers to alternative treatments, either
by advanced purification processes or by decentralized or emerging
systems. Conventional DWTPs are a set of structures capable of elimi-
nating turbidity, sediments, microorganisms, hardness, odor, color and
the necessary parameters depending on the state of the original raw
water (Dhar et al.,, 2020). Environmental phenomena have a strong
impact by generating variations in the quality of water from supply
sources, it is necessary that the purification processes respond to these
changes to maintain quality standards and the production of safe water
(Price and Heberling, 2018)

Drinking water treatment plants are made up of a series of processes
whose objective is the reduction of contaminants. The high efficiency of
these plants depends on the technologies implemented for water puri-
fication (Sharma and Bhattacharya, 2017), achieving the total removal
of contaminants and ensuring the quality of water for human con-
sumption (Cescon and Jiang, 2020). The synergy of the integrated
approach of CP and DWT tries to improve the economic efficiency of the
companies in charge of making water drinkable while guaranteeing
environmental well-being (more efficient use of natural resources with
less waste and pollution) and improving the quality of drinking water.

However, the literature on an integrated approach to clean produc-
tion and purification is still scarce, this was verified by conducting this
research. Although the reviewed literature has focused on improving
drinking water treatment technologies and on the search for new al-
ternatives for purification, it also reveals a deficiency in the analysis and
evaluation of the different CP strategies in the variety of drinking water
treatment processes. Table 1 presents specific cases of PC strategies and
techniques that were applied in the treatment of drinking water.

Scientometrics is the study of quantitative aspects of science and
seeks to investigate trends and biases in the scientific literature on a
given topic (Guo et al., 2022). Through Scientometrics it is possible to
know the trend of a certain branch of research, which is extremely
relevant for academic society (Torcatoru et al., 2022). In view of the
above, the objective of this work was to carry out a scientometric
analysis of the application of CP in water treatment and a systematic
review of the studies where CP was applied in drinking water treatment
plants.

2. Methodology

2.1. Scientometric analysis of the application of cleaner production in
water treatment

2.1.1. Data sources and search strategy

To develop the scientometric analysis, a search was carried out for
literature published between 2002 and 2022 in the Scopus database,
which has a strict evaluation process, therefore, this database presents
relevant and reliable information. The search code was: (TITLE-ABS-
KEY ("cleaner production’’) AND TITLE-ABS-KEY ("“water treatment’’
OR ““wastewater treatment’” OR “Drinking water treatment’> OR
““potable’’) ), these were searched in the title, abstract and keywords.
Subsequently, purification of this literature was carried out, articles that
were outside the application of the CP in water treatment were elimi-
nated. For example, Wei et al. (2022) in their study indicate that
developing adequate feeding control strategies in aquaculture is one of
the most effective ways to promote CP; After reading the abstract, it was
possible to show that even though the words “*cleaner production’” and
““water treatment’’ were in the abstract, this article is not inherent to the
topic under study.

2.1.2. Treatment of selected articles and data analysis

Currently, there are tools for scientometric studies that are compat-
ible with the analysis of co-citation of literature, number of citations,
main journals, analysis of co-occurrence of keywords, etc. (Bornman
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Table 1

Strategies and measures of CP in drinking water treatment plants.
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Title

Identified problem

Measure implemented

CP strategy used

Results

Authors

Cleaner agricultural production
in drinking-water source areas
for the control of non-point
source pollution in China

Experimental evaluation of
sorptive removal of fluoride
from drinking water using
natural and brewery waste
diatomite.

Opportunities for improvement
in a potabilization plant based
on cleaner production:
Experimental and theoretical
investigations.

The role of water reuse in the
circular economy

Low-cost recycled end-of-life
reverse osmosis membranes for
water treatment at the point-
of-use

Enhancing the Assessment of
Cleaner Production Practices
for Sustainable Development:
The Five-Sector Sustainability
Model Applied to Water and
Wastewater Treatment
Companies

Resilience to evolving drinking
water contamination risks: a
human error prevention
perspective

Application of chemical
fertilizers and pesticides near
areas of drinking water sources.

It is widely recognized
throughout the world that the
excessive presence of fluoride in
drinking water supplies
constitutes a public health
problem.

Inefficiencies in the use of raw
material (raw water), inputs
(coagulant)

Reduce the global burden of
disease and improve the health,
education and economic
productivity of populations
Production of spent membrane
waste from reverse osmosis
systems

Need to improve the evaluation
of cleaner production practices in
this sector, in order to promote
sustainable development and
reduce the environmental impact
of these companies.

Threats to public health, due to
exposure to the presence of
contaminants in water.

formula fertilization through soil
testing, integrated pest
management, and water-saving
irrigation technology

Use of waste products from the
brewing industry, to remove
fluoride from drinking water.
Brewery waste diatomite was used
in a batch adsorption system.

Recirculation of water from the
filters to the settlers. Substitution
of aluminum sulfate coagulant by
aluminum polychloride

Application of various advanced
treatment technologies for water

supply

Recycling of reverse osmosis
modules as an alternative for the
treatment of groundwater for
domestic use.

The implementation of a
sustainability model managed to
quantify the levels of
sustainability and served to
classify the procedures and
improvements in 20 water
treatment plants.

The application of Good
Operating Practices, which
included the optimization of
operating and administrative
procedures, made it possible to
eliminate or at least reduce risks
and incidents of drinking water
contamination.

