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Abstract:

Lean production and green production are two concepts that are generally discussed separately in the literature. However, the
relationship between both concepts is open to debate in the scientific and academy community, just like the role it plays green
production as a mediating role between lean production and sustainable performance. Thus, the objective of this study is to analyze
the relationship between lean production and green production in sustainable performance, through an explanatory research
model. The results obtained show that lean production positively influences both green production and sustainable performance,
and that green production acts as a mediating role between both variables.
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Resumen:

La produccién lean y la produccién verde son dos conceptos que generalmente se analizan por separado en la literatura. Sin
embargo, la relacidn entre ambos conceptos es objeto de debate en la comunidad cientifica y académica, al igual que el papel
que desempena la produccién verde como mediador entre la produccién lean y el rendimiento sostenible. Asi, el objetivo de este
estudio es analizar la relacién entre la produccion lean y la produccién verde en el rendimiento sostenible, a través de un modelo
de investigacion explicativo. Los resultados obtenidos muestran que la produccién lean influye positivamente tanto en la
produccién verde como en el rendimiento sostenible, y que la produccién verde acttia como un mediador entre ambas variables.
Palabras clave: produccién lean, produccién esbelta, produccién verde, produccién lean-verde, rendimiento sustentable,
cconomia emergente.

Resumo:

Produgio enxuta ¢ produgio verde sio dois conceitos que geralmente sio discutidos separadamente na literatura. No entanto, a
relagio entre ambos os conceitos estd aberta ao debate na comunidade cientifica e académica, assim como o papel que a produgio
verde desempenha como mediadora entre a produgio enxuta e o desempenho sustentdvel. Deste modo, o objetivo deste estudo
¢ analisar a relagio entre producio enxuta e producio verde no desempenho sustentdvel, por meio de um modelo de pesquisa
explicativo. Os resultados obtidos mostram que a produgio enxuta influencia positivamente tanto a produgio verde quanto o
desempenho sustentdvel, e que a produgio verde atua como mediadora entre ambas as varidveis.

Palavras-chave: Produgio enxuta, produgio verde, produgio enxuta-verde, desempenho sustentdvel, economia emergente.

Introduction

The concepts of lean production (LP) and green production (GP) have generally been analyzed and discussed
in the literature separately, when they have been oriented to the solution of production process problems
in manufacturing firms (Singh & Singh, 2024), which allows establishing that the relationship between
these two constructs is inconclusive and is open to debate (Saetta & Caldarelli, 2020). However, theoretical,
and empirical evidence has been provided that the integration of LP and GP is necessary to obtain more
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sustainable production processes in economic, environmental, and social terms (Sactta & Caldarelli, 2020).
Additionally, the joint analysis of LP and GP also generates a higher productivity in manufacturing firms,
which allows a significant increase in sustainable performance (SP) (Pathmalatha, 2021).

To improve SP, manufacturing firms have applied different methodologies, including LP and GP
(Pathmalatha, 2021), but the separate adoption of both concepts between different departments in
companies, has reduced the increase in SP (Wiese et al., 2015). As an alternative solution to this problem,
researchers and academics have focused their studies in the last two decades on the simultaneous analysis
of the synergy between LP and GP (Cabral et al., 2012; Diies et al., 2013; Galeazzo et al., 2014; Hallam
& Contreras, 2016), lean-green and organizational performance (Thanki & Thakkar, 2016; Farias et al.,
2019), and so called lean-green production (Machingura et al., 2023), and can make manufacturing firms
competitive and increase profits and better SP (Fercoq et al., 2016; Bhattacharya et al., 2019; Thekkoote,
2022).

However, in the case of studies focused on synergy between LP, GP, and SP, these have been oriented from
the perspective of the supply chain and focus on manufacturing firms has been left aside (Govindan et al.,
2015; Garza-Reyes, 2015). Furthermore, Khalili et al. (2016) considered it pertinent that both researchers
and academics, must guide their studies in providing empirical evidence of the effects of LP and GP in SP
with an orientation in manufacturing firms, for which it is possible to consider that the relationship between
LP-GP-SP analyzed together, can be considered as open to debate.

In this context, the objective of this study is the joint analysis and discussion of the integration of LP,
and GP in SP in manufacturing industry. To achieve this objective, an empirical study was carried out
in manufacturing firms in Mexico, using a sample of 304 observations and estimating the research model
through Partial Least Squares Structural Equation Modeling (PLS-SEM), with the use of SmartPLS 4
software (Ringle et al., 2022). In addition, it is important to establish that the manufacturing industry is
interesting, on one hand, because most manufacturing firms are a greater contribution to the growth and
economic development of Mexico, and, on other hand, because manufacturing firms allocated the highest
expenditures on environmental protection in 2021 in Mexico —environment and climate protection (37.2%),
wastewater management (18.6%), and waste management (12.9%) (INEGI, 2022).

Additionally, this study contributes to LP literature, essentially, in the inconsistency in the results
of empirical studies previously published, which confirm that LP and GP generates a higher SP in
manufacturing firms (Pathmalatha, 2021). The rest of the paper is structured as follows: literature review and
hypotheses, research methodology, analysis and interpretation of results, and derived conclusions, limitations
and future research directions.

Literature Review

Lean Production and Sustainable Performance

The concept of LP is generally considered in the literature as a set of principles, methods, and techniques
that generate a substantial improvement in the production processes of manufacturing firms, through the
maximization of their value and the costs reduction (Caldarelli et al., 2022). In addition, the strong social
pressure that manufacturing firms have in prevention of pollution and reduction of industrial waste, as
essential measures for the improvement of SP, is allowing more not only organizations that they are adopting
and implementing it as a measure to obtain a better SP (Battini et al., 2018; Longo, 2019; Bottani & Murino,
2021), but also that researchers and academics are considering LP as a relevant concept in the literature in
industrial engineering field (Ante et al., 2018; Behr et al., 2018; Longo et al., 2019).
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Also, the increase in the adoption and implementation of aspects of sustainable development by
manufacturing firms, suggest a substantial change in the techniques used in production systems, to reduce the
costs of companies and improve SP (Francis & Thomas, 2020), which is why more companies are adopting LP
as a new technique to achieve these objectives (Innella et al., 2019; Xing et al., 2021). Thus, LP is becoming
one of the most used and effective business strategies in the last decade, especially when combined with
the adoption and implementation of GP in companies in the manufacturing industry (Leong et al., 2020),
particularly because today one of the most effective ways for manufacturing firms to survive in a globalized
and highly competitive market, is precisely by implementing LP in their production processes (Caldarelli et
al, 2022).

In this sense, LP can not only significantly reduce the negative impacts on the environment generated
by manufacturing firms, through the reduction of industrial waste and the increase in the efficiency of
production processes, but it can also substantially increase productivity, growth, and SP (Caldarelli et al.,
2022). However, the positive effects of LP on SP are highly debatable in the literature (Dieste et al., 2019;
Francis & Thomas, 2020). Therefore, to provide theoretical and empirical evidence that would counteract
these criticisms, various researchers, academics, and industry professionals focused their studies on the
analysis and discussion of the effects of LP on SP, finding results that allow establish a connection between
the two concepts.

In this context, Yadegaridehkordi et al. (2020) analyzed the relationship between LP and SP in the
construction industry, findinga positive relationship. Roy et al. (2020) analyzed the integration of LP and GP
to improve SP in companies in the textile industry, findinga positive relationship between LP and SP. Kaswan
and Rathi (2020), using the lean six sigma technique to evaluate the improvement of products, processes, and
SP of firms, found a positive relationship between LP and SP, while Prasad et al. (2020), as a result of a case
study carried out in a textile company in South India, where the initial and final diagrams of LP and SP were
analyzed, they found that these methods improved SP in manufacturing firms.

Baumer-Cardoso et al. (2020) evaluated LP in manufacturing firms in Brazil, using a discrete event
simulation model in relation to water, energy, and raw materials in each operating unit, including SP. The
results found show that the correlation between LP and SP generated a positive impact. Heravi et al. (2020)
analyzed LP and SP in the construction industry, finding that LP can be used to improve production processes
and SP. Finally, Sactta and Caldarelli (2020) analyzed how technological innovation and LP improve SP,
finding that LP not only reduces the costs of companies, but also improves firms SP. Thus, considering the
information presented above, it is possible to propose the research hypothesis H1.

