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ORIGINAL PAPER

A PATH TOWARDS A GREENER FUTURE: FOSTERING GREEN
SUPPLY CHAIN, GREEN MARKETING, AND ENVIRONMENTAL
SUSTAINABILITY

Muhammad R. Khan?!, Naveed R. Khan?, Muhammad M. B. Tufail®, Liagat Ali*

1) Department of Management Studies, Bahria Business School, Bahria University, Karachi, Pakistan
2) Faculty of Business and Management, UCSI University, Kuala Lumpur, Malaysia

ABSTRACT. Background: This study contributes to the green supply chain while examining the role of institutional
pressure and green marketing to achieve environmental sustainability.

Methods: Data from 256 manufacturing firms in Pakistan was analyzed through a quantitative dyadic data analysis using
Structural Equation Modeling by incorporating quota sampling.

Results: The finding revealed that institutional pressures are significantly associated with the green supply chain. The
results indicated that green marketing acts as a significant moderator between the green supply chain and customer green
purchase intention. Finally, green supply chain practices are significantly associated with environmental sustainability.
Conclusions: This is a novel study that contributed to a green supply chain that integrates all dimensions of the green
supply chain in one hybrid model. This study has contributed solid theoretical insights by integrating the theory of planned
behavior and institutional theory.

Keywords: Institutional pressures, green supply chain, green marketing, customer green purchase intention, environmental
sustainability.

INTRODUCTION

Balancing  economic  growth  and
environmental sustainability remains a challenge
in the world. In the Asia-Pacific region,
including Pakistan, a lack of environmental
handling problems and failure to meet the UN's
Sustainable Development Goals are reported.
The manufacturing sector is a major contributor
to environmental pollution in the region and is a
significant source of employment and economic
growth in Pakistan. However, developing
countries lag behind in implementing
environmentally friendly processes in their
industries compared to developed countries.
Companies in developing countries are under
institutional pressure and face increased
customer demand to incorporate environmental
management practices into their operations.

The manufacturing sector of Pakistan
significantly contributed to GDP after the
agriculture sector. It provides 16.1 % of
employment opportunities and contributes 13-14
% to the GDP [Ministry of Finance, 2020].
Large-scale manufacturing counts for 78% of the
contribution to manufacturing and has a 9.5 %
share of GDP, while small-scale manufacturing
contributed 9.5 % to manufacturing and only
2.04 % of GDP [MOF, 2020].

The developed countries took adequate
measures to counter these changes, but
developing and emerging economies are still far
behind [Khan et al., 2017]. Globally, countries
have incorporated certain environmentally
friendly processes into the production and
services industry that help reduce waste [Hag et
al., 2016], energy use [Tufail et al., 2021] and
enhance resources and reduce the danger to
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human beings and the natural environment [Ma
et al., 2020]. Achieving sustainable growth is a
challenging task for organizations worldwide
and especially in developing countries such as
China, India, Malaysia, Bangladesh, Pakistan
[Khan and Ghouri, 2022].

It is very essential that managers realize the
motivating factors for the incorporation of a
green supply chain (Green SC) and their
substantial impact on sustainability, especially
from the perspective of developing nations.
Therefore, this study aims to evaluate the
antecedents and results of Green SC in context of
the role of institutional pressure and
environmental performance.

LITERATURE REVIEW

THEORETICAL UNDERPINNING
AND HYPOTHESES DEVELOPMENT

The implementation of Green SC among
firms is always driven by certain factors that
might be motivational, compulsive, or lucrative
[DiMaggio & Powell, 1983]. From compulsive
factors, certain external elements influence
organizations to implement these Green SC, and
these might be institutional pressures [Zhu et al.,
2013]. Furthermore, access to resources and
resource allocation may also be the antecedents
of the green supply chain among firms [Shi et al.,
2012]. Therefore, this study defines internal
Green SC as the eco-friendly practices
implemented, controlled, and  managed
independently by firms or manufacturers;
however, external Green SC are those which
usually require the external collaboration of
customers and suppliers. The literature indicated
that the implementation of both internal and
external Green SC results in a higher sustainable
performance [Ahmed et al., 2019; Khan et al.,
2021; Samad et al., 2021]. These studies also
indicated that economic growth can also be
enhanced through environmental performance
by reducing waste and resource use.

In addition to these antecedents in the
implementation of Green SC, certain other
factors may also contribute to the improvement
of performance measures [El-Garaihy et al.,
2022;]. However, only the implementation of

Green SC is not adequate to get maximum
sustainable performance, especially ecological
performance [Lee et al., 2021]. Similarly, very
few studies have highlighted that customer
intention and participation are crucial in
achieving sustainable organizational
performance [Lee et al., 2021]. Therefore, an
intricate and myriad association exists among
antecedents of Green SC, their implementation,
customer intention, and  organizational
performance. To address this gap, a hybrid
theoretical model is formulated, while
integrating institutional theory [DiMaggio &
Powell, 1983] and theory of planned behavior
[Ajzen, 1987, 1991].

INSTITUTIONAL PRESSURES AND
GREEN SUPPLY CHAIN

The institutional theory states that
organizations implement green initiatives and
practices for two reasons: compliance with
regulations, laws, taxes, and fines, and
incentivizing ecological and socially responsible
practices [Zailani et al., 2012]. Institutional
pressures are crucial for the implementation of
Green SC, which improves environmental and
economic outcomes. The theory supports the link
between institutional pressure and the green
supply chain.

Hla Coercive pressure significantly
influences the internal green supply chain.

Hilb Coercive pressure significantly
influence on the external green supply chain.

Selection, cooperation, and close ties with
suppliers are crucial in incorporating green
initiatives in production and manufacturing
[Sancha et al., 2015]. Coercive pressures play an
important role in developed countries in making
decisions about suppliers and raw materials
[Beske et al., 2008; Esfahbodi et al., 2017].
External stakeholders, such as customers,
suppliers, society, and NGOs, exert normative
pressure on the implementation of Green SC
[Sancha et al., 2015]. In developing nations,
normative pressure from suppliers is the main
predictor of implementing Green SC [Saeed et
al., 2018]. In some cases, the threat of copying
competitors' practices leads to pressure to
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implement sustainable suppliers and Green SC
[Hoejmose et al., 2014]. Implementing an
external Green SC promotes environmental
sustainability and is associated with better
operational  performance for  companies.
Incorporating green practices benefits both
organizations and the environment, creating a
win-win situation.

H2a Normative pressure significantly
influence the internal green supply chain.

H2b Normative pressure significantly
influence the external green supply chain.

GREEN SUPPLY CHAIN AND
CUSTOMER GREEN PURCHASE
INTENTION

Previous literature indicated that customers
are not influenced by commercial advertising or
promotion through the media [Albayrak et al.,
2013]. However, the internal green business
practices and operations of the firms (such as
green manufacturing and green products) can
influence customer decisions and, along with the
successful implementation of Green SC
[D’souza and Taghian, 2005]. The influence of
internal  ecological practices and 1SO
certifications on customer behavior has not been
widely studied. The combination of external
Green SC and green marketing strategies can
minimize the ecological impact of business
operations. New techniques and values in supply
chains can be introduced through customer
evaluation of suppliers and return management
cooperation.

H3 Internal green supply chain
significantly influences customer intention in
purchasing green products.

H4  External green supply chain
significantly influences customer intention in
purchasing green products.

MODERATING ROLE OF GREEN
MARKETING

Green marketing is seen as a moderator
between Green SC and customer green purchase

intention. Green SC refers to the integration of
environmentally friendly practices throughout
the entire process of production and delivery of
goods and services. The role of green marketing
is to communicate and promote the green
attributes of products and services to customers
[Robinot and Giannelloni, 2010]. Green
marketing can increase customer awareness and
understanding [Zhao and Xie, 2011], and in turn,
influence their purchase intention [Khan et al.,
2021]. Hence, the moderating effect of green
marketing on the relationship between the Green
SC and customer green purchase intention
highlights the importance of effective green
marketing strategies in driving the success of
environmentally sustainable business practices.

H5 Green marketing acts as a significant
moderator between the internal green supply
chain and customer green purchase intention.

H6 Green marketing acts as a significant
moderator between external green supply chain
and customer green purchase intention.

MEDIATING ROLE OF CUSTOMER
GREEN PURCHASE INTENTION

Promoting green initiatives of firms
through an eco-friendly supply chain is
mandatory to achieve a competitive edge [Beske-
Janssen et al., 2015; Akhtar et al., 2022]. A
Green SC refers to the integration of
environmentally friendly practices in the
production and delivery of goods and services
[Srivastava, 2007]. The customer green purchase
intention refers to the likelihood of a customer to
choose environmentally friendly products over
traditional products [Amin & Tarun, 2021].
Therefore, the role of the firm and the customer
in achieving eco-oriented objectives is essential
to achieve environmental sustainability [Wolf et
al., 2014]. When a customer expresses their
green purchase intention by choosing a product
with a Green SC, this creates a demand for such
products, which in turn incentivizes companies
to adopt and improve environmentally
sustainable practices [Hu et al., 2019]. Thus, the
customer green purchase intention serves as a
mediating factor between Green SC and
environmental sustainability.
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H7 Internal green supply chain
significantly influences environmental
sustainability.

H8 External green supply chain
significantly influences environmental
sustainability.

H9 Customer green purchase intention
mediates the relationship between green supply
chain and environmental sustainability.

METHODOLOGY

A quantitative data collection technique
using primary data. The quota sampling
technique was adopted and the units of analysis
were dyads, that is, employees and customers.
Six major manufacturing sectors were elected on
their contribution to production. These include
the textile, pharmaceutical, automobile,
beverage, chemical, and petroleum sectors. The
list of mentioned firms was obtained from Dun
and Bradstreet (D&B) and verified from the
Chamber of Commerce of all mentioned cities
and the All-Pakistan Textile Mills Association
(APTMA). The sample size of this study for
employees was 256 and for customers was 384.
The green marketing measure adopted from

Haytko and Matulich [2008], customer green
purchase intention from Zhang et al, [2017] and
institutional ~ pressure, Green SC and
environmental performance from Zhu et al.
[2004,2013]. A quantitative dyadic data analysis
approach through Structural Equation Modeling
(SEM) was employed since it can handle
complex models and run at the same time
[Schumacker and Lomax, 2012; Tabachnick et
al., 2007].

RESULTS

The demographic data results indicated that
the majority of the respondents were male
(94.4%) and 62.6 % of them were masters. An
almost similar number of respondents was
between 20-30 (43.2 %) years and 31-40 (39.3%)
years. The data was collected through quota
sampling and the proportion of respondents
based on cities was mentioned in Table 4.1
above. Furthermore, the demographic tables
showed that 39.3 % of the managers were supply
chain managers of manufacturing firms. The
details of others are also mentioned above. The
major manufacturing industry contributes 29.9 %
of respondents with experience of > 5 years.
Details are presented in Table 1.

Table 1 Demographic profile of Managers and Customers

Managers Customers
Frequency Percentage Frequency Percentage

Gender

Male 291 94.4 % 213 69.1

Female 17 5.6 % 95 30.9
Age

20-30 years 133 432 % 157 51.0

31-40 years 121 39.3% 105 341

41-50 years 38 123% 33 10.7

Above 50 years 16 5.2 % 13 42
Education

Bachelors 104 33.7% 189 613

Masters 193 62.6 % 88 28.6

Post Graduate 11 37% 31 10.1
City

93 36.32

Karachi 61 19.9 %
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Lahore 48 15.6 % 64 25
Rawalpindi/lslamabad 42 13.7% 18 7.00
Faisalabad 38 12.3% 18 7.00
Gujranwala 29 9.4 % 12 4.68
Peshawar 27 8.7% 1 4.29
Multan 16 52% 11 429
Quetta 13 42% 6 234
Bahawalpur 9 29% 5 1.95
Hyderabad 9 29% 10 3.90
Sargodha 8 2.6 % 4 1.56
Sialkot 8 26% 4 1.56
Position Industry
SC Manager 121 39.3% Textile 92 29.9%
Logistics Manager 68 22.0 % Pharmaceutical 61 19.9%
Warehouse Manager 29 9.4 % Beverages 47 15.2%
Inventory Manager 39 12.6 % Automobile 37 12.0%
Operations Manager 21 6.8 % Petroleum 37 12.0%
Q&C Manager 16 5.3% Chemical 34 11.0%
Procurement Manager 14 4.6 %
Experience
> 5Years 199 64.6 %
» 10 years 65 21.1%
» 15 Years 44 14.3 %

Similarly, the majority of the customers
were male (69.9 %) with bachelor’s degrees
(61.3 %). Among them, 51 % were between the
ages of 20-30 years. The quota for customer
respondents was calculated based on the
population of each metropolitan city,
respectively. The majority of the percentage is
given to the city with the highest population.

MEASUREMENT MODEL

The reliability of the constructs was
assessed using Cronbach’s Alpha, CR, and AVE.
According to [Hair et al., 2017], values of
Cronbach Alpha should be greater than 0.70, CR
and AVE should be greater than 0.70 and 0.50
respectively. Cronbach’s alpha of all variables is
well above the threshold hold. Furthermore, the
values of CR and AVE are also well above 0.7
and .50. The values are presented in Table 2.

Table 2 Construct Reliability and Validity

Construct Name Cronbach’s Alpha

Composite Reliability

Average Variance Extracted

(AVE)
CGPI 0.916 0.931 0.628
CP 0.866 0.901 0.603
EGSCM 0.923 0.936 0574
ES 0.923 0.940 0.722
GM 0.861 0.900 0.643
IGSCM 0.938 0.947 0.617
NP 0.752 0.834 0.502
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The desired value of AVE for variables
should ideally be greater than the squared
correlation R?between the specified variable and
the other variable [Fornell and Larcker, 1981].
Table 3 showed the discriminant values of each

construct. The values highlighted in bold indicate
that the square root of AVE is higher than the
other values shown in rows and columns.
Therefore, the desired different correlations of
the construct indicated a good discriminant
validity and met the criteria.

Table 3 Discriminant Validity

Variable Name CGPI CP EGSCM ES GM IGSCM NP
CGPI 0.792

CP 0.033 0.776

EGSCM 0.088 0.452 0.758

ES 0.084 0.488 0.665 0.850

GM 0.729 0.029 0.069 0.046 0.802

IGSCM 0.108 0.490 0.840 0.608 0.108 0.786

NP 0.079 0.551 0.504 0.430 0.117 0.555 0.709

STRUCTURAL MODEL

To evaluate the proposed hypotheses and
their statistically significant values, structural
equation modeling (SEM) was performed. PLS-
SEM was carried out using smart PLS 4.0

software by running a bootstrapping resampling
method with 5000 subsamples to analyze the
statistical significance of the path coefficients. In
the structural model, the path coefficients
examined the association among the variables
[Haenlein & Kaplan, 2004; Hair Jr et al., 2017,
Kaplan, 2008]. The estimates of path coefficients
are shown in Figure 1 and Table 4.

Complete Model Results, Hypothesis Testing, and Path Coefficients

Table 4 Hypothesis Results

Hypotheses Standardize  T- P- Results
d Statistic ~ Value
Coefficients s S
CP —» IGSCM 0.063 4.116 0.000 Supporte
d
cp —» 0.058 4.107 0.000  Supporte
d
EGSCM
NP ———> 0.060 6.918 0.000  Supporte
d
IGSCM
NP ——> 0.052 7.274 0.000 Supporte
d
EGSCM
IGSCM—»CGPI 0.084 0.488 0.626 Not
Supporte
d
EGSCM—PCGPI 0.082 1121 0.263 Not
Supporte
d
GM x IGSCM x CGPI 0.085 1.989 0.047 Supporte
d
GM x EGSCM x CGPI 0.096 2.859 0.004  Supporte
d
IGSCM——» ES 0.106 2.299 0.022 Supporte
d
EGSCM—P ES 0.099 4.347 0.000  Supporte
d
CGPI —» ES 0.040 0.2399 0.811 Not
Supporte

d
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Table 4 shows the results of hypotheses test.
The results showed that coercive pressures have
a significant positive impact on internal Green
SC (B =0.063, t = 4.116, p =0.000). Similarly,
coercive pressures are also positively significant
with external Green SC ( =0.058, t = 4.107, p
=0.000). The normative pressures are also found
to have a significant positive association with the
internal Green SC ( =0.60, t=6.918, p =0.000).
Similarly, normative pressures are also
positively significant with external Green SC (
=0.052, t = 7.274, p =0.000). The relationship
between internal Green SC and customer green
purchase intention is not significant (f =0.084, t
= 0.488, p =0.626). Similarly, the relationship
between external GSCM with customer green
purchase intention is insignificant (p =0.082, t =

1.121, p =0.263). The moderating role between
internal Green SC and customer green purchase
intention is found significant (f =-0.085, t =
1.989, p =0.047). Similarly, the moderating
relationship between the external Green SC and
customer green purchase intention was also
found to be significant (f = 0.096, t = 2.859, p
=0.004). The impact of internal Green SC on
environmental sustainability is significant (f =
0.106, t = 2.299, p =0.022). Similarly, the direct
impact of external Green SC on environmental
sustainability is also significant (f = 0.099, t =
4.347, p =0.000). The impact of customer green
purchase intention  on  environmental
sustainability is found to be insignificant (f =
0.040, t = 0.239, p =0.811). Hence, most of the
proposed hypotheses were found to be
significant at p< 0.05.

[EM ED

cp

NP

0239 | s

h 4

Fig. 1: Path coefficient analysis

Model Fit and Construct Predictive Power

Table 5 R-square and Q Square

Variable Name Q Square R Square
CGPI 0.314 0.534
EGSCM 0.227 0.298
ES 0.191 0.451
IGSCM 0.304 0.357

Legend: IGSCM= Internal Green Supply Chain Management, EGSCM= External Green Supply Chain Management, CGPI=
Customer Green Purchase Intention, ES= Environmental Sustainability

The fit of the model of the constructs was
examined through the  coefficient of
determination (R?). The thresh hold values for

small, medium, and large predictive accuracy of
the proposed model is (<0.25 small), (< .050
medium) and (< .70 large) [Chin et al., 2020;
Hair et al., 2017]. Therefore, the results in the
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table showed that in this study the predictive
power of constructs is medium, since all the R?
values are above 0.25 and below 0.50. The values
of R? of all the variables are good enough to
predict the accuracy of the proposed model.
Similarly, the predictive power of the model has
been evaluated through Q?the details of the table
indicated that the model bears a good predictive
power as all values are greater than 0.

MEDIATING ROLE OF CUSTOMER
GREEN PURCHASE INTENTION

A mediation analysis was performed to
assess the mediating role of CGPI in the
relationship between IGSCM, EGSCM, and ES.

The results indicated an insignificant indirect
effect of IGSCM and EGSCM on ES through
CGPI ($=0.000, T=0.103, P= 0.918), ($=0.001,
T=0.174, P=0.862) respectively. The total effect
of IGSCM and EGSCM on ES was significant
(B=0.243, T=2.299, P= 0.022), ($=0.428,
T=4.374, P= 0.000) respectively, with the
inclusion of the mediator, the effect of IGSCM
and EGSCM on ES was significant (f=0.243,
T=2.296, P= 0.022), (p=0.427, T=4.320, P=
0.000) respectively. This shows that CGPI does
not play a mediating role in the relationship
between IGSCM, EGSCM, and ES. Hence, Hg
was not supported because the indirect effect was
insignificant and the direct effect was significant.
The results are shown in Table 6 below.

Table 6 Mediating Role of CGPI Between Green SC and ES

Variable Name Standardized Coefficients T- Statistics P-Values

IGSCM--->ES 0.243 2.296 0.022
IGSCM--> CGPI--> ES 0.000 0.103 0.918
EGSCM---->ES 0.427 4.320 0.000
EGSCM-->CGPI-->ES 0.001 0.174 0.862

Note: IGSCM= Internal Green Supply Chain Management, EGSCM= External Green Supply Chain Management, CGPI= Customer
Green Purchase Intention, ES= Environmental Sustainability

MODERATING ROLE OF GREEN
MARKETING

The moderation results indicated that green
marketing  significantly =~ moderated  the
relationship between Green SC and CGPI ( =

0.085, t = 1.99, p = 0.047) so hypothesis 5 was
supported. Similarly, the moderating role of
green marketing between external Green SC and
CGPI was also examined. The results indicated
that GM acts as a significant moderator between
external Green SC and CGPI (B = 0.096, t =
2.859, p = 0.004), therefore hypothesis 6 was
also supported.

Table 7 Moderating Role of Green Marketing

Hypotheses Standardized T- Statistics P-Values Results
Interaction Variables Coefficients

GM x IGSCM x CGPI 0.085 1.989 0.047 Supported

GM x EGSCM x CGPI 0.096 2.859 0.004 Supported
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DISCUSSION

The results of Hypothesis Hi, indicated a
positive significant association between coercive
pressures and internal GSCM; these findings are
consistent with the findings of Yang [2018]. The
results of H1, indicated a positive significant
association with external GSCM. These findings
are consistent with previous studies of [ Ali et al.,
2022; El-Garaihy et al., 2022]. However,
previous literature on the role of normative and
coercive pressures in the adoption of GSCM also
contradict these findings [Saeed et al. 2018,
Sancha et al. 2015].

The results of H2, revealed that normative
pressures played a significant positive role in
internal Green SC. These findings are consistent
with previous studies by [Chu et al., 2017; Wang
et al., 2018]. The Ha revealed a strong
association between normative influence and
external GSCM. These findings are similar to
previous studies [Saeed et al., 2018].

The results of Hs and H. indicated that
IGSCM and EGSCM were not significantly
associated with the customer's green purchase
intention. Therefore, the association between
IGSCM and EGSCM practices and CGPI was
found inconsistent with the limited previous
studies [Hsu et al., 2017; Lee et al., 2021]. The
contextual difference is the main cause of this
inconsistency in results.

The results of Hsand Hg indicated that green
marketing  significantly =~ moderates  the
relationship between internal and external Green
SC and customer green purchase intention.
These results are consistent with previous studies
[Roh et al., 2022,Kao & Du, 2020].

The mediating role of CGPI between Green
SC and environmental sustainability has been
found to be insignificant, measured through H,
The direct effect of Green SC and environmental
sustainability was also investigated through H;
and Hs The results indicated that the internal
Green SC has a strong and positive influence on
the environmental sustainability of a company.
These findings are consistent with [De Sousa
Jabbour 2015 and Green et al. 2012], however,

partially contradict the findings of [Saeed et al.
2018].

The results of Hg indicated that CGPI is not
positively and significantly associated with
environmental sustainability. This relationship
has never been witnessed in the GSCM literature,
so little is known about the phenomenon.

CONCLUSION

The results of a study showed that green
supply chain management in manufacturing
firms is influenced by various factors such as
institutional pressures, access to resources, and
resource allocation. The finding illustrates that
coercive and normative pressures have a positive
and significant impact on the internal and
external Green SC. The relationship between the
internal and external Green SC and customer
green purchase intention was found to be
insignificant. The results of the moderation
analysis showed that green marketing
significantly moderated the relationship between
internal and external Green SC and customer
green purchase intention. The results of the study
indicate that internal and external Green SC have
a positive and significant impact on
environmental sustainability, with no mediating
role of customer green purchase intention, thus,
internal and external Green SC directly result in
higher sustainable performance and can enhance
economic growth. The predictive power of the
proposed model was found to be medium. The
results are consistent with previous studies in the
field.

THEORETICAL AND PRACTICAL
IMPLICATIONS

The study has solid implications for the
green supply chain in Pakistan. The results show
that environmental regulations are the most
influential factor in the implementation of Green
SC. Companies must focus on implementing
total quality environmental management, cross-
functional cooperation, environmental
compliance, and 1S014000/14001 certification.
In terms of external practices, firms should focus
on supplier environmental audits, strong
collaboration with suppliers, and sharing product
specifications. The results suggest that managers
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should focus on implementing internal and
external GSCM and green marketing to achieve
environmental performance. Customers respond
positively to green marketing and companies that
advertise their products as green. The study also
shows that implementing Green SC and
attracting customers to green products can lead
to improved environmental performance and
reduced waste, hazardous materials use, and
environmental accidents.

LIMITATIONS AND
RESEARCH DIRECTIONS

FUTURE

This study has some limitations. First, the
data were collected from all large-scale
manufacturing firms. Future research can be
conducted to obtain data from small and medium
firms for a better generalization of GSCM.
Second, this study revealed an insignificant
index of the moderated mediation of proposed
hybrid theoretical model. Therefore, this hybrid
model can be tested using mixed research
methods that could provide deep insights into the
three specified elements. Third, this study has
evaluated the most common Green SC
implementation, hence future research can be
conducted to evaluate the subdimensions of
green compliance like environmental auditing
and environmental compliance.
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AGILITY, AND PERFORMANCE. THE CASE OF THE AUTOMOTIVE

SUPPLY CHAIN
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ABSTRACT. Background: Supply chain information systems (SCIS) have turned into a key success factor for the
proper management of the automotive supply chain. Therefore, the scope of this paper is to explore the impact of SC
information system infrastructure (SCISI) and SC information sharing (ISSC) on interorganizational trust (10T), SC
collaboration (SCC), SC agility (SCA), and SC performance (SCP) in the Moroccan automotive industry context.
Methods: The dataset was drawn from a selected sample of Moroccan automotive industry firms through an online survey.
Furthermore, the partial least squares (PLS-SEM) procedure was applied to test the conceptual model.

Results: The findings support the positive influence of SCIS infrastructure on 10T and SC agility. Similarly, information
sharing in SC positively affects the collaboration between 10T and automotive SC. The results also provide evidence that
10T plays a significant role in improving SC agility. Lastly, agility and SC collaboration were identified as key drivers of
SC of performance.

Conclusions: The findings extend the existing literature on SC management and management information systems by
providing empirical verification of how information sharing and IS infrastructure can influence collaboration, agility, and
SC performance. These findings are useful in guiding SC managers through the process of improving SC performance.

Keywords: Information systems, information sharing, interorganizational trust, performance.