Better Process
Control good

operating could be reduced by 714 +
practices 151 kg
Reuse of the Fluoride removal by 65% Yitbarek et al.
wasted Safe management of (2019)
industrial waste, at the
same time provided a
resource for water
treatment.
Good Reduction in water Garcia-Avila
housekeeping consumption economic et al. (2021a)
savings
Good Water reuse closes the loop ~ Giakoumis
housekeeping between water supply and et al. (2020)
sanitation and provides an
alternative water source
Recycling Energy savings by recycling ~ Moreira et al.
domestic reverse osmosis (2022)
module.
Decrease in the production
of waste from used
membranes
Good Water savings, better Giannetti
housekeeping distribution efficiencies, et al. (2022)
investments to reduce
greenhouse gas emissions,
and an increase in the
quantity and quality of jobs
Good Resilience for the supply of ~ Tang et al.
housekeeping, clean drinking water. (2013)
process Avoid threats to public
reengineering health, protection against

Through reasonable
fertilization formula, N loss

exposure to pollutants.

Wang et al.
(2021)

et al., 2018). One of these tools is VOSviewer, which allows quantitative
analysis (Xue et al., 2021). In this study, VOSviewer was used as a visual
tool, which made it possible to intuitively understand the state of the
research through maps based on bibliographic data obtained from
documents retrieved from Scopus (Van Eck and Waltman, 2010). Using
VOSviewer, association networks were built that included journals,
keywords, authors, citations, which allowed us to analyze the research
frontiers, research critical points, gaps in this field of research, etc. (Guo
et al., 2019)

2.2. Systematic review of the application of cleaner production in drinking
water treatment

2.2.1. Protocol and focus questions

The research question of the study was framed based on PICO (Tobi
et al., 2019) and guided by the PRISMA model (Garcia-Penalvo, 2022).
PICO format questions are often used in systematic review papers, this
strategy can be used to build various types of research questions. The
formulation of questions with the PICO strategy serves to improve the
specificity and conceptual clarity of the problem to be investigated, as
well as to carry out searches that yield results with higher quality and
precision. Likewise, it allows for maximizing the location of relevant
information, focusing the search objectives and rejecting unnecessary
information, which will help to make the best evidence-based decisions.

The PICO method is an aid to structure the research questions in a
systematic review through important components, identify and convert
the problem into a structure based on Population (Problem), Interven-
tion, Comparison and Outcome (Petticrew, and Roberts, 2005). The
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Population/Problem refers to ;What is the problem to address?, this
element should be thought of as a dependent variable. The intervention
refers to ¢(What action or change would affect the /problem/-
population?, this element should be thought of as the independent
variable. The comparison refers to ;What is the alternative to the
intervention?, ;Is there a different intervention?, this item should be
thought of as a ’control group’. Outcome refers to ;What are the relevant
results?, this element should be thought of as what is measured to show
what the intervention has achieved or failed to solve the problem. The
PICO strategy was applied and presented according to Table 2.

Based on the PICO strategy, the following questions were

Table 2
Description of the components of the PICO system.

Population Drinking Water Treatment Plants: With the demand for water
increasing day by day, drinking water treatment plants are designed
to provide clean and safe water.

Cleaner production: It is a preventive environmental protection
initiative that can be applied to production processes, products or
services for the control of environmental pollution.

Strategies, techniques or opportunities for cleaner production:
Process improvements, Good Housekeeping, Equipment
maintenance, Reuse and recycling, Changes in inputs, Changes in
technology.

Application of CP in DWT: The application of CP techniques to
purification processes involves the reduction of raw materials and
energy, the elimination of toxic raw materials, as well as the
reduction of the quantity and toxicity of all emissions and wastes
before their deletion.

Intervention

Comparison

Outcomes
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formulated:

Q1. ;Is there integration between cleaner production and drinking
water treatment?

Q2. ;What are the cleaner production opportunities applied in
drinking water treatment?

Q3. (In what purification processes has cleaner production been
applied?

To answer the questions formulated previously, a systematic review
was applied, which was developed following the guidelines of the
““PRISMA 2020 Declaration: an updated guide for the publication of
systematic reviews’’ (Page et al., 2020), which has a methodology of
diagrams for item selection (Garcia-Penalvo, 2022; Petticrew and Rob-
erts, 2005).

The Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement, published in 2009, was designed to
help systematic reviewers transparently report why the review was
done, what the authors did, and what they found (Page et al., 2021).

2.2.2. Data sources and research strategy

The articles were retrieved from the SCOPUS database and limited to
the period (2002-2022). For this case, keywords such as *“cleaner pro-
duction” and “‘drinking water treatment’” or “‘drinking water”’ or
““potable’’ were used, these were searched in the title, abstract and
keywords. The retrieved articles were saved in a database data in csv
format for further analysis Articles published in English only were
included in the search.

2.2.2.1. Inclusion and exclusion criteria. The articles were retrieved
from the SCOPUS database and limited to the period (2002-2022). For
this case, keywords such as “*cleaner production’” and "*drinking water
treatment’’ or “drinking water’’ or ““potable’’ were used, these were
searched in the title, abstract and keywords. The retrieved articles were
saved in a database data in csv format for further analysis Articles
published in English only were included in the search.

2.2.2.2. Treatment of selected articles and data analysis. The selected
information was analyzed and organized in tables that included: the
author, the objective of the article, the CP strategy implemented, and
type of drinking water system where the CP was implemented, purifi-
cation process where the CP strategy was implemented. The data
collected in the table were useful to compare the results according to the
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contributions of different authors and thus answer the research ques-
tions (Nurbaiti et al., 2021).

3. Results and discussion

3.1. Scientometric analysis of the application of cleaner production in
water treatment

3.1.1. Publication trend

Using the aforementioned search code, a total of 305 documents on
CP and wastewater and drinking water treatment were found, most of
which included research papers. After filtering the year of publication
between 2002 and September 2022, the initial search was reduced to
278 documents.

In Fig. 1 you can see the distribution of the number of articles that
investigated the application of CP in water treatment. The blue bar in-
dicates the number of articles that applied CP to the WWT. Meanwhile,
the red bar indicates the number of articles that applied CP to the DWT.
It is evident that in these 20 years CP has been more applied in the WWT,
evidencing a research gap on the application of CP in the DWT.