H1: The greater implementation of lean production, the greater sustainable performance.
Lean Production and Green Production

LP and GP are two concepts that manufacturing firms have adopted and promoted during the last two
decades (Hallam & Contreras, 2016), with the purpose of generating greater value through products
and services quality (Shah & Ward, 2003; Deif, 2011), and, particularly, the connection and disposal of
environmental waste (Diies etal., 2013; Martinez-Jurado & Moyano-Fuentes, 2014). Thus, LP has commonly
focused both on the continuous identification of industrial waste that generates a negative impact on the
environment, as well as on the redesign of production processes in order to eliminate waste as much as possible
(Stone, 2012; Gupta & Jain, 2013; Stentoft-Arlbjorn & Vagn-Freytag, 2013), generating with this type of
actions a positive impact on GP of manufacturing firms (Hallam & Contreras, 2016).

The focus on reduction of industrial waste by LP suggests a very close and positive relationship with GP
(Diies etal., 2013; Galeazzo et al., 2014), since the existing interdependence between LP and GP require not
only proper management of production tools within manufacturing firms, but also management of strategies
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that capitalize on the results of this interaction and help companies simultaneously improve their financial
and SP (Yangetal.,, 2011). Therefore, the adoption of LP in manufacturing firms requires the generation of a
win-win scenario, in which organizations not only have a better GP with the investment made in LP activities,
but also a higher level of economic performance (Iwata & Okada, 2011; Albertini, 2013).

Additionally, the integration of LP-GP, so called lean-green production, has gained popularity in both
industry and academy community, due their synergistic effect and the improvement of SP (Ramos et al.,
2018; Leme et al., 2018), particularly, because lean-green production may be complementary in three aspects:
Waste minimization, process centeredness, and a high degree of people involvement (Fercoq et al., 2016).
Although LP and GP may have different approaches and origins, they both aim at cost reduction through
efficient resource utilization (Bhattacharya et al., 2019), essentially because the integration of two concepts
is necessary to obtain sustainable production processes economically, environmentally, and socially (Rishi et
al, 2018).

In this sense, in the literature it is generally considered that LP initiatives are compatible with GP, mainly
because both concepts focus on the reduction of environmental waste, resource efficiency, and emphasize the
satisfaction of needs of consumers, through the production of products with the lowest possible cost and
friendly to the environment (Duarte & Cruz-Machado, 2013). Therefore, it is possible to establish that LP
have a positive impact on GP, in terms of the reduction of industrial waste and inefhiciency of production
processes (Yang et al., 2011), since an essential aspect of the relationship between LP and GP, is precisely
that LP can increase the profits of manufacturing firms by preventing pollution levels (Hallam & Contreras,
2016).

Finally, LP are closely related to GP, since both concepts not only share the same goal of increasing
firm performance (Hallam & Contreras, 2016), but also improve quality and time of production of the
products, as well as the reduction of the production costs of the organizations through the generation of
a greater value (Deif, 2011; Gupta & Jain, 2013). Thus, according to Deif (2011), the implementation of
LP in manufacturing firms reduces material waste and energy consumption, which allows a reduction in
production costs and improves lead time production of the products, as well as the improvement of the quality
of both production processes and products, thereby generating a higher GP (Gupta & Jain, 2013). Therefore,
considering the information presented above, it is possible to propose the research hypothesis H2.

H2: The greater implementation of lean production, the higher level of green production.
Green Production and Sustainable Performance

It is common to find in the literature that GP exponentially reduces the negative impacts on the environment,
generated by the production processes of manufacturing firms and the consumption of goods and services
(Galeazzo et al., 2014; Verrier et al., 2014), which allows to increase SP (Azevedo et al., 2016). However, the
relationship between GP and SP is not very clear in the literature, so this relationship is debatable (Dieste
et al,, 2019; Francis & Thomas, 2020). To provide theoretical evidence that would counteract this criticism,
Abreu et al. (2017) considered that the basic purpose of GP is to increase production systems efficiency,
which allows manufacturing firms to reduce negative impacts on environment and, therefore, an increase SP.

Fu et al. (2017) proposed an operational strategy that can be implemented through GP, based on a
theoretical and practical perspective, finding that manufacturing firms in developed countries where the
study was applied, obtained not only greater benefits such as the creation of advantages but also a higher SP.
In another study published in the literature, D’Antonio et al. (2017) proposed a method that would help
researchers, academics, and industry professionals to integrate production systems with GP, applying this
work in a case study in the acrospace industry to validate the model, finding GP generated a increase in SP
of manufacturing firms.
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In this context, Marimin et al. (2018) analyzed the implementation of GP and the evaluation of
sustainability, in a case study of a motorcycle tire production company, with the purpose of generating a
scenario for the potential improvement of the productivity level, evaluating at the same time the firm SP,
finding that the implementation of GP significantly improved both productivity and SP. Similar results were
found by Dieste etal. (2019), who carried out an extensive review of the literature to determine the number of
companies that had used GP in their production processes, had substantially improved their environmental
practices, finding that most of the organizations that had implemented GP increased their SP.

Additionally, Siegel and Antony (2019) implemented GP in small and medium-sized companies, finding
that most companies where GP was applied improved their SP. Finally, in a more recent study Annamalai et
al. (2020) evaluated the effectiveness of the adoption and implementation of GP in companies in the export
industry, which generates the greatest impact on the economy of most countries. The results obtained in this
study show that GP are an essential factor in business success that must be considered by the managers of
organizations, since they improved both efficiency of companies, satisfaction of employees, and SP. Thus,
considering the information presented in the previous paragraphs, it is possible to propose the research

hypothesis H3.
H3: The greater implementation of green production, the higher level of sustainable performance.

Whilst some aspects between LP and GP may be contradictory, empirical evidence has been provided in
the literature that establishes that GP usually present opportunities to improve LP and SP (Machinguraetal.,
2023), therefore manufacturing firms that adopt and apply GP may attain better results in SP than those that
don’t (Fercoq et al., 2016; Cherrafi et al., 2018). Also, whilst implementing LP and GP separately by many
manufacturing firms has helped to improve their operations and SP (Machingura et al., 2023), but when LP
and GP is combined can performance results in SP than alone (Baumer-Cardoso et al., 2020), particularly
when GP acts a moderator role in the relationship between LP and SP (Kosalish et al., 2023).

In this sense, the previous studies published not only claims a positive correlation between LP, GP, and SP
(e.g. Duarte & Cruz-Machado, 2013; Fercoq et al., 2016; Abreu et al., 2017), but also that manufacturing
firms improved their SP when GP acts a moderating roll. In this context, Thekkoote (2022) found that SP
improves substantially when GP acts as a mediating role in the relationship between LP and SP, while Kosasih
et al. (2023) found similar results. Furthermore, Yadav et al. (2023) found that the use of GP is growing
continuously and has positive impact on all aspects of sustainability, especially in the relationship between
LP and SP. Similar results were obtained in the studies of Aftab et al. (2023) and Elemure et al. (2023).

In this context, the integration of GP with LP allows manufacturing firms to obtain, not only
environmentally, economically, and socially sustainable production processes, but also to significantly
improve their level of productivity, economic benefits, and SP (Rishi et al., 2018). For this reason, GP are
commonly considered in the literature as an effective technique that identifies and controls the damage caused
by environmental pollution generated by industrial activity (Sullivan et al., 2017), which allows improving
the existing relationship between LP and SP in manufacturing firms (Vahabi et al., 2022), since the goals and
objectives of LP are the same as those of GP.

Finally, the synergy between GP and LP has recently been analyzed in the literature, and the results confirm
a higher efficiency both in LP and in SP, when acting GP as a mediating variable between these two concepts
(Vahabi et al., 2022). Particularly, because the production processes cause serious environmental pollution
problems, and the identification of the practices that generate this problem is essential to achieve a better
SP (Roy et al., 2020). Thus, GP are the essential area to which more attention should be paid (Giovanni &
Cariola, 2020), since the implementation of GP it will allow manufacturing firms to improve both LP and
SP (Vahabi et al., 2022). Therefore, considering the information presented in the previous paragraphs, it is
possible to propose the research hypothesis H4.
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H4: Green production has a mediating role in the relationship between lean production and sustainable
performance.

Figure 1 shows the approach of the four hypotheses in the research model.
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FIGURE 1.
Research Model

Source: own elaboration.

