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Abstract

Purpose — The key objectives of this study were to investigate the interactions among the lean,
green management practices and organizational sustainable performance measures and explore the possibility
of simultaneous implementation of these concepts for improving the organizational sustainable performance.
Design/methodology/approach — Using the interpretive structural modeling (ISM) technique, the
interactions among the lean, green practices and organizational sustainable performance measures were
established. A focus group which consisted of purposively selected 15 experts was utilized in the primary data
collection.

Findings — In Sri Lankan context, water and material consumption reduction, energy efficiency, water
pollution and greenhouse gas reduction were identified as the dominant green practices, while pull production,
lot size reduction, continuous improvement, preventive maintenance, employee involvement and cycle time
reduction were the dominant lean practices. Inventory level, profitability, quality, cost, employee satisfaction,
customer satisfaction, lead time, resources consumption (material, water, energy) and waste generation were
determined as the dominant sustainable performance measures. The resulting ISM-based structural model
which consisted of eight levels concluded that firstly lean practices influence the green practices and afterward
green practices affect the sustainable performance measures.

Research limitations/implications — The aim of this study was to develop a hypothetical structural model
to explain the interactions among the lean, green management practices and organizational sustainable
performance measures. But this hypothetical model was not empirically tested in the current study. So further
study is required to empirically test the proposed model.

Practical implications — Currently organizations who practice for sustainable performance engages, lean
and green practices separately without understanding on which practices are stared when and how. So,
through the findings of this study, organization who desire to improve the sustainable performance are
recommended to begin the journey with lean practices and subsequently move in to green and handle both lean
and green initiatives through one functional unit.

Originality/value — The existing literature does not possess a model for explaining the lean—green synergy
and organizational sustainable performance and this study successfully fills this gap. Also the study proposes
for the practitioners, when and how the lean and green practices should be initiated and implemented for rising
the sustainable performance of an organization.

Keywords Lean management, Green management, Sustainable performance measures, Interpretive
structural modeling, Sustainability, Management
Paper type Research paper

1. Introduction
At the end of 20th century, getting a start from the report “Our Common Future” (Brundtland,
1987) the sustainability thinking and sustainable development was started to integrate in to
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the organizational strategy (Enquist ef al, 2007). The sustainable development refers to the
“development that meets the needs of the present without compromising the ability of future
generations to meet their own needs” (Brundtland, 1987) and organizational sustainable
performance is the key path of the sustainable development in a country, region or whole the
world. As a consequence, sustainability measures were initiated to incorporate in the
organizational performance evaluation models. With this startup organizations which
perceive the organizational performance in a financial facet accepted the sustainable
performance which combine the economic, social and environmental (triple) bottom lines
(Elkington, 1998) as their performance target (Sebhatu, 2008).

In achieving the corporate sustainable performance, organizations are applying different
kind of efforts today. Lean and green are several cutting-edge paradigms which are often
applied in ensuring the organizational sustainable performance by the corporate sector
(Azevedo et al, 2016). The concept, lean signifies a system which utilize less inputs to create
the same output as those created by a traditional mass production system while contributing
increased varieties for the end customer and it aims to reduce or eliminate non—value-added
activities throughout a product value stream (Womack and Jones, 1994). Meanwhile the
concept green management limits or reduces the potential negative impacts of the production
and consumption of goods and services on the natural environment, while improving the
company’s environmental footprint (Galeazzo et al, 2014; Verrier et al, 2014). As emphasized
by the scholars, there are some synergies among these concepts (Wu et al., 2015). But most of
the organizations have forgotten about these synergies and these concepts are implemented
separately by different units and departments. Then the consequence is overlapping efforts
and extra expenses (Weise et al, 2015) which increase the distance to the destination
sustainable performance.

As a solution for these inefficiencies, scholars have started to research on the possibility
for synergetic or simultaneous implementation of these philosophies and its impact on the
organizational performance. In this research context, the existing research efforts can be
grouped around the following key research areas such as lean and green synergies ( Hallam
and Contreras, 2016; Bergmiller and McCright, 2009; Cabral et al., 2012; Diies et al., 2013;
Galeazzo et al., 2014), lean—green synergy and organizational performance (Farias et al., 2019;
Thanki et al, 2016), lean—green synergy and sustainable performance (Khalili e al, 2016),
lean and sustainable manufacturing on performance (Hartini and Ciptomulyono, 2015), lean
manufacturing and sustainable performance (Henao et al, 2019), lean—green-social
management and sustainable performance (Wu ef al, 2015), integration of lean, green and
best practice business principles (Weise et al, 2015), synergies among lean—green-agile —
resilient practices(Azevedo et al., 2016) and lean management, supply chain management
and sustainability (Jurado ef al, 2014).