INTRODUCTION

With a strategic geographical position, a
skilled workforce and attractive industrial
ecosystems, Morocco has become an African
pillar of the automotive industry. This sector has
recorded a very notable export performance in
recent years. The Moroccan automotive industry
has become the leading exporting sector in
Morocco [Hahn & Auktor, 2017]. With a
contribution of the 16% of gross domestic
product (GDP) in 2019, this sector constitutes a
driving force of Morocco’s industrial
development and employment of Morocco’s
industry.

The automotive industry is driven by a
complex demand, in which logistics has a key
role to play [Boysen et al., 2015]. Usually, the

automotive supply chain is approached in an
exhaustive manner by considering, beyond the
sole automotive manufacturing, the activity of
the production of automotive components and
equipment [Frigant & Layan, 2009]. Many
players interact within automotive SC, including
designers, assemblers, parts suppliers, original
equipment manufacturers (OEMS), carriers, and
distributors.

In the automotive supply chain, suppliers
have increasingly switched to personalization,
assuming more responsibility for product design
and technology to meet OEM specifications,
instead of making ready-made products. In this
sense, suppliers began to deliver complete
systems; therefore, the responsibility of the first-
tier suppliers became assembling entire units. In
fact, the role of first-tier suppliers is becoming
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more critical in coordinating with second-party
providers.

In the past, there was a deeper integration in
the value chain. More particularly, automakers
predesigned the respective units and then
subcontracted the production of the individual
parts to their suppliers, and then assembled them
again in-house. This changing division of labour
among producers, and in particular their first-tier
providers, generated the need for manufacturers
to leverage their suppliers’ quality systems and
production processes to achieve efficiency. As a
result, cooperation and long-term partnership
between SC members have grown [Thoméet al.,
2014].

Faced with challenging upstream logistics
and  extremely  unpredictable  demand,
collaboration among automotive supply chain
members has become a key success factor. This
means that the actors in the supply chain, from
design to delivery, must collaborate to deliver
high-performance logistics services.

In a global market marked by fierce
competition, SCIS are becoming essential tools
for companies to improve SCM practices in the
Moroccan automotive industry. In this regard,
the integration of interorganizational information
technology is increasingly taking a central place
in the automotive Supply Chain. This research
seeks to address the potential impact of SCIS on
the trust, SC collaboration, SC agility, and
performance of the automotive SC in Morocco.
In other terms, the question of this research can
be formulated as follows: How do information
systems contribute to the performance of the
automotive supply chain?

This article is structured in the following
sections. The first section contains a literature
review. The methodology is considered in
Section 2. Then, Section 3 is devoted to reporting
research findings. Lastly, Section 4 provides
discussions and conclusions, highlighting

implications, limitations, and perspectives for
future studies.

LITERATURE

The automotive  supply chain s
characterized by the presence of two types of
operations: upstream logistics, which serves to
supply manufacturing plants, and downstream
logistics, which deals with the management of
flows between manufacturing plants and the
points of sale. Clearly, production sites represent
the central point where two logistics issues
converge. Upstream, managing production
forecasts with precision, in order to guarantee the
supply of the factories at all times and at the
lowest cost. Downstream, to ensure the delivery
of the car to the end customer under the best
conditions (cost, quality, lead time, etc.).

Supply chain information system (SCISI)

The functioning of the Supply Chain is
based on the complementarity between two kinds
of integration: interfunctional and inter-
organizational integration. The first revolves
around the integration of all logistics processes
from upstream to downstream [Tyndallet al.,
1998]. Whereas, the second is built around a
series of relationships between partner
organizations  that reciprocally  share
information, risks, and rewards that lead to the
achievement of competitive advantage [Cooper
& Ellram, 1993].

For the proper management of logistics
operations, enterprises opt for a multitude of
information technology systems [Gunasekaranet
etal., 2017], such as enterprise resource planning
systems (ERP), warehouse management systems
(WMS), transport management systems (TMS),
and electronic data interchange (EDI). In the
present study, we argued that SCIS represent an
interorganizational information system, allowing
to support cross-border processes within an
enterprise (Fig. 1).
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Fig. 1. A framework of IS used in supply chain [Boubker, 2022, p. 61].

The literature has debated the benefits of
information technology in the supply chain
[Khalid & Omar, 2016]. Information
technologies are an essential element to help the
supply chain meet changing business demands
by reducing overall costs and providing better
quality [DeGroote & Marx, 2013]. For example,
APS serves as a strategic tool that offers
enterprises a solution to achieve several goals at
a reasonable cost, in terms of both quality and
response time [Jamruset al., 2020]. The ERP
system enables the automation of business
processes, in turn increasing efficiency and
reducing costs for the firm [Oghaziet al., 2018].
RFID technology represents a strategic tool to
improve supply chain performance [Ali &
Haseeb, 2019]. The EDI system enables
coordination among SC partners, which in turn
may improve performance and increases the
company’s competitiveness [Hill & Scudder,
2009]. As explained above, SCIS tools have been
identified as an important factor in improving
supply chain management practices.

Supply chain information
infrastructure (SCISI)

system

A large and growing literature has
investigated the role of SCIS infrastructure in SC
management. Previous studies revealed that the
integration of the information system plays an

important factor in ensuring a smooth operation
of the supply chain by enabling its integration
[Liet al., 2009]. IT can also improve the level of
interorganizational trust [Chen, 2019], and SC
agility [Garcia-Alcaraz et al., 2020; Swaffordet
al., 2008]. In sum, technologies facilitate the
collection, storage, sharing, and analysis of data
[Swafford et al., 2008].

Furthermore, IT integration helps to
increase trust among SC members and foster SC
agility. For instance [Chen, 2019] put that IT
integration into SC contributes to improving the
level of interorganizational trust and SC agility.

Therefore, we formulate the following
hypotheses.
Hi. SCISI has a positive and direct

relationship with 10T.

H,. SCISI has a positive and direct
relationship with SCA.

Information sharing (I1SSC)

Scientists argued that the use of information
technology in SC fosters information sharing
[Kim & Chai, 2017]. EDI systems facilitate the
exchange of data within the supply chain,
allowing the alignment of relationships between
partners [Choon Tanet al., 2010]. Information
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sharing represents a readiness to make strategic
and tactical data (e.g., orders, stock levels,
forecasts, sales promotion, etc.) available to all
supply chain members [Cao & Zhang, 2013b].

In addition, information sharing in SC
ensures enterprise survival and facilitate SC
integration [Lotfiet al., 2013]. Information
sharing provides critical benefits to supply chain
members [Kumar & Kushwaha, 2018]. Kim and
Chai [2017] argue that information sharing
contributes to improved supply chain agility. The
IT capacity provides infrastructure for
communication and information sharing that
promotes collaborative practices within the SC
[Fawcettet al., 2011].

The exchange of information among
providers and producers can be helpful in
responding to uncertainties in the external
business environment [Zhou & Li, 2020]. It is
inconceivable to ensure coordination between
SC members without information sharing [Chen,
2003]. As Fawcett et al. [2011] indicate, a culture
focused on information sharing is likely to
improve collaboration within the supply chain,
contributing to  improving  operational
performance [Fawcett et al., 2011]. Information
sharing also promotes SC collaboration and SC
integration, and therefore leads to improved
supply chain agility [Braunscheidel & Suresh,
2009]. Based on a study among manufacturing
companies in India [Afshan, Chatterjee, &
Chhetri, 2018] revealed that information sharing
and the quality of information significantly affect
SC collaboration. Likewise, secure sharing of
information improve the level of trust and
effective collaboration between SC partners
[Panahifaret al., 2018]. From these previous
empirical studies, the following hypotheses can
be supposed:

Hs. ISSC has a positive and direct
relationship with 10T.

Hs. ISSC has a positive and direct
relationship with SCC.

Interorganizational trust (10T)

In recent years, there has been considerable
academic and practical interest in the topic of

inter-organizational trust [Seppénen et al., 2007].
This concept is defined as "the extent to which a
firm subjectively believes that supply chain
partners will perform work and transactions
based on its confident expectations, regardless of
its ability to check on behaviour or monitor
them" [Cao & Zhang, 20133, p. 45].

Previous studies have confirmed that trust
and technology have a positive and meaningful
influence on supply chain collaboration and
operational performance [Salam, 2017]. Trust
leads to improving the level of collaboration in
the supply chain [Panahifar et al., 2018; Uca et
al., 2018]. Furthermore, interorganizational trust
is an antecedent for commitment, which in turn
leads to collaboration among supply chain
partners [Afshan et al., 2018]. Likewise,
improving the level of trust contributes to
improving SC agility [Chen, 2019]. Hence, we
assume the following hypothesis:

Hs. IOT has a positive and direct
relationship with automotive SCA.

He. IOT has a positive and direct
relationship with automotive SCC.

Supply chain agility (SCA), SC
collaboration (SCC), and SC performance (SCP)

Many studies have identified a number of
SC performance predictors [Asamoah et al.,
2021; Chandak et al., 2021], including SC agility
[Garcia-Alcaraz et al., 2017; Swafford et al.,
2008] and SC collaboration [Mofokeng &
Chinomona, 2019].

SC agility refers to the response ability of
the SC to changing business environments in due
course [Al Humdan al., 2020; Kim & Chai, 2017;
Shukor al., 2020]. Agility refers to “ability of an
organization’s internal supply chain functions to
provide a strategic advantage by responding to
marketplace uncertainty” [Khan & Pillania,
2008, p. 1511]. SC agility can generate business
performance [Yusuf et al., 2014], sales growth,
profitability, market share, timeliness, and client
service [DeGroote & Marx, 2013]. In addition,
SC agility improves client value and satisfaction
[Gligor et al., 2020] and improve firm
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performance [Chan et al., 2017]. From the above reduce delivery time, develop distinctive
studies, it is possible to hypothesize that: capabilities, improve flexibility, increase client
satisfaction, and expand market share and profits
H;. SCA has a positive and direct [Kumar al., 2017]. Hence, we suggest these
relationship with automotive SCP. hypotheses:
SC collaboration refers to “a long-term He. SCC has a positive and direct
partnership process where supply chain partners relationship with automotive SCP.
with common goals work closely together to
achieve mutual advantages that are greater than The proposed conceptual model includes
the firms would achieve individually" [Cao al., two independent variables, SCIS infrastructure
2010, p. 6617]. It is recognized that SC and information sharing in SC, and four
partnership, SC collaboration, and integration dependent variables, interorganizational trust,
positively and directly influence SC performance SC agility, SC collaboration and SC performance
[Mofokeng & Chinomona, 2019]. Likewise, (Fig. 2).

effective collaboration enables SC partners to

( SCISI »— H2 »  SCA l\

H4 > SCC

(. ISSC

Fig. 2. Proposed research model.
1). According to Sundram et al. [2018], SCIS

METHODS infrastructure has been evaluated using five
items. Referring to the study of Kim and Chai

The Kingdom of Morocco constitutes a [2017], we chose 12 items to measure
significant manufacturing and export platform information  sharing in the SC (SCIS).
for the automobile industry. This sector is a pillar Interorganizational trust (IOT) was measured
of the Moroccan economy, with many through six items [Salam, 2017]. SC
international companies investing in industrial collaboration (SCC) was measured using five
zones, such as the Kenitra Atlantic Free Zone, items [Wu & Chiu, 2018]. To measure the agility
Tanger Automotive City and Tangier-Free Zone. of SC (SCA), we mobilize the Kim and Chai

[2017] scale. Finally, SC performance (SCP) was
assessed using six items chosen from Qrunfleh
and Tarafdar [2014]. All latent variables were
scored according to a seven-point Likert scale,
ranging from 1 (total disagreement) to 7 (total
agreement).

Constructs operationalization

The measures used in the current study
were selected from the existing literature (Table

Table 1. Constructs and measurement items.

Variables N. of items Author
SC information system infrastructure (SCISI) 5 items Sundram et al. [2018]
Information sharing in SC (ISSC) 12 items Kim and Chai, [2017]
Inter-organizational trust (10T) 6 items Salam, [2017]
SC collaboration (SCC) 5 items Wu and Chiu, [2018]
SC Agility (SCA) 8 items Kim and Chai, [2017]
SC performance (SCP) 6 items Qrunfleh and Tarafdar [2014]
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Method of data collection and sample size

The sampling frame was composed of a
sample of automotive supply chain partners.
Because a database of all firms operating in the
Moroccan automotive industry is unavailable,
we employed a nonprobabilistic method to select
the study sample.

This research was implemented in two
rounds. As a first step and in order to ensure the
relevance of the questionnaire’s content, a pilot
test of the questionnaire elements was carried out
through telephone interviews with two
academics and three logistics managers. As a
second step, the survey was conducted through a
web-based survey between December 2020 and
January 2021.

Evaluation of the Measurement Models

The survey instrument includes two main
sections. The first section is devoted to gathering
data on the sociodemographic characteristics of
the respondents. In the second section, we collect
data regarding the latent variables of the
conceptual model.

Data analysis method

Regarding the data processing
methodology (Fig. 3), we used the PLS-SEM
method. This decision is motivated by the
suitability of this approach to testing complex
models, which provides a strong degree of
statistical significance using a smaller sample
size [Bayonne et al., 2020]. Furthermore, the data
set was processed using SmartPLS 3 software
[Ringle et al., 2015].

Evaluation of the Structural Model

Convergent validity
- Individual Item Reliability (> 0.7)
» Composite Reliability (CR = 0.7)
» Factor Loadings (=0.7)
> Average Variance Extracted (AVE=0.5)

Discriminant validity

> Root Square of AVE

» Cross Loadings

» Coefficient of determination (R2 = 0.19)
» Effect size (£ = 0.02)

» Predictive relevance (Q2=0)

» Hypotheses Testing

» Goodness-of-Fit (GoF=>0.19)

Fig. 3. Stages of data processing [Boubker et al., 2021, p. 7].

FINDINGS
Descriptive analysis

The dataset was compiled by 31
participants from the Moroccan automotive
industry, including logistics manager (19.4%),
supply planning manager (16.1 percent),
logistics customer service manager (12.9%),
logistics coordinator (9.7 percent), supply chain
manager (9.7%), logistics supervisor (6.5
percent), purchasing managers (6.5%), supply
manager (6.5%), demand and supply planner
(3.2 percent), logistics director (3.2%), logistics
project manager (3.2 percent), and supply chain
project managers (3.2 percent). The average age
of the respondents is 33 years. Regarding the
educational level of the survey participants, 71%
held a master’s degree (BAC+5), 19.4% had a
bachelor’s degree (BAC+3), and 6.5% held a

Ph.D. Furthermore, more than 70 percent of the
theme have gained more than three years of work
experience (Table 2).

Based on descriptive statistics, it can be
observed that study participants use several IT
tools dedicated to SC management in the
Moroccan automotive industry, including APS
systems, ERP systems (SAP, AS400 and
Oracle), EDI, TMS, WMS, SRM, and CRM (Fig.
4).

Results of outer models assessment

The outer models’ assessment results
provide evidence that the values of all criteria
meet scientific standards. The external loading
values are all higher than 0.7 (Fig. 5), supporting
a significant contribution to the model
constructs.
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Table 2. Study participants’ characteristics.

Measure Category Percentage
Gender Female 12.9%
Male 87.1%
Logistics Manager 19.4%
Supply Planning Manager 16.1%
Logistics Customer Service Manager 12.9%
Logistics Coordinator 9.7%
Supply Chain Manager 9.7%
. Logistics Supervisor 6.5%
Job Title Purchasing Manager 6.5%
Supply Manager 6.5%
Demand & Supply Planner 3.2%
Logistics Director 3.2%
Logistics Project Manager 3.2%
Supply Chain Project Manager 3.2%
BAC+3 (Bachelor) 19.4%
Education Level BAC+5 (Master degree) 71.0%
MBA (Master of Business Administration) 3.2%
BAC+8 (PhD) 6.5%
1-3 years 25.8%
. 3-5 years 22.6%
Work experience 5-7 years 12.9%
Above 7 years 38.7%

Percentage

20 40 50

407 Barcode Reatder

Percentage

Percentage

10 20 30 40 50 10 3p 40 50 10 20 30 40 S0

| 1. Never | 2. Rarely | 3. Occasionally | 4. Almost every time | 5. Frequently use
Fig. 4. IT used by the companies surveyed.
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Fig. 5. Measurement model validation.

The AVEs values are all larger than 0.5,
meaning that all latent constructs at least provide
an explanation of fifty percent of their items’
variance [Hair et al., 2019]. Furthermore, both
the scale reliability (o) and composite reliability
scores are higher than 0.7. Consequently, these

results reveal a high degree of convergent
validity of the outer model [Boubker et al.,
2022]. In addition, the discriminant validity is
checked using the Fornell and Larcker criterion
(Table 3). Similarly, discriminant validity of the
outer models is achieved using the cross-loading
criteria (Table 4).

Table 3. Reflective evaluation of the outer model assessment.

Construct o CR rho A AVE ISSC SCA SCC SCISlI  SCP 10T
ISSC 0.986 0.987 0.987 0.867 0.931

SCA 0.954 0.955 0.962 0.758 0.799 0.871

SCC 0.962 0.962 0.970 0.868 0.877 0.718 0.931

SCIsI 0.937 0.943 0.953 0.803 0.827 0.870 0.614  0.896

SCP 0925 0933 0940 0.725 0.708 0.818 0.841  0.657 0.851
Trust 0982 0982 098 0916 0.891 0.866 0.855 0.841 0.826 0.957

Results of assessing inner model

The findings listed in Fig. 6 support that the
R2 values for the four endogenous constructs,
trust, SCA, SCC, and SCP are greater than 0.75,
which are 0.828, 0.819, 0.795, and 0.802,
respectively, demonstrating a robust degree of
determination of these variables. It is widely
recognised that 2 values exceeding 0.35, 0.15
and 0.02 are deemed strong, moderate, and weak
effect size, respectively [Cohen, 1988].
Accordingly, f2 of SCIS infrastructure on
interorganizational| trust, and SC agility are
0.200, and 0.381, meaning that their effect sizes

were moderate and strong. Moreover, f2 of
information sharing in SC on interorganisational
trust and SC collaboration are strong (0.702) and
moderate (0.312). Furthermore, the effect size
values of inter-organizational trust on SC agility,
and SC collaboration are strong (0.337) and
weak (0.130). The 2 value of the SC agility in
SC performance is 0.481, reflecting a large effect
size. Lastly, f square of SC collaboration on SC
performance is strong (0.666). Furthermore, all
Q? scores were above zero, showing strong
predictive relevance [Hair et al., 2011]. Finally,
the calculated GoF value is higher than 0.36,
reflecting a great goodness-of-fit of the model
[Henseler et al., 2009].
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Table 4. Discriminant validity according to cross-loading criteria.

ISSC SCA SCC SCISI SCP 10T

ISSC1 0.932 0.742 0.870 0.698 0.695 0.810
ISSC2 0.967 0.772 0.916 0.744 0.760 0.871
ISSC3 0.933 0.729 0.800 0.802 0.610 0.835
ISSC4 0.935 0.747 0.896 0.750 0.730 0.862
ISSC5 0.937 0.739 0.835 0.729 0.634 0.765
ISSC6 0.963 0.831 0.822 0.862 0.692 0.879
ISSC7 0.889 0.716 0.675 0.842 0.493 0.796
ISSC8 0.945 0.801 0.769 0.832 0.649 0.887
ISSC9 0.930 0.692 0.817 0.752 0.663 0.836
ISSC10 0.927 0.764 0.747 0.829 0.650 0.809
ISSC11 0.892 0.633 0.791 0.682 0.644 0.781
ISSC12 0.925 0.760 0.833 0.735 0.669 0.818
SCAl 0.661 0.862 0.621 0.739 0.700 0.774
SCA2 0.684 0.858 0.654 0.736 0.725 0.791
SCA3 0.669 0.886 0.543 0.777 0.608 0.754
SCA4 0.691 0.858 0.627 0.765 0.634 0.741
SCA5 0.791 0.891 0.710 0.782 0.794 0.782
SCAG6 0.670 0.849 0.667 0.688 0.805 0.717
SCA7 0.699 0.859 0.582 0.782 0.695 0.715
SCAS8 0.694 0.900 0.586 0.794 0.720 0.752
SCC1 0.883 0.706 0.924 0.676 0.733 0.874
SCC2 0.755 0.635 0.928 0.503 0.808 0.762
SCC3 0.733 0.604 0.932 0.496 0.840 0.774
SCC4 0.813 0.708 0.906 0.578 0.763 0.771
SCC5 0.894 0.690 0.966 0.601 0.772 0.798
SCISI1 0.741 0.730 0.440 0.917 0.415 0.713
SCISI2 0.809 0.797 0.662 0.936 0.698 0.837
SCISI3 0.772 0.823 0.569 0.935 0.679 0.764
SCISI4 0.817 0.811 0.664 0.909 0.636 0.828
SCISI5 0.537 0.733 0.375 0.774 0.485 0.600
SCP1 0.806 0.911 0.738 0.800 0.820 0.834

SCP2 0.289 0.407 0.601 0.156 0.791 0.422

SCP3 0.631 0.824 0.670 0.679 0.888 0.731

SCP4 0.731 0.772 0.786 0.742 0.878 0.839

SCP5 0.553 0.520 0.798 0.387 0.843 0.640

SCP6 0.467 0.609 0.666 0.401 0.883 0.640

10T1 0.863 0.851 0.823 0.827 0.783 0.960

10T2 0.839 0.832 0.783 0.849 0.767 0.972

10T3 0.860 0.861 0.754 0.851 0.745 0.966

10T4 0.853 0.800 0.857 0.759 0.804 0.951

10T5 0.809 0.794 0.840 0.757 0.811 0.965

10T6 0.888 0.831 0.851 0.784 0.834 0.927
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Fig. 6. Results of the model testing.
infrastructure on inter-organizational trust (Fig.

Based on the PLS-SEM outputs, seven 7). The second hypothesis, which stated the
hypothesised relationships were supported, and positiv_e_ influence of tr_le SCIS infrastructure on
only one hypothesis was rejected. Thus, H1 was the agility of automotive SC, was found to be
supported (= 0.330, t = 2.271; p = 0.007), statistically significant (B= 0.486; t =2.975; p =
demonstrating a positive influence of the SCIS 0.003).

SCISI - SCA SCISI - Trust
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Fig. 7. Path coefficients of SCISI on SCA and IOT - Output SmartPLS.
between information sharing in SC, and inter-

The findings also supported the third and organizational trust (B = 0.618; t = 5.175; p =
the fourth hypothesis (Fig. 8), indicating a 0.000), and automotive SC collaboration (B =
significant, positive and direct association 0.556; t =2.292; p = 0.022).
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Fig. 8. Path coefficients of ISSC in 10T and SCC - Output SmartPLS.

hypothesis, which claims a positive correlation

The fifth hypothesis has also been accepted, interorganizational trust and automotive SC
indicating a significant association between collaboration, is statis_tically not signific_ant (t =
organizational trust on automotive SC agility (B 1.432; p = 0.153), which allows us to reject this
= 0.457; t = 2.616; p = 0.009). The sixth hypothesis (Fig. 9).
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Fig. 9. Path coefficients of IOT on SCA and SCC - Output SmartPLS.

(H7. p=0.444; t=2.815; p = 0.005). Finally, the

From the PLS analysis (Fig. 10), it turns out relationghip between SC collaboration .and
that automotive SC agility positively and automotive SC performance also receives
significantly affects automotive SC performance support from our results (Hs. B = 0.522; t=3.300;

p =0.001).
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DISCUSSIONS AND CONCLUSIONS

The focus of the current research was to
empirically explore the antecedents of SC
performance in the Moroccan automotive
industry. By employing PLS-SEM, the study
findings confirm the positive effect of the SCIS
infrastructure in  ensuring trust between
automotive SC members, and contribute to
raising SC’s agility level. In other words,
automotive SC partners who invested in the
SCIS infrastructure (barcode and RFID tags,
electronic data interchange) can achieve a
significant return on their investment, which
strengthens trust among SC members, and
further promotes SC agility. These findings were
found to be in line with earlier empirical
investigations, implying that IT integration helps
to build interorganizational trust between SC
members [Chen, 2019], and to improve the level
of SC agility [Garcia-Alcaraz et al., 2020;
Swafford et al., 2008]. With an empirical study
of 204 Taiwanese manufacturing firms, Chen
[Chen, 2019] showed that IT integration and trust
between SC partners strongly improve SC agility
and innovation, helping to enhanced company’s
competitive advantage of the company.

Moreover, information sharing has been
shown to reinforce interorganizational trust and
to foster collaborative efforts among automotive
SC partners. This means that a strategy focused
on information sharing and continuous
communication between SC actors represents a

powerful way to establish interorganizational
trust, leading to stronger interorganizational
collaboration. As suggested by previous
research, secure information sharing among SC
partners is a determinant of interorganizational
trust and collaboration [Panahifar et al., 2018].
For Indian manufacturing firms, information
sharing and its quality were identified as
appropriate  solutions to increase SC’s
collaboration level [Afshan et al., 2018].
Furthermore, the results support the positive
impact of trust between SC members on the
agility of automotive SC. The proof of this
hypothesis is consistent with prior studies. For
example, Chen [2019] concluded that improving
the level of trust between SC partners contributes
to improving the level of SC agility.

In contrast to past studies, which
highlighted the existence of a positive and
indirect link between trust and collaboration
[Uca et al., 2018], our findings testify to the lack
of a link between trust and collaboration among
automotive SC partners.

The findings confirmed the positive effect
of SC agility and collaboration between
automotive SC partners on automotive SC
performance. In this regard, automotive SC
parties using practices related to process or
product design, and implementation of
communication plans, as well as frequent
interactions in problem situations, can reap an
improved level of performance of the entire
supply chain. These results are consistent with
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previous studies. For example, the study of
Blome et al. [2013] carried out with 121 SC
professionals shows the presence of a positive
link  between agility and operational
performance. A more recent study showed that
collaboration between SC partners improves
performance [Mofokeng & Chinomona, 2019].

Implication for theory

In sum, the findings demonstrate that SCIS
infrastructure and information sharing provide a
basis for enhancing the level of
interorganizational trust, collaboration and
agility in the automotive SC. Similarly,
collaboration and agility also contribute to the
explanation of the performance of the
automotive SC. Consequently, the current study
added value to the literature on SC management.
Consequently, the key implication for theory
consists in proposing a model specifically
appropriate for the context of automotive SC in a
developing country, allowing a better
understanding of key drivers of SC performance
in a particular context.

