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Abstract: Lean principles and sustainability are considered important terms in business. Solar firms
are witnessing great competition to fulfill energy requirements, suffering from a huge amount of waste,
negatively affecting the sustainability dimensions. Thus, the aim of the study is to build a framework
for solar energy firms to achieve sustainability through adopting lean principles, which will help to
fix many problems as waste and costs. The method included reviewing the literature to explore the
founding of the relation between the two terms, and using a questionnaire that was directed to the
responsible people in Turkish solar energy firms. The results of the survey were analyzed to: (1) Find
out what the responsible people think about the two terms lean and sustainability; (2) Measure the
probable relationship between lean principles and sustainability dimensions by applying a linear
regression test; (3) Use the results of point number two to build the framework. The result showed
there was a high level of relative importance about the two terms from the point of view of managers
and experts in solar firms. In addition, the study found a relationship between adopting pull and
flow principles of lean, and achieving economic and social dimensions of sustainability, this finding
is represented in a framework.
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1. Introduction

In recent years, businesses have been under increasing pressure to find a way to man-
age their operations responsibly regarding their environmental and societal impacts. This
has inspired companies and researchers to find ways to implement sustainable processes.
The importance of sustainability caught considerable attention after the report of the United
Nations’ World Commission on Environment and Development in 1987 with the title “Our
common future”, which focused on the relationship between society, resources, and the
environment through a long-term environmental perspective to achieve sustainability [1].
Sustainable Development means “meeting the needs of the present without compromising
the ability of future generations to meet their own needs” [2]. In return, the term “lean”
that Toyota Motor introduced in 1950 continued to evolve in a manner commensurate with
the progress made in the field of operations management, which was represented in two
main stages. The first stage was represented by working to keep the continuous improving
of quality until the beginning of the 1990s, and then continuous working on the quality,
cost, and the delivery side in the late 1990s, reaching to the second stage that has been
concerned with customer value since 2000 due to the increasing interest in sustainability in
that time period, especially with regard to the field of operations management. Scientists
also began to study the compatibility and synergy between the traditional lean and sus-
tainability [3]. The increased interest in sustainability and the increased attention towards
improving the environmental sector has made environmental sustainability a primary goal
in the strategies of organizations, with the necessity to go along with each of the goals of
traditional organizations represented in increasing profitability and efficiency [4], which is
involved under green industrialization that is considered an important way in the path of

Sustainability 2022, 14, 108. https://doi.org/10.3390/su14010108 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14010108
https://doi.org/10.3390/su14010108
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-5542-1430
https://doi.org/10.3390/su14010108
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14010108?type=check_update&version=1


Sustainability 2022, 14, 108 2 of 25

achieving sustainable development in the industrial sector. As a system it does not require
the increased use of natural resources for expansion and growth. Lean holds the same
principle in manufacturing and management operations [1].

In parallel, academics have studied the possible relationships between the adoption of
lean and green production outcomes. The link between lean production and sustainable
development has been called the lean–green manufacturing approach, which combines
lean practices focused on customers’ demand, and green practices focused on reducing
the business’ environmental impact, Nevertheless, lean–green manufacturing is still a new
practice, lacking a clear and structured research definition; lean is “a systematic approach
to process improvement. The method is based on finding and reducing waste coupled with
continuous improvement”; in addition, using lean to produce renewable energy products
will make the costs low, help the investment of capital to be more efficient, provide products
in the shortest possible lead time, and ensure the continued growth of the industry [5].

Some scholars argue that lean firms can achieve environmental performance improve-
ments since lean and green may have elements in common as both are focusing on reducing
waste and increasing the efficiency of production processes [6].

Various countries’ economies are reliant on the energy market, and any improvements
in this field can be seen in economic stability, sustainability, production, education, and
health care, among other things. Since its activities are very distinct from those of other
manufacturers, the energy industry is one of the industries that face a strong challenge in
terms of efficiency and transformation to lean compared with other manufacturing [7], and
solar energy is one of these types of industry. In addition, the problem of high waste in the
industry represents an obstacle in achieving sustainability from both the environmental
and economic dimensions. Despite the role of solar energy in raising the economic return
and helping to achieve the required value for the customer, the increase in growth in this
sector created a new challenge represented by the large amount of waste in it. According to
the joint report of International Renewable Energy Agency (IRENA) and the International
Energy Agency Photovoltaic Power Systems Program (IEA-PVPS) the waste of this sector
will achieve 78 million ton [8]. This huge amount of waste will negatively affect access
to sustainability as it results in a large loss of resources, which is reflected in multiple
negative ways, such as economic loss. Thus, the work to get rid of problems that surround
the solar energy sector will support it and reduce the cost of production and, as a result,
consumers are encouraged to use it, this will help in achieving sustainability goals. One
of the methods is the using of lean, according to its contributions in this field. Despite
the ability of lean operation to solve a wide range of sustainability matters, when defined
correctly, the benefits are not fully explored in many industrial sectors or in a wide range of
cases study [9].

This study will add an important contribution to the solar sector in Turkey. The
country has a good opportunity to investigate in solar energy sector, with sunshine per
day equal to 7.5 h and solar radiation equal to 4.2 kWh/m2 per day. As a result of the
geographical location, the solar energy sector is at the top with wind energy in the energy
market in Turkey and, as a renewable energy resource to achieve Turkey’s goal in 2023,
Turkey is among the largest developing solar markets. By the year 2018, the amount of
installed solar collector area in Turkey was calculated as almost 20,200.000 m2; in addition,
Turkey’s policies supported the solar sector as a result of Turkey’s needs to increase energy
supply security and to meet the growing need for energy because of the increase in the
population and ongoing economic development. That is why Turkey is working to develop
this sector as a part of the goal to achieve 100% renewable energy powered electricity in
2050 [10].

The contribution of the study will be through developing a framework to clear the
relationship between lean principles and sustainability dimensions, making the application
of lean in this sector easier as well as achieving sustainability, which today is one of the
most important goals for many firms around the world, and to obtain the benefits through
fixing the many problems of waste and cost.
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Thus, this study aims to build a framework for solar energy firms to adopt lean
principles to achieve sustainability by studying companies in Turkey. The main pur-
pose of this study is to work to achieve the sustainability of solar firms and measure the
awareness of responsible people in companies of this sector towards lean principles and
sustainability implementation.

This article is organized in six sections: the Section 1 introduces the article’s motivation
and goals, Section 2 presents a summarized literature review, Section 3 describes the
proposed approach, in Section 4 the results are presented, and the discussion is included in
Section 5. Finally, in Section 6 the conclusions are outlined.

2. Literature Review
2.1. Lean and Sustainability: An Overview

The topic of lean became common through a book, “The Machine That Changed the
World,” The lean concept is defined in many ways, because lean is still evolving [11]. Lean
manufacturing is a common means of continuous improvement that has reshaped global
manufacturing processes, practices, and principles.