Methodology

This study has basically focused on analysis and discussion of the integration of LP and GP in SP, for which
PLS-SEM has been used. Thus, this study was carried out in manufacturing firms in Mexico, which had a
record of 38,950 companies as of January 30, 2020, which are registered in various national and international
business organizations, for which the study it did not focus on a particular business group or association.
Primary data was collected from the companies using a structured questionnaire which was applied to each
of the managers of a sample of 304 manufacturing firms selected through a simple random sampling, with
a maximum error of +5% and a reliability level of 95%, applying the survey during the months of April to
September 2020. Table 1 presents the main characteristics of the sample used in this study.

TABLE 1.
Sample Characteristics
Variable Frequency Percentage
Business size
Small Business 20 6.6
Medium Business 138 454
Large Business 146 48.0
Total 304 100%
Firm’s Age
Young Companies (0-10 years) 110 36.2
Mature Companies (> 10 years) 194 63.8
Total 304 100%
Type of Ownership
Family Business 189 62.2
Non-Family Business 115 37.8
Total 304 100%

Source: own elaboration.
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Additionally, for the measurement of LP, an adaptation to the proposed scale was made by Farias et al.
(2019), who measured this concept through 6 items; GP was measured by adapting to the scales proposed
by Wu et al. (2015), Kovilage (2021), and Farias et al. (2019), which was measured through 5 items; and SP
an adaptation was made to the scales proposed by Wu et al. (2015), Kovilage (2021), and Farias et al. (2019),
which was measured through 9 items. All the items on the scales were measured using a five-point Likert-type
scale, with 1 = total disagreement to 5 = total agreement, as limits. A five-point Likert-type scale was chosen
to strike a balance between complexity for respondents and accuracy for analysis (Forza, 2016; Hair et al.,
2016). Table 2 shows the items used to measure LP, GP, and SP, as well as the values of their factor loadings.

TABLE 2.
Measurement Model Assessment
Factor
Indicators Constructs Loads Q?
(p-value)
Lean Production (LP)
Cronbach’s Alpha: 0.957; Dijkstra—Henseler’s rho (pA): 0.959; CRI (pc): 0.966; AVE: 0.852
Produce only what the customer wants, just when the customer wants 0.755:
LP1 it, so production systems are flexible enough to adapt to changes in 0' 000’

demand immediately.
Produce the batch size of the quantity of an item ordered for delivery 0.788;

LE2 on a specific date and/or manufacture it in a single production run. 0.000
LP3 Continuously improve the activities of all functions that involve 0.825;
) employees from the CEO to the operational workers. 0.000
LP4 Improve the preventive maintenance that is performed periodically on 0.818;
equipment to reduce the probability of its failure. 0.000
The direct participation of employees to help the company achieve its .
P o . e s : 0.878;
LP5 mission and objectives by applying their ideas, experience and efforts

: s : 0.000

towards problem solving and decision making.
Improve the production cycle time of a product, which is the amount 0.855;

LP6 : i
of time necessary to produce a product or service. 0.000

Green Production (GP)
Cronbach’s Alpha: 0.903; Dijkstra—Henseler’s rho (pA): 0.905; CRI (pc): 0.925; AVE: 0.674

GP1 Make efforts to reduce water consumption in industrial operations %%101) 0.085

GP2 Reduce pollution of water bodies as a result of industrial operations %%h% 0.095
Reduce energy use to carry out the same operations in the company by 0.919;

GP3 RSO 0.075
eliminating waste. 0.000
Reduce the use of material resources to carry out the same operations 0.937;

GP4 . o 0.087
in the company, by eliminating waste. 0.000

GP5 Reduce the amount of greenhouse gases released into the atmosphere 0.931; 0115
through industrial operations. 0.000 )

Sustainable Performance (SP)
Cronbach’s Alpha: 0.933; Dijkstra—Henseler’s rho (pA): 0.942; CRI (pc): 0.947; AVE: 0.670

Reduce inventory of items kept in stock for processing or resale, as 0842

SP1 having a high level of inventory adds cost to the business such as 0 000’ 0.105
inventory management, retention, obsolescence, etc. :
Increase sustainable activities that produce financial gains for the 0.832;

SP2 P 0.123
organization. 0.000
Reduce the total amount of waste generated through all the company's 0.857;

SP3 : 0.134
production processes. 0.000

SP4 Comply with the standards of environmental regulations in 0.870; 0121
accordance with the provisions of the regulations. 0.000 ’

SP5 Reduce the amount of money used to produce a product or provide a 0.876; 0122
service that is no longer available on the market. 0.000 ’
Improving the working conditions of employees so that they are 0.881;

SP6 0.136
happy 0.000
The improvement of products and services provided by the company 0.870;

SP7 . 0.124
so that they meet or exceed customer expectations. 0.000
Reduce the time elapsed between receipt of the order by customers 0.818;

SP8 . - 0.104
and its delivery. 0.000
Reduce the amount of material, energy and water used for operations 0.812;

SP9 . 0.052
in the company. 0.000

Notes CRI: Composite Reliability Index; AVE: Averaged Extracted Variance. All the items on the scales were
measured using a five-point Likert-type scale, with 1 = total disagreement to 5 = total agreement, as limits
Source: own elaboration.
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Table 2 shows the 20 items used in measuring LP, GR, and SP. In addition, in the same Table 2 it is observed
that the factor loads of all the items are greater than 0.6 (p-value = 0.000), and the Q. values are greater than
0, which indicates the existence of reliability of the scales used in the research model (Hair et al., 2019).

Method of Data Analysis

Empirical study data was generated through a survey and analyzed using SmartPLS 4 software (Ringle et al.,
2022). Additionally, the statistical analysis in terms of the SEM, the PLS was used to measure the effects
that LP has both GP and SP of manufacturing firms in Mexico. Likewise, the evaluation of the reliability
and validity of LP, GP, and SP scales was carried out using Cronbach’s Alpha, Composite Reliability Index
(CRI), Dijkstra-Henseler rho, and Extracted Variance Index (AVE) (Hair et al., 2019), while discriminant
validity was evaluated through the three most cited elements in the literature: Fornell and Larcker Criterion,
and Heterotrait-Monotrait ratio (HTMT) (Henseler et al., 2015; Hair et al., 2019).

The results obtained from PLS-SEM (Table 3), show that both Cronbach’s Alpha, CRI, and Dijkstra-
Henseler rho have values that range between 0.903-0.957; 0.925-0.966; 0.905-0.959, respectively, which
indicates that they are excellent data and are above the values recommended by Bagozzi and Yi (1988), and
Hairetal. (2019), AVE has values that range between 0.670-0.852, which are above the values recommended
by Fornell and Larcker (1981), and Bagozzi and Yi (1988), while Fornell and Larcker criterion is significant
because AVE values are higher than the square of the correlations between each pair of constructs, HTMT
has values that range between 0.305-0.425, which are higher than recommended value of 0.08 (Henseler et
al., 2015), which indicate the existence of discriminant validity of the three measurement scales used.

TABLE 3.
Measurement Model. Reliability, Validity and Discriminant Validity

PANEL A. Reliability and Validity

Dijkstra-Henseler

Variables Cronbach’s Alpha CRI . AVE
Lean Production 0.957 0.966 0.959 0.852
Green Production 0.903 0.925 0.905 0.674
Sustainable Performance 0.933 0.947 0.942 0.670

PANEL B. Fornell-Larcker Criteria Heterotrait=Nonutrartratio

(HTMT)
Variables 1 2 3 1 2 3
1. Lean Production 0.923
2. Green Production 0.383 0.821 0.408
3. Sustainable Performance 0.285 0.390 0.819 0.305 0.425

Note Panel B: Fornell-Larcker Criterion: Diagonal elements (bold) are the square root of the variance shared between the
constructs and their measures (AVE). For discriminant validity, diagonal elements should be larger than off-diagonal elements.
Source: own elaboration.

Results

To respond the four hypotheses raised in research model, use of PLS-SEM through SmartPLS 4 software
(Ringle et al., 2022) was considered pertinent, which is commonly used both in those theories that have not
been widely developed in the literature (Hair et al., 2019), from different disciplines of knowledge, including
business sciences (Hair et al., 2012; Ringle et al., 2012; Sarstedt et al., 2014; do Valle & Assaker, 2015; Richter
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ctal., 2016), as well as when the essential objective of using PLS-SEM statistical technique in data analysis is
the prediction and explanation of the constructs of the research model (Rigdon, 2012), which substantially
facilitates both the explanation of the measurement error and the multiple regression of the sum of scores of
the relationship between the three constructs (Hair et al., 2021).

