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OPERATIONS MANAGEMENT | RESEARCH ARTICLE

Development of sustainable logistics 
performance model using system dynamics in 
urban logistics service companies in Indonesia
Teuku Yuri M. Zagloel1*, M. Tirtana Siregar1,2, Akhmad Hidayatno1 and Andri D. Setiawan1

Abstract:  The sustainable business model is critical in designing a performance 
model for logistics service companies by taking into account the dominant factors in 
managing all the resources needed to carry out operational processes, including the 
implementation of the logistics system as an effort to increase organizational 
competitiveness and resilience in the logistics services industry in a sustainable 
manner. The problems faced today are in line with the increasing frequency of 
using logistics services with the growth of E-commerce so the competition for 
logistics services companies, especially in urban areas, is getting tighter. This 
study used Mix Methods Research (MMR) with an explanatory design strategy and 
Structural Equation Model-Partial Least Square (PLS) analysis. In this study, 
a measurement model simulation used a system dynamic approach. Previous 
studies used the variant-based structural equation method but were limited to 
1st-order models. This study aimed to formulate a more comprehensive sustainable 
logistics management model using the 2nd-order model and continued with 
a measurement model simulation up to 2040. The population in the study were 
employees of urban logistics services companies at the supervisor level with more 
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than 5 years of service. Data were collected through questionnaires, observation, 
Focus Group Discussion (FGD), and literature study from January to August 2023. 
Based on the results, economic factors, environmental factors, social factors, and 
customer factors had a positive influence of 13.8 % (0.138 × 100%), 12.9 % (0.129 ×  
100%), 14.2 % (0.142 × 100%) and 12.9% (0.129 × 100%), respectively, meaning 
mutual support to the sustainable logistics model. Based on dynamic system ana
lysis, the sustainable logistics model will have an increasing valuation every year. 
Thus, the relationship between variables in the sustainable logistics model was 
good in maintaining the company sustainability. This study is expected to give an 
exact recommendation for logistics companies to maintain their sustainability by 
always improving the four main factors with the positive influence namely environ
mental, customer, social, and economic factors.

Subjects: Pollution Management; Supply Chain Management; Operations Management; 
Supply Chain Management; Engineering Education; Industrial Engineering & 
Manufacturing; Operational Research / Management Science; Operations Management 

Keywords: logistic; sustainable model; partial least square; mixed method; urban courier; 
system dynamic

1. Introduction
Competition between logistics service companies is getting tighter, due to the emergence of 
companies selling goods via the Internet (E-commerce) (Alghababsheh & Gallear, 2021). 
A survey by MarkPlus, Inc in October 2020 showed that 39% of respondents had a significant 
increase in the frequency of using logistics services in Indonesia compared to before the COVID-19 
pandemic (MarkPlus, 2020). This also has an impact on the increasing use of E-commerce as 
a medium for conducting online, remote and instant transactions (Mollenkopf et al., 2020). 
E-commerce covers all development, marketing, sales, delivery, service, and payment processes 
with the support of a wider network of business partners (Schöder et al., 2016).

Today’s companies are not only required to make profits but also to be able to show benefits to 
society, the environment, and nature. Wise development for society is sustainable development (Z. 
Wang et al., 2018). Logistics services activities have a significant impact on a country’s economy. 
These logistics services activities in aggregate contribute to the gross domestic product (GDP) 
ranging from 8.3% to 27%. For example, the United States at 8.5%, Brazil at 12%, South Africa at 
12.8%, India at 13.0%, China at 18.0%, Vietnam at 25.0%, and Indonesia at 27.0% (Murphy & 
Knemeyer, 2018). The goal of sustainable development is to raise the well-being of people all over 
the world whether now or later but with the limit so as not to endanger the environmental 
condition (Lemaire & Limbourg, 2019). Since 2012, the United Nations (UN) had an agreement to 
make a better living world namely Sustainable Development Goals (SDGs). The agenda resulted in 
17 Sustainable Development Goals (SDGs) or global goals, which will become a framework for 
achieving sustainable development in 2030 (UNDP, 2015).

The growth of e-market logistics services in a country is strongly influenced by the country’s 
economic growth in particular and global economic growth in general. During 2012, Indonesia’s 
economic growth was around 6.3% and global economic growth was around 3.5%. In general, 
a country’s logistics costs are around 20% of the country’s GDP (gross domestic product), so if 
Indonesia’s GDP in 2011 was 7,427 trillion, logistics costs were around 1,485 trillion. This figure 
reflects the size of the logistics services market in Indonesia, even based on predictions, the 
percentage of logistics costs from GDP in Indonesia is likely to be greater, namely 25% to 30%. 
With an average increase per year of 12.1%, the valuation in 2020 was USD 2.76 billion. In 
addition, in 2030, the logistics will be 2042 trillion rupiahs with 9.6% CAGR (Singh & Darroch, 2012).
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Logistics services activities require transportation and warehousing operations which certainly 
consume resources, such as fuel and electricity, and emit emissions that can damage environ
mental quality. The aggregate costs of the logistics sector in GDP are mainly transportation and 
warehousing costs. Even a small percentage reduction in logistics costs will have an impact on 
environmental quality due to reduced fuel consumption, water, waste, and emissions. According to 
Martins et al. (2019), logistics services activities are very closely related to the achievement of the 
Sustainable Development Goals (SDGs). Out of 6 from 17 are related to logistics, namely partner
ship, environment protection, gender equality, economic growth, high quality education, and 
sustainable city (Martins et al., 2019). However, until now, a sustainable logistics model has not 
been found in logistics services companies covering the six SDG points (Martins et al., 2019; 
Vivaldini, 2016). In addition, there has not been a comprehensive study on the effect of each 
factor on sustainability (Wong et al., 2020). In especially in the logistics freight transport segment, 
the literature on sustainability metrics incorporating social, environmental, and economic compo
nents is scarce (Kumar, 2022) This study analyzed sustainable factors in the logistics services 
industry, to serve as a reference for the concept of sustainable development and support devel
opment of logistics services activities, especially in urban areas.

Therefore, this study will be a novelty because there has not been a logistics performance measure
ment model integrating sustainable elements such as economic, environmental, social, and uncertainty 
risk elements that can influence sustainable logistics performance, namely consumer elements in 
logistics service companies in Indonesia, and no studies can provide comprehensive and specific analysis 
of the sustainable model through the development of sub-dimensions to explain the character of 
a general latent variable by considering several indicators influencing each sustainable factor as well 
as being equipped with real evidence with dynamic system simulations.