It revolves around a philosophy of continuous performance improvement through
systematic waste disposal on the manufacturing floor [12]. A review of the literature agreed
that the main principles of lean are (Value, Value Stream, Flow, Pull, and Perfection) [13],
the principles were presented to address the many challenges that arose inside and between
business units as a result of variances in company culture and management thought
process [12]. The basis of the lean management philosophy is that the overall performance
of an enterprise must be directed into a logical and singular system with the main objective
of providing value to clients, and indicating that a lean process alone cannot be the source
of all benefits [11].

In parallel, the concept of sustainability started to be popular after the Brundtland
report in 1987 (WCED, 1987), which was interested in the conflict between humanity’s
desire for a better existence on the one hand and nature’s constraints on the other. Over
time, the notion has come to be reinterpreted as embracing three dimensions: social,
economic, and environmental. There are many definitions for Sustainability, and the
popular one of (WCED) in (1987) is: “economic development that meets the needs of the
present generation without compromising the ability of future generation to meet their
own needs.” [14]. Sustainability aims to create mechanisms that contribute to maximizing
profits while preserving environmental aspects, as well as the need for communities while
preserving the rights and protection of employees [11].

Although many studies have supported the importance of using lean to improve
the flow of operations, there are still many problems in its application. Perhaps the
most important limitations are its weakness in dealing with variance and the lack of
consideration for human aspects, in addition to the operational focus being confined to the
workshop floor [15]. There are also a number of other problems represented by complaints
from trade unions and the increase in the responsibilities of employees in companies
without an appropriate increase in terms of salaries. These problems are the result of a
misunderstanding of the mechanism of the way lean works, and these problems appear
more clearly in small and medium companies [16]. The reason for these problems is not
related to lean as much as to the need to understand how it works. According to [17],
the correct application of lean depends largely on the level of understanding of senior
management in companies of its work mechanisms and the correct way to implement it,
with the need for an understanding between senior management in companies and workers
to work together in order to create an image of the integrated application of it, in addition
to the need for developing long-term employees and leaders.

Many researchers advocate that lean is fundamentally linked to sustainability [18],
because lean supports the following points, which are considered as the main goals of
sustainability, such as reducing cost, emission reduction, creating economic value, improv-
ing the condition of work, as is explained further in Section 2.2.1. In fact, even today, the
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correlation between lean and sustainability is still not conclusive, and, also, the relationship
is not well known between these two terms [19]. Reviewing the literature showed that there
are differences between various sectors about the influences of lean on sustainability. How-
ever, there are many sectors that need to be studied to evaluate the relationship between
the two terms, as the situation in the solar energy sector in Turkey shows. Reviewing the
literature showed that no framework to explain the relationship between lean principles
and sustainability dimensions in the solar sector was found; however, the positive impact of
adopting lean to reduce waste and, as a result, increase the efficiency, was proved through
certain studies.

This shows the probability of finding a relationship between lean principles and
sustainability dimensions and that the effect is not a coincidence. However, even today
there are different opinions about the relationship between lean and sustainability, which
will be explained in the next parts.

2.2. Lean and Sustainability Relationship through Different Studies

The attention on the relationship between lean principles and sustainability develop-
ment led the researchers to study the effect of lean to achieve sustainability and the degree
of the relationships between them. In fact, there are differing viewpoints in the literature
on the relationship between lean and sustainability. This statement can be divided into
the following: (1) Studies support that lean achieves the sustainability agenda, (2) Studies
advocate that lean does not match the main sustainability agenda, (3) Studies claim the
integration between lean and sustainability; these points will be demonstrated in detail in
the following section.

2.2.1. Lean Achieves Sustainability Agenda

In general, the studies support the idea that lean is achieving the sustainability goals,
that is lean is removing waste and optimizing the whole operation. One research study
found that lean promotes sustainability in manufacturing through an energy-saving and
emission-reduction strategy [20], and, according to another piece of research, it is possible
to create environmental benefits alongside economic value, for example, eco-friendly
goods are less expensive to manufacture as lean and green methods are incorporated
into the design and service delivery processes [21]. A study that analyzed sustainability
reporting, found that adopting lean in different companies increases the quality of the
work conditions [19], another study of analysis and synthesis models found in a selected
research, reported that integrating lean–green policies is an effective way to maintain and
expand a greener manufacturing operation [22]. A study about a solar power plant found
that smart lean manufacturing improves the efficiency through the reduction in waste and
non-value added activities [7]. Another study, which examined the interaction between the
principles of lean and sustainability on the AEC industry, showed that by adopting those
principles in terms of optimizing processes and stakeholders’ quality of life, reducing all
forms of wastes, the tracking and self-evaluation for performance growth, and marketing
challenges, lean and sustainability production could have a virtually identical agenda [5].

2.2.2. That Lean Does Not Match the Main Sustainability Agenda

Other researchers have argued that lean does not match the main agenda of sustain-
ability. A study to evaluate the relationships in the Iberian Peninsula adopted the view that
the relationships remain poorly understood and were dispersed by various sustainability
indicators because their results found that the evidence that lean manufacturing is linked
to any of the sustainability foundations was inconclusive [19]. A study using a green–lean
simulation model claimed that implementing lean methods has a negligible impact on the
company’s environmental results [23], while another study reported that lean alone cannot
achieve the sustainability targets or address all of the sustainability matters [24]. This is
because the matters of increasing production in the sector of renewable energy, increasing
the salary remuneration, or increasing the turnover were not identified [19].
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2.2.3. The Integration between Lean and Sustainability

Some researchers have attempted to incorporate sustainability into the lean concept to
maximize its gains; a study about integrating sustainability and lean reported that “Sus-
tainability and leanness are organizational approach concepts for more efficient activities
and increased competitiveness” [25], and, in another study, the authors suggested the use
of lean strategies to improve sustainable manufacturing with an effect on the environment
since the study’s research results showed that integrating the two dimensions enhanced the
system’s performance and led to the growth of a sustainable company [26]. Another study
reported that lean is the first step towards achieving sustainability. They even declared
that environmental sustainability is the next step in the lean philosophy to minimize the
product’s negative impact on the environment and safe resources, and this was what was
happening in the Japanese auto industry; they were beginning to use lean toward currently
hybrid engines and vehicles with recycled components [27].

In conclusion, we can notice that there are various opinions about the relationship
between the two terms, but, at the same time, many researchers support the idea of the
ability to find an interaction and an alignment between lean and sustainability goals. Thus,
to build a framework that aims to adopt the use of lean principles to achieve sustainability
in the solar energy firms in Turkey, there must be a set of steps to follow to make sure that
there is a relationship between the two terms in this sector. These steps will be explained in
the methodology used in the paper.