A gradual increase was observed in the number of publications that
applied CP in the WWT, increasing from 3 articles in 2002 to 42 articles
in 2021, in 2022 there was a decrease to 30 articles. Meanwhile, the
number of articles that applied CP in the DWT has been irregular in these
20 years; In 2003 an article was published in this field, the maximum
number of articles published was in 2014 and 2022 with 4 articles, there
is no growing trend in these last two decades.

3.1.2. Journal analysis

The studies were published in 129 journals (Fig. 2). In 123 of them,
only one article was published. The largest number of articles (n = 100)
were published in the journal of cleaner production, eleven in the water
science and technology journal, six in environmental science and
pollution research. The first journal produced 35.6% of the papers
published during the study period.

The main focus of these journals is the environment. Journal of
cleaner production had the most citations with 3312, followed by water
science and technology journal (124 citations), environmental science
and pollution research (59 citations). Regarding the impact of the
source, the h-index, developed by Hirsch (2005), was commonly used to
describe the importance of journals (Halbach, 2011). The journal with
the highest h-index, the Journal of Cleaner Production, had a score of
232. It was followed by Water Science and Technology (h-index = 145),
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Fig. 1. Distribution of the number of articles that investigated CP in water treatment in relation to the year of publication. Blue bar: CP applied to wastewater
treatment; Red bar: CP applied to drinking water treatment. Yellow line: CP applied to wastewater and drinking water treatment.
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Fig. 2. Visualization of the magazine network (VOSviewer). Network of the main journals in the field of the application of CP in the treatment of residual waters.

Environmental Science and Pollution Research (h-index = 132). Over
the years, the Journal of cleaner production, Water science and tech-
nology and environmental science and pollution research has been
active in this area of research. The size of the circle represents the
number of papers published by the journal. The larger the size of the
circle, the greater the number of papers published by the journal.

3.1.3. Analysis of concurrent keywords

Regarding the most recurring words in the title, keywords or ab-
stract, a total of 927 words were identified that were used as keywords in
the 278 documents. Within the most recurring words, 14 words were
identified that were recurring in at least 5 articles (Fig. 3). These words
were cleaner production with 75 occurrences, wastewater treatment
with 25 occurrences, wastewater with 21 occurrences.

After that, VOSviewer divided the co-occurrence network into
several color groups via its grouping function. The more relevant the
keywords are, the more likely they are to be grouped together. As seen in
the visual network map (Fig. 3), all these keywords were classified into

water treatment »

eco-efficiency

cleane

water

textile

6%, VOSviewer

diosgenin

five groups. The size of the circle represents the occurrence of the key-
words. The larger the circle, the more times the keyword has appeared in
publications in this field of research. The keywords cleaner production
and wastewater treatment exhibit the strongest link. The relative
strength and similarity between the topics are exhibited by the distance
between the two keywords. Circles of the same color show the similarity
of topics between different published articles. The co-keyword network
clearly illustrates five distinct groups. Each group represents a subfield
of a CP field in water treatment. Even though the words *"drinking water
treatment’” and ~"drinking water’” were used in the search for articles, in
Fig. 3 drinking water does not appear as a keyword. Therefore, as
mentioned above, there is no current application of CP in the DWT once
again demonstrating that there is a gap in this field of research.

3.1.4. Co-authorship analysis

3.1.4.1. Countries. With the bibliographic data retrieved from Scopus,
the visualization map of the co-authored network of the countries was

adsogption

wastewat“reatment

uction

enviramment

sustaigability

wa s@ater

reuse

Fig. 3. Network of the most recurring words in the field of application of the CP in wastewater treatment. The words cleaner production, wastewater treatment and

wastewater were the most used; textile, diosgenin, and reuse were the least used.
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created with VOSviewer. The review by countries showed that research
in this field was distributed in 61 nations, with the largest number for
China with 91 articles, followed by 19 for India, 19 for United States
(46.40% of these three countries together), as well as 18 articles for
Australia and 21 for Brazil (Fig. 4).

The size of the circles represents the number of documents, the larger
the circle, the more documents a country has published in this field. By
using five different colors, five clusters of cross-country links on CP
research in water treatment could be distinguished. For example, China,
the United States, Canada, and Chile co-authored many articles; while
Australia, Poland, Iran and Thailand were deeply involved in coopera-
tion with CP’s research on water treatment. The third team in red brings
together countries like Brazil, Spain, France, Finland, etc. India main-
tains extensive cooperation in this field of research with other countries
like Germany, Italy, Ireland.

3.1.4.2. Authors. The VOSviewer co-authoring visualization functions
module was applied to analyze the cooperation pattern of the authors,
who published on the application of CP in water treatment. Regarding
the authors who wrote the most about the application of CP in water
treatment, of the 1005 authors, 8 authors published more than 5 articles
(Fig. 5). The authors who published the most are Wang Y. (n = 10),
Zhang Y. (n =9), Liu Y. (n = 8), Zhang C. (n = 8), Li X. (n = 7).

It was found that 16.21% of the authors (n 163/1005) were
accredited in two publications on the subject of CP and water treatment,
4.77% (n = 48/1005) were accredited in at least three publications,
1.99% (n = 20/1005) were credited in four publications, and 0.79% (n
= 8/1005) were credited in five publications. It was observed that some
of the 1005 authors were not connected with the other authors in the
network. The lines between the authors represent their cooperative
links, while the eight different colors seen in Fig. 5 represent the
collaborative group of the authors. The size of the circles represents the
average publication by one author; thus, the larger size that some au-
thors have indicates that these authors have a greater number of pub-
lications in this field of research, the smaller circles show fewer
documents produced by authors.