In the case of lean—green synergy and sustainable performance, most of the previous
studies have focused the supply chain perspective and individual organizational
perspective has been neglected (Garza-Reyes, 2015; Govindan ef al,, 2015). Then, Khalili
et al. (2016), who researched on lean—green synergy and organizational sustainable
performance has proposed a model to explain the interaction among lean, green and
organizational sustainable performance measures in the manufacturing-oriented
organizations. In this model lean approach has been explained through 4 Ps: problem-
solving, process, philosophy and people. Then green approach has been explained through
ISO 14001 Environmental Management System Standards. This model has been developed
theoretically and not been empirically tested. Further, this paper has been addressed the
interaction of the lean—green management and organizational performance in the
manufacturing sector only. So, it denotes that existing studies are not enough to
comprehensively understand the interactions of lean and green management practices and
organizational sustainable performance.



So also, in the Sri Lankan context, no research was found which addressed this research
area. But most of industrial organizations in Sri Lanka are implementing both concepts
separately and they are ignorant on the possibility of synergetic implementation of lean and
green concepts. Further they are uninformed on the interactions among lean—green and
organizational sustainable performance measures. There for, the main aim of this study was
to investigate the interactions of the lean management, green management and sustainable
performance measures and explore the possibility of simultaneous implementation of these
concepts for improving the organizational sustainable performance in Sri Lanka. In achieving
these research objectives, the study does not limit for a particular industry or sector and it is a
holistic study which covers all the industrial categories. Further, the research aimed to
explain the interactions of the lean—green practices and the organizational sustainable
performance measures through a hypothetical structural model because existing literature
does not possess such a model for explain the lean—green synergy and organizational
sustainable performance. So, it establishes the empirical gap of the study. Here the researcher
expects to develop the structural model base on the interpretive structural modeling
approach, proposed by the Warfield (1974).

2. Literature review

2.1 Existing studies on “strategy integration for sustainable performance”

As a strategy for achieving the sustainable performance, nowadays organizations are
focusing the strategy integration. Under this integration, lean—green integration, lean, green
and social management integration, lean, green, agile and resilience practices integration are
prominent among the current scholars. Table 1 demonstrate the research areas which were
done under the strategy integration.

In the context of strategy integration for sustainable performance, the researcher
identified the existing research gap in the research area of “lean—green synergy and
sustainable performance” or integration of lean and green strategies (paradigms) to achieve
the sustainable performance. Here, the identified research gap is, unavailability of a
comprehensive model to explain the interaction among lean—green paradigms (strategies/
practices) and the organizational sustainable performance.

2.2 Organizational sustainable performance

The term organizational performance is defined as “a measure of organizational efforts to
determine, implement and adapt organizational strategies successfully” (David, 2011).
Historically, the concept of organizational performance is too often approximated to the
financial performance. In consequence, the organizational performance was often measured
with the financial preferable indicators such as return on investments, sales, profit per share
(Morin, 1995).

Then, gradually organizations’ focus tuned toward the sustainable business performance
beyond the financial performance (Lee and Saen, 2011). The sustainable performance of a
company is judged according to its economic, environmental and social performance (Lee and
Saen, 2011). Global Reporting Initiative (GRI), Composite Sustainable Development Index and
Sustainability BSC (SBSC) are several existing sustainable performance measures.

The GRI offers a voluntary reporting frame-work that comprises goals and
operationalized indicators with regard to environmental, economic and social performance
(Global Reporting Initiative, 2017). Here the environmental dimension of sustainability
concerns the organization’s impact on living and nonliving natural systems, including land,
air, water and ecosystems. The social dimension of sustainability concerns the impacts, the
organization has on the social systems within which it operates. The social category includes
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Table 1.
Research areas and
authors in strategy
integration

The research area Author

Lean—green synergy (synergies between lean and green Hallam and Contreras (2016);

management): These authors have discussed the synergies and Bergmiller and

differences between the lean and green paradigms McCright (2009); Cabral et al. (2012);
Diies et al. (2013); Galeazzo et al. (2014)

Lean—green and organizational performance: These authors have Farias et al (2019); Thanki ef al. (2016)

discussed the impact of lean and green strategies/practices on the

organizational financial performance. They have focused the

individual impact of lean and green practices on the organizational

performance, but not tested the possibility of implementation of lean

and green simultaneously for improving the organizational

performance

Lean—green synergy and sustainable performance: The author has  Khalili ef al (2016)
focused on the relationships of lean, green manufacturing and

sustainable performance. In this model lean approach has been

explained through: problem-solving, process, philosophy and people.

