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Abstract: Green lean six sigma (GLSS) is an emerging approach towards environmental sustainability
in conjunction with operational achievements. The success of this approach is premised on an
understanding of the different components of a GLSS program; being the determinants for its
outcomes. The aim of this paper is to investigate the various constructs of GLSS that play an essential
role in achieving environmental sustainability. For this purpose, a systematic review of available
literature has been conducted to evaluate the drivers, enablers (tools), and outcomes of a GLSS
strategy as well as its critical success factors and barriers. Findings reveal that these constructs
of GLSS as a holistic approach can facilitate an organization to better accomplish environmental
objectives such as waste minimization, emission reduction, and resource conservation as compared
to constructs of only one or any two of these strategies. Based on the analysis, an integrated GLSS
framework is developed for environmental sustainability in addition to identifying vital research
gaps and future directions.

Keywords: green; lean; six sigma; green lean six sigma; constructs; environmental sustainability;
systematic literature review

1. Introduction

In the past few decades, organizations have implemented various improvement strategies globally
to increase operational performance and achieve customer satisfaction [1]. Nowadays, customer
awareness towards eco-friendly products and services, and worldwide environmental legislations
are forcing organizations to synchronize their environmental goals with operational performance
requirements [2,3].

Organizations operating in different areas such as manufacturing, healthcare, service,
and education are confronting several environmental problems including operational wastes.
Environmental problems are identified as greenhouse gas (GHG) emissions such as carbon dioxide
(CO2), methane (CH4), and nitrous oxide (N2O) [4], generation of volatile organic compounds (VOCs),
and water pollution [4,5]. These GHG emissions are not only generated during the manufacturing
processes within the organization but also in supply chain activities while procuring material through
logistics and transportation [6,7]. Along with these challenges, organizations also experience a global
limitation of resources including energy, water, and raw material [8]. Additionally, sudden disruptions
such as the current economic disturbance with a drastic increase in environmental awareness due
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to COVID-19 have emphasized the need for strategies that help organizations and governments in
economic recovery together with environmental protection and resource conservation. A system is
required that enhances the environmental performance of an organization without compromising the
operational objectives [8].

Green lean six sigma (GLSS) has emerged as an approach towards achieving environmental
objectives combined with operational performance [9]. It consists of tools and practices to achieve
environmental performance by eliminating waste and conserving resources [10]. In the GLSS approach,
green aims to reduce environmental wastes by executing environmental practices, lean decreases
process wastes that helps in lowering environmental wastes, and six sigma contributes in minimizing
defects and controlling process variation that leads to environmental waste reduction [11].

Literature regarding the green, lean, and six sigma strategies towards environmental problems
include studies on linkages between lean and six sigma (LSS) [12], lean and green (LG) [13], and green
lean six sigma [14]. Research also indicates the relationship of six sigma and green tools in gaining
positive environmental effects [15]. There are numerous studies on the environmental performance
achieved by utilizing these strategies separately [16–18]. However, there is a lack of literature on
all three green, lean, and six sigma strategies as a combined holistic approach [19]. This gap is well
highlighted in literature by several researchers such as Kumar et al. [20], Gaikwad and Sunnapwar [19],
and Cherrafi et al. [21]. A combined GLSS approach is perceived as a potential strategy for the
organizations towards environmental sustainability [22] as compared to the individual strategies or any
of the two strategies. For example, lean six sigma lacks the ability of addressing life cycle impacts and
managing environmental programs whereas green strategy can overcome this limitation by utilizing
life cycle analysis (LCA) and environment management system (EMS) tools [11]. Similarly, if six sigma
and green are combined, this approach is unable to highlight the lean process/production wastes that
can have a major contribution on environmental performance [23].

Few studies have identified the theoretical constructs of a GLSS approach such as drivers,
critical success factors (CSFs), tools and techniques, barriers, and outcomes individually [2,22,24,25].
However, there is little research that addresses the above GLSS constructs as a consolidated approach
in reducing environmental impacts of organizations [10,19].

A systematic literature review has been conducted in this paper to investigate the existing studies
on GLSS as an integrated concept. This paper investigates the drivers, enablers (tools), outcomes, CSFs,
and barriers of a GLSS strategy which are the key components for realizing environmental benefits as
well as identifies possible gaps and future research opportunities. The paper theoretically contributes
to bridging the knowledge gap regarding the constructs of a holistic GLSS approach. Additionally,
a holistic framework is developed that includes the GLSS constructs for achieving environmental
sustainability. The research objectives of this paper are summarized as follows:

• To investigate the theoretical constructs (drivers, enablers, CSFs, barriers, and outcomes) of a
holistic GLSS approach.

• To develop an integrated framework combining the above GLSS constructs as a holistic approach.
• To highlight the possible gaps and future research directions of a holistic GLSS approach.

The rest of the paper is structured as follows. Section 2 presents a literature review on green, lean,
and six sigma strategies. Section 3 highlights the systematic literature review methodology used for
this study. Section 4 represents the descriptive analysis of the selected articles and related findings.
Section 5 entails a critical analysis of the green lean six sigma findings from literature. Section 6
highlights the gaps identified and future directions. Finally, conclusions and limitations of the study
are presented in section seven.
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2. A Review of Green, Lean, and Six Sigma Approaches towards Environmental Sustainability

2.1. Green Approach

Green manufacturing as a philosophy determines, measures, evaluates, and controls the
environmental wastes by solving problems associated with the products and processes [9]. The green
concept has gained importance as it facilitates more and more organizations in minimizing their
environmental impacts. A plethora of literature has emphasized the impact of green methods
such as LCA, EMS, design for environment (DFE), energy management system (EnMS), and 3R
(reducing, reusing, and recycling) on environmental performance [18,26–29]. These practices have
positive outcomes in the form of conforming regulatory requirements, meeting customers’ demands of
environmental-friendly products, and achieving environmental certification [30]. The core objective of
green approach is to minimize environmental impacts such as hazardous wastes, air emissions, health
and safety risks to people and environment, and energy and resource conservation. Green wastes
include pollution, unnecessary water consumption, air emissions, excessive energy and material
utilization, eutrophication, and garbage [31]. Green manufacturing comprises various environmental
initiatives in the form of green marketing, green packaging, green purchasing, green innovation, and
green design [32]. The environmental initiatives in the form of EMS, eco-labelling, and environmental
legislation have created a demand for green manufacturing in organizations [30].

2.2. Lean Approach

Lean manufacturing originated from Toyota Production System and gained recognition after the
book entitled The Machine That Changed the World was published [33]. The lean philosophy works on “to
do more with less” and minimizes waste in almost every area of an organization [30] (p. 410). Lean as
a concept is based on the elimination of non-value added activities and can be described as a group of
tools aimed to achieve the objectives of waste minimization and value addition [34]. Organizations
implement lean strategy to create value for customers by minimizing lead time, reducing wastes, and
improving flow of the process [14]. Moreover, value addition in lean manufacturing also includes
providing value in products and services that reflect the environmental requirements from customers
and initiatives taken by the organization [14].