3.1.4.3. Institutions. Collaboration between institutions is necessary to
disseminate and create knowledge according to (Cardoso et al., 2020).
Collaborations between academic organizations are concerted scientific
efforts that help solve impossible global problems (Ding et al., 2000). A
total of 619 organizations participated in the publication of the 278
articles. Regarding the number of documents by institutions, it was
identified that five organizations had the highest number of publications
(3 documents) in this field, these organizations are presented in Table 3.
The organization that had the most citations in this period was the

» d
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Department of polytechnic education and community college, ministry
of higher education, Putrajaya, Malaysia with 66 citations.

Organizations from Asian countries, except for China and African
institutions, did not appear among the main organizations investigating
CP in water treatment. This trend suggests the need for developing
countries to mobilize their own limited resources to carry out research
through their own initiatives or seek links with institutions in developed
countries.

3.1.5. Publications with the greatest impact

The publications with the greatest impact are presented in Fig. 6,
where the investigations with the greatest impact can be observed. In
this regard, articles with a minimum number of 100 citations were
considered, with 14 documents out of the 278 that fulfilled this purpose.
The top five papers with the most citations are presented in Table 4. The
paper entitled “*Green synthesized iron nanoparticles by green tea and
eucalyptus leave extracts used for removal of nitrate in aqueous solu-
tion”” has to date 307 citations, it was developed by Wang et al. (2014)
and was published by the Journal of Cleaner Production.

3.1.6. Discussion and limitations of the research

Using the previous results of the scientometric analysis, it was
possible to extract many new findings in this field, the same ones that
cannot be determined by other types of reviews, but which are very
useful to analyze the information in a more objective way (Chen and
Song, 2019). Thus, it can be revealed how research in the field of CP has
played a role in the efficiency of water treatment. The CP should be a
priority to help companies in charge of water treatment to analyze and
measure the efficient and sustainable use of resources (Baron et al.,
2020). Most water treatment plants aim to reduce emissions by opti-
mizing the use of chemicals and treatment processes (Torcatoru et al.,
2022).

This study provides timely and valuable information on the appli-
cation of CP in water treatment and allows researchers to better analyze
current research progress in this field, highlighting potential future
research and collaborations.

It must be emphasized that the results of scientific research cannot be
included and analyzed in a scientometric investigation, which is why it
has not been possible to easily explore it in this investigation. Thus, in
practice, the factors that most influence the wastewater treatment pro-
cess are undoubtedly its composition, considering that the water treat-
ment process consists of a succession of physical, chemical and/or
biological processes that eliminate contaminants (Thomas et al., 2020).
Being difficult to make a further analysis, because the authors have
signed a confidentiality agreement regarding the data, or they cannot be
published for other reasons.
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Fig. 4. Visualization of the network of countries (VOSviewer). Network of countries with more publications in the field of application of the CP in wastewater

treatment. China is the country that has published the most in this field.
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Fig. 5. Network of authors with more publications in the field of the application of the CP in wastewater treatment. Wang and Zhang had more publications in this
field of research.

Being this study the only scientometric analysis on the application of
CP in water treatment to our knowledge, the main journals, countries,
institutions and authors involved in related research were identified
along with the trend in the growth of publications in this field.

Table 3
Institutions with more publications in the field of application of the CP in
wastewater treatment.

Organization Documents  Citations This scientometric analysis established trends and gaps in this field of

Department of polytechnic education and community 3 66 research. Regarding the trends, it was possible to identify that the
college, ministry of higher education, Putrajaya, application of the CP in the WWT is growing, because the researchers
Malaysia

consider it essential to invest efficiently in wastewater and other sani-

Laboratory of industrial biotechnology, ministry of 3 45 . . . . . . .
education, school of biotechnology, Jiangnan tation infrastructures, which will allow to achieve benefits for public
University, China health, improve the environment and the quality of life of the popula-

Co-innovation center of green building, Jinan, China 3 31 tion. This has allowed us to determine that research has focused so far on

SCI;I?OI gf m“J".“C‘PQLI a‘:Jd F““f"““;?mal Z‘;‘f‘“eerm& 3 31 the field of CP related to WWT. Meanwhile, investigations of the

ty, X L . .
ancong Jlan ziu Falversity, inan, iina application of the CP in the DWT have been scarce, since of the 278

School of minerals processing and bioengineering, central 3 16 X X

south university, Changsha, China articles recovered that relate the CP to water treatment, only 27 articles

are related to the treatment of drinking water, so there is a gap in this
field. For this reason, a systematic analysis of the application of the CP in
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Fig. 6. Network of authors of the most cited publications in the field of CP application in wastewater treatment.
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Table 4
The five most cited articles in the field of CP application in wastewater
treatment.

Author Title of the publication Number of
citations
Wang et al. Green synthesized iron nanoparticles by greentea ~ 316
(2014) and eucalyptus leaves extracts used for the
removal of nitrate in an aqueous solution
Larsen et al. How to avoid pharmaceuticals in the aquatic 162
(2004) environment
Chen et al. Environmental-friendly montmorillonite-biochar 154
(2017) composites: Facile production and tunable
adsorption-release of ammonium and phosphate
Ahmed et al. Production of biogas and performance evaluation 151
(2019) of existing treatment processes in palm oil mill
effluent (POME)
Rasaki et al. Geopolymer for use in heavy metals adsorption, 141
(2018) and advanced oxidative processes: A critical

review

the treatment of drinking water was carried out below.

Limitations of the scientometric analysis

One of the limitations of this study could be the words used to
retrieve the articles on this topic, which could be subject to bias. Another
limitation is the exclusive use of articles from the Scopus database,
therefore, future studies should focus on expanding the search to other
databases such as WoS.