2.3. Influence of Lean in Sustainability Dimension

This section focuses on the degree to which the use of Lean can improve the results of
sustainability factors. As pointed out in this research, the views differed among researchers
about the impact of the application of lean on sustainability and the relationship between
them. In general, some companies have succeeded in achieving better results and higher
competitiveness through the application of lean principles, while others have not been able
to achieve these results as they have not been able to maintain medium- and long-term
results [28].

The following paragraphs outline some of the most important recent contributions
made by a group of scholars to explain the lean–sustainability area, the main influences
are summarized.

2.3.1. Influence of Adopting Lean in Social Dimension

Despite the importance of the social dimension as one of the main dimensions of sus-
tainability, this dimension has not been sufficiently studied, as referred on the study of [5]
to the need to pay attention to the social dimension as a goal affecting the situation in the
environmental dimension side. The result of reviewing the literature showed that applying
lean appeared to impact some sectors of the social dimension, such as increasing the quality
of work [29,30] and increasing the employee’s engagement in decision making [30].

2.3.2. Influence of Adopting Lean in Environmental Dimension

Many studies supported the view that environmental management is greater in the
firms adopting lean in their progress: adopting lean will help in increasing performance,
as well as helping the decrease in industrial waste [28,31] energy saving, and emission
reduction [20]. Despite that, we notice that no references were found about the effect of
lean on environmental sustainability in renewable energy companies [19].

2.3.3. Influence of Adopting Lean in Economic Dimension

Economic performance, which is assessed by productivity, cost reduction, revenue,
profit, cash flow, and business growth, is one of the pillars of sustainable performance.
Achieving inclusive sustainability through the lean approach enables institutions to em-
phasize reaching economic sustainability [32]. When reviewing the literature, the results
showed that applying lean would help to maximize the profit [33], increase the perfor-
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mances of the process, and decrease the operational cost [34]. However, there are few
references about the effect of lean in the economic dimension and, even for the turnover
impact, no references were discovered [19].

2.4. Hypothesis Development

To achieve the goal of the study we tried to find concrete facts about the effect of each
principle of lean on the three dimensions of sustainability to propose the relationship in
the solar sector. To develop the hypothesis, we need to come first to the definitions of
each factor of lean and sustainability. The lean principles are defined, according to [35],
as the following: Value is the “capability provided to customer at the right time at an
appropriate price, as defined in each case by the customer.” The Value stream is the
“specific activities required to design, order, and provide a specific product, from concept
to launch, order to delivery, and raw materials into the hands of the customer.” Flow is
defined as the “progressive achievement of tasks along the value stream so that a product
proceeds from design to launch, order to delivery and raw materials into the hands of
the customer with no stoppages, scrap or backflows.” The fourth lean principle of Pull is
defined as a “system of cascading production and delivery instructions from downstream
to upstream in which nothing is produced by the upstream supplier until the downstream
customer signals a need.” The fifth principle of lean is Perfection, which is defined as the
“complete elimination of Muda so that all activities along a value stream create value.”
The sustainability dimensions are defined as the following: The social dimension, in fact,
has no agreement to define it [36], but we can summarize the most common ideas of the
social dimension in that it aims to establish justice and equality between the community to
reach an acceptable degree of satisfaction. On the other hand, the environmental dimension
aspects are focused on efficiency, reducing waste and pollution, and using renewable energy,
and is defined as a way that enables organizations to value the influence of their operations
on the environment [37]. The economic dimension is defined as: “In the economic debate,
sustainable development is most often described as the need to maintain a permanent
income for humankind, generated from non-declining capital stocks” [38], and following
on from this:

1. The relation between Value and Sustainability dimensions:

According to the definitions of the value and sustainability dimensions, we notice
that the effect of value in the social dimension is shown with employees being involved in
work decisions, which creates a high level of satisfaction and enhances the service perfor-
mance [39]. Moreover, through increasing quality and efficiency a high level of customer
satisfaction is found, which is reflected in the increasing of the economic return [40], and the
relationship between the value and environmental dimensions is shown in the reduction in
the need for re-working by making quality control a job for every worker [30]. Thus, H1,
H2, and H3 were formulated:

Hypothesis 1 (H1). There is a significant relationship between adopting value on lean and
achieving social indicators on sustainability in solar energy sector.

Hypothesis 2 (H2). There is a significant relationship between adopting value on lean and
achieving economic indicators on sustainability in solar energy sector.

Hypothesis 3 (H3). There is a significant relationship between adopting value on lean and
achieving environmental indicators on sustainability in solar energy sector.

2. The relation between Value stream and Sustainability dimensions:

The effect of the value stream on the social dimension was found by enhancing the
work environment and improving training programs [41]. Additionally, a relationship with
the economic dimension was found through reducing unwanted activities such as reducing
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unnecessary testing in the clinical practice [42]. In addition, the elimination of hidden and
unwanted activities gave a positive effect to the environmental dimension, as shown in the
situation in a case study of (Plymouth Tube) through the decrease in lubrication use by
1400 gallons [30]. Thus H4, H5, and H6 were formulated.

Hypothesis 4 (H4). There is a significant relationship between adopting value stream on lean and
achieving social indicator in sustainability in solar energy sector.

Hypothesis 5 (H5). There is a significant relationship between adopting value stream on lean and
achieving economic indicator in sustainability in solar energy sector.

Hypothesis 6 (H6). There is a significant relationship between adopting value stream on lean and
achieving environmental indicator in sustainability in solar energy sector.

3. The relation between Flow and Sustainability dimensions:

With regards to the effect of flow, a positive effect was found between flow and creating
an awareness among the employees about the plans for the job [13]. In a study to build a
lean and green model for a production cell by adopting the flow principle in the processes,
a positive impact was found to reduce resource use as an environmental aspect and reduce
the total cost, which improved the economic side [33]. As a result H7, H8, and H9 were
formulated

Hypothesis 7 (H7). There is a significant relationship between adopting flow on lean and achieving
social indicator in sustainability in solar energy sector.

Hypothesis 8 (H8). There is a significant relationship between adopting flow on lean and achieving
economic indicator in sustainability in solar energy sector.

Hypothesis 9 (H9). There is a significant relationship between adopting flow on lean and achieving
environmental indicator in sustainability in solar energy sector.

4. Pull and Sustainability dimensions:

The pull approach works through many effects that support the sustainability di-
mension, such as lowering of work-in-process, the elimination of potential waste from
damaged products, and working for lesser floor space utilization. The reduction in waste
is presented as a positive effect to the environmental dimension [30]. The application of
pull alongside value stream principles to reduce waste management gave benefits on the
economic and environment dimensions, according to [43]. The same study proposed that
the work’s in depth results would help companies to identify the accurate impact of their
waste improvement plan and enhance it in different dimensions: social, economic, and
environmental. According to these facts H10, H11, and H12 were formulated.

