VICTORIA UNIVERSITY

MELBOURNE AUSTRALIA

Integrated lean-green practices and supply chain
sustainability framework

This is the Published version of the following publication

Kosasih, Wilson, Pujawan, | Nyoman, Karningsih, Putu Dana and Shee,
Himanshu (2023) Integrated lean-green practices and supply chain
sustainability framework. Cleaner and Responsible Consumption, 11. ISSN
2666-7843

The publisher’s official version can be found at
https://www.sciencedirect.com/science/article/pii/S2666784 32300044 X?via%3Dihub

Note that access to this version may require subscription.

Downloaded from VU Research Repository https://vuir.vu.edu.au/47332/



Cleaner and Responsible Consumption 11 (2023) 100143

o %

ELSEVIER

Cleaner and Responsible Consumption

journal homepage: www.journals.elsevier.com/cleaner-and-responsible-consumption

Cleaner
and Responsible
Consumption

Contents lists available at ScienceDirect

Integrated lean-green practices and supply chain sustainability framework

Wilson Kosasih *”, I Nyoman Pujawan ™, Putu Dana Karningsih *, Himanshu Shee ©

 School of Interdisciplinary Management and Technology, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia
® Department of Industrial Engineering, Universitas Tarumanagara, Jakarta, Indonesia

¢ Victoria University Business School, Melbourne, Australia

ARTICLE INFO

Keywords:
Lean

Green

Supply chain
Sustainability
SME
Indonesia

ABSTRACT

Integration of lean-green practices has benefited companies in many ways, particularly the large ones. Small and
Medium Enterprises (SMEs), as key players within supply chains, should also be encouraged to apply the lean and
green practices to support the large enterprises in the supply chain. However, it remains all time challenging for
SMEs that operate with limited resources, and often emphasize on short-term goals with rapid turnaround. The
impact of green-lean practices on sustainability performance has been investigated earlier, however further study
is needed to understand the phenomena in context of SME supply chain. This study examined the moderating
effects of top management commitment and leadership (TMCL) and organizational culture transformation
(OCTr) on the relationship between Lean Practice (LP) and Green Practice (GP). Further, it investigated the
moderating effect of both policy initiative (PI) and collaborative synergy (CS) on the relationship between GP
and sustainability performance. The survey-based study analyzed the data from 345 Indonesian manufacturing
SMEs using structural equation modeling (SEM) with Smart-PLS. The findings suggest that GP mediates LP to
improve sustainability performance of SMEs. TMCL facilitates significantly the adoption of integrated lean and
green practices. Meanwhile, OCTr, PI, and CS did not have a significant moderating effect. It means that OCTr
does not significantly moderate lean practices for the adoption of green practice. Similarly, results demonstrate
that neither PI nor CS moderate the correlation between green practice and sustainability performance of supply
chain in manufacturing SMEs. The findings help SME owners or managers to build a comprehensive model of a

lean-green system to direct SMEs to achieve sustainable development.

1. Introduction

Due to concern about the depletion of natural resources, financial
disparity, and social responsibility, business sustainability has become a
significant issue for academia, industry practitioners and policy makers
(Siegel et al., 2022; Choudhary et al., 2019; Sezen and Cankaya, 2013).
As the triple bottom line (3 B L) of sustainability, i.e., planet (environ-
ment), people (social), and profit (economic), has become a strategic
necessity, many businesses view sustainable and environmentally
friendly operations as critical to value creation and economic growth
(Siegel et al., 2019; Bai et al., 2012). However, businesses are under
intense pressure to boost quality output, and adaptable to ongoing
changes, while minimizing operational costs. It is therefore much effort
is paid by companies to balance their performance in relation to eco-
nomic, social, and environmental factors due to regulations, intense
competition, and public pressure (Singh et al., 2021; Choudhary et al.,
2019; Bai et al., 2012). Hence, it is necessary to adopt an approach that
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can help implement these sustainability dimensions and improve the
competitive advantage. We call it a Lean-Green model. That means, use
lean as a means to achieve green and sustainability (Diies et al., 2013).

While the adoption of green and lean practices are sensible and un-
derstandable for large companies, it is also urgent for small and medium
enterprises (SMEs) to adopt them (Kosasih et al., 2023a). In many cases,
SMEs are inseparable suppliers to large companies, and they are the key
participants in these supply chains. If all the participants share the same
values and goals, a supply chain can triumph in the competition.
Therefore, adopting Lean, Green and Sustainability approach is essential
for SMEs. Additionally, SMEs are the dominant players in various in-
dustrial sector and contribute significantly to the economic growth. Das
and Rangarajan (2020) revealed that SMEs accounted for almost 90% of
business globally and generated 50%-60% of jobs worldwide. Referring
to Queiroz et al. (2022), there is no global standard definition of SMEs,
and the most common classification is based on number of employees
and a financial measure.
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The adoption of lean in SMEs also promotes higher operational
performance at the upstream to downstream levels (Panizzolo et al.,
2012). However, lack of human and financial resources generally pre-
vents SMEs from implementing lean manufacturing. They believe that a
sizable investment is required to implement it, both in terms of
advancement of technology and human resources. Singh et al. (2010)
studied SMEs, particularly in India and China, about their strategies and
regulations. They report that Indian SMEs saw the implementation of
lean as being more crucial for raising productivity, improving organi-
zational culture, and extending their local supplier networks.

SMEs are responsible for 60%-70% of harmful emissions worldwide
(Luthra et al., 2015; Parker et al., 2009). While each SME may have
relatively a small impact on the environment, their collective impact is
significant (Moore and Manring, 2009; Thekkoote, 2022; Ramayah
et al,, 2012). To address this issue, the current trend is to adopt a
combination of lean and green practices. However, there is a lack of
guidance on how SMEs can implement sustainability practices, as most
existing frameworks are designed for larger companies. Given that SMEs
typically have limited resources, factors such as government support or
collaborative initiatives among SMEs and other stakeholders may play a
crucial role in achieving sustainable development goals (Gandhi et al.,
2018). Urgent action is needed to address the emissions from SMEs, and
a tailored framework for SMEs is required to enable them to contribute
to sustainability efforts effectively.