3.2. Systematic review of the application of cleaner production in drinking
water treatment

3.2.1. Search results

A search of scientific literature was carried out in the SCOPUS
database, with the following keywords: " cleaner production’’, **drink-
ing water’’, ““potable water’’. The keywords were searched in the title,
abstract and keywords of the article.

South African Journal of Chemical Engineering 45 (2023) 136-148

For the initial identification of articles, the search string: (TITLE-
ABS-KEY ("Cleaner Production’’) AND TITLE-ABS-KEY ("drinking
water treatment’”) OR TITLE-ABS-KEY (“drinking water’’) OR TITLE-
ABS-KEY (“potable’’)). In this first search, 27 articles were obtained.

Subsequently, the publications were filtered, considering articles
from the years 2002 to 2022, written in English, with the following
search criteria in Scopus: (TITLE-ABS-KEY (**Cleaner Production’’) AND
TITLE-ABS-KEY (“drinking water treatment’’) OR TITLE-ABS-KEY
(drinking water’’) OR TITLE-ABS-KEY ("potable’’)) AND PUBYEAR
> 2002 AND PUBYEAR < 2022 AND (LIMIT-TO (DOCTYPE, ““ar’’))
AND (LIMIT-TO (LANGUAGE, ““English’’)). With this new search,
eighteen articles were obtained.

The PRISMA model (Fig. 7) was used for the identification, filtering
and inclusion of articles (Thomas et al., 2020). The final product of the
search produced a database of eighteen articles, six articles that did not
correspond to the objective of the systematic review were discarded and
twelve articles remained. Of the twelve articles, four were eliminated
after reading the abstract, because they did not meet the criteria
established in the questions. Subsequently, of the eight studies chosen,
three articles were eliminated after the complete reading because they
were not related to the objectives of this work, resulting in five articles
for the systematic review.

Most of the articles were excluded because they were not related to
““cleaner production’’ and because they were not related to the term
““drinking water treatment’’. In many articles, an adequate description
of the CP strategies that were implemented in a drinking water treat-
ment system was lacking. For example, the abstract indicated the
application of CP, but the methodology did not establish the CP strategy
applied, nor was the application of CP in the potabilization processes
indicated. The results also did not provide precise information on the
saving of raw materials, water and energy, it was not indicated if there
was an elimination of toxic raw materials, a reduction of toxicity of
waste and emissions, among other aspects.

Finally, only five articles were analyzed, clearly noting how the
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Fig. 7. Selection of relevant articles for the systematic review on the integration of CP in drinking water treatment.
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number of articles initially identified was low, indicating that there is
currently no integration of CP strategies in drinking water systems.
Despite the fact that water (raw material) is used in purification, energy
for the different processes, chemical inputs necessary for the treatment,
no CP studies have been carried out that save water, energy and inputs,
as well as reduction of waste and greenhouse gasses.

3.2.2. Q1. Is there an integration between cleaner production and drinking
water treatment?

Currently, it is not only necessary to implement environmental
programs, but also to involve concepts of quality, competitiveness and
saving of raw materials, to environmental management. This is how the
development of CP tools begins, aimed at promoting the development of
programs and projects in a more efficient and economically viable way
(Hens et al., 2017). For the specific case of service provider institutions,
such as drinking water service providers, these companies aim to supply
drinking water using resources efficiently and avoiding generating a
large volume of waste, reducing water consumption and energy,
ensuring the quality of drinking water. This goal can only be achieved
with clear objectives, well-applied tools, and a concrete understanding
of the processes within the treatment plants (Alsaeed, 2021).

According to the reviewed documents, the CP involves the applica-
tion of knowledge, the improvement of technologies and, above all, the
change of attitudes in many processes of a drinking water treatment
plant. In addition to achieving a lower level of pollution and environ-
mental risks. CP is a good proposal to reduce the costs of producing
drinking water (Nunes et al., 2019). More efficient use of water and
energy and optimization of processes in a treatment plant result in less
waste and lower operating costs (Giannetti et al., 2022). This leads to
increased productivity, with less water and energy loss, due to good
operating practices.

According to the different CP alternatives, it is necessary to integrate
the improvement options into the different existing processes in a pu-
rification system. However, the low number of documents in which the
CP is clearly integrated into the DWTP, indicates that there is still a lack
of studies in this field. Table 5 shows the main objective of each of the
five selected articles, highlighting the application of preventive and
integrated strategies to the processes of purification and distribution of
drinking water; this allows for increasing global efficiency and reducing
the risks for the human being and the environment.

The evidence demonstrates the need to know the scope of the CP, its
implementation allows the saving of water, materials and energy,
becoming a strategy for the fulfillment of national and international
commitments, related to sustainable development objectives (SDG),
especially on clean water and sanitation (SDG: 6); and on Responsible
Consumption and Production (SDG:12).

3.2.3. Q2. What are the cleaner production opportunities applied to
drinking water treatment?

Table 6 shows of the five articles reviewed, the Good housekeeping
(GHK) approach, as the most used opportunity. This is a strategy related
to a series of measures to prevent the inefficient use and loss of raw
materials; minimization of unspecified products; water conservation;
energy savings, accident prevention and improvement of the company’s
operational and organizational procedures of goods or services. The
GHK is associated with changes in procedural, administrative and
institutional actions; with the purpose of preventing the generation of
waste, improving organizational and labor safety, preventing the loss of
materials and resources, improving production programs, among others.
The implementation of the GHK is relatively easy and can be achieved at
low cost, even without investment cost.

Another CP opportunity that was applied according to the selected
items is recycling, which aims to convert waste into new products or raw
material for later use. Recycling is an eco-friendly practice that consists
of subjecting a waste or unusable thing to a transformation process, in
order to use it as a resource that allows it to be reintroduced into the life
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Table 5
The main objective of each of the documents reviewed.