The problems in the logistics industry are quite varied. The problem is not far from the internal 
and external problems of the industry itself, both in terms of management and administration as 
well as human resources. On the other hand, another problem is the demand pattern from the 
market in each period, where the demand pattern is not constant. In addition, the company also 
faces competition from companies engaged in similar fields in order to meet market demand. This 
problem occurs when companies feel they are not effective and efficient in distributing goods 
(Sutoni & Agustian, 2017). The poor level of government oversight of urban spatial planning, for 
example, land that has been designated as a green belt is actually being built for buildings. In 
addition, poor land transportation management can cause traffic jams and centralization of 
economic activities in urban areas (Aksa et al., 2020). These problems can lead to delays and 
constraints owned by the distribution center in supplying logistics to the regions, where a portion 
of the total number of regions that must be supported have frequent problems related to 
transportation and location. The factors of these problems are dynamic so to minimize these 
problems flexibility is needed from the logistics distribution for effective and efficient handling in 
dealing with any changes.

This study is expected to increase insight and knowledge regarding the factors that influence the 
sustainability of logistics service companies in Indonesia and is also expected to be a means of 
developing knowledge that is theoretically studied in college. It is hoped that this study can serve 
as study material for logistics service companies in implementing and making the right decisions in 
an effort to implement more comprehensive practices/policies to increase organizational competi
tiveness and resilience.

2. Literature review

2.1. Pillars of sustainability in the logistics service industry
Sustainable development is a concept aimed at providing long-term global life through the wiser 
a more prudent use and administration of economic and environmental resources, as well as 
respect for human. This concept also explains the ability of human civilization to create a world for 
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humans and living things in an environmental, social, and economic manner in order to be able to 
provide for the needs of the population without destroying the ability of the next generation 
(Somsuk & Laosirihongthong, 2017). According to (Khan et al., 2023), recently, many business 
including logistics services companies are keen to improve their opportunities by maintaining 
sustainability through the practices of industry 4.0 which commonly referred as sustainable supply 
chain practices (SSCPs).

Then, according to (Kelly et al., 2018), there are 4 aspects of sustainability in the service industry, 
namely economic sustainability, social sustainability, customer sustainability, and environmental 
sustainability. These four aspects are then called the four pillars of sustainability. The four pillars 
are interrelated and are the driving pillars for sustainable development. Ideally, these four things 
can run together and there is a link between the 4 pillars of sustainability or often expressed by 
a balance of formative indicators, namely economic, environmental, social, and customer manage
ment as a driving focus in sustainable development. It can be shown in Figure 1.

Figure 2 shows the integration of sustainability into logistics services companies. Well-designed 
logistics services companies may give businesses a unique opportunity to offer dependable, long- 
term advantages to all value chain participants. The supply chain must engage customers to 
attract new customers, while, at the same time, seizing opportunities to meet, or even exceed, 
existing customer expectations (Hosseini-Motlagh et al., 2019).

In terms of environmental factors, the use of renewable energy can be an alternative leading to 
economic growth in logistics companies, making the world a better place in terms of carbon 
neutral (Khan et al., 2022). This also can be seen from the fact that a higher purchasing abilities 

Figure 1. Pillars of 
sustainability.

Figure 2. Interaction of sus
tainability in logistics services.

Source: (Hosseini-Motlagh 
et al., 2019).

Zagloel et al., Cogent Business & Management (2024), 11: 2286684                                                                                                                                 
https://doi.org/10.1080/23311975.2023.2286684

Page 4 of 34



from customers which ultimately leading to an economic growth, is influenced by the green 
capabilities of the company (Khan et al., 2022).

The presence of technology in logistics services companies does not only assist and provide ease 
for customers, but also can lead to improvement in other factors, such as economic factor due to 
an increase in sales, environmental factor due to the use of Internet of Things (IoT) making lower 
and effective energy usage, and social factor due to the efficient and effective work management 
(Khan et al., 2023).

3. Research method
Mixed methods, which include quantitative and qualitative research, were employed in this study. 
In order to produce more thorough, valid, dependable, and objective data for a study activity, 
mixed method research combines quantitative and qualitative methodologies (Johl et al., 2012).

3.1. Object
The objects of this study were logistics services companies in Indonesia. This study aims to explore 
the development of a sustainable logistics model for the logistics services industry in Indonesia. In 
this study, the independent variables were X1 or Economic Factor with several dimensions namely 
Capital and Cost Factors, Uncertainty and risk Management, Transportation Management, X2 or 
Customer Management with several dimensions namely Service Management, Information 
Technology Involvement, Customer Segmentation, X3 or Environmental Factor with several dimen
sions namely Internal Green Management, Resource Efficiency, Waste Reduction Commitment, X4 or 
Social Factor with several dimensions namely dimensi Commitment for employees, Commitment for 
Customers and the dependent variable (Y) was Sustainable Logistics.

3.2. Method
This study used a mixed method approach mixed method with four types namely embedded, 
explanatory, exploratory, triangulation (Özceylan & Paksoy, 2013). This study used explanatory type. 
Explanatory is a mixed-method study design that begins with conducting a quantitative study as 
the first stage and then verification is carried out in the second stage using sequential qualitative 
studies (Zhu et al., 2019). The explanatory study design can be seen in the following Figure 3.

4. Sample size
When it comes to the minimum sample size, there are several issues to consider. Simulation 
studies led to the suggestion of a minimum sample size of 100 (Anderson & Gerbing, 1984) 
showing the fail to converge with low sample size namely 50. There are two main things to 
consider namely based on chi-square test and fit indices (Hu & Bentler, 1999). The sample-to- 
independent-parameter ratio for SEM can be written as N:q to find out the optimal sample size 

Qualitative Method to prove, deepen and expand quantitative data

Quantitative method for testing hypotheses

Problems/potent
ials, problem 
formulation

Theoretical 
basis and 
hypothesis

Data collection 

and analysis

Hypothesis 

Testing Results

Selection of 

data sources

Data collection 

and analysis

Quantitative 
and qualitative 
data analysis

Conclusion

and suggestions

Figure 3. Stages of explanatory 
study.
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(Jackson, 2001). However (Wolf et al., 2013), demonstrated that having more indicators per 
component results in reduced necessary sample sizes rather than bigger required sample sizes 
in general. Jackson’s findings reveal a very complicated set of interactions between magnitudes 
and N:q ratios, demonstrating that no simple principles exist. Therefore, it could be that the 
minimum sample size is 1:1 from N:q. Based on the analysis of the literature, the minimum number 
of samples used in this study was in accordance with a minimum number of indicators, namely 60 
respondents, but the authors, to add to the richness of the data, taking as many as respondents up 
to 151 respondents with a minimum position of 5 years in the managerial field of a logistics 
company.