Implication for practitioners

This research offers certain implications for
the practice. The findings highlighted that SCIS
infrastructure plays a central role in fostering SC
agility and interorganizational trust. In the same
way, information sharing between automotive
SC members helps to foster interorganizational
trust and SC collaboration. Accordingly, we
suggest that trust among SC participants should
be fostered to achieve agility of the SC, by being
able to react to demand fluctuations without
overstocking or lost sales, and achieving SC
performance.

Another way to improve automotive SC
performance consists in ensuring a highest
degree of interorganizational collaboration in the
automotive industry, by building effective
collaborative practices such as designing
processes or products, implementing operational
activities, and keeping frequent interactions
when logistics problems occur.

Furthermore,
automotive  SC

this  study
managers  with

provides
more

understanding of the ways in which SCIS
infrastructure, information sharing, trust, SC
collaboration, and SC agility can influence SC
performance. Hence, automotive SC managers
looking to increase SC performance can use
these research findings to justify investments in
SCIS infrastructure and technologies, i.e., SAPS,
ERP, MES, SCE, EDI, barcode, RFID tags.

Study limitations and perspectives

While the current study has provided some
valuable practical and theoretical implications,
some limitations are present that might be
considered in future studies. First, the sample
size was smaller than expected, which prevents
generalization of the findings. Consequently,
increasing the sample size constitutes a
recommendation for future work to remedy this
limitation. Second, the measurement scales
adopted in this research are derived from
previous empirical work, without being adapted
to the automotive industry. Therefore, a
promising direction for future research concerns
using an exploratory gualitative approach among
automobile company managers, to build
measures  specifically to the Moroccan
automobile industry. Lastly, the implications of
the current study are applicable only to the
automotive industry. As a future direction, the
empirical study can be extended to other sectors,
such as the pharmaceutical and aerospace
industries in Morocco, in order to generalize the
results to these sectors.
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EFFECTS OF GREEN SUPPLY CHAIN MANAGEMENT
APPLICATIONS ON OPERATIONAL, ENVIRONMENTAL AND
FINANCIAL PERFORMANCE: COMPANY AND FINAL CUSTOMERS

Ramazan Yildiz, Ahmet Orkun Goktepe
Canakkale Onsekiz Mart University, Yenice Vocational School, Canakkale, Tiirkiye

ABSTRACT. Background: Green supply chain management (GSCM) practices are vital to environmental protection.
Many large-scale companies claim that GSCM applications are implemented in their business (with ISO 14001 documents,
advertisements, etc.). The purpose of this study is to reveal the relationships between GSCM applications and the
operational, environmental, and financial performance of the business. In addition, GSCM practices applied in the business
ensure that what is done from the perspective of the final customer. It also determines the external pressures that affect the
businesses most in protecting the environment.

Methods: The study consists of two parts. The data in the first part includes the lower, middle and senior managers working
in the construction sector operating in Turkey. The data in the second part includes the final customers located in Yenice,
Canakkale.

Results: GSCM applications affect the operational, environmental, and financial performance of the business positively.
Additionally, similar results were obtained for the final customers. However, there are differences in the degree of impact
of both outcomes.

Conclusions: GSCM applications in Turkey protect the environment while searching for the efficiency of the business.
However, it seems that the GSCM applications of the business are not fully informed or understood by the final customers.
In addition, business employees see that the first factor that will push people to become environmentalists is customer
pressure, and the second is the pressure of nongovernmental organizations. The final customers, on the other hand, give
priority to environmental awareness first and nongovernmental organizations second. State authority is in the third place.

Keywords: Green Supply Chain Management, Operational Performance, Environmental Performance, Financial
Performance, Logistics

INTRODUCTION While natural resources are consumed in
supply chain processes, preproduction and

Although businesses meet the endless production, the environment is harmed. As in the

needs and desires of people, they struggle to
survive in competitive conditions. Along with
the increasing world population, businesses have
tended to produce more with the effect of
globalization and the development of
technology. The world population is expected to
increase to 9.2 billion by 2050. This means that
production will increase in many areas and
natural resources will be consumed more [EU -
Green Supply Chain - CE Intelligence Portal,
2022].

process before production, carbon emissions are
released to the environment due to the heavy use
of internal combustion engines in the transfer of
products or materials from one place to another
in post-production processes. Many scientific
studies have been and continue to be done to
reduce the carbon emission rate, both in terms of
the environment and businesses [Krikella, 2019:
2]. According to world bank open access data,
total greenhouse gas emissions [kt of CO2
equivalent] have been increasing rapidly
between 1990-2019 [World Bank Open Data,
2022]. This means that the environment is
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rapidly polluted in TZ processes. Pollution
causes climate change and drought in the world.
According to the May 2022 Global Climate
Report, approximately 7% of the Earth’s surface
reached a record temperature in May 2022, and
this is the third highest temperature since 1951.
The hottest and the driest month of May was
experienced in southern, central, and western
Europe with temperatures reaching record levels
[https://www.ncei.noaa.gov/access/monitoring/
monthly-report/global/202205,05.07.2022].
Many countries emphasize that environmental
protection is not an option but a necessity, by
environmental protection agencies. While
considering the elimination of poverty in the
world through economic developments, the
welfare of future generations should also be
taken into account [Suansawat, 2013: 1].
Environmental pollution can be the basis for
epidemics and natural disasters such as COVID-
19, which we live in today and affect the whole
world.

GSCM is an emerging field that adds a
different perspective from traditional supply
chain management understanding. The quality
revolution of the late 1980s and the supply chain
revolution of the early 1990s encourage
businesses to be environmentally conscious.
With GSCM, it is aimed at reducing waste in all
logistics processes, increasing product-life
guality, and protecting natural resources
[Mavani, 2015: 20].

GSCM activities have many benefits for
companies and society. Businesses acting with
the understanding of GSCM can optimize their
activities and avoid waste by using their
resources (water, energy, materials, natural
resources, etc.) in the most ideal way. In addition,
businesses can reduce their costs, increase their
profitability, produce new environmentally
friendly products, create a good image, and
increase their level of competition [Zhao, 2016:
6-17]. Some of the benefits for society are clean
environment, reduction of climate change,
reaching the desired product on time, healthier
products or services, reduction of epidemic
diseases such as COVID-19, and leaving a good
world to future generations.

When the literature in the field of GSCM is
examined, organizational, environmental, and
financial performance issues are among the
leading  research.  Furthermore,  market
performance,, financial performance and senior
management commitment (Blome et al., 2014;
Diab et al., 2015) are among the main topics of
GSCM in the field of corporate pressures (Zhu et
al., 2013). Also, Chin et al. [2015] conducted
studies on environmental cooperation and
sustainability performance, Murphy [2012] on
the success factors that are the basis for achieving
GSCM performance, and Mao [2012] on
sustainable development.

One of the most important goals of
businesses is to have very good organizational
performance. Until recently, organizational
performance was divided into financial
performance [Feng et al., 2018; Khan, Qianli,
2017] and environmental performance [Seman et
al.,, 2019] and was evaluated in that way.
However, studies that are evaluated separately
are confusing, inconsistent, and complicated.
Furthermore, studies on GSCM performances
[Hashmi and Akram, 2021; Feng et al., 2017] are
not clearer and more understandable due to being
one-sided (business-oriented). Therefore, in the
field of GSCM, it is necessary to determine the
relationships between variables and conduct
more in-depth research, including final
customers.

As mentioned above on GSCM, there are
few studies on operational, environmental, and
economic performance. On the other hand,
generally refer to the relationships between
performances.  Additionally,  performance
percentages in companies are high. However,
there is no study on the determination of the
performance status of an exemplary business in
GSCM and the evaluation of the business
performance of the final customers in this regard.

In this study, the GSCM performances of a
large operator in the construction sector are
determined. In addition, the status of business
performance is determined in the eyes of the final
customers. Thus, by determining the levels of
relations between the business and its customers,
it is revealed what measures should be taken in
order to develop relations. Furthermore, in this
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study, it is ensured that GSCM applications are
made in business. GSCM is important in that it
raises awareness in a different field, with a
different perspective, in the business and in the
society, and is the first original research that
includes the final customers. For this, the
relationships between GSCM applications
(environmental management policy (EMP),
green purchasing (GP), green marketing (GM),
green production (GPR.), green logistics (GL),
and green information systems (GIS)) are
required for both the business and the customer),
and the GSCM performances of the enterprise in
the past years (operational performance (OP),
environmental performance (EP) and financial
performance (FP)) were investigated both in
terms of the business and the customer.

The construction sector is one of the most
important economic dynamics in Turkey. It
affects more than 200 different sectors connected
to it [Yavuz, 2019: 2]. The construction sector
contributes to the development of the country’s
economy through the construction of houses,
roads, bridges, and dams. With the development
of the sector, there is an increase in the rates of
gross domestic product, and on the contrary, a
decrease occurs [Cinar, 2018: 26]. For these
reasons, the construction sector was preferred in
our research and the research data were collected
by obtaining the necessary permission from the
company.

LITERATURE REVIEW

Green Supply Chain Management
Applications and Operation Performance

In  GSC management, operational
performance can be improved by reducing costs,
preventing waste, improving the quality of
products, and increasing efficiency and
productivity. Factors such as delivery times,
inventory levels, quality of products and
services, capacity utilization rates, and scrap
rates are listed as performance metrics. In
addition, perceived quality of the products,
position of the products in the market, presence
of better quality products, the reduction of waste,
and the sales in the international market are
accepted as operational performance criteria
[Lee, 2013: 27].

Businesses are faced with legal and
environmental  pressure to protect the
environment while producing under competitive
conditions. Therefore, customers and regulators
are constantly pushing businesses to increase
their operational efficiency and produce products
that protect the environment [Kleindorfer et al.,
2005].

Businesses that manage their operational
performance well can reduce their costs, increase
their profitability, produce new environmentally
friendly products, create a good image, and
increase their level of competition [Zhao, 2016:
6-17]. In addition to these, they also obtain
positive contributions such as safety image,
environmental image, image in areas of social
responsibility and gaining the loyalty of
customers [Capan, 2008:10-11].

The operational performance measurement
factors related to GSCM can be listed as the
efficiency of reverse logistics and logistics
distribution network, the environmental green
image perceived by the society, the green
certificates and green image of the suppliers, the
compliance of the materials used with ecological
design, the green practices in the labeling of the
products, the amount of material obtained in
recycling, the situation in cooperation with
customers and suppliers, the percentage values of
the materials that can be recycled, the percentage
values of the products determined as waste, the
amount of raw materials per product, the amount
of energy used per product, the average amount
of fuel consumed in vehicle fleets, the amount of
pollutants in the air (Giinday, 2018: 68-69;
Biiytiksaatci, 2009: 30).

Thus, we propose that:

Hypothesis 1: The GSCM applications of
the enterprise (EMP, GP, GM, GPR., GL, GIS)
are positively related to  operational
performance.

Hypothesis 2: According to final customers,
the GSCM applications of the enterprise (EMP,
GP, GM, GPR., GL, GIS) are positively related
to operational performance.
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Green Supply Chain Management and
Environmental Performance

Environmental performance is defined as
“the degree to which enterprises improve their
performance in accordance with their
environmental responsibilities”. This
performance can be achieved as a result of green
practices. Today, performing and monitoring
performance studies in SCM activities has
become important [Lee, 2013: 24].

The ability of companies to develop
environmentally conscious strategies depends on
their resources and capabilities. If businesses act
according to their strategic business policies and
environmental policies, they can use their
resources more effectively and efficiently and
gain a competitive advantage. In other words, it
depends on in-house integration  for
environmentally friendly production. With
environmental policies, while businesses provide
economic gains, the consumption of natural
resources (mines, air, water, energy, etc.)
decreases. If customers and other stakeholders
act in environmental cooperation within the SC,
the use of natural resources can be reduced by
increasing recyclable materials [Suansawat,
2013: 78-80].

There are laws and regulations to protect
the environment in Turkey. However, there are
no serious targets in the conscious use, re-
evaluation, and re-use of resources. Strong state
willpower is needed to set serious rules and
create policies to protect the environment. In this
regard, with the support of local governments,
environmental protection cooperation can be
achieved among SCM stakeholders. For a more
environmentally friendly SCM, the necessary
financial resources can be determined and
implemented [Toprak, 2017: 190].
Environmental performance is determined by the
Department for Environment, Food and Rural
Affairs (DEFRA) in 4 main categories (air,
water, soil emissions, and resource use) and 22
key indicators. The first category is the waste that
each enterprise has left to the environment. These
wastes can be hazardous materials as well as
recyclable materials. The ISO (International
Organization for  Standardization) 14001
environmental management system has been

developed in order to evaluate and record the
environmental performance of enterprises. This
ISO-developed criterion can be applied in all
kinds of businesses. Additionally, the ISO 14031
standard was developed to guide companies in
designing and using environmental performance
[Suansawat, 2013: 42-45]. The ISO 14031
standard is based on the plan-do-check-act
(PDCA) model. Thus, it creates an infrastructure
for continuous improvement and reporting to
organizations in areas such as environmental
protection, lean production, and sustainable
development. The PDCA cycle also forms the
basis of the SC management performance system
[Shaw and Grant 2010: 327].

Environmental protection activities can
provide a sustainable competitive advantage
among companies. Some of the benefits of
environmental performance to businesses can be
listed as providing improvements in costs and
productivity, improvements in product quality,
increases in market share, more comfortable
competitive advantage, increases in employee
motivation, and improvements in
communication with customers [Zhu and Sarkis,
2004: 269-270].

Thus, we propose that:

Hypothesis 3: The company’s GSCM
applications are positively correlated with
environmental performance.

Hypothesis 4: According to final customers,
the company’s GSCM applications are positively
related to environmental performance.

Green Supply Chain Management and
Financial Performance

Businesses must constantly evaluate their
financial performance to maintain their assets in
a healthy way and make the right decisions. In
addition, businesses evaluate their financial
performance to reveal where and how much they
have spent, what gains they have achieved, and
what new investments may be in the future. Since
financial performance is a very comprehensive
field, studies are carried out in many areas such
as accounting, economics, management, and
marketing. Traditional and modern metrics are
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used to measure financial performance.
Traditional criteria are accounting content and
include studies on the costs incurred as a result of
the activities performed. In the modern approach,
in addition to the traditional approach, there is a
performance measurement based on market
conditions. Some researchers who want to
measure the financial performance of the
business use accounting data by making use of
financial statements, while others use data
obtained from the market value of the business
[Kurt, 2020: 69-71].

The existence of studies in which GSCM-
related activities affect financial performance
positively or negatively creates uncertainty.
However, the source of motivation for GSCM
activities is financial factors. The decrease in
external costs of the enterprise affects financial
performance positively. Competitiveness and
company image in GSC management can
increase the financial performance of the
enterprise by facilitating market entry [Giinay,
2018: 70].

Environmental management has a direct
relationship with the financial performance of an
enterprise. Financial performance is associated
with  short-term  profitability and sales
performance [Zhu et al., 2004: 462]. Financial
performance is expressed as the financial profit
obtained through GSCM activities. The increase
in profitability, sales, and economic benefits in
market share represent financial performance
[Lee, 2013: 28].

Financial performance is one of the priority
issues to determine the status of production and
service enterprises. Fulfillment of production or
services in the desired time and amount is related
to the financial power of the enterprises.
Financial performance is related to the
purchasing of companies, energy consumption,
waste management, and legal penalties [Glinday,
2018: 69-70].

Thus, we propose that:
Hypothesis  5:  The firm’s GSCM

applications are positively correlated with
financial performance.

Hypothesis 6: According to the final
customers, the GSCM applications of the
enterprise are positively related to the financial
performance.

*Environmental
Management

*Green Purchasing

8 *Environmental

o -

Z | *Green Marketing Performance

> - .

3 *Financial

g i Performan

8 [*Green Production erformance

=

@ *Operational
Performance

*Green Logistics

*Green Information
Systems

Fig.1. Research model

The model of the study for the business and
final customers is shown in Figure 1.

METHODS
Sample and data collection procedure

The data in the first part used in this study
consists of lower, middle, and senior managers
working in a large business operating in the
construction sector in Turkey. The name of the
business was not given due to competition
conditions. The data in the second part consist of
final customers located in Yenice, Canakkale.
The reason why the construction sector is
preferred is that one of the most important
dynamics of the Turkish economy from 2002 to
2020 is the construction sector and it has
relations with more than 200 subsectors. The
convenience sampling method was used in both
research sections and participation in the survey
was voluntary. Data were collected between
September and December 2020.

In the first part, an online questionnaire was
sent to 200 managers working in the business
(under the conditions of the Covid-19 pandemic).
The sample size was calculated as 82, with an
error rate of 10% and a confidence interval of
90% in a population consisting of 200 managers
(lower, middle, and senior managers). 86
participants  responded to the online
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guestionnaire and 86 data were evaluated. 26.5%
of the participants in this section are women and
73.5% are men. The ratio of undergraduate and
graduate graduates is 69.9.

The second part, made for the final
customers, consists of people over the age of 18
in Yenice, Canakkale. To determine the sample
size of the data collected face-to-face and online,
the sample number was calculated as 134, with
90% confidence interval and 10% margin of
error. In the study, data were collected from 288
people. However, as there were inappropriate,
unusable, and unanswered questions in 13
guestionnaires, they were excluded from the
study and 275 data were evaluated. 38.2% of the
participants in this section are women and 61.8%
are men. The ratio of those who have an associate
degree and a bachelor’s degree is 58.9.
Reliability, frequency, KMO, and correlation
analyzes were performed to determine the
hypotheses.

Measures

The scales in the study were obtained from
Oclii’s [2015] master’s thesis. Oclii coded as “I
agree”, “Partly agree”, “Neither agree nor
disagree”, “Partly Disagree” and “Disagree”
using a 5-point Likert scale. The scale of the
study was changed to a 6-point likert, in order to
get clearer answers from the survey questions
and considering that the participants could give
an average answer (Neither Agree or Disagree).
The variables in the whole study were measured
using a six-point Likert scale ranging from 1 to 6
(1=Strongly Disagree, 2=Disagree, 3=Somewhat
Disagree, 4=Somewhat Agree, 5=Agree, and
6=Strongly Agree).

Control Variables

Reliability refers to how much of the
measurement tool is free from random errors.
Errors can be caused by measurement tools, not
understanding the questions, and editing the data.
The importance of reliability is that as error rates
increase, the confidence in the scale decreases. A
reliable scale is one that measures without error.
Methods such as test repetition, equivalent
forms, and internal consistency methods can be
used for reliability calculation. The internal
consistency method is used to apply the scale
once. The coefficient as a result of the reliability
analysis can vary between 0 and 1 numerically.
The Cronbach Alpha coefficient is used in the
internal  consistency method to evaluate
reliability. This value is found by dividing the
variances of all the variables in the scale by the
total variance of the general scale. If this value is
less than 70%, the scale is not reliable. However,
acceptable scale reliability can be reduced to
60% in exploratory studies [Okumus, 2018: 242-
244]. Reliability analysis results of both survey
data were made for the research.

The Cronbach Alpha (o) values obtained
according to the analysis results can be
interpreted as follows [Oglii, 2015: 106].

a<0.40 Scale Is Not Reliable
0.40 <a <0.60 Low Confidence Scale
0.60 <a<0.80 Scale Is Highly Reliable
0.80<0<1,00 High Confidence Scale

Table 1. Reliability results of business and customer data scales

Variables Number of Items Measuring range Cronbach(t;Au Ig::si)o efficient Cronbaclzcﬁsli):;;;) efficient
EMP 7 6 Likert 0.91 0.866
GP 6 6 Likert 0.884 0.890
GM 7 6 Likert 0.883 0.842
GPR. 5 6 Likert 0.876 0.894
(GL) 4 6 Likert 0.879 0.861
GIS 4 6 Likert 0.911 0.880
EP 6 6 Likert 0.947 0.929
FP 5 6 Likert 0.89 0.884
OoP 6 6 Likert 0.884 0.883

38


http://doi.org/10.17270/J.LOG.2023.769

Yildiz R., Goktepe A. O., 2023. Effects of Green Supply Chain Management Applications on Operational,
Environmental and Financial Performance: Company and Final Customers. LogForum 19 (1), 35-45,

http://doi.org/10.17270/J.LO0G.2023.769

Asseenin Table 1, the reliability (Cronbach
Alpha values) of the data collected from
businesses and customers is quite high.

The validity of the data for analysis was
evaluated by looking at Exploratory Factor
Analysis (Kaiser-Meyer-Olkin) values. Kaiser-

Meyer-Olkin (KMO) values range from 0 to 1. If
the partial correlation sum is greater than the
correlation sum, it means that the KMO value is
zero, and this indicates the spread in the
correlation model. The reliability of the data
increases as the KMO value approaches 1. If the
KMO value is 0.5, data analysis can hardly be
accepted [Andy 2013: 1974].

Table 2. KMO values of scales applied in the enterprise

Variables Percentage of variance explained KMO value Barlett test Number of component factors sd value p value
EMP 64.971 0.861 359.30 1 21 0.000
GP 65.197 0.814 298.77 1 15 0.000
GM 60.177 0.861 294.21 1 21 0.000
GPR. 67.050 0.852 203.66 1 10 0.000
GL 73.741 0.744 194.93 1 0.000
GIS 79.302 0.790 248.82 1 6 0.000
EP 79.088 0.903 463.56 1 15 0.000
FP 69.679 0.794 276.40 1 10 0.000
opP 63.89 0.834 263.64 1 15 0.000

The KMO analysis results of the business
and customer data are given in Table 2. In the
analysis, multiple variables were gathered under
a single factor and the variance and KMO values
were close to 1. Additionally, since the “p” value
is less than 0.05, the data are in good condition
for analysis and the analysis can be continued.

DATA ANALYSIS AND RESULTS

Descriptive Statistics and Correlation
Analysis

Descriptive statistics and correlation
analysis results for enterprise data are given in
Table 3.

According to the results of the correlation
analysis matrix in Table 3, the “r”’ and “p” values
between the GSCM applications of the enterprise
(EMP, GP, GM, GPR., GL, GIS) and the
operational, environmental and financial
performance are significantly and positively
related. According to the final customers, it is
seen in the matrix in Table 4 that the “r” and “p”
values between the GSCM applications of the
enterprise (EMP, GP, GM, GPR., GL, GIS) and
the operational, environmental and financial

performance are significant and positive. In this
case, hypotheses H2, H4 and H6 are supported.
The strongest positive relationships in the matrix
are between GIS — OP (r=.524**, p< 0.000) and
GL — OP (r=.503**, p< 0.00).

DISCUSSIONS AND CONCLUSION

There have been many studies on financial
and operational performance in different
countries on green supply chain management
[e.g. see, Hashmi and Akram, 2021; Feng et al.,
2017]. However, there is a lack of clear
information and evidence on how GSCM
practices directly and indirectly affect their
operational, environmental, and financial
performance [Golicic, Smith, 2013].

In this study, the relationships and severity
of the relationships between the business and
final customers GSCM applications and the
operational, environmental, and financial
performances of the business were determined.
Furthermore, external pressures and their
importance levels for green activities in terms of
businesses and customers were determined. The
results of the study support the hypotheses
formulated. The first and second hypotheses of
the study, according to the business and the final
customer (H1 business, H2 customer), have been
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confirmed that GSCM applications positively
affect the operational performance of the
business. There are differences between the
effect levels of both results. Although the results
of the first processing are close to each other, the
greatest effect is between GP-OP (r=.518**, p<
0.00). Similarly, although the final customer
results are close to each other, the most impact is
between GIS-OP (r=.518**, p< 0.00). Hashmi &
Akram [2021], Feng et al., [2017] and Jawaad &
Zafar [2019] found a positive relationship
between GSCM and operational performance,
similar to this study. Furthermore, in this study,
the employees of the company believe that the
most important factor that increases the
operational performance is the GP. Final
customers, on the other hand, believe that the
green information system contributes more to
operational performance.

The third and fourth hypotheses of the
study, (H3 enterprise, H4 customer), according

to the enterprise and the final customer, were
confirmed that GSCM applications positively
affect the environmental performance of the
enterprise. There are differences between the
effect levels of both results. The most effect on
the results of the processing is between GPR.-EP
and GIS-EP (r=.739**, p< 0.00). Similarly,
Kumar et al. [2019] and Rao and Holt [2005]
determined that green supply chain management
is an element that reduces environmental
pollution and increases the efficiency of the
enterprise that protects the environment.
Furthermore, although the final customer results
of the customers are close to each other in this
study, the most impact is between GIS-EP
(r=.466**, p< 0.00). In this case, while the
employees of the company believe that the most
important element that increases environmental
performance is the GPR., the customers believe
that the green information system contributes
more to environmental performance.

Table 3. Correlation matrix of enterprise performance with GSCM applications

Variables EMP GP GM GPR. GL GIS EP FP OP
Pearson Correlation 1 5727 .584™ 5717 .606™ .680™ 728" 523" 457
=P Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
Pearson Correlation  .572™ 1 754" 540" .688™ 515" 480" 417 518"
eP Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
Pearson Correlation ~ .584"™ 7547 1 621 683" .584™ .626™ 522" 501"
M Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
Pearson Correlation ~ .571" 540" 621" 1 727 .686™ 7397 .584™ 507"
GPR Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
Pearson Correlation  .606™ .688™ .683™ 7277 1 628" 561" .504™ 4757
o Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
ais Pearson Correlation  .680™ 515" .584™ .686™ 628" 1 7397 578" 492"
Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
. 728**  480**  .626** . 739** 561** , 1 ,.556** |.685**
Pearson Correlation 739%*
EP
Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
,D23%*  AL7** 522*%*  584**  504** , .685** 1 , 672"
Pearson Correlation Sl
FP
Sig. (2-tailed) .00 .00 .00 .00 .00 .00 .00 .00
,AB7**  B18** 501** | 507** | 475** A492** | BEe** | 672*%* | 1
OoP Pearson Correlation
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Sig. (2-tailed) .00 .00 .00

.00

.00 .00 .00 .00

(**) The correlation shows that it is significant at the 0.01 level.

