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Abstract— This study is not about the evolution of Lean or Green Practices but the latest developments of its integration in positive

and negative ways and their main classiication, beneits, and limitations. We critically assess previous research from various theoreti-

cal perspectives in the lean-green domain. Review is conducted after the COVID-19 pandemic. It guides signiicant awareness related to

ecological and environmental issues helping the organizations, governments, and other stakeholders in economic recovery and environ-

mental security and the conservation of natural resources. We use the ive-criteria approach for conducting the literature review. Time

chosen for this systematic literature review is 2010 to 2021. 61 research articles used to analyze and explore the impact of integrated

lean-green concepts and ultimately its results on triple bottom line (TBL) performance of the organizations. Comprehensive results show

that integrated lean-green approaches have signiicant impact on a irm's sustainability performance, although few research studies have

negative results and related trade-offs as well. Findings and conclusions are beneicial for researchers, organizations, governments, and

other stakeholders because this paper has the critical and comprehensive explanation of different classiications, theoretical perspectives,

beneits, limitations, and related future directions of lean-green integration. As this study is conducted after the COVID-19 pandemic, this

review guides signiicant awareness related to the environment for economic recovery and environmental security as well as the conser-

vation of natural resources.

Index Terms— Lean manufacturing, Green manufacturing, Sustainability, Covid-19, Triple bottom line, Performance
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Introduction

For a long time, the primary focus of manufacturing techniques has been on meeting and developing customer needs while attempting

to attain competitiveness in terms of product design, product quality, product delivery, and innovation (Abualfaraa et al., 2020; Leong

et al., 2020). Companies are currently employing creative techniques to boost operational eficiency and cut manufacturing costs to re-

main competitive in the market (Cherrai et al., 2017; Teixeira et al., 2021). A well-known method to continuously improve operational

production performance is Lean Manufacturing. After world war II, the Toyota production system (TPS) developed and utilized a Lean
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Manufacturing strategy that consists of multiple production techniques such as Continuous Flow, 5S, Just-in-Time, Kaizen, Kanban, Con-

tinuous Improvement, PDCA, Poka-Yoke, Single-Minute Exchange of Die, Process Improvement, Takt Time, Total Productive Maintenance

and elimination ofwaste to continuously improve the product quality, customer satisfaction, lexibility, eficiency, effectiveness and overall

proitability (Carvalho, 2010; De et al., 2020; J. A. Garza-reyes & Garza-reyes, 2015; Inman & Green 2018; Singh et al., 2021).

Organizations working in different sectors such as the service sector, manufacturing, hospitality, education, and healthcare face vari-

ous ecological and environmental concerns, including operational waste. Greenhouse gas emissions such as carbon dioxide (CO2), nitrous

oxide (N2O),methane (CH4), luorinated gases, andwater vapor are among themostwell-knownenvironmental concerns (Bai et al., 2018;

Galli et al., 2012; Singh et al., 2021). Green House Gas emissions are produced in the organization's production and operational processes

and the Supply chain process of acquiring goods and materials via transportation and logistics (Tseng et al., 2019). Companies also face

global resource constraints, such as water, energy (Fuel and Electricity), and raw materials (Mangla et al., 2018; Tripathi et al., 2021).

Abrupt disruptions, such as the current global economic disruption accompanied by a signiicant increase in ecological and environmen-

tal awareness because of COVID-19, have highlighted the strategic need to assist organizations, governments, and other stakeholders in

both economic recovery and environmental security as well as the conservation of natural resources. Framework is necessary that im-

proves the organization's overall environmental performance without compromising the irm's operational objectives and goals. As a

result, the green paradigm emerged. "Green" is deined as operational philosophy that gradually improves the system's environmental ef-

iciency, primarily reduces the product or service's negative environmental impact, andmaintains or improves the irm's inancial success

(De et al., 2020; Garza-Reyes, 2015; Inman & Green 2018; Tripathi et al., 2021).

Because both lean and green concepts are primarily aimed at achieving similar results, academic specialists have been examining

and exploring the similarities between the two concepts to achieve the common goals through their integration. For example, Honda US

Plant that was able to apply lean manufacturing techniques to teach workers to solve environmental challenges effectively. It is possible

practically because of the company's proactive culture and, more broadly, due to the system's lean green integration (Teixeira et al., 2021).

Many studies believe that Lean and Green are naturally aligned and have similar qualities in the operations management ield (Di-

este et al., 2019; Huo et al., 2019; Leong et al., 2020). As a result, researchers have proposed a consistency of Lean and Green concepts

and that the two can effectively collaborate in a way that has a direct positive inluence on a company's operational, environmental, and

social performance (Marques et al., 2019). Both the Lean and Green approaches can boost the company's competitiveness sustainably

(Azevedo et al., 2012; De et al., 2020; Singh et al., 2021). In this scenario, companies are required to become more proactive regarding

their social and environmental stance, which leads to the adoption of more sustainable manufacturing practices, which is well-known as

Triple-Bottom-Line (TBL) sustainability (Abualfaraa et al., 2020) illustrated in Figure 1. According toTBL, an organization can achieve sus-

tainable performance if it can simultaneously improve its economic, environmental, and social performance gradually. As a result, experts

have begun to think about lean manufacturing practices in the context of producing greener solutions. Furthermore, such a production

system canminimize operational waste and lower the harmful impact on the environment and social aspects caused by traditionally used

industrial practices.

 

Fig. 1. The three pillars of sustainability performance (TBL)

For researchers and practitioners, combining lean manufacturing principles with green approaches is a dificult, challenging, and

complex task (J. A. Garza-reyes & Garza-reyes, 2015; Kurdve et al., 2014; Marhani et al., 2013; Maruthi & Rashmi, 2015; Singh et al., 2021).

Furthermore, while the study on the individual implementation of leanmanufacturing and greenmanufacturing approaches is advancing,

there is still a lot of research and investigation to be done on their combined effect as a single integrated approach (J. A. Garza-reyes &
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Garza-reyes, 2015; Kurdve et al., 2014; Tripathi et al., 2021). Furthermore, according to a literature review published in a recent research

study by (J. Garza-reyes et al., 2016; Leong et al., 2020), conlicting results and outcomes have been documented regarding whether lean

manufacturing approaches and green manufacturing are genuinely suited to combine in a single framework. On the one hand, certain re-

search studies support their integrated approach to the irm's sustainability performance (J. Garza-reyes et al., 2016; Kurdve et al., 2014;

Teixeira et al., 2021), arguing that both techniques can assist each other to provide a synergetic impact, with their strengths steadily in-

creased while systemweaknesses are mitigated. On the other hand, several research investigations (Sundar et al., 2014) argue that these

twomanufacturing practices contradict each other while attaining their fundamental goals and are, in certain situations, incompatible. In

this contradictory environment, a detailed literature review research is needed to assess the real-time ability of lean and green manufac-

turing practices to work together in an integrated framework, with having a signiicant impact on TBL performance in terms of economic,

environmental, and social outcomes. It is also worth noting thatmost literature evaluations that combine the lean-green principles do not

go into considerable depth about social performance.