5. Data collection technique
Data were collected using questionnaire from January to August 2023. This study used Structural 
Equation Model (SEM) PLS, to be precise, its second-order as a form of measurement model in SEM 
with 2 levels demonstrating the correlation between first and second level. The general (structural) 
mathematical notation of the Hybrid Model is as follows:

Measurement model is as follows:

According to Bollen (Bollen, 1989), the relationship between first, second and higher order factors 
can be shown through Equation (1). The Г£ component in Equation (1) is not needed if higher order 
factors are part of η with their respective coefficients in B. As an alternative, Bη component in 
Equation (1) is deleted if only second order factors are needed and there are no first-order factors 
that have a direct effect on each other (x = 0). First order loading factors from η on y is Λy. To 
obtain the entirety of multivariate model, whether its relationship or loading, Structural Equation 
Modeling (SEM) was used with the following steps:

5.1. Develop theoritical base model
The first stage in developing this model is to look for a model with a good rationale of the most 
important things. The SEM has no function to make a quality relationship but to justify theoretical 
causality through empirical test data (Ghayebloo et al., 2015). Changes in one variable are 
supposed to result in changes in other variables in structural equation models, which are based 
on causation. The theoretical rationale for the study, rather than the analytical method used, 
determines the strength of the causal link between the two variables postulated by the research
ers. As a result, the link between variables in the model is a theoretical deduction. SEM cannot be 
utilized without a solid theoretical foundation.

5.2. Develop path diagram to describe causal relationships and translate into structural and 
measurement equations (structural and measurement equation)
After the theoretical relationship is formed, another method that can describe this relationship is 
through a path diagram. In creating a path diagram, arrows illustrate the connections between 
constructs. Straight arrows imply a direct causal link between two constructs. Only two-way arrows 
connecting constructions demonstrate a correlation between them. The construct in the path 
diagram is divided into two, namely Endogenous and Exogenous. Exogenous (X) is also known 
as the independent variable, while Endogenous (Y) is the dependent variable. After the theoretical 
model and path diagram are formed, the next step is to specify the model to a more formal view 
through equations. The aim is to link the operational definition of the construct to the theory for 
proper empirical testing.
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5.3. Choose type of input matrix and proposed model estimation
This model differs from other methods for analysis in multivariables. However, variance or covar
iance matrices or correlation measurements are used as input data in SEM. Data for observation 
can be included in Smart PLS with a sample size of 85. Before calculating the covariance or 
correlation matrix, the outline data must be analyzed. There are two ways of analysis: estimating 
measurement model (between exogenous and endogenous) and estimating structural model 
(between exogenous) (Khan & Yu, 2021).

5.4. Structural model
Translating path diagrams to structural equations is a simple procedure. First, each endogenous 
construct is a separate dependent variable in the equation. Then, the predictor variables or (X) are 
all constructs in the straight arrow tails that point to the endogenous variables. The framework for 
the relationship between variables is as follows in Figure 4.

Dependendent Variable
Sustainable Logistic (SL) (Y) 

Equation:

The number of variables in the sustainable logistics model (SL) consists of 4 Latent variables, 12 
dimensions, and 60 indicators, as shown in Table A1 (see Appendix).

5.5. Hypothesis
To test the hypothesis above, the following hypothesis testing is used:

Ho : γ2i = 0 : Insignificant influence of Xi on Y
H1 : γ2> 0 : Significant influence of Xi on Y
The statistical test used is as follows:

Reject Ho if t calculated > t table at α 5% significance level

Figure 4. Conceptual frame
work for the relationship 
between latent variables.

Notes:Independent Variables: 
Economic Management (X1) 
Customer Management (X2) 
Environmental Management (X3) 
Social Management (X4)
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Simultaneous hypothesis testing in SEM was carried out using Goodness of Fit (GOF), and not 
using F-Test. SEM simultaneous hypothesis testing with GOF is a substitute for path and path 
regression analysis. If the results of GOF testing in SEM are fit, then automatically the simultaneous 
model is fit. For partial testing, the t-test is still used. The t-calculated in SEM is the Critical Ratio 
(CR), Ho is rejected if CR > 1.96 at level 5% significance level (Kramer et al., 1988) as shown in 
Table 1.

6. Measurement model assessment
The reflecting measurement model assessment’s second phase examines internal consistency 
reliability between indicators. When evaluating the measurement model, the researcher must 
differentiate reflective or formative models; in this study, all variables are represented as reflective. 
The reliability, convergent, and discriminant validity of reflective latent variables are evaluated 
(Hair et al., 2019).

Table 1. Hypothesis testing
Hypothesis Statement Test Criteria i(α=5%)
Ha1 : ρ ≠ 0 ● There is an influence of ieconomic 

imanagement on isosial imanage
ment of logistics services compa
nies in Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)

Ha2 : ρ ≠ 0 ● There is an influence of icustomer 
imanagement on isocial imanage
ment of logistics services compa
nies in Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)

Ha3 : ρ ≠ 0 ● There is an influence of icustomer 
imanagement on ieconomic iman
agement of logistics services com
panies in Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)

Ha4 : ρ ≠ 0 ● There is an influence of ienviron
mental i imanagement on ieco
nomic imanagement of logistics 
services companies in Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)

Ha5 : ρ ≠ 0 ● There is an influence of ieconomic 
imanagement on iSustainability

● Reject Ha1 if t-calculated < t-table (1.96)

Ha6 : ρ ≠ 0 ● There is an influence of icustomer 
imanagement on iSustainability 
logistics model in logistics services 
companies in Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)

Ha7 : ρ ≠ 0 ● There is an influence of ienviro
mental imanagement on 
Sustainability logistics model in 
logistics services companies in 
Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)

Ha8 : ρ ≠ 0 ● There is an influence of social 
imanagement on iSustainability 
logistics model in logistics services 
companies in Indonesia

● Reject Ha1 if t-calculated < t-table (1.96)
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6.1. Reliability
Reliability is the assessment of the constructs’ internal consistency. A measurement is deemed to 
have high dependability if it continually produces the same results under the same conditions. 
SMART-PLS dependability is assessed using Composite dependability and Cronbach’s Alpha 
(Stefanic & Randles, 2015). The first criterion should be a Cronbach’s alpha analysis of the 
measurement model’s internal consistency reliability (Cronbach, 1951). J. F. Hair et al (Hair et al.,  
2019). argue that Cronbach’s alpha is a comparable internal consistency reliability test that yields 
less trustworthy findings than composite reliability. Cronbach’s alpha is a less accurate depend
ability measure since the components are not weighted. In contrast to Cronbach’s alpha, compo
site reliability loads the items based on the several build indicators, and the dependability is higher. 
The composite dependability rhoc, developed by Jöreskog in 1971, is one of the key metrics used in 
PLS-SEM. Higher degrees of dependability are associated with higher values. In exploratory 
research, for example, reliability levels between 0.60 and 0.70 are classified as “acceptable,” 
whereas reliability values between 0.70 and 0.90 are classified as “satisfactory to good.” Values 
more than 0.90 (and surely greater than 0.95) are problematic due to having redundancy (Hair 
et al., 2021). Because of the limits of Cronbach’s alpha, it is technically preferable to use an 
alternative measure of internal consistency reliability known as composite reliability (rhoC). 
However, both Cronbach’s alpha and rhoC have a cut-off value to assess reliability, which is 
above 0.7 (Hair et al., 2021; Henseler et al., 2015).

