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Abstract

Environmental practices are now a strategic necessity as firms face accelerating regulatory,
market, and societal pressures to operate sustainably. Yet evidence remains mixed on
whether and how these practices translate into superior organizational performance in
manufacturing. This study examines how environmental management practices improve
organizational performance in the manufacturing sector and clarifies two unresolved is-
sues in prior research: the relationship between environmental management practices
(EMPs) and organizational performance (ORP). It further investigates the mediating role
of lean management (LM) and the moderating role of environmental transformational
leadership (ETL). This study used a quantitative method and cross-sectional data. A self-
report questionnaire was used with 260 participating employees from all levels in the
manufacturing sector in the Kingdom of Saudi Arabia (KSA). Structural equation model-
ing (SME) was employed to test the hypothesis. The results of this study showed that
environmental management practices have significant and positive effects on organiza-
tional performance. In addition, this study revealed that lean management exhibited a
significant positive impact on organizational performance and was a crucial element in
the developed model. Nevertheless, environmental transformational leadership was not
significant and did not support the relationship between environmental management
practices and organizational performance. Theoretically, these findings advance the liter-
ature by (a) specifying lean management as a central mechanism that connects environ-
mental practices to performance and (b) delineating boundary conditions by showing that
environmental transformational leadership may not amplify these effects in this context.
Practically, the results suggest that managers seeking performance gains from environ-
mental initiatives should prioritize the systematic integration of lean management rou-
tines—such as waste reduction, process standardization, and continuous improvement—
alongside environmental programs. Organizations should also evaluate leadership devel-
opment efforts critically, because general transformational behaviors oriented toward en-
vironmental stewardship may be insufficient on their own to enhance the impact of envi-
ronmental practices on performance.
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Sustainability 2026, 18, 7854

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854

2 of 31

1. Introduction

Since the launch of Saudi Vision 2030, the Kingdom of Saudi Arabia has implemented
a series of economic and institutional reforms aimed at diversifying the economy, reduc-
ing dependence on oil revenues, and strengthening private sector participation [1]. Saudi
Arabia is dedicated to complying with the Paris Agreement by becoming environmentally
friendly [2]. Following the launch of the 2030 vision, the country introduced the Saudi
Green Initiative (SGI) in 2021, which aims to help the country combat climate change, en-
hance quality of life, and safeguard the planet for future generations.

Organizations around the world face pressure from governments and stakeholders
to implement and integrate environmental management practices [3,4]. According to [5],
itis crucial for a firm to invest in EMPs to enhance its competitive capability and environ-
mental performance. EMPs refer to the set of strategies and techniques used by firms to
control and manage the effects of their operations on the natural environment [6]. Exam-
ples include increasing staff awareness, cleaner production, green design, green market-
ing, investment in environmental protection, and establishing green management goals
and environmental management systems such as ISO 14000 and recycling management
[7]. According to [8,9], the excellent adoption of EMPs could lead to better organizational
performance (ORP) and a better reputation. ORP is a set of financial and non-financial
measures, such as operation, marketing, and environmental and supply chains [8,10,11],
which provide critical information and results regarding the achieved objectives [12]. Op-
erational and environmental performance measures are currently recognized as critical
indicators for evaluating the overall success of the organization [8,12]. The link between a
company’s reputation and OP, either the financial or the non-financial measures, has been
a significant area of research by scholars such as [13,14], who have been exploring how
reputation affects OP and vice versa. Unlike the current research, these studies have the-
oretically evaluated reputation outcomes without empirical evidence. According to [15],
a company’s reputation is how the key stakeholders see its past actions and future poten-
tial that affect its overall appeal compared to competitors. Thus, companies should under-
stand the expectations and the needs of their stakeholders to build a compelling reputa-
tion [16]. Although previous studies generally report positive associations between envi-
ronmental initiatives and organizational outcomes, the magnitude and consistency of
these relationships vary across industries, organizational contexts, and performance di-
mensions, suggesting that the underlying mechanisms remain insufficiently understood
[17,18].

The resource-based view (RBV) is theorized in the current research as the pathway
explaining the relationship between the EMPs and OP. The RBV explains how valuable
resources such as EMPs can create a competitive advantage. EMPs such as waste reduc-
tion, green marketing, and cleaner production can be viewed as essential resources for
enhancing operational efficiency, reducing costs, and ultimately realizing better OP [19].
Previous studies have used different theories such as stakeholders, legitimacy, and re-
source dependence [20]. A big issue with applying such theories in identifying environ-
mental issues is that they cannot identify the importance of natural resources within a firm
[21]. Thus, the RBV focuses on achieving performance through internal capabilities [22,23].
For the manufacturing industry, a lean management system represents the organization’s
capability that allows the firm to capture the value potential of its green resources.

The resource-based view (RBV) posits that a firm’s ability to achieve a sustained com-
petitive advantage depends on resources that are valuable, rare, inimitable, and organized
(VRIO) [19]. In the context of the Saudi manufacturing sector, EMPs serve as a strategic
resource that extends beyond mere regulatory compliance. EMPs generate strategic value
by optimizing resource expenditures through waste minimization. In addition, the shift
to deep environmental practices like cleaner production is still young in many emerging
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markets. This scarcity provides a strategic weapon with which for early movers to differ-
entiate themselves and move ahead of competitors. Therefore, the RBV has shaped the
hypothesis and provided a robust theoretical foundation for this research.

Organizations today can achieve greater efficiency and greater customer satisfaction
by adopting lean management [24]. LM, with its focus on waste minimization and process
improvement, somewhat aligns with the goals of EMPs [25]. LM is an integrated model,
a complicated management system that extends across the entire organization and re-
quires the involvement and commitment of all employees at every level to continuously
improve the company’s performance [26]. The main purpose behind using LM is to pro-
duce products and provide services without any kind of waste from overproduction, wait-
ing, or low quality [27]. LM is an environmentally focused practice including total quality
management (TQM), just-in-time (JIT), total preventive maintenance (TPM), and human
resource management [27,28]. LM serves as a catalyst to help the adoption of environmen-
tal enhancement [29]. A few previous studies have used lean management (LM) as a me-
diator, such as [29,30]. Despite the conceptual compatibility between environmental man-
agement and lean management, empirical evidence examining lean management as the
mediating mechanism through which environmental management practices improve or-
ganizational performance remains limited [31,32].

Another important aspect of this study is transformational leadership. Transforma-
tional leaders are widely recognized to be more efficient in improving environmental
management, making the concept of environmental transformational leadership (ETL) in-
creasingly important [33]. During the past decade, ETL has become the most studied area
of all leadership theories since its introduction in 2013 by [34]. ETL is a behavior exhibited
by aleader who can motivate subordinates to accomplish environmental goals and inspire
them to go beyond the expected levels of environmental performance [35]. In the context
of social learning theory [36], green leaders can play an important role in motivating and
inspiring subordinates to participate in environmental actions [37]. Although environ-
mental transformational leadership has received growing scholarly attention, empirical
evidence concerning its role as a boundary condition remains fragmented and inconclu-
sive, particularly in manufacturing settings and emerging economies [34,38,39].

In light of the limitation observed in the existing literature, this study aimed to ex-
pand the current knowledge and contribute to the existing literature in several ways: First,
there is a scarcity of research investigating the impact of several factors of EMPs using
wide-ranging methodologies across various industrial fields [40]. Additionally, most ex-
isting studies have been conducted in developed economies [41]; this study will re-exam-
ine and redefine the relationship between EMPs and OP in a developing country such as
Saudi Arabia. In addition, previous studies ignore reputation as a sub-variable in the OP;
this study proposes that reputation is an important construct in the OP. Second, this re-
search examines the role of LM as an important bridge in this relationship. Additionally,
to the best of our knowledge, there is no existing study constructing the ETL as a moder-
ator in this relationship; this research examines the moderating role of ETL as an im-
portant factor in this relationship. Recent reviews continue to highlight the need for inte-
grated models that simultaneously examine environmental management practices within
developing country contexts, where empirical evidence remains comparatively scarce [42].

The current study aims to examine the relationship between environmental manage-
ment practices (EMPs) and organizational performance (OP) by investigating the mediat-
ing role of lean management (LM) and the moderating role of environmental transforma-
tional leadership (ETL). The study contributes to the existing literature by providing em-
pirical evidence on the mechanisms through which environmental management practices
influence organizational performance. Moreover, it extends prior research by integrating
environmental management, lean management, and environmental leadership within a
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unified framework in the context of Saudi Arabia’s manufacturing sector, thereby offering
theoretical and managerial implications for organizations pursuing sustainable perfor-
mance. The main research questions are as follows: Q1 —What is the impact of environ-
mental management practices on organizational performance? Q2 —How does lean man-
agement mediate the relationship between environment management practice and organ-
izational performance and reputation? Q3 —How does environmental transformational
leadership moderate the relationship between environmental management practices and
organizational performance and reputation? To provide a clear structure, this paper is
organized as follows: Section 2 contains a literature review, Section 3 contains the theoret-
ical framework and hypothesis development, Section 4 presents the study’s methodology,
Section 5 presents the study’s analysis and results, and Section 6 presents a discussion of
the results and their implications.

2. Literature Review
2.1. Environmental Management Practices (EMPs)

Environmental management practices (EMPs) are systematic methods that firms uti-
lize to lessen their environmental impact and function more sustainably; they vary by or-
ganization size, industry, and environmental impact and include pollution prevention,
energy efficiency, waste reduction, green product design, and environmental compliance
[43]. EMPs are used by small and medium-sized businesses to improve their environmen-
tal performance; each organization defines and applies EMPs differently, but the essential
principles are the same: decrease environmental harm, constantly enhance sustainability
performance, and align operations with environmental objectives [44]. EMPs are becom-
ing more essential in business owing to regulations, customer awareness, and global en-
vironmental aspirations. Offering EMPs can decrease environmental impact, increase ef-
ficiency, and provide long-term value. In addition, EMPs help companies avoid penalties,
comply with environmental rules, and maintain reputation. EMPs also play a role in min-
imizing pollution, resource consumption, and ecological harm in hazardous industries
such as manufacturing, chemicals, and oil and gas [45]. Companies that implement EMPs
can attract environmentally conscious customers, investors, and partners, and they may
also save money and boost performance by promoting sustainable product and process
designs [46].

Cost reduction is a major benefit arising from waste reduction, energy efficiency, re-
source efficiency, and lower operational expenses. Proactive environmental management
decreases legal, reputational, and disruption risks [47]. According to the same author,
EMPs increase a company’s reputation with sustainable consumers, investors, and stake-
holders by compelling corporations to change their ways, and they promote eco-friendly
products and procedures. In addition, EMPs can help companies obtain environmental
certifications, subsidies, and collaborations and enter new markets, especially in green or
environmentally sensitive sectors. Despite their usefulness, EMPs have challenges. EMP
adoption and integration may require significant investment. Leadership time, money,
and commitment are needed to integrate new technologies, reform procedures, and train
staff [41]. If changes disrupt workflows or disengage staff, organizational resistance may
arise, leading companies to greenwash by adopting EMPs cosmetically to gain public fa-
vor without change [48]. To realize EMPs’ benefits, firms must plan intelligently, spend
resources, and implement them truly and consistently [49].

EMPs include a set of green management goals; educating personnel; and investing
in clean production, green design, green marketing, recycling, and ISO 14001 [50] certifi-
cation. These sub-variables signify the importance of environmental commitments. Green
goals promote sustainability and regulation because companies can prioritize environ-
mental initiatives and track progress with stated and monitored targets [51]. Awareness
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helps workers realize their environmental responsibilities, and through staff training, en-
gagement, and seminars, companies can boost sustainability, demonstrate long-term com-
mitment by sponsoring clean technology and eco-infrastructure, and implement green de-
sign and cleaner production to reduce waste and pollution [52]. Green marketing com-
municates environmental values through branding, product features, and corporate mes-
saging, where it also improves the company’s image and attracts green customers [53].
Recycling and scrap management reuse and redistribute materials, supporting circular
economy ideals. Finally, ISO 14001 certification formalizes a company’s environmental
plan and promotes competitiveness. These strategies provide a full and realistic frame-
work for assessing modern company EMP implementation [41]. These practices are now
synthesized into three categories: Strategic Alignment (green management goals and mar-
keting), Operational Integration (design, production, and recycling), and Institutional
Culture/Compliance (awareness, investment, and ISO certification).

2.1.1. Strategic Alignment

Green management goals guide an organization’s environmental agenda by setting
long-term, quantifiable, and achievable environmental goals for an organization. Sustain-
able resource use, energy efficiency, waste reduction, and emissions reduction are com-
mon aims. Such goals promote environmental stewardship and demonstrate a company’s
commitment to sustainability [54]. These aims can help environmental organizations pri-
oritize resources and labor and organize departmental and staff environmental activities.
Green goals with indicators improve environmental performance [55].