Lean paradigm offers a variety of tools which can be utilized to reduce environmental impacts of
manufacturing organizations [35]. These methods not only help organizations in achieving operational
performance and gaining competitive advantage but also in accomplishing environmental targets [17].
Several studies have recognized the environmental advantages of lean practices by saving resources and
energy [17,36,37]. In this regard, different examples of the lean tools are: total productive maintenance
(TPM), Kaizen, 5S (seiri, seiton, seiso, seiketsu, shitsuke), value stream mapping (VSM), cellular
manufacturing (CM), just-in-time (JIT), single minute exchange of die (SMED), visual management, and
work standardization which have been utilized to enhance the environmental performance [13,17,38].

2.3. Six Sigma Approach

Six sigma methodology was first introduced by Motorola, in 1987, in the manufacturing sector.
The concept is based on the statistical process control (SPC) technique, which is used to reduce defects
up to 3.4 parts per million opportunities and the term sigma is used to describe variation. It provides a
systematic and structured approach of problem solving through the DMAIC process that includes
define (D), measure (M), analyze (A), improve (I), and control (C) phases [39]. Six sigma not only helps
in removing manufacturing defects in the production processes but also brings about improvements
throughout the organization [40]. The core objectives of six sigma are to control process variation and
defect reduction [41,42].

Although reducing environmental waste is not the primary objective of a six sigma approach, it is
capable of achieving environmental performance such as reducing air emissions, energy consumption,
and wastewater [36,43,44]. Process variation has a negative impact on overall environmental
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performance of an organization as deviating from the specifications results in defective products as
well as resource and energy consumption [45]. Thus, the environmental impacts of six sigma are
viewed as a “by-product” [36] (p. 10). By utilizing its tools in reducing defects, six sigma gains the
objectives of resource conservation, air pollution, and waste minimization [36]. Literature also indicates
the environmental benefits of six sigma methodology such as through use of pareto analysis, gage
repeatability and reproducibility (gage R&R), control charts, design of experiment (DOE), histogram,
failure mode effect analysis (FMEA), DMAIC methodology, and supplier-input-process-output-control
(SIPOC) diagram [16,43,46–48].

2.4. Lean-Green Approach

The difference between lean and green wastes is that the first is about non-value added activities
and the second is about unnecessary usage of water, energy, and natural resources [49]. However, US
Environmental Protection Agency (EPA) [50] presented a relationship between lean mudas and
green wastes after an analysis of American firms which showed the simultaneous occurrence of the
environmental wastes along with the lean wastes. Furthermore, the non-value-added activities could
be regarded as a segment of wastage of power and natural resources. For instance, unnecessary
movement of raw materials, work-in-process, and finished products are regarded as wastes from both
lean and green perspective in terms of power consumption, gaseous emissions, and immoderate use
of resources [51]. Based on the mutual objective of waste minimization, lean and green have been
integrated into a joint strategy [14]. This synergistic relationship between lean and green not only
achieves the environmental benefits but also reduces costs through waste minimization [1].

2.5. Lean-Six Sigma Approach

The integration of lean and six sigma is an established concept (i.e., LSS) and well acknowledged
in literature [3]. The major common aspects of lean six sigma are waste minimization, continuous
improvement, and customer satisfaction [52]. Since waste also includes rework and scrap which are
often produced as a result of process variability, thereby, lean and six sigma are also connected [53].
Several organizations are developing a concurrent lean six sigma (LSS) approach, which integrates
lean with six sigma as they contribute to a common objective of waste minimization [54].

2.6. Limitations of Lean, Green, and Six Sigma Approaches

Although, lean application has a positive and strong effect on environmental impact [36], research
studies have emphasized that lean cannot fully remove the root causes of operational and environmental
wastes, as it lacks a systematic and scientific approach in controlling manufacturing processes [55].
Further, lean individually cannot overcome problems of defect detection and reduction in the process to
address environmental concerns [56]. On the other hand, green is incapable of addressing the variability
issues in the process which leads to the environmental wastes [56]. While green manufacturing
includes application of a decision support system and expert system [9], these techniques lack
effective problem-solving approach [57]. Further, green manufacturing has limitations regarding
the strategic concerns of an organization and decision making towards investment opportunities,
for example, how to implement green practices in a manner that achieves the organizational goal
towards environmental sustainability and profitability [58]. Similarly, six sigma alone cannot achieve
the optimal environmental performance since it lacks the ability of addressing lean wastes in an
organization and life cycle impact assessment related to products [59].

2.7. Limitations of Lean-Green, Lean-Six Sigma, and Green-Six Sigma Approaches

Due to the inherent limitations of the lean, green, and six sigma strategies, combinations of
these strategies such as lean-green, lean-six sigma, and green-six sigma also experience limitations.
For example, in the case of lean-green, although lean and green have the ability to identify wastes for
environmental impacts, they usually do not present a structured problem-solving approach to waste
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reduction [60] nor are they able to control process variation [43]. Despite lean and green being closely
related, they do not address root causes of a problem which is critical from a waste minimization
aspect [9]. Therefore, studies have focused on combining six sigma with lean and green to resolve
the above limitations of these strategies and enhance environmental sustainability [11,43]. Although,
lean six sigma can enhance the environmental performance indirectly, environmental waste reduction
is not the primary objective of LSS. This combination also lacks the ability of addressing life cycle
impacts and deploying environmental improvement programs whereas green strategy can overcome
this limitation by utilizing tools such as LCA, EMS, and DOE [11,59]. Similarly, if six sigma and
green are combined then this combination may not be able to highlight lean wastes that have an
indirect impact on environmental performance (as lean process/production wastes have a contribution
on environmental wastes [23]). Lean can overcome this limitation through its waste analysis and
management tools.

Garza-Reyes [9] has explained the relationship between green, lean, and six sigma by highlighting
lean’s role as an intermediate strategy for connecting green and six sigma. These three approaches are
interrelated, adaptable, share common features, and overcome limitations of each other [11]. Due to
these characteristics, green, lean, and six sigma strategies as a unified approach can address the aims of
waste minimization, resource savings, and environmental impacts.

2.8. Green Lean Six Sigma Approach

The relationship among these three strategies can be better understood by their inherent
characteristics of customer satisfaction achieved through waste reduction and value addition [9,19].
Each strategy in GLSS approach overcomes limitations of the other strategy to provide value by
identifying and removing wastes resulting in environmental sustainability [19]. Waste has a different
meaning within the green, lean, and six sigma strategies. In green manufacturing, waste is defined
as environmental wastes and the green practices aim to remove these in order to fulfil customers’
requirements of an environmentally safe product. Green strategy also includes the concept of green
value addition (GVA) which adds value for the organization, stakeholders, and eventually for the
environment [61]. Lean refers to the elimination of non-value added activities to satisfy customers
and attempts to minimize various lean wastes [9]. On the other hand, six sigma enhances customer
satisfaction by reducing defects (waste) which can result in a high-quality product. It generates
value in the products and services through stable and reliable processes by reducing variation [32].
Although waste has different meanings in these strategies, the effect of waste is similar from “resource
consumption” point of view, which is the ultimate impact of all these three strategies. In terms of
environmental impacts of these strategies, green manufacturing clearly focuses on the environmental
performance and resource conservation as one of its main dimensions [62]. Lean also saves resources
by reducing waste, thus is recognized as an “environmental friendly method” [36] (p. 10). Similarly, six
sigma signifies defect as material waste, space occupied, safety issue, and energy consumed [63]. The
relationship between these three strategies is evident from Figure 1.
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Figure 1. Objectives of green, lean, and six sigma and common aspects of GLSS, adapted from Snee [64],
Dues et al. [65], and Kaswan and Rathi [22].