This research aims to address the gap in knowledge by empirically
investigating the influence of green and lean practices on sustainability
performance of supply chain in Indonesia Manufacturing SMEs. More-
over, it examines the moderating effects of top management commit-
ment and leadership (TMCL) and organizational culture transformation
(OCTr) on the relationships between lean practice (LP) and green
practice (GP). Further, it investigates the moderating roles of policy
initiative (PI) and collaborative synergy (CS) on the correlation between
GP and sustainable supply chain performance (Sus-SCP) of SMEs.
Drawing on a survey-based approach similar to that used by Thekkoote
(2022), the study also explores whether GP mediates the correlation
between LP and sustainability performance. This article is an extension
of the published paper by Kosasih et al. (2023a). Hence, this study ad-
dresses the following research questions.

RQ #1: Do LP and GP positively affect SME supply chain sustainability
performance?

RQ #2: Does GP mediate the correlation between LP and sustainability
performance of SME supply chain?

RQ #3: Do TMCL and OCTr moderate the relationship between LP and
GP for SMEs?

RQ #4: Do PI and CS moderate the correlation between GP and sus-
tainability performance of SME supply chain?

This article is structured as follows: Section 2 develops research
hypotheses and the conceptual model. Section 3 describes the research
method used in this article, while Section 4 presents and addresses the
data analysis and results. Then, Section 5 presents and discusses the
research findings. Eventually, Section 6 concludes this study and high-
lights its contributions.

2. Hypotheses development and conceptual model
2.1. Relationship between lean practice and green practice

Lean companies are naturally inclined to adopt environmentally
sustainable practices due to their continuous efforts to reduce waste.
Melnyk et al. (2003) investigated the level of greenness in more than
1100 factories and it demonstrated that lean firms tend to have higher
greenness scores. This finding is supported by Yang et al. (2011), who
surveyed 309 diverse manufacturing firms, revealed that LP were a
significant driver or precursor for the adoption of GP. Only a few studies
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focus on discussing Lean-Green in SMEs (Siegel et al., 2022; Yadav et al.,
2019; Verrier et al., 2016). Referring to Hu et al. (2015), large organi-
zations are mostly familiar with Lean implementation, with less research
into Lean in SMEs. Our literature review highlights several critical LP
tools and techniques that have been found to be effective in SMEs,
including kaizen, 5 S, waste reduction, inventory reduction,
poka-yoke/visual control, total productive maintenance (TPM), work
standardization, employee involvement, single-minute exchange die
(SMED), and value stream mapping (VSM) (Belhadi et al., 2018; Siegel
et al., 2019; Thanki and Thakkar, 2019). Furthermore, our review also
identified various GP tools and techniques that SMEs often use to sup-
port their environmental sustainability efforts, such as 1SO14001,
reduce-reuse-recycle (3Rs), life-cycle assessment (LCA), environmental
emission control (EEC), green supply chain practices (GSCP),
eco-design, and environmental management system (EMS) (Dey et al.,
20205 Siegel et al., 2019; Thanki et al., 2016). Hence, we propose this
following hypothesis.

Hypothesis 1.
practice.

(H1): Lean practice is positively related to green

2.2. Relationships between lean practice, green practice and sustainable
supply chain performance

A survey-based research conducted by Wiengarten et al. (2013)
against companies in nine European countries found that there is a
synergistic impact of LP and GP on supply chain performance. This study
provides an understanding and foundation for lean organizations to start
investing in the adoption of GP. Several studies emphasize the synergy of
LP and GP and also show the positive impact of this integration on
sustainability performance (Hussain et al., 2019; Pampanelli et al.,
2014). The incorporation of the term “sustainability” into SCM exacer-
bates this problem, because traditional measures or indicators are
considered inadequate (Cantele et al., 2023; Beske-Janssen et al., 2015;
Schaltegger and Burritt, 2014; Hassini et al., 2012). Supply chain (SC)
sustainability performance involves a multi-dimensional construct
which includes operational, economic, social, and environmental as-
pects (Saulick et al., 2023). As a result of business complexity and the
shift in competition from inter-organizational to inter-supply chain,
recently the measurement of SC sustainability performance has obtained
increasing attention from researchers. This is also necessary to elaborate
more on SMEs. Thus, we arrive at following hypotheses.

Hypothesis 2. (H2): Green practice mediates the correlation between
lean practice and performance of SC sustainability.

Hypothesis 3.
performance.

(H3): Lean practice positively influences sustainable SC

2.3. Top management commitment & leadership as a moderator in the
correlation between lean practice and green practice

Some researchers stated that one of the most challenging issues in an
organization is management and leadership (Siegel et al., 2022; Grigg
et al., 2020; Alves and Alves, 2015). Albliwi et al. (2014) claimed that
projects sometimes fail due to a lack of proper attitude, commitment,
and involvement from both top and middle management. Because SMEs
frequently emphasize short-term goals in order to get quick results,
overarching goals and a well-defined strategy may be lacking (Grigg
et al,, 2020). Employee resistance is another important challenge,
particularly in the integration of continuous improvement programs.
Employees are concerned about their job security as new methods are
implemented. Zhan et al. (2018) claim that top management demon-
strates commitment with their stakeholders and communication among
them, as a way to mitigate or reduce risks of time, cost, and environ-
mental. The poor quality of human resources as well as an organization’s
resistance to change will hamper their adoption of LP and GP (Diies
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et al., 2013). Thus, we propose this following hypothesis.

Hypothesis 4. (H4): Top management commitment and leadership
moderates the correlation between lean and green practices in such a
way that the positive impact lean practice on green practice is stronger
when top management commitment and leadership is implemented.

2.4. Organizational culture transformation as a moderator in the
correlation between lean practice and green practice

The SMEs’ specific characteristics, such as a lack of human or
financial resources, and focus on short-term goals to generate fast re-
sults, make it difficult to integrate development initiatives (Yadav et al.,
2019). In SMEs, every employee is assigned a crucial responsibility,
often more than one, which results in limited human resources available.
Therefore SME employees have less time for their routine workload
when they are working on additional work or projects (Wessel and
Burcher, 2004). As a result, management views training as a waste of
time; poor quality of workforce in SMEs is considered as one of the
significant failure factors of LP adoption (Albliwi et al., 2014). Many
researchers suggest that transformations is likely to be successful when
the intended cultural change aligns with the company’s value creation
goals and overarching strategy (Field et al., 2022). Organizational cul-
ture transformation is related to changes in mindset and employee
involvement in implementing the Green-Lean approach (Zhan et al.,
2018; Alves and Alves, 2015). It is supported by Duarte and
Cruz-Machado (2013) who stated that organizational culture is a driver
in lean-green transformation. Thus, we propose this following
hypothesis.