Then green approach has been explained through I1SO 14001

Environmental Management System Standards. This model has been

developed theoretically concerning only the manufacturing sector

and not been empirically tested

Lean — green- social management and sustainable performance: The ~ Wu et al (2015)
impact of integrated practices of lean, green, and social management

systems on firm sustainability performance has been observed,

getting evidence from Chinese Fashion Auto-Parts Suppliers

The integration of lean, green and best practice business principles:  Weise et al. (2015)
The integration possibility of lean, green and best practice business

principles has been studied in this paper

Lean—green-agile-resilient practices — LARG index: This is an Azevedo et al. (2016)
attempt to develop a benchmarking tool for improving the leanness,

agility, resilience and greenness of the automotive supply chain

the subcategories: labor practices and decent work, human rights, society and product
responsibility (Global Reporting Initiative, 2017). The economic dimension of sustainability
concerns the organization’s impacts on the economic conditions of its stakeholders, and on
economic systems at local, national and global levels (Global Reporting Initiative, 2017).

“GRI is also the case for the Composite Sustainable Development Index (ICSD) which is
composed of the economic sub-index, the environmental sub-index and the social sub-index”
(Krajnc and Glavic, 2005). These subindices are in turn composed of correspondingly
“normalized economic, environmental and social indicators extracted from other frameworks
including GRI” (Krajnc and Glavic, 2005). The Balanced Score Card (BSC) contains four aspects
as financial, customer, internal processes, learning and growth for which performance
indicators ensure alignment between strategies and operations (Kaplan and Norton, 1996). The
BSC is an open system which means that all stakeholder interests can be included if they are
important for the success of a strategy. Therefore, integrating the environmental goals, BSC can
be expanded as the Sustainability BSC (SBSC) (Moller and Schaltegger, 2005). To derive the
SBSC two ways can be followed. The first way is integrating the environmental goals into the
existing four performance perspectives of the BSC. The second way is adding a separate
perspective for the environmental concern (Krajnc and Glavic, 2005).

2.3 Lean paradigm
Lean, originally developed on the shop floors of Japanese car manufacturers, is still
sometimes understood as a synonym for Toyota Production System (TPS). Eiji Toyoda and



Taiichi Ohno at the Toyota Motor Company in Japan pioneered the concept of the “Toyota
Production System” or which is named as the “Lean Production or Lean Manufacturing” in
the American manufacturing system (Bhasin, 2015). Gradually the lean concept which was
originally spread in the manufacturing industries, was begun to spread in the service
industries too.

The basic idea behind the “lean” is eliminating waste which is defined as anything that
does not add value to the end product from the customer’s perspective. For an organization
the waste may be material, inventory, overproduction, unwanted movements of labor,
complexity, energy, space, defects, transportation, setup time, etc. (Womack and Jones, 1994).
Lean philosophy has introduced some tools to eliminate these wastes and ensure the
continues improvement. Those tools includes: 5 S, Value Stream mapping, Kanban,
Standardized work, PDCA Problem-solving, Total Quality Management, Total Productive
Maintenance, Single Minute Exchange of Die(SMED), Five Why, Gemba (The Real Place),
Jidoka (Autonomation), Visual Factory, Just in Time and Kizen (Bhasin, 2015).

The lean concept has built on five key principles as value, value stream, flow, pull and
perfection (Womack and Jones, 1996). Here the first principle value refers to the customer
perceived value and lean thinking start with a conscious attempt to precisely define value
through a dialog with a specific customer, since only they can define what is valuable to them
(Womack and Jones, 1996). The second principle value stream is a series of actions produced
by an organization to create value for the customer. Analyzing the value stream aims to
identify value-adding activities that are necessary for producing and delivering a product or
service to the customer and nonvalue adding activities that prevents the flow of value
through the process (Womack and Jones, 1996). Third lean principle flow refers to an ideal
value stream in which the product or services never stops and move from start to finish
continuously (Womack and Jones, 1996). The objective is to move material and work in
process (WIP) from one value-adding step directly to the next value-adding step, and then to
the customer without waiting, downtime or waste within or between the steps (Womack and
Jones, 1996). The fourth principle, pull means that nothing should be produced upstream until
the downstream customer asks for it. In an ideal “one-by-one flow, the product flows
continually to the customer only after the signal from the requesting customer” (Womack and
Jones, 1996). The objective is thus to produce only what the customer wants just when the
customer wants it (Womack and Jones, 1996). The fifth principle perfection can be realized
through proper implementation of the first four principles. For achieving the perfection, there
is no end to the continuous process improvements (Womack and Jones, 1996).

2.4 Green management

The concept green management which was started to discuss in last few decades is a key
strategy for the sustainable development (Banerjee, 2002). In the broader aspect, green
management involves the integration of the environment in organizational decision-making.
It refers to the “practices that produce environmentally-friendly products and minimize the
impact on the environment through green production, green research and development, and
green marketing” (Peng and Lin, 2008). A business organization that adopt with the green
management principles, policies and practices refers as a green business. A green business
can be derived from two perspectives related to the output in the form of green products
(goods and services) as well as the production process (Loknath and Azeem, 2017). Reduction
of regulatory risk, decreasing the customers’ exposure to unhealthy substances, increasing
the reuse and recycling of materials used in the production process, improving the energy
efficiency, resource productivity, waste reduction, pollution prevention, collecting and
disseminating more information about the firm’s environmental impacts and performance
than the law requires, providing more opportunities for stakeholder input into corporate
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environmental decision-making than the law requires and financing and investing in green
products and business models are the green practices adapts by green businesses to
accomplish the green management (Loknath and Azeem, 2017).