6.2. Convergent validity
Convergent validity aims to measure how far construct converges to account for the variation of its 
constituents. The statistic used to test a concept’s convergent validity is the average variance 
extracted (AVE) for all items on each construct (Hair et al., 2021). The average variance extracted 
(AVE) values serves the base for establishing convergent validity (Hair et al., 2019). To determine 
the mean value, each indicator loading on a construct must be squared to then be used in AVE. 
Furthermore, for the AVE to be regarded acceptable, AVE should be above 0.50 (Hair et al., 2021).

This criteria reveals how much an indicator is positively associated with other indicators under 
one construct. Indicators of reflective constructs are handled as distinct techniques to assessing 
the same construct using a domain sampling model. As a result, items used as indicators of an 
reflective construct must have a significant amount of variation. The researchers employ average 
variance extracted (AVE) with a cut-off value of 0.5 to assess the convergent validity of the 
reflective architecture, so that if AVE > 0.5, the model is declared valid (Sarstedt et al., 2021).

6.3. Discriminant validity
The discriminant validity of a construct measures its empirical difference from other things in the 
whole model (Hair et al., 2019). It experimentally analyzes how how distinct it is from other constructs 
(Gim & Cheah, 2020). Three techniques of evaluation have been offered (Hair et al., 2019).

● Cross Loading

Discriminant validity reveals how empirically a construct varies from other constructs. Thus, 
proving discriminant validity indicates that a concept is distinct and captures things that other 
constructs in the model do not. Researchers have traditionally relied on two metrics of discrimi
nant validity. Cross-loadings are commonly used to examine the discriminant validity of indicators. 
The projected cross-loading value should exceed 0.7 (Ghozali & Latan, 2015).

● Fornell-Lacker

A second method for determining discriminant validity is the Fornell-Larcker criteria. This criteria 
compares the square root of the AVE value to the latent variable correlation. The square root of 
each construct’s AVE, in particular, must be bigger than its greatest correlation with the other 
constructs. An alternate method for analyzing the Fornell-Larcker criterion results is to see if the 
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AVE is larger than the squared correlation with the other constructs. The theory of the Fornell- 
Larcker technique is based on the assumption that a construct’s variance with its related indicators 
is greater than that of any other construct. The connection with other constructs is larger than the 
predicted Fornell Lacker value.

● Heterotrait-Monotrait Ratio Of Correlations (HTMT)

Cross-loading and the Fornell-Larcker Criterion, according to some experts, are less sensitive in 
determining discriminant validity. The recommended alternate approach for measuring discrimi
nant validity is HTMT. The basis for measurement in this technique is a multitrait-multimethod 
matrix. To establish discriminant validity between the two reflective conceptions, the HTMT value 
must be smaller than 0.9 (Henseler et al., 2015).

7. Principal Component Analysis (PCA)
This statistical analysis can be called the Karhunen-Loeve or Hotelling transformation which is 
useful in simplifying components through linear transformations in order to get the best significant 
variance values, so as to be able to obtain reduced data with dense information or be able to 
describe the data as a whole (Lee et al., 1996).

The principal component analysis uses eigenvectors and values to reduce dimensions by elim
inating correlations between independent variables. The process of eliminating correlation through 
eigenvectors and values is often called principal component transformation.

The Principal Component is obtained through several steps:

● Subtract values with the average value in the form of a matrix
● Calculate the covariance matrix
● Get the eigenvector and value from the covariance matrix
● The eigenvector with the highest eigenvalue is considered as the principal component (feature 

vector).
● The feature vector matrix is transposed and then multiplied with the transposed data matrix

Mathematically it can be written as follows:

If the data matrix is considered Z and the metric matrix is N, then the transition matrix is as 
follows PCA consists of studying a data matrix Z, endowen with a metric Ip defined in Rp, and 
another metric N defined in Rn (generally N = (1/n) In. The matrix Z comes defined the follow
ing way:

The fit in Rn has to do with : N1/2ZZTN1/2v = λv, with vTv = 1

The transition relations can be written as:

Then to get the coordinates of each eigenvector element

ψα=Zuα

where
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The coordinates of the active variables are obtained by the orthogonal projection of the columns of 
Z onto the directions defined by vα with the metric N. The coordinate values for obtaining the 
principal component are as follows

with the j-th element:

8. Linear Discriminant Analysis (LDA)
Linear Discriminant Analysis (LDA) aims to project the original data matrix into a lower dimen
sion (Tharwat et al., 2017). To achieve this goal, several steps need to be taken, namely 
calculating the distance between the averages of the different classifications, which is called 
the inter-classification variance or the inter-classification matrix, and then formulating data 
with lower dimensions. Simply, the LDA process is carried out with the following formula 
(Izenman, 2008):   

Sb

scalar

λ1v1 = Sw
−1 (m1 − m2)(m1 − m2)T  v1

= Sw
−1(m1 − m2) · (m1 − m2)T v1

where

is called the between-class scatter matrix. This implies that

v1 a S−
w

1(m1 − m2)

and it can be computed from S−
w

1(m1 − m2) through rescaling

9. System dynamics
The system shows the unity of interaction between elements of an object within a certain 
scope working together to achieve goals. The intended interaction binds or connects elements 
so as to provide structure to the object, is able to differentiate from other objects, and 
influences the state of the object. The system dynamics is described by a flowchart with 
various functions with the aims and objectives which can be seen in the following table. In 
system dynamics, there is a boundary or scope separating the system and the external 
environment. This can be divided into two, namely a closed-loop system as a system free 
from the influence of the external environment and an open-loop system analyzing the 
influence of the external environment (Tian et al., 2014). Table A2 (see Appendix) shows the 
flow diagram symbol and description.

Mathematically, system dynamics can be written as follows
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10. Results and discussion

10.1. Formulating measurement model
In structural equation modeling, the measurement model measures the relationship between the 
observations obtained during the study (indicators) and the constructs or factors underlying the 
theory. The researcher assessed 60 indicators in the sustainability logistics model. The hypothe
sized measurement model determines the relationship between the 60 observed indicators and 
12 latent variables supporting or influencing them. In this study, the measurement model used is 
as follows:

● Economic Sustainability consists of several variables namely:

▪ Traffic Congestion Reduction (TRAFFIC) with 6 indicators
▪ Profitability Goals (PROFIT) with 7 indicators
▪ Financial Performance (FINANCE) with 5 indicators

● Environmental Sustainability consists of several variables namely:

▪ Reducing Environmental Problems (ENVIRO) with 5 indicators
▪ Reducing Emissions (EMISSION) with 6 indicators
▪ Infrastructure Protection (INFRASTRUCTURE) with 5 indicators

● Social Sustainability consists of several variables namely:

▪ Health Purposes (HEALTH) with 4 indicators
▪ Safety Purposes (SAFETY) with 5 indicators
▪ Employment Practices (EMPLOY) with 4 indicators

● Customer Management Sustainability consists of several variables namely:

▪ Service Management (SERVICE) with 6 indicators
▪ Use of Information Technology (IT) with 4 indicators
▪ Customer Segmentation (SEGMENT) with 3 indicators

11. Model evaluation
The results of the reliability assessment with Cronbach’s alpha and rhoC and convergent validity 
with AVE can be seen as follows in Table 2.