Green marketing emphasizes sustainability and environmental benefits. Beyond typ-
ical marketing, it emphasizes the company’s commitment to recycling, reducing emis-
sions, and supporting environmental causes. Green marketing targets eco-conscious con-
sumers and builds trust with sustainable stakeholders. When conducted successfully, it
promotes brand image, client loyalty, and competition. Packaging, commercials, sustain-
ability reports, websites, and labeling can communicate green marketing [47]. Companies
must combine marketing, eco-design, greener production, and ISO certification. Environ-
mental regulations that demand labeling or validated claims are met via green marketing
[45]. A good green marketing plan can influence purchasing decisions, attract new inves-
tors, and enhance staff morale in many organizations, especially those with a large envi-
ronmental impact [53].

2.1.2. Operational Integration

Green design, sometimes called eco-design or sustainable product design, considers
environmental considerations in product and process development. It reduces the envi-
ronmental impact from raw material extraction to product use and disposal. Green design
uses non-toxic, recyclable, or biodegradable materials; maximizes energy efficiency; re-
duces packaging; and is durable or easy to disassemble. It decreases a product’s ecological
footprint and helps sustainability by conserving resources and minimizing pollution.
Green design companies frequently develop client loyalty as global demand for sustaina-
ble products rises [56]. The strategy improves brand image and expands green markets.
Energy and material waste are reduced by green design, saving money. Design teams,
engineers, and sustainability specialists must work together to balance environmental
aims with product functionality and market needs, stimulating creativity and cross-func-
tional collaboration [41].

Environmental management promotes cleaner production by optimizing processes,
products, and services through efficient raw material and energy use, improved equip-
ment performance, and operational redesign to minimize waste, reduce pollution, and
enhance overall sustainability in manufacturing [57]. The main benefits of cleaner
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production are environmental performance and operational and financial efficiency. Min-
imizing waste and resource use reduces material costs, disposal fees, and productivity.
Companies can avoid environmental penalties and sanctions through cleaner production.
Cleaner production is needed in high-risk industries such as petrochemicals. Increasing
worker safety and reducing environmental impact can help companies preserve their li-
censes [56].

EMPs include recycling, scrap management, and manufacturing and post-consump-
tion waste disposal. Effective recycling reduces raw material use by recovering useful
components from rejected products or production trash [58]. Making these resources part
of the production cycle boosts efficiency and circular economy models [59,60]. Structured
recycling reduces raw material and waste disposal expenses; clutter reduction, workflow
improvement, and environmental compliance improve operational efficiency. Many com-
panies improve scrap management using waste segmentation, recycling audits, and sup-
plier partnerships. Recycling reduces industrial waste and petrochemical environmental
impact [51]. Recycling projects have high initial costs but long-term environmental and
economic benefits. Sustainable operations require recycling and scrap management,
which shows environmental responsibility [61].

2.1.3. Institutional Culture/Compliance

Environmental awareness among staff is crucial to EMP success. The firm’s sustain-
ability efforts benefit from workers” everyday environmental education and engagement.
Environmental awareness includes understanding the company’s sustainability goals,
how jobs affect the environment, and how to mitigate damage [62]. Awareness training is
essential. Examples include structured training, onboarding, posters, newsletters, internal
promotions, and sustainability competitions. Such activities raise firm environmental
awareness, leading to more constant and proactive behavior [63].

Sustainable business practices require long-term ecological responsibility and finan-
cial investments—such as clean technologies, energy-efficient machinery, pollution con-
trol, and renewable energy —which, despite high initial costs, deliver significant long-
term financial and strategic benefits while protecting the environment [21]. Environmen-
tal investments enhance corporate reputation and stakeholder confidence by funding not
only physical assets such as clean technologies but also environmental audits, R&D, and
employee training; when strategically planned, implemented, and monitored within an
environmental management system, these investments help organizations achieve sus-
tainability goals while strengthening long-term resilience and competitiveness [4].

ISO 14001, the most popular environmental management system (EMS) standard,
helps companies manage environmental issues successfully. ISO 14001 certification shows
that a company has decreased its environmental impact, obeyed laws, and enhanced per-
formance. The guideline encourages companies to assess their environmental impact, set
goals, and apply controls to decrease pollution, save resources, and engage stakeholders
[64]. Certification is a technical and cultural shift that requires commitment from top man-
agement, staff training, internal audits, and environmental activity documentation. ISO
14001 helps high-risk industries including manufacturing, construction, and petrochemi-
cals. Because customers, regulators, and investors value sustainability, firm legitimacy
rises upon certification [4]. Certification opens new markets, strengthens relationships
with environmental organizations, and qualifies companies for green supply chains and
government contracts. ISO 14001 increases resource management, workforce engagement,
and environmental liability control, reducing costs and risk [56].
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2.1.4. Organization Performance (ORP)

Organization performance includes financial, operational, environmental, and repu-
tational factors, including sustainability. Operations and environmental performance are
gradually integrated in the environmental management literature to reduce greenhouse
gas emissions, solid waste, energy use, and resource utilization. Corporate performance
today depends on reputation, an intangible and subjective measure. This indicates stake-
holders’ views on a company’s ethics, credibility, and sustainability [65]. This holistic
view emphasizes that firms currently operate in a complex and highly scrutinized global
context where cost-efficiency or profit maximization alone cannot guarantee long-term
success [57]. Competitiveness, productivity, sustainability, and stakeholder expectations
depend on operational performance. Today’s globalized and environmentally conscious
company context requires operational, environmental, and public perception excellence.
Therefore, operational success today incorporates environmental efficiency, process ex-
cellence, and reputational value [57]. Operational performance drives organizational sus-
tainability. Effective resource use, timely production, low defect rates, and cost control
help enterprises survive and thrive in competitive marketplaces. Environmental perfor-
mance assessment helps companies achieve legal requirements, acquire sustainability-
linked funding, and become ISO 14001-certified [52]. In addition, adding firm reputation
in the performance framework addresses the growing value of intangible assets. A good
reputation increases brand value, talent, investor confidence, and customer loyalty. In a
world where stakeholders expect openness and responsibility, companies with a well-
managed public image—particularly in environmental, ethical, and governance prac-
tices— perform better financially and operationally [65].

Practitioners and scholars analyzing organizational efficiency must grasp multidi-
mensional OP pros and cons. Effective OP methods can lead to success and sustainability,
but they can also cause issues, especially when they include non-traditional measures
such as environmental and reputational performance [66]. Cost reduction is a major ben-
efit of operational excellence; companies can save money by optimizing production, in-
ventory, energy, and waste. Successful product quality, delivery, and service operations
boost customer satisfaction, and high operational standards promote customer trust and
loyalty in oil and gas, where delays and quality issues are costly. As organizations seek
trusted and sustainable providers, strong performance metrics drive collaborations, con-
tracts, and supply chain collaboration [59]. Conversely, benefits include incorporating en-
vironmental performance into operational KPIs. Reduced emissions, hazardous waste,
and energy and water use demonstrate corporate accountability and environmental com-
pliance [67]. Strategic performance metrics include reputation: a company’s reputation
impacts investor confidence, consumer loyalty, and employee morale. In crises and com-
petitive upheavals, non-financial assets such as reputation can be leveraged. Companies
with strong reputational capital are less influenced by public and regulatory scrutiny in
volatile markets [65].

To comprehensively evaluate ORP in the context, it is essential to deconstruct it into
key sub-variables. This study adopts a multidimensional approach to ORP by focusing on
three interrelated sub-variables: environmental performance, operational performance,
and firm reputation performance. Each sub-variable captures distinct, yet complementary,
dimensions of organizational success and resilience. Together, they reflect the organiza-
tion’s ability to manage internal efficiency, external perception, and environmental impact
in a rapidly evolving global landscape.

Environmental performance is an organization’s ability to manage and reduce its ac-
tivities’, goods’, and services’ environmental impact. Energy and water conservation,
emissions reduction, solid and hazardous waste reduction, and air and water pollution
avoidance are included. Excellent environmental performance demonstrates rule-
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following and proactive sustainable development [52]. Environmental performance is be-
coming a business goal in corporate sustainability. Environmental stewardship impacts
long-term profits, risk reduction, and brand reputation. A company’s environmental re-
sponsibility is measured by carbon footprint, water usage per unit of output, energy in-
tensity, and recycling rates [68]. Strong environmental performance benefits strategy. En-
ergy-efficient technologies, raw material reduction, and renewable energy consumption
save organizations money over time. Tax incentives, subsidies, and green finance are more
likely for environmental leaders. Vision 2030 in Saudi Arabia promotes clean energy and
sustainable industry, making it an excellent policy for green businesses [69].

Operations performance assesses an organization’s efficiency, quality, and respon-
siveness in basic activities. A company’s use of labor, technology, time, and money to suit
consumer wants and organizational goals is evaluated. Standard operational performance
metrics include cost reduction, productivity, cycle time, inventory management, product
quality, and delivery reliability [70]. It also involves the firm’s ability to innovate, adapt,
and support current sustainability efforts [71]. High operational performance boosts com-
petitiveness. Better operational results reduce waste, errors, and delivery times, saving
costs and enhancing customer satisfaction. Lean and automated production methods
boost throughput and eliminate errors, enhancing profitability and reliability. Petrochem-
icals and oil and gas are fast-paced, complex sectors that require supply chain precision
and risk minimization [72].

Customers, investors, employees, regulators, and the public judge a company by its
reputation, an intangible but powerful asset. Reputation drives operational performance,
trust, loyalty, market placement, and longevity. A time-based evaluation of a firm’s be-
havior, ethics, and social and environmental responsibility is informative [4]. In today’s
ethically and ecologically sensitive business world, reputation is crucial. Corporate re-
sponsibility, ethics, and transparency typically lead to brand loyalty, premium pricing,
improved capital access, and top talent retention [73]. According to stakeholder theory,
corporations that actively meet stakeholder expectations improve engagement, advocacy,
and support, increasing value [56]. Environmentalism substantially impacts corporate
reputation. Customers and investors favor companies that publicly promote sustainabil-
ity, reduce their ecological footprint, and contribute to climate goals. Company reputa-
tions can be damaged by environmental violations, pollution scandals, and unethical be-
havior, which can result in consumer boycotts, divestments, or government penalties. This
study quantifies business reputation using valid criteria, including stakeholder percep-
tions of the company’s environmental commitment, ethics, reporting openness, and com-
munity engagement. Based on prior research [74,75], these metrics provide a valid frame-
work for measuring reputation as a sustainability—performance nexus result and perfor-
mance driver [76].

2.2. Lean Management (LM)

Lean management is a systematic approach to customer value and waste reduction
across all corporate processes. The Toyota Production System (TPS)-based lean manage-
ment is widely utilized to boost efficiency, save costs, and increase organizational agility.
Lean management eliminates “waste” including overproduction, waiting time, transpor-
tation inefficiencies, excess inventory, defects, and unused talent [45]. It maximizes client
value with fewer resources. Kaizen, standardization, staff involvement, and customer fo-
cus do this. Lean organizations improve workflow, transparency, and responses to de-
mand and operational issues. Lean management encourages organizational learning and
problem-solving, not just technology installation [77]. Modern lean management has
many interconnected “bundles”, such as TQM, JIT, and TPM. All improve process
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efficiency, product quality, and equipment reliability. This study assesses lean manage-
ment utilizing these validated sub-variables from manufacturing [47].

Lean management improves operations and growth in fast-changing firms. Its ability
to minimize waste, increase efficiency, and foster innovation makes it vital. In a world of
shifting customer expectations and severe competition, lean organizations can quickly
adapt, decrease costs, and improve performance [78]. A key benefit of lean management
is cost reduction. Eliminating non-value-added tasks streamlines and cuts expenses in
lean approaches. Resource optimization cuts production costs, boosts earnings, and
boosts competitiveness. Despite high overhead and waste costs, lean approaches help
heavy industries such as petrochemicals and manufacturing to stay competitive by mak-
ing every process step efficient and customer-focused [73]. Besides cost reduction, lean
management improves quality and reliability. Processes and continuous improvement re-
duce product and service failures [79].

LM is promoted internationally for its ability to promote efficiency, waste reduction,
and progress. Lean management helps automotive, manufacturing, healthcare, and ser-
vice companies innovate and enhance efficiency. Lean management has strategic and op-
erational benefits, but organizations must consider its limitations before and during im-
plementation [80]. Waste disposal is a popular lean management cost-cutting advantage.
Lean management cuts inventory, shipping, waiting, overproduction, and faults. Opera-
tional efficiency and cost reduction can boost revenues without compromising quality or
customer satisfaction [45]. Process standardization and quality improvement are essential.
Lean total quality management encourages best practices, monitoring, and zero-defects.
Refunds, brand reliability, and product homogeneity improve. Petrochemicals require
safety and precision; therefore, statistical process control and root-cause analysis may re-
duce errors and operational failures [81]. Lean management improves service. JIT reduces
inventory and increases flexibility by meeting real-time consumer demand. Thus, compa-
nies can provide products faster, adjust to market changes, and streamline supply chains.
Adapting helps businesses compete in changing environments [82].