The data obtained in this study show estimated data with acceptable statistical levels by obtaining an

adjusted R? higher than recommended value of 0.10 (Reinartz et al., 2009; Hair et al., 2011; Henseler et al,,
2014; Hair et al., 2019). SRMR has a value lower than recommended value of 0.08 (0.033) (Hu & Bentler,
1998), as well as values of geodetic discrepancy (dG) 0.131 and unweighted least squares discrepancy (dULS)
0.230, higher than the values of HI99 (0.168 and 0.332, respectively), which allows verifying the significance
of the research model used (Dijkstra & Henseler, 2015). In conclusion, the estimated statistical data verify
that LP has positive effects, both at SP (0.162; p-value 0.000) and GP (0.385; p-value 0.000), and GP also
have positive effects on SP (0.333; p-value 0.000).

Finally, the size of the effects of the independent variables (f*) on the values of R? of the independent
variable, suggests small variations (values between 0.02-0.14), medium (values between 0.15-0.34) and large
(values equal to and/or or greater than 0.35) (Hair et al., 2017). Table 4 shows in greater detail the estimated
data obtained.

TABLE 4.
Structural Model
Paths Path (t-value; p-value) 95% Confidence Interval 12 Support

LP — SP (H1) 0.162 (2.968; 0.004) [0.047 —0.265] 0.031 Yes
LP— GP (H2) 0.385 (8.347; 0.000) [0.284 —0.465] 0.179 Yes
GP — SP (H3) 0.333 (5.612; 0.000) [0.211-0.437] 0.121 Yes
Indirect Effects

LP — GP — SP 0.228 (5.543; 0.000) [0.127 —0.285] 0.132 Yes
i T
GP 0.144 dULS 0.230 0.332
SP 0.170 dG 0.131 0.168

Note LP: Lean Production; GP: Green Production; SP: Sustainable Performance. One-tailed t-values and p-values in
parentheses; bootstrapping 95% confidence intervals (based on n = 5,000 subsamples) SRMR: standardized root mean squared
residual; dULS: unweighted least squares discrepancy; dG: geodesic discrepancy; HI99: bootstrap-based 99% percentiles.
Source: own elaboration.

Discussion

Estimated data provide robust empirical evidence in favor of hypothesis H1, which allows establishing that
the integration of LP generates an increase in SP of manufacturing firms (0.162; p-value 0.004), being in line
to the results obtained by Battini et al. (2018), Longo (2019), and Bottani & Murino (2021). The main reason
that could explain this positive effect is the flexibility of the production processes of manufacturing firms,
particularly because they are adapting to customers’ needs and production is personalized with increasingly
smaller production batches, which it allows a significant reduction in production times, as well as waste
generated during the productive process. Therefore, it is possible to establish that the costs associated with
the adoption of LP in manufacturing firms are lower than the benefits obtained.
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In addition, these results also verify that LP has positive effects on GP (0.385; p-value 0.000), providing
evidence in favor of hypothesis H2 and are consistent with the results obtained by Gupta and Jain (2013),
Duarte and Cruz-Machado (2013), and Hallam and Contreras (2016). The essential reason that could
explain the positive effect of LP on GP is that the managers of manufacturing firms have prioritized the
implementation of these two methods to improve deliveries efficiency and products quality, which allows for
asubstantial improvement in performance. lean-green of manufacturing firms. Therefore, company managers
must apply LP and GP at the same time in production processes, which leads to more efficient use of resources,
reduction of industrial waste, and a higher level of customer satisfaction.

Likewise, the estimated data also allows us to verify that GP have a positive impact on SP of manufacturing
firms (0.333; p-value 0.000), thus providing robust empirical evidence in favor of hypothesis H3 and being
consistent with the results obtained by Dieste et al. (2019), Siegel and Antony (2019), and Annamalai et
al. (2020). The main reason that could explain this positive effect is that GP not only facilitate internal
coordination and collaboration with the stakeholders, such as consumers and suppliers of green products,
but also improve the efliciency of production processes, significantly saving the costs of use energy and water,
reduction of production times and the use of raw materials, which allows to significantly improve its SP.

Finally, regarding the mediation effects that GP exert on the relationship between LP and SP, the estimated
data obtained show a positive indirect effect generated by GP (0.228; p-value 0.000), in the relationship
between LP and SP of manufacturing firms. The essential reason that could explain that GP can have a
mediating role between LP and GP is the strong pressure that manufacturing firms increasingly have, both
from public administration and their stakeholders, to improve environmental sustainability, therefore which
managers have to adopt and implement the best lean, green, and sustainable production methods, and
periodically evaluate their efliciency in the results of economic, social, and environmental performance, as
well as in the reduction of solid waste, CO. emission and other gases polluting the environment.

Practical implications

The data estimated in this paper have various implications for managers and manufacturing firms, among
which the following stand out. On one hand, the integration of LP and GP to improve SP of manufacturing
firms. However, in the literature there are few empirical studies that have analyzed these two concepts
comprehensively, they have commonly been analyzed separately (Hallam & Contreras, 2016; Sactta &
Caldarelli, 2020). Thus, this study incorporates a research model that simultaneously analyzes LP and GP,
and its relationship on SP, which provides a holistic point of view that generates a comprehensive explanation
of the relationship between LP, GP, and SP in a context of manufacturing firms (Pathmalatha, 2021).

Additionally, the inconsistency in the results obtained, coupled with the existing research gap in studies
published in the literature, which have analyzed and discussed LP and GP, allows this study to provide robust
empirical evidence to fill that gap that is considered. Therefore, the analysis of the relationship between LP,
GP, and SP is gaining more attention from researchers, academics, and industry professionals, who try to
provide evidence of the relationship between these three concepts (Pathmalatha, 2021). Thus, this study using
a quantitative methodology and a research model that jointly analyzes LP and GP and SP, which have been
scarcely analyzed in the literature, provides robust empirical evidence that demonstrates that manufacturing
firms that have implemented LP and GP simultancously, have achieved better SP (Pathmalatha, 2021).

On other hand, studies recently published in the literature have provided empirical evidence showing
that LP have positive effect on SP of manufacturing firms (e.g., Sactta and Caldarelli, 2020; Heravi et al.,
2020; Baumer-Cardoso et al., 2020). However, these results are not considered conclusive and are highly
debatable in the literature (Dieste et al., 2019; Francis & Thomas, 2020), so researchers, academics, and
industry professionals not only have to guide their studies in the analysis of LP and GP together, but also
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to provide robust empirical evidence that shows that the adoption and implementation of both concepts
simultaneously in manufacturing firms can generate a higher SP than if they are implemented separately.

Finally, a third implication of the results obtained is that, from the research perspective, it has been
shown that LP improves GP when they are analyzed and implemented together, even when there is little
empirical evidence of the improvement results in manufacturing firms (Hallam & Contreras, 2016). Likewise,
while LP has been analyzed and discussed in various production and manufacturing disciplines, through
the implementation of different continuous improvement tools, GP has been analyzed as tools to improve
environmental regulation, which has generated confusion among managers of manufacturing firms about the
benefits of their adoption and implementation (Hallam & Contreras, 2016).

Conclusions

The data obtained in this empirical study allow three main conclusions to be established, one of them referring
to the research model used, since it not only has an adequate internal correlation by generating a significant
positive correlation between LP, GP, and SP, which allowed the acceptance of the four hypotheses established
in the research model, but also offers a more holistic view by incorporating the most cited indicators in the
literature for the measurement of both LP, GP, and SP. In addition, the comprehensive analysis and discussion
of LP and GP is scarce in the literature, and the relationship of both concepts with SP has received little
attention from researchers and academics, compared to those studies that have guided the analysis of its
conceptualization (Pathmalatha, 2021).

A second conclusion is that, even though there are several studies published in the literature that have
analyzed LP and GP in manufacturing firms, only a small part of these studies has analyzed the two concepts
together and only a few studies have analyzed the relationship of these two concepts with SP. Therefore, as
suggested by Hallan and Contreras (2016), Pathmalatha (2021), and Caldarelli et al. (2022), manufacturing
firms that have jointly adopted LP and GP are more likely to achieve not only an increase in their SP, but
also a substantial reduction in the levels of environmental pollution and the generation of smaller amounts
of industrial solid waste.