From the above discussion, the environmental performance can be improved if the green, lean,
and six sigma strategies are combined to support each other as each of these has limitations. Although
the practices associated with the green, lean, and six sigma strategies have positive environmental
impacts, their combined effect is more significant as compared to individual practices [66].

3. Research Methodology

This paper uses a systematic literature review (SLR) methodology to conduct a comprehensive
review of literature in a scientific and unambiguous manner in evaluating GLSS concept as an
integrated approach [67]. SLR produces methodologically stringent research results as compared to ad
hoc literature review with the aim of facilitating the evidence-based guidelines for researchers [68].
This paper uses the SLR methodology suggested by Tranfield et al. [67] which includes planning,
conducting, and reporting the review as the key stages.

Planning stage: This stage specifies the need for this review and develops a literature review
protocol as follows. This paper reviews the green lean six sigma as a consolidated approach towards
environmental sustainability since there is a lack of research in this domain to holistically evaluate the
green lean six sigma as one approach. The review protocol is given in Table 1.

Table 1. Review protocol.

Unit of analysis Journal articles in green lean six sigma

Type of analysis Qualitative

Time period 1990–2020

Search fields Title, abstract, keywords

Databases Emerald, Science Direct, Scopus, and Web of Science

Total number of articles used in this study 58

Conducting review: This stage includes collecting the studies and their analysis by extracting
data. This literature review includes the journal articles from popular databases Emerald, Web of
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Science, Scopus, and Science Direct so that no relevant research is left from this study’s point of view.
Further, these databases provide a reference source of peer-reviewed literature. Only peer-reviewed
journal articles have been selected to ensure the quality of the publications. The time period for
selection is taken from 1990 to 2020. The year 1990 has been selected since the term “green” was first
initiated in this year [69]. Further, the debate regarding lean and green relationship and their impact
on environmental performance also started from this year [19,70].

Table 2 represents keywords along with their respective notations. The keywords have been
selected by a comprehensive review of available literature. A snowball approach has been applied in
the search criteria of keywords [71] to further explore terms related to “green”, “lean”, and “six sigma”.
For example, “green” has been replaced with “environmental”, “environmentally”, “eco-sustainability”,
and “eco-efficiency”. Similarly, “lean” has been replaced with “lean manufacturing”, and “lean six
sigma” and six sigma has been replaced with “lean six sigma”. Articles have been searched from the
above electronic databases by incorporating keywords in the following expressions 1, 2, 3, and 4.

X = [L, LM, LSS]

where, X [1] = L, X [2] = LM, X [3] = LSS

XT = X [1] || X [2] || X [3] (1)

where, T = Total, || = OR
Y = [G, E, EY, EC, ES]

where, Y [1] = G, Y [2] = E,...., Y [5] = ES

YT = Y [1] || Y [2] || Y [3] || Y [4] || Y [5] (2)

ZT = SS (3)

XT & YT & ZT (4)

where, & = AND

Table 2. Keywords and notations.

Keywords Notations

Lean L

Lean manufacturing LM

Lean six sigma LSS

Six sigma SS

Green G

Environmental E

Environmentally EY

Eco-efficiency EC

Eco-sustainability ES

Other keywords such as “sustainable lean six sigma”, “sustainable”, “sustainability”, “sustainable
lean”, “sustainable green lean six sigma”, “sustainable six sigma” have been excluded as these
sustainability-based phrases also include the social and economic dimensions, which are not a focus
of this study. This approach is also consistent with Garza-Reyes [9] who conducted an SLR on lean
and green by excluding the sustainability phrases. Furthermore, lean six sigma with environmental
insights is regarded as green LSS [20], however, LSS in consideration of all three dimensions of triple
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bottom line (economic, societal, and environmental) is regarded as sustainable LSS [44]. The selection
criteria also included English language for all the papers. This research criteria resulted into 179 journal
articles including review articles.

To remove the duplicate papers, Endnote software has been utilized which resulted in the exclusion
of 89 articles. After filtering the documents and applying the inclusion criteria, the abstracts of the
papers were analyzed to align with the research topic, which led to elimination of 21 papers. Further,
the full-text availability of the papers was considered resulting in exclusion of another seven papers.
In the last stage, content of the articles was examined thoroughly according to the relevancy of the
topic. This resulted into exclusion of further four articles out of which three articles having the
keywords “environmental or environment” that referred to the organizational working environment,
were eliminated. The last one was also excluded as this was out of the study’s scope. The following
Figure 2 has been developed by using the methodology of reporting systematic reviews—PRISMA
(preferred reporting items for systematic reviews and meta-analysis)—and represents the filtration of
articles [72].
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Figure 2. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flowchart.

The final sample comprised 58 articles, after comprehensive and careful consideration, that were
highly relevant to the scope of the study. Although 10 percent of the usable articles are required for a
precise analysis [36,73], we have considered all 58 articles since only a limited number of articles are
available in this field. These articles have been analyzed in depth using Microsoft Excel. Each article
has been categorized and organized by concepts. Data such as journal type, year of publication,
authors, industry, country, research methodology, drivers, enablers, critical success factors, barriers,
and outcomes have been extracted through a comprehensive reading of the full text of articles and
complied into an all-inclusive Excel database for further analysis. The final sample of the articles are
critically examined to gain an understanding of the GLSS approach for environmental sustainability
in organizations.
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4. Descriptive Analysis

This section includes the descriptive analysis of 58 articles selected for a comprehensive literature
review. Several tables and graphs on the categorization of GLSS literature have been presented which
include the classification of the articles by year of publication, journal type, research methodology,
industry, and country.

4.1. Articles Classification by Year of Publication

The number of articles published on GLSS by year can be seen in Figure 3. Although the start of
the time period for this study is 1990, the articles on GLSS appeared by 2011. Moreover, there were
only few articles published until 2015 and no article in 2013. After 2015, there was an increase in the
number of articles and the maximum number of articles (12) were published in 2019. This increasing
trend in GLSS research can be attributed to the growing interest of researchers and practitioners in this
area and the rising concerns of organizations towards environmental sustainability.
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4.2. Articles Classification by Journal

The number of articles (in GLSS domain) published in the peer-reviewed journals can be observed
from Figure 4. The chart clearly indicates that the maximum number of articles were published
in the International Journal of Lean Six Sigma with 13 articles which is 22.41% of the total published
articles, followed by Journal of Cleaner Production with five articles (8.62%). Production Planning and
Control and Total Quality Management & Business Excellence contributed with four articles (6.89%) each.
Additionally, The TQM Journal, Sustainability, and International Journal of Productivity and Performance
Management also contributed with two articles (3.44%) each. The “Others” category in Figure 4
represents journals with single article publication.