To measure lean management comprehensively, this study focuses on three core sub-
variables that represent foundational practices within the lean philosophy: total quality
management (TQM), just-in-time (JIT), and total productive maintenance (IPM). These
practices are interdependent components that support waste minimization, process
standardization, and operational reliability. Together, they form an integrated system that
enhances productivity and aligns closely with environmental and organizational perfor-
mance goals.

Continuous improvement enhances quality in all organizational activities with TQM.
Customer feedback, quality control tools, and staff participation ensure that products and
services meet or exceed expectations. TQM helps lean management standardize products,
decrease defects, and reduce rework [45]. Customer focus, leadership commitment, staff
involvement, process methodology, and data-driven decision making are TQM require-
ments. TQM emphasizes these principles to boost performance and customer satisfaction.
By fostering employee responsibility, it boosts quality and creativity. This study measured
TQM with continuous quality improvement, customer feedback, and statistical process
control [83]. TQOM reduces risk and maintains regulatory compliance in the petrochemical
and industrial industries, where tiny mistakes can have big consequences. It improves
efficiency and reliability by integrating quality into design, production, and delivery
[80,84].

JIT is a lean method that reduces inventory by receiving things only as needed in
production. It reduces waste from overproduction, inventory, and idle resources. JIT
streamlines operations and improves customer service [85]. JIT boosts cash flow and re-
duces storage expenses by reducing inventory. It needs strong supply networks, demand
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forecasts, and real-time communication to succeed. This study evaluates JIT using on-de-
mand material availability, well-maintained equipment, JIT supplier relationships, and
supplier engagement in product development [86]. JIT increases supply chain efficiency
but requires extensive coordination. Flexibility and risk mitigation are crucial in JIT situ-
ations because disruptions can significantly impair operations [87].

Preventive maintenance and operator engagement boost equipment productivity
and availability in TPM. Traditional maintenance requires technicians, but TPM trains all
personnel in routine maintenance. This enhances equipment reliability, downtime, and
output [88]. TPM incorporates machine maintenance into work to foster ownership and
accountability. Asset-intensive industries where equipment failure could interrupt pro-
duction or pose safety hazards need it. This study measures TPM utilizing robustness,
equipment check frequency, personnel maintenance training, and prompt part replace-
ment. TPM improves safety, sustainability, corporate success, and employee engagement.
Maintaining machinery lowers energy, faults, waste, and emissions, helping the environ-
ment [80].

2.3. Environmental Transformational Leadership (ETL)

ETL applies transformational leadership to the environment, where a leader may in-
spire, encourage, and persuade individuals to exceed environmental standards by tying
their actions to sustainability goals and ideals [89]. ETL is part of a green leadership
change needed for organizational transformation, where corporations must lead in sus-
tainability, offer green solutions, and be accountable to stakeholders to address global en-
vironmental concerns to link strategic goals to environmental integrity [90]. ETL is becom-
ing more significant in business sustainability, prompting businesses to take a proactive
and inventive approach to embedding sustainability into company strategy and culture
as firms worldwide face rising environmental challenges, including stronger regulatory
frameworks and changing consumer expectations; it motivates people, leads to the imple-
mentation of environmental goals, and changes companies [91]. ETL's ability to foster en-
terprise-wide environmental ideals is vital because it inspires, empowers, and influences
voluntary environmental behavior, unlike traditional environmental leadership, where
leaders make environmental protection a corporate mission, not a practice. Value-based
leadership fosters continuous innovation and change across departments and hierarchies
[92]. ETL is also essential for organizational culture sustainability, where it is incentivizing
environmental problem-solving, modeling ethical environmental behavior, honoring
green initiatives, reducing change resistance, and aligning staff’s actions with sustainabil-
ity goals [93].

Environmental transformational leadership (ETL) boosts organizational sustainabil-
ity by inspiring, motivating, and engaging employees to improve environmental, em-
ployee, and business performance [34,94]. Every leadership style has downsides, even
ETL; organizations may optimize ETL’s potential and limit implementation risks by un-
derstanding its merits and cons [90]. Environmental innovation and performance are im-
portant benefits of ETL as transformational leaders encourage staff to think creatively and
critically about the environment [91]. Intellectual stimulation improves environmental re-
sults and long-term sustainability by encouraging eco-friendly products, cleaner produc-
tion, and resource efficiency [34]. ETL also significantly impacts staff involvement and
environmental commitment by providing a clear environmental vision and team motiva-
tion to exceed objectives [95]. Employees are more inclined to support sustainability and
green initiatives. Engaged people volunteer to recycle, minimize energy use, and enhance
the environment [96]. Environmental transformational leadership (ETL) is a multidimen-
sional construct composed of distinct yet interrelated behaviors that collectively empower
organizations to pursue and sustain environmentally responsible practices. In this study,
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ETL is measured through five key sub-variables, directly adapted from validated survey
instruments [37,97]. These sub-variables capture leadership behaviors that influence em-
ployee motivation, environmental goal clarity, collaboration, and innovation: Inspiring
Environmental Vision, Providing Clarity of Environmental Goals, Promoting Team Col-
laboration for Environmental Goals, Encouraging High Environmental Achievement, and
Stimulating Creative Thinking About Green Ideas.

3. Theoretical Framework and Hypothesis Development

After discussing the theoretical background and the literature on environmental
management practices, lean management, environmental transformational leadership,
and organizational performance, this paper offers a comprehensive model by using EMPs
as an independent variable that is expected to influence organizational performance,
which represents the dependent variable. This study also expected that lean management
would influence the relationship between EMPs and OP as a mediator. In addition, this
study used environmental transformational leadership as a moderator between the EMPs
and OP. See Figure 1.

H4

H2 H3

B ,

H5

Figure 1. comprehensive model. Created by the author.

3.1. EMPs and ORP

The implementation of EMPs plays a significant role in the success of the OP. The
relationship between EMPs and OP has been extensively studied in previous studies, with
the assumption that well-established EMPs lead to better OP [3,98]. Many studies found
a positive link between EMPs and multiple measures of OP, including environmental,
operational, and financial performance [6,45,99-101]. It is also noted that, in order to im-
prove environmental performance, a firm needs to decrease greenhouse emissions, ensure
environmental protection, and improve and develop plans to reduce the impact of their
activities on the environment. In addition, refs. [102,103] found a positive relationship be-
tween the EMPs and operational performance, with higher operational productivity, in-
novation, and product quality. Moreover, according to [104,105], EMP can enhance a
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company’s reputation among its stakeholders, including customers, suppliers, regulators,
etc., which can be interpreted as better competitive advantages and better performance.
According to the resource-based view (RBV), environmental capabilities represent strate-
gic resources that enable firms to develop sustainable competitive advantages and achieve
superior organizational performance. Recent empirical evidence generally supports this
relationship. For example, ref. [17] found that environmental management practices sig-
nificantly improve firms” environmental performance by enhancing organizational capa-
bilities.

Nevertheless, some scholars [106,107] have argued that the relationship between
EMPs and OP is intricate and subject to various factors, such as the practices that have
been implemented, the industry in which the study was conducted, and the period of
analysis. Additionally, some scholars suggest that the adoption of EMPs may incur a sig-
nificant increase in operational costs and operational interruption, which may negatively
affect short-range performance [25,108,109]. Prior researchers such as [3,17,98,101,110]
found a positive relationship between EMPs and OP. Based on the theoretical arguments
and empirical evidence, the following hypothesis is proposed:

H1. EMPs have a positive impact on ORP.

3.2. EMPs and LM

Environmental practices and lean management converge on shared objectives such
as waste elimination and enhanced resource efficiency. Environmental practice prioritizes
a reduction in ecological waste and the advancement of sustainability, whereas lean man-
agement targets the removal of non-value-adding activities to elevate operational perfor-
mance. As a result, organizations that implement environmental practice measures fre-
quently integrate lean principles to streamline production processes and mitigate envi-
ronmental impacts. Recent studies corroborate this link; for example, ref. [110] shows that
combining sustainability initiatives and lean management adoption fosters continuous
improvement and resource optimization. Moreover, refs. [58,111] report that combining
environmental and lean practices yields superior operational efficiency compared with
either approach alone. In general, environmental initiatives create conditions via waste
reduction that enable effective lean implementation.

Several past studies present mixed evidence on the relationship between EMPs and
LM; most of them suggest a positive relationship. Many scholars argue that EMPs im-
prove LM implementation by identifying waste management [25] and promoting collab-
oration for continuous improvement [112-114]. A positive relationship between EMPs
and LM has been documented, where pollution prevention activities lead to more efficient
processes. According to [115], an environmental management system provides a struc-
tural approach for lean implementation. Despite the significant benefits, there are some
challenges; one issue is that LM focuses on cutting costs and working faster, while EMPs
require spending money in advance as part of the environment protection requirement,
such as buying energy-efficient equipment or training staff [116]. Another issue is that
some LM techniques such as JIT delivery might affect the environment; for example, more
frequent shipment may lead to higher consumption of fuel and pollution [117]. Further
empirical research is required to clarify the nature of this relationship and provide a more
comprehensive understanding of how environmental management practices facilitate
lean management implementation. Therefore, the following hypothesis is proposed:

H2. EMPs have a positive impact on LM.
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3.3. LM and ORP

Several studies have explored the impact of lean management on organizational per-
formance [58,113,118]. LM has resulted in considerable cost reductions, increased worker
productivity, and improved quality [119]. Several studies show that LM can improve OP
by reducing costs and increasing efficiency [58,120]. According to [26], LM improves prod-
uct quality, which can enhance the company’s reputation. In addition, companies with
strong LM tend to maintain better relationships with stakeholders and boost their market
reputation [121]. However, there is some evidence that poorly implemented LM can lead
to worker tension, damaging both performance and reputation [122]. Additionally, some
researchers have found a strong relationship between LM and overall organizational per-
formance [123,124]. It is also found that lean management practices (such as JIT, TQM,
and TPM) could significantly improve operational efficiency, cost-competitiveness, qual-
ity, and overall performance [58]. Based on the theoretical arguments and empirical evi-
dence, the researcher hypothesizes the following:

H3. LM have a positive impact on ORP.

3.4. LM Mediates the Relationship Between EMPs and ORP

EMPs have recently been used by companies to meet government requirements and
enhance firm reputation [125]. However, the direct impact of EMPs and OP is sometimes
debated because these practices may incur upfront costs and operational difficulties [126].
LM, with its focus on cost reduction, may help bridge this gap [116]. LM improves the
effectiveness of the EMPs by reducing resource disposal and improving the cost-efficiency
[42,127]. According to [32], firms that use LM with EMPs regularly experience improved
operational performance such as lower production costs, higher quality products, and
better compliance with environmental principles. Additionally, LM may lead to competi-
tive advantages, including an improvement in the company’s reputation [128]. It is also
found that the shared effects of LM practices are connected to improved operational per-
formance [120]. However, according to [58,129], previous studies on the relationship be-
tween LM and OP have produced inconsistent findings, possibly because they did not
consider non-financial measures of OP. According to [25], overemphasizing LM may lead
to tradeoffs between efficiency and sustainability. For example, a strong focus on waste
reduction could discourage investment in green tools that require higher preliminary ex-
penditures [117]. In addition, lean practices for managing goods can also clash with envi-
ronmental goals; for example, maintaining a low inventory to save money means more
delivery trips, which may create more pollution [130]. These findings suggest that lean
management functions as an important mechanism linking environmental management
practices with organizational performance.

According to the resource-based view (RBV), environmental management practices
create valuable organizational resources, but superior performance depends on firms’
ability to effectively leverage these resources. Lean management represents a complemen-
tary capability that enhances resource utilization and operational efficiency, thereby trans-
lating environmental management practices into improved organizational performance.
In this study, lean management, as a mediator, represents the ‘organization’ component
of the RBV. Lean management is an organizational routine and system that allows the
firm to capture the value potential of its green practices.

H4. Lean management mediates the relationship between EMP and ORP.
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4. Materials and Methods
4.1. Research Context and Data Collection

This research aimed to examine the relationship between EMPs and OP through the
mediating role of LM and the moderating role of ETL in the context of the manufacturing
sector in Saudi Arabia, particularly in the Eastern Province, which is the largest region in
the Kingdom. In conducting this research, a quantitative approach was deemed suitable
for the objectives to answer the research questions. All data were carefully collected from
all-level workers in the manufacturing sectors in the petrochemical field as well as oil and
gas. A primary reason for selecting all workers in this field is that safety and the environ-
ment are top priorities and crucial for conducting day-to-day activities. In addition, all
manufacturing companies should work in alignment with the requirements of the Minis-
try of Energy. The data were collected over a period of almost five weeks through an
online questionnaire, which was created specifically for this study using Google Forms,
from 6 March to 9 April 2025. Data were collected from 260 participants with an effective
response rate of 92%. The survey questions were carefully designed to maintain confiden-
tiality for all participants. Moreover, the survey clarity and length were controlled to
maintain participants” engagement. The distribution techniques employed for data collec-
tion were social networking platforms such as WhatsApp, Telegram, and email applica-
tions. A cleared consent statement for participation in the study was identified. In addition,
an introduction about the subject was crafted in the survey to provide information about
the study in place prior to answering the survey questions (see the Questionnaire for more
details). Ethical approval for this research was obtained with reference no. CAFS-202510-
003.