Based on the Table A2 above, with Cronbach’s alpha and rhoC cutoff values > 0.7, all variables 
meet these criteria except Employment practices (Cronbach’s alpha < 0.7). Furthermore, AVE has 

Table 2. Reliability assessment
Variable alpha rhoC AVE
Reducing Environmental 
Problems

0.789 0.855 0.546

Reducing Emissions 0.799 0.855 0.500

Infrastructure Protection 0.709 0.805 0.455

Service Management 0.807 0.860 0.508

Use of Information 
Technology

0.867 0.909 0.714

Customer Segmentation 0.742 0.852 0.658

Traffic Congestion 
Reduction

0.789 0.849 0.487

Profitability Goals 0.837 0.879 0.512

Financial Performance 0.814 0.871 0.577

Health Purposes 0.762 0.846 0.580

Safety Purposes 0.743 0.830 0.496

Employment Practices 0.664 0.799 0.506

Source: Processed Data (2023). 
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a cutoff value > 0.5, so it is certain that several variables are not statistically valid, but the values 
are not too far away, such as Infrastructure Protection (0.455) and Safety Purposes (0.496). The 
expected cross-loading value is greater than 0.7, so if the cross-loading value is lower, it can be 
said that it does not meet discriminant validity. Another way besides cross-loading in determining 
discriminant validity is the Fornell-Lacker criteria as shown in Table 3.

Cross-loading and the Fornell-Larcker Criterion, according to some experts, are less sensitive in 
determining discriminant validity. The recommended alternate approach for measuring discrimi
nant validity is HTMT. The HTMT value must be lower than 0.9 to be said to have discriminant 
validity as follows in Table 4.

In addition, it is also necessary to look at the relationship between variables with correlation 
analysis as follows in Table 5.

The model results can be seen as follows in Table 6

Validity testing on the latent variables of the sustainability logistics model is obtained for 
each latent variable, namely Customer, Environment, Economic, and Social. The standard 
loading factor value shows that these factors have a positive CFA value and the value is 
significant. Confidence interval (in this case 2.5% CI and 97.5% CI), shows how far and how 
big the influence of an indicator/variable is on other variables. So if there is a value of 0 
between the two confidence interval values (between 2.5% CI and 97.5% CI), then it is 
considered to have no significant influence (Tan & Tan, 2010).The SEM matrix for the structural 
model is as follows.

In structural equation modeling (SEM), the measurement model measures the relationship 
between the observations obtained during the study (indicators) and the constructs or factors 
underlying the theory. Researchers assess the hypothesized measurement model determines the 
relationship between the observed indicators and latent variables. The structural model is predict
ing the relationship between latent variables, is able to test the overall model as well as individual 
paths, and is able to model error. Therefore, SEM matrix for the measurement model is as follows 
in Figure 5.

From the above model in Figure 6, it can be concluded that latent variables such as environ
mental, economic, social, and customer factors had a positive influence on sustainability logistics. 
Based on Table 6, the relationship between variables partially explained by the path coefficient 
value can be described as follows:

(1) Hypothesis 1: The original sample, t-statistic, and p-value respectively were 0.23 (23%), 2.26  
> 1.96, and 0,0 < 0.05. This shows positive as well as signfinicant influence between eco
nomic factors and social factors or it is accepted.

(2) Hypothesis 2: The original sample, t-statistic, and p-value respectively were 0.76 (76%), 8,48  
> 1.96, and 0,0 < 0.05. This shows positive as well as signfinicant influence between custo
mer factors and social factors or it is accepted.

(3) Hypothesis 3: The original sample, t-statistic, and p-value respectively were 0.29 (29%), 2.63  
> 1.96, and 0.10 > 0.05. This shows positive but insignfinicant influence between customer 
factors and or it is accepted.
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(4) Hypothesis 4: The original sample, t-statistic, and p-value respectively were 0.56 (56%), 2.67  
> 1.96 and 0.00 < 0.05. This shows positive as well as signfinicant influence between envir
onmental factors and economics factors or it is accepted.

(5) Hypothesis 5: The original sample, t-statistic, and p-value respectively were 0.01 (1%), 2.00 >  
1.96, and 1.00. This shows positive but insignfinicant influence between economic factors 
and sustainable logistics or it is accepted.

(6) Hypothesis 6: The original sample, t-statistic, and p-value respectively were −0,31 (31%), 
|-2.58| > 1.96, and 0.2. This shows negative and insignfinicant influence between customers 
factors and sustainable logistics or it is accepted.

(7) Hypothesis 7: The original sample, t-statistic, and p-value respectively were 0.27 (27%), 2,7 >  
1.96, and 0.3. This shows positive but insignfinicant influence between environmental 
factors and sustainable logistics or it is accepted.

(8) Hypothesis 8:The original sample, t-statistic, and p-value respectively were 0.05 (5%), 2.5 >  
1.96, and 0.3. This shows positive but insignfinicant influence between social factors and 
sustainable logistics or it is accepted. 

12. Goodness of fit (GOF) test
Hair et al (Hair et al., 2019) and Schepsmeier (Schepsmeier, 2015) show that the final stage of the 
SEM analysis is the goodness of fit test. The goodness of fit can be tested with the absolute fit 
measurement, namely Chi Square and Standardized Root Mean Square Residual (SRMR). Chi- 
Square will be better if it has a lower value. The Chi-Square value is considered acceptable if the 
value is less than 2 times the degree of freedom. The degree of freedom value can be obtained 
from the number of variables minus one. Chi-Square can be calculated using the following formula:

Based on the calculation, the chi-square value obtained is 7.742486719, or less than 2 times the 
degree of freedom (N-1 or 61–1 = 60), so the model can be accepted.Standardized Root Mean 
Square Residual is the result of calculating the mean residual value as a result of matching the 

Figure 5. Sustainable logistic 
measurement model.
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variance and covariance matrices. Hu and Bentler (1999) showed that SRMR is a measure of 
absolute fit and is defined as the difference in observed and predicted correlation values with 
a limit of < 0.08. The formula is as follows:

p is the number of variables, Sij is the covariance, Sii and Sjj are the standard deviation

The calculation with RStudio can be performed with the following syntax.    

Based on the calculations, the SRMR value obtained is 0.0871 or more than 0.08, although 
statistically the value is greater than 0.08, but with the distance/difference not being too large, 
the results can still be considered.