A third and final conclusion is that the results obtained in this study contribute to the generation of
knowledge, both of the studies previously published in the literature that have focused on the analysis of
the relationship between LP and SP (e.g. Battini et al., 2018; Longo, 2019; Bottani & Murino, 2021), as
well as those studies that have analyzed the relationship between LP and GP (e.g. Iwata & Okada, 2011;
Albertini, 2013; Sezen & Cankaya, 2013), by incorporating a theoretical model in which these two concepts
are simultaneously analyzed and discussed with SP, through the most cited indicators in the literature, which
allows us to conclude in general terms that the adoption of LP and GP simultancously, generates better results
for manufacturing firms than when they are analyzed separately.

This study has several limitations that are important consider when performing the interpretation and
implications of the results obtained. On one hand, a limitation is that referring to the use of measurement
scales of LP and GP, as well as SP, since these three concepts were measured only with subjective indicators
obtained through the application of a survey (subjective data) to manufacturing firms. Therefore, in future
studies it will be necessary to use objective data from manufacturing firms (e.g., improvement time of
production processes; reduction of production costs), to verify if the results obtained are like the results
obtained in this empirical study.

On other hand, the integration of LP and GP with SP of manufacturing firms, possibly generate better
results if variables related to the managers of the organizations are considered (e.g., leadership, experience,
academic training), some variables related to companies (e.g., size; age; location), or other measurement scales
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of LP and GP. Therefore, in future studies it will be pertinent to consider other variables or measurement
scales of the three concepts, to verify whether the results differ from those obtained in this study.

Ethical considerations

No approval from a Scientific Ethics Committee was necessary for this study.

Authors’ contributions statement

Raymundo Judrez-Del Toro contributed to the planning of the research, provided methodological
recommendations, and provided guidelines for the analysis and interpretation of data against theory. Gonzalo
Maldonado-Guzman contributed to the development of the article, the compilation of information, and the
preparation of responses to reviewers.

Financing
This article was not supported by any specific grant or funding.

Interest conflicts

The authors declare that no conflicts of interest exist.

Declaration of use of artificial intelligence (AI)

No Al tools were used in the preparation of this article. Furthermore, we declare that the principles of respect
for dignity and human rights, as well as accuracy and verification of facts, were complied with.

References

Abreu, M.E, Alves, A.C., & Moreira, F. (2017). Lean-green models for eco-efficient and sustainable production. Energy,
137(8), 824-853. https://doi.org/10.1016/j.energy.2017.04.016

Aftab, J., Abid, N., Cucari, N., & Savastano, M. (2023). Green human resource management and environmental
performance: The role of green innovation and environmental strategy in a developing country. Business Strategy

and the Environment, 32(4), 1782-1798. https://doi.org/10.1002/bse.3219

Albertini, E. (2013). Does environmental management improve financial performance? A meta-analytical review.

Organization & Environment, 26(4), 431-457. https://doi.org/10.1177/1086026613510301

Annamalai, S., Kumar, H., & Bagathsingh, N. (2020). Analysis of lean manufacturing layout in a textile industry.
Materialstoday: Proceedings, 33(7), 3486-3490. https://doi.org/10.1016/j.matpr.2020.05.409

Ante, G., Fachini, F,, Mossa, G., & Digiesi, S. (2018). Developing a key performance indicators tree for lean and smart
production systems. [FAC Papers OnLine, 51(11), 13-18. https://doi.org/10.1016/j.ifacol.2018.08.227

Azevedo, S.G., Carvalho, H., & Cruz-Machado, V. (2016). LARG index: A benchmarking tool for improving the
leanness, agility, resilience, and greenness of the automotive supply chain. Benchmark, 23(6), 1472-1499. https
://doi.org/10.1108/BIJ-07-2014-0072


https://doi.org/10.1016/j.energy.2017.04.016
https://doi.org/10.1002/bse.3219
https://doi.org/10.1177/1086026613510301
https://doi.org/10.1016/j.matpr.2020.05.409
https://doi.org/10.1016/j.ifacol.2018.08.227
https://doi.org/10.1108/BIJ-07-2014-0072
https://doi.org/10.1108/BIJ-07-2014-0072

Gonzalo Maldonado-Guzman, et al. Integrating Lean and Green Production in Sustainable Perfo...

Bagozzi, R.P., & Yi, Y. (1988). On the evaluation of structural equation models. Journal of the Academy of Marketing
Science, 16(1), 74-94. https://doi.org/10.1007/BF02723327

Battini, D., Calzavara, M., Isolan, I, Sgarbossa, E., & Zangaro, F. (2018). Sustainability in material purchasing: A multi-
objective economic order quantity model under carbon trading. Sustainability, 10(12), 2-15. https://doi.org/1
0.3390/5u10124438

Baumer-Cardoso, M.I., Campos, L.M.S., Portela-Santos, P.P., & Morosini-Frazzon, E. (2020). Simulation-based
analysis of catalyzers and trade-offs in lean & green manufacturing. Journal of Cleaner Production, 242(1), 1-12.
https://doi.org/10.1016/j.jclepro.2019.118411

Behr, J., Diaz, R., Longo, F., & Padovano, A. (2018). A methodological framework to implement lean in dynamic and

complex socio-technical systems. 17 International Conference on Modeling and Applied Simulation (MAS

2018), 199-204. hteps://hdl.handle.net/20.500.11770/301271

Bhattacharya, A., Nand, A., & Castka, P. (2019). Lean-green integration and its impact on sustainability performance:
A critical review. Journal of Cleaner Production, 236(1), 1-11. hetps://doi.org/10.1016/j.jclepro.2019.117697

Bottani, E., & Murino, T. (2021). Green supply chain management: A meta-analysis of recent reviews. In A. Dolgui
et al. (Eds.), Advances in Production Management Systems. Artificial Intelligence for Sustainable and Resilient
Production Systems (APMS 2021). London: Springer.

Cabral, I, Grilo, A., & Cruz-Machado, V. (2012). A decision-making model for lean, agile, resilient, and green supply
chain management. International Journal of Production Research, 50(17), 4830-4845. https://doi.org/10.1080
/00207543.2012.657970

Caldarelli, V., Filipponi, M., Sactta, S., & Rossi, F. (2022). Lean and green production for the modular construction.
Procedia Computer Science, 200(12), 1298-1307. https://doi.org/10.1016/j.procs.2022.01.331

Cherrafi, A., Garza-Reyes, J.A., Kumar, V., Mishra, N., Ghobadian, A., Elfezazi, S. (2018). Lean, green practices and
process innovation: A model for green supply chain performance. International Journal of Production Economics,

206(1),79-92. https://doi.org/10.1016/j.ijpe.2018.09.031

D’Antonio, G., Bedolla,].S., & Chiabert, P. (2017). A novel methodology to integrate manufacturing execution systems
with the lean manufacturing approach. Procedia Manufacturing, 11(12), 2243-2251. https://doi.org/10.1016/
j.promfg.2017.07.372

Deif, A.M. (2011). A system model for green manufacturing. Journal of Cleaner Production, 19(14), 1553-1559. htt
ps://doi.org/10.1016/j.jclepro.2011.05.022

Dieste, M., Panizzolo, R., & Garza-Reyes, J.A. (2019). The relationship between lean and environmental performance:
Practices and measures. Journal of Cleaner Production, 224(1), 120-131. https://doi.org/10.1016/j.jclepro.201
9.03.243

Dijkstra, T., & Henseler, J. (2015). Consistent partial least squares path modeling. MIS Quarterly, 39(2), 297-2316.
https://www.jstor.org/stable/26628355

do Valle, P.O., & Assaker, G. (2015). Using partial least squares structural equation modeling in tourism research: A
review of past research and recommendations for future applications. Journal of Travel Research, 55(6), 695-708.

https://doi.org/10.1177/0047287515569779

Duarte, S., & Cruz-Machado, V. (2013). Modelling lean and green: A review from business models. International
Journal of Lean Six Sigma, 4(3), 228-250. https://doi.org/10.1108/IJLSS-05-2013-0030

Diies, C., Tan, K., & Lim, M. (2013). Green as a new lean: How to use lean practices as a catalyst to be greening your
supply chain. Journal of Cleaner Production, 40(1), 93-100. https://doi.org/10.1016/j.jclepro.2011.12.023