The final dataset included 239 valid responses. To verify that this sample size pro-
vides sufficient statistical power to detect the proposed effects, an a priori power analysis
for structural equation modeling was conducted following [131]. For a model structure
with 5 latent variables and 39 observed indicators, assuming a medium anticipated effect
size of 0.15, an alpha level of 0.05, and a target power of 0.80, the minimum required sam-
ple size was determined to be 156. Thus, the final sample of 239 is statistically adequate
and yields a ratio of approximately 6.13 cases per measured variable, satisfying the mini-
mum 5:1 parameter-to-sample threshold recommended for stable estimation in covari-
ance-based SEM [132,133].

4.2. Operationalization and Measurement of Variables

Constructs were measured using specific behavioral and operational items adapted
directly from relevant and established literature to ensure content validity, indicator-level
significance, and structural coherence. All items were presented in English, which is the
standard language of business communication within the targeted industrial sector in
Saudi Arabia. The questionnaire comprises 39 individual indicators capturing eight dis-
tinct first-order constructs and two second-order constructs, ensuring that every manifest
variable was directly mapped to its empirically validated scale block in the previous liter-
ature, please refer to Appendix A for further details. A five-point Likert scale was used
across all variables, with scaling interpretations provided as follows:

For environmental management practices (EMP): 1 =“No consideration” to 5 = “Im-
plemented successfully”. For all other constructs: 1 = “Strongly disagree” to 5 = “Strongly
agree”.

As structured in Table 1 (Measures and Confirmatory Factor Analysis), environmen-
tal management practices (EMPs) were captured via eight individual indicators (EMP1-
EMP8) adapted from [7]. Organizational performance (OP) was assessed as a second-or-
der construct using five item indicators per sub-dimension for environmental
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performance (EP1-EP5), operational performance (OP1-OP5), and reputational perfor-
mance (RP1-RP5), following [65,134]. Lean management (LM) was operationalized
through its individual multi-indicator dimensions adapted from [58]: total quality man-
agement (TQM1-TQM3), just-in-time (JIT1-JIT4), and total preventive maintenance
(TPM1-TPM4). Lastly, environmental transformational leadership was targeted through
five discrete indicators (ETL1-ETL5) adapted from [37,97]. Demographic profile in Table

2.

Table 1. Measures and confirmatory factor analysis.

Variables Reference Cronbach’sa CR AVE Std. Factor Loading
Environmental Management Practices 7] 0.90 0.92 0.59 0.69-0.81
EMP1-EMPS8
Organizational Performance
Environmental Performance 091 0.67 0.78-0 85
EP1-EP5 0.94
Operational Performance [65,134]
OP1-OP5 0.85 0.54 0.66-0.80
Reputational Performance 0.90 0.64 0.78-0.84
RP1-RP5
Lean Management
Total Quality Management 0.84 0,63 0.77-0.82
TOM1-TQM3
Just-in-Time [58] 052 085 058  0.69-0.79
JIT1-JIT4
Total Preventive Maintenance
0.87 0.63 0.75-0.82
TPM1-TPM4
Environmental Transformational Leadershi
ETL1-ETL5 P [37,97] 0.92 0.93 0.73 0.83-0.86
Table 2. Demographic profile.
30. Category Frequency (n) Percentage (%)
<30 years 102 42.7
30-39 years 108 45.2
Age
40-49 years 25 10.5
50+ years 4 1.7
. Undergraduate 212 88.7
Education Master’s 27 113
Male 222 92.9
Gender Female 17 7.1
1-5 years 88 36.8
Experience 6-10 years 72 30.1
11-15 years 48 20.1
15+ years 31 13
Lower management 118 494
Position Middle management 98 41
High management 23 9.6

5. Analysis and Results

In this section of the study, we investigate descriptive statistics and evaluate the reli-

ability of the constructs using Cronbach’s alpha. The relationship between the four main
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variables in this study and the five hypotheses is examined and evaluated using well-
known statistical analysis techniques such as structural equation modeling (SEM) and
confirmatory factor analysis (CFA) using IBM Amos (v.29).

Table 1 below provides a detailed breakdown of the constructs, sources, reliability
metrics, and factor loadings. Environmental management practices (EMPs) were meas-
ured using eight items. Cronbach’s a =0.90, CR =0.92, and AVE =0.59, with standardized
loadings between 0.69 and 0.81.

Organizational performance (ORP) was assessed as a second-order construct com-
prising the following: (1) Environmental Performance (EP): five items (CR = 0.91, AVE =
0.67, loadings: 0.78-0.85). (2) Operational Performance (OP): five items (CR = 0.85, AVE =
0.54, loadings: 0.66-0.80). Reputational Performance (RP): five items (CR = 0.90, AVE =
0.64, loadings: 0.78-0.84).

Lean management (LM) was operationalized through three sub-constructs: (1) Total
Quality Management (TQM): three items (CR = 0.84, AVE = 0.63, loadings: 0.77-0.82). (2)
Just-in-Time (JIT): four items (CR =0.85, AVE = 0.58, loadings: 0.69-0.79). (3) Total Preven-
tive Maintenance (TPM): four items (CR = 0.87, AVE = 0.63, loadings: 0.75-0.82).

Environmental transformational leadership (ETL) was measured using five items
(CR=0.93, AVE =0.73, loadings: 0.83-0.86).

All constructs demonstrated strong internal reliability (Cronbach’s o > 0.84) and met
or exceeded the recommended psychometric thresholds outlined by [135,136].

While the aggregate Cronbach’s alpha values for the second-order constructs of or-
ganizational performance (a = 0.94) and lean management (a = 0.92) are high, these values
are a known mathematical reflection of the large multi-item pools (15 and 11 items, re-
spectively) used to capture these multidimensional phenomena [137,138]. Post hoc dele-
tions of items to artificially lower alpha values were avoided to prevent data-driven over-
fitting and specification bias, which can compromise the generalizability of the structural
paths. Because the underlying first-order dimensions display robust convergent validity
(AVEs ranging from 0.54 to 0.67), retaining the full, established item sets ensures the
preservation of content validity as intended by the original scale developers.

5.1. Data Validity and Reliability

Confirmatory factor analysis (CFA) was conducted using AMOS v.29, following the
two-step approach recommended by [139]. All standardized factor loadings exceeded the
minimum threshold of 0.50, and the construct reliability (CR > 0.70) and average variance
extracted (AVE ~0.50) values supported convergent validity. The fit indices from the struc-
tural model indicated an overall acceptable fit (see Table 3). Specifically, RMSEA = 0.063
and RMR =0.051 suggested a good approximation of the model to the data. The CFI (0.916)
and TLI (0.908) exceeded the commonly accepted cutoff of 0.90, demonstrating a strong
incremental fit. While the goodness-of-fit index (GFI = 0.800) fell slightly below the con-
ventional 0.90 threshold, it remained within the range observed in models with high com-
plexity and moderate sample sizes. This observation aligns with findings by [140], who
caution against overgeneralizing GFI cutoffs in the context of complex models with mul-
tiple latent variables.

Table 3. Goodness-of-fit index of the model.

GOFI GOFI Criteria Results Interpretation
RMSEA <0.08 0.063 Good fit

TLI >0.90 0.908 Good fit

CFI >0.90 0.916 Good fit

GFI >0.90 0.800 Marginal fit
RMR <0.08 0.051 Good fit
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Discriminant validity was formally assessed using the Fornell-Larcker criterion [136],
which dictates that the square root of a construct’s average variance extracted (AVE)
should exceed its correlations with any other latent variable. As shown in the discriminant
validity matrix table (Table 4), environmental management practices (EMPs) demonstrate
excellent statistical distinctiveness. However, the downstream latent variables—lean
management (LM), organizational performance (ORP), and environmental transforma-
tional leadership (ETL)—exhibit elevated multi-collinearity. This strong shared variance
is conceptually consistent with modern sustainability literature, which notes that ad-
vanced operational capabilities (lean) and specific leadership paradigms (ETL) often co-
evolve alongside multidimensional performance tracking in the industrial sectors. All of
these often-nested constructs and their numerous sub-constructs (featuring 39 distinct
item indicators, 8 first-order constructs, and 2 s-order constructs) increase the complexity
of the model [140]. Item-level discriminant performance was further verified by checking
the AMOS modification indices and standardized regression weights. No major cross-
loading collinearities were flagged, and each indicator displayed strong and statistically
significant standard factor loadings (p < 0.001) within reasonable boundaries (0.66 to 0.86),
which completely satisfies the standard conservative thresholds for parameter retention
and confirms the absence of weak loadings.

Table 4. Discriminant validity matrix (Fornell-Larcker criterion).

Construct 1. EMP 2. ETL 3.LM 4. ORP
1. EMP 0.768

2. ETL 0.584 0.854

3.LM 0.585 0.769 0.75

4. ORP 0.617 0.751 0.86 0.775

5.2. Model Fit Justification

Although the goodness-of-fit index (GFI) was recorded at 0.800—slightly below the
commonly accepted threshold of 0.90—the overall model fit is considered acceptable
within the context of complex structural models. Notably, the root mean square error of
approximation (RMSEA = 0.063) and root mean square residual (RMR = 0.051) both fall
within the range indicative of good model fit. Furthermore, the comparative fit index (CFI
= 0.916) and Tucker-Lewis’s index (TLI = 0.908) exceeded the critical benchmark of 0.90,
demonstrating a robust incremental fit of the model to the observed data. The chi-square
statistic divided by degrees of freedom (CMIN/DF = 2.02) further supports the model’s
adequacy, because values below 3 are generally deemed acceptable for structural equation
models [141]. These findings are consistent with the recommendations of [133], who em-
phasizes that no single fit index should be interpreted in isolation. Instead, a holistic
view —taking into account multiple fit indices and the theoretical grounding of the
model —is advocated. As such, despite the slightly lower GFI, the overall structural model
can be considered statistically valid and conceptually well-specified. This interpretation
aligns with [140], who suggest that models with high parameterization and multiple latent
constructs often experience marginal reductions in GFI without compromising overall
model integrity.

5.3. Common Method Bias

Given the cross-sectional, single-informant nature of the survey design, the study
systematically evaluated the potential threat of common method bias (CMB). A Harman's
single-factor test was initially performed using an unrotated principal axis factoring solu-
tion applied to all 39 manifest variables. The first factor accounted for 42.42% of the total
variance, sitting safely below the conventional 50% threshold indicative of problematic
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method variance. To further validate these metrics beyond the baseline Harman test, the
structural path outcomes were evaluated for signs of systematic inflation. Methodological
literature dictates that severe common method contamination forces uniform inflation
across all latent correlations, which would artificially render all hypothesized paths sig-
nificant. However, our structural results display highly divergent path behaviors, ranging
from an exceptionally strong direct effect (lean management — ORP: 3 = 0.914, p = 0.010)
to a marginal direct effect (EMP — ORP: 3 =0.082, p = 0.047) and a completely non-signif-
icant interaction path (3 = 0.031, p = 0.522). This stark variation in both parameter magni-
tudes and significance levels provides robust empirical evidence that common method
variance is negligible within this dataset and does not compromise structural path esti-
mation [142,143].

5.4. Direct, Mediating, and Moderating Path Coefficients

The path analysis reveals distinct behaviors across the direct structural paths:

Direct Effects: The direct path from environmental management practices (EMPs) to
organizational performance (ORP) is positive but notably small and only marginally sig-
nificant (3 =0.082, p =0.047). In sharp contrast, environmental management practices exert
a strong, highly significant positive drive on lean management (3 = 0.500, p = 0.010). Fur-
thermore, lean management demonstrates a dominant, substantial direct impact on or-
ganizational performance (53 = 0.914, p = 0.010), identifying it as the primary performance
determinant within the structural framework.

Mediating Effects: The bootstrap structural assessment confirmed a highly significant
indirect effect of environmental management practices on organizational performance via
the mediating mechanism of lean management (8 = 0.457, p = 0.010). Because both the
direct path (EMP — OP) and the indirect path (EMP — LM — ORP) remain statistically
significant and point in the same positive direction, the structural architecture demon-
strates complementary partial mediation [144].