Author The purpose of the study

Moreira et al. (2022)  Energy savings through the recycling of reverse osmosis
modules as an alternative for the treatment of groundwater
for domestic use. The advantages of using recycled
membranes could extend towards environmental aspects,
preventing the production of waste from spent membranes
and focusing on CP of technical processes.

Through a sustainability model, it was possible to quantify
the levels of sustainability, which served to classify the
procedures and establish reference points for improvements
in 20 water treatment plants. CP practices were related to
water savings, better distribution efficiencies, investments
to reduce greenhouse gas emissions, and an increase in the
quantity and quality of jobs.

The processes of a treatment plant were evaluated to identify
CP opportunities. The causes of the inefficiencies in the use
of raw material (raw water), supplies (coagulant) and the
causes of the generation of liquid effluents were identified
and finally the CP options were considered. The CP options
identified were good cleaning, substitution of inputs
(coagulants), recycling of water from the filters.

To achieve the objective of the CP, the placement of sensors
in municipal drinking water networks in response to possible
threats to public health becomes one of the most important
challenges currently facing drinking water companies,
especially in communities small scale. The implementation
of sensors made it possible to guarantee that the
concentration of microorganisms, disinfection by-products,
disinfectants, inorganic chemical products, organic chemical
products and/or radionuclides is below the permissible
limits; except for residual chlorine concentration, which
must meet the minimum concentration requirement of 0.2
mg/L but not exceed 4 mg/L, regulated by the EPA.
Drinking water contamination risks and incidents were
managed through prevention, reduction and mitigation.
Measures were identified to prevent human error causing
related incidents throughout the drinking water life cycle.
Human error is a major contributing factor in amplifying the
risk of drinking water-related incidents. Therefore, the Good
Operational Practices that include the optimization of the
operational and administrative procedures allow to reduce
or eliminate the possible causes of drinking water incidents
based on the established parameters.

Giannetti et al.
(2022)

Garcia-Avila et al.
(2021a)

Chang et al. (2013)

Tang et al. (2013)

Table 6
Main objective of each one of the reviewed documents.

Author CP strategy used Drinking water system

Moreira et al. Recycling decentralized plant
(2022)

Giannetti et al. Good housekeeping, use of Centralized plant
(2022) indicators (conventional plant)

Garcia-Avila et al. Good housekeeping, change of Centralized plant
(2021a) supplies (conventional plant)

Chang et al. (2013)  Technology implementation Distribution network
(sensor placement)
Good housekeeping, process

reengineering

Plant and distribution
network

Tang et al. (2013)

cycle; without having to resort to the use of new natural resources.

Moreira et al. (2022) investigated the recycling of end-of-life do-
mestic reverse osmosis modules as an alternative for point-of-use
groundwater treatment. The systems operated without external energy
requirements for permeation, only the hydraulic force provided by the
water network was used. The system was effectively converted to ul-
trafiltration. A safe drinking water supply will be obtained through a
technology accessible to different socioeconomic realities.

Giannetti et al. (2022) specifies the application of the SUSTAIN-
ABILITY OF THE FIVE SECTORS (5SEnSU) model to water treatment
companies, this model refers to a holistic framework that can show the
relationships between the human being and the natural environment.
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For this purpose, environmental indicators, economic indicators and
social indicators were used in 20 treatment plants in Brazil. The appli-
cation of the 5SEnSU model made it possible to classify the plants ac-
cording to their levels of sustainability, as well as to highlight the sectors
where improvements are essential to achieve management strategies
that are more aligned with the SDGs. It was possible to identify the water
treatment companies that adopted the best available practices for their
operations, which left closer relationships with the environment, society
and economic capital. Specifically, CP practices were related to water
savings, better efficiencies in water distribution, investments to reduce
greenhouse gas emissions, and an increase in the quantity and quality of
jobs.

Garcia-Avila et al. (2021) used the methodology recommended by
UNIDO to identify CP opportunities in a DWTP. Good housekeeping was
applied, which allowed saving water (29,400 m®/year) by reducing the
number of filter washings, without any investment. CP’s second op-
portunity achieved water savings (23,256 m>/year) by recirculating the
water from the filters to the decanters. The investment was small and the
payback period was 2.4 months. The third option of CP was based on the
change of coagulant, which allowed an annual economic saving of
5361.12 USD, with an immediate recovery period, at the same time this
CP strategy allowed to reduce the production of sludge.

Chang et al. (2013) developed a rule-based decision support system
(RBDSS) as a methodology to generate sensor implementation strategies
in municipal drinking water networks in response to possible threats to
public health. The CP strategy identified in this study was the imple-
mentation of technology in the distribution network, which detected the
migration of contaminants such as microorganisms, disinfection
by-products, disinfectants, inorganic chemical products, organic chem-
ical products and/or radionuclides, as well as monitoring the residual
color, verifying it within the corresponding standards. The profitability
of this CP strategy implied the protection of the health of the population
that consumes drinking water.

Tang et al. (2013) considers CP from the perspective of preventing
human errors. The author identified four types of human error: unsafe
acts, design errors, maintenance errors, and poor operating skills. These
errors are mainly related to the behavior of operators and administra-
tors. The identification of human errors made it possible to establish
resilience-oriented management mechanisms for the supply of cleaner
drinking water; and it is essential to guarantee the successful practice of
managing the risks of contamination of drinking water. Consequently, it
was proposed to develop Good Housekeeping for risk management for
drinking water companies.