So, the current review adds the novel contribution to the lean-green literature by conducting systematic review research to identify

the most related lean-green integrated strategies and techniques currently available in the literature, their combined effect on sustain-

ability performance, and their main classiication, beneits, and limitations. Past literature reviews have primarily focused on operational

performance, environmental performance, and the least on social performance. This literature study further analyses the capacity of Lean-

Green integration to achieve social performance while focusing on organization's production system. Instead of focusing on the evolution

of the Lean-Green concepts, this systematic literature review primarily focused on the latest advancements in this ield. Furthermore, we

critically assess previous research from various theoretical perspectives in the lean-green domain.

This review is beneicial to researchers, organizations, governments, and other stake holders because this paper has the critical and

comprehensive explanation of the Lean-Green integration on sustainability performance and elaborate different classiications, theoret-

ical perspectives, beneits, limitations, and related future directions. As this study is conducted after the COVID-19 pandemic, so this

review guides signiicant awareness related to ecological and environmental issues helps all stake holders in both economic recovery and

environmental security as well as the conversation of natural resources.

Research Methodology

A systematic literature review is beneicial in identifying research gaps in the current literature and provides a critical overview of the

ield of study (Garza-Reyes, 2015). We use the ive-criteria approach for conducting the literature review, which includes:

• Focusing on a speciic theme (Integration of lean-green manufacturing practices and their impact on irm's sustainability perfor-

mance)

• Searching various databases for the most relevant articles

• Pre-determining a protocol for article inclusion and exclusion criteria

• Comprehensive analysis of selected articles

• Critically discuss the indings in this ield, as well as future research opportunities and directions for researchers.

Research questions

Considering the research gap discussed in irst section, the following research questions formulated for this systematic literature review:

• To identify and critically examine the various theoretical perspectives, classiications, and linkages of Lean-Green integration in

the context of sustainability performance.

• What are the variousbundles of Lean-Green combinationsused in the literature to effectively apply the combined lean-green impact

for sustainable performance?

• Critically examine the latest developments and discuss future research paths on Lean-Green integration and their impact on sus-

tainability performance.

Location and selection of the studies

To begin, Google scholar is used to searching for related publications using lean-green concepts, as it is a comprehensive database that

many researchers use. Google scholar makes it easier to ind articles from various sources, including research thesis, books, and peer-

reviewed conference papers, as it integrated the data from several databases. This initial, unstructured search of papers connected to

lean-green practices provided a general sense of the depth of research studies undertaken in the ield of lean-green practices. Following

that, the below mentioned electronic databases are used for the inal search.

• Elsevier (www.sciencedirect.com)
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• Emerald Insight (www.emeraldinsight.com)

• Springer Link (www.link.springer.com)

• Taylor & Francis Online (www.tandfonline.com)

• ProQuest (www.proquest.com)

• InderScience (www.inderscience.com)

• Wiley (www.onlinelibrary.wiley.com)

• Google Scholar (www.scholar.google.com)

• Semantic Scholar (www.semanticscholar.org)

Existing literature reviews show that the development of Lean-Green research primarily began around 2010 (Caldera et al., 2017;

Garza-Reyes, 2015), the time chosen for this systematic literature review is 2010 to 2021.

The keywords used in initial search terms comprised of "Lean-Green Manufacturing", "Sustainability Performance", "Lean-Green In-

tegration", "Triple Bottom Line (TBL)", "Economic and Social," "Economic and Environmental", and "Social and Environmental", to collect

the lean-green articles that involved focusing on all TBL aspects, which are social, economic, and environmental perspectives. As earlier

mentioned, several electronic databaseswere explored to systematically narrowdown the article search, including ScienceDirect, Elsevier,

Taylor & Francis, Emerald, Google Scholar, Springer link, ProQuest, InderScience, Semantic Scholar, and Wiley. In the existing literature

reviews, particularly by (Cherra et al., 2016; Dhingra et al., 2014; Dues et al., 2013; Garza-Reyes, 2015), were suggested the additional

keywords for searching, which are "Lean Manufacturing", "JIT", "TPS", "TQM", "Sustainability", "Six Sigma", "Green Manufacturing", "Sup-

ply Chain Performance" and "Lean-Green Practices". Several research articles were found, including those that looked at lean and green

independently. These papers were excluded because the main objective of this literature review was to focus solely on combined effect

of lean-green integration. In the subsequent stage, we exclude those Lean-Green integration studies that focus on only one aspect of TBL

rather than two or all three components of TBL (operational, environmental, and social). At the inal stage, we applied the snowballing

technique to locate new lean-green integration related publications from the reference list of the previously selected research articles.

We have a total of 93 articles according to the systematic search. During the initial assessment, 32 more articles were iltered out due to

duplication or being outside our objectives' scope. The articles weremostly excluded because the integration of lean-green principles was

not well described in the main text, and the inluence of lean-green on all three components of TBL is not explored. Finally, 61 research

articles analyzed and explored the integration of lean-green concepts and their impact on sustainability performance.

Criteria of inclusion and exclusion of studies

As our primary objective of this literature review is to thoroughly investigate the integrated Lean-Green approach with all TBL aspects,

we exclude those papers that study Lean and Green independently rather than in an integrated way. We also exclude those Lean-Green

integration studies that focus on only one aspect of TBL rather than combining two or all three components of TBL (operational, environ-

mental, and social). We only include articles that focus on two or all three TBL aspects in a single study. We exclude all those papers that

deal with only one TBL aspect of measuring sustainability performance. Furthermore, we include articles related to the manufacturing

sector and exclude the service sector-related articles. In the end, we only include those articles written in English; other language-related

papers are excluded.

Search results

Content analyses are utilized to analyze the selected articles in this Literature review (Hsieh et al., 2005). We categories the data from

these publications in the indings section below according to Year of Publication, Target Country, Country of Research, Research Sector,

Type of Data Collected and Theories Used.