Table 4. Correlation matrix of enterprise performances with GSCM applications according to final customers

Variables EMP GP GM GPR. GL GIS EP FP OP
Pearson
1 718 502" 503" 562" 528" 446" .350™ 4237
EMP Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
718" 1 585" 573" 552" 538" 422" .364™ .386™
GP Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
502" .585™ 1 TJ17 .668™ 623" .305™ .339™ .396™
GM Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
503" 573" TJ17 1 7737 .670™ 381" .383" 443"
GPR. Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
562" 552" .668™ T73" 1 7517 462" .399™ .503™
GL Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
528" .538™ 623" .670™ 751 1 466" 4117 .524™
GIS Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
A446** 422%* .305** .381** 462** 466** 1 B4T** 730**
EP Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
.350** .364** .339** .383** .399** A411%* .647** 1 .626**
FP Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000
Pearson
423** .386** .396** 443%* .503** .524** 730** .626** 1
OP Correlation
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000

The fifth and sixth hypotheses of the study,
(H5 enterprise, H6 customer), according to the
enterprise and the final customer, were
confirmed that GSCM applications positively
affect the financial performance of the enterprise.
There are differences between the effect levels of
both results. The most effect on the results of the
processing is between GPR.-FP (r=.584**, p<
0.00). Similarly, Rao and Holt [2005] and Zhu et
al. [2013] reported that green practices have a

positive relationship between profitability and
financial performance  of  enterprises.
Furthermore, although the final customer results
are close to each other in this study, the greatest
effect is between GIS-FP (r=.466**, p< 0.00). In
this case, the most important element that
increases the environmental performance of
employees is the GPR. while customers believe
that the green information system contributes
more to environmental performance.
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In addition to these, Hashmi and Akram
[2021] found the highest level of relationship
between GSCM and FP (r=.680**, p< 0.01) in
their study between GSCM and OP, EP and FP
for businesses. In this study, the highest
relationship level in terms of business is GIS and
GPR. and EP (r=.739**, p< 0.00). Unlike other
studies, to protect the environment, it is
necessary to reduce environmental waste in
environmental  performances and spread
environmental awareness more than activities
aimed at reducing costs in financial
performances in this study.

In summary, in this research conducted for
businesses and final customers, the GSCM
applications of the business are not fully
informed or understood in terms of final
customers. While the enterprise effect of the
GSCM applications on the performance of the
enterprise is high, the final customers are low.
Additionally, as a result of frequency analysis,
while the company’s employees believe that
environmentally friendly works are sufficient,
the final customers believe that environmentally
friendly work should be increased. Furthermore,
the most recyclable material in the enterprise was
determined as “plastic”, while the final
customers mentioned “cardboard”. In this
respect, the GSCM activities implemented in the
enterprise will be able to contribute more to the
image and profitability of the enterprise by
informing the final customers.

In addition to the business differences
between the results and the final customer, the
similarities are as follows. In both, recycling bins
are at the forefront of the most important waste
facilities. All parties should act with
understanding of GSCM in the prevention of
epidemics.

Factors that will push people to be
environmentalists (customers, non-
governmental organizations, state authority,
competitors, and environmental awareness) see
the first as customer pressure and the second as
the pressure of hon-governmental organizations.
The final customers are environmental
awareness  first, and nongovernmental
organizations second. This situation shows that
while businesses evaluate the environment

according to self-harm, end customers think
more about environmental issues.

The necessary trainings should be increased
in terms of final customers, environmental
protection, and raising awareness. With the
environmental awareness that will be formed in
society, businesses will focus able to be more
directed towards green activities. For a more
environmentally friendly SCM, state authorities
need to provide more solidity and act in
cooperation with businesses. Businesses can be
encouraged to be more innovative and act with
environmental awareness.

One of the most important limitations of the
research is that the study was carried out in the
Covid-19 pandemic outbreak. Due to the
pandemic, it was not possible to reach more
participants. However, the minimum data
collection levels that can represent the main
population have been reached. In face-to-face
data, the possibility of misunderstanding or
incompleteness of the subject explained to the
final customers by wearing a mask is another
limitation. In addition, while some of the people
participating in the survey answer the guestions,
there may be measurement errors due to the
possibility of choosing the ideal rather than the
current situation. In addition, choosing a
company from among existing industrial
establishments is another constraint.
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ABSTRACT. Background: The aim of the article is to examine the determinants of the digital transformation of the
supply chains (DSCs) of companies. The presented research covers the stages of digital supply chain transformation,
applied key technologies, and the results of implementation of DSC transformation.

Methods: The research covered 235 randomly selected Polish companies of all sizes, focusing on transport and warehouse
management companies (33.6%), industrial processing (15.7%), other services (11.4%) and wholesale and retail trade
(11.1%). Data were acquired by the CAWI method in 2022. For statistical calculation, Pearson correlation and factor
analysis were used.

Results: The results of this paper indicate that the DSC transformation process is implemented with rather similar and
moderate degree of intensity (mean 3.61 on a scale from 1 to 5). The transformation process of DSC is based on several
interdependencies, that is, between integration of company’s technology base and other entities of the supply chain as well
as with scale and improve the solutions for DSC. Moreover, DSC transformation is positive related with all of the
performance measures (profit, sales, market share, ROI, and competitive advantage), while the greatest increase is noticed
for ROI. Furthermore, the factor analysis confirm that a systematic and comprehensive approach to the transformation of
DSC raises company performance.

Conclusions: The presented research allows for a better understanding of analysed variables and the context that determines
DSC transformation for both managers and practitioners. Thus, it enable building a strategy and roadmaps for the digital
transformation of enterprises and mitigate associated risks.

Keywords: supply chain, digital supply chain, transformation, process, performance

place for the right price in the right condition to

INTRODUCTION the right customer” [Mallik 2010]. As a result,
there is increasing requirement for improving

Innovation is one of the key factors that sustainable outcomes in the supply chains that
ensures a competitive advantage for enterprises based on integrating social, economic and
that carry out activities related to introducing environmental goals of focal company [Carter
changes in their business model [Dymitrowski and Rogers 2008]. Moreover, there are some
and Mielcarek 2021]. However, maintaining a raising challenges for managing global supply
high level of innovation in an environment chains concerned with limited visibility and
characterised by discontinuity and violent shocks control ~over scattered between different
is becoming a growing challenge. geographies and multiple business tiers supply

chain entities [Choi and Hong 2002, Koberg and
Longoni 2019]. One of the directions that can
mitigate these threats and meet raising demands
of stakeholders is the digital transformation of
supply chains [Ageron et al. 2020, Preindl et al.

In the face of changes, it becomes
increasingly difficult to improve profitability and
maintain the effectiveness of supply chains. To
put this in a simple formula, supply chain

management is about “having the right item in 2020].
the right quantity at the right time at the right
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Despite the relatively low advance of the
digital transformation of supply chain, forecasts
show that this will be one of the key trends in the
next five years for many industries, with more
than 90% of respondents expecting more process
automatization and receiving real-time status
updates from the entire supply chain [CapGemini
2016]. Therefore, taking into account frequent
and rapid disturbances in the environment and
the growth of ICT technology development,
interest about digital transformation is
increasingly increasing both among theoretical
and practical specialists. Digital supply chains
(DSCs) are not only more responsive to changes
in the business environment than a traditional
supply chains, but also they increase
transparency for entities across the whole supply
chain that support better decision making and
communication [Preindl et al. 2020]. The digital
supply chain can be defined as ‘development of
information systems and the adoption of
innovative technologies that strengthen the
integration and the agility of the supply chain and
thus improve customer service and sustainable
organisation performance’ [Ageron et al. 2020,
p. 133]. Another definition of DSC by Kinnett is:
‘an intelligent, value driven network that
leverages new approaches with technology and
analytics to create new forms of revenue and
business value, through a centric platform that
captures and maximises the utilization of real-
time information emerging from a variety of
sources.” [2015]. This can be seen as a deep and
extensive change in supply chain management
and therefore also a challenging project in terms
of organisational  development  process.
According to Sabri, Micheli, and Nuur, DSC
implementation is a long-term cyclic process
with phases that transform interorganisational
and cross-functional relations of organisation
[2018].

Taking into account the various conditions
of DSC transformation, the aim of the article is
to examine and describe the determinants of
digital transformation of the supply chains of
Polish companies. Therefore, it is worth
formulating a number of questions that will allow
one to broaden the knowledge about this
phenomenon in relation to Polish companies:

What is the stage of the digital supply chain
transformation process?

Are there any interdependencies between
activities of the DSC transformation process?

What are the most relevant elements
(technologies) of DSC transformation?

Are there any interdependencies between
elements  (technologies) of the DSC
transformation?

What are the results of the digital
transformation of the supply chain for the
company’s performance?

THEORETICAL BACKGROUND

One of key drivers of digital transformation
is the fourth industrial revolution that uses cyber
physical systems provided with heterogeneous
data and integration of knowledge, which allows
to create smart (intelligent) products, apply 3D
printing, and use of artificial intelligence, i.e., in
autonomous vehicles or smart factories [Hendler
2019]. This change the elements, flows,
processes and network structure of the supply
chain by pushing towards a new way of
management including evolution into merging
physical and digital operations within a physical
and virtual world [Garay-Rondereo et al. 2020,
Cyplik, Zwolak, 2022]. Taking advantage of new
technologies within supply chain and the
introduced concept of Industry 4.0 will be
dependent on establishing full-scale smart
infrastructure allowing merge of data, physical
objects, products, together with processes [Wu et
al. 2016, p. 395-396]. Wu et al. define smart
supply chain as the new interconnected business
system that extends from isolated, local, and
single-company applications to systematic smart
implementations [2016, p. 396].

Digital transformation may mean varying
degrees of interference in the architecture of the
elements that make up the business model and
the way it functions. Literature distinguishes
three phases of digital transformation [Verhoef et
al. 2021]: digitisation (focusing on transforming
analogue information into a form of digital
recording), digitization (i.e., using ICT to
achieve business benefits by modifying the
existing processes of the enterprise), and digital
transformation (changing the current logic of the
functioning of the business model, including
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creating added value through digital technology)
[Kawalec 2021]. The generalizing first two
stages are characterised by a gradual
improvement in the way the organisation
functions, while the last stage, digital
transformation, is aimed at the overall
modification and transformation of the
enterprise, its supply chain, and business model
[Parviainen 2017].

Another approach to digital transformation
distinguishes four phases with different strategic
goals and a different way to generate added value
through the implementation of digital
technologies [Subramaniam 2022]. The first
stage is to improve operational efficiency by
using real-time data to improve business
processes. The second step is advanced
operational performance based on data generated
by customers (e.g., by installing sensors in
products that transmit information about how
they are used). The third phase covers data
generated in the value chain as part of the
services provided (an example is engine-
mounted sensors that reduce fuel consumption in
customers' vehicles, with some of those savings
being captured by the manufacturer) [Kawalec
2021]. The fourth phase includes services based
on the use of data from digital platforms, thanks
to which it is possible to create consumption
ecosystems. This, in turn, puts the company in a
new role as the entity that creates the
technological infrastructure for the development
of the supply chain and, in a broader sense, for
the entire business ecosystem. Subsequently, it is
also necessary to manage the resulting value in
such a way as to ensure mutual benefits for the
actors involved in the digital supply chain.

In operational perspective transformation
of DSC is a long term process that must be
embedded in each of the resulting documents
such as vision of a whole company, corporate
strategy, digital corporate strategy and strategy
for development of a supply chain [Preindl et al.
2020 p. 31]. On the basis of the formulated goals
and assumptions, you can proceed to the
assessment of the current state of supply chain
covering such dimensions like: hardware,
software, people, processes, and data. As a result
several-year road map should be established with
pilots and rollouts based on an optimal and most
beneficial investments in a technology. It is
highly recommended to start from a local pilot

and along with confirmation of effectiveness and
achievement of the presumed goal, it can be
extended in a broader scope of supply chain. To
accomplish of this step it is necessary to build
strategic partnerships along the DSC [Preindl et
al. 2020]. The whole transformation process
should be finalised by cyclic revisions and
evaluation of a whole system.

Therefore, it is assumed that the goal of the
DSC transformation is to change the way digital
technologies are used to create new business
value for customers and improve performance of
the organisation [Ageron et al. 2020]. The above
attempts to define the meaning and essence of
digital transformation indicate that the
acquisition and implementation of modern
technologies is not an end in itself, but a means
to ensure the achievement of the overarching
goal of creating value for the customer and its
capture by business. Undoubtedly, harnessing
technological opportunities to innovate in DSC
requires a longer time horizon, partly because
this process is more contextual and dependent on
many variables than the implementation of the
technology itself.

DATA AND RESEARCH SAMPLE

A total of 278 responses from Polish
companies were selected at random. Of this
group, 235 entities transformed towards business
model innovation and therefore were included
for further analysis. The structure of the surveyed
entities (employment, ownership, and period of
operation) is presented in Table 1. The most
numerous in the sample are: large companies
(41.2%), in terms of activity scope there is
transport and warehouse management (33.6%),
in case of time of operation are companies
functioning more than 20 years and in terms of
ownership dominates national owned companies
(42.1%).

The quantitative research presented in the
article was based on a questionnaire that
contained 22 questions. Data were collected
using the CAWI (Computer-Assisted Web
Interview) method. A five-point scale was used
to evaluate responses, where 1 — is not important
and 5 — is very important. The research covers
the period 2021-2022. The respondents to the
study were employees of companies, especially
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middle-level managers dealing with innovation
and strategic management, and specialists in this
field. The collected data was coded and analysed.

The Pearson correlation coefficient as well as
factor analysis were used for the calculations

with the use of MiniTab statistical software.
Table 1. Characteristics of the research sample, n=235

Employment 1-9 employees | 10-49 employees 5?'249 250 Smployees
size 12.8% 20 6% employees — and more —
) ' 23.4% 41.2%
Domi Transport and Industrial Other service Wholesale and
ominant scope warehouse ] L il trad
of activity management — processing — activities - retail trade —
15.7% 11.4% 11.1%
33.6%
Period of 1-3 years— 0 10-19 years — 20 years and
operation 15.7% 4-9 years — 17.5% 25.5% more — 41.3%
Company’s National — Internatmr_mal International under Polish control —
? under foreign
ownership 42.1% 22.6%
control — 35.3%

Source: Self-developed materials.

RESEARCH RESULTS

The first of the aspects analysed is the
degree of transformation process of the supply
chain (Table 2). Altogether, there are 11 different
steps of this process, which in general are
implemented with rather a similar and moderate
degree of intensity (average of a whole process is
3.61in a scale from 1 to 5, where 1 is a minimal
level of digital transformation and 5 is maximum
level). In general, a higher degree of the
implantation of DSC transformation process was
observed for the building competences and the
modelling phase (3.69) that indicate
concentration on the operational aspect of the

whole process. The most completed of all the
activities of the process is training and
developing skills (3.83) and the least
implemented are tests and simulations of
changes related to the transformation of DSC
(3.41). But still the gap between them is not very
significant.

Therefore, the next analysis that can give
some spotlight is correlation between individual
activities of the DSC transformation process (see
Table 3). All of the activities examined in the
DSC transformation process are shown to be
positive correlated and those relationships are
statistically significant.

Table 2. Implementation of the supply chain digital transformation process of companies, n=235

Process | Mean of - - - . Standard
phase the phase Activities of digital transformation of the supply chain Result deviation
o Initiating activities related to the digital transformation of the supply chain. 347 1.03
%% 2 Gé. 5550 Planning and integration of procurement. production and distribution processes. 3.74 1.00
= §§ g ' Tests and simulations of changes related to the digital transformation of the supply 341 1.08
= 5 hain. ) '
o< c
Change management and project management. 3.74 0.97
5 8o Training. Developing competences. 3.83 1.02
— [}
3 2 Ec 3.690 Development of a digital supply chain operational model. Integration of inputs. 355 Lol
© transformation processes into outputs. : :
c Introducing new technologies in the enterprise. 3.68 0.98
[<5) A A T A A
E é 3503 Integration of technologies existing in the enterprise. 358 0.98
% & Integration of the company's technology with the technology of entities in the supply 352 1.00
B chain. ) :
< ° Development of a measurement system: measures and indicators as well as expected 368 1.00
2sz2 4§ 3585 values. Control process. ) )
o= cE Scale and improve solutions for digital transformation of the supply chain 3.49 1.02

Source: Self-developed materials.

There is a moderate strong correlation
between introducing new technologies in the

enterprise and integration of technologies within
the enterprise (0.587), as well as with entities in
the supply chain (0.526) and between both
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activities related to integration of technologies
(0.556).

Another set of relations is between: scale
and improve solutions for transformation of DSC
and integration of technologies within enterprise
(0.587) and entities of supply chain (0.571), and
development of measurement system (0.508).

This can be interpreted that to achieve
better performance of DSC there is not only a
need to integrate company’s technology and also
to match with other entities’ of supply chain
technology base of other entities, but it is also
very important to implement sufficient and
comprehensive control system over the activities
carried out and engaged assets.

The next main point of analysis concerns
technologies used for the DSC transformation
process (see Table 4.). The most important is
synchronised scheduling (4.08) (in scale 1-5),
flexible and dynamic order processing (4.07),
and smart delivery (3.96). Less common
solutions used in DSC transformation process are
the most sophisticated and advanced
technologies like Intelligent product factory and
smart factory. However, all of the technologies
used received above average note, that means
they all are crucial for DSC transformation
process. Moreover, some insight can be show by
analysing correlation coefficient for the applied
technologies (see Table 5).

Table 3. Correlation of activities of supply chain digital transformation process of companies, n=235

Process of supply chain

digital transformation ! 2 3

4

5 6 7 8 9 10 11

1. Initiating activities
related to the digital
transformation of the
supply chain.

2. Planning and integration
of procurement processes.
Production and
distribution.

0.456* -

3. Tests. simulations of

changes related to the 0.333* 0.188 )
digital transformation of ' faled
the supply chain.

4. Change management

0.204*
and project management. *

0.294* | 0.317*

5. Training. Developing

0.236*
competences.

0.266* | 0.272*

0.409*

6. Development of a digital
supply chain operational
model. Integration of
inputs. Transformation
processes into outputs.

0.442* | 0.320* | 0.411*

0.369*

0.324* -

7. Introducing new
technologies in the
enterprise.

0.273* | 0.337* | 0.340*

0.345*

0.335*

0.378* -

8. Integration of
technologies existing in the
enterprise.

0.337* | 0.354* | 0.283*

0.351*

0.338*

0.440* | 0.587* -

9. Integration of the
company's technology with
the technology of entities
in the supply chain.

0.498* | 0.398* | 0.422*

0.277*

0.319*

0.453* | 0.526* | 0.556* -

10. Development of a
measurement system:
measures and indicators as
well as expected values.
Control process.

0.277* | 0.321* | 0.245*

0.309*

0.308*

0.456* | 0.352* | 0.343* | 0.485* -

11. Scale and improve
solutions for digital
transformation of the
supply chain

0.373* | 0.265* | 0.328*

0.355*

0.389*

0.508
*

0.487* | 0.378* | 0.516* | 0.571*

Note: *p-value<0.001;**p-value<0.05.
Source: Self-developed materials.
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Table 4. Relevance of elements (technologies) of digital supply chains of companies, n=235

Elements of digital supply chains Result 3;3?;?;?]
Synchronized scheduling 4.08 0.93
Flexible and dynamic order processing 4.07 1.03
Smart delivery 3.96 1.05
Digital platform of information exchange 384 1.04
Digitization of customer and consumer experience 376 0.95
Digital development - Intelligent product factory 358 1.02
Smart factory 3.49 1.07

Source: Self-developed materials.

The analysis of the interdependencies
between implemented technologies shows
several observations. First, there is moderately
strong correlation of intelligent product factory

with smart factory (0.617) and smart delivery
(0.507). The smart factory is related to smart
delivery (0.532). Finally, the digital platform for
information exchange is correlated with flexible
and dynamic order processing (0.507).

Table 5. Correlation of individual elements (technologies) of digital supply chains, n=235

Elements of digital supply chains 1 2 3 4 5 6 7
1. Synchronized scheduling -

2. Digitization of customer and consumer experience 0.426* -

3. Smart factory 0.290* 0.393* -

4. Smart delivery 0.285* 0.359* | 0.532* -

5. Digital development - Intelligent product factory 0.296* 0.350* | 0.617* | 0.507* -

6. Flexible and dynamic order processing 0.469* 0.450* | 0.341* | 0.490* | 0.322* -

7. Digital platform of information exchange 0.337* 0.444* | 0.391* | 0.407* | 0.439* | 0.507* -

Note: *p-value<0.001.

Source: Self-developed materials.

The next analysis issue is the performance
result of the DSC transformation process of
companies (see Table 6). All of the observe
indicators (profit, sales, market share, ROI and
achieving competitive advantage) improve after
implementation of DSC. The most significant

raise concerns ROl (18.13%), market share
(12.92%) and profit (11.83%). However, in case
of ROI there is also the highest standard
deviation (2.51), which indicates significant
dispersion of results around the mean and
can disturb the final reading of the indicator.

Table 6. Digital transformation of supply chain and results of companies, n=235

ROI "
Phase of implementation Metrics Profit Sales Market (return on Competitive
share . advantage
investment)
Before introducing digital Mean 3.12 3.70 3.56 331 351
transformation Standard 0.98 0.97 1.00 0.94 101
deviation
After introducing digital Stlvle;n 5 4.16 402 4.02 391 3.98
transformation anaar
deviation 0.88 0.92 0.85 2.51 0.90
Percentage change 11.83% 8.65% 12.92% 18.13% 13.39%

Source: Self-developed materials.
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Another analysis covers correlation
coefficients for elements of digital supply chains
(see tab. 5) and performance metrics (see tab. 6).
All the interactions of the acquired variables
were found to be positively correlated and
statistically significant (p-value<0.05). The
highest correlation coefficient is for smart
deliveries and competitive advantage (0.344),
synchronised scheduling and sales (0.338),
digitisation of customer and consumer
experience and competitive advantage (0.335)
and flexible and dynamic order processing and
sales (0.334). However, to give some more
insight a multidimensional analysis more
specifically factor analysis was applied (see tab.
7).

Altogether, there were 12 variables that
indicate the designation of 12 factors, of which
five will be analysed in detail. These four first
factors explain 75.3% of the total variance of the
variables investigated. Factor 1 (second column
in tab. 7) indicates that almost 40% of the
analysed companies analysed can be called
“comprehensive”  digital  supply  chain
transformation because they achieve high
positive correlation of all elements of digital
transformation and also high positive results of
performance metrics.

Factor 2 can be called the “laggards” of digital
supply chain transformation with 13.6% of the
companies investigated. These businesses can
ensure relatively good performance results, but
still significantly lower than in factor 1, without
investing in digital supply chain transformation.
In other words, those companies have a negative
correlation between applied digital technologies
of supply chain and business performance.

Factor 3 can be called ‘operational excellence’ of
digital supply chain transformation with more
than 8% of companies focus on synchronised
scheduling, flexible and dynamic order
processing, and digital platform of information
exchange that can accelerate sales but with very
significant cost of other performance metrics
such as: ROI and competitive advantage.

Factor 4 represents 6.2% of the companies
surveyed and can be called “market conquerors”
of digital supply chain transformation. Those
businesses focus on synchronised scheduling,
smart factory, and smart delivery with results in
rise of market share and sales.

Factor 5 covers 5.6% of the variance and
can be called “logistic excellence” of the
transformation of the digital supply chain. These
companies focus on smart delivery as well as
flexible and dynamic order processing that
results in rise of ROI and competitive advantage.

The graphical result of the factor analysis is
presented in a figure below (figure 1) consisting
of three elements: 1) the vertical axis represents
the number of applied technologies, 2) the
horizontal axis represents the scope of company
performance improvements calculated as a sum
of correlation coefficients, 3) the size of a circle
represents % of variance.

DISCUSSION AND CONCLUSIONS

The purpose of this article is to examine and
describe  the determinants of  digital
transformation of Polish company supply chains.
The presented research results enabled the
formulation of the following conclusions and
points for discussion with the literature on the
subject:

1) The transformation process of the DSC
of Polish companies is implemented with rather
similar and moderate degree of intensity (the
average of awhole process is 3.61 out of a 5 point
scale). This observation can be supported by the
high rate of applied digital technologies like
synchronised scheduling (4.08) (in scale 1-5),
flexible and dynamic order processing (4.07)
with relatively lower results for intelligent
product factory (3.58) and smart factory (3.49).
That result shows that there is focus on the
operational efficiency with supplication and use
of digital data. Altogether, this indicates
relatively initial phase (the first or second stage
of supply chain digital transformation) according
to M. Subramaniam concept [2022].
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Table 7. Factor analysis for digital transformation of supply chain and results of companies — correlation coefficients, n=235

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Factor 12

1. Synchronized scheduling 0.632 -0.082 0.438 0.227 0.019 -0.417 -0.283 0.120 -0.178 0.202 -0.033 0.088
E*F'?eirgiiet;ifio” of customer 0.660 -0.165 0.167 -0.318 -0.421 -0.067 -0.060 -0.432 -0.048 -0.131 -0.131 0.003
3. Smart factory 0.619 10436 -0.306 0.208 -0.348 -0.047 0.106 0.053 -0.009 0.032 0.388 0.007
4. Smart delivery 0.589 -0.476 -0.112 0.161 0344 -0.025 0376 -0.250 0.035 0.136 -0.148 0.154
5. Intelligent product factory 0.610 -0.419 -0.423 0.123 -0.051 0.050 -0.199 0.278 -0.008 -0.162 -0.311 -0.111
6. Flexible and dynamic 0.658 -0.239 0.481 -0.042 0.284 -0.021 0112 0.087 0.100 -0.327 0.140 -0.196
order processing

7. Digital platform of 0.644 -0.239 0.238 -0.315 -0.007 0.492 -0.106 0172 0.075 0.284 0.023 0.050
information exchange

8. Profit 0.623 0.513 0.005 -0.029 -0.200 -0.184 0.326 0.133 0.201 0.208 -0.118 -0.228
9. Sales 0.640 0.530 0.118 0.195 -0.146 0.163 0.126 0.158 0.034 -0.234 -0.045 0.333
10. Market share 0.615 0.430 -0.043 0.357 0.099 0.326 -0.097 -0.253 -0.273 0.044 0.032 -0.199
11. ROl 0.604 0.259 -0.329 -0.479 0.218 -0.156 0.088 0.122 -0.354 -0.031 0.082 0.045
12. Competitive advantage 0.657 0.301 -0.298 -0.058 0.231 -0.119 -0.350 -0.176 0.387 0.006 0.107 0.055
Variance 4.7588 1.6282 1.0063 0.7381 0.6720 0.6312 0.5621 05334 0.4420 0.3924 0.3428 0.2927
% Variance 39.7% 13.6% 8.4% 6.2% 5.6% 5.3% 4.7% 4.4% 3.7% 3.3% 2.9% 2.4%

Source: Self-developed materials.
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2) However, DSC transformation, even at
this stage of implementation, gives positive
results for all of the assessed measures (see Table
6.), i.e. profit, sales, market share, ROI and
competitive advantage were improved after

applied 4

technologies
of DSC

F3:
Operational
excellence

F4: Market
conquerors

(o2}
1G]

%

implantation of digital technology into supply
chain. The greatest increase was noticed in terms
of ROI (by 18%), which can be the result of
better access and utilisation of digital data and
adjustment and integration of the technological
base within DSC.