4.3. Articles Classification by Country

With the increasing ecological awareness, both developed and developing countries are focusing
towards the environmental performance in their organizational operations. Figure 5 shows a pie chart
distribution of articles by country. It shows interesting results in this regard as most of the articles were
published by a developing country, India, with total 18 articles (31.03%), followed by the UK with nine
articles (15.52%). Further, there were seven articles (12.07%) published by the USA and Brazil each,
followed by Norway (5.17%) and Morocco (3.45%). In the chart, 12 articles appear under “Others”
category which are single publications from several countries.
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Although, both developed and developing countries are trying to achieve environmental targets,
GLSS considerations are more critical in developing countries due to their serious environmental
impacts, waste management difficulties, and resource depletion issues [8]. Research on environmental
aspects in developing countries is gaining popularity due to a number of reasons such as (a) the
majority of the world population resides in these countries and (b) these countries are growing rapidly
as compared to the developed countries [74]. According to an estimate, 90% of the world population
will be residing in developing countries by 2050 [8].

Manufacturing companies consider developing countries as flourishing and cost-effective markets
for expanding their facilities and trading their products. Leading manufacturing organizations
are investing in these countries because of the high market growth potential (average annual
growth rate approximately 7%) [74]. Although there is potential for both international and national
manufacturing companies to invest in developing countries, this poses a significant challenge in the
form of environmental issues such as resource conservation, global warming, and climate change [74].
Moreover, in developing countries, energy consumption is three times more as compared to developed
countries. Similarly, carbon emissions are four times more and water pollution six times more than
developed countries [75].
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4.4. Articles Classification by Industry

The distribution of the articles by industry sector is shown in Figure 6. It is clear that manufacturing
is the prominent industrial sector (with nine articles) with most GLSS research. Then automotive
industry along with healthcare have contributed with four articles each, followed by construction with
three articles. Both aluminum and manufacturing and service industries have also contributed with
two papers each. All other industrial sectors have single publications. The above classification of
different industrial sectors is consistent with Parmar and Desai [3] in which automobile, construction,
pharmaceutical, and petroleum industries were considered separate from manufacturing.Sustainability 2020, 12, x FOR PEER REVIEW 11 of 30 
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4.5. Articles Classification by Research Methodology

The articles classification by research methodology is given in Figure 7. Various approaches have
been utilized in GLSS research such as case study, survey, action research, modelling and simulation.
There are articles that have utilized more than one method such as SLR and survey, survey and
interview, survey and case study, and case study and simulation. The research articles that do not fit in
the above categorization are kept under the “Others” category including literature review articles.
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The results of the analysis also highlight that the empirical data has been generated from 39
research studies including case study, survey, action research, and mixed-method approaches. It is
evident that case study has been the most frequently utilized research methodology followed by
survey and SLR. Case studies provide detailed information by utilizing several methods for data
collection such as direct observations, interviews, audio visual, documents, participant observation,
and organization’s records [76,77]. Although interviews provide the most comprehensive information
from case study respondents on a specific matter [78], the review of literature reveals only a few studies
have utilized interviews as a data collection method [14,79,80]. The interviews with the experts and
academics can provide an in-depth understanding of GLSS strategy which is lacking in literature.
Furthermore, mathematical modelling and simulation is also essential as a robust methodological
approach. On the other hand, SLR on this subject has also been utilized as a methodology by
including green, lean, and six sigma strategies in green-lean, lean six sigma, and green-lean-six sigma
combinations [3,19,81,82]. Such an SLR could be deemed as a superset of previous literature work,
however, this research study is significant with its distinct characteristic of presenting GLSS as a
combined approach in which this strategic combination has been thoroughly examined. Further,
the theoretical constructs of this combination are deeply investigated resulting in a holistic GLSS
framework for environmental sustainability.

5. Analysis of the Research Findings

5.1. Drivers of Green Lean Six Sigma (GLSS) Approach

Organizations are forced to align their processes according to environmental sustainability
objectives due to the increasing cost of raw material and resource conservation issues [19].
Moreover, achieving financial performance, minimizing cost, and fostering a continuous improvement
culture throughout the organization are key reasons for encouraging organizations to execute LSS
practices [3,83]. Along with quality aspects and process improvement, increasing regulatory
requirements and customers’ environmental concerns have compelled organizations to initiate
green practices [2]. However, findings reveal that there is a lack of research on GLSS drivers as
a combined approach.

One longitudinal study conducted in a food company has identified the key driver as “an
automatic escalation of the landfill tax” in a landfill reduction project [83] (p. 13). A few researchers
have addressed internal and external drivers of GLSS which motivate organizations to make their
operations environmentally sound [19,21]. Cherrafi et al. [21] have emphasized internal driving forces
to initiate GLSS program such as increasing profitability, reducing cost, enhancing employee satisfaction,
improving processes, and strengthening company image. Additionally, the external drivers of GLSS are
highlighted as customer demands, regulatory requirements, shareholders’ concerns, and competitive
environment that motivate organizations to be more environmentally responsible [1,19,21]. Both the
internal and external drivers can be interlinked to motivate the organizations towards integrating
green, lean, and six sigma strategies [21]. An exploratory study conducted by Garza-Reyes et al. [2] in
Chinese manufacturing organizations has determined the drivers as follows:

• Minimizing the barrier of market to enter international market.
• Sizing the environmental market prospects.
• Compliance with the regulatory requirements.
• Improving brand image.
• Meeting the customer requirements of environmental-friendly product.
• Social responsibility.

The major drivers identified in the above study include improving company image, social
responsibility, and satisfying the customer demand for green products.
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The analysis of GLSS drivers from existing studies reviewed above concludes the key
motivators as cost reduction, regulatory requirements, customer and stakeholder’s demands for
environmental-friendly products, company image, and profitability.

5.2. Enablers of GLSS Approach

GLSS enablers are a combination of various tools and techniques of green, lean, and six sigma
that are utilized to enhance the execution of GLSS strategy. These tools are capable of identifying and
removing environmental wastes along with achieving resource conservation objectives [22]. Figure 8
highlights GLSS tools in organizations according to their requirements and characteristics. The most
frequently utilized tools are DMAIC, VSM, SIPOC, LCA, 5S, cause-effect diagram, pareto diagram,
5whys, 3R, EMS, FMEA, process maps, work standardization, and Kaizen. Findings highlight that
these tools are mostly used under DMAIC methodology.
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Six sigma can facilitate green manufacturing by providing root cause analysis (cause-effect
diagram) and data driven project management approaches (e.g., DMAIC and design for six sigma
(DFSS)), which are lacking in the green strategy [9]. In this respect, six sigma can play a vital role in
environmental projects. Further, environmental targets can be achieved if six sigma is integrated with
EMS. This can result in environmental programs, documentation, and accurate planning based on the
six sigma data driven approach [84]. An integrated model comprising EMS and six sigma has been
developed and successfully implemented for lowering COD (chemical oxygen demand) level from 116
to 83 ppm in an effluent treatment plant in India [85]. Quality function deployment (QFD) has also
been utilized as an environmental tool in combination with LCA and recognized as a green quality
function deployment (GQFD) approach [86]. QFD has a limitation that it does not address the life cycle
impact of a product, therefore, merging with LCA is helpful. On the other hand, LCA is also unable to
prioritize the design requirements which are overcome by integrating with QFD [59]. Consequently,
both tools address the gaps of each other.