2.5 Green, lean practices and sustainable performance measures
Table 2 summarizes the lean, green management practices and organizational sustainable
performance measures which were identified through surveying existing literature.

3. Methodology

The purpose of this study was to investigate the interactions of the lean, green management
practices and organizational sustainable performance measures and explore the possibility of
simultaneous implementation of these concepts for improving the organizational sustainable
performance and finally to develop a structural model that explain these interactions. In
achieving the research purpose, the study followed the constructivist research philosophy.
“Constructivism or social constructivism (often combined with interpretivism) is such a
perspective, and it is typically seen as an approach to qualitative research” (Creswell, 2014,
p. 37). Thus, the research followed the qualitative research approach with qualitative data
collection methods: unstructured interviews and focus group interviews. Here, in developing
the structural model, the “Interpretive Structural Modeling (ISM) Technique” was followed.

ISM technique was introduced by Warfield in 1973 for studying the multifaceted
socioeconomic systems. “ISM is found to be a well-proven and widely accepted system
modelling approach for analyzing the interrelationships between the variables influencing
a system” (Warfield, 1974). Further the ISM approach is more applicable when the study
requires a “multilevel research design involvement” and the outcome of the research cannot
be predicted based on available research studies (Klein and Kozlowski, 2000 cited in
Govindan et al, 2015). The ISM follows a process which comprises eight stages in
developing the structural model for a particular research problem. Correspondingly, those
stages comprise: identification of elements, establishing a contextual relationship between
elements, developing a structural self-interaction matrix (SSIM) of elements, developing a
reachability matrix from the SSIM, partitioning of a reachability matrix into different levels,
draw a directed graph (DIGRAPH) to remove transitive links, conversion of the resultant
digraph into an ISM and review of the ISM model to check for conceptual inconsistency
(Warfield, 1974). Figure 1 demonstrate the flow of the study which followed the ISM process
explained by the Warfield (1974).

Aligning with the ISM methodology, at start, lean, green management practices and
organizational sustainable performance measures which were widely applied in the Sri
Lankan business organizations were identified through surveying existing literature and
engaging unstructured interviews with 10 industry experts and five academics who possess a
sound knowledge in this particular research area. Here, these experts were selected
purposively, concerning their expertise on lean and green paradigms, because the qualitative
approach propose the nonprobabilistic sampling techniques like purposive sampling
(Creswell, 2014). Then, the focus group interview technique was utilized to determine the
key lean, green management practices and organizational sustainable performance measures
and relationships among the key lean, green management practices and organizational
sustainable performance measures. Because the ISM approach often recommends the focus
group interviews, nominal group technique and brainstorming sessions for identifying the
interactions among the research variables (Warfield, 1974). Here, the focus group consisted of
15 experts (they are separate from previous interviewees) who also represented the industry
and academia and were expertise on green and lean management approaches. These experts



Green practices

Description

Source

Water consumption
reduction

Water pollution
reduction

Energy efficiency
Material efficiency

GHG emission reduction
Lean practices

Pull production/flow

Lot size reduction

Continuous
improvement/Kaizen
Preventive maintenance

Employee involvement

Cycle time reduction

Sustainable performance
measures

Inventory level
Profitability

Waste generation
Quality

Cost

Employee satisfaction

Customer satisfaction
Lead time

Resources consumption

“Efforts for reduction of water consumption in the business
operations”

“Reduction of contamination of water bodies as a result of
business operations”

“Usage of less energy to perform the same operations in the
business organization, through eliminating waste”

“Usage of less material resources to perform the same operations
in the business organization, through eliminating waste”
“Reduction of quantity of greenhouse gasses released to the
atmosphere through the business operations”

Description

“An approach to produce only what the customer wants just
when the customer wants it, thereby the production systems are
flexible enough to accommodate shifting demand immediately”
“Lot size refers to the quantity of an item ordered for delivery on
a specific date or manufactured in a single production run. A
small, lot size causes reduction in inventory level, variability in
the system and ensures smooth production”

“Activities that continuously improve all functions and involve
all employees from the CEO to the assembly line workers”
“Preventive maintenance (or preventative maintenance) is
maintenance that is regularly performed on a piece of equipment
to lessen the likelihood of it failing. It is performed while the
equipment is still working so that it does not break down
unexpectedly”

“A situation where employees participate directly to help an
organization to fulfill its mission and meet its objectives by
applying their ideas, expertise, and efforts towards problem
solving and decision making”

“Cycle time, also called throughput time, is the amount of time
required to produce a product or service. Cycle time reduction is
achieved by reducing the time spent on non-value-added
activities and simplification and streamlining of the process”
Description