Factor 1:
Comprehensive DSC

39.7%

»
»

(2
5

F5: Logistic
excellence

company’s
performance

F2:
Laggards
13.6%

Fig. 1. Applied technologies of digital supply chain and company’s performance — graphical presentation of factor analysis

Source: self-developed materials.

3) The factor analysis confirmed that the
systematic and comprehensive approach to the
DSC transformation process gives positive
results for all performance metrics (Factor 1:
‘Comprehensive DSC’). What is interesting is
that skipping investment in DSC transformation
(Factor 2: ‘Laggards’) gives better results than
focusing only on a specific area of technology
(ie, Factor 3: “Operational excellence” or Factor
4: ‘Market conquerors’).

4) In terms of practical implications
considering applications for implementation
projects, there is relatively strong correlation
between introducing new technology and its

integration, both within company and other
entities of supply chain. This relation, which is
also conditions Scaling and improving of supply
chain digital transformation. However, to
achieve technology integration, the company
must mitigate “difficulty of visualizing the
digital and physical flows and the determination
of the appropriate level of interconnectivity
between the physical and digital world” [Garay-
Rondereo et al. 2020].

5) In summary, DSC transformation should
be treated as a strategic renewal project and
therefore need to be embedded in a broader
strategic context, by concluding its assumptions
within a vision of a whole company, corporate
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strategy, digital corporate strategy and strategy
for development of a supply chain [Preindl et al.
2020]. To provide broader context and help in the
digital transformation process company can use
the innovation concept of the business model
[Wang et al. 2018]. By applying of this
framework, it is possible to analyse the
interdependencies  between the resources,
activities, and needs of the involved entities and
the financial result achieved.

LIMITATIONS OF RESEARCH

The presented research procedure is not
free from some limitations. The first is the size of
the surveyed sample, which could be expanded
in the future, including foreign entities and
specific division between types of company
activities (i.e. industries, services, mining and
energy production, agriculture, and so on) and
type of production model (Make-to-stock, Make-
to-order, Assemble-to-order, Engineer-to-order)
[Cyplik, Zwolak, 2022 p. 162].

The second limitation are performance
metrics applied in the research, while proposed
to use a more complex measurement system
combined of real-time control on strategic,
tactical and operational level based on engaged
technology like loT, Big Data, blockcahin
technology, online communication channels
[Ageron et al. 2020 p. 135, Bal, Pawlicka 2021
p. 73]. This could help to close the gap between
the existing theoretical approach and the real
needs of companies in terms of the control of
DSC transformation process.

ACKNOWLEDGMENTS

This text was created with the use of funds
from a research grant awarded by the National
Science Centre, Poland under the project number
UMO-2016/21/D/HS4/00696 entitled
"Improving the processes of open innovation and
strategic enterprise renewal." Project manager
Pawel Mielcarek.

REFERENCES

Ageron B., Bentahar O., Gunasekaran, A.,
2020, Digital supply chain: challenges and
future directions, Supply Chain Forum: An
International  Journal, 21(3), 133-138,
https://doi.org/10.1080/16258312.2020.181
6361

Bal M., Pawlicka K., 2021, Supply chain
finance and challenges of modern supply
chains, LogForum 17(1), 71-82.
http://doi.org/10.17270/J.L0G.2021.525

CapGemini 1., 2016, GTNexus. The Current
and Future State of Digital Supply Chain
Transformation, GT Nexus 1-12,
https://www.supplychainquarterly.com/ext/
resources/files/pdfs/whitepapers/gtexus dig
ital transformation.pdf?1589233644

Carter C., Rogers D., 2008, A framework of
sustainable supply chain management:
Moving toward new theory, International
Journal of Physical Distribution and
Logistics Management, 38(5), 360-387.
https://doi.org/10.1108/0960003081088281
6

Choi T., Hong Y., 2022, Unveiling the structure
of supply networks: case studies in Honda,
Acura, and DaimlerChrysler, Journal of
Operation  Management, 20(5), 469-
493.https://doi.org/10.1016/S0272-
6963(02)00025-6

Cyplik P., Zwolak M., 2022, Industry 4.0 and
3D print: a new heuristic approach for
decoupling point in future supply chain
management, LogForum 18(2), 161-171,
http://dx.doi.org/10.17270/J.LOG.2022.733

Dymitrowski A., Mielcarek P., 2021, Business
Model Innovation Based on New
Technologies and Its Influence on a
Company’s Competitive Advantage, Journal
of Theoretical and Applied Electronic
Commerce Research, 16, 2110-2128.
https://doi.org/10.3390/jtaer16060118

Garay-Rondero C., Martinez-Flores J., Smith
N., Morales S., Aldrette-Malacara A., 2020,
Digital supply chain model in Industry 4.0,
Journal of Manufacturing Technology
Management, 31(5), 887-933.
https://doi.org/10.1108/JMTM-08-2018-
0280

56


http://doi.org/10.17270/J.LOG.2023.829
https://doi.org/10.1080/16258312.2020.1816361
https://doi.org/10.1080/16258312.2020.1816361
http://doi.org/10.17270/J.LOG.2021.525
https://www.supplychainquarterly.com/ext/resources/files/pdfs/whitepapers/gtexus_digital_transformation.pdf?1589233644
https://www.supplychainquarterly.com/ext/resources/files/pdfs/whitepapers/gtexus_digital_transformation.pdf?1589233644
https://www.supplychainquarterly.com/ext/resources/files/pdfs/whitepapers/gtexus_digital_transformation.pdf?1589233644
https://doi.org/10.1108/09600030810882816
https://doi.org/10.1108/09600030810882816
https://doi.org/10.1016/S0272-6963(02)00025-6
https://doi.org/10.1016/S0272-6963(02)00025-6
http://dx.doi.org/10.17270/J.LOG.2022.733
https://doi.org/10.3390/jtaer16060118
https://doi.org/10.1108/JMTM-08-2018-0280
https://doi.org/10.1108/JMTM-08-2018-0280

Mielcarek P., Piekarczyk A., 2023. Digital transformation of supply chains and company’s performance.
LogForum 19 (1), 47-57, http://doi.org/10.17270/J.LOG.2023.829

Hendler S., 2019, Digital-physical product
development: a qualitative analysis,
European Journal of Innovation
Management, 22(2), 315-334.
https://doi.org/10.1108/EJ1M-01-2018-0026

Kawalec P., 2021, Transformacja cyfrowa:
szanse 1 wyzwania dla przedsigbiorstw,
Nowe Tendencje w Zarzadzaniu, 1(1), 49-
50. https://doi.org/10.31743/NTZ.13191

Kinnett J., 2015, Creating a digital supply chain:
Monsanto’s Journey, Washington: 7th
Annual, BCTIM Industry Conference,
www.slideshare.net/BCTIM/creating-a-
digital-supply-chain-monsantos-journey

Koberg E., Longoni A., 2019, A systematic
review of sustainable supply chain
management in global supply chains,
Journal of Cleaner Production, 207, 1084-
1098,
https://doi.org/10.1016/j.jclepro.2018.10.03
3

Mallik S., 2010, Customer service in supply
chain management. In: H. Bidgoil, (ed.), The
Handbook of Technology Management:
Supply Chain Management, Marketing and
Advertising, and Global Management,
JohnWiley & Sons Inc., NJ.
https://doi.org/10.1108/JEIM-04-2013-0015

Parviainen P., Tihinen M., Kéiéridinen J.,
Teppola S., 2017, Tackling the digitalization
challenge: how to benefit from digitalization
in practice, International Journal of
Information  Systems  and Project
Management, 5(1), 63 —77.
https://doi.org/10.12821/ijispm050104

Preindl R., Nikolopoulos K., Litsiou K., 2020,
Transformation strategies for the supply
chain: the impact of industry 4.0 and digital
transformation, Supply Chain Forum: An
International  Journal, 21(1), 26-34,
https://doi.org/10.1080/16258312.2020.171
6633

Sabri Y., Micheli G.J.L., Nuur C., 2018,
Exploring the Impact of Innovation
Implementation on  Supply  Chain
Configuration, Journal of Engineering and
Technology Management, 49, 60-75.
https://doi.org/10.1016/j.jengtecman.2018.0
6.001

Subramaniam M., 2021, The 4 Tiers of Digital
Transformation, Harvard Business Review,
https://hbr.org/2021/09/the-4-tiers-of-
digital-transformation

Verhoef P.C., Broekhuizen T., Bart Y.,
Bhattacharya A., Qi Dong J., Fabian N.,
Haenlein M., 2021, Digital transformation:
A multidisciplinary reflection and research
agenda, Journal of Business Research, 122,
889-901.
https://doi.org/10.1016/j.jbusres.2019.09.02
2

Wang Y., JiaF., Schoenherr T., Gong Y., 2018,
Supply Chain-Based Business Model
Innovation: The Case of a Cross-Border E-
Commerce  Company.  Sustainability,
10(12), 4362.
https://doi.org/10.3390/su10124362.

Wu L., Yue X, Jin A., Yen D., 2016, Smart
supply chain management: a review and
implications for future research, The
International ~ Journal ~ of  Logistics
Management, 27(2), 395-417.
https://doi.org/10.1108/1JLM-02-2014-0035

Pawel Mielcarek ORCID ID: https://orcid.org/0000-0002-1997-4361

Department of Organisation and Management Theory,

Poznan University of Economics and Business, Poznan, Poland

e-mail: pawel.mielcarek@ue.poznan.pl

Anna Piekarczyk ORCID ID: https://orcid.org/0000-0003-4342-0921

Wyzsza Szkota Logistyki, Poznan School of Logistics, Poznan, Poland

e-mail: anna.piekarczyk@wsl.com.pl



http://doi.org/10.17270/J.LOG.2023.829
https://doi.org/10.1108/EJIM-01-2018-0026
https://doi.org/10.31743/NTZ.13191
www.slideshare.net/BCTIM/creating-a-digital-supply-chain-monsantos-journey
www.slideshare.net/BCTIM/creating-a-digital-supply-chain-monsantos-journey
https://doi.org/10.1016/j.jclepro.2018.10.033
https://doi.org/10.1016/j.jclepro.2018.10.033
https://doi.org/10.1108/JEIM-04-2013-0015
https://doi.org/10.12821/ijispm050104
https://doi.org/10.1080/16258312.2020.1716633
https://doi.org/10.1080/16258312.2020.1716633
https://doi.org/10.1016/j.jengtecman.2018.06.001
https://doi.org/10.1016/j.jengtecman.2018.06.001
https://hbr.org/2021/09/the-4-tiers-of-digital-transformation
https://hbr.org/2021/09/the-4-tiers-of-digital-transformation
https://doi.org/10.1016/j.jbusres.2019.09.022
https://doi.org/10.1016/j.jbusres.2019.09.022
https://doi.org/10.3390/su10124362
https://doi.org/10.1108/IJLM-02-2014-0035
https://orcid.org/0000-0002-1997-4361
mailto:pawel.mielcarek@ue.poznan.pl
https://orcid.org/0000-0003-4342-0921
mailto:anna.piekarczyk@wsl.com.pl

W» LogForum

> Scientific Journal of Logistics <

2023, 19 (1), 59-73

http://doi.org/10.17270/J.LOG.2023.787

http://www.logforum.net p-1SSN 1895-2038 e-1SSN 1734-459X

ORIGINAL PAPER

APPLICATION OF INDUSTRIAL INTERNET OF THINGS (110T) IN
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ABSTRACT. Background: This paper explains the concept of the Industrial Internet of Things (110T) and highlights
the benefits of its adoption. The purpose of the study was to identify and evaluate practices and approaches of organisations
toward the implementation of 10T solutions in the packaging industry in Poland.

Methods: The results are based on non-sensitive quantitative data collected with the use of a survey questionnaire method
and CATI (Computer Assisted Telephone Interview) as a data collection technique. Participants completed anonymous
survey questionnaires, with responses analysed collectively without the identification of individuals. No continuous
tracking or observation methods were used, and the data did not include personal information such as health, genetics,
beliefs, or political views.

Results: The results reveal that companies within this industry are not early adopters of 110T, but they are rather digitally
immature, with a poor degree of 10T implementation, poor degree of quality systems digitisation, and no plan towards
transformation to enterprise systems such as MRP, ERP, or CRM. The application of 110T has potential for improvement.
The paper outlines the analysis of organisational culture in terms of supporting innovation and continuous improvement,
showing that the level of support is moderate, however, the bigger company is, the more supporting the organisational
culture it has.

Conclusions: Data reveal that the application of 110T solutions in the packaging industry in Poland is still not very common.
Poor adoption of 10T may be related to fear of technology, budgetary issues, or lack of qualified staff. Although digitisation
already changed the software and the hardware side of organisations, most of them are not digitally mature enough to be
able to take advantage of the fourth industrial revolution, which can be a strategic advantage for early adopters.

Key Words: Industrial Internet of Things (l10T), Radio-frequency identification (RFID), sensors, packaging industry,

quality control
INTRODUCTION

The Internet of Things (loT) is one of the
key technologies of the fourth industrial
revolution (Industry 4.0), which is focused on
real-time data monitoring [Almada-Lobo, 2016;
Vaidya, Ambad, Bhosle, 2018]. IoT consists of
various multiple devices with embedded systems
that are connected to the telecommunication
network, the Internet, and have the ability to
generate and automatically send information
without direct human intervention [Wojcicki et
al., 2022]. Connecting devices to the Internet has
started a new era of data analysis, automation,
and opportunities for innovation. 10T is being
widely implemented in many areas of our life,

including healthcare, agriculture, manufacturing,
quality control, transport and logistics, and
energy, and has already passed the stage of being
seen only as an exploratory technology [Deloitte,
2021]. The use of IoT is on an ascending curve,
with predictions that by 2030 more than 500
billion devices will be connected to the Internet
[Cisco, 2021].

Industry 4.0 and digital transformation
change the world and societies into modern and
super-smart, where everything is readily
available at hand. To catch up with the growing
trend, industries must invest in 10T technologies
[Zikria et al., 2021)]. The application of 10T in
the industry is called the Industrial Internet of
Things (lloT). IloT is an extension of loT,
providing industries with tools to create a
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competitive advantage. As IloT serves the
industry, it has to meet requirements higher than
loT which serves the consumer domain. lloT
leads to the creation of Smart Factories where
objects such as machinery, devices, and products
are equipped with sensors that are connected to
each other and to the Internet [Gebremichael et
al., 2020]. Data collection, analysis, and
exchange enable machine-to-machine learning
(M2M) and changing modes and settings without
the need for human intervention. The 1l0T uses
sensors and actuators to a great extent, for
example, position sensors, motion sensors,
biosensors, mass or volume sensors,,
measurement sensors and environment Sensors
[Alexopoulos et al., 2018]. Different authors
point to different advantages of the IloT
application, including access to real-time online
data that enhance decision making, improve
performance, productivity, efficiency, and
quality [Fatorachian and Kazemi, 2021];
tracking the status and positions of raw materials,
work-in-progress, and final products [Almada-
Lobo, 2016]; controlling production processes
[Vaidya, Ambad, Bhosle, 2018]; reducing
human errors [Rejeb and Keogh, 2019]; reducing
equipment maintenance time and costs [Peng et
al., 2021]; reducing manufacturing costs through
optimised assets and inventory management;
reducing machine downtime; controlling the
workplace environment [Garg et. al., 2022].
Incorporating IloT solutions in organisations
allows for moving from a reactive approach to a
proactive approach in areas such as maintenance
of equipment and tooling, quality, inventory
management, and operations. Additionally, a
better understanding of the processes can
contribute to efficient and sustainable
manufacturing by minimising scraps, losses, and
wastes.

One of the IloT solutions is Radio
Frequency Identification (RFID). RFID aims at
automatic object identification via radio waves,
where a tag transmits its identity to the tag reader
[Wojcicki et al., 2022]. The tag can be either
attached to a product or embedded e.g. within the
device or machine. The tag is a carrier of a unique
code that contains information. When an item
(e.g. product, device, packaging) equipped with
an RFID tag moves through the tag reader (e.g.
installed on the warehouse gate or racks), data
are collected, grouped, and send to a database
[Grimaldi et al., 2020], which can be connected

to software such Manufacturing Resource
Planning (MRP), Enterprise Resource Planning
(ERP), or Warehouse Management System
[Arulogun, Falohun, Akande, 2016; Liukkonen,
2015]. RFID can be applied in various areas,
including [Liukkonen, 2015]: warehouse and
inventory management; tool management;
supply chain management; process monitoring,
management and control; life cycle management.
The application of RFID enhances transparency
within the supply chain; facilitates inventory
management; helps detect variations in
production [Rejeb and Keogh, 2019)]; improves
traceability; and prevent counterfeiting.

Packing is one of the operations that take
place in most of the production process [Wolniak
and Zadura, 2012)]. Packaging products can be
made of various material types, such as paper,
plastic, metal, or glass. Packaging has many
functions, such as [Sykut, Kowalik and
Drozdziel, 2013]: protecting the product during
storage, transportation and use; facilitating
production, wholesale and retail; informing
consumers, for example, on the product
composition or shelf life, and marketing.
Packaging provides protection from chemical,
biological, and physical threats [Marsh and
Bugusu, 2007], can influence the shelf life of the
product, and maintain or increase the quality and
safety of packaged products. Packaging is an
important part of most products and is still
subject to innovation.

The purpose of this paper is the
identification and evaluation of the practices and
approaches towards the implementation of 1loT
solutions in the packaging industry in Poland.
The paper presents an outline of the status of the
digitisation of production and quality assurance
systems; the application of 10T in a production
environment; and the utilisation of wireless
communication to enhance traceability.

MATERIALS AND METHODS

The study has been conducted in 2021.
Research has been divided into two major parts:
the theoretical part, and the empirical part as
shown in Figure 1. The results of the theoretical
part have been published in the article titled
Internet of Things in Industry: Research
Profiling,  Application, Challenges and
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Opportunities [Wojcicki et al., 2022]. The main
study was conducted with the application of a
triangulation strategy. The triangulation strategy
consists in combining various methods while
examining one research problem, aiming to

increase the amount of knowledge collected and
the value of the data. The data was collected
using a combination of three methods: Computer
Assisted Web Interview (CATI), Individual In-
depth Interview (IDI), and Case Study.

‘ RESEARCH STAGES ‘

Effect 1: preparation of the ‘

EMPIRICAL
PART

) ! THEORETICAL
questionnaires (CATI and IDI) ‘ PART
‘ LITERATURE

‘ RESEARCH

Verification of the

PILOT STUDY ‘ . .
questionnaire

Effect 2: preparation of a systemic
review article

Interview)

CATI (Computer
Assisted Telephone

Statistical analysis

Fig. 1. Research plan

During the first stage of the main study,
guantitative data have been collected using a
survey questionnaire and the CATI (Computer
Assisted Telephone Interview) method as a
technique of data collection. The research
population consisted of 132 companies located in
Poland in the Greater Poland Voivodeship and
classified under the following classification
codes:

17.21.Z manufacture of corrugated and
corrugated cardboard as well as paper and
cardboard packaging;

22.22.Z Production of plastic packaging.

MAIN STUDY

Case study (Value

Stream Mapping)

IDI (Individual In-
depth Interviews)

68 companies participated in the study,
which constitutes 51% of the surveyed
population. The structure of the sample based on
the product, the size of the company, and the
origin of the capital is presented in Figures 2-6.
Based on the sample structure, most of the
researched companies were in the SMEs (98.5%)
with solely or the majority of polish capital
(94.1%). More than half of the companies
surveyed declared production of packaging
intended to have direct or indirect contact with
food (51.5%) and realisation of printing on
packaging (58.8%). 44.1% of companies
specialise in plastic packaging, 38.2% of
companies in paper packaging, and 17.6%
produce packaging from different packaging
materials.
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17,6% 38,2% | 44.1%

0% 20% 40% 60% 80% 100%

W paper, plastic, aluminium Epaper ® plastic

Fig. 2. Structure of a sample based on produced packaging material

11,89 R 35,3% 48,5%
0% 20% 40% 60% 80% 100%
m direct contact with food @ indirect contact with food

direct and indirect contact with food 0 no contact with food

Fig. 3. Structure of a sample based on the packaging purpose

58,8% 41,2%

0% 20% 40%

mYes

60% 80% 100%

BNo

Fig. 4. Structure of a sample based on the realisation of printing processes on packaging

55,9%

0% 20% 40%

mmicro (upto9)  @msmall (10-49)

Fig. 5. Structure of a sample based on the number of employees

20,4% | 132061 5%

60% 80% 100%

medium (50-249)  ©250 and more

o0

86,8%

0% 20% 40%

60% 80% 100%

m majority of foreign capital @majority of polish capital Osolely polish capital

Fig. 6. Structure of a sample based on the origin of the capital

Telephone interviews were conducted only
with employees at selected positions within the
organisations that are competent to provide
information on the subject matter (company

owners, quality directors or managers production
directors or managers, and technologists) as
presented in Figure 7. The questionnaire
contained 17 questions related to quality control
methods and techniques, the use of optical
sensors, the application of systems, and 11oT.
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OProduction director or manager

® Quality director or manager

Fig. 7. Respondents structure

Most of surveyed companies have
implemented a quality management system
according to 1ISO 9001 (88.1%). Only 21.4% of
companies have implemented environmental
management systems according to 1SO 14001 or
EMAS, and only 11.9% of companies
implemented the BRC Packaging Materials
standard.

The second stage of the main study was
conducted using IDI (Individual In-Depth
Interviews) with representatives of three
companies. IDI data acquisition methodology is
a discussion-orientated form of qualitative
research. The questions are open-ended, which
does not allow the respondent to answer just in
one word. Interviews were conducted with
company representatives — employees selected
based on their knowledge, experience, and
position in organisations. The third stage of the
main study contained the preparation of a value
stream map based on a case study.

This paper aims to review and evaluate the
application of Industrial Internet of Things (110T)
solutions in the packaging industry in Poland.
Data presented in the results and discussion
chapter are prepared based on qualitative
research — CATI (first stage). The collected data
are not sensitive, do not concern health, genetic

O Technologist
m Company owner

information, intimate life, political views,
ethnicity, beliefs, and religious beliefs and the
study did not involve methods of continuous
tracking or observation of participants.
Participants were involved in completing survey
guestionnaires (anonymous responses analysed
collectively without the identification of
individual respondents).

RESULTS AND DISCUSSION
Digitisation of production systems

The first question concerned recording data
during quality control processes, including
verification of raw materials quality during
delivery and incoming inspection processes,
verification of product quality during the
production process, and verification of product
quality at the end of the production process,
during the product release stage. As shown in
Figure 8. 77.3% of the companies surveyed still
use a manual recording of the quality inspection
results, and 30.6% do not even analyse those
results. Only 22.8% of the organisations
surveyed use electronic records, but only 2.8%
are connected to the IT system. Many
organisations use a manual recording of quality
inspection results but fail to analyse them. In
many cases, this can be due to a lack of resources
or expertise.
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2,8%

m Manual record not analysed
O Electronic record not connected with the IT system

m Manual record analysed periodically
O Electronic record connected with the IT system

Fig. 8. Types of records in quality control processes

(e.g., Adonis, Qualio, MasterControl, Q-Pulse,

Those companies where records are Pando, or other) and dedicated software enabling

coupled with the IT system also declared that
they have implemented dedicated software for
creating processes and managing Quality
Management System (QMS) documentation

digital operating instructions (e.g., Visual
Factory, VKS, Aegis Paperless Shopfloor, or
other). Most of surveyed companies do not use
such dedicated software and do not plan to
implement it in the near future (Figure 9).

Software enabling digital operating instructions 16,2% 80,9% ‘

Software for creating processes and managing
QMS documentation

82,4% |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

mYes ®No, but plan to implement

Fig. 9. Use of dedicated software for QMS and paperless Shopfloor

Although only 2.9% of companies use
dedicated QMS software for documentation
management, most of them (79.4%) do provide
electronic documents on workstations. In these
companies, workstations are equipped with
screens, monitors, or mobile interfaces; however,
only 13.2% implemented paperless shop floor
(Figure 10). The paperless factory aims to

O No, and no plan to implement

eliminate paper-based processes and digitise the
entire manufacturing process. In a paperless
shopfloor, all information related to production,
such as work orders, instructions, and quality
control data, would be stored and accessed
electronically. Eliminating paper-based
processes can improve communication and
collaboration between departments, reduce
errors, increase productivity, save time, and
improve product quality.

13,2% 66,2%

20,6%

0% 20% 40%

60% 80% 100%

mOnly electronic  OElectronic and paper available at workstations  OOnly paper

Fig. 10. Use of electronic documentation at work stations
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Digitisation of a production system requires
the implementation of some enterprise systems.
The largest percentage of companies declared the
implementation of Material Requirements
Planning (23.5%), Enterprise Resource Planning

(19.1%), and Customer  Relationship
Management (16.2%). Warehouse Management
Systems and Supply Chain Management were
the least popular, with only 11.8% of the
implementation (Figure 11).