Hypothesis 5. (H5): Organizational culture transformation moderates
the correlation between lean and green practices in such a way that the
positive impact lean practice on green practice is stronger when orga-
nizational culture transformation is implemented.

2.5. Collaborative synergy as a moderator in the correlation between
green practice and sustainability performance of supply chain

Santos et al. (2014) suggest that SMEs can only solve
resource-constrained difficulties through collaborative synergy. Das and
Rangarajan (2020) state that alliances and networks can only be used
effectively to address common challenges and achieve inclusive growth
if SMEs are ready and willing to share their best sustainability practices
with their stakeholders or partners. Referring to Silvia et al. (2013),
SMEs play a dominant role in transmitting the sustainability criteria that
their customers send them, in such a way that they can effectively
disseminate and communicate sustainability practices throughout their
entire supply chain. Following Moore and Manring (2009), SME net-
works will become a critical role in tackling the systemic issues that
underpin industrial ecology. Das and Rangarajan (2020) conducted
survey-based research on Indian SMEs and found that there was a pos-
itive and significant impact from collaborative synergy on their business
sustainability and growth. As a result, we arrive at following hypotheses.

Hypothesis 6. Collaborative synergy moderates the correlation be-
tween green practice and SC sustainability performance in such a way
that the positive impact green practice on SC sustainability performance
is stronger when collaborative synergy is implemented.

2.6. Policy initiative as a moderator in the correlation between green
practice and sustainability performance of supply chain

According to Das and Rangarajan (2020), previous research has
identified a lack of regulatory support and a lack of frameworks and
rules as major obstacles to sustainability practice for SMEs in emerging
countries. The government requires to interfere through policies while
simultaneously encouraging the development of a sustainable
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management system to make it more workable for SMEs (Jacob et al.,
2015). The role of government is critical in this situation. Government
policy positively affect on the competitiveness of SMEs. According to
Eniola and Entebang (2015)’s study, the performance of SMEs changes
depending on the government policy they adopt. Moreover, Gandhi
et al. (2018) claim that the synergy between organizational policies and
government regulations is a driver for green-lean implementation. A
survey based study by Das and Rangarajan (2020) also investigated the
positive impact of policy initiatives on business sustainability and
growth of Indian SMEs. As a result, policy initiative has had a significant
positive impact on the sustainability and business growth of SMEs.
Hence, we propose this following hypothesis.

Hypothesis 7. Policy initiative moderates the correlation between
green practice and SC sustainability performance in such a way that the
positive impact green practice on SC sustainability performance is
stronger when policy initiative is implemented.

2.7. Conceptual model

The theoretical-based support conducted in the previous section has
provided the basis for developing a conceptual model. The resulting
conceptual framework illustrates the correlation between LP, GP, and
Sus-SCP, as depicted in Fig. 1. Also, it shows how the moderators (TMCL,
OCTr, CS, and PI) and mediator (GP) affect the relationships.

3. Research methodology
3.1. Questionnaire development

The questionnaire consists of seven main variables, namely: 1)
Commitment and leadership from top management (TMCL); 2) Trans-
formation of organizational culture transformation (OCTr); 3) Policy
initiative (PI); 4) Collaborative synergy (CS); 5) Lean practice (LP); 6)
Green practice (GP); 7) Sustainable supply chain performance (Sus-
SCP). In initial development, TMCL consists of 8 indicators. OCTr con-
sists of 6 indicators. PI consists of 2 indicators. CS consists of 6 in-
dicators. LP consists of 19 indicators. GP consists of 8 indicators.
Meanwhile, Sus-SCP consists of 25 indicators. All questions used a five-
point Likert scale, where 1 means “strongly disagree” to 5 means “strongly
agree.” For details of the indicators and their sources can be seen in
Appendix A.

Prior to the main survey, a pilot survey was conducted with 60 re-
spondents randomly selected from the target population. Feedback from
the pilot survey was used to modify the questionnaire to ensure that it
was easy-to-understand. Additionally, respondents suggested deleting
questions LP12 and LP14 on ‘pull system’ as SMEs cannot implement
pull systems fully. After finalizing the questionnaire, a sample of 680
manufacturing SMEs were invited to participate via email or WhatsApp.

Lean Practice

Top Management
|,Cﬂdcl\.hlp & S H4
Commitment Sse
3
I H1
Organizational - Hs Collaborative
Culture g Syncrgy
Transformation T
H6 ! X
Green Y Sustainable Supply
Practice ' Chain Performance
H7 |
Policy
Initiatives

Fig. 1. Conceptual framework.
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A total of 345 useable responses were received after follow-up that
resulted in a response rate of 50.7%. According to Asadi et al. (2020) and
Malhotra and Grover (1998), this response rate exceeds the minimum of
20% that is commonly used in most operations management research
studies.

3.2. Sampling and data collection

Data for this study was collected through a survey of SMEs and
businesses in Indonesia. In Indonesia, a business is classified as a small
business when it has a net worth or assets (not including land and
buildings) of 50 million to 500 million rupiahs (in US$, $3205.51 to
$32,055.14) and has annual sales of 300 million to 2.5 billion rupiahs (in
US$, $19,231.44 to $160,262.01). Medium-sized businesses have a net
worth or assets (not including land and buildings) of 500 million to 10
billion rupiahs (in US$, $32,055.14 to $641,048.02) and have annual
sales of 2.5 billion to 50 billion rupiahs (in US$, $160,262.01 to
$3,205,240.10) (Law of the Republic of Indonesia No. 20, 2008). There
are about 864,144 SME:s in Indonesia that contribute to 23.2% GDP, and
absorb £10 million workers (Badan Pusat Statistik, 2019a,b). Therefore,
it requires effort to convince SMEs to adopt lean and green practices
effectively.