Elemure, I, Dhakal, HN., Lesure, M., & Radulovic, J. (2023). Integration of lean green and sustainability in
manufacturing: A review on current state and future perspectives. Sustainability, 15(13), 1-14. https://doi.org
/10.3390/5ul51310261

Farias, L., Santos, L., Gohr, C., & Rocha, L. (2019). An ANP-based approach tolean and green performance assessment.
Resource, Conservation and Recycling, 143(1), 77-89. https://doi.org/10.1016/j.resconrec.2018.12.004


https://doi.org/10.1007/BF02723327
https://doi.org/10.3390/su10124438
https://doi.org/10.3390/su10124438
https://doi.org/10.1016/j.jclepro.2019.118411
https://hdl.handle.net/20.500.11770/301271
https://doi.org/10.1016/j.jclepro.2019.117697
https://doi.org/10.1080/00207543.2012.657970
https://doi.org/10.1080/00207543.2012.657970
https://doi.org/10.1016/j.procs.2022.01.331
https://doi.org/10.1016/j.ijpe.2018.09.031
https://doi.org/10.1016/j.promfg.2017.07.372
https://doi.org/10.1016/j.promfg.2017.07.372
https://doi.org/10.1016/j.jclepro.2011.05.022
https://doi.org/10.1016/j.jclepro.2011.05.022
https://doi.org/10.1016/j.jclepro.2019.03.243
https://doi.org/10.1016/j.jclepro.2019.03.243
https://www.jstor.org/stable/26628355
https://doi.org/10.1177/0047287515569779
https://doi.org/10.1108/IJLSS-05-2013-0030
https://doi.org/10.1016/j.jclepro.2011.12.023
https://doi.org/10.3390/su151310261
https://doi.org/10.3390/su151310261
https://doi.org/10.1016/j.resconrec.2018.12.004

Cuadernos de Administracion, 2024, vol. 37, ISSN: 0120-3592 / 1900-7205

Fercoq, A., Lamouri, S., & Carbone, V. (2016). Lean/green integration focused on waste reduction techniques. Journal

of Cleaner Production, 137(5), 567-578. https://doi.org/10.1016/j.jclepro.2016.07.107

Fornell, C., & Larcker, D. (1981). Evaluating structural equation models with unobservable variables and measurement
error. Journal of Marketing Research, 18(1), 39-50. https://doi.org/10.1177/002224378101800104

Forza, C. (2016). Surveys. In: C. Kartlsson (Ed.), Research Methods for Operations Management. 2" ed. New York, NY:
Routledge. https://doi.org/10.4324/9781315671420

Francis, A., & Thomas, A. (2020). Exploring the relationship between lean construction and environmental
sustainability: A review of existing literature to decipher broader dimensions. Journal of Cleaner Production,

252(4), 1-14. https://doi.org/10.1016/j.jclepro.2019.119913

Fu, X., Guo, M., & Zhanwen, N. (2017). Applying the green embedded lean production model in developing countries:
A case study of China. Environmental Development, 24(12), 22-35. https://doi.org/10.1016/j.envdev.2017.02
004

Galeazzo, A., Furlan, A., & Vinelli, A. (2014). Lean and green in action: Interdependence and performance of pollution
prevention projects. Journal of Cleaner Production, 85(2), 191-200. https://doi.org/10.1016/j.jclepro.2013.10
015

Garza-Reyes. J.A. (2015). Lean and green: A systematic review of the state-of-art literature. Journal of Cleaner
Production, 102(1), 18-29. https://doi.org/10.1016/j.jclepro.2015.04.064

Giovanni, P.D., & Cariola, A. (2020). Process innovation through industry 4.0 technologies, lean practices, and green
supply chains. Research in Transportation Economics, 90(12), 1-11. https://doi.org/10.1016/j.retrec.2020.100
869

Govindan, K., Azevedo, S., Carvalho, H., & Cruz-Machado, V. (2015). Lean, green, and resilient practices influence on
supply chain performance: Interpretive structural modeling approach. International Journal of Environmental

Science and Technology, 12(1), 5-34. https://doi.org/10.1007/s13762-013-0409-7

Gupta, S., & Jain, S.K. (2013). A literature review of lean manufacturing. International Journal of Management Science
and Engineering Management, 8(4), 241-249. https://doi.org/10.1080/17509653.2013.825074

Hair, J., Hult, T., Ringle, C., Sarstedt, M., Castillo, J., Cepeda, G., & Roldan, J. (2019). Manual de Partial Least Squares
PLS-SEM. Madrid: OmniaScience. http://hdl.handle.net/11420/5279

Hair, J.E, Celsi, M., Money, A., Samouel, P., & Page, M. (2016). Essentials of Business Research Methods. 3rd ed. New
York, NY: Routledge. https://doi.org/10.4324/9780429203374

Hair, J.E, Hult, G.T.M,, Ringle, C.M,, Sarstedt, M., & Thiele, K.O. (2017). Mirror, mirror on the wall: A comparative
evaluation of composite-based structural equation modeling methods. Journal of the Academy of Marketing
Science, 45(5), 616-632. https://doi.org/10.1007/s11747-017-0517-x

Hair, J.E, Ringle, C.M., & Sarstedt, M. (2011). PLS-SEM: Indeed, a silver bullet. Journal of Marketing Theory and
Practice, 19(1), 139-151. https://doi.org/10.2753/MTP1069-6679190202

Hair, J.E, Sarstedt, M., Ringle, C.M., & Mena, J.A. (2012). An assessment of the use of partial least squares structural
equation modeling in marketing research. Journal of the Academy of Marketing Science, 40(1), 414-433. https:/
/doi.org/10.1007/s11747-011-0261-6

Hair, J.F, Sarstedt, M., Ringle, C.M., Gudergan, S.P., Castillo, J., Cepeda, G., & Roldan, J. (2021). Manual Avanzado
de Partial Least Squares Structural Equation Modeling (PLS-SEM). Madrid: OmniaScience. http://hdl.handl
e.net/11420/9956

Hallam, C., & Contreras, C. (2016). Integratinglean and green management. Management Decision, 54(9),2157-2187.
https://doi.org/10.1108/MD-04-2016-0259

Henseler, J., Dijkstra, T.K., Sardstedt, M., Ringle, C.M., Diamantopoulos, A., & Straub, D.W. (2014). Common

beliefs and reality about partial least squares: Comments on Ronkko Y Everman (2013). Organizational Research
Methods, 17(1), 182-209. https://doi.org/10.1177/1094428114526928


https://doi.org/10.1016/j.jclepro.2016.07.107
https://doi.org/10.1177/002224378101800104
https://doi.org/10.4324/9781315671420
https://doi.org/10.1016/j.jclepro.2019.119913
https://doi.org/10.1016/j.envdev.2017.02.004
https://doi.org/10.1016/j.envdev.2017.02.004
https://doi.org/10.1016/j.jclepro.2013.10.015
https://doi.org/10.1016/j.jclepro.2013.10.015
https://doi.org/10.1016/j.jclepro.2015.04.064
https://doi.org/10.1016/j.retrec.2020.100869
https://doi.org/10.1016/j.retrec.2020.100869
https://doi.org/10.1007/s13762-013-0409-7
https://doi.org/10.1080/17509653.2013.825074
http://hdl.handle.net/11420/5279
https://doi.org/10.4324/9780429203374
https://doi.org/10.1007/s11747-017-0517-x
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1007/s11747-011-0261-6
https://doi.org/10.1007/s11747-011-0261-6
http://hdl.handle.net/11420/9956
http://hdl.handle.net/11420/9956
https://doi.org/10.1108/MD-04-2016-0259
https://doi.org/10.1177/1094428114526928

Gonzalo Maldonado-Guzman, et al. Integrating Lean and Green Production in Sustainable Perfo...