Literature Review Findings

As we review the 61 articles, so in igure 02, descriptive data shown related to number of publications per year selected for this review.

It is clearly shown that from 2015 onwards, there is increased trend shown related to lean-green integrated research and its impact of

sustainability performance. In igure 03, descriptive data shown related to articles target country. Itmeans that selected article researched

in single country of more than on country (multiple countries). So, 51 articles done its research based on single country. In igure 04,

descriptive data is shown related to country of research and out of 61 selected articles, 12 focused on India for research, 10 articles done

its research in UK. It shows that India and UK are doing more research on lean-green integration among others. In igure 05, descriptive

data shown by research sector focused on selected articles of systematic review. 19 articles have done its research on manufacturing

sector, 14 have focused on automotive industry and other industries are aerospace, agriculture, chemical, construction, electronic, energy,
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food, furniture, IT, textile and apparel and tile sectors. In igure 06, descriptive data shown related to type of data collected related to

qualitative and quantitative. 32 selected articles have quantitative research methodology used for lean-green integration measurements

and 9 articles used qualitative approach to explore this phenomenonmore in details. 20 articles used mixed method approach. Figure 06

shows the theories used selected articles and 11 articles used sociotechnical systems theory. 10 articles used systems theory, 7 articles

used actor-network theory, 6 articles used theory of learning, 5 articles used core competence theory, and others are contingency theory,

complexity theory and relational coordination theory. Some articles not clearly mention the theory used so we show it in others.
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Fig. 2. Descriptive data by number of publications per year
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Fig. 3. Descriptive data by number of publications by target country
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Fig. 4. Descriptive data by country of research
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All the main theories used in selected articles are given in Table I below (McGibbon & Van Belle 2015; Muraliraj et al., 2018; Asif,

2020; Belinski et al., 2020; Haque, 2021; Li et al., 2019; Fang & Zhang 2018).
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Table I

Data Classiication

Theories Used Deinitions

Actor-Network Theory Everything in the social and natural worlds occurs in con-

tinually evolving networks of connections and relation-

ships, according to actor–network theory. Objects, things,

ideas, methods, relationships, and any other related com-

ponents are regarded as equally signiicant as humans in

the formation of social circumstances and related situa-

tions.

Core Competence Theory The backbone of a company's competitiveness is a well-

coordinated combination of different resources, skills and

abilities that distinguishes it in the competitive market-

place.

Sociotechnical System Theory Sociotechnical systems theory is a technique to complex or-

ganization ’sworkdesigns that emphasizes the relationship

between people (humans) and technologies. It also relates

the interaction between society's complex infrastructures

& procedures and human interactive behavior.

Theory of Learning Organizational Learning Theory is concernedwith the gen-

eration, utilization, and application of knowledge & ideas

inside a company. Learning occurs when individuals en-

gage while identifying, inding, and solving the related

problems.

Systems Theory The multidisciplinary study of systems and networks, i.e.,

organized sets of connected, interdependent and interre-

latedpieces thatmaybenaturally occurredorhumanmade.

Every system can be deined by its structure, organization,

and objective, conined by time and space, impacted by its

surroundings & related environment, and represented by

its operation.

Relational Coordination Theory Common shared goals, sharing of knowledge, and mutual

understanding & respect facilitate consistent, prompt, reli-

able, problem-solving communications, and it’s also allow-

ing stakeholders to synchronize their activity productively

& effectively beyond boundaries.

Complexity Theory This theory is based on interaction and interconnected

feedback processes that keep changing organizational sys-

tems. Theory application topics include learning how or-

ganizations adjust to their settings and coping with unpre-

dictable circumstances.

Contingency Theory This theory claims that an organization's framework is

shaped by the environment of the company, and that to im-

prove productivity & performance, companies should ad-

just their processes and structures to that environment.

Lean manufacturing practices and green manufacturing practices when integrated then its shows usually a signiicant trend related

to sustainability performance. Few bundles related to lean manufacturing practices are identiied in literature review. These practices

are:

Lean Manufacturing Practices Continuous Improvement (Kaizen), Error-Prooing (Poka-

Yoke), 5S (Sort, Set-in-Order, Shine, Standardize, Sustain),

Kanban, Just-in-Time, Stop the Line (Jidoka), Takt Time,

Production Leveling (Heijunka), Value Stream Mapping,

Demand-based low (pull) manufacturing, Process Man-

agement Using Statistical Process Control, Lot Size Reduc-

tion, Setup Time Reduction, Total Quality Management, To-

tal Productive Maintenance

Moreover, few bundles related to green manufacturing practices are identiied in literature review. These practices are:
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Green Manufacturing Practices ISO 14001 Certiication, 5R (reduce, reuse, recycle, recover,

reject), Total Quality Environmental Management, Green

Purchasing, Green Technology and Techniques, Green

Transportation, Energy Eficiency, Renewable Energy, Con-

servation of Natural Resources

A critical literature review indings below comprehend the overall viewpoint related to Lean-Green integrated approach and its ulti-

mate impact on sustainability performance of organizations production system.

The economic perspective

Bottom-line savings, both operational and inancial, are achieved through lean and greenmethods. By implementing lean-green integrated

methods, company increased its proitability as few case studies highlighted this phenomenon. The implementation of lean concepts

in organizations (like; total quality management, total quality management, just-in-time, and collaborative stakeholder relationships)

resulted to create serious upper level experiences in developing a proactive and constructive environmental management procedures,

which ultimately leads to improved the organization ’s competitive advantage by lowering operational costs while improving distribution

eficiency and performance (Thanki et al., 2016; M. G. Yang et al., 2011).

Lean and green integration may not have had a signiicant and positive inluence on economic performance. Combining lean with

green initiatives does not boost irm's proitability directly (Hallam & Contreras, 2016; Tripathi et al., 2021). Furthermore, both may en-

hance productivity and output in the long run, lowering operational expenses. Green supply chain techniques, but at the other side, were

observed sometimes to limit inancial gains by rising operational costs or manufacturing time. This result is consistent with (Carvalho,

2010; Tripathi et al., 2021), which found the green supply chain of the irm has aminor straight inluence on economic performance of the

irm, that would have an indirect effect through improved productivity and eficiency, customer loyalty and satisfaction, and decreased en-

vironmental expenditures. Similarly, it is discovered a complicated relationship between lean-green integratedmanagement and inancial

success of the irm (M. G. Yang et al., 2011; ).