Hypothesis 10 (H10). There is a significant relationship between adopting pull on lean and
achieving social indicator in sustainability in solar energy sector.

Hypothesis 11 (H11). There is a significant relationship between adopting pull on lean and
achieving economic indicator in sustainability in solar energy sector.

Hypothesis 12 (H12). There is a significant relationship between adopting pull on lean and
achieving environmental indicator in sustainability in solar energy sector.
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5. Perfection and sustainability:

According to the definition of perfection, we can show clearly that this principle means
working towards perfection; in addition, it encourages continuous improvement through
the investment in new opportunities [12]. Adopting this principle is a way to achieve the
sustainability dimensions depending on its effect in supplying the customer’s product.
The principle of perfection also enhances the performance by selecting suitable delivery
techniques and forces all organizational levels to work for continuous improvement [37].
As a result, H13, H14, and H15 were formulated.

Hypothesis 13 (H13). There is a significant relationship between adopting perfection in lean and
achieving social indicator in sustainability in solar energy sector.

Hypothesis 14 (H14). There is a significant relationship between adopting perfection in lean and
achieving economic indicator in sustainability in solar energy sector.

Hypothesis 15 (H15). There is a significant relationship between adopting perfection in lean and
achieving environmental indicator in sustainability in solar energy sector.

3. Materials and Methods

To achieve the aim of the study and to build the framework, a set of steps with a
specific method for every single step is used. Initially, the references were reviewed in order
to determine the factors that should be studied for both terms of the study; the factors that
were adopted are the five factors of lean mentioned before (Value, Value Stream, Flow, Pull,
and Perfection) as independent factors, and another three factors of sustainability (Social,
Economic and Environment) as a dependent factors, which are shown in Table 1.

Table 1. Shows the Factors for Lean and Sustainability.

Rank. Lean Factors Symbol Rank. Sustainability Factors Symbol

1 Value Va. 1 Social Soc.

2 Value Stream V.S 2 Environment Env.

3 Flow Fl.

3 Economic

Eco.

4 Pull Pu.

5 Perfection Pe.

In order to create the questionnaire that was used to conduct this study, the essential
points to be inquired about each factor were identified.

In addition, the questions were presented to a group of experts who have experience
in the subject of the study to develop the questions and find the best formulation for them,
taking into consideration the most important aspects to be focused on, and investigating
through the opinions presented by them to ensure that the questions would be useful for
reaching the goal of the study.

After that, the questionnaire was directed to responsible persons (Managers, Experts)
in the solar energy companies in Turkey to fill out the questionnaire because of their direct
participation in the work process, also, because of their sufficient knowledge and experience
they had about their companies. The questionnaire was directed in two stages: The first
used the answers to test the reliability by using Cronbach’s Alpha test. Values ≥ 0.7 were
accepted by researchers, according to the rule-of-thumb, to determine the strength of
association as a good value [44], as shown in Table 2, and determine which questions
would be adopted in the questionnaire. The second step started by using the final copy of
the questionnaire and using the information that was received as a database for analysis,
using SPSS_v25. The survey contained a total of 44 questions as shown in Appendix A,
these questions included eight questions as descriptive ones about the companies. The
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descriptive questions were divided into two types, five of them as structured questions
with predetermined response options, while the rest of the questions were structured
as open response options. The other 36 questions were about the factors of the two
terms, with 3–5 questions for every single factor of lean and sustainability, questions were
structured with predetermined response options by using five-point Likert scales ranging
from “strongly disagree” to “strongly agree”. The scales of responses are shown in Table 3.

Table 2. Shows the strength of association according to the rule-of-thumb.

Rank. Alpha Coefficient Range Strength of Association

1 <0.6 Poor
2 0.6 to <0.7 Moderate
3 0.7 to <0.8 Good
4 0.8 to <0.9 Very Good
5 0.9 Excellent

Table 3. Shows the Likert Scale.

Rank. The Responses Grade Value

1 Strongly disagree 1
2 Disagree 2
3 Neutral 3
4 Agree 4
5 Strongly Agree 5

The purpose of the survey was to answer the hypotheses formulated through review-
ing the literature. The hypotheses were established to scout the significant relationships
between respondents at (α = 0.05) about adopting lean in the solar energy sector and
achieving sustainability through the five main principles of lean (value, value stream, flow,
pull, and perfection). Each one of these main factors was divided into three hypotheses to
examine the significant relationships between the factors and the sustainability indicators
for the three dimensions of sustainability, separately shown in Section 2.4. The indicators
for the sustainability dimensions were, for example, increase profit as economic indicator
and decrease operational costs as economic dimension; decrease energy consumption or
use renewable energy resources, and decrease industrial waste as the indicators for the
environmental dimensions; develop the work conditions and environment, and increase
the participations of employees in the decision making as a social dimension).

The result of analyzing the responses will lead to accepting or rejecting the hypothesis
according to the (sig.) values, if these are less than (0.05) it means there is a significant
relationship at (α = 0.05) between these factors and there is success on adopting lean to
achieve sustainability in solar energy firms in Turkey The hypotheses can be illustrated
through the following conceptual framework shown in Figure 1.



Sustainability 2022, 14, 108 10 of 25

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 26 
 

 
Figure 1. Shows the conceptual model. 

The hypotheses were examined by applying linear regression analysis on the survey 
responses. In addition, the importance of using the survey was to identify which tools of 
“lean” and “sustainability” concepts are used within the companies, to measure what the 
responsible people in these companies think about these two terms, and to measure the 
perception towards implementation of lean and sustainability principles by calculating 
the means of the Likert scale’s levels of agreement as shown in Table 4, and measuring the 
means of answers, then comparing the means of answers with the Likert scale’s levels of 
agreement. 

Table 4. Shows the mean of Likert scale level of agreement. 

Mean Key 
1–1.8 Strongly disagree 

1.81–2.6 Disagree 
2.61–3.4 Neutral 
3.41–4.2 Agree 
4.21–5 Strongly agree 

By adopting the abovementioned steps, the researchers designed the final view of the 
framework. The steps of the methodology are described in the flow chart shown in Figure 
2. 

Figure 1. Shows the conceptual model.

The hypotheses were examined by applying linear regression analysis on the survey
responses. In addition, the importance of using the survey was to identify which tools of
“lean” and “sustainability” concepts are used within the companies, to measure what the
responsible people in these companies think about these two terms, and to measure the
perception towards implementation of lean and sustainability principles by calculating
the means of the Likert scale’s levels of agreement as shown in Table 4, and measur-
ing the means of answers, then comparing the means of answers with the Likert scale’s
levels of agreement.

Table 4. Shows the mean of Likert scale level of agreement.