3.2.4. Q3. What purification processes apply cleaner production?

The operational objective of the purification process is to produce
drinking water in adequate quantity and quality for human consump-
tion, following the established goals. The importance of this process lies
in the fact that water acts as a health barrier: it guarantees, on the one
hand, that it will not be a vehicle for disease and, on the other, that its
use for personal, household or food intake and hygiene helps prevent
them (Valdiviezo Gonzales et al., 2021). A so-called conventional
treatment integrates a pretreatment, coagulation, flocculation, sedi-
mentation, filtration and disinfection (Parvini et al., 2015). There are
more advanced water purification techniques such as reverse osmosis,
ion exchange, advanced oxidation. Advanced treatments make it
possible to reduce the organic load, presence of metals and pathogens in
the water. In the different purification processes, energy and chemical
inputs are used.

Meanwhile, for the maintenance of the different treatment units,
water and energy are used. It should be noted that the processes and
maintenance of the purification process oversee human personnel.

Due to the aforementioned, the implementation of the different CP
opportunities in the different purification processes would allow savings
in water, energy, and chemical inputs; which could be achieved by
implementing good operating practices, process improvements;
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equipment maintenance; reuse and recycling; changes in the raw ma-
terial; technology changes. In the documents reviewed, it can be high-
lighted that the main purification processes where CP techniques were
implemented were mainly: coagulation and filtration, which allowed
water savings and reduction of greenhouse gas emissions. CP options
were also implemented in the distribution network, which was able to
ensure the quality of drinking water (Table 7).

According to the literature review, it was observed that the organi-
zational culture is essential to achieve the objective of the imple-
mentation of CP. To the extent that the directors or administrators of the
drinking water companies adopt a CP, a full awareness of the environ-
mental aspects and impacts involved in the processes and services pro-
vided will be developed.

Therefore, it is important to identify CP opportunities to reduce costs
and favor the responsible and sustainable growth of the companies that
provide this service. Implementing CP strategies in a water treatment
plant implies innovating. A process requires an attitudinal change of
managers and workers, which will result in efficient and sustainable
performance with respect to water resources.

The ability to adapt CP practices also depends on continued knowl-
edge in managing the demand and supply of materials and resources in
the supply chain.

3.3. Environmental and economic benefits of cleaner production in
drinking water treatment

The cleaner production is applied in various drinking water treat-
ment processes, such as filtration, disinfection and the removal of
organic and inorganic substances (Maama et al., 2021). Some cleaner
production practices include the use of more efficient technologies, the
reduction of the use of chemical products, the optimization of the use of
resources, the prevention of pollution and the use of renewable energy
(Giannetti et al., 2022)

Some studies have shown that cleaner production in drinking water
treatment can reduce the emission of greenhouse gasses and other pol-
lutants, such as chlorine and ozone, which can be harmful to human
health and the environment (Zib et al., 2021)

Reducing chemical and energy use can lower greenhouse gas emis-
sions and costs associated with producing and treating drinking water
(Garcfa-Avila et al., 2021b). In addition, reusing sludge from drinking
water treatment can reduce the amount of waste generated and there-
fore lower waste disposal costs (Nguyen et al., 2022).

The application of cleaner production can reduce the carbon foot-
print and water footprint associated with the drinking water treatment

Table 7
Processes of drinking water with CP application.

Reference Processes of drinking water CP Objectives

Moreira et al. Inverse osmosis

(2022)

Energy savings by recycling
domestic reverse osmosis
modules

Water savings, better
distribution efficiencies,
investments to reduce
greenhouse gas emissions, and
an increase in the quantity and
quality of jobs

Reduction in water
consumption, greenhouse gas
emissions

Avoid threats to public health,

Giannetti et al.
(2022)

Coagulation, flocculation,
decantation, filtration,
disinfection and distribution

Garcia-Avila
et al. (2021a)

Coagulation, filtration

Chang et al. Chlorination and

(2013) distribution of water protection against exposure to
pollutants
Tang et al. Coagulation, filtration, Resilience for the supply of
(2013) chlorination and distribution clean drinking water. Avoid

threats to public health,
protection against exposure to
pollutants.
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(Qi, and Chang, 2012). In addition, these authors highlight that cleaner
production in drinking water treatment can improve the efficiency of the
processes and, therefore, reduce production costs.

In drinking water treatment, cleaner production implies the use of
techniques and technologies that minimize the generation of waste and
emissions, reduce energy and water consumption, and optimize the use
of natural resources (Capocelli et al., 2019). These practices not only
benefit the environment but also generate economic advantages for the
companies that implement them.

A benefit of the application of cleaner production is the improvement
in the quality of the treated water (Moreira et al., 2022). Cleaner pro-
duction makes it possible to obtain higher-quality water with fewer
chemicals, which can improve the perception of the population and
increase the demand for drinking water (Boretti and Sosa, 2019). This
can translate into an increase in sales for companies in charge of water
treatment.

Tang et al. (2013) highlights the importance of implementing cleaner
production practices in drinking water treatment to reduce environ-
mental impact and obtain economic benefits.

The implementation of the CP in a drinking water treatment plant
reduces the generation of sludge (Sorlini et al., 2015). Additionally, CP
can also help reduce the amount of chemicals used in the water treat-
ment process, which in turn can decrease the amount of hazardous waste
generated (Ahmad et al., 2016).

Due to the aforementioned, the application of cleaner production in
the treatment of drinking water can generate environmental and eco-
nomic benefits by reducing pollution, energy use and waste generation.
The articles reviewed support the claim that cleaner production can be
an effective strategy to improve the sustainability of drinking water
treatment.

3.4. Limitations of the systematic review

It should be noted that, for this systematic review, manuscripts
retrieved from the Scopus database with the keywords “*Cleaner pro-
duction”, “*drinking water treatment’’, “~drinking water’’ and " drink-
ing’’ between January 1, 2002 and October 31, 2022. The biggest
limitation of this systematic review and for which it has not been
possible to draw clear scientific conclusions is that after applying the
inclusion and exclusion criteria, only five articles were obtained, this
due to that these 5 documents had a direct and precise articulation be-
tween CP and DWT. However, future studies should expand the search to
other databases where there may be more articles in this specific field of
research.