Financial performance of the irm can apparently be unfavorable since irms must invest in human capital, infrastructural, and social

capital to apply different environmental management techniques. Therefore, positive environmental performance of the irm, such as

reducingwaste or reduce pollution and harmful emissions, contributes to higher institutionalmarket valuationswhen companies planned

it as long term. Cost of production, productive output, quality and reliability, lexibility, speed, frequency, resource consumption, costs of

environmental protection, stock levels, lead time of various manufacturing and operational process, were all used to calculate the overall

irm’s economic impact. Several research investigated the cash cycle, return on assets, and net operating proitability (Cabral et al., 2012;

Carvalho, 2010; Teixeira et al., 2021).

The Environmental Perspective

According to several studies, lean supply chainmanagement alongwith green supply chainmanagement have a positive association as the

minimizing waste is the main objective of both lean-green practices (Hajmohammad et al., 2013; Yadav et al., 2021). "Lean is green" also

refers to how leanmanagement experiences assist irms in their transition to greenmanagement. Various lean concepts, like; implement-

ing the international standards of ISO or limiting storage and inventory, improve the possibility of implementing environmental programs

& related management systems, reducing waste, pollution control, and emission reduction, a conclusion that is backed up by the research

(Castka & Corbett, 2013). Green management (when integrated with lean management) has been shown to minimize waste across the

'entire supply chain process,' including designing, manufacturing, production control, plantmanagement and the overall supplier network

(Hallam & Contreras, 2016). The combination of lean-green integration observed that if both concepts executed simultaneously, then its

improve the ecosystem and its related environment (Teixeira et al., 2021; Verrier et al., 2016).

Much research, on the other hand, highlights unintended impacts of integration of lean-green concepts and examine several integra-

tion mediating elements. For example, the degree to which lean along with green practices have been adopted (and the extent to which

they have been integrated) appears to moderate the advantages and related beneits: irms which use beneicial tasks from these two ap-

proaches beat those that address two approaches independently (Caldera et al., 2017; Galeazzo et al., 2014; C. L. Yang et al., 2010; Yadav et

al., 2021). Combining lean and green approaches can lead to environmental advantages if they are innovative, properly planned, andprop-

erly deployed. Collaborative and supporting working practices such as employee empowerment, employee engagement, top executives’

participation in daily production line activities, and supply chain collaborative integration are further elements that inluence integration

between lean and agile practices towards greener results. Between productions manager and sustainability managers, it is very impor-

tant to develop the cross-functional teamwork so that they collectively achieve overall sustainability objectives of the irm (Longoni &

Cagliano, 2015). Managers from the productions and operations area should be engaged in sustainability goals and in decision making
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process, sustainability managers are involved and linked to productions managers, thanks to an enhanced organizational structure. Fi-

nally, employees should work together to implement the decisions. A lean supply chain, according to Martı́nez-Jurado &Moyano-Fuentes

(2014), supports long-term cooperative and collaborative connections all over the supply-chain network, it promotes ecological and en-

vironmental practices from shaping to making the product take-back. Pampanelli et al., (2014) explained cumulative effect of these two

approaches and it might be useful for the ecological system because two approaches focus minimizing waste, increased output through

better resource usage, and cooperative supplier relationships. According to Jabbour et al., (2013), lean concepts plays very important

signiicant impact on ecological system, which impacts manufacturing eficiency and related performance of the irm. Some studies, on

the other hand, indicate that combining lean and green approaches is unachievable. Because of the inherent contradictions in these two

approaches, (Hajmohammad et al., 2013; M. G. Yang et al., 2011) argue that lean practices may not enhance ecological performance alone.

Internally and operational wastemanagement is themain emphasis of the earlier, whereas environmental related emission andwaste re-

duction are themain emphasis of the latter. From these research, lean principles can only have an impact on environmental performance

through a variety of environmental management tools and methods like life cycle assessment, accreditation, and ISO certiications, and

so on.

Another important body of research examines the effects of lean and green integrated approach on environmental performancemea-

surements in organizations. The effect is quantiied in a various method, including reducing waste and toxic waste treatment, energy

eficiency, resource consumption and utilization, air pollutants, and carbon emissions, with only a few studies providing comprehensive

assessments. The measurements, for example, differentiate between solid and liquid waste, as well as natural water, energy, power and

natural material (Banawi & Bilec, 2014; Govindan et al., 2015). Additional pollutants like; ammonia, nitrogen, sand and dust, vapors, are

less typically assessed, while CO2 emissions are often regarded for air pollutants (Chiarini, 2014).

The social perspective

When it comes to employee health and safety, only Lean research studies have revealed its impact on employees' on the job setting (Hasle

et al., 2012; Longoni & Cagliano, 2015). Employees may feel more comfortable, secure, and empowered at work if green management

techniques are combinedwith leanmanagement practices. Throughout themanufacturing operation process, production operationman-

agers and related professionals are looking for newworkplace health and safety solutions and improve the working environment of their

workforce. As many of the production and operation managers had worked in SME factories and they felt sympathy and concern for their

subordinate workers, for this some manager ready to give up the inancial gains related to short terms to enhance the long-term better-

ment of employees health issues and basic on job safety issues. Lean management practices such as 5S, according to Chiarini (2014),

can signiicantly decrease injury cases and continue improving a irm's insuficient occupational health and safety regulations. According

to Wong & Wong (2014), the lean entire ecosphere approach helped irms minimize workforce turnover and signiicantly improve em-

ployee behavior and performance by increasing employee engagement. By decreasing transit and shipping lead times, keeping packaging

ecofriendly, and gradually increasing the product quality, the ultimate effect of lean and green integrated approach should enhance stake-

holders experience and related satisfaction in the automobile sector (Govindan et al., 2015). According to Hallam & Contreras (2016),

integrative approach of lean and green practices might assist different public dimensions by encouraging workers, loyalty, increasing

workers job satisfaction level, enhance retention rate, and attracting potentially high recruitment because to a strong company's image

and reputation.