Findings have revealed that a combination of green, lean, and six sigma tools would bring more
benefits as compared to tools from an individual approach, however, very few articles have integrated
these tools for a combined effect [11,45,87–89].

5.3. Critical Success Factors of GLSS Approach

To strengthen the relationships between green, lean, and six sigma approaches in aiding the
outcomes, it is necessary for organizations to realize the success factors that are vital for the execution
of GLSS program for environmental sustainability [90]. There exist few research studies that have
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identified the success factors of GLSS and investigated the interrelationship between the individual
approaches. For example, Mishra [25] has identified five critical success factors of GLSS which are:
(1) management and employee commitment, (2) organization’s readiness to execute GLSS strategy,
(3) selection and prioritization of GLSS projects, (4) provision of resources and training for GLSS
implementation, and (5) focus on evaluation and results of GLSS program. Kaswan and Rathi [56] have
determined 12 critical success factors and prioritize seven of these (based on experts’ opinions) [90] by
utilizing the best worst method (BWM), which can facilitate organizations in ranking these factors
at the preliminary stage of GLSS program. The study finally concluded with three success factors
as the crucial ones: (a) organization’s willingness for GLSS performance measures, (b) leadership
commitment towards environmental sustainability, and (c) the alignment of GLSS strategy with
business objectives. The critical success factors of GLSS most discussed in literature are listed as “Top
CSFs” in Table 3 according to their frequency of occurrence while the remaining are kept under the
“Other CSFs” category.

Table 3. Critical success factors of GLSS.

Top Critical Success
Factors (CSFs) References Other CSFs References

Management
commitment

Cherrafi et al. [21], Chugani et
al. [36], Kaswan and Rathi [56],
Mishra [25], Powell et al. [44]

Compliance to
regulatory requirements

and ethics relation
Caiado et al. [92]

Training and education Caiado et al. [92], Ruben et al.
[81], Furukawa et al. [93]

Corporate social
responsibility Pandi et al. [94]

Employee involvement Marrucci et al. [89], Caiado et
al. [79]

System approach to
management Pandi et al. [94]

Organizational culture
Erdil, et al. [95], Niñerola,

Ferrer-Rullan and Vidal-Suñé
[82]

Effective jidoka
automation Caiado et al. [92]

Effective measurement
system

Ruben et al. [81], Kaswan and
Rathi [90]

Understanding the
process Ruben et al. [45]

Teamwork Kaswan and Rathi [56], Ruben
et al. [81]

Provision of suitable
solutions Ruben et al. [45]

Financial support Kaswan and Rathi [90], Ruben
et al. [91]

Mindset of implementing
eco-friendly practices Chugani et al. [36]

Motivation Zhu et al. [80], Ruben et al.
[91] Utilization of top talent Ruben et al. [81]

Knowledge management Caiado et al. [92], Ruben et al.
[81]

Organizational learning
through human resource

development
Kaswan and Rathi [56]

Linking GLSS with
business strategy Kaswan and Rathi [56] Integration of GLSS Kaswan and Rathi [56]

Readiness of
organization to

implement GLSS

Kaswan and Rathi [56], Mishra
[25] Integrated KPIs Caiado et al. [92]

Resource availability Mishra [25] Data assimilation Kaswan and Rathi [56]

Awareness among
employees Furukawa et al. [93]

GLSS infrastructure Ruben et al. [81]
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Table 3. Cont.

Top Critical Success
Factors (CSFs) References Other CSFs References

Customer satisfaction Caiado et al. [92], Pandi et al. [94]

Change in attitude and
behavior

Portela, et al. [96], Caiado et al.
[92]

Communication Caiado et al. [92], Powell et al. [44]

Rewards Ruben et al. [81], Ruben et al. [91]

Appropriate project
selection Mishra [25], Ruben et al. [81]

Employee empowerment Caiado et al. [92], Caiado et al.
[79]

Analytical decision
making Shokri and Li [1], Mishra et al. [97]

Use of technology Caiado et al. [79]

Green lean six sigma
metrics Kaswan and Rathi [56]

5.4. Barriers of GLSS Approach

Although, GLSS is capable in addressing the issues of productivity, quality, efficiency, profitability,
environmental sustainability, and competitiveness, execution of this approach is difficult due to
the presence of certain barriers [24]. Findings from literature show that only a few studies have
explored GLSS barriers [20,24,91]. Kumar et al. [20] have identified 21 barriers of GLSS in automobile
industry of India by an extensive literature review and determined the hierarchy of these through ISM
technique. Lack of top management support (comprising management involvement, initiatives taken
by management, and management commitment) followed by lack of funds have been considered as
crucial barriers. Further, lack of human resource management (including lack of training and education,
lack of motivation and encouragement) and lack of continuous improvement (i.e., Kaizen) culture for
both the employees and suppliers act as hurdles in the initiation of GLSS program.

Ruben et al. [91] have identified 20 barriers of LSS with environmental considerations by literature
review. The study concluded that lack of top management commitment, lack of training and education,
and lack of financial resources for environmental programs are key barriers in the implementation of
GLSS approach. Similarly, a study conducted by Sreedharan et al. [6] have identified the following
barriers from literature:

• Fear among manufacturers and suppliers regarding expenses associated with green supply chain
activities (as they might become costly) and customers may not be able to afford it.

• The implementation of GLSS can be affected if employees are reluctant to adopt
environmental practices.

• Lack of customers’ trust on firm’s green activities.
• Lack of supervision for executing green supply practices as a result of inappropriate policies.
• Lack of cooperation between public and private sector and lack of collaboration from

international organizations (e.g., world trade organization (WTO), the European union (EU)) for a
successful implementation.

• Lack of clarity on environmental sustainability which may lead to poor understanding of
this approach.

• Difficulty of relating measures to customer satisfaction and lack of environmental knowledge
in suppliers.

Hussain et al. [24] have determined 24 barriers through literature review. An interpretive structural
modelling (ISM) based model indicating the complex relationship among these barriers has been
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developed where the base barrier is determined as "unstable political environment". The study revealed
that the unstable political environment is the most critical barrier in the GLSS implementation in the
construction sector of Pakistan followed by lack of government support, lack of customer involvement
and awareness of GLSS, lack of leadership support for GLSS adoption, and lack of funds.

To overcome the lack of government support barrier, researchers have recommended various
policies from government such as tax concessions, rewards, and subsidies [24]. Likewise, top
management support could ensure training and brainstorming sessions, and consultation to the
executive and senior management team for developing an understanding of sustainable environmental
benefits [20,91]. Similarly, initiating environmental recognition programs and campaigns could increase
customer and public awareness towards environmentally benign products [24]. The barrier, “lack
of financial resources” could be overcome by generating funds from internal and external sources
(e.g., loans) [20,24].