CRM 16,2%

Sle\/ 11,8%

AR E 11,8%

ERP 19,1%

MRP 23,5%

67,6% | 16,2% |
76,5% [ 11,8% |
72,1% | 162% |
63,2% | 176% |

64,7% [ 11,8% |

20% 40%

Fig. 11. Application of enterprise systems

The authors examined  company
relationship between the size and the
implementation of MRP, ERP, WSM, SCM, and
CRM systems. Due to the fact that only 9
companies employing 50-249 people and 1
company employing 250 or more people took
part in the survey, the size of companies was
divided into two categories: up to 9 employees
and above 10 employees. Therefore, the last
category included companies that employ at least
10 people, including companies employing 10-
49 people, 50-249 people and 250 and more
people. The same approach was applied to all
other tests examining the influence of company
size on different factors. On the other hand, with
regard to whether the company has an

@ No, and no plan to implement

60% 80% 100%

ONo, but plan to implement

appropriate system implemented, two categories
were distinguished: ‘yes’ and “no”. The second
of these categories included companies that do
not have an implemented system and do not plan
to implement it, and those that do not have it but
plan to do so in the future. Such a procedure was
necessary to be able to apply the chi-square test
of independence. The p-value analysis (Table 1)
reveals that there are no significant dependencies
between the size of the company and whether the
company has an appropriate  system
implemented or not (regardless of the type of
system). In each case, the p-value was higher
than the commonly accepted significance level
of 0.05. It can be concluded that regardless of the
size of the company, the vast majority of
companies do not have an appropriate system
implemented.

Table 1. Size of the company vs. implemented enterprise systems

Yes No p-value

>10 26.7% 73.3%
ERP S | oomm  gwg 01
wvs S| s R e
e ip | Bm S pom
S N I 5 S
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It can be observed that even if a company
has more than one system implemented, they are

not always connected with each other to share or
exchange information (Figure 12).

38,2% 13,2% ‘

48,5% ‘

0% 20% 40%

H Yes, some of them

60%

@ Yes, all of them

80% 100%

ONo

Fig. 12. Integration of IT systems (exchange and share information between systems)

Most companies store records on a central
server in the company (75.0%) and only 5.9%
store data on a server outside the company
(Figure 13). We examined whether the size of the
company or the origin of the capital influences
the place where the data is stored. The size of the
company, similar to the previous analysis was
divided into two categories. Regarding where the
collected data from IT systems is stored, only
two categories were considered: on workstations
and on a server in the company (centrally). Due
to the fact that only 4 companies declared that the
data collected from IT systems is stored in the
cloud, answers from this category were excluded
from the correlation analysis. P-value analysis
shows that there is no statistically significant

relationship between company size and whether
the collected data from IT systems is stored on
workstations or centrally on the company's
servers (Table 2). This is due to the fact that in
each case the calculated p-value is higher than
the commonly established significance level of
0.05. Cloud computing technologies provide
borderless sharing and access to information
[Esmaeilian et al., 2020], however, it can be
noticed that, regardless of the size of the
company, the vast majority of data collected
from IT systems is not stored in Cloud, but
centrally on a server in the company. This is in
line with the data in [Szozda, 2017], where it was
indicated that companies in the US, Germany,
and Japan are not eager to store their data on
external servers (outside the country) (19, 14 and
12%, respectively).

35,3%

75,0% ‘

0% 20% 40%

60%

80% 100%

m On a server outside the company (in the cloud)

@ At workstations

OOn a server in the company (centrally)

Fig. 13. Place of storing data from IT system

Table 2. Size of the company vs. place of data storage

Yes No p-value

At <9 31.6% 68.4% 0=0.471
workstations > 10 40.0% 60.0% '

On a central <9 76.3% 23.7% 0=0.778
server >10 73.3% 26.7% ’

The origin of the capital data was divided
into two categories: enterprises with only Polish
capital and others. Such a procedure was

necessary in order to be able to apply the chi-
square test of independence, and it was applied
for all other tests examining the correlation
between the origin of the capital and other
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factors. Regarding where the collected data from
IT systems is stored, similarly, as in the above
analysis, two categories were considered: on
workstations and on a server in the company
(centrally). The p-value analysis shows that there
is no statistically significant relationship between
the origin of capital and whether the data

workstations or centrally on servers in the
company. This is due to the fact that in each case
the p-value was higher than the commonly
established significance level of 0.05. Regardless
of the the origin of capital, the vast majority of
companies store data centrally on a server in the
company (Table 3).

collected from IT systems is stored on
Table 3. Origin of the capital vs. place of data storage
Yes No p-value
At Polish 39.0% 61.0% -0.103
workstations others 11.1% 88.9% p=0.
On a central Polish 72.9% 27.1% -0302
server others 88.9% 11.1% p=0.
sensors. Regarding whether the company's

It can be concluded that the digitization
level of the companies surveyed is low.
According to other research studies [Szopa &
Cyplik, 2020], SMEs show a rather low level of
digitisation. This suggests that Polish companies
are not yet ready for digital transformation. It can
also be noted that the bigger the company, the
higher the digitisation level of the surveyed
companies.

Internet of Things in
environment

a production

36.8% of the companies declared that their
production environment is connected to the
Internet, 35.3% declared the usage of optical
sensors, but only 23.5% of the companies use
sensors that are connected over the Internet to
devices (Figure 14). We examined whether there
is a correlation between the size of the company
and the connection of the production
environment to the Internet or the use of optical

Diagnostic system of tools is used, detecting tool wear.. | 29,4%
Diagnostic system of machines is used to identify the.. | 38,2%
36,8%

The company uses mobile robots (autonomous. . JENEA

Production environment is connected to the Internet

The company uses collaborative robots to support.. | 25,0%
23,5%
The company uses optical sensors 35,3%

Sensors are connected via Internet to devices

0%

production environment is connected to the
Internet and whether the company uses optical
sensors, two categories were taken into account:
‘yes’ and “no”. The p-value analysis performed
for the chi-square test of independence reveals
that there is no statistically significant correlation
between the size of the company and whether the
production environment in the company is
connected to the Internet and between the size of
the company and the use of optical sensors. The
data presented in Table 4 confirm that there is no
correlation between the size of the company and
whether its production environment is connected
to the Internet and whether they use optical
sensors. It can be seen that, regardless of the size
of the company, most of them do not use optical
sensors, and the production environment is
generally not connected to the Internet. Although
the percentage of companies in the group of
small and medium companies (+10 employees)
is greater than in the group of micro companies,
these differences are not statistically significant.

70.6% |

60.3% [11,5%

63.2% |

79.4% [ 15,9%

10%

72,1% [ 12,9%

75.0% [11,5%

63.2% [11,5%

20% 30% 40% 50% 60% 70% 80% 90% 100%

BYes ©@No ONo information

Fig. 14. Connection of work environment to the Internet
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Table 4. The size of the company vs. connection of the production environment to the Internet or the use of optical sensors

Yes No p-value
Connection to <9 34.2% 65.8% -0.623
Internet > 10 40.0% 60.0% p=.

Use of sensors :190 iiggﬁ; ;é;ﬁf; p=0.179

Regarding the correlation between capital orig_in of ca_pital vs. whether the production
origin and the connection of the production environment is connected to the Interne).

environment to the Internet, the p-value analysis At the adopted significance level of 0.05,
shows that there is no statistically significant the hypothesis that there is no relationship
correlation between factors examined. When between the origin of capital and whether the
analysing Table 5, it might seem that such a company uses optical sensors should be_ rejected
relationship exists. In the group of enterprises in favour of the hypothesis that there is such a
with only Polish capital, more than 66% do not relatl_onshlp (the calculated p-value was p=(_).038
have a production environment connected to the and is lower than the commonly established
Internet. The opposite situation is observed in the significance level of 0.05). Data presented in
group of other companies, among which over Table 5 confirm capital relationship between the
55% declared that the production environment is origin and the usage of optical sensor use. In the
connected to the Internet. However, the lack of group of enterprises with only Polish capital, the
dependence results from the fact that the majority vast majority (69.0%) do not use optical sensors,
of the companies in the sample had only Polish while in the group of other enterprises (with
capital. In the group of other companies, there foreign capital), the majority (66.7%) declared
were only 9 enterprises, hence the chi-square test that such sensors are used. Wahab S. et al. [2021]
of independence did not reject the hypothesis of pointed out that in the implementation of 10T in
independence between the analysed features (the the Malaysian industry a significant role in

supporting the process lies in external partners
(through mergers and acquisitions).

Table 5. The capital origin vs. connection of the production environment to the Internet or the use of optical sensors

Yes No p-value

Connection Polish 33.9% 66.1% 0=0.209
to Internet Other 55.6% 44.4% )

Use of Polish 31.0% 69.0% ~0038
Sensors other 66.7% 33.3% p=0.

production to be changed with human
Sensors connected via the Internet to !ntervent!on (23.5%) or without human
production devices allow parameters of intervention (19.1%).

Sensors are connected via Internet to devices and
allow parameters of the production to be changed 23,5% 73,5% 2,‘9%
with human participation

Sensors are connected via Internet to devices and
allow parameters of the production line to be 19,1% 77,9% ZMVU
changed without human intervention

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mYes ©No ONo information

Fig. 15. 10T enabling production parameters to be changed with / without human intervention
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Wireless communication

traceability

ensuring wireless communication to identify and locating
products at all stages of production, from raw
materials, through semi-finished products (work-
RFID tags are used to ensure traceability in in-progress), to finished products (Figure 16).

22.1% of companies. These companies use

For identifying / locating of finished product 22,1% 70,6% V,4%
For identifying / locating of intermediates (WIP) 22,1% 69,1% ‘8,8%‘
For identifying / locating of raw materials 22,1% 72,1% $,9°)ﬁ3

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MW Yes

@ No, and no plan to implement

ONo, but plan to implement

Fig. 16. Application of data carriers (e.g. RFID tags) to ensure traceability

RFID has been widely implemented in
industries where machines monitor and control
the speed and statuses of assembly parts, such as
automotive, car parts, machine, heavy industry,
electronic, food industry, and pharmaceutical
industries [Liukkonen, 2015; Masniak et al.,
2019]. Although the RFID solution is well
known and is low cost, it is not used on a large
scale in the packaging industry in Poland.

We examined the correlation between the
size of the company and the use of RFID.
Regarding whether the company uses RFID data
carriers to ensure traceability, two categories
were distinguished: “yes” and “no”. The second
of these categories included companies that do

not use them and do not plan to do so and those
that do not use them but plan to do so in the
future. Such a procedure was necessary to be able
to apply the chi-square test of independence.
When performing the p-value analysis, it can be
noticed that there is no statistically significant
relationship between the size of the company and
whether the company uses data carriers to ensure
traceability (regardless of whether it concerns
raw materials, semi-finished products or finished
products). In each case, the p-value took values
higher than the commonly established
significance level of 0.05. This is confirmed by
the data in Table 6. It can be seen that, regardless
of the size of the company, the vast majority of
them do not use data carriers to ensure
traceability.

Table 6. The size of the company vs. the use of data carriers such as RFID

Yes No p-value
. <9 15.8% 84.2% B
Raw materials >10 30.0% 70.0% p=0,161
<9 21.1% 78.9% _
wiP > 10 23.3% 76.7% p=0822
Finished <9 18.4% 81.6% =0.416
products >10 26.7% 73.3% p=0,

Respondents have been asked to assess
their organisational culture in terms of
supporting  innovation and  continuous
improvement on a 5-point Likert scale, where: 1
— strongly disagree, 2 — rather disagree, 3 —
neither agree, nor disagree, 4 — rather agree, 5 —
strongly agree. The average value of all factors
for all organisations was a=3.34. The mean and

standard deviation for individual factors are
presented in Figure 17. After the analysis of data
differentiated by company size, it appears that
the bigger the company, the more supportive the
organisational culture in terms of innovation and
improvement it has. Although the differences are
not significant, a slight improvement can be
noticed. The average for micro-companies with
up to 9 employees was a=3.29, for small
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companies, between 10, and 49 employees
a=3.34, and for medium-sized and large

Innovations are introduced in the organisation on an ongoing basis

Organisation cooperates with research and development institutions
Organisation tracks various innovations that may be applicable to their
operation

Employees receive support when suggest specific improvements as a
team or individually

Processes are constantly improved, taking into account the best
available technologies

Processes are monitored in terms of compliance with adopted
standards

Employees introduce improvements and innovations in their workplace

Management creates a strategy with an emphasis on improvement

companies, with a number of employees above
50, the average was a=3.49.

. ST

—_—

L ]

*

L

0.0

10 20 3.0 4.0 5.0

Fig. 17. Organisational culture supporting innovation and improvement

The results are similar to findings on
change readiness [Batz et al., 2018; Hizam-
Hanafiah et al., 2021], which demonstrate that
although there are tools allowing for technology
readiness (digitization, 10T, Industry 4.0), an
even  greater impact on  companies
transformation towards Industry 4.0 has
organisational change readiness. Although there
is technology that allows this change, the
organisations surveyed are not ready for that
change. It may be assumed that the reasons for
this are among others fear of change of individual
employees, management, and the entire
organisation. These barriers are interrelated and
can have a compounding effect on each other.
Overcoming these barriers requires a holistic
approach that addresses both the technical and
nontechnical aspects of lloT implementation,
and involves collaboration across different
functions and stakeholders  within the
organisation.

CONCLUSION

The manual recording of quality inspection
results is common practice in the majority of
companies surveyed (77.3%). 1/3 of those
surveyed do not analyse the results of
inspections. These results are surprising due to
the fact that 88.1% of the sample declared the
implementation of the ISO 9001 system, in
which much emphasis is placed on performance
evaluation, including monitoring, measurement,
analysis, and evaluation [ISO 9001:2015]. Only

22.8% of organisations use electronic records
and a negligible percentage of respondents
declared that the electronic record is connected
to the IT system. Facing the fourth industrial
revolution, it is alarming that this form of
recording is still not common. Furthermore, a
marginal percentage of respondents
implemented dedicated digital QMS software or
entirely paperless Shopfloor. The MRP system
has been implemented by 23.5%, ERP by 19.1%
and CRM by 16.2%. and there are no significant
dependencies between the size of the company
and whether the company has any system
implemented or not. Systems connectivity still
seems to be an issue, as 48.5% of the respondents
did not connect their systems with each other to
share or exchange information within the
company.

The conducted research showed marginal
use of optical sensors in the analysis group of
companies. Regardless of the size of the
company, most of them do not use optical
sensors, and their production environment is
generally not connected to the Internet.
Similarly, regardless of the size of the company,
RFID tags are used to ensure traceability only in
22.1% of those surveyed. Those companies use
wireless communication for identifying and
locating products at all stages of production,
from raw materials, through semifinished
products  (work-in-progress), and finished
products. However, there is a relationship
between the origin of capital and whether the
company uses optical sensors. In the group of
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companies with only Polish capital, the vast
majority do not use optical sensors, whereas, in
the group of companies with foreign capital, the
majority declared that such sensors are used. It
can be concluded that the usage of optical sensors
and the application of RFID have potential for
improvement for companies operating in the
packaging industry, in particular those with
entirely Polish capital.

The analysis of an organisational culture in
terms of supporting innovation and continuous
improvement shows that the larger company is,
the more supporting organisational culture it has
in terms of innovation and improvement.
Although the differences are not significant and
the general level of support culture is moderate,
a slight difference can be noticed.

Data reveal that the application of IloT
solutions in the packaging industry in Poland is
still not very common. It can be assumed that
surveyed companies are in the aspiration phase
when it comes to the implementation of Smart
Factory [Odwazny et al.; 2018]. This may be
related to a technology fear, but also to budgetary
and staff qualification issues. According to
Microsoft’s IoT Signals Report [Microsoft,
2021], 26% of organisations reported that lack of
budget and staff was one of the reasons for
holding off on loT adoption. Companies have
problems employing adequately skilled and
experienced employees to drive digital
transformation projects. Also, an organisational
culture that does not support innovation may be
a factor influencing the inhibition of changes.
Digitisation has already changed the software
and the hardware side of organisations, however,
as data shows, not all of them are digitally mature
enough to be able to take advantage of the fourth
industrial revolution [Pegn et al., 2021, Rejeb,,
Keogh & Treiblmaier, 2019], which can be a
strategic advantage for early adopters.
Furthermore, most of the actions taken are rather
spontaneous rather than systematic
[Ministerstwo Przedsigbiorczosci i Technologii;
2019].
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ABSTRACT. Background: In global trade, shipping companies are forced to manage empty containers due to
imbalances in international trade activities. For decision-makers, the problems require considering restrictions and an
uncertain environment and repositioning or leasing the containers to satisfy the rapidly changing global demands regardless
of the epidemic outbreak’s impact on the seaport. The proposed approach can help decision-makers manage the empty
container in port yards more effectively under market uncertainty by employing the Bellman optimality principle for the
stochastic dynamic system.

Methods: A stochastic production planning model is employed to cope with uncertainty and unexpected events to ensure
a robust management strategy. Ito's formula describes the dynamic model for solving a stochastic differential equation.
This paper uses stochastic optimal control theory to deal with efficient empty container management at the port yard. The
findings have revealed the effectiveness of the proposed framework, which will provide a decision-making support scheme
for efficient port operations.

Results: The presented algorithm is realized by a novel approach, employing the Hamilton-Jacobi-Bellman (HJB) equation
for optimal stochastic control problems. When comparing the model with and without uncertainty events, the gap is just
about 0.04 %, proving the robustness of the proposed model. The results provide a decision support system for port
managers when managing the empty container in the seaport yard.

Conclusions: The proposed model not only figures out the optimal ordering of empty containers for each cycle but also
points out the optimal safety stock level. Using a stochastic optimization approach, decision-makers can implement a
strategic management policy to optimize seaport operational costs under market disruptions.

Keywords: Empty container management; Decision making; Inventory model; Stochastic optimal control; Hamilton-

Jacobi-Bellman equation
INTRODUCTION

Marine transportation is the backbone of
international trade and the most cost-effective
way to move large quantities of goods and
materials worldwide. With an estimated 90% of
globalized trade by volume being carried out by
sea transport, the maritime containerization
market was projected to reach approximately 160
million TEUs (Twenty-foot Equivalent Units) in
2021 [UNCTAD, 2021]. Due to the dramatic
increase in consumer demand for goods, the
seaport terminals are the center of busy
operations to ensure greater global supply chain
resilience. More and more cargo will be filled in
empty containers, and then the containers are

transported between a terminal and the
customer’s location by trucks, trains, etc.
Shipping companies always assume the
responsibility for supplying freight containers to
their customers. The inshore depot and the
seaport yard are the two central locations where
the empty container can be stored. The container
management cost reached approximately 17
billion dollars [Boilé, 2006]. Besides, the global
shipping industry estimated around 110 billion
dollars per year on managing the containers
(purchasing, leasing, maintenance, etc.).
[Rodrigue, 2006]. Furthermore, the trade
imbalance between each shipping route is the
primary reason that causes the management of
empty containers to become more intense. Table
1 illustrates the container volume for the major
routes between 2020 and 2021 [UNCTAD,
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2021]. From Table 1, the number of containers
on the route from Asia to North America and
from Asia to Europe is outstanding and over 17

million TEUs, twice or three times larger than on
other routes.

Table 1. Container volume on shipping routes over the period 2020-2021 (million TEUs)

Routes
Asia — . . Asia — .
Year North America North America — Asia Europe Europe - Asia
2020 20.6 6.9 16.9 7.2
2021 24.1 7.1 18.5 7.8

Recently, empty containers have been piled
up in seaports worldwide due to the COVID-19
supply chain disruptions. The trade imbalance
between the hub ports leads to the unpredictable
stochastic demand for empty containers in each
terminal. In particular, if the number is small, the
port will lack empty containers, leading to time
delays and higher shipping costs. The port will
experience increased storage costs and
congestion problems with many empty
containers. The revenue or profit depends
strongly on the container management policy. In
addition, the stochastic environment is another
crucial factor that makes container management
more complex, in which unexpected events will
impact maritime transportation and trade. The
uncertainty includes frequent congestion or
extreme weather that occurs at any stage of the
supply chain. The recent pandemic is a potent
risk to maritime transportation and trade.
Discretions might negatively impact port
operations, and cargo cannot be delivered to the
consignee on time, resulting in a reliability
problem for shipping enterprises. The
management of empty containers has recently
become surprisingly complicated and is one of
the most challenging problems in maritime
logistics. As a result, this issue has drawn
significant attention from researchers who focus
on mitigating supply chain disruptions efficiently
and cost-effectively, discussed by [Abdelshafie
et al., 2022]. The first group finds the shipping
route that transports containers in the hinterland
port or the seaport network. The second focuses
on the number of empty containers from
suppliers or other ports. The third group deals
with a sub-problem or constraint under different
decision-making strategies.

In the first group, some studies focus on
reducing the transferability of empty containers
between each terminal in ports by shipping
enterprises. Depot-direct and street-turn policies
introduced by [Jula et al., 2006] are two primary
strategies for reallocating empty containers in the
port network. As optimal tools for shipping lines
to save management costs, the Inland-Depots-
for-Empty-Containers  (IDEC)  system s
employed to find storage nodes in the empty
container supply chains attempting to decrease
distance-related movement, fuel consumption
and congestion in the port area proposed by
[Mittal et al., 2013]. Otherwise, unloaded
containers will be imported directly to ports to
continue loading cargo, and this policy is known
as the “street turn” introduced by [Furi6 et al.,
2013]. To achieve the proposed policy, a
substantial level of cooperation between each
link in the supply chain network. On the one
hand, the leasing industry exploded in the 1970s
due to the economic benefit and flexibility tools
to carriers, mainly because of the tremendous
demand for empty containers investigated by
[Theofanis et al., 2008]. The leasing container
industry can be categorized into three main
types: master lease, long-term lease, and short-
term lease. Related to the final research group,
long-term and short-term leasing decisions are
compared to implement a realistic shipping
network conducted by [Hu et al., 2020]. Each
duty requires a similar and coincident time, type
of cargo, shipping enterprise, and destination. In
some cases, empty containers must be inspected
(cleaning, repairing, etc.) before reusing them for
the next cycle [Hoffmann et al., 2020]. Fig. 1
illustrates the generic container flows in the
shipping network.
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Fig. 1. Basic concepts of the generic container transport chain.

However, the studies focused on only one
target for decision-making on the lease or repair
and maintenance (R&M) of damaged containers
without uncertainty. In addition, the latest
articles deal with the deterministic scheme
outnumbering compared to the stochastic
approach. The deterministic models might be
enough to realize optimal solutions for ideal
cases without disruptions. [Di Francesco et al.,
2009] proposed the deterministic mathematical
model that examines multiple scenario policies'
effect on empty container re-allocation. In
contrast, uncertainty programming was offered
to meet the time-dependent demand, supply, and
capacity and minimize operation costs
simultaneously presented by [Hosseini et al.,
2018]. However, those studies may lack
consideration if repairing and leasing costs are
not routinely included in dynamic models. The
liner shipping network problem has been
introduced by [Shintani et al., 2007] for empty
container repositioning. The study proposed a
container shipping routing network using the
Knapsack model approach with a Genetic
Algorithm (GA) to optimize profit for the liner
shipping enterprises. To extend the problem with
the business flow approach, the two-layer
collaborative optimization model was discussed
by [Zhang et al., 2019]. This study addresses the
decision-making problem by combining the
tactical and operation layers. Within the
framework of metaheuristic  algorithms,
[Belayachi et al., 2017] applied the heuristic
method by neighborhood — Tabu Search (TS) to
solve the transfer problem of empty containers

===p Emptv container

from port to serve client demand. Particle Swarm
Optimization (PSO) and GA are some of the
most well-known techniques. There are also
some combinations of inventory and
mathematical programming models to solve
complicated problems. In an inland
transportation system, an inventory control
problem was employed considering probabilistic
demand and supply for the ordering and leasing
policy proposed by [Yun et al., 2011].

Most existing studies are based on
combining different models or optimization
techniques to deal with empty container
problems. Some studies introduced hybrid
optimizations or enhanced traditional methods,
which are inappropriate for a large-scale
uncertain system. A four-echelon supply chain
network was introduced under uncertainty with a
hybrid mathematical model-based approach by
[Douaioui et al., 2021]. To address the
limitations and challenges outlined above, this
article will explore different cost factors
associated with the management of empty
shipping containers, such as the fixed and
variable costs involved in moving them and
expenses related to ordering, repairing, leasing,
and storing each container. To accomplish this,
using a combination of inventory modeling and
a methodology, the Hamilton-Jacobi-Bellman
equation determines the optimal number of
containers to order and the appropriate safety
stock level for the seaport yard. Additionally, the
study will incorporate stochastic optimal control
and street turn policy to optimize the overall
objective function more effectively.
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The rest of this paper is organized as
follows. Section 2 presents the dynamic models
related to empty containers on the seaport yard
by employing the inventory approach and the
cost of the repositioning operation. Section 3
analyzes the problem using the HIB equation and
introduces the proposed policy regarding
optimality. Section 4 presents the numerical
simulation of the optimization models with
experimental data. Section 5 concludes this
research and discusses the future direction of the
research.

METHODOLOGY

The inventory model is typically used to
optimize profit or cost problems by adapting the

safety level introduced by [Li et al., 2015]. Some
factors directly affect management costs, such as
ordering costs, leasing costs, holding costs,
repairing costs, etc. To calculate the optimal
empty container level, this paper considers
container deterioration over the holding period,
leasing, the export demand, the uncertain imports
of the container, and the stochastic factor at the
seaport terminals. The dynamic model should
accommodate those factors to explore a more
realistic scenario when describing the superior
stock level and optimal cost. Table 2 describes
the critical variables with parameters to describe
the multi-period empty container management
problem and analyze inventory policies
concerning distinct objectives.