“Inventory refers to the items that are kept in stock to process or
resell. Keeping a high level of inventory adds a cost to the
business as inventory handling, holding, obsoleteness, etc.”
“The degree to which a business or activity yields profit or
financial gain”

“Amount of total waste generates through all the processes in a
business”

“It refers to the fitness for use or conformance to the standard”

“It refers the value of money that has been used up to produce
something or deliver a service, and hence is not available for use
anymore”

“Employee satisfaction is the term used to describe whether
employees are happy and fulfilling their desires and needs at
work”

“It refers how products and services supplied by a company meet
or surpass customer expectation”

“The time elapse between order receiving from the customer to
delivering the order to the customer”

“Amount of material, energy and water usage for the operations
in a business organization”

Farias et al
(2019)
Farias et al
(2019)
Farias et al
(2019)
Farias et al
(2019)
Farias et al
(2019)
Source
Farias et al
(2019)

Wuet al
(2015)

Farias et al
(2019)
Kovilage
(2018)

Kovilage
(2018)

Wu et al
(2015)

Source

Farias et al
(2019)

Farias et al
(2019)
Farias et al
(2019)
Farias et al
(2019)
Farias et al
(2019)

Wuetal
(2015)

Wuet al.
(2015)
Kovilage
(2018)
Kovilage
(2018)
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Figure 1.

Flow of the study
based on the ISM
process explained by
Warfield (1974)
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practices and organizational
sustainable performance

Reviewing literature

<

A 4
Prioritizing the factors 1—|_

A 4

Expert opinions

Key lean & green management practices and
organizational sustainable performance measures

l

Establish contextual relationships among lean & green
management practices and organizational sustainable
performance measures

v

Construct a structural Obtain initial Incorporating
self-interaction matrix |—»| reachability —>| transitivity, obtain final
(SSIM) matrix reachability matrix
!
Remove transitivity Develop Partitioning the final
from this diagraph [“—| Diagraph reachability matrix into
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interactions among lean & green management practices and
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also were selected purposively, concerning their expertise. As Figure 1 (flow of the study),
demonstrates, a Structural Self-Interaction Matrix (SSIM) (see Matrix 1 in the results) was used
to document the experts’ opinions on the interactions among the key lean, green management
practices and organizational sustainable performance measures. Afterward, based on the
relationships emphasized in the SSIM, the Initial Reachability Matrix (IRM) was developed.



Then concerning the transitivity of each relationship (e.g. Variable “A” affects to Variable
“B” and variable “B” affects to Variable “C”, so variable “A” affects to Variable “C” also), the
Final Reachability Matrix (FRM) was developed. Then, through the FRM, the driving
power, dependence power and levels (levels in the structural model) of each lean, green
management practices and organizational sustainable performance measures were
determined. Here an algorithm-based process was followed (see Tables 3-10). Afterward,
the final reachability matrix was decomposed to create the structural model, that is, a
directed graph. Subsequently, the transitive links were removed from the directed graph
and ISM-based model of the lean, green management practices and organizational
sustainable performance measures were developed based on the relationships, emphasized
in the SSIM, and levels, determined through the algorithm-based process. Further each lean,
green management practices and organizational sustainable performance measures were
classified as independent, dependent, autonomous and linkage variables with the help of
MICMAC analysis. Matrice d'impacts croises-multiplication appliqie an classment (cross-
impact matrix multiplication applied to classification) is abbreviated as MICMAC. The
purpose of MICMAC analysis is to analyze the drive power and dependence power of
factors. MICMAC principle is based on multiplication properties of matrix.

Further, ensuring the construct validity, internal validity, external validity and reliability
are essential requirements for receiving an enough acceptance for the research findings (Voss
et al, 2002). If the operational measures of the particular construct are only measuring the
particular construct, the construct validity is satisfied. The two subsets of the construct
validity involve convergent validity (multiple items of a construct are corelated) and
discriminant validity (individual items of a construct are unique and only measure the
particular constructs) (Carmines and Zeller, 1979). To ensure the construct validity, the two
paradigms (lean and green) and “sustainable performance” were defined, using multiple
items that explain only the construct and are not explain other constructs . Internal validity
implies that the study really measures what it is intended. Here, internal validity was ensured
through explaining the objectives of this study and simplifying the constructs and items for
respondents. External validity implies that the results are valid in similar settings outside the
studied objects. This study satisfies the external validity also, because the researcher selected
items of each construct as represent both service and manufacturing sectors in Sri Lanka.
Meanwhile, the reliability of this study was ensured through selecting respondents from both
academia and industry.