The review of the existing studies on GLSS barriers has revealed the key barriers as lack of top
management support for environmental initiatives, lack of funds and resources, lack of awareness
on environmental sustainability, lack of human resource management, and lack of infrastructure and
continuous improvement culture for environmental practices.

5.5. Outcomes of GLSS Approach

The literature review also analyzes the environmental outcomes achieved by a GLSS strategy
and are presented in Table 4. The analysis has indicated that energy reduction, waste reduction,
emission reduction, and material and resource conservation are commonly addressed environmental
outcomes of GLSS approach. However, other environmental performance measures such as use
of environmentally safe material, water eutrophication, environmental compliance, waste disposal,
environmental revenues, and water footprint are not frequently addressed due to a lack of research
on environmental performance measures [82]. Further, authors have suggested a careful selection
of environmental performance measures according to the organizations’ and stakeholders’ needs,
external regulations, and organizational characteristics such as type of the organization, size of the
company, industrial sector, and the corporate culture of the organization [79,82].

5.6. GLSS Models and Frameworks

Findings from the analysis of 58 articles suggest that there is an increasing trend in GLSS research
that is justified with the rising concerns in organizations to achieve better environmental performance.
However, there is a lack of GLSS frameworks available in literature including a number of frameworks
that have not been empirically tested from an industrial or real-life perspective [1,6,9,19,81,92]. Table 5
presents all GLSS frameworks available in literature and their context. This table also presents the
limitations of these existing models. A few frameworks are oriented towards specific industries and are
not generic, which could fit into any organizational environment. For example, Banawi and Bilec [11]
have developed a lean green and six sigma framework for the construction industry. Similarly, one
framework has been developed for the service industry [92] and another for the public sector [6].
The impact of digitalization and industry 4.0 on environmental sustainability in relation with GLSS
is also lacking in literature since only one research study has been conducted in this area so far [98].
There are only three models for GLSS barriers and none of these have been validated from an industrial
perspective. Similarly, there are three frameworks for CSFs of which one has been validated in the
manufacturing sector and the others require industrial validation. The review of literature also shows
that only one article has identified the drivers through exploratory study in this field.
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Table 4. Existing GLSS frameworks.

Sr No. Author Description Limitation

1 Banawi and Bilec [11]

Developed a framework for
the construction industry by
integrating green, lean, and

six sigma practices for
improving the process and

reducing environmental
waste.

The framework requires
additional verification as it is
originally developed for the
construction industry and

entails considerable
implementation time.

2 Garza-Reyes [9]

The author highlighted the
need of integrating six sigma

with lean and green to
overcome their limitations.

Validation of the proposed
concept is required in the
industrial sector through

empirical studies and
simulation and there is a

need to develop an
integrated model of green
lean six sigma as a single

approach. Further, the
framework lacks the
implementation of

assessment tools in different
phases.

3 Cherrafi et al. [21]

A framework has been
developed by integrating
green, lean, and six sigma
strategies based on a five
stage and 16 step process
and validated through a
research project in four

companies.

The proposed framework
may not be suitable for

improving processes such as
painting, chemical treatment,

and metal finishing due to
their complex and sensitive

nature.

4 Kumar et al. [20]

A hierarchical model
comprising 21 barriers has

been developed by utilizing
interpretive structural

modelling (ISM) technique
in the green lean six sigma

product development
process for the automotive

industry of India.

The model has been based
on experts’ opinions,

therefore, requires additional
validation in industrial

sectors.

5 Sagnak and Kazancoglu [43]

The authors have proposed
to integrate six sigma with

green lean to overcome their
limitation of lack of

controlling process variation
by utilizing measurement
system analysis and gage
control methodology. The
model has been tested in a

case study of a natural
gas-powered boiler.

The execution of the
framework has not been
presented, and the study

was confined to the pollution
reduction project.

6 Aldairi et al. [104]

The authors have proposed a
framework on knowledge

based lean six sigma
maintenance system for

eco-sustainable buildings.

The model requires
empirical validation in

industrial sectors.

7 Ruben et al. [45]

The authors implemented
the proposed framework in
an automotive plant with the

aim of improving
operational and

environmental performance
and sigma levels by using

various lean six sigma tools.

The proposed framework
has been validated in a

single automotive
component manufacturing

company and requires
additional validation in

other manufacturing
industries.

8 Powell et al. [44]

The authors have
implemented VSM-DMAIC

lean six sigma model in a
dairy industry and achieved

economic and
environmental benefits.

Only one organization in the
dairy sector has been

considered and requires
further investigation in other
food and process industries.
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Table 4. Cont.

Sr No. Author Description Limitation

9 Ruben et al. [81]

The authors have conducted
a literature review and

proposed a GLSS framework
based on DMAIC

methodology

The framework requires
validation through empirical

studies and simulation in
industrial organizations.

10 Ruben et al. [91]

The authors have identified
20 barriers regarding LSS

implementation with
environmental

considerations and
developed an ISM based

model.

The ISM model has been
developed based on experts’

opinions. Additional
validation through industrial
application and case studies

is needed.

11 Caiado et al. [92]

The authors have developed
an integrated GLSS

framework for service
organizations based on SLR.

The framework was
developed for service
industry and requires

practical application and
statistical validation.

12 Mishra [25]

The authors have proposed a
GLSS implementation

framework based on the
critical success factors.

The GLSS implementation
framework has not been

validated through industrial
application. Further, the

relationship between CSFs
need to be explored using

other modelling techniques.

13 Sreedharan et al. [6]

The authors have developed
a GLSS model of the green

supply chain for public
sector. The framework

comprises three stages with
a set of 17 activities.

The proposed framework
has not been tested in

industrial sector and was
developed only for public

sector organizations.
Moreover, the framework
has not addressed the lean

green wastes.

14 Zhu et al. [80]

The authors have developed
a framework of integrating
green and lean for hospital
supply chain based on the

traditional IDEF meta model
comprising input, control,
mechanism, and output.

Additionally, the model has
been validated through three

case studies in different
hospitals.

The framework has been
validated in healthcare

sector but requires
validation in other industrial

sectors. Additionally, the
propositions made in this
study need to be validated

by conducting further
studies and specific factors
need to be identified that
support the propositions.

15 Kaswan and Rathi [56]

The authors have developed
a GLSS enablers model

through interpretive
structure modelling.

The model has been
developed based upon

experts’ opinions, therefore,
requires additional

validation in industrial
sectors.

16 Hussain et al. [24]

The authors have developed
an ISM based model of GLSS

barriers according to the
construction industry of

Pakistan.

The developed model and
identified barriers may not

be appropriate for other
industries as these were
investigated specific to
Pakistan’s construction
sector considering its

industrial and cultural
characteristics.
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Table 4. Cont.

Sr No. Author Description Limitation

17 Sony and Naik [14]

A GLSS implementation
framework has been

developed in which DMAIC
methodology is applied on

five principles of lean
thinking cycle. The

framework was designed to
achieve the five objectives of
environmental performance
and has been implemented

in an open cast mine
industry.

A single case study has been
conducted to validate the
framework and consumed

considerable amount of time.
More studies are required in
different industrial sectors to

generalize the results.