By identifying "missing human skills and potential" as the eighth type of lean wastages with different societal consequences and

related effects (Verrier et al., 2016). Companies having insuficient occupational health and safety standards can result in losing capability

and individual potential, lost opportunities, and a have a very low self-ambition anddrive in the employees. For this, an integrated lean and

greenmanagementmodel can helpminimize the potential humanwaste in the irmwhile also strengthening social aspectswithinworking

environments. A range of social factors and parameters which applied to evaluate lean-green integrated impacts to improve societal

well-being and performance. Most used factors and parameters were corruption and fraud risk, supplier selection and its evaluation

to expand geographic focus and promote conservation and consumption of energy, workforce issues connected to equipment utilized,

degree of worker satisfaction, consistent loudness and sound level (Brown et al., 2014; Wong & Wong, 2014). Developments in irm

beliefs and values, improved health standards and resolved safety issues, wasted human capacity, accountability, openness, and precision

were assessed to determine societal beneit (Azevedo et al., 2012).
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Conclusion

This review paper presents a comprehensive systematic review on the lean-green integrated concepts and their combined impact on the

organizational production system's overall sustainability performance; that is, economic performance, environmental performance, and

social performance. A total of 61 articles were considered in the study, which were published during 2010 and 2021. This comprehen-

sive review indicates possible research gaps in the existing literature as well as prospective areas of research that will undoubtedly add

to the study's knowledge base and enrich understanding on combined impact of lean-green manufacturing practices on organizational

production system.

The review research study relects the connections between lean-green approaches (waste minimization, productivity growth, con-

tinual improvement, process optimization and ultimately overall quality management). Because both lean-green combination have a sig-

niicant inluence on overall organizational production system sustainability and share similarities; academic scholars and practitioners

have believed that lean-green combination would have a signiicant effect on company's production system sustainability performance.

Moreover, we showed correlation among integrated lean concepts and green approaches, and TBL performance of irms is not necessarily

direct from a various standpoint. It's likewise obvious that previous environmental performance evaluations have placed a greater em-

phasis on waste management than on other factors and aspects. It is now essential for scholars to look further than this parameter and

consider other signiicant elements to fully comprehend the inluence of integration on an organization's overall production chain and

system. 'Can integration of lean-green concepts make the entire production and operations cleaner?' is a valid question to ask. Similarly,

the current study reveals that separating the operational performance and inancial performance aspects is critical for recognize the im-

pact of integrated lean and green concepts on aspect. Although highlighting the effect of integrated lean and green concept on inancial

performance and ecological performance is crucial, inluence on societal performance of the organizationmust not be overlooked as well.

Companies are a component of society. Integration cannot be recognized a total success if it does not enhance the performance of all stake

holders; that is, employees, customers and consumers, and the community.

Although some research has indicated negative effects and related trade-offs, it is clear from the previous research studies that the

lean-green integrated impact is largely favorable and positive. Identifying the shortcomings and indicating opportunities for further re-

search is maybe more signiicant than coming to a solid conclusion regarding the inluence of combined lean and green integrated ap-

proach on the organizational manufacturing system's sustainability performance. Only a few research studies have tried to correlate the

integrated inluence of lean-green practices on all three aspects of sustainability performance, as stated before. The connections among

lean manufacturing, agile manufacturing, green and resilient principles, and several supply chain performance aspects using a concep-

tual framework, arguing that synergistically impact is feasible for some aspects but not for all aspects and dimensions. A combination

of lean and green supply chain performance can boost overall, environmental performance, economic performance and ultimately man-

ufacturing performance. Furthermore, the researchers indicated that these two practices are not having equal weight in organizations;

the lean manufacturing feature is given the most weight, while the green feature is given the least. Similarly, a research study among

lean and green concepts and sustainability discovered both aspects could have a considerable impact on production and operations cost,

organizational waste, environmental cost and consequences, customer satisfaction and service quality. Lean paradigm refers to effective-

ness and eficiency of overall system, while green paradigm refers to eficacy, usefulness, integrity, and effectiveness. As a result, lean

paradigm or green paradigm taken alone may result in compromised or possibly affect sustainability performance aspects of the organi-

zation. Because the research covered various additional aspects, like; agile manufacturing concepts or resilient paradigm in additional to

lean-green paradigm, the conclusions are inconsistent and unclear, and only just few research studies looked at the effect on sustainability

performance of the irm from the supply and productions viewpoint. As a result, upcoming investigation study areas identiied to examine

the integrated lean-green combination beyond reducing waste and effect of economic dimensions social dimensions and environmental

dimensions, as it is not been satisfactorily answered yet.

Because lean-green integrated approach can minimize non-value-added activities, also the emphasis has been on several types of

waste reduction aswell. Some effective techniques ofmonitoring environmental performance of the irm have received less attention. En-

vironment friendly products and packaging, levels of inventory, land utilization, microbial degradation, and pollutants emissions linked to

transportation, irrigation management, and chemical discharge treatment are all possible concerns. In the same way, common economic

measuring elements were linked to manufacturing costs and lead time. Various research was using the same metrics to evaluate manu-

facturing and operational success rather than economic performance: quality, value, speed, agility, lexibility, reliability, stocks, position

in the market, foreign sales, and satisfaction of customers. Future research might segregate operational and inancial components, allow-

ing researchers to analyze the effects of integrated lean and green concepts on everyday irms’ processes and the economic performance

independently.

There are very few studies that have looked at the integrated lean and green approach effects on societal aspects together. Both

perspectives emphasize employee participation and training to minimize wastage and enhance manufacturing processes to minimize

faults, defects, and mishaps in the manufacturing process. Even though some studies claim that the integrated effect of both concepts

36



Journal of Management Practices, Humanities and Social Sciences 6(3) 27-40

can produce more productive and eficient workers and enhance irms’ operational eficiency. It has been discovered that irms rarely

integrate the concepts synergistically to achieve the overall social impacts. Lean training and instructions, for instance, can educate you

how to reduce lean wastage, required to cut input consumption utilization, and extend the life of the equipment. This training, on the

other hand, somehow doesn't inspire workers to handle green trash and waste through disposal recycling and resource conservation.

Employees and workers that learn how to obtain the integrated value from these two philosophies can use the mechanisms employed

in lean manufacturing paradigms to increase social performance. Innovative, effective, and improved manufacturing techniques (a lean

approach) can help to minimize waste and pollutions while also enhancing workplace environment and the condition of life in society.

Under the lean-green integrated approach; wastemanagement approaches, poor occupational health, and safety of the employees, as well

as lost human potential, are various problems faced by the irms. Furthermore, neither of the research investigated at how integrated

lean-green approach affected other social elements like public beneits or consumer satisfaction. Upcoming research must investigate

how combining lean and green concepts can enhance workplace safety to a larger extent than either can alone.

This research study adds to lean-green theory andmanagement techniques in the production and operations system in several ways.