Moderating Effects: Regarding the interaction term, the structural path evaluating
the moderating influence of environmental transformational leadership (ETL) on the re-
lationship between environmental management practices and organizational perfor-
mance was found to be statistically non-significant (8 = 0.031, p = 0.522).

5.5. Results

Structural equation modeling (SEM) was conducted using 5000 bootstrap samples
with a 95% confidence interval to assess the hypothesized relationships (see appropriate
table). Findings from the structural model (see appropriate figure) are summarized as fol-
lows in Table 5:

- Hypothesis 1. Environmental management practices were found to have a positive,
yet exceptionally small and marginally significant, direct effect on organizational
performance (standardized coefficient f = 0.082, p = 0.047). While this statistically
supports the notion that standalone environmental initiatives contribute to perfor-
mance outcomes across operational, environmental, and reputational domains, the
low magnitude highlights its limited capability to drive performance transformations
in isolation.

- Hypothesis 2. A strong and statistically significant relationship was observed be-
tween environmental management practices and lean management ( = 0.500, p =
0.010). This suggests that organizations prioritizing environmental practices are also
highly likely to adopt and implement lean principles.

- Hypothesis 3. Lean management exhibited a significant, substantial, and dominant
positive impact on organizational performance (8 = 0.914, p = 0.010), indicating that
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lean strategies are the primary critical driver of performance improvement in this
framework.

- Hypothesis 4. The indirect effect of environmental management practices on organi-
zational performance, mediated through lean management, was highly significant (3
=0.457, p=0.010). Because both the direct effect (3 =0.082, p = 0.047) and indirect path
remain significant, this layout establishes a framework of complementary partial me-
diation [144]. This confirms that lean practices serve as the necessary intermediate
engine that captures and channels the vast majority of environmental variance into
tangible performance outcomes.

- Hypothesis 5. The moderating effect of environmental transformational leadership
on the relationship between environmental management practices and organiza-
tional performance was not supported (3 = 0.031, p = 0.522). This implies that, in this
context, leadership style does not significantly alter the impact of environmental
practices on performance.

Table 5. Path estimates.

Observed Variables Direct Effect Indirect Effect Moderated p

EMP — Organizational Performance 0.082 - - 0.047
Lean Management — Organizational Performance 0.914 - - 0.010
EMP — Lean Management 0.581 - - 0.010
EMP — Lean Management — Organizational Performance - 0.457 - 0.010
EMP x ETL — Organizational Performance - - 0.031 0.522

The findings of this study underscore the pivotal role that environmental manage-
ment practices (EMPs) play in enhancing organizational performance, though this rela-
tionship requires careful interpretation. Crucially, the direct pathway from EMP to per-
formance is notably weak on its own ({3 = 0.082) but becomes vastly more pronounced and
structurally optimized when lean management (LM) is introduced as an indirect, bridging
mechanism (8 = 0.457). As illustrated in Figure 2, organizations that actively implement
lean strategies—such as total quality management, just-in-time production, and total pre-
ventive maintenance —experience substantial improvements in their environmental, op-
erational, and reputational performance. The strong direct effect of LM on performance
(p =0.914), alongside its partial mediating role, proves that lean initiatives are not merely
compatible with sustainability goals but are strictly essential for translating raw green
choices into substantive business outcomes. However, the anticipated moderating influ-
ence of environmental transformational leadership (ETL) was not statistically significant,
indicating that leadership style alone may not be sufficient to amplify the benefits of en-
vironmental initiatives in this context. Overall, the results highlight the importance of em-
bedding lean practices within environmental strategies to drive comprehensive and sus-
tained performance improvements in the industrial sector.
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Figure 2. Structural paths.

6. Discussion and Conclusions

This study examined the relationship between environmental management practices
(EMPs) and organizational performance (OP) with the mediation of lean management
(LM) and the moderating effect of environmental transformational leadership (ETL) in the
manufacturing sector in the Kingdom of Saudi Arabia.

The outcome of the structural equation modeling revealed that EMPs have a signifi-
cant influence on the OP. EMPs are positively associated with OP, which supports Hy-
pothesis 1. According to this result, which has been supported by previous research
[6,45,56,145-147], environmental initiatives such as establishing green management objec-
tives, green design, recycling management, and 1SO14001 certification contribute to per-
formance outcomes across operational, environmental, and reputational domains. How-
ever, a critical observation in this empirical finding is that this direct linkage is noticeably
weak and only marginally significant (3 = 0.082, p = 0.047). This indicates that standalone
green initiatives offer limited immediate impact on overall firm returns within the Saudi
manufacturing context. The extent of this positive correlation between EMPs and OP var-
ies across industries such as manufacturing more than others [148], and these benefits
emerge gradually, requiring strategic implementation and long-term commitment [149].
A primary reason for the weak standalone direct path is the high parameterization of pro-
duction lines in the petrochemical sector; environmental updates incur heavy initial over-
heads, meaning that simple green alignment does not translate directly into high opera-
tional or reputational value without systemic capacity shifts.
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Moreover, the significant positive influence of EMPs on LM is also revealed from this
study (B = 0.500, p = 0.010). The results of this research accord with previous empirical
studies such as [116,146,150], which found that environmental management practices sig-
nificantly correlate with lean management, supporting Hypothesis 2. According to [151],
companies that are ISO14001-certified adopt lean management to achieve continual im-
provement. In addition, ref. [152] found that the recycling process should be designed and
managed in accordance with lean management principles in order to decrease recycling
waste. This indicates that companies prioritizing environmental practices are highly likely
to adopt and implement lean management principles to capture administrative and struc-
tural efficiencies.

The study further reveals a powerful association between LM and OP (3 =0.914, p =
0.010). It observed that lean management exhibited a substantial and dominant positive
impact on organizational performance. Previous research by [58,116,120] found a similar
result: applying LM techniques such as total quality management (TQM), just-in-time
(JIT), and total preventive maintenance (TPM) directly improves overall performance,
which supports Hypothesis 3. LM contributes to waste reduction, process improvement,
higher productivity, and cost reduction. In addition, LM fosters continual improvement,
which enables companies to adapt quickly to macro-level industrial changes and preserve
long-term operational excellence [69,120]. Environmentally, lean practices align with
green goals by reducing resource consumption and emissions [116]. For instance, ref. [130]
found that companies adapting LM significantly reduce their carbon footprint while
maintaining rigid cost-efficiency. Finally, companies experiencing LM see positive shifts
in client satisfaction and corporate social responsibility, which enhances the reputation of
the organization [153]. Thus, the integration of lean management serves as an essential
strategic requirement for securing high-magnitude organizational performance.

The structural assessment of the mediation path yields a vital contribution to our
understanding of these dynamics. Rather than full mediation, our results show that lean
management serves as a complementary partial mediator (indirect effect) between EMPs
and organizational performance (3 = 0.457, p = 0.010). This specific characterization fol-
lowing [144] highlights that, while EMPs maintain a residual direct effect, their primary
performance-enhancing capacity is channeled indirectly through the structural systems of
lean management. This relationship becomes significantly stronger when LM acts as the
structural vehicle. Organizations that actively implement lean strategies such as TQM, JIT,
and TPM experience substantial rapid gains in their environmental, operational, and rep-
utational performance. Previous studies, e.g., ref. [146], have highlighted the mediating
influence of lean management on the association between EMPs and operational outputs.
According to [154], firms are advised to implement LM complemented with EMPs to en-
sure the protection of the natural environment as well as to improve profit-making capa-
bility. The critical discrepancy between the weak direct path (3 = 0.082) and the heavy
indirect path (3 = 0.457) indicates that lean management acts as the operational bridge
required to turn green intentions into systematic business successes. Therefore, this re-
search redefines traditional assumptions regarding the EMP-OP linkage by revealing the
hidden, capability-dependent patterns in this dynamic relationship.

Finally, the findings of this study indicate that environmental transformational lead-
ership (ETL) does not support or influence the relationship between EMPs and OP, mean-
ing that Hypothesis 5 is not supported (3 = 0.031, p = 0.522). This means that, even if lead-
ers inspire and motivate employees to be greener, it does not automatically make raw
EMPs more effective at harvesting immediate short-term performance gains. However,
this does not deny the underlying value of ETL in fostering organizational health [34].
ETL remains vital for shaping a pro-environmental culture and inspiring employee en-
gagement in broader sustainability initiatives. Alternatively, the influence of ETL may
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manifest in long-term sustainability outcomes and employee satisfaction rather than im-
mediate economic or operational advantages.

The non-significant moderating effect of ETL in this study presents an interesting
departure from established theory. While a vast body of leadership literature confirms
that green transformational leadership generally enhances organizational performance,
the findings suggest that this influence is contingent upon specific contextual boundaries.
In the Saudi context, organizational culture is deeply influenced by high power distance
and a preference for top-down directives [155]. In this regard, ref. [156] proposed key
mindset shifts in agile leadership: focusing less on the work and more on the culture, and
decentralizing decision making. However, the traditional Saudi management mode often
prioritizes formal authority; therefore, transformational leaders may fail to institutional-
ize green practices if environmental stewardship is not yet embedded in the local organi-
zational culture. Additionally, in the manufacturing industry, lean tools like just-in-time
might be more important than the influence of a transformational leader. Moreover, the
majority of the participants were male (92%), and according to [155], a high degree of
inequality will increase the power distance. In this context where inequality reinforces
high power distance, the resulting rigid organizational structures and authoritative cul-
tures may dampen the effectiveness of visionary leadership styles.

Theoretical and Managerial Implications

This study contributes to the literature on EMPs and ORP in several ways. The re-
search developed and analyzed the conceptual model between EMPs’ implementation,
lean management, environmental transformational leadership, and organizational perfor-
mance. Furthermore, very few studies are available in the literature that focus on lean
management’s mediating effect between EMPs and ORP. Moreover, the current research
is the first to integrate all these variables within a unified model. Another noteworthy
point is that most previous empirical research has evaluated the performance impact only
using financial environmental or operational standalone metrics, while the current study
provides a combination of operational, environmental, and reputation-related perfor-
mance indicators. In addition, very few studies have used the eight environmental man-
agement practices in developing countries such as Saudi Arabia.

Theoretically, the management literature heavily argues that lean management is not
an isolated practice but a bundled, multidimensional socio-technical system [120]. Simi-
larly, organizational performance under the resource-based view (RBV) cannot be cap-
tured solely through financial metrics; it must encompass a balanced dashboard of oper-
ational, environmental, and reputational outcomes [65]. The finding of this study offers
several important perceptions for managers looking to improve ORP through EMPs. The
mediating role of LM suggests that a company’s managers should integrate EMPs with
LM to eliminate waste and deliver sustainable performance. Mangers should also invest
in training programs to consistently insert LM into environmental initiatives. In addition,
the moderating effect of ETL, despite its negligible influence in this study, can be an im-
portant factor for improving organizational performance through EMPs’” adaption. Or-
ganizations should establish leadership development programs that align with sustaina-
bility goals. Empirically, the confirmatory factor analysis (CFA) output in AMOS strongly
justifies this higher-order structure. The second-order standardized factor loadings for the
sub-dimensions are exceptionally high and uniform: total quality management ({3 = 0.960),
just-in-time (3 = 0.940), and total preventive maintenance (3 =0.938) load cleanly onto lean
management, while environmental performance (3 = 0.882), operational performance (3 =
0.931), and reputational performance (3 = 0.966) load onto organizational performance.
These strong higher-order coefficients mathematically validate that the first-order sub-
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constructs are observable manifestations of their respective overarching second-order la-
tent variables.

7. Limitations and Future Research Directions

While this study offers valuable empirical and practical insights within the frame-
work of Saudi Arabia’s Vision 2030, several limitations must be acknowledged to guide
future research paths. First, the empirical data collection was geographically constrained
to manufacturing organizations operating within a single nation (the Kingdom of Saudi
Arabia), specifically targeting the petrochemical hub in the Eastern Province. Conse-
quently, the generalizability of these structural path estimates across different regional
regulatory climates or diverse global manufacturing sectors may be limited. Future stud-
ies should deploy comparative cross-national structures to test whether these structural
linkages are stable across varying national environmental signaling regimes.

Second, the current sampling framework was primarily heavily weighted toward
large-scale industrial firms, meaning that small and medium-sized enterprises (SMEs)
were underrepresented. Given that SMEs frequently operate under tighter financial and
resource boundaries, their strategic ability to simultaneously adopt environmental man-
agement practices (EMPs) alongside resource-intensive lean management architectures
might show distinct behavior. Future investigations should specifically evaluate dedi-
cated SME cohorts to uncover context-specific operational capability limits.

Third, from a methodological perspective, the final dataset yielded a usable sample
size of n =239 cases. While our a priori power analysis explicitly confirmed that this sam-
ple size provides adequate statistical power to execute covariance-based structural equa-
tion modeling [131,132], it represents a relatively moderate statistical baseline for highly
complex, multi-layered second-order constructs. Future researchers are encouraged to
capture larger sample fields to further stabilize the parameter estimation of complex in-
teraction paths.