18 Mishra et al. [97]

The authors have developed
a sustainable value stream

mapping framework
through simulation

modelling by ARENA to
evaluate the bonnet

manufacturing process from
lean and green perspectives.

They have compared the
current VSM and future

VSM of the process which
resulted in dramatic

operational and
environmental
improvements.

A limitation of the study was
that a single case study has
been conducted to validate
the model and mainly lean
tools are addressed in the

study.

19 Gaikwad and Sunnapwar
[19]

The authors have conducted
a SLR and presented a
framework for Indian

manufacturing industries.

The framework requires
empirical validation in

industrial sectors.

20 Shokri and Li [1]

The authors have proposed a
hybrid approach of green

LSS projects and developed
a mathematical model to
facilitate decision making

under LSS projects by which
the final outputs can also be

environmentally friendly.
The volume of production
and final price of products

for consumers are
characterized as "mediating
factors" to balance the LSS

projects’ operational outputs
and environmental

performance.

Empirical data and case
studies are needed for

validation by utilizing the
analytical model. Moreover,

the factors such as price,
volume, and energy should

also be considered as
indicators in the "sustain"
stage of the DMAIC cycle.
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Table 5. Environmental outcomes achieved by GLSS approach.

Environmental
Outcomes References Environmental

Outcomes References

Energy reduction

Tasdemir and Gazo [88],
Cherrafi et al. [21],

Fatemi and Franchetti
[99], Kendrick et al.

[100], Mishra et al. [97],
Sagnak and Kazancoglu

[43], Zhu et al. [80]

Reduction in GHG
emission (carbon

monoxide, nitrous oxide)

Sagnak and Kazancoglu
[43], Marrucci et al. [89]

Waste reduction

Cherrafi et al. [21],
Powell et al. [44],

Ratnayake and Chaudry
[101], Tasdemir and

Gazo [88]

Increase in
reusable/recyclable

material

Sagnak and Kazancoglu
[43]

Material and resource
conservation

Cherrafi et al. [21],
Kendrick et al. [100],

Sagnak and Kazancoglu
[43], Zhu et al. [80]

Pollution/air acidification Sagnak and Kazancoglu
[43], Mishra et al. [97]

Carbon footprint Mishra et al. [97] Reduction in disposal
cost Deanna Martin [102]

Increase in recycling Marrucci et al. [89],
Portela et al. [96]

Use of
environmental-friendly

material
Kendrick et al. [100]

Emission reduction

Zhu et al. [80], Kendrick
et al. [100], Sony and

Naik [14], Tasdemir and
Gazo [88], Fatemi and

Franchetti [99]

Landfill reduction Chaplin and Rourke [83]

Reduction in the use of
hazardous chemical Belamkar [103] Incineration Marrucci et al. [89]

Reduction in water
consumption

Sagnak and Kazancoglu
[43], Cherrafi et al. [21]

Additional income from
recycling Chaplin and Rourke [83]

Water eutrophication Mishra et al. [97] Environmental risk
assessment Cherrafi et al. [21]

Water footprint Tasdemir and Gazo [88] Reducing airborne
particulates Chaplin and Rourke [83]

Wastewater reduction Powell et al. [44] Environmental cost
reduction Sony and Naik [14]

Waste disposal Furukawa et al. [87] Increase environmental
revenues Sony and Naik [14]

Defect reduction Powell et al. [44] Environmental
compliance Tasdemir and Gazo [88]

Decrease in
transportation Tasdemir and Gazo [88] Company image Garza-Reyes et al. [2]

Reduction in hazardous
waste Portela et al. [96] Stakeholder satisfaction Garza-Reyes et al. [2]

5.7. An integrated GLSS Framework towards Environmental Sustainability

After examining the limitations of the existing studies, evaluating the strengths associated with
the green, lean, and six sigma strategies, and investigating the drivers, enablers, outcomes, CSFs,
and barriers of GLSS, it can be concluded that a combined GLSS approach is needed for optimal
environmental sustainability benefits. Figure 9 presents a holistic GLSS framework comprising an
integrated GLSS approach at the core in combination with theoretical process constructs including the
key drivers, enablers, CSFs, barriers, and outcomes.
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Figure 9. An integrated GLSS approach towards environmental sustainability.

The integrated GLSS approach facilitates the green, lean, and six sigma strategies in overcoming
the limitations of green-lean, lean-six sigma, and green-six sigma in achieving environmental outcomes.
The proposed framework is an arrangement of the GLSS components that strengthen the connection
and relationship between these three strategies. This framework has been designed after an extensive
literature review and evaluation of existing frameworks [10,19]. It consists of three stages which
lead one to the other. First, the GLSS drivers motivate an organization to undertake environmental
initiatives. In the next stage, the GLSS enablers help an organization to execute plans and activities for
achieving environmental sustainability. The arrows in the central part of the model depict the support
from green, lean, and six sigma (individually) in overcoming the shortcomings of these strategies
in different combinations to emerge as an integrated GLSS strategy. Finally, in the last stage, the
GLSS outcomes are achieved in the form of environmental sustainability by the actions taken utilizing
the GLSS strategy. In addition to this framework, the CSFs play an intermediate role to ensure the
effective implementation of the GLSS enablers. The barriers perform as impeding factors to impact the
environmental performance of the organization and must be overcome by developing policies and
guidelines. The success of this combined approach depends on an assessment of the drivers, enablers
(tools), critical success factors, barriers, and outcomes. These components work together in a holistic
manner to facilitate the organizations in achieving environmental sustainability.

6. Future Directions

Based on the above analysis and careful investigation of selected studies, the following future
research directions are suggested in the GLSS domain.

6.1. Theoretical Constructs of GLSS

This literature review survey has revealed that there is a lack of studies on the drivers, success
factors, enablers, outcomes, and barriers for a holistic GLSS approach towards environmental
performance. More research regarding these aspects will assist organizations in making sound
decisions and understanding the GLSS strategy. Furthermore, it will be beneficial for organizations
to strategically analyze their resources for efficient and effective consumption. Future research must
include evaluating the interrelationship between various drivers, enablers, outcomes, success factors,
and barriers of GLSS using appropriate modelling techniques.

Although GLSS strategy brings numerous environmental benefits, there is a need to explore the
negative impacts of the GLSS practices in different industries. For example, JIT practices are not
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suggested to be helpful in reducing environmental impacts rather it increases air emissions through
frequent replenishments and transportation [105], although have benefits in using less space, energy,
obsolescence, wastage, and material handling. Similarly, more investigation is required about SMED’s
effect on environmental performance since according to a few researchers, there are not significant
environmental outcomes achieved by this tool [37,106]. Therefore, further research in GLSS tools can
provide more insights to organizations in the execution of this strategy. There is a need to conduct more
research on other GLSS tools as well, which have not been studied much but commonly used from
literature such as process capability analysis, DOE, Kanban, Taguchi method, Kano model, 5R (reduce,
reuse, recycle, redesign, remanufacture), DFE, Takt time, and EnMS. Additionally, careful selection
of GLSS tools according to project characteristics is mandatory for the success of GLSS strategy in
achieving positive environmental impacts. GLSS projects comprise a team of environmental experts
and LSS experts [21], however since green, lean, and six sigma emerges as a holistic approach towards
environmental performance, there could be a new breed of GLSS consultants who would be experts in
executing this integrated approach.

