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Definition
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.

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 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)
sigma

[14].

[12],

lean and green (LG)

[13],

and green lean six

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][17][18]

. However, there is a lack of literature on all three green,

lean, and six sigma strategies as a combined holistic approach
[20]

[19]

. This gap is well highlighted in literature
[19]

[21]

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

[24][25]

. However, there is little

research that addresses the above GLSS constructs as a consolidated approach in reducing environmental
impacts of organizations.
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 two presents a literature review on green, lean, and
six sigma strategies. Section three highlights the systematic literature review methodology used for this
study. Section four represents the descriptive analysis of the selected articles and related ﬁndings. Section
ﬁve entails a critical analysis of the green lean six sigma ﬁndings from literature. Section six highlights the
gaps identiﬁed and future directions. Finally, conclusions and limitations of the study are presented in
section seven.

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. 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

[26][27][28][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

[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
The core objectives of six sigma are to control process variation and defect reduction

[40]

.

[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

[43][44].

Process variation has a negative impact on overall environmental 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

[46][47][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
Environmental Protection Agency (EPA)

[50]

[49]

. However, US

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 . This synergistic relationship between lean and green not only achieves the environmental

beneﬁts but also reduces costs through waste minimization.

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. 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, 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
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.
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. 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). Lean can overcome this
limitation through its waste analysis and management tools.
Garza-Reyes 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. 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. Each strategy in GLSS

approach overcomes limitations of the other strategy to provide value by identifying and removing wastes
resulting in environmental sustainability. 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. On the other
hand, six sigma enhances customer satisfaction by reducing defects (waste) which can result in a highquality product. It generates value in the products and services through stable and reliable processes by
reducing variation. 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". 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.

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].
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