Fourth, although our statistical defenses rigorously demonstrated that the wild-rang-
ing disparities in our structural path magnitudes (3 = 0.914 down to 3 = 0.031) rule out
severe common method variance, the cross-sectional, single-informant nature of our sur-
vey design remains a standard constraint. Future studies could achieve higher internal
validity by collecting multi-informant data or utilizing a longitudinal data structure to
completely eliminate method variance risks. The sample was indeed drawn from the pet-
rochemical and oil and gas sub-sector in the Eastern Province, with a predominantly male
composition (92.9%); future research should replicate this across other manufacturing
sub-sectors and regions in Saudi Arabia, with a more balanced gender representation.

Finally, our findings revealed that environmental transformational leadership (ETL)
did not mathematically moderate the direct path between environmental practices and
overall performance outputs. Because this indicates that leadership influence may mani-
fest along alternative organizational channels, future tracking could explore different
transactional, green servant, or authentic leadership paradigms in distinct corporate or
service environments to map out the boundary conditions of managerial stewardship.
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Appendix A. The Research Measurements

Sections Variable Source

EMP1— Establish green management objectives.
EMP2 —Increase environmental awareness among staff.
EMP3 —Increase investment in environmental protection.

Environmental EMP4 —Cleaner production.
Management /e oo design 7]
Practices (EMPs) cen destgh.

EMP6 —Green marketing.

EMP7 —Product scrap and recycling management.

EMP8—15014001 certification.

A. Environmental Performance

EP1—Our firm has reduced consumption of hazardous/toxic material compared to com-
petitors.

EP2—Our firm has reduced air emissions compared to competitors.
EP3—Our firm has reduced effluent wastes compared to competitors.
EP4—Our firm has reduced energy consumption compared to competitors.
EP5—Our firm has reduced solid wastes compared to competitors.
. [65,134]
B. Operational Performance
OP1—Our company has achieved operational cost savings compared to competitors.
Organizational OP2—Our company has improved product quality compared to competitors.
Performance OP3—Our company has improved the on-time delivery rate compared to competitors.
(ORP) OP4—Our company has developed a flexible system for rapid responses to changes in or-
ders/demand compared to competitors.
OP5—Our company has decreased inventory levels compared to competitors.
C. Firm Reputation
FR1—Stakeholders have a good feeling about the company.
FR2 —Improved reputation due to responsiveness, research, and disclosure of environ-
mental issues.
FR3—Stakeholders admire and respect the company.
FR4—Improved reputation due to the provision of sensitive environmental education.
FR5—Improved reputation for maintaining a high environmental standard.

A. Total Quality Management
TQM1—Our company strives to continually improve the quality of its processes rather
than taking a static approach.
TQM2 —Feedback received from customers is continuously used to improve the work.
TQM3 —Company processes are being monitored using statistical process control.
B. Just-In-Time
JIT1—Materials for company readily available as and when needed and without over-

Lean Manage- stocking.

ment (LM)  JIT2—Equipment and tools at the workplace were properly maintained and in good condi-

tion.

[58]

JIT3—Key suppliers delivering on JIT basis.

JIT4—Suppliers are directly involved in the new product development process.

C. Total Preventive Maintenance

TPM1 —Company maintenance system is fundamental.

TPM2 —Maintenance team regularly checks equipment and supplies to make sure they
meet the operating requirements.
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TPM3—Employees are trained to perform daily maintenance and necessary calibration for
the equipment in their work site.
TPM4—Company immediately replaces defective parts of equipment.

ETL1—The leader inspires the organization members with the environmental plans.
ETL2—The leader provides a clear environmental vision for the members to follow.

Environmental ETL3—The leader gets the organization members to work together for the same environ-
Transformationalmental goals. [37,97]
Leadership (ETL)ETL4 —The leader encourages the organization members to achieve the environmental

goals.
ETL5—The leader stimulates the organization members to think about green ideas.

References

1. Ministry of Industry and Mineral Resources. Initiatives. 2024. Available online: https://www.sgi.gov.sa/about-sgi (accessed on
1 May 2026).

2. Alfantookh, N.; Osman, Y.; Ellaythey, I. Implications of transition towards manufacturing on the environment: Saudi Arabia’s
vision 2030 context. J. Risk Financ. Manag. 2023, 16, 44.

3. Yu, W,; Ramanathan, R. Environmental management practices and environmental performance: The roles of operations and
marketing capabilities. Ind. Manag. Data Syst. 2016, 116, 1201-1222.

4. Nath, P,; Ramanathan, R. Environmental management practices, environmental technology portfolio, and environmental com-
mitment: A content analytic approach for UK manufacturing firms. Int. |. Prod. Econ. 2016, 171, 427-437.

5. Famiyeh, S.; Adaku, E.; Amoako-Gyampah, K.; Asante-Darko, D.; Amoatey, C.T. Environmental management practices, oper-
ational competitiveness and environmental performance: Empirical evidence from a developing country. ]. Manuf. Technol.
Manag. 2018, 29, 588-607.

6. Montabon, F.; Sroufe, R.P.; Narasimhan, R. An examination of corporate reporting, environmental management practices and
firm performance. J. Oper. Manag. 2007, 25, 998-1014.

7. Yang, ]J; Han, Q.; Zhou, J.; Yuan, C. The Influence of Environmental Management Practices and Supply Chain Integration on
Technological Innovation Performance —Evidence from China’s Manufacturing Industry. Sustainability 2015, 7, 15342-15361.

8. Hristov, L; Chirico, A. The role of sustainability key performance indicators (KPIs) in implementing sustainable strategies. Sus-
tainability 2019, 11, 5742.

9.  Kumar, S.; Dua, P. Environmental management practices and financial performance: Evidence from large listed Indian enter-
prises. J. Environ. Plan. Manag. 2021, 65, 37. https://doi.org/10.1080/09640568.2021.1877641.

10. Richard, P.J.; Devinney, T.M.; Yip, G.S.; Johnson, G. Measuring organizational performance: Towards methodological best prac-
tice. |. Manag. 2009, 35, 718-804.

11.  Beamon, B.M. Measuring supply chain performance. Int. J. Oper. Prod. Manag. 1999, 19, 275-292.

12.  Adu Sarfo, P.; Zhang, J.; Nyantakyi, G.; Lassey, F.A.; Bruce, E.; Amankwah, O. Influence of Green Human Resource Manage-
ment on firm’s environmental performance: Green Employee Empowerment as a mediating factor. PLoS ONE 2024, 19,
e0293957.

13. Lange, D.; Lee, P.M.; Dai, Y. Organizational reputation: A review. ]. Manag. 2011, 37, 153-184.

14. Fombrun, C.; Shanley, M. What's in a name? Reputation building and corporate strategy. Acad. Manag. J. 1990, 33, 233-258.

15.  Roberts, P.W.; Dowling, G.R. Corporate reputation and sustained superior financial performance. Strateg. Manag. J. 2002, 23,
1077-1093.

16. Deephouse, D.L.; Carter, S.M. An examination of differences between organizational legitimacy and organizational reputation.
J. Manag. Stud. 2005, 42, 329-360.

17. Khan, N.R.; Malik, F.; Khan, M.R.; Khan, I.; Ghouri, A.M. Organizational sustainability: The role of environmentally focused
practices in enhancing environmental performance—An emerging market perspective. Discov. Sustain. 2025, 6, 73.
https://doi.org/10.1007/s43621-025-00826-5.

18. Longoni, A.; Cagliano, R. Sustainable Innovativeness and the Triple Bottom Line: The Role of Organizational Time Perspective.
J. Bus. Ethics 2018, 151, 1097-1120. https://doi.org/10.1007/s10551-016-3239-y.

19. Barney, J. Firm resources and sustained competitive advantage. J. Manag. 1991, 17, 99-120.

https://doi.org/10.1177/014920639101700108.

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854 26 of 31

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ntim, C.G.; Soobaroyen, T. Corporate governance and performance in socially responsible corporations: New empirical insights
from a neo-institutional framework. Corp. Gov. Int. Rev. 2013, 21, 468-494. https://doi.org/10.1111/corg.12026.

Aslam, S.; Elmagrhi, M.H.; Rehman, R.U.; Ntim, C.G. Environmental management practices and financial performance using
data envelopment analysis in Japan: The mediating role of environmental performance. Bus. Strategy Environ. 2021, 30, 1655
1673.

Hart, S.L. A natural-resource-based view of the firm. Acad. Manag. Rev. 1995, 20, 986-1014.

Ghazi Alkandi, I. A resource-based view of al-hilal football club: Using a qualitative approach. Acad. Entrep. ]. (AE]) 2021, 27,
1-19.

Rand, G.; Womack, J.; Jones, D.T. Lean Thinking-Banish Waste and Create Wealth in Your Corporation. J. Oper. Res. Soc. 1997,
48, 1148. https://doi.org/10.2307/3010314.

King, A.A,; Lenox, M.J. Lean and green? An empirical examination of the relationship between lean production and
environmental performance. Prod. Oper. Manag. 2001, 10, 244-256.

Kennedy, R.R.; Widener, F.A. Lean Manufacturing and Firm Performance: The Incremental Contribution of Lean Management
Accounting Practices. ]. Oper. Manag. 2014, 32, 414-428. https://doi.org/10.1016/j.jom.2014.09.002.

Inman, R.A.; Green, K.W. Lean and green combine to impact environmental and operational performance. Int. J. Prod. Res. 2018,
56, 4802-4818. https://doi.org/10.1080/00207543.2018.1447705.

Pavnaskar, S.J.; Gershenson, ].K.; Jambekar, A.B. Classification scheme for lean manufacturing tools. Int. J. Prod. Res. 2003, 41,
3075-3090.

Pampanelli, A.B.; Found, P.; Bernardes, A.M. A Lean & Green Model for a production cell. ]. Clean. Prod. 2014, 85, 19-30.

Diies, C.M,; Tan, K.H.; Lim, M. Green as the new Lean: How to use Lean practices as a catalyst to greening your supply chain.
J. Clean. Prod. 2013, 40, 93-100.

Ferrazzi, M.; Frecassetti, S.; Bilancia, A.; Portioli-Staudacher, A. Investigating the influence of lean manufacturing approach on
environmental performance: A systematic literature review. Int. | Adv. Manuf. Technol. 2025, 136, 4025-4044.
https://doi.org/10.1007/s00170-024-13215-5.

Thanki, S.J.; Thakkar, J. Interdependence analysis of lean-green implementation challenges: A case of Indian SMEs. |. Manuf.
Technol. Manag. 2018, 29, 295-328.

Peng, J.; Chen, X.; Zou, Y.; Nie, Q. Environmentally specific transformational leadership and team pro-environmental behaviors:
The roles of pro-environmental goal clarity, pro-environmental harmonious passion, and power distance. Hum. Relat. 2021, 74,
1864-1888.

Robertson, J.L.; Barling, J. Greening organizations through leaders’ influence on employees’ pro-environmental behaviors. J.
Organ. Behav. 2013, 34, 176-194.

Kura, K.M. Linking environmentally specific transformational leadership and environmental concern to green behaviour at
work. Glob. Bus. Rev. 2016, 17, 15-14S.

Bandura, A.; Walters, R.H. Social Learning Theory; Prentice Hall: Englewood Cliffs, NJ, USA, 1977; Volume 1, pp. 141-154.
Elshaer, I.A.; Abdelrahman, M.A.; Azazz, AM.S.; Alrawad, M.; Fayyad, S. Environmental Transformational Leadership and
Green Innovation in the Hotel Industry: Two Moderated Mediation Analyses. Int. . Environ. Res. Public Health 2022, 19, 16800.
https://doi.org/10.3390/ijerph192416800.

Le, T.T.; Chau, T.L.Q.; Ngoc, L.T.T.; Tieu, T.T. How green transformational leadership drives environmental performance and
firm performance? Empirical evidence from an emerging economy. Corp. Soc. Responsib. Environ. Manag. 2024, 31, 5504-5523.
https://doi.org/10.1002/csr.2872.

Elshaer, I.A.; Sobaih, A.E.E.; Aliedan, M.; Azazz, A.M.S. The Effect of Green Human Resource Management on Environmental
Performance in Small Tourism Enterprises: Mediating Role of Pro-Environmental Behaviors. Sustainability 2021, 13, 1956.
https://doi.org/10.3390/su13041956.

Darnall, N.; Henriques, I.; Sadorsky, P. Adopting proactive environmental strategy: The influence of stakeholders and firm size.
J. Manag. Stud. 2010, 47, 1072-1094.

Singh, N.; Jain, S.; Sharma, P. Determinants of proactive environmental management practices in Indian firms: An empirical
study. J. Clean. Prod. 2014, 66, 469—-478.