The results, in theory, add to the body of knowledge about lean and green integration, their interaction, and their effect on sustainable

performance of whole production system. It is discovered that the signiicant inluence of integration of lean and green concepts on irm’s

TBL performance does not occur instantly. Future research studies should explore the presence of contextual and situational reasons and

its effect on the association among integrated lean and green concepts towards irms TBL performance. Furthermore, future research

studies should analyze the situational factors to determine which are more essential towards sustainability performance. The indings of

this study then pointed out the laws and shortcomings for TBL performance of the irm evaluated. As lean manufacturing practices and

green concepts are focused on reducing waste, waste management during business operations has been the subject of primary (pollution

control, improved worker productivity) and secondary (greater quality, fewer wastes) attention. Based on this analysis, the study has

generated new recommendations for future research into what as well as how to measure irms’ sustainability performance.

Future Research Directions

This review of the literature additionally reveals that there are still substantial gaps in our understanding, knowledge and use of Lean-

Green integration and Sustainability performance. Integration of lean-green can be enhanced by using a comprehensive, detailed, simple,

and generalized implementation framework for organizations to see the holistic picture in terms of sustainability performance. A Lean-

Green and Sustainability performance toolkit has yet to be devised. Because many tools haven't been applied and adapted, or aren't

matured yet, or aren't widely known in the manufacturing industry. The authors also emphasize the necessity for a stronger attention on

the context of SMEs to help them integrate both approaches eficiently and effectively. The shortage of theoretical input in this domain

contributes to the resistance to integrating Lean-Greenmanufacturing practices and their impact on sustainability performance. Because

the leanmanufacturing practices and green principles are associated to production operations in themanufacturing irm, their integration

was tried there, but their integrating impact should be applied in service sector as well because limited research of lean-green integration

have been done on service sector. Given the service sector's continuous expansion, it would be fascinating to learn to what level integra-

tions of lean-green concepts can make service production and operations 'cleaner.' It could be worthwhile to investigate the similarities

and contrasts in the combined effect of lean-green integrated approach among the manufacturing, along with service industries. The

Lean-Green integrated and irms Sustainability framework into organizations will only be possible if these research gaps are solved.

Limitations

It is also crucial to highlight that this systematic review study have some constrains and limitations related to approach, analyses, conclu-

sions, and assumptions:

As previously stated, Lean Manufacturing ideas and principles can be traced back to Toyota Production System (TPS) and other

Japanese manufacturing philosophies. This research study does not add previous literature written in Japanese language, that might

have resulted in the elimination of key publications, particularly those referring to Japanese industrial leaders. This work takes a triple

bottom line (TBL) view of sustainability; however, additional researchers can investigate the review on how Lean-Green, and sustainabil-

ity are linked in different sustainability frameworks, perspectives, and paradigms. The shortage of studies linking Lean-Green to social

performance in TBL, particularly quantitativework, makes it tough to establishmore deinitive andmeaningful results about the impact of

Lean-Green on social performance. Furthermore, the service and hospitality sector used less energy and ultimately has a lower negative

effect on the environment and society than manufacturing and production sector; future review studies tend to focus service sector as

well and see the lean-green integrated approach towards sustainability performance. Additionally, contextual factors such as company

size, life, and age, as well as other situational factors that can affect a lean-green integration assessment, were not examined in this study.

37



Journal of Management Practices, Humanities and Social Sciences 6(3) 27-40

REFERENCES

Abualfaraa, W., Salonitis, K., Al-Ashaab, A., & Ala’raj, M. (2020). Lean-green manufacturing practices and their link with sustainability: A

critical review. Sustainability (Switzerland), 12(3), 1–21. https://doi.org/10.3390/su12030981

Asif, M. (2020). Are QMmodels alignedwith Industry 4.0? A perspective on current practices. Journal of Cleaner Production, 258, 120820.

https://doi.org/10.1016/j.jclepro.2020.120820.

Azevedo, S. G., Carvalho, H., Duarte, S., & Cruz-Machado, V. (2012). Inluence of green and lean upstream supply chain management

practices on business sustainability. IEEE Transactions on Engineering Management, 59(4), 753–765. https://doi.org/10.1109/

TEM.2012.2189108.

Bai, X., Ren, X., Zheng, N., Zhou, N., & Hu, M. (2018). Resources , Conservation & Recycling Comprehensive water footprint assessment of

the dairy industry chain based on ISO 14046: A case study in China. Resources, Conservation & Recycling, 132(July 2017), 369–375.

https://doi.org/10.1016/j.resconrec.2017.07.021.

Banawi, A., & Bilec, M. M. (2014). A framework to improve construction processes: Integrating lean, green and six sigma. International

Journal of Construction Management, 14(1), 45–55. https://doi.org/10.1080/15623599.2013.875266

Belinski, R., Peixe, A. M., Frederico, G. F., & Garza-Reyes, J. A. (2020). Organizational learning and Industry 4.0: Findings from a systematic

literature review and research agenda. Benchmarking: An International Journal, 27 (8), 2435-2457. https://doi.org/10.1108/

BIJ-04-2020-0158

Brown, A., Amundson, J., & Badurdeen, F. (2014). Sustainable value streammapping (Sus-VSM) in different manufacturing system conig-

urations: Application case studies. Journal of Cleaner Production, 85, 164–179. https://doi.org/10.1016/j.jclepro.2014.05.101.

Cabral, I., Grilo, A., & Cruz-Machado, V. (2012). A decision-making model for Lean, Agile, Resilient and Green supply chain management.

International Journal of Production Research, 50(17), 4830–4845. https://doi.org/10.1080/00207543.2012.657970.

Caldera, H. T. S., Desha, C., & Dawes, L. (2017). Exploring the role of lean thinking in sustainable business practice: A systematic literature

review. Journal of Cleaner Production, 167, 1546–1565. https://doi.org/10.1016/j.jclepro.2017.05.126.

Carvalho, H. (2010). Supply chain performance management: Lean and green paradigms. International Journal of Business Performance

and Supply Chain Modelling, 2, 304–333.

Castka, P., & Corbett, C. J. (2013). Management systems standards: Diffusion, impact and governance of ISO 9000, ISO 14000, and

other management standards. Foundations and Trends in Technology, Information and Operations Management, 7(3–4), 161–379.

https://doi.org/10.1561/0200000042.