Henseler, J., Ringle, C., & Sarstedt, M. (2015). A new criterion for assessing discriminant validity in variance-based
structural equation modeling. Journal of the Academy of Marketing Science, 43(1), 115-135. https://doi.org/10
.1007/s11747-014-0403-8

Heravi, G., Rostami, M., & Kebria, M. (2020). Energy consumption and carbon emissions assessment of integrated
production and creation of buildings’ prefabricated steel frames using lean techniques. Journal of Cleaner
Production, 253(4), 1-10. https://doi.org/10.1016/j.jclepro.2020.120045

Hu, L.T., & Bentler, P.M. (1998). Fit indices in covariance structure modeling: Sensitivity to under parameterized

model misspecification. Psychological Methods, 3(1), 424-453. https://doi.org/10.1037/1082-989X.3.4.424

INEGI (2022). Cuentas Econdmicas y Ecoldgicas de México 2021. México, DF: Instituto Nacional de Estadistica y
Geografia. https://www.inegi.org.mx.

Innella, F, Arashpour, M., & Bai, Y. (2019). Lean methodologies and techniques for modular construction:

Chronological and critical review. Journal of Construction and Engineering Management, 145(12), 1-18. https:
//doi.org/10.1061/(ASCE)CO.1943-7862.0001712

Iwata, H., & Okada, K. (2011). How does environmental performance affect financial performance? Evidence from
Japanese manufacturing firms. Ecological Economics, 70(9), 1691-1700. https://doi.org/10.1016/j.ecolecon.201
1.05.010

Kaswan, M., & Rathi, R. (2020). Green lean six sigma for sustainable development: Integration and framework.
Environmental Impact Assessment Review, 83(7), 1-11. https://doi.org/10.1016/j.ciar.2020.106396

Khalili, A., Ismail, M., Karim, A., & Daud, M. (2016). Relationship of lean, green manufacturing and sustainable
performance: Assessing the applicability of the proposed model. Paper presented at International Conference on
industrial Engineering and Operations Management, 2016, Kuala Lumpur, Malaysia, 8-10 March. Available at: h
ttps://ieomsociety.org/icom_2016/pdfs/179.pdf. Accessed 3 August 2022.

Kosasih, W., Pujawan, LN., Karningsih, P.D., & Shee, H. (2023). Integrated lean-green practices and supply chain
sustainability framework. Cleaner and Responsible Consumption, 11(1), 1-12. heeps://doi.org/10.1016/j.clrc.20
23.100143

Kovilage, M. P. (2021). Influence of lean-green practices on organizational sustainable performance. Journal of Asian

Business and Economic Studies, 28(2), 121-142. https://doi.org/10.1108/JABES-11-2019-0115

Leme, R.D., Nunes, A.O., Message-Costa, L.B., & Silva, D.A.L. (2018). Creating value with less impact: Lean, green,
and eco-efficiency in a metalworking industry towards a cleaner production. Journal of Cleaner Production,

196(5), 517-534. https://doi.org/10.1016/j.jclepro.2018.06.064

Leong, W.D., Teng, S.Y., How, B.S., Ngan, S.L., Anas, AT., et al. (2020). Enhancing the adaptability: Lean and green
strategy towards the Industrial Revolution 4.0. Journal of Cleaner Production, 273(11), 1-20. https://doi.org/1
0.1016/j.jclepro.2020.122870

Longo, E. (2019). Sustainability in logistics hubs: A decision support system for investigating green practices at
container terminals. International Journal of Simulation and Process Modeling, 14(3), 234-250. https://doi.org
/10.1504/1JSPM.2019.101008

Longo, F, Nicoletti, L., Padovano, A., et al. (2019). Improving data consistency in Industry 4.0: An application of

digital lean to the maintenance record process. 31% European Modeling and Simulation Symposium (EMSS
2019), Lisbon, 18-20 September. https://doi.org/10.46354/i3m.2019.emss.054

Machingura, T., Adetunji, O., & Maware, C. (2023). A hierarchical complementary Lean-Green model and its
impact on operational performance of manufacturing organizations. International Journal of Quality & reliability
Management, 41(2), 425-446. hteps://doi.org/10.1108/IJQRM-03-2022-0115

Marimin, A., Darmawan, M., Widhiarti, R., & Teniwut, Y. (2018). Green productivity improvement and sustainable
assessment of the motorcycle tire production: A case study. Journal of Cleaner Production, 191(2), 273-282. ht
tps://doi.org/10.1016/j.jclepro.2018.04.228

Martinez-Jurado, P.J., & Moyano-Fuentes, J. (2014). Lean management, supply chain management and sustainability:
A literature review. Journal of Cleaner Production, 85(2), 131-150. https://doi.org/10.1016/j.jclepro.2013.09.
042


https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1016/j.jclepro.2020.120045
https://doi.org/10.1037/1082-989X.3.4.424
https://www.inegi.org.mx
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001712
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001712
https://doi.org/10.1016/j.ecolecon.2011.05.010
https://doi.org/10.1016/j.ecolecon.2011.05.010
https://doi.org/10.1016/j.eiar.2020.106396
https://ieomsociety.org/ieom_2016/pdfs/179.pdf
https://ieomsociety.org/ieom_2016/pdfs/179.pdf
https://doi.org/10.1016/j.clrc.2023.100143
https://doi.org/10.1016/j.clrc.2023.100143
https://doi.org/10.1108/JABES-11-2019-0115
https://doi.org/10.1016/j.jclepro.2018.06.064
https://doi.org/10.1016/j.jclepro.2020.122870
https://doi.org/10.1016/j.jclepro.2020.122870
https://doi.org/10.1504/IJSPM.2019.101008
https://doi.org/10.1504/IJSPM.2019.101008
https://doi.org/10.46354/i3m.2019.emss.054
https://doi.org/10.1108/IJQRM-03-2022-0115
https://doi.org/10.1016/j.jclepro.2018.04.228
https://doi.org/10.1016/j.jclepro.2018.04.228
https://doi.org/10.1016/j.jclepro.2013.09.042
https://doi.org/10.1016/j.jclepro.2013.09.042

Cuadernos de Administracion, 2024, vol. 37, ISSN: 0120-3592 / 1900-7205

Pathmalatha, K. M. (2021). Influence of lean-green practices on organizational sustainable performance. Journal of
Asian Business and Economic Studies, 28(2), 121-142. https://doi.org/10.1108/JABES-11-2019-0115

Prasad, M., Dhiyaneswari, J., Jamaan, J., Mythreyan, S., & Sutharsan, S. (2020). A framework for lean manufacturing
Implementation in Indian textile industry. Materialstoday: Proceedings, 33(12), 2986-2995. https://doi.org/10
.1016/j.matpr.2020.02.979

Ramos, A.R., Ferreira, ].C., Kumar, V., Garza-Reyes, J.A., & Cherrafi, A. (2018). A lean and cleaner production
benchmarking method for sustainability assessment: A study of manufacturing companies in Brazil. Journal of
Cleaner Production, 177(2),218-231. https://doi.org/10.1016/j.jclepro.2017.12.145

Reinartz, W., Haenlein, M., & Henseler, J. (2009). An empirical comparison of the efficacy of covariance-based and
variance-based SEM. International Journal of Research in Marketing, 26(1), 332-344. https://doi.org/10.1016
/j.ijresmar.2009.08.001

Richter, N.F, Cepeda, G., Roldan, J.L., & Ringle, C.M. (2016). European management research using partial least
squares structural equation modeling (PLS-SEM). European Management Journal, 34(6), 589-597. htep://dx.d
0i.0rg/10.1016/j.emj.2014.12.001

Rigdon, E.E, (2012). Rethinking partial least squares path modeling: In praise of simple methods: In praise of simple
methods. Long Range Planning, 45(1), 341-358. https://doi.org/10.1016/j.1rp.2012.09.010

Ringle, C.M., Sarstedt, M., & Straub, D-W. (2012). A critical look at the use of PLS-SEM in MIS Quarterly. MIS
Quarterly, 36(1), 3-14. https://doi.org/10.2307/41410402

Ringle, C.M., Wende, S., & Becker, ] M. (2022). SmartPLS 4 (computer software). Retrieved from http://www.sma
repls.com.