Table 2. Notation and definition

U(t) Number of empty containers being ordered each period

X(t) Number of empty containers in the yard

X Goal or safety number of empty containers in the yard

, (t) Number of empty containers exported from the yard

w; (t) Number of empty containers imported after unloading cargo

& Coefficient of the damaged rate of a container after unloading cargo

ﬂx(t) Coefficient of the deterioration of empty containers in the seaport

Coefficient of the different prices when hiring the empty containers from the suppliers

Stochastic factors occurred in the operation of the seaport. (Delay time when importing empty

Y Coefficient of the number of containers being followed by the street-turn policy
£(t) containers)

C, Parameter of the ordering cost per container

C, Parameter of the leasing cost per container and day

C,,  Parameter of the holding cost per container and day

C,  Parameter of the repairing cost per container

It is especially noteworthy that most
previous studies on the inventory model do not
consider the perturbation factor. Adding
uncertainty to the yard model might demonstrate

fluctuation and disturbance of all components,
making the mathematical model more realistic at
terminal ports. By incorporating stochastic
disturbance for controlling empty containers, the
dynamic model is described by Ito's approach to
stochastic differential equation:

dx =[ u(t) = B, X(1) — @, (1) + ya, (t) ] dt + £(t)dz(t) (1)

where the boundary condition is given by,
X(0) =X, , describing the starting number of

containers in the seaport yard. The number also
expresses the container capacity at the terminal
port. The &(t) illustrates the stochastic component
related to unexpected events in container
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management. The delay in loading and
unloading goods might lead to the wrong number
of empty containers and incompatibility between
departments during operations. The street-turn
policy is one of the crucial policies when
managing the transportation of empty containers.
This policy allows a carrier to use a container
after unloading the goods rather than bringing
them to the empty container yard. This container
can be used directly to load the goods to prepare
for transporting new goods. This strategy

obviously saves cleaning costs, repair costs, and
other costs. Using the street-turn policy will
make yard management more effective through
the warehouse model. To formalize the policy,
there is always the proportion of containers
unloaded without damaged use for the next
period, where the parameter » will denote the

proportion. The empty container ordering cost is
the expense that creates and processes orders to
leasing companies.

O(u(®) =c,u(t), u(®>0 2

Managing the number of empty containers
is markedly tricky because many factors affect
the exact number. To ensure the shipping time
from the consignor to the consignee and increase
the reliability of port operations, the container
yard always provides that the number of empty
containers in the yard is greater than the number
of containers needed for the loading process at all
times. Whenever the number of empty containers

in the seaport yard is insufficient for the safety
level, the manager will order the corresponding
amount from the leasing company. In reality, the
amount of leasing directly affects the
management cost. For example, if the manager
hires just one or two empty containers, the cost
will eventually be more expensive than hiring
many empty containers. Thus, the leasing cost is
described as follows.

L(u(t)) =c1,,u(t), u(t)>0 (3)

where 1, describes the percentage of the

discount rate of container leasing price from the
companies. A practical formula can be used to
rent empty containers, considering percentage

P oo)h
"0 0.7,

When too many empty containers are stored
in the port yard, they will occupy many areas that
reduce the storage capacity of the laden
container, thus reducing the number of container
transportation at the port. The holding cost

discounts when renting large containers; the
more hiring numbers, the more discount value.
The discount rate will be separated into two sides
with 1000 TEUs as a middle point, and it is given
as follows:

u(t) >1000
u(t) <1000

(4)

covers all costs of each empty container in the
yard, such as storage, depreciation, personnel,
and rental space charge, and the more containers
are stored, and the more the holding cost will
account for. Hence, the holding cost is described
as follows:

H (x(t), u(t), @, (t)) = ¢, (X(t) — X — 9, (t) +u(t) )’ ©)

To make the model more realistic, the
containers will be dirty and damaged for repair
after each unloading of goods from the

containers. Therefore, to use them for the
subsequent loading of goods and long-term use,
port authorities will spend the costs of repairing
and cleaning containers. This leads to another
extension of the primary problem.

R(a,(t)) =ac.a(t) (6)

Let J(X(t),u(t)) denote the expected
value of the total cost per cycle, which comprises

the leasing, holding, ordering, and repairing
costs. After some algebraic manipulation, the
inventory system's total cost per unit of time is
obtained as follows.
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I, 0,0,0,0) =E| [ (0u(1) + LU(®) + H(x(0.u(0. .(0) + Ry (1)t |
_ E[ [ (cu®+el, ut) +6, (xO-2-a, O +u@) +acra),(t))dt}

a stochastic differential equation inspired by
STOCHASTIC OPTIMIZATION [Sethi, 2021]. The optimization problem is

described as follows:

()

The value function should satisfy the
Hamilton-Jacobi-Bellman (or HIB) principle for
J= m(g] [cou(t)JrcI LU +¢, (x(t)—>‘<—a)e(t)+u(t))2 +ac,o (t)+J,
. (8)
+(u(t) = B X(1) — o, (1) + 70, (1)) J, +582(t)axx}

Therefore, the optimal solution for decision-
Recalling that the HIB equation depends on making can be realized by employing the
the value of X(t), it is necessary to solve a set of stochastic optimal control theory.

equations for the case of X(t) >0 . There is still
a certain number of empty containers in the control input U(t) , then the optimal order

seaport yard, which leads to f5,,X(t)>0 . number of empty containers at the seaport yard is
Otherwise, X(t) <O the terminal port might described as the following equation:

have an empty container to serve the demand.
(T-t+C)S
(3+2B, +S)(e" "

Theorem 1: If there is no constraint on the

u(t)=-
2[1—(e(Tt+c1)S) 2+2ﬂ (t)) ]
+2ﬂ (t))
_chhp(PB ZQ(t)Ne (Tzfj( %) 4 20N + 26, (A- o, (1) - x)} ©)
+—co—c,Iu(t)+2ch(a)e(t)+>2—x(t))
2c,

where

2 t Co+CI|ut
S:\/(3+2,Bx(t)) +4’P:[2+Qc()+ X(t)),N:(ya)i(t)—T” jQ(t)>O

h h

minimum is zero. Moreover, the safety number

Proof See Appendix 1 for more details. of containers stored in the seaport yard is positive

for serving the demand for empty containers. The

According to Theorem 1, the number of optimal strategy should focus on minimizing the

empty containers is optimal. In practice, the management cost and guaranteeing the number

ordering number of empty containers will be of containers within the safety range. Hence, an
non-negative; thus, a boundary being set in optimal policy is described as follows:
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3+2
u(t) =max| 0,- ( P

)(e(T t+C))S 1)

(3+2B,)+S
3+ Zﬂx(t))

2 [1 o t+Cl)S

X()

- 2Ch =) eP(T —t+C,)

1 (PB 2Q(t)N —2¢, (A-a,(t) - X)

—C, —C 1y + 26, (@, (£) + X—x(t))

+2Q(t)N +2¢, (A-a,(t) - x)} (10)

+
2c,

Using  Karush-Kuhn-Tucker  (KKT)
conditions and the inequality constraint
u(t) >0 [Sethi, 2021], the optimal ordering
number of empty containers is given in equation
(10). It is worth noting that the KKK condition
describes the optimality requirement in dynamic
programming. Therefore, the optimal ordering
policy can be determined by Theorem 1.

SIMULATION
DISCUSSION

RESULT AND

Numerical analysis is conducted on a
personal computer with an AMD Ryzen 5 5600G

processor, a base clock speed of 3.9 GHz, and 16
GB RAM. A code used for simulation results is
built into the MATLAB program. All data used
in the simulation have been collected from the
port authority of Busan Port, which ranked sixth
in the world's container throughput and is the
primary port in South Korea. A numerical
simulation is carried out for the evaluation of the
proposed model. Input data are given in Tables 3
and 4 based on the fundamental market analysis
and are typical in port operations. The
experiment is sampled with 3650 days, starting
from an initial value of 3000 TEU:s.

Table 3. Summary statistics for numerical analysis

Types of data Source

Numerical evaluation

ordering costs
holding costs
leasing costs
repair distribution
repair costs
street-turns

market analysis
market analysis
market analysis
industry interviews
market analysis
industry interviews

[$1-5/TEU

[$1-5//TEU/day

[$5-20]/TEU/day

Poisson Distribution

[$50-300)/TEU

[0-30%] of a container after unloading cargo

The demand is based on data from leasing
companies near Busan Port. The exponent
distribution can be described as the number of

, (t) =1500+ 200sin (7t_0 + 4} +e%% 1 rand (100,500)

empty containers in the seaport yard. The
trending exporter demand is increased by
following the simulation time:

(11)
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Fig. 2. The number of empty containers after unloading cargo

In this scenario, the volume of empty
containers importing after unloading cargo
fluctuates between 50 and 100 TEUs daily. There
are a lot of unexpected events occurred during
the unloading stage. Obviously, the importing or
exporting numbers often fluctuate unpredictably
as these numbers impact transportation costs. In
this case, the parameter will be described as

2000
Time (Days)

2500 3000 3500

random numbers from the uniform distribution
on the interval shown in Fig. 2. The stochastic
variable will be expressed as the Gaussian
distribution demonstrating unexpected container
shipping events. The parameter values are given
in Table 4, prepared for the numerical simulation
that illustrates stochastic events. All the values
are selected by the many experiment tests, and
some are typical in port operations.

Table 4. Parameter values for numerical analysis.

a

Parameter p /4

X

C

0

C

Value 0.2 0.02 0.7

3000

2 10

For the setting of the given parameter, the
numerical test is performed based on changing
the safety stock levels in the yard from 1000
TEUs to 4000 TEUs. The computed costs are
summarized in Table 5, where the holding costs
account for most of the costs of container
management. Changing the safety stock levels
gives the total management cost according to the

parabolic shape. Therefore, the safety level is
determined to optimize the management cost for
the seaport operations. When the safety level is
lower, the cost of renting empty containers will
increase to meet the demand. On the contrary,
more empty containers will be stored in the
seaport yard when the safety level is higher. Then
it will increase the holding cost.

Table 5. Operational cost analysis considering a different number
of safety levels of empty containers (Unit: Thousand USD)

Safety level X 1000 1500 2000 2500 3000 3500 4000
Holding cost 2500.5 10315 5389 259.7 191.1 336.1 694.7
Total cost 5069.4 49924 49748  4975.7 49982  5040.4 5102.2
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Holding cost (Thousand USD)
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Safety level (TEUs)
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Total cost (Thousand USD)

4950

1000 1500 2000

2500 3000 3500 4000

Safety level (TEUs)

Fig. 3. Cost change for different safety levels ( X ).

With gradually increasing safety levels, the
holding cost and total cost for managing empty
containers in the yard are calculated as shown in
Table 5 and Fig. 3. When the number of safety
empty containers slightly increases from 1000
TEUSs to 4000 TEUs, and there is a significant
decrease in the operational costs. It then reaches
the lowest point, approximately 191.1 thousand
dollars at 3000 TEUs and 4975.7 thousand

dollars at 2500 TEUSs, respectively. The holding
cost witnesses a minimal growth to about 694.7
thousand dollars at the safety level of 4000
TEUs. The total cost dramatically rises to 5102.2
thousand dollars at the same safety level. These
findings illustrate the sensitivity of the costs
when the safety level changes. Furthermore, the
test results can provide information on the safety
level needed for optimizing yard operational

costs.
3100 T T T
xo(l)
—eo—x (0
30008 —
=
)
=
~ 2900 - N
;f
5]
=
= 2800 | 1
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2
=
=
D 2700 | |
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Time (Days)

Fig. 4. Number of empty containers with and without stochastic components with a safety level of 2500 TEUs.
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Fig. 4 presents the comparative analysis of
the operational costs with (X, ) and without (X,,)
stochastic events. Under the optimal ordering
policy, the number of empty containers X, (t)

decreased from the initial value of 3000 TEUs to
the expected number of 2500 TEUs in 30 days.
Then it fluctuated around the expected number
until the end of the period. Without stochastic

factors X, (t) , the terminal operation is stable

from the beginning until the end of the simulation
period. With optimal ordering strategy, the total
cost is calculated as 5714.8 thousand dollars
which is a little bit bigger compared to the total
cost without random variables in the dynamic
model, as 5712.9 thousand dollars. The efficacy
of the proposed model is illustrated in Fig. 4,
where the actual number of empty containers
fluctuates around the ideal value unaffected by
the stochastic disturbance. The percentage of the
difference between the management cost with
and without uncertainty components is
approximately 0.04 %, which might prove the
effectiveness of the proposed model. Especially
the number of empty containers approaches the
desired safety level rapidly and keeps the safety
level with little variability until the end of the
period. The findings have revealed the
effectiveness of the proposed framework, which
will provide a decision-making support scheme
for efficient port operations.

Next, the street-turn analysis based on the
safety level at the seaport terminal is given in
Table 6 and Fig. 5. The change in the street-turn
coefficient directly affects the total cost. At a
hundred percent with a safety level of 2500 TEU,
the optimal management cost is approximately
4960.3 (thousand USD). However, the street-
turn coefficient never reaches the maximum ratio
in practice because an unexpected event when
unloading might cause damage to the container.
Fig. 5 shows that the percentage increase in the
street-turn coefficient may bring further costs
down. The optimal safety level and the
coefficient value for the percent street-turn

policy are determined by the results from Figs. 3
and 5. Efforts to maximize the coefficient might
result in the optimal cost in the short-term period.
However, it is not the best option in the long term
since containers have been in use for an extended
period, leading to increased repair costs and total
costs. Additionally, Fig. 4 illustrates the
efficiency of the proposed method when
simulating with and without uncertainty
considerations in the built model.

CONCLUSION

This study employs the inventory model to
consider the stochastic optimization method to
manage empty containers in the seaport yard.
The repairing option for damaged containers and
street-turn policy are incorporated in formulating
objective functions. Based on the stochastic
optimization method, the optimal number of
ordering empty containers is implemented by
solving the stochastic HJB equation.
Furthermore, numerical experiments are
provided to evaluate the efficiency and capability
of the proposed strategies. By comparing the
dynamic model with and without uncertainty
components, the gap is just about 0.04 %, which
might prove the robustness of the proposed
model. Using a stochastic optimization approach,
decision-makers ~ can  realize  strategic
management policy to optimize operational
costs. The main goal of this study is to find the
decision support system to solve the empty
container management in the seaport yard. This
study has limitations due to constraints,
methodology, materials, etc. For the model to be
more applicable in real-world scenarios,
emissions and fuel consumption should be
considered in the dynamic model to deal with
problems like greenhouse gas emissions and
global warming, imposing additional costs such
as emissions costs. Additionally, the study could
benefit from employing a method to approximate
the exporter demand function to bridge the gap
between theory and practical application. These
issues can be solved in future research using an
upgraded methodology.
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Table 6. Total costs considering the different safety levels of the empty container
and the street-turn coefficient in the seaport yard. (Unit: thousand USD).

Safety level Street-turn Safety level Street-turn
R coefficient y ~ 10tal cost R coefficient y ~ 1otal cost
0.5 5125.7 0.5 4997.6
0.6 5118.1 0.6 4990.2
0.7 5110.8 0.7 4982.6
1000 0.8 5103.2 2500 0.8 4975.2
0.9 5095.7 0.9 4967.7
1.0 5088.2 1.0 4960.3
0.5 5014.3 0.5 5020.2
0.6 5006.6 0.6 5012.9
0.7 4998.9 0.7 5005.5
1500 0.8 4991.2 3000 0.8 4998.1
0.9 4983.5 0.9 4990.8
1.0 4975.8 1.0 4983.5
0.5 4997.0 0.5 5062.5
0.6 4989.4 0.6 5055.3
0.7 4981.8 0.7 5048.0
2000 0.8 4974.2 3500 0.8 5040.8
0.9 4966.7 0.9 5033.6
1.0 4959.1 1.0 5026.4
05 5124.4
0.6 5117.3
0.7 5110.2
4000 0.8 5103.1
0.9 5096.0
1.0 5088.9
Total cost at y =0.5

S120 %y, |eeeeeees Total cost at y = 0.6
> Total costat y = 0.7

L, ———— Total cost at y = 0.8
5100455 —&— Total cost at y=0.9
: —A— Total cost at y= 1.0

wh
[=1
]
(=]

wh
=1
(=1
=1

4980

4960

4940 .
1000 1500 2000 2500 3000 3500 4000

Safety level (TEUs)

Fig. 5. Total costs with different safety levels and street-turn coefficients.
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APPENDIX 1. PROOF OF THEOREM 1

Proof Equation (8) takes the quadratic function of the control input u(t) having no boundary.
The optimal solution can be obtained by taking its derivative concerning U, and setting them to zero,

C, +C 1y +26, (X(t) K-, (t) +u(t))+J, =0 (12)

Then, the control input can be given by

. J,
u(t)=A- > (13)

Ch

—C, —C 1y + 26, (@, (1) + X = x(1))
2c,
optimal decision policy (13) into equation (8) leads to,

where  A(X(t), @, (t)) = , and ¢, >0 . Substituting the

__ 3 [ St Gl A 1.
I(x() = 4Ch+( % (1+ﬂx<t>)x(t)+x+7w.(t)ij+28(t)Jxx w0

+3,+ A(C, + 1y )+ 6, (XD — @, 1) - R+ A) +ac,0, ()

Next, it is noted that J (X) is the objective function to be minimized. The non-linear differential
equation can be solved by considering a quadratic concave function candidate,

J(x(t)) =Q()X* + R(t)x + M (t)

TR 15
J =Qx’+Rx+M, J, =2Qx+R, J_=2Q ()

where Q(t) (>0), R(t) and M (t) can be determined for the minimum value. Substituting (15) into
(14) yields
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Q’(

h

0=|Q-

(1+ 2(1+ ﬂx(t)))Q(t)+ch}x (t)

+ R—[2+$+ xm]Fe(t)+2cg(t)(ya)i(t)—%+>A<j+2ch(A—a)e(t)—x)}x(t)

h

M -M (t)—%+ R(t)(m <t)—%(§'““+ﬁ}+f(t)@(t)+#\(co +6 1)

h h

+¢, (A—a,(t) - %)’ +ac.a,(t)

(16)
Solving equation (16) gives
Q= QC( ) +(1+2(1+ B ) ) QM) -,
R :(2+m+ X“’J R(t)—ZQ(t)[ya)l t) - LI”“) J 2¢, (A-a,(t)-X)
G, 2c, @an

R*(t)

h

M =M (t)+

h

R(t)( () — $+X]—82(t)Q(t)—A(Co+C||u(t))

—¢, (A-a,t)-%)" —ac,o,(t)

The dynamical system (17) represents a hierarchical system of equations. The time evolution of the
function R(t) contains the function Q(t), while the function M(t) includes two functions Q(t) and R(t). The

non-linear systems can be solved for different cases of X(t) with the following terminal conditions:
Q(t) =0, R(t) =B, and M (t) =0, where B is constant. Solving equation (17) yields

Q(t) = , (3+26,y+8) (e 1)

2 1_(e(Tt+c1)s)(3+2'3X(t))+S

(3+2ﬁ (t))

R(t) =1[PB_2Q“)N _270“ (A-®-¥) +2Q(t)N +2c, (A—a)e(t)—k)J

P eP(T t+C,) (18)

R*(t) 2

—REN - £*(1)Q() — A(C, +1,) ) - ¢, (A= @,() - R) — ac, o5, (1)
M (t) - T-t+C
e 3
R?(t) ) A\2
- +RON +£2 QM)+ A(C, +¢ 1, )+ €, (A- o, (t) %) +ac (1)

where C,C,, and C, are constants that can be determined from terminal conditions. Finally,
employing equations (13), (15), and (18) with no boundary on the control input U(t) yields,
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(3+ 2B, + s)(e”*‘*‘:ﬂS —1) 0
2(1— (e(T—t+Cl)S ) (3+ 2ﬂX(t) ) +3
(3+ 2ﬁxm)—s
1 (PB-2Q(t)N -2c, (A-a,(t)- X
- ZChP eP(T—HCz)

—C, —C 1y + 26, (@, (1) + X—x(1))
2¢,

ut)=-—

J) +2Q(t)N +2¢, (A- o, (t) - )?)j (19)

+

The proof of Theorem 1 is completed.
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Abstract. This study analyses key successful factors (KSFs) affecting health supply chains using a novel ISM-MICMAC
methodology. Initially, KSFs were collected from past articles, which were later analyzed through the ISM-MICMAC
methodology. Healthcare technologies (HCTSs) are regarded as innovative and fastest-growing technologies and have seen
advancement in the last few decades. Successful and sustainable delivery of health services is only possible through an
effective supply chain and logistics network. However, HCTs confront pressure in healthcare supply chains due to different
issues. Therefore, it is essential to evaluate KSFs affecting the successful delivery of HCTs supply chains. After obtaining
data from experts, interpretive structural modeling (ISM) results indicated that initial capital, top management commitment,
training & experience, new technology and information, information quality, and strategic partnership with suppliers are
the most crucial KSFs HCTSs supply chain in the Pakistani context. Furthermore, MICMAC analysis categorized KSFs with
the help of their driving and dependence power. These results support health strategists and policymakers to understand the
severity of the identified top five KSFs and act as a moderator to take care of these KSFs, which would ultimately contribute
to the successful delivery of the health care supply chain and improvement of critical health services. This study's results
would also be helpful for the supply chain managers of the manufacturing industry in the Pakistani context. This research
is one of the initial studies to precisely explore KSFs affecting health supply chains using a novel ISM-MICMAC and
categorize KSFs with the help of their driving and dependence power by applying MICMAC analysis in the Pakistani SCM
context.

Keywords: Management, environment, key success factors; review; healthcare supply chain; logistics; health sector,
sustainability, sustainable supply chain management

syrups; mobility items such as wheelchairs,

INTRODUCTION walkers, scooters, hearing aids items; personal
care aids items such as dressing bandages,

Healthcare technologies (HCTs) help to commodes, and bath chairs; high technology
improve and protect the lives of affected equipment such as joints replacement for hips
individuals from different diseases (N. C. f. H. and knees, pacemakers, ventilators, intelligent
Statistics, ~2010). This sector has a contact lenses and kidney machines (Hartford,
comprehensive range of products such as 2014). The industry- of HCTs i_s perceived as
hospitals, beds, blankets, syringes, injections, advanced, fast-growing, and artistic across the
sticking plasters, tablets, latex gloves, and world, especially in developed countries such as

Germany, the United States of America (USA),
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Canada, the United Kingdom (UK), and China
(Okpala, 2018; Vogenberg & Santilli, 2018).
However, Pakistan has approximately 800
healthcare equipment production units exporting
items worth more than $200 million to over 60
countries (Waheed, 2017). Pakistan's healthcare
expenditure is $9.2 billion (H. Ali, 2016), and the
direct and indirect workforce employed by this
industry is approximately more than 0.5 million
(Ahmed & Batool, 2017). Pakistan has 1219
hospitals, 733 rural health centers (RHCs), 5345
primary health units (BHUSs), 5654 dispensaries,
and 727 maternity & child welfare centers
(MCWC), and 127807 beds (P. B. o. Statistics,
2017). Despite the remarkable developments in
the healthcare industry internationally, the
Pakistani healthcare production industry faces
several challenges in its supply chain operations
due to deficiencies in supply chain management
(SCM) infrastructure (Khan, Razzag, Yu, &
Miller, 2021) and (Fahimnia, Jabbarzadeh,
Ghavamifar, & Bell, 2017). Although the public
has continuous pressure on the government to
reduce the prices of medicines and fees, on the
other hand, the expenditure on HCTs is higher
(Jamshed, Hassali, Ibrahim, & Babar, 2011).

Furthermore, to sustain and increase the
market share, healthcare product manufacturers
depend on their product innovation and face
different issues, e.g., the short lifecycle of
products, the limited period for new product
development, and approvals from regulatory
authorities (de Faria & Wieck, 2015; Thatte,
Hussain, de Rosas-Valera, & Malik, 2009).
Moreover, Chinese, German, and Indian medical
firms are also lined up in the Pakistani healthcare
industry to capture the market with cost-efficient
products and force Pakistan manufacturing firms
to produce and distribute low-cost products
globally (Nadvi & Halder, 2005). In the current
situation, research discussing healthcare SCM
has become critical. The demand for the
advancement of healthcare aids products
delivery systems has gained greater attention
from professionals because of apparent failures
in medical aid delivery systems (Kumar,
Dieveney, & Dieveney, 2009; Pettit &
Beresford, 2009; Scheibe & Blackhurst, 2018).
Garcia-Villarreal, Bhamra, and Schoenheit
(2019) found a shortfall of defined strategies of
SCM in the healthcare sector. The primary
deficiencies were reported to be a lack of

efficient planning, lack of top management
support, lack of sales forecasts, lack of
formulated strategies, and lack of coordination
with suppliers and processes during the
pandemic outbreak (Khan, Yu, Umar, de Sousa
Jabbour, & Mor, 2021).

Generally, logistics activities in emergency
and critical situations are frequently significant
and challenging for healthcare SC (Haszlinna
Mustaffa & Potter, 2009). For an effective and
successful supply chain, there should be a great
and robust understanding of barriers and drivers
directly or indirectly involved in the processes.
Increasing the SC's efficiency needs uncertainty
to be decreased or even removed from its
operations; however, this may not be wholly
eradicated in many healthcare cases (Hasani,
Zegordi, & Nikbakhsh, 2015). These barriers and
issues are severe in the healthcare SC scenario
when products provide relief to patients in
critical ~ situations, control and expedite
healthcare product delivery, and efficient SC
infrastructure is inevitable. ldentifying the key
success factors (KSFs) attached to a healthcare
SC is vital to develop a more robust
understanding of the issues impeding SC's
effective  implementation.  However, as
compared with commercial SC, there are certain
KSFs that contribute to the ultimate success of
HCTs and healthcare product delivery.
Considering the shortage of studies concerning
KSFs in the health care supply chain in
developing countries, lower attention to
medication errors, and wrong product delivery in
an emergency, the primary objectives of this
study are:

e To evaluate the main KSFs in the
healthcare supply chain in previous
studies

e To formulate a contextual connection
among KSFs as well as form their
hierarchical structure

e To classify the selected KSFs according
to their driving and dependence power

According to the literature, the author's first
attempt to identify the KSFs in Pakistani
healthcare SC by using ISM and MICMAC
analysis. Initially, KSFs were identified from the
extensive literature through experts’ opinions,
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and this issue is related to multiple-criteria
decision-making (MCDM). Therefore, the levels
of the hierarchal structure of KSFs were
calculated by applying ISM and MICMAC to
evaluate their contextual relationship through
driving and dependence power.