4. Results

4.1 Lean, green practices and sustainable performance measures

As per the opinions of the experts who participated in the focus group, water (1) and
material (2) consumption reduction, water pollution (3) and GHG reduction (4) and energy
efficiency (5) were determined as the dominant green practices. While, pull production/flow
(6), lot size reduction (7), continuous improvement (8), preventive maintenance (9), employee
involvement (10) and cycle time reduction (11) were decided as the dominant lean practices.
Then as the dominant sustainable performance measures: inventory level (12), profitability
(13), quality (14), cost (15), employee satisfaction (16), customer satisfaction (17), lead time
(18), resources consumption (19) (material, water, energy) and waste generation (20) were
determined.

4.2 Structured Self-Interaction Matrix
The Matrix 1 illustrates the interrelationships among the dominant lean, green practices and
sustainable performance measures which were determined by the experts who participated
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Matrix 1.

Structured Self-
Interaction Matrix of
lean, green practices
and sustainable
performance measures
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in the focus group. Here four symbols, V, A, X and O are used to denote the direction of the
relationship between criterions (¢ and j): V — Criterion i will help to achieve criterion 7, A —
Criterion ¢ will be achieved by criterion j, X — Criterion 7 and j will help to achieve each other
and O —Criterion ¢ and j are unrelated. The following would explain the use of the symbols V,
A, X and O in SSIM (Matrix 1).

Variable 3 (energy efficiency) helps achieve variable 13 (profitability). Thus, the
relationship between variable 3 and 13 is denoted by “V.” Afterward, variable 3 will be
achieved by variable 9 (preventive maintenance). Thus, the relationship between variable 3
and 9 is denoted by “A”. Then variable 11 (cycle time reduction) and variable 16 (employee
satisfaction) will help to achieve each other. Thus, the relationship between variable 11 and 16
is denoted by “X”.

4.3 Initial reachability matrix (IRM)
Matrix 2 demonstrate the IRM which was developed through SSIM. The IRM is derived
through transforming the SSIM into a binary matrix substituting V, A, X, O by 1 and 0 as per
the case.

The rules for the substitution of 1s and Os is as followings.

If the (, j) entry in the SSIM is V, then the (i, j) entry in the reachability matrix becomes 1
and the (7, i) entry becomes 0.

If the (7, 7) entry in the SSIM is A, then the (i, j) entry in the reachability matrix becomes
0 and the (, 7) entry becomes 1.

If the (i, j) entry in the SSIM is X, then the (i, j) entry in the reachability matrix becomes 1
and the (7, 7) entry also becomes 1.

If the (z, j) entry in the SSIM is O, then the (i, j) entry in the reachability matrix becomes
0 and the (, 7) entry also becomes 0.

iy 12 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
1 10 1 11 0 0 0O O O O 1 1 1 1 1 1 1 1 1
2 1111 1 0 0 O OO O 1 1 1 1 1 1 1 1 1
3111 0 1 0 O O O O O 1 1 1 1 1 1 1 1 1
4 0 0 1 1.1 0 0 O O O 0 1 1 1 1 1 1 1 1 1
5 0 0 001 0 0 0 0O 0O 0 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1
g§ 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 0 O 1 0 1 1 1 1 1 1 1 1 1 1
0 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1.1 1 1 1 1 0 O O O O 1 1 1 1 1 1 1 1 1 1
2 0 0 0 0 0 0 0 O O 0 1 1 1 1 1 1 1 1 1 1
3 0 0 0 0000 060 0 0 o0 1 0 O o0 0 O 0 O
4 0 0 0 0 0O OO O O O 0 0 1 1 1 1 1 1 1 1
5 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 O
6 0 0 0 0 0 00O 0 O 0 1 1 1 1 1 1 1 1 1 1
7 0 0 0 00 00 0 00O 0 O 1 0 O O 1T 0 0 O
¥ 0 0 0 01 0 0 0 OO O O 1 0 1 o0 1 1 0 0
9 0 0 001 000 0 0O 0 O 1 0 1 0 1 1 1 1
22 o 0 0 0 1 0 0 0 0 0 0 o0 1 o0 1 0 1 1 0 1
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Matrix 3.
Final Reachability
Matrix

The IRM for the SSIM (Matrix 1) is shown in Matrix 2.

4.4 Final reachability matrix (FRM)

Matrix 3 exhibit the FRM which was derived through IRM. Integrating the transitivity of the
factors in to the IRM, the final reachability matrix is derived. As per the rule of transitivity, ifa
variable A leads to a variable B and if B leads to another variable C, then A leads to C.
Following this rule, the FRM was developed. Then through the FRM the driving power and
dependence of each factor were computed. Driving power means the total number of “1” s in
the corresponding rows and dependence is the total number of “1”s in the corresponding
columns of FRM. Here, the driving power of a particular variable is the total number of
variables (including itself) which it may help to achieve other variables. The dependence is
the total number of variables which may help in achieving it.