Mean Key

1–1.8 Strongly disagree
1.81–2.6 Disagree
2.61–3.4 Neutral
3.41–4.2 Agree
4.21–5 Strongly agree

By adopting the abovementioned steps, the researchers designed the final view of
the framework. The steps of the methodology are described in the flow chart shown in
Figure 2.
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4. Results

The values for the reliability test of the questionnaire ranged between 0.723 and
0.823 for all of the eight factors of lean and sustainability measured. As shown in Table 5,
the values can be considered as acceptable results and the strength of association for these
values ranged between good and very good values, according to the rule-of-thumb [44].
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Table 5. Evaluation of the stability of the tool using Cronbach’s Alpha.

Rank. Factors Cronbach’s Alpha

Lean Factors

1- Value 0.724

2- Value Stream 0.752

3- Flow 0.753

4- Pull 0.749

5- Perfection 0.823

Sustainability Factors

6- Social 0.751

7- Environmental 0.771

8- Economic 0.723

According to the analysis of the total of (35) valid answers that were received from
the solar energy firms, the results showed a high level of relative importance towards
the implementation of both lean and sustainability principles in solar firms. The Value
factor in lean and the Environmental factor in sustainability gave the highest levels of
agreement (Strongly Agree) and the other factors in lean and sustainability gave a level of
relative importance (Agree), as shown in Table 6, on the scale that ranges in five degrees of
agreement (Strongly disagree, Disagree, Neutral, Agree, Strongly Agree).

Table 6. The level of relative importance of lean and sustainability factors.

Rank. Factors Relative Importance

Lean Factors

1- Value Strongly agree

2- Value stream Agree

3- Flow Agree

4- Pull Agree

5- Perfection Agree

Sustainability Factors

6- Social Agree

7- Environmental Strongly Agree

8- Economic Agree

Calculating the items’ means of lean principles and sustainability dimensions gave
the results in Tables 7 and 8, respectively.

Table 7 shows the means of the lean principles, The means of the value items that
are concerned about improving the value for the customer, identifying defective items,
identifying the waste to improve the quality and cost, as well as sharing the responsibility
with all the workers, ranged between 4.28–4.53 on the Likert scale for items 1, 2, 3, and 4,
respectively. The means of the Value Stream items, which were about minimizing the waste
in materials, transportation time, inventory level, lot size, machine time, and using tools to
measure the speed of the project, ranged between 4.06–4.52 in the Likert scale of the items
5, 6, 7, and 8, respectively; the means of both Value and Value Stream were considered
as good values. The Flow items that were directed to mapping the flow of materials to
identify the non-added value, map flow as organizational culture, idle time, and work
just in time ranged between 3.78–4.25 on the Likert scale for the items 9, 10, 11, 12, and
13, respectively; all the means showed good values, and the minimum means were for
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the items 12 and 13 compared with the others, which were about the issues of idle time
and just in time. Additionally, Pull items, meaning contained aspects as ordered materials,
low inventory, clear job, the time spend in each order, adopting new management tools,
ranged between 3.69–4.28 on the Likert scale in the items 14, 15, 16, 17, and 18, respectively,
which are considered as good mean values. The minimum means of pull items were
for 17 and 18 compared with the others, which were about the issues of minimizing the
required time in progressing the orders and adopting new management tools to improve
the speed of work and minimizing waste and cost. For Perfection items that were concerned
about improving the procedure by actively involving employees, team work, and using
the new management practice to deal with quality and improving the communication
system, the means ranged between 3.72–4.13 on the Likert scale for the items 19, 20, 21,
and 22, respectively. All mean results showed good values, the minimum mean of the
perfection items was for item 21 compared with the others, which was about depending
on management tools that deal with the perfection of the quality and waste ratios. The
minimum mean values mentioned above in Flow, Pull and Perfection refer to the belief that the
responsible people in solar firms are not familiar with these item as much as with the others.

Table 7. Shows the mean and standard deviation of lean principles.

Value
Principle

Items No. 1 2 3 4

Mean 4.28 4.53 4.28 4.44

Standard deviation 0.581 0.621 0.634 0.619

Value
Stream

Principle

Items No. 5 6 7 8

Mean 4.13 4.53 4.25 4.06

Standard deviation 0.871 0.761 0.762 0.716

Flow
Principle

Items No. 9 10 11 12 13

Mean 4.25 3.94 3.97 3.78 3.84

Standard deviation 0.803 0.914 0.695 0.941 0.847

Pull
Principle

Items No. 14 15 16 17 18

Mean 4.28 3.91 4.19 3.84 3.69

Standard deviation 0.683 0.931 0.738 0.884 1.176

Perfection
Principle

Items No. 19 20 21 22

Mean 4.13 4.13 3.72 3.97

Standard deviation 0.660 0.751 0.813 0.897

Table 8. Shows the mean and standard deviation of sustainability dimensions.

Social
dimension

Items No. 23 24 25 26 27

Mean 3.78 4.13 3.53 3.97 4.34

Standard deviation 0.975 0.751 0.879 0.861 0.865

Environment
dimension

Items No. 28 29 30 31 32

Mean 4.31 4.19 4.28 4.66 4.13

Standard deviation 0.644 0.693 0.683 0.602 0.871

Economic
dimension

Items No. 33 34 35 36

Mean 3.94 3.88 4.22 4.19

Standard deviation 0.759 0.833 0.553 0.644

Table 8 shows the means of the sustainability dimensions. The items about the social
dimension that are about enhancing work conditions, communication in a team, employ-
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ees skills, and work opportunities, showed good values with means ranging between
3.53–4.34 on the Likert scale for the items 23, 24, 25, 26, and 27, respectively. The minimum
mean compared with the other items was for item 25, which concerned the equality in the
opportunity between workers. The items about the environmental dimension, which were
about minimizing the resource waste, reducing energy use, reduced emissions, energy type
use, and using green materials, showed good values and ranged between 4.13–4.66 on the
Likert scale for the items 28, 29, 30, 31, and 32, respectively. In addition, the results of the
economic dimension of sustainability, which involved using local resources, job creation,
and the sustainable value of properties and tracts of land, showed good means, which
ranged between 3.88–4.22 on the Likert scale for the items 33, 34, 35, and 36, respectively.
The minimum mean between them was for the item number 34, which was about job cre-
ation. The reason behind the low means of the items that we referred to is the unfamiliarity
of the responsible people with these items as much as with others.

Moreover, the results of the correlation between the items of each factor of lean and
sustainability showed a relationship between them; so, the items for each factor seem to be
related to each other, as shown in Appendices B and C, for the lean factor items and the
sustainability factor items, respectively.

The descriptive analysis for the respondents shows the different demographical infor-
mation, as shown in Figures 3 and 4. On the other hand, the results of the linear regression
analysis to measure the relationships between the lean and sustainability factors found a
significant effect for the Pull and Flow factors of lean with the Social and Economic factors
of sustainability: the values of (P) between (Flow and Social), (Pull and Social), and (Pull
and Economic) were less than (0.05) as shown in Table 9.