13. Discussion

13.1. The influence of economic factors on sustainability logistics model
The path coefficient hypothesis testing findings revealed that the economic variable has a positive 
influence with an estimated value of 0.128 (giving an influence of 13.8%) and is significant on 
sustainable logistics because it has a confidence interval value of 0.028 and 0.350. The results 
showed that economic factor had a positive and insignificant influence. The findings and conclu
sions in this study are in line with previous studies with the conclusion that although the trans
portation industry has historically been regarded as crucial for business activity, it now has 
a significant detrimental influence on the environment. As a result, complex optimization techni
ques are required to develop viable routes with minimal logistical costs (Reyes-Rubiano et al.,  
2021). The most important conclusion is that the studies highlighted are primarily focused on 
responsible consumption and production, industry, innovation, and infrastructure, as well as cheap 
and clean energy, with a secondary focus on sustainable cities and communities (Lazar et al.,  
2021). City logistics support urban economics and sustainable development, however, when 
demand develops, the negative externalities worsen (Škultéty et al., 2021).

13.2. The influence of customer factors on sustainability logistics model
The path coefficient hypothesis testing findings revealed that The customer variable has a positive 
influence with an estimated value of 0.129 (giving an influence of 12.9%) and is significant on 
sustainable logistics because it has a confidence interval value of 0.028 and 0.310. The results showed 
that economic factor had a positive and insignificant influence. The findings and conclusions of this 
study are in line with other studies which conclude that positive influences may represent positive 
influences on other dimensions of sustainability. Therefore, the challenge hinges on striving for 
positive influence (Lazar et al., 2021). As competition shifts from one company to the entire supply 
chain, the focus of the competitive market does not only stay on internal factor practices but also 
begins to focus on external factor practices (Wang et al., 2018). There are three dimensions to this 
factor, the first focuses on service sources, the second dimension produces services, and the third 
dimension focuses on product delivery, or between the first and second dimension.

13.3. The influence of environmental factors on sustainability logistics model
The path coefficient hypothesis testing findings revealed that environmental variables have a positive 
influence with an estimated value of 0.129 (giving an influence of 12.9%) and are significant on 
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sustainable logistics because they have confidence interval values of 0.030 and 0.342. The results 
showed that environmental factors had a positive and insignificant influence. From an efficiency 
standpoint, the interaction between transportation and the environment has become one main part 
of sustainability (Lazar et al., 2021). Urban logistics is defined as the use of shipping management 
strategies that have been shown to affect traffic in urban settings. Therefore, the uniqueness of 
specific challenges as well as the urban setting must be considered (Škultéty et al., 2021). Logistics 
companies are encouraged to integrate sustainability concepts into their logistics activities due to 
environmental regulations and consumer pressures faced by logistics companies (Kumar, 2022).

13.4. The influence of social factors on sustainability logistics model
The path coefficient hypothesis testing findings revealed that The social variable has a positive 
influence with an estimated value of 0.142 (giving an influence of 14.2%) and is significant on 
sustainable logistics because it has a confidence interval value of 0.035 and 0.316. The results 
showed that social factors had a positive and insignificant influence. All smart city logistics systems 
attempt to use optimization techniques, technology improvements, and information and commu
nication networks to make delivery system a flexible system capable of satisfying societal and 
industrial demands (Reyes-Rubiano et al., 2021). Social and industrial requirements are concerned 
not only with the economic impact of choices, but also with their social and environmental con
sequences, such as the impacts of pollution on the environment. The notion of selecting 
a development that fulfills present industrial and social demands while conserving resources for 
future generations gives rise to sustainability indicators. Synergies between social and environmen
tal consequences are included in economic impacts (Alghababsheh & Gallear, 2021).

14. Principal Component Analysis (PCA)
After understanding the mathematical calculations, the PCA technique can be performed using the 
RStudio program, which results in values as shown collected in the form of variables in the 
accompanying tables collected.

Based on the Table 7 above it can be concluded that:

● The highest PCA value is found in the IT variable or “Use of Information Technology (Nagariya et al.,  
2022), (Kumar, 2022),(Nouri et al., 2019), with a value of 0.1514. This shows that the IT variable has 
the highest value in the variance/proportion determining the influences between variables.

Figure 6. PCA diagram.

Zagloel et al., Cogent Business & Management (2024), 11: 2286684                                                                                                                                 
https://doi.org/10.1080/23311975.2023.2286684

Page 20 of 34



● The lowest PCA value is found in the INFRASTRUCTURE variable or “Infrastructure protection (Reyes- 
Rubiano et al., 2021), (Škultéty et al., 2021), with a value of 0.1110. This shows that the 
INFRASTRUCTURE variable has the lowest value on the variance/proportion determining the influ
ences between variables.

Based on the Figure 7 above, it is known that in the Sustainability Logistics Model questionnaire, 
of the 5 scales used, only 3 scales were the answers, namely scale 2 (not sustainable), scale 3 
(fairly sustainable), and scale 4 (sustainable). The graph above shows that all factors prove to be 
supporting the Sustainability Logistics Model because almost all indicators in the plot are clustered 
and concentrated, with only a few outliers.

Table 7. PCA value
Variable PCA Value
IT 0.1514

SEGMENT 0.1298

ENVIRONMENT 0.1320

PROFIT 0.1370

HEALTH 0.1245

EMISSION 0.1264

SAFETY 0.1288

EMPLOY 0.1301

FINANCE 0.1266

SERVICE 0.1198

TRAFFIC 0.1144

INFRASTRUCTURE 0.1110

Source : Processed data (2023). 

Figure 7. LDA diagram.
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15. Linear Discriminant Analysis (LDA)
The actions that follow are utilized for performing out the LDA procedure using the RStudio 
software.       

The graph above shows several indicators that are flanked by the two types of sustainability, including 
non-sustainable and fairly sustainable, non-sustainable and sustainable, and fairly sustainable and 
sustainable. There are even several indicators that are flanked by the three types of sustainability. 
Based on in Figure 8, in group 2 (Not Sustainable), the factor with the highest value or considered to have 
the most influence is “attention/consideration of the welfare of customers and society (Salamzadeh 
et al., 2022). In group 3 (Fairly Sustainable), the factor with the highest value or considered to have the 
most influence is “KIR test for vehicles (FGD Finding). In group 4 (Sustainable), the factors with the 
highest value or considered to have the most influence are “reducing emissions and waste (Reyes- 
Rubiano et al., 2021) and “regulations/commitment to road safety (Sodhi & Tang, 2018).