4.5 Level partition

Tables 3-10 demonstrate the reachability set, antecedent set, intersection set and level
partition of the 20 factors (lean, green practices and sustainable performance measures)
which are used to develop the ISM model. As the tables demonstrate, these 20 factors situate
in eight levels. Here the reachability and antecedents set of each factor were developed
through the FRM. The process of level partition will help to categorize the equally valued
elements/factors of prospects.

The reachability set consists of the element itself and other elements, which it may
achieve, whereas the antecedent set consists of the element itself and the other elements,
which help in achieving it. The elements which are common in reachability sets and
antecedent sets are assigned at the intersection set. The reachability sets, the intersection sets
and antecedent sets help to pinpoint the level of each element/factor. Within a particular

Driving
iJ 1 2 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20  power
1 11111000O0OO0O01111111111 15
2 1 111100O0O0OO0OT111T1T1T1T1T1T1:1 15
3 1111100000111 1111111 15
4 11111000O0OO0O01111111111 15
5 0o0o00100O0OO0OO0O1111111111 11
6 1111111010111 1111111 18
7 1111111010111 11111171 18
8 1 1111111101111 111117:1 19
9 1111111010111 1111111 18
10 1111111111111 11111171 20
11 1111100O0O0OO0OT17TT1T1T1T1TT1T1T1T1:1 15
12 11111000O0OO0O071111111111 15
13 00 00O0OO0OOOOOOTI1IO0O0OTO0OO0OTO0OTO0OO 01
14 o0o0010O0OO0OO0O011T11111111 11
15 060000O0O0OO0OO0OO0O0O0OO0OOOCTI11111111 08
16 1 111100O0O0OO0OT1111111111 15
17 0 000O0OO0OOOOOOOTI1IO0O0O0OT1TUO0TO0OO 02
18 0o0o000100O0O0O0O0OO0OT111111111 10
19 06000010O0OO0OO0OOOTI1T1T1111111 10
20 060o00010000O0OO0O111111111 10
Dependence 12 12 12 12 17 05 05 02 05 01 14 17 20 18 18 18 19 18 18 18 > =261
Power
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28.2 Factor Reachability set Antecedent set Intersection set Level
b

1 1,2,34,5,11,12 1,2,34,6,7,89,10,11,12 1,2,34,11,12

2 1,2,34,511,12 1,2,3,4,6,7,89,10,11,12 1,234,11,12

3 1,2,34,5,11,12 1,2,34,6,7,89,10,11,12 1,2,34,11,12

4 1,2,34,511,12 1,2,3,4,6,7,89,10,11,12 1,234,11,12

5 11,12 1,2,34,5,6,7,89,10,11,12 511,12 v
136 6 1,2,34,5,6,79,11,12 6,7,89,10 6,79

7 1,2,34,56,79,11,12 6,7,89,10 6,79

8 1,2,34,5,6,7,89,11,12 8,10 8

9 1,2,34,5,6,7,9,11,12 6,7,89,10 6,79

10 1,2,34,5,6,7,89,10,11,12 10 10
Table 6. 11 1,2,34,5,11,12 1,2,34,5,6,7,89,10,11,12 1,2,34,5,11,12 v
Iteration four 12 1,2,34,5,11,12 1,2,34,5,6,7,89,10,11,12 1,2,34,511,12 v

Factor Reachability set Antecedent set Intersection set Level

1 1,2,34 1,2,34,6,7,89,10 1,2,34 14

2 1,2,34 1,2,34,6,7,89,10 1,2,34 Vv

3 1,234 1,2,34,6,7,89,10 1234 %4

4 1,234 1,2,34,6,7,89,10 1,2,34 %4

6 1,2,34,6,79 6,7,89,10 6,79

7 1,2,34,6,7,9 6,7,89,10 6,79

8 1,2,34,6,7,89 8,10 8
Table 7. 9 1,2,34,6,7,9 6,7,89,10 6,79
Iteration five 10 1,2,3,4,6,7,89,10 10 10

Factor Reachability set Antecedent set Intersection set Level

6 6,79 6,7,89,10 6,79 VI

7 6,79 6,7,89,10 6,79 VI

8 6,789 8, 8
Table 8. 9 6,79 6,7,89,10 6,79 VI
Iteration six 10 6,7,8,9,10 10 10

Factor Reachability set Antecedent set Intersection set Level
Table 9. 8 8 8,10 8 VI
Iteration seven 10 8,10 10 10

Factor Reachability set Antecedent set Intersection set Level
Table 10.
Iteration eight 10 10 10 10 VIII




iteration, when all the elements of the intersection set and reachability sets of a particular
factor are rare same, then that factor is assigned a level (i.e. level 1). Then in the next iteration
(i.e. Level 2), the factors which was assigned a level is removed. This process is repeated till
the levels of each factor are found. These levels recognized by this procedure are exploited for
the formation of diagraph.