Cherra, A., Elfezazi, S., Chiarini, A., Mokhlis, A., & Benhida, K. (2016). The integration of lean manufacturing , Six Sigma and sustainability :

A literature review and future research directions for developing a speciic model. Journal of Cleaner Production, 139, 828–846.

https://doi.org/10.1016/j.jclepro.2016.08.101.

Cherrai, A., Elfezazi, S., Govindan, K., Garza-reyes, J. A., Benhida, K., & Mokhlis, A. (2017). A framework for the integration of Green and

Lean Six Sigma for superior sustainability performance. International Journal of Production Research, 7543, 1–35. https://doi.org/

10.1080/00207543.2016.1266406.

Chiarini, A. (2014). Sustainable manufacturing-greening processes using speciic Lean Production tools: An empirical observation from

European motorcycle component manufacturers. Journal of Cleaner Production, 85, 226–233. https://doi.org/10.1016/j.jclepro

.2014.07.080.

De, D., Chowdhury, S., Kumar, P., & Kumar, S. (2020). International Journal of Production Economics Impact of Lean and Sustainability

Oriented Innovation on Sustainability Performance of Small and Medium Sized Enterprises: A Data Envelopment Analysis-based

framework. Intern. Journal of Production Economics, 219(August 2017), 416–430. https://doi.org/10.1016/j.ijpe.2018.07.003.

Dhingra, R., Kress, R., & Upreti, G. (2014). Does lean mean green? Journal of Cleaner Production, 85, 1–7. https://doi.org/10.1016/

j.jclepro.2014.10.032.

Dieste, M., Panizzolo, R., Garza-reyes, J. A., & Anosike, A. (2019). The relationship between lean and environmental performance: Practices

and measures. Journal of Cleaner Production, 224, 120–131. https://doi.org/10.1016/j.jclepro.2019.03.243.

Dues, C. M., Hua, K., & Lim, M. (2013). Green as the new Lean: How to use Lean practices as a catalyst to greening your supply chain.

Journal of Cleaner Production, 40, 93–100. https://doi.org/10.1016/j.jclepro.2011.12.023.

Fang, C., & Zhang, J. (2018). Performance of green supply chain management: A systematic review and meta analysis. Journal of Cleaner

Production, 183, 1064-1081. https://doi.org/10.1016/j.jclepro.2018.02.171.

Galeazzo, A., Furlan, A., &Vinelli, A. (2014). Lean andgreen in action: Interdependencies andperformanceof pollutionpreventionprojects.

Journal of Cleaner Production, 85, 191–200. https://doi.org/10.1016/j.jclepro.2013.10.015.

38

https://doi.org/10.3390/su12030981
https://doi.org/10.1016/j.jclepro.2020.120820
https://doi.org/10.1109/TEM.2012.2189108
https://doi.org/10.1109/TEM.2012.2189108
https://doi.org/10.1016/j.resconrec.2017.07.021
https://doi.org/10.1080/15623599.2013.875266
https://doi.org/10.1108/BIJ-04-2020-0158
https://doi.org/10.1108/BIJ-04-2020-0158
https://doi.org/10.1016/j.jclepro.2014.05.101
https://doi.org/10.1080/00207543.2012.657970
https://doi.org/10.1016/j.jclepro.2017.05.126
https://doi.org/10.1561/0200000042
https://doi.org/10.1016/j.jclepro.2016.08.101
https://doi.org/10.1080/00207543.2016.1266406
https://doi.org/10.1080/00207543.2016.1266406
https://doi.org/10.1016/j.jclepro.2014.07.080
https://doi.org/10.1016/j.jclepro.2014.07.080
https://doi.org/10.1016/j.ijpe.2018.07.003
https://doi.org/10.1016/j.jclepro.2014.10.032
https://doi.org/10.1016/j.jclepro.2014.10.032
https://doi.org/10.1016/j.jclepro.2019.03.243
https://doi.org/10.1016/j.jclepro.2011.12.023
https://doi.org/10.1016/j.jclepro.2018.02.171
https://doi.org/10.1016/j.jclepro.2013.10.015


Journal of Management Practices, Humanities and Social Sciences 6(3) 27-40

Galli, A., Wiedmann, T., Ercin, E., Knoblauch, D., Ewing, B., & Giljum, S. (2012). Integrating Ecological, Carbon and Water footprint into a

“Footprint Family” of indicators: Deinition and role in tracking human pressure on the planet. Ecological Indicators, 16, 100–112.

https://doi.org/10.1016/j.ecolind.2011.06.017.

Garza-Reyes, J. A. (2015). Lean and green-a systematic review of the state of the art literature. Journal of Cleaner Production, 102, 18–29.

https://doi.org/10.1016/j.jclepro.2015.04.064.

Garza-reyes, J. A., & Garza-reyes, J. A. (2015). Green lean and the need for Six Sigma. International Journal of Lean Six Sigma, 6(3), 226-248.

https://doi.org/10.1108/IJLSS-04-2014-0010.

Govindan, K., Azevedo, S. G., Carvalho, H., & Cruz-Machado, V. (2015). Lean, green and resilient practices inluence on supply chain perfor-

mance: Interpretive structural modeling approach. International Journal of Environmental Science and Technology, 12(1), 15–34.

https://doi.org/10.1007/s13762-013-0409-7.

Hajmohammad, S., Vachon, S., Klassen, R. D., & Gavronski, I. (2013). Lean management and supply management: Their role in green

practices and performance. Journal of Cleaner Production, 39, 312–320. https://doi.org/10.1016/j.jclepro.2012.07.028.

Hallam, C., & Contreras, C. (2016). Integrating lean and green management. Management Decision, 54(9), 2157–2187. https://doi.org/

10.1108/MD-04-2016-0259.

Haque, A. (2021). The COVID-19 pandemic and the role of responsible leadership in health care: Thinking beyond employee well-being

and organisational sustainability. Leadership in Health Services, 34(1), 52-68. https://doi.org/10.1108/LHS-09-2020-0071.

Hasle, P., Bojesen, A., Jensen, P. L., & Bramming, P. (2012). Lean and the working environment: A review of the literature. International

Journal of Operations and Production Management, 32(7), 829–849. https://doi.org/10.1108/01443571211250103.

Hsieh, H., Shannon, S. E., & Shannon, S. E. (2005). Three Approaches to Qualitative Content Analysis. Qualitative Health Research (Online

irst). https://doi.org/10.1177/1049732305276687.

Huo, B., Gu, M., &Wang, Z. (2019). Green or lean? A supply chain approach to sustainable performance. Journal of Cleaner Production, 216,

152–166. https://doi.org/10.1016/j.jclepro.2019.01.141.