Purposive sampling was used, with the target respondents being
owners or managers/supervisors of manufacturing SMEs who have
implemented or adopted lean and/or green practices in Indonesia. This
study had a total of 345 participants, with 6.1% being owners, 12.5%
directors or deputy directors, 62.3% managers, and 19.1% supervisors.
These participants worked in various fields, including production
(13.9%), PPIC (1.2%), engineering (1.4%), quality (3.8%), purchasing
or procurement (4.3%), warehouse and logistics (1.7%), product
development (1.2%), project management (1.4%), finance (10.1%),
marketing (10.1%), and others (see Table 1). Most of the participants
had less than 5 years of work experience (52.5%), while 26.1% had
worked between 5 and 10 years, and 21.4% had worked for more than
10 years. Respondents came from both small-sized (29.9%) and
medium-sized (70.1%) companies, which is considered representative of
the proportion of manufacturing SMEs in Indonesia that have adopted a
lean-green approach. The survey participants came from various
manufacturing sectors, including food (16.2%), metalworking/fabri-
cated metal products (8.4%), transportation equipment (8.7%), ma-
chinery and equipment (7.5%), plastics and rubber products (5.8%),
computer and electronic products (5.5%), paper products (4.3%),
chemicals (4.3%), furniture (4.1%), apparel (4.1%), and others.

4. Data analysis and results

The partial least squares path modeling (PLS-SEM) is a powerful tool
for analyzing data and testing theoretical relationships between
observed and latent variables. One advantage of using PLS-SEM is that it
can handle complex models with many variables and helps assess both
direct and indirect impacts. In this study, the sample size of 345 exceeds
the minimum sample size of 200 (Hair et al., 2018). In addition,
following Philip et al. (2003), there may be random errors in the mea-
surement model caused by systematic errors due to measurement
methods. Therefore, various conformity indices were examined to
determine the extent to which the proposed model represents the actual
relationship with an acceptable approximation.

4.1. Normality and linearity tests

The data tendency for each indicator is close to the mean, which is
indicated by a relatively small standard deviation value. The standard
deviation value has a range from +0.77 to +1.26. The distribution of
data for each indicator of latent variables tends to skew to the left and is
close to normal because the skewness is negative and relatively close to
zero. The skewness value has a range from —1.572 to —0.096. Likewise,
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Table 1
Demographic characteristics of respondents (N = 345).
Variables Frequency  Percent  Cumulative
Percent
Gender Male 204 59.1 59.1
Female 141 40.9 100.0
Years of Less than 5 years 181 52.5 52.5
experience at 5 years-10 years 90 26.1 78.6
their current Greater than 10 years 74 21.4 100.0
company
Formal Primary school 1 0.3 0.3
education Junior high school 3 0.9 1.2
Senior high school 80 23.2 24.4
Diploma degree 21 6.1 30.5
Bachelor degree 221 64.0 94.5
Magister degree 19 5.5 100.0
Job position Owner 21 6.1 6.1
Director 34 9.9 16.0
Deputy Director 9 2.6 18.6
General Manager 7 2.0 20.6
Plant Manager 3 0.9 21.5
Production Manager 41 11.9 33.4
PPIC Manager 4 1.2 34.6
Engineering Manager 5 1.4 36.0
Quality Manager 13 3.8 39.8
Product Manager 4 1.2 41.0
Purchasing/ 15 4.3 45.3
Procurement
Manager
Warehouse and 6 1.7 47.0
Logistic Manager
Process Manager 0.9 47.9
HR Manager 10 2.9 50.8
Project Manager 5 1.4 52.2
Finance Manger 35 10.1 62.3
Accounting Manager 15 4.3 66.6
Marketing Manager 35 10.1 76.9
Sales Manager 8 2.3 79.2
IT Support Manager 6 1.7 80.9
Production 7 2.0 82.9
Supervisor
Other Supervisors 59 17.1 100.0
Industry sector Food manufacturing 56 16.2 16.2
Miscellaneous 34 9.9 26.1
manufacturing
Transportation 30 8.7 34.8
equipment
manufacturing
Fabricated metal 29 8.4 43.2
product
manufacturing
Machinery 26 7.5 50.7
manufacturing
Plastics and rubber 20 5.8 56.5
products
manufacturing
Computer and 19 5.5 62.0
electronic product
manufacturing
Paper product 15 4.3 66.3
manufacturing
Chemical 15 4.3 70.6
manufacturing
Non-metallic mineral 15 4.3 74.9
product
manufacturing
Furniture 14 4.1 79.0
manufacturing
Apparel 14 4.1 83.1
manufacturing
Beverage 10 2.9 86.0
manufacturing
Electrical equipment 8 2.3 88.3
manufacturing
Pharmaceutical and 8 2.3 90.6

traditional medicines
manufacturing

(continued on next page)
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Table 1 (continued)

Variables Frequency  Percent  Cumulative
Percent

Printing and related 7 2.0 92.6
support activities
Leather products and 6 1.7 94.4
footwear
manufacturing
Primary metal 6 1.7 96.1
manufacturing
Textile mills 6 1.7 97.9
Petroleum and coal 4 1.2 99.1
products
manufacturing
Wood and wicker 3 0.9 100.0
products
manufacturing

the sharpness of the curve of the data distribution of each indicator tends
to be close to normal (mesokurtic). The excess kurtosis value has a range
from —0.869 to +2.706. In this study, the data indicates a normal dis-
tribution because the skewness is still between —3 and +3 and the
kurtosis is still between —8 and +8 (Sugianto et al., 2023). All indicators
imply no multicollinearity because all VIF values are below ten. Based
on the results of descriptive statistics, most of the mean values for lean
practices are greater than green practices.

4.2. Measurement model, validity and reliability tests

Referring to Hair et al. (2016), all constructs were tested for com-
posite reliability to assess internal consistency. The convergent validity
of each latent variable is evaluated through outer loading and average
variance extracted (AVE) respectively. Referring to Hair et al. (2016),
the factor loading of each measure must have a minimum value of 0.70
so that the convergent validity index can be met. We noticed some
loadings did not meet the required conditions, such as LP1, LP9, LP10,
LP11, LP13, LP18 on the ‘Lean Practice’, GP5 on the ‘Green Practice’,
OP3, OP5, OP7, Env-P5, SP1, SP2, SP3, SP4, SP5, SP6 on ‘Sustainable
Supply Chain Performance’. As a result, some of these measures were
removed from the model. Likewise, the AVE value for each construct
ranges from 0.508 to 0.795, meaning that all constructs meet the
requirement of 0.5 or more (Fornell and Larcker, 1981). According to
Hair et al. (2016), all constructs were tested for composite reliability
(CR) to assess internal reliability or consistency, where a minimum CR
value is accepted at 0.7 or more. All latent variables are found to have
met the desired conditions.

