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Six Sigma is one of the operational concepts in project management.
Due to the activity of industrial projects and the production of
wastewater and waste in the environment, the use of a pure-green
combined approach has become necessary. Six Sigma Lean-Green is
associated with obstacles in practice; therefore, the present article
aims to analyze the obstacles to the implementation of this approach
in industrial projects. Accordingly, using the opinions of experts, the
weight related to the classification of obstacles was obtained through
Shannon entropy. Then, using bipolar fuzzy TOPSIS, the rank of
obstacles extracted from the thematic literature was calculated.
According to the calculations, the first three ranks of obstacles are
"lack of knowledge about the philosophies of Six Sigma Green",
"uncertainty of returning from the acceptance of Six Sigma Green" and
"poor quality raw materials". Based on the results of this study, the
managers of this type of projects can take necessary measures for
effective management in order to implement the project with a pure
green approach, in addition to reducing waste in the design and
implementation of wastewater management systems, measures in
line with international conventions and international standards and
national work to protect the environment and social responsibility.
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EXTENDED ABSTRACT

Introduction

Quality management is a philosophy or an approach in management that is defined by
specific principles, methods and techniques, and its focus is on the customer, continuous
improvement and teamwork. Although the basics of quality management have been
gradually completed over the past three decades, the dynamic nature of competition,
changing markets and technologies have continuously challenged the way quality
management works.

Six Sigma is one of the quality management methods that has a project-oriented
approach to improve the organization's products, services, and processes (by
continuously reducing defects in the organization). From a business perspective, Six
Sigma is a powerful strategy that increases the efficiency of business processes and
significantly reduces product defects. From a statistical point of view, it also seeks to
reduce diversity in business processes.

Although Iranian organizations are familiar with the term six sigma in quality
management or sometimes use it in their projects, there are obstacles in the success of this
method in various improvement projects, particularly with a combination of different
trends, this problem becomes more complicated. Therefore, this study aimed to rank and
categorize these obstacles by extracting lean-green six sigma obstacles and using the
bipolar fuzzy set to provide effective measures for management of organizations in Iran.

Methodology

In the present research, 26 Lean-Green Six Sigma barriers were extracted from relevant
articles. Moreover, based on Zhang’s (2001) research, the views and measures of quality
were classified into six categories: employee-oriented, management-oriented, information-
oriented, process-oriented, customer-oriented, and supplier-oriented as which were the
basis for the classification of obstacles in the present study. Then, with the formal approval
of academic experts, the decision matrix was compiled to determine the weight of each
criterion (six categories). Finally, by using bipolar fuzzy relations, bipolar TOPSIS was
calculated to rank each of the extraction obstacles with six categories. Considering that the
research problem in question is an expert-oriented problem, the expert index was used to
select experts. The indicators for selecting experts were project managers with more than
10 years of experience and with a master's degree at least. The designed questionnaire was
sent to 12 experts who were available and analyzed. Figure 1 shows the research
methodology flowchart.
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Figure 1. Research methodology flowchart.

Results and discussion

The green approach is a comprehensive approach to reducing system waste that
minimizes negative environmental effects. For this purpose, tools and methods such as
green supply chain can be used to sensitize human resources about environmentally
friendly methods, reduce adverse environmental effects and make optimal use of
available resources. Even though the lean approach eliminates waste and improves the
performance of the system and the quality of products and services to customers, it is not
able to reduce the harmful effects of the environment. Therefore, there is a need to
integrate the lean approach with such an approach that leads to the reduction of
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environmental impacts. There are many similarities between the methods of lean
approach and green approach based on waste reduction techniques, management
methods and business results. The lean-green approach emphasizes the minimal use of
resources through waste reduction, which reduces negative environmental impacts. As a
result, the lean-green hybrid approach leads to capital savings, better environmental
conditions and social equality in the entire organization.

Based on the study conducted on the extracted indicators, the index of lack of
awareness of philosophies of lean-green six sigma was recognized as the best index,
followed by the indicators of uncertainty of return from adopting lean-green six sigma,
poor quality raw materials and lack of top leadership support for adopting lean-green six
sigma, in the order mentioned.

Figure 2 graphically shows the effect of changes on the weight of criteria on the ranking
of indicators.

Employee-Oriented

Management-Oriented Supplier-Oriented

Information-Oriented Customer-Oriented

Process-Oriented

Lack of knowledge about GLS philosophies ==g==Uncertainty of returns from adopting GLS
==@==Low quality raw materials ==@==Lack of top leadership support for GLS adoption
==@==Lack of belief in environmental benefits ==@==Resistance to change

Figure 2. Orientation of the most important barriers of Lean-Green Six Sigma based on Pareto's law.

Conclusion

Based on the ranking made in the TOPSIS fuzzy bipolar method and according to the
20% Pareto rule, the distribution of the top six obstacles in the six areas of quality
management is shown in Figure 2. According to the analysis, the mostimportant obstacles
identified are related to management issues. The results indicated that soft quality
management is one of the dominant currents in quality management and its actions tend
towards employee-oriented and management-oriented actions. The new weights were
used in TOPSIS fuzzy calculations and the effects of changing weights on index ranking
were analyzed.
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Considering that this article deals with a special type of six sigma with two different
emphasis (lean and green), the results of the present study can be used for organizations,
particularly production and construction organizations. The lean approach in Six Sigma
projects can increase the efficiency of construction projects by reducing waste and
unnecessary costs; in addition, compliance with environmental issues has become a
requirement due to the increase in the level of awareness of general society and the spread
of mass media, and the use of the green approach in industrial projects has become
inevitable. Taking into consideration that industrial actions cause the release of residues
and waste in environment, during the last few years, greater attention has been paid to
wastewater and waste management projects. Based on the results of this research, the
managers of this type of projects take the necessary measures for effective management in
order to implement the project with a lean-green approach in addition to reducing waste in
the design and implementation of waste management systems, measures in line with
national and international conventions and global standards and in order to protect the
environment and social responsibility.
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