Table 9. Regression analysis to explain the effects of independent factors.

Independent Dependent β R2 F Sig.

Flow Social 0.630 0.397 19.746 0.000
Pull Social 0.394 0.156 5.528 0.025
Pull Economic 0.376 0.141 4.927 0.034

-significance level 0.05.
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While there was no significant effect found of lean factors on the Environment factor
in sustainability, Value, Value Stream, and Perfection also showed no significant impact
on any of the three sustainability factors; so, we can only accept H7, H10, and H11, and
reject the other hypotheses, in return accepting the alternative hypotheses as a result of not
finding any significant relationship, as shown in Figure 5. This explains the final framework
about the type of the relationship between the factors of the two terms of the study (lean
and sustainability).
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5. Discussion

The findings of the study showed a high level of agreement from the point of view of
the responsible people on solar firms towards all the factors of lean and sustainability in the
study, which means there is a high level of awareness about the importance of these factors
and incorporation of them in the processes of solar firms. The high level of awareness
should make it easier to implement these factors in solar energy firms. This point could be
considered as a positive one for the firms in this sector because many sectors still need to
pay more attention to the importance of these two terms, which makes the implementation
of these terms harder, Additionally, all the means of the items for the two terms lean and
sustainability showed a good level, however, the weakest items were the result of the
unfamiliarity of the responsible people with these items as much as with others. However,
this can be improved through increasing the awareness about the importance of these items
to achieve better outcomes.

Despite the different views among scientists about the relationship between lean
and sustainability, the results showed that there are interrelationships between them in
the solar energy sector and that this may be due to the lean role in addressing many
problems that negatively affect achieving sustainability, such as minimizing the waste in
solar power plants [7] and minimizing the cost [13]. In addition, the role of lean is important
in many other aspects of the interests of society, such as raising efficiency [45], due to the
methodology that lean follows in dealing with these issues.

The results found a significant effect of the implementation of some of the lean prin-
ciples (Flow and Pull) on other factors of sustainability (Economic and Social); this effect
helps to achieve the sustainability. The relationship with the social dimension that was
found is considered an interesting result because many researchers have neglected the
relationship between lean principles and social dimensions, which has caused an unclear
view about the importance of this dimension, Additionally, the results correspond with
many researchers’ results about the relationship between lean and sustainability, and the
ability of lean to achieve or influence sustainability dimensions in a positive way. The
relations found between Flow and Social dimensions and Pull with Social and Economic
dimensions on the other side support the results on the benefit of adopting lean to achieve
sustainability dimensions. Moreover, the results of the study support the opinions about
the importance of studying each sector separately because of the different correlations
between different sectors. For example, the correlations in the study showed a correlation
between the Pull principle with both dimensions of sustainability, Economic and Social but
no correlation with the Environmental dimension was found, while, in another study, the
results showed a correlation between the Pull principle with the Economic and Environ-
mental dimensions and, at the same time, no correlation with the Social dimension was
found [43]. The relationships found in the study between the factors are as follows:

1. Lean Manufacturing and Economic Sustainability:

The correlation that was discovered was the effect of the Pull factor on the Economic
factor in sustainability. The apparent effect is the possibility of achieving an increase
in profits and a decrease in the working capital thanks to reducing the inventory and
decreasing the requirement space as one of the procedures that the pull works on according
to its tools just in time (JIT). Lean, with these strategies, works to reduce the additional
costs at the same time as continuing the work. Thus, it is similar to the goal of economic
sustainability, which works to support the long-term growth and preservation of financial
resources. However, finding this correlation is the first step towards achieving economic
sustainability as companies must work on applying lean tools correctly in order to achieve
economic sustainability; on the other hand, the economic result of this application of the
lean tools are not immediate in most cases. The main reason that led to the failure of
many companies in various sectors to reach the goal of achieving or developing economic
sustainability was that these companies did not follow the right way of implementing the
lean tools.
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2. Lean Manufacturing and Social Sustainability:

The discovered correlation between the Pull and Flow factors of lean besides the Social
sustainability dimension represents the possibility of improvement and development in the
Social dimension of sustainability when applying lean tools. Lean works to preserve the
safety of workers; at the same time, it tends to make work successful when all participants
share the responsibility of developing the work and completing the tasks in a better way:
this makes workers feel positive about the importance of their role and status at work and
not just because they are only task executives. As a result, this facilitates work for the
managers and responsible persons in companies as well, improving the general situation
of the work, facilitating the implementation of tasks, and creating higher efficiency. In
a way, the effort that is made is a collective effort to finish the tasks in the company.
On the other hand, lean is interested in finding programs and tools that contribute to
arranging, facilitating, and developing work to carry out their duties. The tools used in lean
manufacturing are concerned with creating a better atmosphere of work more than their
quest to reduce the number of jobs, and this matter contributes to removing the fears that
some workers may have about implementing lean in their companies. However, the role of
lean in achieving or improving societal sustainability depends on its successful application,
as lean is a double-edged tool in this matter. Using it in the wrong way may add obstacles
to employees and lead to tension in the general atmosphere of work.

3. Lean and Environmental Sustainability:

No correlation was found between these two dimensions in the solar energy compa-
nies, and this result is similar to the results obtained in other types of renewable energy
companies. Lean aims to reduce waste and energy use, as well as reduce the use of
resources, these tasks are considered environmentally friendly tasks. Still, the lack of
interconnection between the two dimensions may be because they work in parallel, which
does not allow for any intersection between them. However, some expectations indicate
that the development of both dimensions may lead them to a stage where they will move
in one line towards achieving the goal of both environmental sustainability and lean.

6. Conclusions

The study’s main aim is to find a model that helps solar energy companies in Turkey
to reach sustainability by using lean principles. The scientific contribution of this paper is
to explore the way for solar energy companies to achieve the sustainable development that
companies in various sectors are seeking today, which is witnessing a great competition
in the market to achieve it. The study worked by exploring the lean factors that help in
achieving sustainability in this sector and understanding which sustainable dimensions can
be reached by applying lean principles. Moreover, the study measured how the responsible
persons in solar energy companies think about the importance of the implementation
of both terms (lean and sustainability) in this sector. The results showed a high level of
awareness about understanding the importance of these two terms and, at the same time,
shed light on some points that can be developed to give better outcomes as the issues were
related to minimizing the required time. This awareness will help managers use these
results to understand the positive return of the integration of lean and sustainability. The
studies proved the possibility of achieving both dimensions of sustainability (Economic
and Social) due to implementing the two factors of Lean (Pull and Flow). Although there
was no direct correlation between lean and environmental sustainability found in the study,
this does not necessarily mean there is a distance between these two topics. Still, it may
indicate that they follow a parallel path, and this is what was found from the literature
review about the path of lean and sustainability towards the environmental sustainability
dimension. However, the framework created by this study that clarified the correlation
between the use of lean factors and achieving sustainability, is considered just a step in
the direction of reaching the goal of the companies to achieve the benefits of adopting
sustainability in their progress.
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A group of studies must be made to determine the level of the actual impact of the
implementation of lean in supporting both Economic and Social dimensions, knowing
which tools of lean will give better results, and the level of benefit that companies will obtain
in this sector by achieving both of the Economic and Social dimensions of sustainability.
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Appendix A. The Questionnaire

Dear:
First of all, I would like to thank you for your valuable time and effort that will be

allocated in filling this survey.
This survey aims to build a framework for Solar energy firms to adopt Lean principles

to achieve sustainability in Turkey.
Lean practices are based on improving the value of final product and eliminating

waste through all processes of a project and the sustainability is development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs.