The discriminant validity of each research variable was tested based
on the Fornel-Larker criteria, where the square root for each AVE itself
were greater than the correlations with other constructs (Fornell and
Larcker, 1981). Several indicators were eliminated, (such as LP15, LP16,
GP6, EP2, OP1, OP6) to meet the discriminant validity of each construct
as can be seen in Table 2. Furthermore, in this study, the discriminant
validity of each construct was also checked by analysis of loading and
cross-loading (Hair et al., 2016), where the loading of each indicator in a
construct was higher than in the other constructs. Further, discriminant

Table 2
Discriminant validity test.

Cs GP LP OCTr PI Sus-SCP TMCL
CS 0.802
GP 0.733 0.838
LP 0.746 0.678 0.801
OCTr 0.731 0.578 0.688 0.753
PI 0.659 0.547 0.588 0.636 0.889
Sus-SCP 0.764 0.836 0.780 0.626 0.558 0.803
TMCL 0.767 0.735 0.654 0.667 0.584 0.730 0.866

Note: Diagonal values are the square root of AVE (refer Table 3 for AVE).
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Table 3
Factor loadings, CR and AVE.
Constructs Items  Factor Loadings CR AVE
Top Management Commitment & 8 Max: 0.922; 0.960 0.750
Leadership (TMCL) Min: 0.739
Organizational Culture 6 Max: 0.780; 0.887 0.566
Transformation (OCTr) Min: 0.708
Collaborative Synergy (CS) 6 Max: 0.877; 0.915 0.644
Min: 0.746
Policy Initiatives (PI) 2 Max: 0.938; 0.883 0.791
Min: 0.838
Lean Practice (LP) 9 Max: 0.858; 0.941 0.641
Min: 0.734
Green Practice (GP) 6 Max: 0.887; 0.934 0.702
Min: 0.772
Sustainable Supply Chain 10 Max: 0.863; 0.948  0.645
Performance (Sus-SCP) Min: 0.749

validity was verified as valid where the square root of AVE in the di-
agonal are higher than all the inter-construct correlation coefficients
indicated below the diagonal.

4.3. Structural path model

PLS-SEM was used to undertake a path analysis as illustrated in
Fig. 2. Referring to Hair et al. (2018), both SRMR estimated and satu-
rated (0.060 and 0.059 respectively) are below 0.08 (the recommended
threshold). The Xz estimated (=3041.007) is greater than the X2 satu-
rated (=3021.570). In this study, RMS_theta is 0.119. Henseler et al.
(2014) revealed that a well-fitting model has an RMS_theta value below
0.12 if a higher value indicates a lack of fit. This study uses SRMR,
Chi-square and RMS _theta instead of NFI for a goodness of fit determi-
nation because NFI might reflect a lack of fit even though other indices
demonstrate otherwise. The constructs, items, range of factor loadings,
CR and AVE are shown in Table 3.

4.4. Hypotheses testing

The hypotheses were tested using path coefficients together with p-
values and t-statistics from bootstrapping results with 5000 subsamples,
two-tailed test, significance at 0.05 level, and bias-corrected confidence
interval method. The effect of antecedents on GP and on Sus-SCP is
identified through PLS-SEM analysis. Table 4 demonstrates a summary
of the results of hypotheses testing. The validation or rejection of the
hypothesis depends on the results of §, t-value, and p-value obtained
from the path analysis. The path coefficient between the independent
and dependent variables needs to be significant (t-value >1.96, p-value
<0.05 sig. level), so that the hypothesis is accepted. Table 4 and Fig. 3
present the results of the path coefficients and significance level of the
relationship that helped supporting/not-supporting the hypotheses.

As shown in Table 4, some of the proposed hypotheses were sup-
ported based on the results of p < 0.01 for H1 to H3 and p < 0.05 for H4.
The path relationship between LP and GP was significant (p = 0.368, t =
5.516, p = 0.000). Thus, the results show that there is a positive and
significant impact of the level of LP on the extent of GP. In addition, this
study agrees that there is a significant positive impact of GP on Sus-SCP
(p=0.499,t=11.730, p = 0.000). There is also a significant correlation
between LP and Sus-SCP (p = 0.332, t = 6.253, p = 0.000). Furthermore,
a significant moderating effect of TMCL was found on the correlation
between LP and GP (p = 0.097, t = 2.016, p = 0.044). The R2 value of
0.626 for GP means that all antecedent variables account for 62.6%
variation in green practice of Indonesian manufacturing SMEs. Likewise,
the R? value of 0.793 for Sus-SCP means that all antecedent variables
account for 79.3% variation in sustainable supply chain performance of
Indonesian manufacturing SMEs.
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Fig. 2. Outer loadings path model.
Table 4
Results of hypotheses testing.
Hypotheses Path Coefficient Sample Mean Standard Deviation t-Value p-Values Decision
H1:LP - > GP 0.368 0.362 0.065 5.516 0.000%** Supported
H2: GP - > Sus-SCP 0.499 0.501 0.042 11.730 0.000%** Supported
H3: LP - > Sus-SCP 0.332 0.328 0.053 6.253 0.000%** Supported
H4: LP x TMCL - > GP 0.097 0.087 0.047 2.016 0.044** Supported
H5: LP x OCTr - > GP 0.023 0.028 0.044 0.497 0.619™ Not supported
H6: GP X CS - > Sus-SCP 0.028 0.027 0.038 0.742 0.458™ Not supported
H7: GP X PI - > Sus-SCP 0.018 0.017 0.043 0.420 0.674™ Not supported
Mediation effect: LP - > GP - > Sus-SCP 0.184 0.181 0.037 4.937 0.000%** Supported
Note: **sig. At 0.05; ***sig. At 0.01; "*non-significant.
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Fig. 3. Path model showing hypotheses testing.
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Fig. 4. Simple slopes plot for LP x TMCL.
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4.5. Moderator analysis

Based on the simple slopes analysis in Figs. 4-7, green line is one
standard deviation below the mean, and blue line is one standard de-
viation above the mean. Fig. 4 shows that TMCL exerts a positive and
significant moderating effect on the relationship between LP and GP
because it’s sloping bottom to top left to right. The green line is with
more TMCL, the blue line is with less TMCL. The effect of LP on GP is
positive because this red line the mean is sloping upward, and that
positive relationship is amplified or strengthened by TMCL. Thus, the
positive effect has a steeper slope positive slope when there is more
TMCL.

Fig. 5 demonstrates that the three lines almost coincide with each
other and there is an intersection point. OCTr does not moderate the
relationship between LP and GP, possibly a very mild positive effect.
Nonetheless, the green line with more OCTr is indicated to have a
steeper positive effect than the blue line with less OCTr. In other words,
the positive relationship between LP and GP is dampened by the low
OCTr.