As iteration tables exhibit, profitability (13) was the level one variable and customer
satisfaction (17) was the level two variable. Meanwhile, quality (14), cost (15), employee
satisfaction (16), lead time (18), resources consumption (19) and waste generation (20) situated
in the level three. Then GHG reduction (5), cycle time reduction (11) and inventory level (12)
received the fourth level and water consumption reduction (1), material consumption
reduction (2), energy efficiency (3) and water pollution reduction (4) received the fifth level.
Further pull production, lot size reduction and preventive maintenance represented the level
six and continuous improvement represented the level seven. Ultimately employee
involvement received the level eight.

4.6 ISM based model of lean, green practices and sustainable performance measures

Figure 2 demonstrates the structural model which was generated through the final
reachability matrix. Here, dependent variables situate in the top of the ISM model, while
independent variables exist in the bottom of it.
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Figure 3.
MICMAC analysis

4.7 MICMAC analysis
MICMAC principle is based on multiplication properties of matrix. This analysis is done to
identify the key factors that drive the system. Here, based on the driving power and
dependence, which is found in the final reachability metrics, a graph is plotted as shown in
the Figure 3, classifying the factors into four clusters as (1) Autonomous, (2) Dependent,
(3) Linkage and (4) Independent factors. Autonomous group has low driving power and low
dependence. They can be eliminated from the system. Dependent group has low driving
power and high dependence. Linkage group has high driving power and high dependence.
They are the most important elements. Any action on this will affect the entire system. Then,
independent group has high driving power and low dependence.

The following would explain the way of plotting each variable under these four categories.

e.g. Variable 15 (cost) has been plotted in the dependence category. In this variable the
dependence power is 18 and independence/driving power is eight (Matrix 3). Thus, the
coordinates of the variable are “18,8”. Further borders of the four sections are derived through
dividing the total number of variables () by two (72/2). Here the number of variables is 20, thus
the border is built in coordinate “10,10” (see Figure 3).

5. Conclusion

The primary objective of the study was to develop a structural model of the green, lean practices

and sustainable performance measures with reference to business organizations in Sri Lanka. For

achieving this research objective, at first the researcher wanted to select the dominant green, lean

practices and sustainable performance measures used by the Sri Lankan business organizations.
Water consumption reduction, material consumption reduction, energy efficiency, water

pollution reduction and GHG reduction were identified as the dominant green practices, while
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pull production, lot size reduction, continuous improvement, preventive maintenance,
employee involvement and cycle time reduction were the dominant lean practices. Then
inventory level, profitability, quality, cost, employee satisfaction, customer satisfaction, lead
time, resources consumption (material, water, energy) and waste generation were determined
as the dominant sustainable performance measures.

Subsequently the researcher determined the interrelationships among these dominant
factors base on the opinions of the experts. Finally, the researcher categorized the lean, green
practices and sustainable performance measures in to four categories of autonomous,
dependent, linkage and independent variables through the MICMAC analysis. Here
profitability, cost, customer satisfaction, lead time, resources consumption (material, water,
energy) and waste generation situates in the dependent category. Meanwhile independent
category represents the pull production/flow, lot size reduction, continuous improvement,
preventive maintenance and employee involvement. Then water consumption reduction,
material consumption reduction, energy efficiency, water pollution reduction, GHG reduction,
cycle time reduction, inventory level, quality and employee satisfaction are in the linkage
category. Based on this categorization it can be concluded that sustainable performance
measures: profitability, cost, customer satisfaction, lead time, resources consumption (material,
water, energy) and waste generation depend on the lean practices: pull production/flow, lot size
reduction, continuous improvement, preventive maintenance and employee involvement.

Further the resulting ISM model (Figure 2) consisted of eight levels. As the ISM
methodology emphasizes, factors that represent the bottom of the model are rich in driving
power and top of the model consist of factors which are rich in dependence power. As Figure 1
demonstrates, lean practices situate in the bottom of the model, while green practices stand in
the middle section of the model and sustainable performance measures exist in the top of the
model. So, through this ISM model it can be clearly concluded that lean practices influence
green practices and green practices affect sustainable performance measures. Further it can
be concluded that green practices play as the moderating factors and lean practices as the
independent factors of the ISM model.

5.1 Implications

The organizations who desire to improve the sustainable performance are suggested to initiate
with lean, and subsequently move in to green. Also, it is suggested to handle both lean and green
practices through one functional unit. Here the initial efforts should concern the lean
improvement and subsequent effort should focus the green improvements. Then organizations
can reduce their overlapping efforts and cost of separately implementation of lean and green.
Further this model will help to practitioners to identify the link between lean, green and
performance measure, in lean and green implementation through the same functional unit.

5.2 Future research directions

The research contributed to the existing knowledge through developing an ISM-based
structural model that explain the interactions among lean paradigm, green paradigm and
sustainable performance measures. The research used expert opinions only, in building this
structural model and it was not tested empirically. Thus, the research opens an opportunity
for future research studies to empirically test this model, through a quantitative study using
the analytical methods like structural equation modeling.
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