6.2. Discrete vs. Process Industry

Manufacturing organizations whether discrete or process have environmental impacts.
Findings also reveal that the majority of research is done in discrete manufacturing opposed to
process industry. Manufacturing organizations in process industry such as petroleum refining,
metal processing, mineral processing, chemical production, plastics, and paper manufacturing have
significant environmental impacts and these sectors are highly energy intensive [107]. In addition
to serious environmental effects, manufacturing firms within the process industry consume large
amounts of energy and resources. The lack of visibility, far reaching errors, and long-time duration of
manufacturing operations are critical challenges in the process industry as compared to discrete [44].
Therefore, there is a need to research on the significance of a GLSS strategy in process industry.
Further, comparative studies between discrete and process industries on GLSS application can increase
the depth of knowledge in this domain. Additionally, there is a need to consider organizational
characteristics such as large enterprises and small to medium enterprises (SMEs) while comparing the
organizations and industries.

6.3. Current Trends under GLSS

GLSS is not only utilized in the manufacturing, automotive, service, and healthcare sectors but
can also achieve environmental benefits in other sectors such as construction [20,24], petroleum [101],
food [83], and packaging [89]. Moreover, production operations and other functions such as product
development [20] and supply chain management [6] are also realizing environmental outcomes.

Technological advancements in green manufacturing play a considerable role in increasing
environmental impact such as in application of renewable energy, recycling, and waste management
systems [108]. Digitalization and sustainability are becoming a major concern for organizations due
to their impact on “production chain” [109] (p. 75). Both digitalization and sustainability inherent
practices such as lean-green integration, remanufacturing and recycling, and design for disassembly.
With the emergence of industry 4.0 infrastructure, IT facilitates organizational operations in new
ways. Various technological developments such as cloud manufacturing, cyber-physical systems
(CPS), 3D printing, artificial intelligence (AI), electric vehicles (EV), big data analytics (BDA), and
augmented reality assist in the development of industry 4.0 solutions [110–113]. For example, BDA
helps organizations in the collection, arrangement, and analysis of large sets of data to observe data
patterns and information for future decision making [113]. Similarly, 3D printing can facilitate suppliers
in minimizing lead times, reducing costs, and increasing the availability of parts [109]. Industry 4.0
has a positive influence on environmental dimension of sustainability by reducing waste, conserving
resources, and predicting energy consumption [113–115]. There should be more research in application
of GLSS in industry 4.0 practices to enhance environmental performance. One example is a recent study
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conducted in an effort to integrate big data analytics with green and lean six sigma [98]. The authors
conducted a survey research in order to determine the impact of BDA on environmental performance
and how LSS and green manufacturing supports this cause. Different constructs of BDA, LSS, green,
and environmental performance were developed, and hypothesis was tested. The study results have
revealed that BDA capabilities have a direct impact on LSS, green, and environmental performance.
The results also highlight an indirect impact of BDA on environmental performance by integrating it
with either LSS or green, or both. Many knowledge-based systems are centered on artificial intelligence,
which aid in strong decision support. These systems are widely used in areas of healthcare, banking,
and engineering to accelerate reliable decision making [104]. Future research in GLSS must also include
deployment of knowledge-based systems in conjunction with the knowledge and skills of LSS and
environmental experts to foster environmental sustainability.

With an increasing demand for improving environmental performance, organizations are becoming
more conscious towards circular economy (CE). The objectives of CE are in reducing wastes and
environmental emissions, conserving resources and materials, and achieving sustainability [32].
Green manufacturing is also regarded as a facilitator of CE along with environmental improvement
and has emerged as a “strategic weapon” for organizations [32] (p. 1282). A good example of
circularity in this perspective is 3R practices to reutilize resources in manufacturing systems [116].
Material criticality issues (such as risks associated with shortage, supply, and price increase of materials)
in a circular economy can also be addressed by lean and six sigma strategies [116]. Lean manufacturing
complements the circular economy objectives as it focuses on the waste minimization and value
creation principles [117]. Further, lean manufacturing not only reduces consumption and wastes
associated with raw material (virgin materials), but also considers the circular economy perspective of
resource conservation. In this respect, it works on the effective utilization of material generated from
waste treatment (recycling, recovery), which becomes the input for next life cycles of products [117].
Additionally, DFSS has been applied in evaluating a product quantitatively by including the recovery
aspects of circular economy [118]. According to the European Commission report on the implementation
of circular economy [119], there is a need of a systematic approach for the execution of circular economy
objectives. The environmental objectives achieved by green, lean, and six sigma strategies in the
form of minimizing environmental impacts and resource conservation can provide a gateway towards
circular economy. However, there is a lack of literature in the role of a holistic GLSS approach in
circular economy models [89]. The application of a GLSS strategy to circular economy can result in
increased environmental performance along with resource conservation by utilizing reusable and
recyclable materials.

7. Conclusions and Limitations

Environmental sustainability has been regarded as one of the strategic priorities for organizations,
which needs to be aligned with the traditional operational performance objectives of cost reduction,
profitability, and customer satisfaction [9,44]. Findings from this study highlight that a holistic GLSS
approach fulfils the necessities of environmental performance together with operational objectives.
The outcomes of this approach fetch more benefits than implementing only one strategy or any two
of the strategies. For example, LSS can achieve environmental performance by reducing process
wastes and defects, however, it lacks in aspects of the life cycle analysis, design for environment
and environmental management programs which are core objectives of the green strategy. Thus, the
benefits of GLSS as a holistic approach over LSS are in addressing the above limitations and achieving
environmental benefits along with operational performance.

This study has helped in investigating the theoretical constructs—drivers, CSFs, enablers, barriers,
and outcomes—for an integrated GLSS approach in achieving environmental sustainability through
a systematic literature review. The exploration of these constructs provides deep insights into the
impact of a GLSS strategy on utilizing resources, adding value, managing wastes, and the resulting
environmental performance. This study has emphasized how a combined GLSS approach can be useful
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in addressing the environmental dimensions of waste minimization, environmental protection, and
resource conservation. An integrated GLSS framework is developed for environmental sustainability
as a result of this study establishing the relationships among these strategies, which has been
largely lacking in literature. The review conducted on 58 articles has also revealed the following:
(a) An increasing trend in the GLSS research, (b) maximum publications in the GLSS domain by
International Journal of Lean Six Sigma, (c) manufacturing as the prominent sector in GLSS research,
and (d) case study as the commonly used research methodology. However, this research is limited
by the use of only journal articles in the review. Further, the economic and societal dimensions of
sustainability are not considered as per scope of this study.

The review has identified future directions and emerging trends in GLSS which are useful for
researchers in this field. Researchers can use the integrated GLSS framework developed in this paper
(Figure 9) for future empirical studies. Findings from this study will also assist practitioners in
organizations in establishing decisions towards implementing a GLSS approach for environmental
benefits. Overall, this study is helpful to both academia and practitioners in understanding the holistic
impact of an integrated GLSS approach towards environmental sustainability.
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