Fig. 6 shows the three lines are parallel or almost parallel, which
means there is no real moderating effect, and this is in line with the
result of the H6 hypothesis test. If the lines are parallel that means,
there’s nothing go on even when it obtain a statistically significant
moderated effect.

Fig. 7 demonstrates that PI does not moderate significantly the cor-
relation between GP and Sus-SCP because the three lines almost coincide
with each other. The positive relationship between GP and Sus-SCP is
dampened by the low level of PI. The blue line with lower PI has a
negative effect because it has a less steep slope than the green line with
higher PI. Whereas if higher PI have a positive effect.

5. Discussion

This study investigates the influence of Green-Lean practices on
sustainability performance of supply chain in Indonesian manufacturing
SMEs. Findings suggest that lean practices are antecedent to the level of
green practices for the SMEs in manufacturing. The H1 hypothesis is
supported based on the results (p = 0.368, t-value = 5.516, p < 0.01).
The relationship between lean practice and green practice in this study is
in line with the findings of Yang et al. (2011), who suggest that lean
practices are an important antecedent of green practices. Melnyk et al.
(2003) argue that the continuous waste reduction efforts of lean com-
panies make them naturally green. Duarte and Cruz-Machado (2013)
state that synchronization of these two practices focuses on reducing
waste, but the point of view of waste from the two practices has different
meaning. Therefore, lean can serve as a green catalyst, accommodating
companies in complying with environmentally friendly policies and
implementing green practices (Thekkoote, 2022). This research results
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indicate that lean techniques and tools are most widely applied in
Indonesian manufacturing SMEs such as 5 S or housekeeping, TPM,
SMED, supplier development, work standardization or ISO 9001, and
kaizen (this finding is in line with Kosasih et al., 2023b; Siegel et al.,
2019). Meanwhile, the most widely applied green techniques and tools
in Indonesian manufacturing SMEs include 3 R, design for the envi-
ronment, eco-design, community or society engagement, environment
management system or 1SO 14001, and corporate
environmental-friendly programs (this finding is in line with Kosasih
et al., 2023b; Dey et al., 2020; Siegel et al., 2019).

Results indicate that the level of green practices positively and
significantly mediates the effect of the extent of lean practices on SC
sustainability performance in manufacturing SMEs. The H2 hypothesis
is supported based on the results obtained (f = 0.499, t-value = 11.730,
p < 0.01). It is mediated by green practices with an indirect effect of
+0.183. The results supported the hypothesis H3 (beta = 0.332, t-value
= 6.253, p < 0.01) thereby the level of lean practices positively and
significantly influences the performance of SME SC sustainability. This
finding is consistent with Thekkoote (2022), Thanki and Thakkar
(2019), Bergmiller and McCright (2009), where they claim that com-
panies which adopt of both lean practice and green practice simulta-
neously are able to achieve more optimal results than if only adopting
lean practice or green practice separately. In addition, green practice as
a mediator in the relation of lean practice and SC sustainability per-
formance is in line with the findings of Wiengarten et al. (2013) and
Hussain et al. (2019) which demonstrates that lean practice and green
practice have a synergistic impact on performance of SC sustainability.
This study can provide a foundation for lean companies, particularly
manufacturing SMEs, to continuously strive to achieve green and SC
sustainability. As environmental awareness continues to increase, it is
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suggested in this study that manufacturing SMEs need concrete green
practices in overcoming environmental problems, developing or mar-
keting environmentally friendly products, and also towards the sus-
tainability of their business or SC performance.

Cantele et al. (2023), Maher et al. (2023), Saulick et al. (2023)
suggest that SC sustainability performance is considered insufficient if it
only relies on traditional measures or indicators such as economic per-
formance. Therefore, environmental and social performances are also
needed to consider in measuring SC sustainability performance. Saulick
et al. (2023), Bai et al. (2012), Shepherd and Gunter (2006) claim that
performance of SC sustainability includes multi-dimensional constructs
which consist of economic, operational, environmental, or/and social
aspects. Businesses have realized the importance of preserving the
environment, which also provides several benefits for business in addi-
tion to its benefits for the environment (Asadi et al., 2020).

Based on the results, performance measures that can be used as key
performance indicators (KPIs) and become the main focus for
improvement in achieving SC sustainability goals for Indonesian
manufacturing SMEs include cost reduction, savings on environmental
or CO, emission cost, supplier cost savings, return on assets (ROA),
response to product changes, air emissions (COx or NOx) reduction,
energy consumption reduction, solid waste disposal reduction, and
percentage of recycled materials. In this study, there was analysis done
separately for each aspect of sustainability performance. The results
show that lean practice or lean-green practices positively and signifi-
cantly affect the SC sustainability performance in Indonesian
manufacturing SMEs, not only on economic and operational perfor-
mances, but also on social and environmental sustainability perfor-
mance separately. Hence, SME owners or managers have to consider and
trade-off both economic and non-economic objectives when making
their managerial decisions. According to Asadi et al. (2019), and Giirlek
et al. (2017), balancing social and environmental sustainability aspects
with economic growth is considered the main goal in the sustainable
development of a business and its supply chain.

The positive relation between lean practice and green practice in
manufacturing SMEs is amplified (moderated positively and signifi-
cantly) in the presence of leadership and top management commitment.
Based on the results (B = 0.097, t-value = 2.016, p < 0.05), the hy-
pothesis H4 is supported. This finding is consistent with the study by
Duarte and Cruz-Machado (2013) who stated that top management
commitment drives lean-green transformation. Meanwhile, the results
obtained (p = 0.023, t-value = 0.497, p > 0.05) could not support the
hypothesis H5 meaning that organizational culture transformation does
not moderate significantly the relationship between lean practice and
green practice in manufacturing SMEs. The findings differ from the
previous study by Alves and Alves (2015), and Zhan et al. (2018), in a
way that practitioners feel overwhelmed to adopt green-lean practices
when there is resistance to change. In addition, Diies et al. (2013) also
argue that the lack of awareness and sense of responsibility towards the
environment tends to hinder its implementation.