Ullah, M.S,; Sakib, M.N.; Ahsan, R.; Jakowan. Do Lean and Green Manufacturing Practices Lead to Sustainability? A Systematic
Literature Review and Bibliometric Analysis. Bus. Strategy Environ. 2025, 35, 6321-6344. https://doi.org/10.1002/bse.70504.
Weerasiri, S. Attitudes and Awareness towards Environmental Management and its Impact on Environmental Management
Practices (EMPs) of SMEs in Sri Lanka. J. Soc. Dev. Sci. 2012, 3, 16-23. https://doi.org/10.22610/jsds.v3i1.681.

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854 27 of 31

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Buffa, F.; Franch, M.; Rizio, D. Environmental management practices for sustainable business models in small and medium
sized hotel enterprises. J. Clean. Prod. 2018, 194, 656-664. https://doi.org/10.1016/j.jclepro.2018.05.143.

Bresciani, S.; Rehman, S.U.; Giovando, G.; Alam, G.M. The role of environmental management accounting and environmental
knowledge management practices influence on environmental performance: Mediated-moderated model. |. Knowl. Manag.
2022, 27, 896-918. https://doi.org/10.1108/jkm-12-2021-0953.

Andries, P.; Stephan, U. Environmental innovation and financial performance: The moderating effect of motives and firm size.
Acad. Manag. Proc. 2013, 2013, 11617. https://doi.org/10.5465/ambpp.2013.11617abstract.

Nisar, Q.A.; Haider, S.; Ali, F.; Jamshed, S.; Ryu, K.; Gill, S.S. Green Human Resource Management Practices and Environmental
Performance in Malaysian Green Hotels: The role of Green Intellectual Capital and Pro-Environmental Behavior. J. Clean. Prod.
2021, 311, 127504. https://doi.org/10.1016/j.jclepro.2021.127504.

Delmas, M.A.; Burbano, V.C. The drivers of greenwashing. Calif. Manag. Rev. 2011, 54, 64-87.

Gandhi, A.V.; Shaikh, A ; Sheorey, P.A. Impact of supply chain management practices on firm performance. Int. . Retail Distrib.
Manag. 2017, 45, 366-384. https://doi.org/10.1108/ijrdm-06-2015-0076.

ISO 14001:2015; Environmental Management Systems—Requirements with Guidance for Use. International Organization for
Standardization: Geneva, Switzerland, 2015. Available online: https://www.iso.org/standard/60857.html (accessed on 1 May
2026).

Lucas, M.T.; Noordewier, T.G. Environmental management practices and firm financial performance: The moderating effect of
industry pollution-related factors. Int. |. Prod. Econ. 2016, 175, 24-34. https://doi.org/10.1016/j.ijpe.2016.02.003.

Jave Diaz, A.E.; Saeed, A. Coercive Pressures, Internal Green Supply Chain Management Practices and Environmental
Performance: Empirical Evidence from Manufacturing Companies of Peru. DEStech Trans. Soc. Sci. Educ. Hum. Sci. 2019.
https://doi.org/10.12783/dtssehs/icssm2018/27152.

Dasanayaka, C.H.; Gunarathne, N.; Murphy, D.F.; Nagirikandalage, P. Triggers for and barriers to the adoption of
environmental management practices by small and medium-sized enterprises: A critical review. Corp. Soc. Responsib. Environ.
Manag. 2022, 29, 749-764. https://doi.org/10.1002/csr.2244.

Yusoff, Y.M.; Nejati, M.; Kee, D.M.H.; Amran, A. Linking Green Human Resource Management Practices to Environmental
Performance in Hotel Industry. Glob. Bus. Rev. 2020, 21, 663-680. https://doi.org/10.1177/0972150918779294.

Singh, N.; Jain, S.; Sharma, P. Motivations for implementing environmental management practices in Indian industries. Ecol.
Econ. 2015, 109, 1-8. https://doi.org/10.1016/j.ecolecon.2014.11.003.

Afum, E.; Agyabeng-Mensah, Y.; Opoku Mensah, A.; Mensah-Williams, E.; Baah, C.; Dacosta, E. Internal environmental
management and green human resource management: Significant catalysts for improved corporate reputation and
performance. Benchmarking An. Int. J. 2021, 28, 3074-3101.

Narasimhan, R.; Schoenherr, T. The effects of integrated supply management practices and environmental management
practices on  relative = competitive  quality = advantage. Int. ]. Prod. Res. 2012, 50, 1185-1201.
https://doi.org/10.1080/00207543.2011.555785.

Alkandji, I.; Alhajri, N.; Alnajim, A. Green Supply Chain Management, Business Performance, and Future Challenges: Evidence
from Emerging Industrial Sector. Sustainability 2025, 17, 29. https://doi.org/10.3390/su17010029.

Klein, B.; Crawford, R.G.; Alchian, A.A. Vertical Integration, Appropriable Rents, and the Competitive Contracting Process. J.
Law Econ. 2020, 21, 297-326.

Alkandi, I. Green Supply Chain Management and Sustainable Performance: The Mediating Roles of Corporate Social
Responsibility and Intellectual Capital in Saudi Arabia’s Drilling Sector—A Resource-Based View and Stakeholder Theory
Perspective. Sustainability 2025, 17, 11015. https://doi.org/10.3390/su172411015.

Yang, S.; Ishtiaq, M.; Anwar, M. Enterprise Risk Management Practices and Firm Performance, the Mediating Role of
Competitive Advantage and the Moderating Role of Financial Literacy. ]. Risk Financ. Manag. 2018, 11, 35.
https://doi.org/10.3390/jrfm11030035.

Tang, Y.H.; Amran, A.; Goh, Y.N. Environmental Management Practices of Hotels in Malaysia: Stakeholder Perspective. Int. |.
Tour. Res. 2013, 16, 586-595. https://doi.org/10.1002/jtr.1952.

Al-Mawali, H. Environmental cost accounting and financial performance: The mediating role of environmental performance.
Accounting 2021, 1, 535-544. https://doi.org/10.5267/j.ac.2021.1.005.

Chen, P.-C.; Chang, C.-C.; Yu, M.-M.; Hsu, S.-H. Performance measurement for incineration plants using multi-activity network
data  envelopment  analysis: The case of Taiwan. ]J.  Environ.  Manag. 2012, 93,  95-103.
https://doi.org/10.1016/j.jenvman.2011.08.011.

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854 28 of 31

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Afum, E.,; Agyabeng-Mensah, Y.; Sun, Z.; Frimpong, B.; Kusi, L.Y.; Acquah, 1.SK. Exploring the link between green
manufacturing, operational competitiveness, firm reputation and sustainable performance dimensions: A mediated approach.
J. Manuf. Technol. Manag. 2020, 31, 1417-1438.

Rotter, T.; Plishka, C.; Lawal, A.; Harrison, L.; Sari, N.; Goodridge, D.; Flynn, R.; Chan, J.; Fiander, M.; Poksinska, B.; et al. What
Is Lean Management in Health Care? Development of an Operational Definition for a Cochrane Systematic Review. Eval. Health
Prof. 2018, 42, 366-390. https://doi.org/10.1177/0163278718756992.

Shin, H.; Lee, ].-N.; Kim, D.; Rhim, H. Strategic agility of Korean small and medium enterprises and its influence on operational
and firm performance. Int. J. Prod. Econ. 2015, 168, 181-196. https://doi.org/10.1016/j.ijpe.2015.06.015.

Madzimure, J. The influence of strategic networks and logistics integration on firm performance among small and medium
enterprises. S. Afr. |. Entrep. Small Bus. Manag. 2019, 11, 7. https://doi.org/10.4102/sajesbm.v11i1.282.

Bhasin, S. Lean Management Beyond Manufacturing; Springer International Publishing: Cham, Switzerland, 2015.
https://doi.org/10.1007/978-3-319-17410-5.

Belwalkar, S.; Vohra, V.; Pandey, A. The relationship between workplace spirituality, job satisfaction and organizational
citizenship behaviors—An empirical study. Soc. Responsib. ]. 2018, 14, 410-430. https://doi.org/10.1108/srj-05-2016-0096.
Kiinzel, H. Erfolgsfaktor Lean Management 2.0; Springer Nature: Berlin, Germany, 2016. https://doi.org/10.1007/978-3-662-49752-
4.

Loukis, E.; Janssen, M.; Mintchev, I. Determinants of software-as-a-service benefits and impact on firm performance. Decis.
Support Syst. 2019, 117, 38-47. https://doi.org/10.1016/j.dss.2018.12.005.

Mitra, S.; Karathanasopoulos, A. Firm Value and the Impact of Operational Management. Asia-Pac. Financ. Mark. 2018, 26, 61—
85. https://doi.org/10.1007/s10690-018-9258-1.

Chun, R. Corporate reputation: Meaning and measurement. Int. ]. Manag. Rev. 2005, 7, 91-109 449-468.
https://doi.org/10.1111/j.1468-2370.2005.00109.x.

Esteban-Sanchez, P.; de la Cuesta-Gonzalez, M.; Paredes-Gazquez, J.D. Corporate social performance and its relation with
corporate financial performance: International evidence in the banking industry. J. Clean. Prod. 2017, 162, 1102-1110.

Khanna, M. Firm Performance Determinants of FII in Indian Financial Service Sector. Int. |. Manag. Stud. 2018, 5, 117.
https://doi.org/10.18843/ijms/v5i2(7)/14.

Kadarova, J; Demecko, M. New Approaches in Lean Management. Procedia Econ. Financ. 2016, 39, 11-16.
https://doi.org/10.1016/s2212-5671(16)30234-9.

Bertagnolli, F. Lean Management; Springer Fachmedien: Wiesbaden, Germany, 2022. https://doi.org/10.1007/978-3-658-36087-0.
Garrison, G.; Wakefield, R.L.; Kim, S. The effects of IT capabilities and delivery model on cloud computing success and firm
performance for cloud supported processes and operations. Int. . Inf. Manag. 2015, 35, 377-393.
https://doi.org/10.1016/j.ijinfomgt.2015.03.001.

Kang, S.-W. Sustainable Influence of Ethical Leadership on Work Performance: Empirical Study of Multinational Enterprise in
South Korea. Sustainability 2019, 11, 3101. https://doi.org/10.3390/su11113101.

Alarcon, J.-L.; Pavlou, P.A. Emerging Capabilities and Firm Performance in the Cloud Computing Environment. Ph.D. Thesis,
Temple University, Philadelphia, PA, USA, 2017.

Taouab, O.; Issor, Z. Firm Performance: Definition and Measurement Models. Eur. Sci. J. 2019, 15, 93-106.
https://doi.org/10.19044/esj.2019.v15n1p93.

Yoon, B.; Chung, Y. The effects of corporate social responsibility on firm performance: A stakeholder approach. J. Hosp. Tour.
Manag. 2018, 37, 89-96. https://doi.org/10.1016/j.jhtm.2018.10.005.

Fortuny-Santos, J.; Ruiz-De-Arbulo-Lépez, P.; Zubeltzu-Jaka, E.; Lujan-Blanco, I. Lean manufacturing and environmental
performance: A meta-analytic approach. Int. ]. Lean Six Sigma 2024, 16, 848-889. https://doi.org/10.1108/IJLSS-11-2023-0190.
Truong, H.Q.; Sameiro, M.; Fernandes, A.C.; Sampaio, P.; Duong, B.A.T.; Duong, H.H.; Vilhenac, E. Supply chain management
practices and firms’ operational performance. Int. ]. Qual. Reliab. Manag. 2017, 34, 176-193. https://doi.org/10.1108/ijqrm-05-2015-
0072.

Fontana, E. Corporate Social Responsibility as Stakeholder Engagement: Firm-NGO Collaboration in Sweden. Corp. Soc.
Responsib. Environ. Manag. 2017, 25, 327-338. https://doi.org/10.1002/csr.1463.

Sedliacikova, M.; Alac, P.; Moresova, M. How Behavioral Aspects Influence the Sustainable Financial Decisions of Shareholders:
An Empirical Study and Proposal for a Relevant Decision-Making Concept. Sustainability 2020, 12, 4813.
https://doi.org/10.3390/su12124813.

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854 29 of 31

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Agyei-Owusu, B.; Asamoah, D.; Nuertey, D.; Acquah, IN. Examining the relationship between dimensions of supply chain
integration, operational performance and firm performance: Evidence from Ghana. Manag. Res. Rev. 2022, 45, 1644-1669.
https://doi.org/10.1108/mrr-06-2021-0464.

Robertson, J.L.; Barling, J. Toward a new measure of organizational environmental citizenship behavior. J. Bus. Res. 2017, 75,
57-66. https://doi.org/10.1016/j.jbusres.2017.02.007.

Frynas, ].G.; Stephens, S. Political Corporate Social Responsibility: Reviewing Theories and Setting New Agendas. Int. J. Manag.
Rev. 2014, 17, 483-509. https://doi.org/10.1111/ijmr.12049.