Inman, R. A., & Green, K.W. (2018). Lean and green combine to impact environmental and operational performance. International Journal

of Production Research, 56(14), 4802-4818. https://doi.org/10.1080/00207543.2018.1447705.

Jabbour, C. J. C., De Sousa Jabbour, A. B. L., Govindan, K., Teixeira, A. A., & De Souza Freitas, W. R. (2013). Environmental management and

operational performance in automotive companies in Brazil: The role of human resource management and lean manufacturing.

Journal of Cleaner Production, 47, 129–140. https://doi.org/10.1016/j.jclepro.2012.07.010.

Kurdve, M., Zackrisson, M., Wiktorsson, M., & Harlin, U. (2014). Lean and green integration into production systemmodels e-experiences

from Swedish industry. Journal of Cleaner Production, 85, 180–190. https://doi.org/10.1016/j.jclepro.2014.04.013.

Leong, W. D., Teng, S. Y., How, B. S., Ngan, S. L., Abd Rahman, A., Tan, C. P., ... & Lam, H. L. (2020). Enhancing the adaptability: Lean

and green strategy towards the Industry Revolution 4.0. Journal of cleaner production, 273, 122870. https://doi.org/10.1016/

j.jclepro.2020.122870.

Li, J., & Wen, W. (2019, February). A Literature Review on the Organizational Adaptability of Lean Construction Projects. In 2018 Inter-

national Symposium on Social Science and Management Innovation (SSMI 2018) (pp. 384-389). Atlantis Press. https://dx.doi.org/

10.2991/ssmi-18.2019.65.

Longoni, A., & Cagliano, R. (2015). Environmental and social sustainability prioritiesn: Their integration in operations strategies. Inter-

national Journal of Operations and Production Management, 35(2), 216–345. https://doi.org/10.1108/IJOPM-04-2013-0182.

Mangla, S. K., Luthra, S., Mishra, N., Singh, A., Rana, N. P., Dora, M., & Dwivedi, Y. (2018). TheManagement of Operations Barriers to effective

circular supply chain management in a developing country context. Production Planning & Control, 29(6), 551–569. https://doi

.org/10.1080/09537287.2018.1449265.

Marhani, M. A., Jaapar, A., Bari, N. A. A., & Zawawi, M. (2013). Sustainability Through Lean Construction Approach: A Literature Review.

Procedia - Social and Behavioral Sciences, 101, 90–99. https://doi.org/10.1016/j.sbspro.2013.07.182.

Marques, L., Gohr, F., Farias, S., Santos, L. C., Oliveira, L. C. De, & Henrique, M. (2019). Criteria and practices for lean and green performance

assessment: Systematic review and conceptual framework. Journal of Cleaner Production, 218, 746–762. https://doi.org/10.1016/

j.jclepro.2019.02.042.

Martı́nez-Jurado, P. J., & Moyano-Fuentes, J. (2014). Leanmanagement, supply chain management and sustainability: A literature review.

Journal of Cleaner Production, 85, 134–150. https://doi.org/10.1016/j.jclepro.2013.09.042.

Maruthi, G. D., & Rashmi, R. (2015). Green Manufacturing: It ’ s Tools and Techniques that can be implemented in Manufacturing Sectors.

In the 4th International Conference on Materials Processing and Characterization Green, 2, 3350–3355. https://doi.org/10.1016/

j.matpr.2015.07.308.

39

https://doi.org/10.1016/j.ecolind.2011.06.017
https://doi.org/10.1016/j.jclepro.2015.04.064
https://doi.org/10.1108/IJLSS-04-2014-0010
https://doi.org/10.1007/s13762-013-0409-7
https://doi.org/10.1016/j.jclepro.2012.07.028
https://doi.org/10.1108/MD-04-2016-0259
https://doi.org/10.1108/MD-04-2016-0259
https://doi.org/10.1108/LHS-09-2020-0071
https://doi.org/10.1108/01443571211250103
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1016/j.jclepro.2019.01.141
https://doi.org/10.1080/00207543.2018.1447705
https://doi.org/10.1016/j.jclepro.2012.07.010
https://doi.org/10.1016/j.jclepro.2014.04.013
https://doi.org/10.1016/j.jclepro.2020.122870
https://doi.org/10.1016/j.jclepro.2020.122870
https://dx.doi.org/10.2991/ssmi-18.2019.65
https://dx.doi.org/10.2991/ssmi-18.2019.65
https://doi.org/10.1108/IJOPM-04-2013-0182
https://doi.org/10.1080/09537287.2018.1449265
https://doi.org/10.1080/09537287.2018.1449265
https://doi.org/10.1016/j.sbspro.2013.07.182
https://doi.org/10.1016/j.jclepro.2019.02.042
https://doi.org/10.1016/j.jclepro.2019.02.042
https://doi.org/10.1016/j.jclepro.2013.09.042
https://doi.org/10.1016/j.matpr.2015.07.308
https://doi.org/10.1016/j.matpr.2015.07.308


Journal of Management Practices, Humanities and Social Sciences 6(3) 27-40

McGibbon, C., & Van Belle, J. P. (2015). Integrating environmental sustainability issues into the curriculum through problem-based and

project-based learning: A case study at the University of Cape Town. Current Opinion in Environmental Sustainability, 16, 81-88.

https://doi.org/10.1016/j.cosust.2015.07.013.

Muraliraj, J., Zailani, S., Kuppusamy, S., & Santha, C. (2018). Annotated methodological review of lean six sigma. International Journal of

Lean Six Sigma, 9(1), 2-49. https://doi.org/10.1108/IJLSS-04-2017-0028.

Pampanelli, A. B., Found, P., & Bernardes, A. M. (2014). A Lean & Green Model for a production cell. Journal of Cleaner Production, 85,

19–30. https://doi.org/10.1016/j.jclepro.2013.06.014.

Singh, C., Singh, D., & Khamba, J. S. (2021). Understanding the key performance parameters of green lean performance in manufacturing

industries. Materials Today: Proceedings, 46, 111-115. https://doi.org/10.1016/j.matpr.2020.06.328.

Sundar, R., Balaji, A. N., & Satheeshkumar, R. M. (2014). A Review on Lean Manufacturing Implementation Techniques. Procedia Engineer-

ing, 97, 1875–1885. https://doi.org/10.1016/j.proeng.2014.12.341.
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