The findings also show that collaborative synergy does not moderate
significantly the correlation between green practice and SC sustain-
ability performance in manufacturing SMEs. The hypothesis H6 is not
supported based on the results obtained (beta = 0.028, t-value = 0.742,
p > 0.05). Nevertheless, the finding is in line with previous work from
Das and Rangarajan (2020) who claim that collaborative synergies such
as establishing partnerships with suppliers and customers, focusing on
value creation and maintaining long-term proactive relationships with
stakeholders, significantly affect the sustainability performance. In
addition, their findings indicate that collaborative synergies affect all
three aspects of SME SC sustainability performance, such as economic,
environmental and social. Meanwhile, based on the results obtained
(beta = 0.018, t-value = 0.420, p > 0.05), the hypothesis H7 could not
be supported either. The results show that policy initiative does not
moderate significantly the correlation between green practice and SC
sustainability performance in manufacturing SMEs. This finding is not in
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line with previous studies from Borsatto and Amui (2019), Das and
Rangarajan (2020), and Zailani et al. (2015) who suggested that
appropriate environmental regulations or policies might improve green
practices or innovations as well as sustainability performance. However,
based on a separate analysis of each aspect of sustainability performance
it is found that policy initiatives have a significant and positive impact
on social sustainability performance only. On the one hand, Porter and
Linde (2000) suggest that appropriate environmental regulation can
generate innovative actions or green practices of organizations and lead
organizations to change from an obsolete technology model to a clean or
environmentally friendly technology model. However, this finding is
supported by a study of Siegel et al. (2019) who state that there are a few
of challenges in practicing green-lean and sustainability for SMEs, such
as weak competence or awareness of environmental concern for human
resources and financial weakness as their main problems. In fact, the
survey results on the participation of Indonesian SMEs in social and
environmental initiatives obtained an average of 3.88 in a scale of 1-5,
which means that their level of participation in these initiatives still
needs to be encouraged and increased. Accordingly, government regu-
lations on environmental policies should also be taken into account
which allows SMEs to be proactive and encourage them to build col-
laborations with their stakeholders to meet the expectations of benefi-
ciaries such as large companies in the supply chain.

6. Conclusions and implications
6.1. Conclusions

This research examined the influences of Lean Practice (LP), and
Green Practice (GP) on performance of SME supply chain sustainability
in Indonesia. Further, it investigated how Top Management Commit-
ment and Leadership (TMCL), Organizational Culture Transformation
(OCTr), Policy Initiative (PI), and Collaborative Synergy (CS) moderated
these relationships. This study is unique in the sense it specifically ad-
dresses the SC sustainability of manufacturing SMEs where lean prac-
tices have significant effect on green practices. Further, this study shows
that green practices play a mediating role in lean practices to improve SC
sustainability performance, meaning that manufacturing SMEs that
implement better green practices using lean principles are able to
improve performance. Moreover, TMCL has a significant moderating
effect indicating a better leadership and top management commitment
are able to better integrate lean-green practices. However, OCTr does
not have a significant moderating effect, which implies that a better
transformation of organizational culture does not significantly affect the
integration of better lean-green practices. Our study also found that PI
and CS did not have a significant moderating effect on the correlation
between green practice and SME supply chain sustainability perfor-
mance indicating that the association was not affected or would not
become significantly stronger when high levels of PI and CS were
present.

The application of an integrated lean-green system to manufacturing
SMEs significantly affect social and environmental sustainability per-
formance separately. The social sustainability of SME supply chains is
strongly influenced by two factors. The first is a policy initiative in
which the government’s role is very important. Based on result of our
study, Indonesian SMEs have not had a very high level of participation in
social and environmental initiatives. This makes sense and is under-
standable because SMEs tend to still focus on business continuity due to
lack of capability of their human resources and limitation on financial
resources. The second factor is collaborative synergies, where they
require integrated decision-making mechanisms within a coordinated
supply chain. This study recommends that regulations set by the gov-
ernment regarding social and environmental initiatives should also take
into account, which enables organizations to be proactive and encour-
ages them to build collaboration with stakeholders. This study does not
attempt to assess the adoption level of a lean-green framework on SC
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sustainability performance over a longer period. Future studies also
need to look at the characteristics of manufacturing SMEs for certain
industrial sectors by making comparisons through a multiple case study
to obtain a more implementable framework. It is also important to study
the level of maturity or readiness of SMEs when adopting an integrated
lean-green systems framework.

6.2. Theoretical and managerial implications

This research offers many implications. Theoretically, it offers a
tailored framework for SMEs to apply lean-green practices and their SC
sustainability effectively. The framework seeks to find answers to the
research questions addressed in the introductory section of this article.
The findings from this empirical study assist SME owners or managers in
building a comprehensive lean-green model to guide them towards
achieving their SC sustainability. In addition, the findings of this study
further clarify that SMEs can improve their sustainability performance
by playing an important role in factors such as government support or
collaborative initiatives between SMEs and other stakeholders.

Practically, first, sound knowledge and skilled human resources and
availability of financial resources are important supporting factors for
SMEs to implement a lean-green system in their sustainable

Appendix A. Supplementary data
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development. Therefore, SME managers need to increase both hori-
zontal and vertical collaboration to increase their business competi-
tiveness and growth. Horizontal collaboration is an attempt to
consolidate best practices or strengths among various SMEs. This can be
in the form of a community or other cluster. Vertical collaboration in-
cludes all stakeholders in their supply chain at both upstream and
downstream levels including with the government agencies. Second,
they also need to develop strategies used by SME managers to direct
them towards sustainable development goals. Most SMEs do not yet
have risk mitigation and their long-term plans or goals, so it is necessary
to prepare a mapping plan to increase their resilience and sustainability.
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Appendix A. Survey Questionnaire