16. Simulation of sustainable logistics model
This study used the Sustainable Logistics model with four influencing sub-systems, namely: Economic 
Sustainability, Customer Sustainability, Environmental Sustainability, and Social Sustainability. Each 
sub-system has its own function which affects its condition with details as follows:

- Economic Sustainability can be explained by the Profit, Traffic, and Financial functions
- Customer Sustainability can be explained by the Service, IT, and Segmentation functions
- Environmental Sustainability can be explained by the functions of Environmental Problems, 

Emissions, and Infrastructure Protection
- Social Sustainability can be explained by the Health, Safety, and Employment functions

Figure 8. Cause loop diagram 
sustainable logistic.
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Causal Loop Diagram or often abbreviated as CLD refers to the characteristics of the system as 
mentioned in the previous section, namely the existence of supporting elements, internal and 
external feedback, and balance. CLD is a pre-condition before proceeding with the flow diagram 
process in the System Dynamics software, namely Powersim Studio 10.

A collection of cause-and-effect relationships forms a loop to provide feedback. The loop has two 
forms, namely Reinforcing (marked with the letter “R”) and Balancing (marked with the letter “B”). 
A reinforcing loop means mutually reinforcing relationships so that the interconnected variables will 
continue to increase or continue to decrease in value without a system balance. While the balancing 
loop means that the relationship provides a balance where the interrelated variables continue to 
increase and some continue to decrease so that it will provide system balance.Mathematically, by 
combining the coefficients in the SEM analysis, the system can be written as follows.

The relationship between variables with the flow diagram is as follows in Figure 9.

Figure 9. Sustainable logistic 
simulation.
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The results obtained using the Sustainable Logistics model simulation found that the MODEL 
VALUATION is as follows from 2020 to 2040 as shown in Figure 10.

Based on the graph and table above, the sustainable logistics model will have an increasing 
valuation every year. Thus, the relationship between variables in the sustainable logistics model is 
good in maintaining the company sustainability. It should be noted that the value of the rupiah 
unit (M) is not intended as a routine expenditure each year, but is used as an abstraction in the 
valuation of the sustainable logistics model, where if there is a continuous increase it is expected 
that in factual circumstances, the supporting factors will continue to have an increasing positive 
value so that it will maintain the company sustainability.

17. Conclusion
This study will be a novelty because there has not been a logistics performance measurement model 
integrating sustainable elements such as economic, environmental, social, and uncertainty risk ele
ments that can influence sustainable logistics performance, namely consumer elements in logistics 
service companies in Indonesia, and no studies can provide comprehensive and specific analysis of the 
sustainable model through the development of sub-dimensions to explain the character of a general 
latent variable by considering several indicators influencing each sustainable factor as well as being 

Figure 10. Model simulation 
result.
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equipped with real evidence with dynamic system simulations. Latent variables that make up the 
sustainability logistics model with positive and insignificant influences, namely economic factors, social 
factors, and environmental factors. Meanwhile, the customer factor had a negative or inverse effect and 
is not significant on the sustainability logistics model. However, all the indicators that make up the 
factors have a positive and significant influence. Based on the calculation, the chi-square value obtained 
is 7.742486719, or less than 2 times the degree of freedom (N-1 or 61–1 = 60), so the model can be 
accepted. Meanwhile, the SRMR value obtained is 0.0871 or more than 0.08, although statistically the 
value is greater than 0.08, but with the distance/difference not being too large, the results can still be 
considered. Based on SEM values, environmental variables have a positive and significant influence on 
Sustainable logistic, or it can be said that if environmental sustainability is improved, then sustainable 
logistic management will be better. Based on the SEM value, the customer variable has a positive and 
significant effect on Sustainable logistic, or it can be said that if customer sustainability is improved, then 
sustainable supply chain management will increase, which may be due to costs/costs used to improve 
facilities for customers that are getting bigger, so it is needed maximum limit/cost ceiling so that 
sustainability is maintained, economic variables have a positive and significant effect on Sustainable 
logistic, or it can be said that if economic sustainability is improved, then sustainable supply chain 
management will be better, which may be caused by wasted costs due to congestion, logistics costs, and 
accounting processes is getting bigger, so a maximum limit/cost ceiling is needed so that sustainability is 
maintained, social variables have a positive and significant influence on Sustainable logistic, or it can be 
said that if social sustainability is improved, then sustainable logistic will be better. The results of PCA 
showed that all factors prove to be supporting the Sustainability Logistics Model because almost all 
indicators in the plot are clustered and concentrated, with only a few outliers. The results of LDA showed 
that in group 2 (Not Sustainable), the factor with the highest value or considered to have the most 
influence is “attention/consideration of the welfare of customers and society, In Sustainable logistic 
group 2 (Fairly Sustainable), in group 3 (Fairly Sustainable), the factor with the highest value or 
considered to have the most influence is “KIR test for vehicles (FGD Finding)”, and in group 4 
(Sustainable), the factors with the highest value or considered to have the most influence are “reducing 
emissions and waste” and “regulations/commitment to road safety”. In this study, Economic, 
Environmental, and Social Sustainability had a positive relationship because these three variables 
increased the company sustainability. On the contrary, Customer Sustainability had a negative relation
ship, if this variable continues to be increased without limitation it will reduce the company sustainability, 
for example, if the company continues to issue a budget for promotions without considering income, it 
will endanger the company’s financial condition. Based on the system dynamics analysis, the sustain
able logistics model will have a valuation that continues to increase every year. Thus, the relationship 
between variables in the sustainable logistics model is good in maintaining the company sustainability. 
Therefore, companies should maintain their sustainability by improving factors with positive influence 
and paying attention to factor with negative influence. Further research can be carried out by conducting 
trials of model calculations based on sustainable logistics variables on the stability of a sustainable 
logistics business in logistics companies, especially in Indonesia.
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Appendix

Table A1. Variables and indicators
Latent Variable Dimension Manifest Variable/Indicator
Economic Sustainability Traffic Congestion Reduction 

(Reyes-Rubiano et al., 2021) (Lazar 
et al., 2021),

1. Special attention to the 
contribution of traffic congestion 
to pollution (Reyes-Rubiano et al.,  
2021)

2. Commitment to minimize travel 
time 
(Lazar et al., 2021)

3. Commitment to minimize 
delivery times 
(Lazar et al., 2021)

4. Efficient distribution of freight 
transport in urban areas 
(Salamzadeh et al., 2022)

5. Approaches to reduce 
environmental impacts and traffic 
congestion 
(Škultéty et al., 2021)

6. Night delivery schedule to limit 
freight transport during city rush 
hours during the day 
(Dolinayova & Cerna, 2019)

Profitability Goals 
(Reyes-Rubiano et al., 2021) 
(Škultéty et al., 2021)

1. Minimize logistics costs 
(Reyes-Rubiano et al., 2021)

2. Vertical (government) and 
horizontal (stakeholders) 
cooperation 
(Reyes-Rubiano et al., 2021)

3. Responsible consumption and 
production systems 
(Lazar et al., 2021)

4. Efficient urban logistics system 
(Lazar et al., 2021)

5. Livable environment around 
road infrastructure 
(Škultéty et al., 2021)

6. Mechanism for managing the 
use of natural resources 
(Škultéty et al., 2021)

7. Mechanisms to prevent negative 
externality costs 
(Škultéty et al., 2021)

(Continued)
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Table A1. (Continued) 