This information in this survey will be used only for academic research, with a
complete commitment to absolute confidence.

Researchers
Section 1: Profile of company:

1- Your position in the company:
2- Company’s location:
3- Company experience:

� Less than 5 years � From (5–10) years � From (11–15) � More than 15 years.

4- Capital of the company (Thousand $) is:

� Less than 200 � 200–400 � 400–800 � More than 800.

5- Average size of projects the company involved in (Thousand $) is:

� less than 200 � 200–400 � 400–800 � more than 800.

6- The number of employees working in the company is:

� 1–less than 20 � 20–less than 40 � 40–less than 60 � more than 60.

7- Average number of contract employees working in the company is:

� 1-less than 10 � 10-less than 20 � 20-less than 30 � more than 30

8- What is the company’s field of work?

� Selling the Solar panels � Installation of Solar Panels � Manufacturing of Solar panels.
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Section 2:
These factors examine the implementation of lean principles and sustainability in the

company, please put (
√

) to the degree to which you agree with these statements.

Rank. QUESTION Strongly Disagree Disagree Neutral Agree Strongly Agree

1-
Your company is ready to do any change in the
project, to improve the value for the customer.

2-
Defective items (human and machine error) are

identified promptly to take corrective action.

3-
Identifying wastes through new management

practices is vital for improving the quality, cost
and time.

4-
It is vital that the quality of the project will be the

responsibility of each person in the project

5-

Your company is interested in minimizing wastes
in materials, conveying of materials and labor,

transportation, and inventory level, waiting time,
over production, over processing.

6-
Lot sizes are maintained at the minimum

possible level.

7-
Machine set-up and Machine down times are

maintained at the minimum possible level

8-
Your company follow special tools or standard

for measuring the speed of the project.

9-
Mapping the flow of material and information of

any activity, helps to identify the non-added
value activity

10-
Material flow is adhered to consistently

throughout the daily work activities

11-
Make flow evident through

organizational culture

12-
Strive to cut back to zero the amount of time any

work is sitting idle or waiting for someone to
work on it

13-
Material, equipment, and other resources are

provided in a “just in time” manner when needed

14-
Materials are ordered as close as possible to

exact needs

15-
Strive for possible low level of (even stockless)

material inventory

16-
Clear job contents, work time, material

requirements, among other information are
prepared before releasing a work task to a crew

17-
Amount of time spent in processing each order is

maintained at the minimum possible level

18-
New management tools that improve quality,
speed, cost and waste are essential to improve

competitive advantage.
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Rank. QUESTION Strongly Disagree Disagree Neutral Agree Strongly Agree

19-
Employees actively involved in providing
suggestions for continuous improvement

20-
Quality teams are operating in an

effective manner

21-
Your company depends on management practices
that deal with quality and reduce wastes ratios in

order to achieve high earnings ratios.

22-
Good vertical and horizontal communication
systems reduce the time for decision taking.

23- The company consulting local people.

24-
Your company follow new means of

communications to improve the work of
individuals within a team

25- Equal employment opportunities existence.

26-
Work conditions are essential to

improve the work.

27- Enhance employee skills and retention them

28-
Intelligent selection and use of raw materials to

minimize the resource wastes.

29- Reduction of office energy and water usage.

30-
Reduced emissions of pollutants to prevent the

Global warming

31-
Using Sustainable or renewable

energy technologies.

32- Using Green material in project design.

33-
Sustainable values of properties and

tracts of land.

34-
Job creation for all sectors

Combined

35- Use of local resources.

36-
Creating employment during and

after the project.
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Appendix B. Shows the Correlations between the Items of Each Principle of Lean

Item Va1 Va2 Va3 Va4 VS5 VS6 VS7 VS8 FL9 FL10 FL11 FL12 FL13 Pu14 Pu15 Pu16 Pu17 Pu18 Pe19 Pe20 Pe21 Pe22

Va1 1 0.198 0.304
0.454

**
0.056 −0.05 −0.01 0.189 −0.08 −0.02 0.262 −0.00 −0.10 −0.20 −0.13 −0.12 0.088 0.133 0.158 −0.15 −0.03 0.017

Va2 0.198 1
0.591

**
0.131 0.291 0.339 0.187

0.358
*

0.242 0.117 −0.03 −0.01 0.040 0.169 −0.04 0.128 0.097 0.014 0.148 0.337 0.305
0.378