No. Construct Indicators/items References
1. Top management TMCL1 Top management demonstrates their commitment and engagement Duarte and Cruz-Machado (2013); Cherrafi et al. (2017);
commitment and towards green and lean practices Wong and Wong (2014); Zhan et al. (2018)
leadership TMCL2  Top management sets strategic and measurable green and lean goals
TMCL3  Top management communicates the importance of green and lean to the
organization
TMCL4  Top management ensures the principles of green and lean practices such
as efficiency and waste reduction
TMCL5  Top management defines commitment to all stakeholders and
communication between them, as a means of reducing cost,
environmental and time risks
TMCL6  Top management ensures investment to help green and lean
transformation
TMCL7  Top management ensures legal enforcement and regulates the rules
TMCL8  Top management ensures implementation of management systems to
assist green and lean implementation
2. Organizational culture OCTrl The company involves every employee such as waste reduction, problem  Duarte and Cruz-Machado (2013); Zhan et al. (2018);
transformation solving, and continuous improvement Daily and Huang (2001); Alves and Alves (2015)
OCTr2 The company applies principles such as flexible job responsibilities,
cross-functional training, and job enlargement and enrichment
OCTr3 The company encourages employees to keep looking for new ways by
suggesting innovative ideas
OCTr4 The company ensures recognition and rewards for employees
OCTr5 The company determines the competencies required for employees
OCTr6 The company provides training and education to improve employee
skills
3. Policy initiatives PI1 The company has awareness of and compliance with government Gandhi et al. (2018); Das and Rangarajan (2020)
policies and programs
P12 The company participates in government social and environmental
initiatives
4. Collaborative synergy Cs1 The company participates in sharing sustainability best practices within ~ Zhan et al. (2018); Das and Rangarajan (2020); Duarte
the business community or SME cluster and Cruz-Machado (2013)
CS2 The company always establishes beneficial cooperation (in terms of
sustainability requirements) for suppliers and customers
CS3 The company is focused on creating value for all their stakeholders, such
as investors, suppliers, employees and the communities
Cs4 The company always fosters and maintains proactive and long-term
relationships with all their stakeholders, such as investors, suppliers,
customers, and the communities
CS5 The company ensures the selection of suppliers or partner companies

according to green and lean criteria

(continued on next page)
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(continued)
No.  Construct Indicators/items References
CS6 The company encourages suppliers or partner companies to integrate a
lean and green approach into their business
5. Lean practice LP1 Only the necessary production equipment and materials are found inthe ~ Wu et al. (2015); Sajan et al. (2017); Thanki and
production area Thakkar (2019); Belhadi et al. (2018); Siegel et al.
LP2 The location for placing materials/production goods is always clearly (2019); Thanki et al. (2016)
marked
LP3 Work areas, storage warehouses and production equipment must be
concise, neat, clean and free from hazards
LP4 The production equipment is always ready to use whenever needed
LP5 The production equipment is inspected and maintained regularly so that
it is safe to use and can operate longer
LP6 Production workers in our company are trained to care for and maintain
their own production equipment/machines
LP7 The production line has spare time for planned maintenance of
production machines/equipment
LP8 The company uses flexible production machinery/equipment, which
requires short setup times when product changes occur
LP9 If there is a workplace that is not producing, then our workers can be
transferred to another workplace according to their needs and functions
LP10 The production personnel are trained to handle several different tasks on
the shop floor
LP11 If one of the production equipment/machines is damaged, the
production can be replaced with another machine to do the same job
LP12 The company only produces products/goods/services only when needed
by users or customers
LP13 Production on each line will be carried out on request from the next
production line
LP14 The company uses a production system where products/services are
produced only in the required quantities (no less and no excessive).
LP15 The company suppliers send materials/raw materials according to
company needs
LP16 The company suppliers deliver materials/raw materials on time and
defect-free
LP17 The production lines carry out standard operating procedures
consistently and very well
LP18 The company implements QMS (such as ISO 9001 or ISO/TS 16949)
consistently and well
LP19 Quality improvement is carried out continuously using the PDCA
principle (plan, do, check, action)
6. Green practice GP1 The company always reduces, reuses and recycles non-environmentally ~ Thanki and Thakkar (2019); Verrier et al. (2014); Siegel
friendly production/service materials et al. (2019); Wu et al. (2015); Thanki et al. (2016)
GP2 The company uses environmentally friendly product/goods packaging
GP3 The company designs products/goods/services that are environmentally
friendly and involve their suppliers
GP4 The company involves the community or society in environmental
improvement programs
GP5 The company prioritizes local sourcing as its supplier
GP6 The company takes back products/items that are worn out, damaged or
discarded by customers for recycling or refurbishment or destruction
GP7 The company implements EMS (such as ISO 14001) consistently and well
GP8 The company always encourages and organizes CSR activities such as
reforestation or tree replanting or other corporate responsibility
programs towards the environment
7. Supply chain (SC) sustainability performance:
Economic performance EP1 The company can reduce operational/production costs at the company Bai et al. (2012); Wu et al. (2015); Gunasekaran and
in accordance with the targets that have been set Kobu (2007); Shepherd and Gunter (2006); Sarkis and
EP2 Market share can be increased according to the set target Talluri (2002)
EP3 The company can save environmental costs or CO2 emission costs better
than in previous years
EP4 The company always initiates supplier cost savings
EP5 Return on assets (ROA) can be increased according to the set target
Operational performance OP1 The company can improve process cycle efficiency (value added ratio) in ~ Bai et al. (2012); Wu et al. (2015); Gunasekaran and
its production/operational lines Kobu (2007); Shepherd and Gunter (2006); Sarkis and
OP2 The company produces consistent and quality products/services Talluri (2002)

(according to the desired standard specifications) with a low defect rate
or according to the set targets

OoP3 The company can minimize the level of customer complaints regarding
the quality of our products or services
OP4 The company can quickly modify/change products/services or respond

to requests for development of environmentally friendly products/
services to meet customer needs

OP5 The company can provide product/service delivery in a short time or on
time according to customer needs

OP6 The company can increase production capacity according to customer
demand

OoP7 Information accuracy can be improved compared to previous years

10
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(continued)
No.  Construct Indicators/items References
OoP8 The overall productivity of our production/operational lines is better
than in previous years
Environmental Env-P1 The company can reduce air emissions (COx or NOy) better than in Bai et al. (2012); Wu et al. (2015); Gunasekaran and
performance previous years Kobu (2007); Shepherd and Gunter (2006); Sarkis and
Env-P2  The company can reduce energy consumption in its production/ Talluri (2002)
operational lines
Env-P3  The company can reduce wastewater generation in its production/
operational lines
Env-P4  The company can reduce solid waste disposal in its production/
operational lines
Env-P5  The company can reduce or even eliminate the use of hazardous or/and
toxic substances
Env-P6  The company can increase the use of recycled materials
Social performance SP1 The company always ensures occupational health and safety Bai et al. (2012); Wu et al. (2015); Gunasekaran and
SP2 The company can improve the level of employee welfare every year Kobu (2007); Shepherd and Gunter (2006); Sarkis and
SP3 The company can increase employee satisfaction every year Talluri (2002)
SP4 The company can improve customer satisfaction every year
SP5 The company’s social reputation can be improved compared to previous
years
SP6 The company can increase the level of planning with suppliers,

communities or/and customers for environmental improvement
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