Ramus, C.A,; Steger, U. The roles of supervisory support behaviors and environmental policy in employee “eco-initiatives” at
leading-edge European companies. Acad. Manag. J. 2000, 43, 605-626. https://doi.org/10.5465/1556357.

Burns, H.; Diamond-Vaught, H.; Bauman, C. Leadership for sustainability: Theoretical foundations and pedagogical practices
that foster change. Int. ]. Leadersh. Stud. 2015, 9, 131-143.

Linnenluecke, M.K.; Griffiths, A. Corporate sustainability and organizational culture. ]. World Bus. 2010, 45, 357-366.
https://doi.org/10.1016/j.jwb.2009.08.006.

Alkandi, I. Green transformational leadership and its impact on employee environmental performance through internal
environmental orientation and green rewards and incentives. Discov. Sustain. 2025, 6, 1352. https://doi.org/10.1007/s43621-025-
02242-1.

Daily, B.F.; Bishop, ].W.; Govindarajulu, N. A conceptual model for organizational citizenship behavior directed toward the
environment. Bus. Soc. 2009, 48, 243-256. https://doi.org/10.1177/0007650308315439.

Paillé, P.; Chen, Y.; Boiral, O.; Jin, ]. The impact of human resource management on environmental performance: An employee-
level study. J. Bus. Ethics 2014, 121, 451-466. https://doi.org/10.1007/s10551-013-1732-0.

Chen, Y.-S.; Chang, C.-H. The Determinants of Green Product Development Performance: Green Dynamic Capabilities, Green
Transformational Leadership, and Green Creativity. ]. Bus. Ethics 2013, 116, 107-119.

Gupta, M.C. Environmental management and its impact on the operations function. Int. J. Oper. Prod. Manag. 1995, 15, 34-51.
Evangelinos, K.I; Halkos, G.E. Implementation of environmental management systems standards: Important factors in
corporate decision making. J. Environ. Assess. Policy Manag. 2002, 4, 311-328.

Sroufe, R. Effects of Environmental Management Systems on Environmental Management Practices and Operations. Prod. Oper.
Manag. 2009, 12, 416-431. https://doi.org/10.1111/j.1937-5956.2003.tb00212.x.

Moneva, ].M.; Ortas, E. Corporate environmental and financial performance: A multivariate approach. Ind. Manag. Data Syst.
2010, 110, 193-210. https://doi.org/10.1108/02635571011020304.

Klassen, R.D.; McLaughlin, C.P. The impact of environmental management on firm performance. Manag. Sci. 1996, 42, 1199—
1214.

Schreck, P. Reviewing the business case for corporate social responsibility: New evidence and analysis. J. Bus. Ethics 2011, 103,
167-188.

Lopez-Gamero, M.D.; Molina-Azorin, J.F.; Claver-Cortés, E. The whole relationship between environmental variables and firm
performance: Competitive advantage and firm resources as mediator variables. |. Environ. Manag. 2009, 90, 3110-3121.

Lindell, M.; Karagozoglu, N. Corporate environmental behavioura comparison between Nordic and US firms. Bus. Strategy
Environ. 2001, 10, 38-52.

Daddi, T.; Iraldo, F.; Testa, F.; De Giacomo, M.R. The influence of managerial satisfaction on corporate environmental
performance and reputation. Bus. Strategy Environ. 2018, 28, 15-24. https://doi.org/10.1002/bse.2177.

Walsh, C.; Sulkowski, A.J. A greener company makes for happier employees more so than does a more valuable one: A
regression analysis of employee satisfaction, perceived environmental performance and firm financial value. Interdiscip. Environ.
Rev. 2010, 11, 274-282.

Walley, N.; Whitehead, B. It's not easy being green. Read. Bus. Environ. 1994, 36, 4.

Christmann, P. Effects of “best practices” of environmental management on cost advantage: The role of complementary assets.
Acad. Manag. ]. 2000, 43, 663-680.

Teixeira, P.; Jabbour, C.J.C.; de Sousa Jabbour, A.B.L.; Latan, H.; Oliveira, ].H.C. Combining lean and green practices to achieve
a superior performance: The contribution for a sustainable development and competitiveness—An empirical study on the
Portuguese context. Corp. Soc. Responsib. Environ. Manag. 2022, 29, 887-903. https://doi.org/10.1002/csr.2242.

Altarazi, F. Evaluating the Impact of Lean and Green Practices on Operational Performance: A Real Data-Driven Simulation
Case Study. arXiv 2025, arXiv:2506.17354. https://doi.org/10.48550/arXiv.2506.17354.

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854 30 of 31

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.
125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Rothenberg, S.; Pil, F.K.; Maxwell, J. Lean, green, and the quest for superior environmental performance. Prod. Oper. Manag.
2001, 10, 228-243.

Shah, R.; Ward, P.T. Defining and developing measures of lean production. ]. Oper. Manag. 2007, 25, 785-805.

Florida, R. Lean and green: The move to environmentally conscious manufacturing. Calif. Manag. Rev. 1996, 39, 80-105.

Daily, B.F.; Huang, S.C. Achieving sustainability through attention to human resource factors in environmental management.
Int. J. Oper. Prod. Manag. 2001, 21, 1539-1552.

Yang, M.G.M.; Hong, P.; Modji, S.B. Impact of lean manufacturing and environmental management on business performance:
An empirical study of manufacturing firms. Int. ]. Prod. Econ. 2011, 129, 251-261.

Hajmohammad, S.; Vachon, S.; Klassen, R.D.; Gavronski, I. Lean management and supply management: Their role in green
practices and performance. J. Clean. Prod. 2013, 39, 312-320.

Jaca, C.; Santos, J.; Errasti, A.; Viles, E. Lean thinking with improvement teams in retail distribution: A case study. Total Qual.
Manag. Bus. Excell. 2012, 23, 449-465.

Holweg, M. The genealogy of lean production. J. Oper. Manag. 2007, 25, 420-437.

Shah, R.; Ward, P.T. Lean manufacturing: Context, practice bundles, and performance. ]. Oper. Manag. 2003, 21, 129-149.
Piercy, N.; Rich, N. The relationship between lean operations and sustainable operations. Int. |. Oper. Prod. Manag. 2015, 35, 282~
315.

Bortolotti, T.; Boscari, S.; Danese, P. Successful lean implementation: Organizational culture and soft lean practices. Int. ]. Prod.
Econ. 2015, 160, 182-201.

Fullerton, R.R.; McWatters, C.S.; Fawson, C. An examination of the relationships between JIT and financial performance. J. Oper.
Manag. 2003, 21, 383-404.

Callen, J.L.; Fader, C.; Krinsky, I. Just-in-time: A cross-sectional plant analysis. Int. J. Prod. Econ. 2000, 63, 277-301.

Darnall, N.; Henriques, I.; Sadorsky, P. Do environmental management systems improve business performance in an
international setting? . Int. Manag. 2008, 14, 364-376.

Geng, R.; Mansouri, S.A.; Aktas, E. The relationship between green supply chain management and performance: A meta-
analysis of empirical evidences in Asian emerging economies. Int. J. Prod. Econ. 2017, 183, 245-258.

Fercoq, A.; Lamouri, S.; Carbone, V. Lean/Green integration focused on waste reduction techniques. J. Clean. Prod. 2016, 137,
567-578.

Zhan, Y.; Tan, K.H,; Ji, G.; Chung, L.; Chiu, A.S. Green and lean sustainable development path in China: Guanxi, practices and
performance. Resour. Conserv. Recycl. 2018, 128, 240-249.

Fullerton, R.R.; Wempe, W.F. Lean manufacturing, non-financial performance measures, and financial performance. Int. J. Oper.
Prod. Manag. 2009, 29, 214-240.

Martinez-Jurado, P.J.; Moyano-Fuentes, ]. Lean management, supply chain management and sustainability: A literature review.
J. Clean. Prod. 2014, 85, 134-150.

Westland, J.C. Lower bounds on sample size in structural equation modeling. Electron. Commer. Res. Appl. 2010, 9, 476-487.
Bentler, P.M.; Chou, C.P. Practical issues in structural modeling. Sociol. Methods Res. 1987, 16, 78-117.

Kline, R.B. Principles and Practice of Structural Equation Modeling, 4th ed.; The Guilford Press: New York, NY, USA, 2016.
Abdallah, A.B.; Al-Ghwayeen, W.S. Green supply chain management and business performance: The mediating roles of
environmental and operational performances. Bus. Process Manag. J. 2020, 26, 489-512.

Hair, J.F.; Hult, G.T.M.; Ringle, C.M.; Sarstedt, M. A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM).
Int. . Res. Method Educ. 2014, 38, 220-221.

Fornell, C.; Larcker, D.F. Evaluating structural equation models with unobservable variables and measurement error. . Mark.
Res. 1981, 18, 39-50.

Cortina, ].M. What is coefficient alpha? An examination of theory and applications. |. Appl. Psychol. 1993, 78, 98-104.

Schmitt, N. Uses and abuses of coefficient alpha. Psychol. Assess. 1996, 8, 350-353.

Anderson, J.C.; Gerbing, D.W. Structural equation modeling in practice: A review and recommended two-step approach.
Psychol. Bull. 1988, 103, 411-423.

Marsh, HW.; Hau, K.-T.; Wen, Z. In search of golden rules: Comment on hypothesis-testing approaches to setting cutoff values
for fit indexes and dangers in overgeneralizing Hu and Bentler’s (1999) findings. Struct. Equ. Model. 2004, 11, 320-341.
Wheaton, B.; Muthén, B.; Alwin, D.F.; Summers, G.F. Assessing reliability and stability in panel models. In Sociological
Methodology 1977; Heise, D.R., Ed.; Jossey-Bass: San Francisco, CA, USA, 1977; pp. 84-136.

Kock, N. Common method bias in PLS-SEM: A full collinearity assessment approach. Int. . E-Collab. (IJeC) 2015, 11, 1-10.

https://doi.org/10.3390/su18157854



Sustainability 2026, 18, 7854 31 of 31

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Podsakoff, P.M.; MacKenzie, S.B.; Lee, ].Y.; Podsakoff, N.P. Common method biases in behavioral research: A critical review of
the literature and recommended remedies. J. Appl. Psychol. 2003, 88, 879-903.

Zhao, X.; Lynch, J.G.; Chen, Q. Reconsidering Baron and Kenny: Myths and Truths about Mediation Analysis. . Consum. Res.
2010, 37, 197-206. https://doi.org/10.1086/651257.

Tsai, K.H.; Huang, C.T.; Chen, Z.H. Understanding variation in the relationship between environmental management practices
and firm performance across studies: A meta-analytic review. Bus. Strategy Environ. 2020, 29, 547-565.

Jabbour, C.J.C.; de Sousa Jabbour, A.B.L.; Govindan, K,; Teixeira, A.A.; de Souza Freitas, W.R. Environmental management and
operational performance in automotive companies in Brazil: The role of human resource management and lean manufacturing.
J. Clean. Prod. 2013, 47, 129-140.

Quintana-Garcia, C.; Marchante-Lara, M.; Benavides-Chicén, C.G. Towards sustainable development: Environmental
innovation, cleaner production performance, and reputation. Corp. Soc. Responsib. Environ. Manag. 2022, 29, 1330-1340.
Albertini, E. Does environmental management improve financial performance? A meta-analytical review. Organ. Environ. 2013,
26, 431-457.

Hart, S.L.; Dowell, G. Invited editorial: A natural-resource-based view of the firm: Fifteen years after. ]. Manag. 2011, 37, 1464—
1479.

Dieste, M.; Panizzolo, R.; Garza-Reyes, J.A.; Anosike, A. The relationship between lean and environmental performance:
Practices and measures. J. Clean. Prod. 2019, 224, 120-131.

Puvanasvaran, P.; Tian, RK.S.; Suresh, V.; Muhamad, M. Lean principles adoption in environmental management system
(EMS)-ISO 14001. |. Ind. Eng. Manag. 2012, 5, 406—430.

Sundin, E.; Bjorkman, M.; Eklund, M.; Eklund, J.; Engkvist, L. Improving the layout of recycling centres by use of lean
production principles. Waste Manag. 2011, 31, 1121-1132.

Chinyere, O.D. Lean distribution and corporate reputation: Evidence in extant literature. . Contemp. Mark. 2025, 10, 1.

Kalyar, M.N.; Shafique, I.; Abid, A. Role of lean manufacturing and environmental management practices in eliciting
environmental and financial performance: The contingent effect of institutional pressures. Environ. Sci. Pollut. Res. 2019, 26,
24967-24978.

Alotaibi, H.S.; Campbell, N. Organizational Culture towards Saudi Arabia’s Vision 2030: Evidence from National Water
Company. Businesses 2022, 2, 562-577. https://doi.org/10.3390/businesses2040035.

Harbott, K. The 6 Enablers of Business Agility: How to Thrive in an Uncertain World, 1st ed.; Berrett-Koehler: Oakland, CA,
USA, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18157854