*

Va3 0.304
0.591

**
1 0.334 0.051 0.081 −0.01 0.244 0.047

0.365
*

0.021 −0.05 0.145 0.109 −0.29 −0.11 −0.03 −0.00 −0.01 0.195 0.284 0.129

Va4
0.454

**
0.131 0.334 1 0.195

0.381
*

−0.03
0.373

*
−0.03

0.449
**

.408 * −0.05 0.258 0.005 −0.13 −0.18 0.129 0.327 0.020 0.156 0.253 0.258

VS5 0.056 0.291 0.051 0.195 1
0.675

**
0.292

0.505
**

0.138 0.132 0.007 −0.24 0.115
0.373

*
0.269

0.414
*

0.278 0.134
0.477

**
0.518

**
0.553

**
0.748

**

VS6 −0.05 0.339 0.081
0.381

*
0.675

**
1 0.320

0.470
**

0.198 0.142 0.032 −0.01 0.033 0.262 0.054 0.219 0.271 0.119 0.313
0.500

**
0.406

*
0.592

**

VS7 −0.01 0.187 −0.017 −0.034 0.292 0.320 1 0.148
0.527

**
−0.07 0.015 0.034 −0.08 0.232 0.250 0.086 0.347 0.162 −0.12 −0.05 −0.14 0.248

VS8 0.189
0.358

*
0.244

0.373
*

0.505
**

0.470
**

0.148 1 0.028 0.253 0.264 0.021 0.176 0.293 0.163 0.221
0.424

*
0.292 0.188 0.165 0.253

0.355
*

FL9 −0.08 0.242 0.047 −0.032 0.138 0.198
0.527

**
0.028 1

0.462
**

0.130
0.501

**
0.391

*
0.397

*
0.194 0.191

0.375
*

0.359
*

0.061 0.107 −0.18 0.235

FL10 −0.02 0.117 .365 *
0.449

**
0.132 0.142 −0.07 0.253

0.462
**

1
0.505

**
0.246

0.738
**

0.339 0.024 0.162 0.347
0.432

*
−0.04 0.294 0.193 0.194

FL11 0.262 −0.03 0.021
0.408

*
0.007 0.032 0.015 0.264 0.130

0.505
**

1 0.088 0.266 0.019 0.190 −0.24
0.412

*
0.461

**
−0.06 −0.05 0.098 −0.105

FL12 −0.00 −0.01 −0.056 −0.052 −0.24 −0.01 0.034 0.021
0.501

**
0.246 0.088 1 0.320 0.099 −0.01 0.015 0.151 0.257 0.305 0.040 −0.33 −0.047

FL13 −0.10 0.040 0.145 0.258 0.115 0.033 −0.08 0.176
0.391

*
0.738

**
0.266 0.320 1

0.525
**

0.289
0.462

**
0.354

*
0.500

**
0.036 0.285 0.075 0.206
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Item Va1 Va2 Va3 Va4 VS5 VS6 VS7 VS8 FL9 FL10 FL11 FL12 FL13 Pu14 Pu15 Pu16 Pu17 Pu18 Pe19 Pe20 Pe21 Pe22

Pu14 −0.20 0.169 0.109 0.005
0.373

*
0.262 0.232 0.293

0.397
*

0.339 0.019 0.099
0.525

**
1

0.593
**

0.532
**

0.449
**

0.274 0.063 0.055 0.031 0.225

Pu15 −0.14 −0.04 −0.290 −0.133 0.269 0.054 0.250 0.163 0.194 0.024 0.190 −0.01 0.289
0.593

**
1 0.335

0.590
**

0.298 −0.01 −0.24 0.013 −0.007

Pu16 −0.12 0.128 −0.116 −0.185
0.414

*
0.219 0.086 0.221 0.191 0.162 −0.24 0.015

0.462
**

0.532
**

0.335 1 0.195 0.070 0.282 0.247 0.037 0.301

Pu17 0.088 0.097 −0.034 0.129 0.278 0.271 0.347
0.424

*
0.375

*
0.347

0.412
*

0.151
0.354

*
0.449

**
0.590

**
0.195 1

0.510
**

−0.07 −0.16 −0.15 0.116

Pu18 0.133 0.014 −0.008 0.327 0.134 0.119 0.162 0.292
0.359

*
0.432

*
0.461

**
0.257

.500
**

0.274 0.298 0.070
.510
**

1 0.094 0.009 −0.09 0.082

Pe19 0.158 0.148 −0.010 0.020
0.477

**
0.313 −0.12 0.188 0.061 −0.04 −0.06 0.305 0.036 0.063 −0.01 0.282 −0.07 0.094 1

0.488
**

0.368
*

0.443
*

Pe20 −0.15 0.337 0.195 0.156
0.518

**
0.500

**
−0.05 0.165 0.107 0.294 −0.05 0.040 0.285 0.055 −0.24 0.247 −0.16 0.009

0.488
**

1
0.641

**
0.628

**

Pe21 −0.03 0.305 0.284 0.253
0.553

**
0.406

*
−0.14 0.253 −0.18 0.193 0.098 −0.33 0.075 0.031 0.013 0.037 −0.15 −0.09

0.368
*

0.641
**

1
0.563

**

Pe22 0.017
0.378

*
0.129 0.258

0.748
**

0.592
**

0.248
0.355

*
0.235 0.194 −0.10 −0.04 0.206 0.225 −0.00 0.301 0.116 0.082

0.443
*

0.628
**

0.563
**

1

**, Correlation is significant at the 0.01 level (2-tailed). *, Correlation is significant at the 0.05 level (2-tailed).
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Appendix C. Shows the Correlations between the Items of Each Dimension of Sustainability

Rank. Soc23 Soc24 Soc25 Soc26 Soc27 Env28 Env29 Env30 Env31 Env32 Eco33 Eco34 Eco35 Eco36

Soc23 1 0.259 0.629 ** 0.338 0.283 −0.196 0.063 0.095 −0.187 0.185 0.068 0.164 0.211 0.067

Soc24 0.259 1 0.385 * 0.306 0.527 ** 0.183 0.201 0.244 0.384 * 0.321 0.127 0.232 0.087 0.483 **

Soc25 0.629 ** 0.385 * 1 0.236 0.346 −0.132 −0.010 0.065 −0.131 0.037 0.051 0.138 0.019 0.103

Soc26 0.338 0.306 0.236 1 0.535 ** 0.076 0.281 0.235 0.165 0.178 0.046 0.444 * 0.422 * 0.244

Soc27 0.283 0.527 ** 0.346 0.535 ** 1 0.148 0.104 0.213 0.234 0.027 0.328 0.241 0.310 0.343

Env28 −0.196 0.183 −0.132 0.076 0.148 1 0.443 * 0.453 ** 0.452 ** 0.331 0.437 * 0.496 ** 0.255 0.243

Env29 0.063 0.201 −0.010 0.281 0.104 0.443 * 1 0.635 ** 0.237 0.495 ** 0.207 0.322 0.142 0.425 *

Env30 0.095 0.244 0.065 0.235 0.213 0.453 ** 0.635 ** 1 0.321 0.373 * 0.346 0.291 0.344 0.243

Env31 −0.187 0.384 * −0.131 0.165 0.234 0.452 ** 0.237 0.321 1 0.146 0.163 0.233 0.233 0.504 **

Env32 0.185 0.321 0.037 0.178 0.027 0.331 0.495 ** 0.373 * 0.146 1 0.256 0.512 ** 0.344 0.417 *

Eco33 0.068 0.127 0.051 0.046 0.328 0.437 * 0.207 0.346 0.163 0.256 1 0.293 0.495 ** 0.486 **

Eco34 0.164 0.232 0.138 0.444 * 0.241 0.496 ** 0.322 0.291 0.233 0.512 ** 0.293 1 0.482 ** 0.285

Eco35 0.211 0.087 0.019 0.422 * 0.310 0.255 0.142 0.344 0.233 0.344 0.495 ** 0.482 ** 1 0.334

Eco36 0.067 0.483 ** 0.103 0.244 0.343 0.243 0.425 * 0.243 0.504 ** 0.417 * 0.486 ** 0.285 0.334 1

**, Correlation is significant at the 0.01 level (2-tailed). *, Correlation is significant at the 0.05 level (2-tailed).
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