3.5. Gaps and future research

The bibliographic references selected in this systematic review allow
us to observe that, although the frequency of studies related to the
application of CP in drinking water has increased slightly in recent
years; however, the number of studies is still insufficient to obtain
effective scientific evidence. One of the gaps found during this investi-
gation corresponds to the greater application of: reuse and recycling,
changes in supplies, changes in technology in the different purification
processes.

Alumina-containing water purification sludge (WPS) is the most
important waste produced in purification. This sludge accumulates after
the processes of flocculation, sedimentation and filtration due to the
application of coagulants based on alumina or iron generally. This
sludge could be used as raw material in the construction materials in-
dustry for concrete works, such as for making bricks. Therefore, research
is needed to determine the percentage that could be used in construction
materials. In this way, the problem of generating purification sludge can
be eliminated, instead of sending a receiving body or a landfill, with
which the reuse opportunity would be applied.

Some of the CP strategies related to the change of input pending
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investigation is the replacement of sunlight with ultraviolet light (UV) or
the application of some technique that facilitates greater elimination of
microbiological contamination from dirty water, to reduce or eliminate
the use of a chemical disinfectant. Likewise, it is important to continue
investigating more about the elaboration and application of organic
coagulants that replace inorganic coagulants.

For the water services sector, the implementation of the CP is aligned
with the Sustainable Development Goals (SDG) of the United Nations, by
achieving SDG 6 it allows to achieve other related SDGs, such as SDG 12
(Zvimba et al., 2021).

Future research is suggested to analyze CP indicators as a tool for the
different purification processes. It remains to investigate how CP allows
formulating strategies for treatment plants to adapt to climate change.
There are several future research directions in the application of Cleaner
Production in drinking water treatment that are important to explore.
Below are some of these research directions and their justifications:
Investigate the technical and economic feasibility of applying Cleaner
Production in drinking water treatment plants; this is because there are
few studies that evaluate the technical and economic feasibility of its
implementation in drinking water treatment plants. These studies can
help determine the cost-benefit of Cleaner Production in terms of
reducing operating costs and environmental improvements.

Investigate the relationship between the application of Cleaner
Production and the quality of drinking water; although it is expected
that the application of Cleaner Production will have a positive impact on
the quality of drinking water, there are not many studies that examine
this relationship. Investigating this relationship can help determine
whether Cleaner Production can be used to improve the quality of
drinking water and ensure public health.

Evaluate the environmental and public health impacts of Cleaner
Production in drinking water treatment. The evaluation of these impacts
can help better understand the environmental and public health benefits
of Cleaner Production in drinking water treatment. Research on
different Cleaner Production strategies applied in drinking water treat-
ment; this is justified because broader and deeper research is needed on
the different Cleaner Production strategies that can be applied in
drinking water treatment, such as water reuse and proper maintenance.

Research on the application of Cleaner Production in large-scale
drinking water treatment systems: while Cleaner Production has been
successfully used in some small-scale drinking water treatment systems,
more research is needed on its application in large-scale systems. This
would allow decision makers and drinking water treatment pro-
fessionals to determine the feasibility of applying Cleaner Production
strategies in larger systems and develop scalable solutions.

Due to the aforementioned limitations of the systematic review, for
future studies related to cleaner production management in water
treatment, it is suggested to analyze documents based on the Life Cycle
Assessment (LCA), which can provide more scientific clarification in this
field of research, since the CP addresses the reduction of negative im-
pacts throughout the product’s life cycle.

4. Conclusions

Studies regarding the application of CP in water treatment were
compiled and reviewed through a scientometric analysis. The VOS-
viewer software allowed a visual analysis of 278 publications retrieved
from the Scopus database and the following results were obtained: The
literature in the field of the application of CP in water treatment has
been increasing year after year, has increased notably since 2012. The
journals that published the most in this field are Journal of cleaner
production, Journal of environmental management and Environmental
science and pollution research.

In the field of research on the application of CP in water treatment
there are some outstanding countries such as China, India, Brazil, etc.
The author collaboration network showed that a small number of re-
searchers and countries have close and concentrated collaborative
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relationships. Most researchers and countries are still scattered, with
little collaboration with other researchers and countries. The most
recurring words were cleaner production, wastewater and waste treat-
ment. The last indicated allowed to identify that the different CP stra-
tegies have been integrated in the various water purification processes;
however, CP has not been integrated into the DWT to the same extent as
it has been integrated into the WWT. Reason for which a systematic
review of the application of the CP in the DWT was carried out. Only five
studies explicitly evaluated the interactions or relationships between CP
and DWT. The systematic review provided satisfactory answers to the
research questions posed. Regarding the first research question, a weak
integration of CP opportunities in drinking water systems was evi-
denced. The implementation of CP strategies may be the right path for
drinking water treatment plants. It is important to stress that CP has not
yet reached many service companies, including drinking water supply
companies. Responding to research question 2, it was found that the
main opportunities for CP applied in drinking water systems were Good
cleaning and recycling. Regarding question 3, the main purification
processes where PML has been applied have been the coagulation and
filtration processes. These results provide academics and businessmen
with a clear picture of the benefits generated by the implementation of
CP in drinking water companies. Academics can use the results as a
starting point to develop new research and managers of drinking water
companies as guidelines to facilitate the implementation of CP projects.
The needs and gaps based on this review indicate that more research is
still needed on the topic addressed in this review. This research suggests
tracing a path and the steps that can be taken to achieve each of the CP
benefits and developing proposals for management models and in-
dicators that help to achieve CP goals; deepen the studies of the syn-
ergies and correlations of each CP strategy and each purification process.
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