Latent Variable Dimension Manifest Variable/Indicator
Financial Performance 
(Shi & Yu, 2013) (Lazar et al.,  
2021), (Rahiminezhad Galankashi 
& Mokhatab Rafiei, 2022)

1. Efficiency in working capital 
management and financial 
performance 
(Shi & Yu, 2013)

2. Cost efficiency for the 
procurement cycle 
(Sroufe & Gopalakrishna-Remani,  
2019)

3. Efficiency of inventory turnover 
and cash-to-cash cycles 
(Rahiminezhad Galankashi & 
Mokhatab Rafiei, 2022)

4. Sales growth in the 
manufacturing cycle 
(Reyes-Rubiano et al., 2021)

5. The efficiency of the customer 
order cycle as measured by the 
size of the market share and 
inventory turnover 
(Lazar et al., 2021)

Environmental Sustainability Reducing environmental 
problems 
(Ubeda et al., 2011) (Reyes- 
Rubiano et al., 2021), (Škultéty 
et al., 2021)

1. Introduction of new technology 
in the form of alternative fueled 
vehicles 
(Ubeda et al., 2011)

2. Minimize the weight of 
transportation vehicles to minimize 
fuel/energy consumption 
(Reyes-Rubiano et al., 2021)

3. Heterogeneous fleet to increase 
the load factor 
(Reyes-Rubiano et al., 2021)

4. A clear mechanism for 
calculating average speed and 
mileage 
(Škultéty et al., 2021)

5. A clear mechanism to account 
for idle-time 
(Škultéty et al., 2021)

6. A clear mechanism to reflect 
different traffic situations 
(Kumar, 2022)

(Continued)
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Latent Variable Dimension Manifest Variable/Indicator
Reducing emissions 
(Reyes-Rubiano et al., 2021) 
(Škultéty et al., 2021), (Kumar,  
2022)

1. Reducing emissions and waste 
(Reyes-Rubiano et al., 2021)

2. The use of alternative fuels 
(Lazar et al., 2021)

3. Affordable and clean energy 
(Škultéty et al., 2021)

4. Product stewardship with the 
principle of stratification 
(Kumar, 2022)

5. The mechanism for reducing the 
burden on the environment 
(Kumar, 2022)

6. Emission test for vehicles 
(Focus Group Discussion Findings)

Infrastructure protection 
(Reyes-Rubiano et al., 2021) 
(Škultéty et al., 2021),

1. Multimodal transportation 
system 
(Reyes-Rubiano et al., 2021)

2. Energy efficiency in corporate 
buildings/offices 
(Reyes-Rubiano et al., 2021)

3. The integration of electric 
vehicles supports more effective 
infrastructure changes 
(Škultéty et al., 2021)

4. Battery charging and storage 
stations(Škultéty et al., 2021)

5. Environmental management 
system meeting the criteria (ISO 
14,001) 
(Focus Group Discussion Findings)

(Continued)

Zagloel et al., Cogent Business & Management (2024), 11: 2286684                                                                                                                                 
https://doi.org/10.1080/23311975.2023.2286684                                                                                                                                                       

Page 31 of 34



Table A1. (Continued) 

Latent Variable Dimension Manifest Variable/Indicator
Social Sustainability Health Purposes 

(Sodhi & Tang, 2018)(León & Juan,  
2014), (Reyes-Rubiano et al., 2021) 
(Salamzadeh et al., 2022),

1. Regulation/commitment to 
safety, health and labor standards 
(Sodhi & Tang, 2018)

2. Regulation/commitment to 
workload balance 
(León & Juan, 2014)

3. Special attention to the health 
impacts and living conditions of 
the wider community 
(Reyes-Rubiano et al., 2021)

4. Attention/consideration of the 
welfare of customers and society 
(Salamzadeh et al., 2022)

Safety Purposes 
(Škultéty et al., 2021) (Sodhi & 
Tang, 2018), (Schaltegger & Burritt,  
2014) (Salamzadeh et al., 2022),

1. Regulation/commitment to 
company costs 
(Škultéty et al., 2021)

2. Regulations/commitment to 
road safety 
(Sodhi & Tang, 2018)

3. Procedures for awarding 
employee salaries and wages 
(León & Juan, 2014)

4. Regulations/commitments to 
city livability 
(Schaltegger & Burritt, 2014)

5. Minimal air and noise pollution 
(Salamzadeh et al., 2022)

Employment Practices 
(León & Juan, 2014) (Reyes- 
Rubiano et al., 2021), (Salamzadeh 
et al., 2022)

1. Emphasizing discipline and 
ethics at work 
(León & Juan, 2014)

2. Ethical collection transactions 
(León & Juan, 2014)

3. Delivery of official goods 
(Reyes-Rubiano et al., 2021)

4. Protection for underage workers 
(Salamzadeh et al., 2022)

5. Good support to suppliers to 
increase the effectiveness of 
logistics transportation 
performance 
(Salamzadeh et al., 2022)

(Continued)
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Latent Variable Dimension Manifest Variable/Indicator
Customer Management 
Sustainability

Service management 
(Wang et al., 2018)(Wang et al.,  
2020),

1. Delivery of goods according to 
the time confirmed by the 
customer 
(Wang et al., 2018)

2. Operational system service 
standards to meet customer 
service accuracy 
(Wang et al., 2018)

3. Collaborative efforts to 
accelerate delivery 
(Wang et al., 2020)

4. Various delivery options 
(Wang et al., 2020)

5. Cheap shipping cost options 
affordable by the customer 
(Focus Group Discussion Findings)

6. Packaging to ensure security 
during delivery 
(Focus Group Discussion Findings)

Use of Information Technology 
(Nagariya et al., 2022) (Nouri et al.,  
2019),

1. The information system 
manages complaints from 
customers 
(Nagariya et al., 2022)

2. The information system speeds 
up the response time for 
customers 
(Nagariya et al., 2022)

3. The information system provides 
and updates information and 
feedback from customers in “real- 
time” 
(Nouri et al., 2019)

4. The information system for 
identifying potential customers 
(Nouri et al., 2019)

Customer segmentation 
(Nagariya et al., 2020, 2022) 
(Focus Group Discussion Findings)

1. Customer segmentation 
(Nagariya et al., 2022)

2. Products and management for 
different customer segments 
(Nagariya et al., 2022)

3. Different offers based on the 
customer’s economic value 
(Focus Group Discussion Findings)
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Table A2. Flow diagram symbol and Description
Symbol Name Description

LEVEL Describes the accumulation of the 
system

INFLOW Describes the rate towards LEVEL

OUTFLOW Describes the rate from LEVEL

AUXILIARY Explanatory variables
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