Rishi, J., Srinivas, T., Ramachandra, C., & Ashok, B. (2018). Implementing the lean framework in a small & medium
& enterprise (SME): A case study in printing press. IOP Conference Series: Materials Science and Engineering,
376(1), 1-9. https://doi.org/10.1088/1757-899X/376/1/012126

Rishi, J., Srinivas, T., Ramachandra, C., & Ashok, B. (2018). Implementing the lean framework in a small and medium
enterprises (SME): A case study in printing press. [OP Conference Series: Materials Science and Engineering. h
teps://doi.org/10.1088/1757-899X/376/1/012126

Roy, M., Sen, P., & Pal, P. (2020). An integrated green management model to improve environmental performance of
textile industry towards sustainability. Journal of Cleaner Production, 271(10), 1-10. hteps://doi.org/10.1016/
jjclepro.2020.122656

Sactta, S., & Caldarelli, V. (2020). Lean production as a tool for green production: The Green Foundry case study.
Procedia Manufacturing, 42(4), 498-502. https://doi.org/10.1016/j.promfg.2020.02.042

Sarstedt, M., Ringle, C.M., Henseler, J., & Hair, J.E. (2014). On the emancipation of PLS-SEM: A commentary on
Rigdon (2012). Long Range Planning, 47(1), 154-160. https://doi.org/10.1016/j.1lrp.2014.02.007

Sezen, B., & Cankaya, Y. S. (2013). Effects of green manufacturing and eco-innovation on sustainability performance.

Procedia: Social and Bebavioral Sciences, 99(6), 154-163. https://doi.org/10.1016/j.sbspro.2013.10.481

Shah,R., & Ward, P. T. (2003). Lean manufacturing: Context, practice bundles, and performance. Journal of Operations
Management, 21(2), 129-149. hteps://doi.org/10.1016/50272-6963(02)00108-0

Siegel, R., & Antony, J. (2019). Integrated green lean approach and sustainability for SMEs: From literature review
to a conceptual framework. Journal of Cleaner Production, 240(12), 1-11. https://doi.org/10.1016/j.jclepro.20
19.118205

Singh, C., & Singh, D. (2024). How does green lean practices effect environmental performance? Evidence from
manufacturing industries in India. Measuring Business Excellence, 28(1), 151-173. https://doi.org/10.1108/M
BE-04-2023-0067

Stentoft-Arlborn, J., & Vagn-Freytag, P. (2013). Evidence of lean: A review of international peer-reviewed journal
articles. European Business Review, 25(2), 174-205. https://doi.org/10.1108/09555341311302675

Stone, K.B. (2012). Four decades of lean: A systematic literature review. International Journal of Lean Six Sigma, 3(2),
112-132. https://doi.org/10.1108/20401461211243702


https://doi.org/10.1108/JABES-11-2019-0115
https://doi.org/10.1016/j.matpr.2020.02.979
https://doi.org/10.1016/j.matpr.2020.02.979
https://doi.org/10.1016/j.jclepro.2017.12.145
https://doi.org/10.1016/j.ijresmar.2009.08.001
https://doi.org/10.1016/j.ijresmar.2009.08.001
http://dx.doi.org/10.1016/j.emj.2014.12.001
http://dx.doi.org/10.1016/j.emj.2014.12.001
https://doi.org/10.1016/j.lrp.2012.09.010
https://doi.org/10.2307/41410402
http://www.smartpls.com
http://www.smartpls.com
https://doi.org/10.1088/1757-899X/376/1/012126
https://doi.org/10.1088/1757-899X/376/1/012126
https://doi.org/10.1088/1757-899X/376/1/012126
https://doi.org/10.1016/j.jclepro.2020.122656
https://doi.org/10.1016/j.jclepro.2020.122656
https://doi.org/10.1016/j.promfg.2020.02.042
https://doi.org/10.1016/j.lrp.2014.02.007
https://doi.org/10.1016/j.sbspro.2013.10.481
https://doi.org/10.1016/S0272-6963(02)00108-0
https://doi.org/10.1016/j.jclepro.2019.118205
https://doi.org/10.1016/j.jclepro.2019.118205
https://doi.org/10.1108/MBE-04-2023-0067
https://doi.org/10.1108/MBE-04-2023-0067
https://doi.org/10.1108/09555341311302675
https://doi.org/10.1108/20401461211243702

Gonzalo Maldonado-Guzman, et al. Integrating Lean and Green Production in Sustainable Perfo...

Sullivan, K., Thomas, S., & Rosano, M. (2017). Using industrial ecology and strategic management concepts to pursue
the sustainable development goals. Journal of Cleaner Production, 174(2), 1-9. https://doi.org/10.1016/j.jclep
ro0.2017.10.201

Thanki, S.J., & Thakkar, ].J. (2016). Value-value load diagram: A graphical tool for lean-green performance assessment.
Production Planning and Control, 27(12), 1280-1297. https://doi.org/10.1080/09537287.2016.1220647

Thekkoote, R. (2022). A framework for the integration of lean, green and sustainability practices for operation
performance in South African SMEs. International Journal of Sustainable Engineering, 15(1), 46-58. https://d
0i.org/10.1080/19397038.2022.2042619

Vahabi, N.S., Avakh, D.S., Omidvari, M., & Amin, A.M. (2022). Evaluation of green lean production in textile
industry: A hybrid fuzzy decision-making framework. Environmental Science and Pollution Research, 29(11),
11590-11611. https://doi.org/10.1007/s11356-021-16211-4

Verrier, B., Rose, B., Caillaud, E., & Remita, H. (2014). Combining organizational performance with sustainable
development issues: The lean and green project benchmarking repository. Journal of Cleaner Production, 85(1),
83-93. https://doi.org/10.1016/j.jclepro.2013.12.023

Wiese, A., Luke, R., Heyns, GJ., & Pisa, N.M. (2015). The integration of lean, green, and best practice business
principles. Journal of Transport and Supply Chain Management, 9(1), 192-202. https://hdl.handle.net/10520
/EJC179678

Wau, L., Subramanian, N., Abdulrahman, M.D., Liu, C., Huang, L.K., & Pawar, K.S. (2015). The impact of integrated
practices of lean, green, and social management systems on firm sustainability performance: Evidence from
Chinese fashion auto-parts suppliers. Sustainability, 7(4), 3838-3858. https://doi.org/10.3390/su7043838

Xing, W., Hao, J., Li, Q., Liang, T., Vivian, W.Y,, & Sikora, K.S. (2021). Implementing lean construction techniques
and management methods in Chinese projects: A case study in Suzhou, China. Journal of Cleaner Production,
286(1), 1-13. https://doi.org/10.1016/j.jclepro.2020.124944

Yadav, V., Kaswan, M.S., Gahlot, P., Duhan, R.K., Garza-Reyes, J.A., Rathi, R., Chaudhary, R., & Yadav, G.
(2023). Green lean six sigma for sustainability improvement: A systematic review and future research agenda.
International Journal of Lean Six Sigma, 14(4), 759-790. https://doi.org/10.1108/IJLSS-06-2022-0132

Yadegaridehkordi, E., Hourmand, M., Nilashi, M., Alsolami, E., Samad, S., et al. (2020). Assessment of sustainability
indicators for green building manufacturing using fuzzy multi-criteria decision-making approach. Journal of
Cleaner Production, 277(12), 1-9. https://doi.org/10.1016/j.jclepro.2020.122905

Yang, M.G.M., Hong, P., & Modji, S.B. (2011). Impact of lean manufacturing and environmental management on
business performance: An empirical study of manufacturing firms. International Journal of Production Economics,

129(2), 251-261. https://doi.org/10.1016/}.ijpe.2010.10.017

Notes

>*  Research paper.
Licencia Creative Commons CC BY 4.0

Cited as: Maldonado-Guzmén, G., & Judrez-Del Toro, R. (2024). Integrating Lean and Green Production
in Sustainable Performance in an Emerging Economy. Cuadernos de Administracidn, 37. hteps://doi.org/1

0.11144/Javeriana.cao37.ilgpsp


https://doi.org/10.1016/j.jclepro.2017.10.201
https://doi.org/10.1016/j.jclepro.2017.10.201
https://doi.org/10.1080/09537287.2016.1220647
https://doi.org/10.1080/19397038.2022.2042619
https://doi.org/10.1080/19397038.2022.2042619
https://doi.org/10.1007/s11356-021-16211-4
https://doi.org/10.1016/j.jclepro.2013.12.023
https://hdl.handle.net/10520/EJC179678
https://hdl.handle.net/10520/EJC179678
https://doi.org/10.3390/su7043838
https://doi.org/10.1016/j.jclepro.2020.124944
https://doi.org/10.1108/IJLSS-06-2022-0132
https://doi.org/10.1016/j.jclepro.2020.122905
https://doi.org/10.1016/j.ijpe.2010.10.017
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11144/Javeriana.cao37.ilgpsp
https://doi.org/10.11144/Javeriana.cao37.ilgpsp