This research extended the literature in the
Pakistani context in the following ways:

o Initially, this research classifies the main
KSFs in the healthcare supply chain in
the Pakistani context. The identified
KSFs can be considered a foundation that
can be removed on a priority basis to
implement the healthcare sector's supply
chain effectively.

e Secondly, the combination of ISM and
MICMAC analysis is suggested to
evaluate KSFs in healthcare SC. This
study adds theory because the
recommended method is rationally and
practically solid to evaluate KSFs and
verify their findings in different contexts.

e Lastly, this research will be regarded as a
standard to effectively help supply chain
managers and government authorities
implement KSFs in healthcare SC.

The rest of the article is organized in the
following sections: a literature review is
displayed in section 2; section 3 portrays a brief
methodology overview. Results, analysis of data,
and discussions under the light of detailed
literature on KSFs in healthcare SC are presented
in section 4.

LITERATURE REVIEW

In the literature review, the field of SCM
performed exceptionally well in operation
management (Wagas, Honggang, Ahmad, Khan,
& Igbal, 2021). However, after searching the
detailed literature, limited literature was focused
on identifying KSFs of healthcare SCM (Garcia-
Villarreal et al., 2019); Yadav & Singh, 2020).
Unfortunately, no study has been found to
identify KSFs in Pakistan healthcare technology
SC.

The supply chain is "A process involving
three or more parties in the smooth flow of

products, services, or information from origin to
the customer"(Schifer, 2022). Three significant
parties in the healthcare supply chain are as
follows 1. Producers (companies involved in
manufacturing HCTs, manufacturing companies
in health care including pharmaceutical
companies, producers of medical and surgical
instruments, and lastly, medical devices); 2.
Purchasers (purchasing agents, e.g., distributors,
government, or public organizations) and 3.
Health care service providers (e.g., hospitals).

Furthermore, in this process, customers and
financial intermediaries also create an important
role as local government, patients and
individuals are customers, and insurance
companies, banks, and health maintenance
organizations are financial intermediaries. More
details can be found in Figurel. Elhidaoui,
Benhida, El Fezazi, Kota, and Lamalem (2022)
and Smith, Nachtmann, and Pohl (2012)
provided a more comprehensive picture of the
health care supply chain by showing the leading
players involved and product flow in a single
place. The detailed healthcare supply chain is
shown in Figure 2.

Key success factors (KSFs)

Daniel (1961) introduced the concept of
KSFs in his study. Huotari and Wilson (2001)
proposed that if certain KSFs become critical
within any organization, the chances of failure of
that organization would increase. Although in the
context of HCTs and the healthcare supply chain,
profit is not considered a primary motive of the
supplier. If KSFs are not defined well, failure
might be expected in the delivery process of
healthcare products to whom they are required in
an emergency, or the distribution of wrong
products may also happen (Vaz & Araujo, 2022).
Different researchers have put forward various
definitions of KSFs. Every business has its key
factors. Their proper identification and
implementation can ensure any business's better
performance in any market (Rockart, 1979).
According to (Zaman, Wang, Rasool, uz Zaman,
& Raza, 2022), these identified factors are KSFs
and elaborate them as different activities or
processes that should receive greater attention
from top ~management for  successful
implementation. (Guerrero, Gémez, Victorica,
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Lopez, & Fong, 2022) found that KSFs are those
activities that ensure achieving a distinctive
business position in the market. Identification
and implementation of KSFs at the initial stages
of formulation of strategies can increase the
business performance and help the top
management allocate resources and monitor the
business activities better (Thomassey, 2010).
The concept of KSFs has been applied
successfully in different domains. In literature,
research papers on KSFs can be found on project
management (Rasool et al., 2022), epidemic
emergency management systems (Song, Zhao,
Mubarak, & Taresh, 2022), information
management systems (Muhammad, Miah, Isa, &
Samsudin, 2022), supply chain management
(Power, Sohal, & Rahman, 2001), knowledge

brownfield redevelopment (Ahmad, Zhu,
Shafait, Sahibzada, & Waheed, 2019; Weng,
Zhu, Song, & Ahmad, 2019), public-private
partnerships (PPP) (Kavishe & Chileshe, 2018),
total quality management (TQM) (Seetharaman,
Sreenivasan, & Boon, 2006) and (Khan, Godil,
Yu, Abbas, & Shamim, 2021), implementation
of six sigma initiatives (Fadly Habidin & Mohd
Yusof, 2013), implementation, execution and
adoption of Internet-of-Things (loT) systems
(Luthra, S., Berwal, Y. P. S., & Motia, K., 2021),
adoption of Social Media Marketing Technology
(SMMT) by Micro, Small, and Medium
Enterprises (MSMEs) (Eze, S. C., Chinedu-Eze,
V. C., & Awa, H. O., 2021), use of e-learning in
higher education (Priatna, T., Maylawati, D.,
Sugilar, H., & Ramdhani, M. (2020), and among
many others fields.

management (Akhavan, Jafari, & Fathian, 2006),
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Fig 1. Value chain of the healthcare industry

KSFs in supply chain management and
healthcare sector

The implementation of KSFs in the field of
SCM is limited. Although few earlier studies on
the performance of KSFs in this healthcare have
been found, no analysis has been found in
Pakistan. Power et al. (2001) investigated 962
manufacturing firms in Australia to identify and
verify KSFs that differentiate organizations from
more agile to less agile. In handling SCM, the
following are the proposed factors in their study:
“agile supply chain, supplier relations, computer-
based technologies, technology utilization, just-
in-time methodology, resource management,

continuous improvement enablers, participative
management style, customer satisfaction,
product innovation, and delivery performance.”
According to Tan, Yen, and Fang (2002), KSFs
customer-centric strategy, people's
commitments, improved or redesigned process,
software, technology, and infrastructure to
supply chain management in the E-commerce
arena.

94



http://doi.org/10.17270/J.LOG.2023.722

Wagas M., Yu Z., Khan S. A. R., Tanveer M., Ahmad A., 2023. Promoting healthcare technologies through
sustainable supply chain operations: an empirical analysis of key success factors using the ISM-MICMAC
approach. LogForum 19 (1), 91-126, http://doi.org/10.17270/J.L.0G.2023.722

(Heydari & Bakhshi, 2022) researched the
selection of small third-party logistics providers
in the manufacturing industry of Hong Kong.
(Wuni & Shen, 2022) identified the top five
critical success factors for an efficient small
third-party logistics provider systems, such as
information technology, strategic planning,
capacity planning, inventory management, and
transportation system. (Atici, Adem, Senol, &
Dagdeviren, 2022) Examined the KSFs for
enterprises’ resource utilization. They identified
the nine most critical barriers to organization
resource  implementation:  correspondence,
process, interaction and expectation success,
organizational relating, 1T infrastructure,
strategic relating, managerial relating, and
operational relating. (Thomassey & Zeng, 2021)
highlighted CSFs for web-based SCM. They

| v

Manufacturers

Y

Buyers

Dirug

Manufacturers Distributors

Healthcare Device

Wholesalers
Manufacturers

Surgical/Medical

Manufacturers LS

Fig 2. A comprehensive overview of healthcare SCM

(Prajapati, Kant, & Shankar, 2021)
Identified enablers are prompting the
performance of reverse SC. Their study findings
suggest that organizational commitment,
technological ~ capacity, service quality,
government policy, reverse SC cost, perceived
usefulness, ease of use, and reverse SC
performance are significant enablers of
promoting reverse SC performance. Pettit and
Beresford (2009) emphasized critical success
factors for humanitarian-based SC. They
identified the following CSFs: strategic
planning, transportation planning, relationship
with suppliers, management of resources,

uncovered the top five factors using exploratory
factor analysis (EFA): communication,
education and training, hardware and software
reliability, top management commitment, and
data security. Rao Tummala, Phillips, and
Johnson (2006) comprehensively addressed
operational KSFs related to SCM
implementation in the manufacturing industry.
They identified the following essential factors:
Improving inventory, reducing the cost of
operations, cross-functional communication,
creating corporate culture lead time, and
customer satisfaction. According to Kuei, Madu,
and Lin (2008) findings, SC leadership's quality,
relationship with suppliers, consumer focus,
quality of IT system, and focus on integration
process are identified CSFs for SC quality
management.

Providers Patients

L Household

Hospitals
Pharmacies

Physicians

Clinics
= long term care
- outpatients

capacity planning, continuous improvement,
HRM technology utilization, and information
management. Azmat, M., Atif, M., & Kummer,
S. (2019) investigated (internal and external)
critical success factors significantly affecting
(faith-based and non-faith-based) humanitarian
organizations’ supply chain. They identified six
significant external CSFs: beneficiaries’ religion,
beneficiaries’ culture, influence/restrictions of
donors, policies of hosting
countries/governments, supply lines' blockage
and rough terrain, and limited/constrained
resources. Furthermore, they identified four
significant internal CSFs: a collection of
information, structure of the organization,
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collaboration/coordination, and communication
within the organization. Additionally, they also
explored any significant differences among
CSFs between religious and nonreligious
organizations.

Wittstruck and Teuteberg (2012), and
Schipper and Silvius (2021) considered KSFs for
sustainable SCM. They described the following
factors as critical: adoption of standards,
signaling, information management, establishing
ecological cycles, commitment, and mutual
learning. Routroy and Pradhan (2013); Sarfraz et
al. (2022b) considered thirteen KSFs for supplier
development in the Indian manufacturing
industry. The main factors include the long-term
strategic goals, top management commitment,
information sharing, supplier certification,
innovation capability, external environment,
supplier status, and direct involvement. Ab Talib,
Abdul Hamid, and Thoo (2015) researched on
the literature review survey by investigating
twenty-six research papers. They identified four
key enablers to SCM: top management
commitment, information management, human
resource  management, and collaborative
partnership.

Khan, Haleem, Khan, Abidi, and Al-
Ahmari (2018) found that effective and efficient
communication systems, employee training,
well-established IT infrastructure,  top
management commitment, choosing suitable
technology for traceability systems, halal SC
awareness, customer satisfaction, coordination
with suppliers, standardization, and government
support key success factors to halal supply chain
implementation. Yuen, Wang, Ma, Lee, and Li
(2019) investigated 164 container shipping
companies and identified and verified key
enablers for supply chain integration using
structural equation modeling. His study results
found that the key enablers are relationship
management,  performance  measurement,
information management, strategic alignment,
and organizational commitment. Finally, M.
Wagas, Q.-. Dong, N. Ahmad, Y. Zhu, and M.
Nadeem (2018) identified the 47 most significant
barriers to reverse logistics implementation in the
Pakistani manufacturing industry and identified
the top five factors as follows: lack of capital,
limited planning, and forecasting, uncertainty
related to economic issues, complexity in

operations and lack of taxation knowledge on
return products. Kaupa, F., & Naude, M. J.
(2021-b) studied CSFs related to the SCM of
necessary medicines in Malawi’s public
healthcare system. The findings indicate that
critical success factors include understanding
different disease typesand how they spread,
sufficient financial resources, collaboration with
involved SCM parties, and an effective
system for purchasing and distribution. In
another study, Kaupa, F., & Naude, M. J. (2021-
a) investigated the barriers/obstacles in
supplying the necessary medicines in Malawi's
public healthcare system. Limited financial and
human resources and a lack of collaboration
among stakeholders were identified as the
primary impediments to purchasing and SCM in
Malawi's  public healthcare  system.  The
study's findings indicate that the identified
barriers are critical impediments to achieving
SCM's excellence, mainly in supplying essential
medicines in Malawi's public healthcare system.
The study recommends the following primary
solutions for overcoming these challenges:
development  of human  resources capacity,
financial resource mobilization,
and collaboration among stakeholders. Bentahar,
0. (2018, January) investigated the factors that
contribute to the success of the healthcare
sector’s purchasing groups. The findings indicate
that the critical success factors for purchasing
groups are top management commitment,
communication, anticipated benefits,
collaboration, equitable distribution of savings,
and indicators of performance and their
measurements. Sanchez-Flores, R. B., Cruz-
Sotelo, S. E., Ojeda-Benitez, S., & Ramirez-
Barreto, M. (2020) conducted a systematic
literature review on sustainable supply chain
management (SSCM) to investigate its evolution
in emerging economies. They considered and
analyzed 56 papers published from 2010 until
April 2020. Some of the covered papers are
related to the healthcare sector, such as
Subramanian, L., Alexiou, C., Steele, P., &
Tolani, F. (2020), and Scavarda, A., Dau, G. L.,
Scavarda, L. F., & Korzenowski, A. L. (2019).
Furthermore, Table 1 shows the summary of
KSFs in the supply chain and healthcare sectors.
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Interpretive Structural Modeling in SCM
and healthcare sectors

(Agrawal, Wankhede,Wankhede &
Nair, 2021) Applied ISM to identify the
drivers that can hinder green supply chain
management (GSCM) in the UAE
manufacturing firms and rank them
according to their significance.
Mathiyazhagan, Govindan, NoorulHag, and
Geng (2013) used ISM to investigate the
contextual relationship among the main
barriers to GSCM implementation in India's
manufacturing industry. Vivek and Kumar
(2019) scrutinized GSCM enablers and
constructed the contextual relationship-
based model among different enablers in the
field of FMCG by using ISM. Vishnu,
Sridharan, and Kumar (2019) Identified and
verified the risk drivers in supply chain
management, formulated the mutual
relationship model, and categorized the
drivers according to their dependence and
driving power using ISM and MICMAC
techniques. Kannan, Pokharel, and Kumar

(2009) used ISM and MICMAC approaches
to prioritize the third-party logistics provider
to choose the best 3PL Indian manufacturing
industry. S. M. Ali, Arafin, Moktadir,
Rahman, and Zahan (2018) explored the
most critical barriers to implementing
reverse logistics in the Bangladeshi
computer supply chain and uncovered the
interrelationship among selected variables
through ISM methodology. Rane and Kirkire
(2016) explored the barriers to ISM and
developed the contextual relationship among
identified barriers in the Indian medical
device manufacturing industry. Jain and
Ajmera (2018) tried to determine the mutual
relationship among variables and ranked
them according to their importance in ISM in
India's healthcare sector. Bahari, Jafni,
Ismail, Hashim, and Hussain (2018) tried
developing the reciprocal relationship model
among readiness factors that influence
Malaysia's healthcare using ISM and
MICMAC approaches. Karamat, Shurong,
Ahmad, Waheed, and Mahmood (2018)
attempted to identify the

Table 1. Identified KSFs in healthcare technology and supply chain management field

Studies Field

Identified KSFs

(Prajapati et al., 2021) and SCM
Power et al. (2001)

(Chatterjee & Chaudhuri, Customer
2022),Tan et al. (2002) relationship
management
Gunasekaran and Ngai Reverse
(2003); (Singh, Dasgupta, & logistics
Routroy, 2022)
Al-Mashari, Al-Mudimigh, Enterprise
and Zairi (2003) resource
planning
(Thomassey & Zeng, 2021),  Web-based
Ngai, Cheng, and Ho (2004) SCM

Supplier relations, computer-based technologies, technology
utilization, just-in-time methodology, resource management,
continuous improvement enablers, participative management
style, customer satisfaction, product innovation, and delivery
performance.

Customer-centric ~ strategy, commitments from people,
improved or redesigned process, software technology and
infrastructure.

Information technology, strategic planning, capacity planning,
inventory management and transportation

Correspondence success, process success, interaction success,
expectation success, organizational relating, IT infrastructure,
Strategic relating, managerial relating and operational relating.

Communication, training and education, software and hardware
reliability, top management commitment, and data security
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Gottschalk and Solli-Sather
(2005)

Rao Tummala et al. (2006)

Kuei et al. (2008)

Hong, Suh, and Hou (2008)

Pettit and Beresford (2009)

Lonngren, Rosenkranz, and
Kolbe (2010)

(Wagas, Honggang, Ahmad,
Khan, Ullah, et al., 2021),
Lee, Lee, and Schniederjans
(2011)
Wittstruck and Teuteberg
(2012)

Routroy and Pradhan (2013)

Grimm, Hofstetter, and
Sarkis (2014)

Ab Talib et al. (2015)

Mangla, Govindan, and
Luthra (2016)

(Khan, Godil, Jabbour, et
al., 2021)Raut, Narkhede,
and Gardas (2017)

Khan et al. (2018)

IT-based
SCM

SCM

Quality
management
of SCM
Reverse SC

Humanitarian
SC

Construction

of supply
chain
SC
innovation
Healthcare

SCM

SCM

Supplier

management

SCM

Reverse
logistics

SSCM

Halal supply
chain

Management competency, management of stakeholders,
transaction cost reduction, reduction of production cost, and
contract maturity.

Improving inventory, reducing the cost of operations, cross-
functional communication, Creating corporate culture lead
time, and customer satisfaction.

Quality of SC leadership, relationship with suppliers, consumer
focus, IT system quality, and focus on the integration process.

Organizational commitment, technology capacity, service
quality, government policy, reverse SC cost, perceived
usefulness, ease of use, and reverse SC performance.

SC strategy, strategic planning, transportation planning,
relationship with suppliers, management of resources, capacity
planning, focus on continuous improvement, HRM technology
utilization, and information management.

IT application solution, task management, and trust among
partners.

SC innovation, collaboration with suppliers, supply chain
efficiency, quality management practices, and firm
performance.

Adoption of standards, signaling, information management, the
establishment of ecological cycles, commitment, and mutual
learning.

The long-term strategic goal, top management commitment,
information sharing, supplier certification, innovation
capability, external environment, supplier status, and direct
involvement.

Costs, lack of capital, lack of skills, lack of top management
commitment, investment reluctance, lack of power,
stakeholder partnerships, lack of trust between supply chain
partners, lack of information, transparency, language
differences and geographical distance.

Top management commitment, information management,
human resource management, and collaborative partnership.

HR and organizational factors, regulatory pressure, global
competitiveness factors, economic considerations, and strategic
factors.

Global environmental pressure and scarcity of natural resource
resources.

Training of employees, efficient and effective communication,
dedicated IT infrastructure, top management support, Selection
and selection of Suitable Technology for Traceability Systems,
halal awareness, customer satisfaction, coordination with
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Karamat et al. (2019)

Knowledge
management  other organizations,
in healthcare

suppliers, standardization and Codification, and government
support.

Maintain green competitive advantage, setting a standard for
Effective decision making, Intra
organizational communication in healthcare, and collaboration

with other healthcare organizations.

Yuen et al. (2019) Supply chain

integration

relationship
information

management,
management,

performance  measurement,
strategic  alignment, and

organizational commitment.

Enablers of knowledge management
implementation in the Pakistani healthcare sector
using ISM-MICMAC. Sadeh and Garkaz (2019)
uncovered influential quality factors in the
Iranian medical tourism sector by applying ISM-
MICMAC framework. Rane and Kirkire (2017)

developed the interaction between risk sources
and categorized them according to their
dependence and driving power in the Indian
medical device development sector.
Furthermore, Table 2 contains more details about
ISM and MICMAC approaches in SCM and
healthcare sectors in different countries

Table 2. Studies used ISM in the field of healthcare and SCM

Ref. Field Objective

(Rane & Kirkire,  Healthcare Exploring barriers to ISM and developing a contextual relationship

2016) among identified barriers in the Indian medical device
manufacturing industry.

(Diabat & SCM Identifying factors that can hinder the implementation of GSCM in

Govindan, 2011)

(Jain & Ajmera,  Healthcare

2018)

(Mathiyazhagan = SCM
etal., 2013)

(Bahari et al., Healthcare

2018)

(Vivek & Kumar, SCM
2019)

(Ajmera & Jain,  Healthcare
2019b)

(Vishnu et al., SCM
2019)

UAE manufacturing firms and ranking them according to their
significance by using ISM.

Using ISM, we identify the mutual relationship among affected
medical tourism in India's healthcare sector and rank them
according to their importance.

This study investigates the contextual relationship among the main
barriers to GSCM implementation in India's manufacturing
industry.

It is developing the mutual relationship model among readiness
factors that influence personal healthcare in Malaysia.

Scrutinized GSCM enablers and constructed the contextual
relationship model among different enablers in FMCG.

Evaluate and prioritize the critical factors that impact the quality of
life of Indian diabetic patients by using the ISM technique.

Identify and verify the risk drivers in supply chain management,
formulate the mutual relationship model, and categorise them
according to their dependence and driving power using ISM and
MICMAC techniques.
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(Karamat et al., Healthcare Analyze the barriers and drivers to knowledge management and
2019) rank on their driving and dependence power in the Pakistani
healthcare sector.

(Kannan, Reverse ISM and MICMAC approach prioritizes the third-party logistics
Pokharel, & logistics provider to choose the best 3PL in the Indian manufacturing
Kumar, 2009) industry.

(Rane & Kirkire, Medical Identify and develop the interaction between risk sources and
2017) device categorize them according to their dependence and driving power

development

in the Indian medical device development sector.

(S. M. Alietal.,, Reverse Using the ISM approach, this study explores the most critical

2018) logistics barriers to reverse logistics in Bangladeshi computer supply chain.

(Sadeh & Garkaz, Healthcare This study investigates influential quality factors in Iranian medical

2019) tourism by applying ISM and MICMAC frameworks.

(Sindhwani, Manufacturing This study establishes an interrelationship and evaluates barriers'

Muittal, Singh, systems driving and dependence power by applying total ISM and

Aggarwal, & MICMAC in the Indian manufacturing industry.

Gautam, 2019)

(Bouzon, Reverse Using ISM, we evaluate and analyze the contextual relationship

Govindan, & logistics among barriers to reverse logistics implementation in the Brazilian

Rodriguez, 2015) manufacturing industry.

(Ajmera & Jain,  Healthcare This study aims to identify the most influential factors in

2019a) implementing lean principles in the Indian healthcare sector.

(Shibin et al., GSCM We explore barriers and enablers in flexible GSCM networks and

2016) highlight the mutual relationship among selected barriers and
enablers through expert opinion by using ISM.

(Talib, Rahman,  Total quality ~ This study examines the barriers to TQM in the service sector and
& Qureshi, 2011) management identifies the mutual relationships among selected obstacles by
using the ISM methodology.

(Karamat et al., Healthcare To identify the enablers of knowledge management
2018) implementation in the Pakistani healthcare sector using ISM and

MICMAC.
(Malviya & Kant, SCM This study's main objective is to identify and examine the

2017)

interaction among enablers of GSCM implementation and their
driving and dependence power by applying ISM and MICMAC
approaches.
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Research gap

Pakistan is emerging as a significant
worldwide center for healthcare facilities. The
Pakistani  healthcare supply chain faces
numerous barriers regardless of this remarkable
growth. There is a need to effectively promote
KSFs in the supply chain of the healthcare
industry of Pakistan. However, countries across
the globe face similar KSFs during the
implementation of the healthcare sector's supply
chain. However, the differences in industrial
culture, socio-economic conditions, and rules
and regulations can change each KSFs' treatment
in every country. A comprehensive literature on
identifying KSFs has witnessed the popularity
area among scholars in various countries. More
importantly, developing reliable solutions to
endorse the healthcare industry's efficient and
cost-effective supply chain. The earlier segments
lead the current study to identify the below-given
research gaps:

e There is a shortage of research evaluating
KSFs in the healthcare supply chain,
particularly in Pakistan.

o Pakistan seeks solutions to selected KSFs
to implement a better healthcare sector's
supply chain to serve patients in critical
and emergency conditions  cost-
effectively. Identification and
verification of KSFs in the supply chain
are minimal due to researchers' low
interest; the Pakistani healthcare supply
chain faces many challenges, especially
in emergencies.

e ISM and MICMAC methodology has
been widely applied in diversified fields,
but their application in the healthcare
supply chain is minimal. According to the
writer's knowledge, no earlier study has
used the combination of ISM and
MICMAC methodology to evaluate the
KSFS in the healthcare supply chain in
the Pakistani context.

METHODOLOGY

The framework of a four-stage
methodology has been applied to evaluate the
KSFs in healthcare SC. At the first stage, KSFs
in healthcare SC were identified, which were

further screened out with the Delphi method's
facilitation at the second stage. ISM-based
contextual relationship model was established at
the third stage to intensify the understanding of
the levels of hierarchal structure of KSFs.
Finally, MICMAC was applied to classify and
develop clusters of KSFs in healthcare SC. The
main stages involved in the methodology have
been shown in the dotted box, along with the
substages and other activities, as shown in Figure
3.

Furthermore, the description of each stage
is also explained in the following sections.

Identification of KSFs

For reviewing the literature of KSFs, this
research has applied a systematic literature
review (SLR) technique, as suggested by
(Thiirer, Tomasevi¢, Stevenson, Qu, & Huisingh,
2018). The literature review survey was done
from September 2019 to October 2019. The
related research papers were collected from
literature through the undermentioned criteria:

1. The research papers must contain key
success factors/ critical success factors in
the healthcare supply chain. Moreover, the
leading keywords used for paper selection
are: ‘'healthcare’, 'supply chain’, 'medical
technology', 'medical tourism industry,
'KSFs', ‘barriers’, 'CSFs', 'obstacles’. A
combination of leading keywords used for
paper selection is (1) key success factors in
the healthcare supply chain, (2) barriers/
obstacles in the healthcare supply chain,
(3) critical success factors in the healthcare
supply chain, (4) quality factors in medical
sectors, (5) impeding factors in healthcare
supply chain, (6) KSFs/CSFs in healthcare
supply chain and developing countries.

2. The primary research databases, including
Google Scholar, Springer, Scopus, Taylor
& Francis, Science Direct, and Emerald
Insight, were considered the primary
sources of publication collection. The
selected articles were evaluated in the
screening process by finding the keywords
in the title, abstract, and text to find the
relevant research papers. In the process, the
forward & backward snowball research
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technique was also applied to screened
articles, as suggested by (Danglot et al.,
2019). However, another criterion,
"inclusion/exclusion applied to refine the
research articles more appropriately
described as (i) published articles written in
the English language, (ii) peer-reviewed
research articles, proceedings of the
conference, and chapters published in
books were considered.

3. The criteria mentioned above helped select
the relevant research articles for this study;
the chosen articles contained the literature
related to KSFs/CSFs, barriers, challenges,
and obstacles to the healthcare supply
chain. The Main KSFs in the healthcare
supply chain has been given in Table 2.

The different leading journals belonging to this
study were the primary source for finding
relevant published articles are production
planning & control, environmental research and
public health, international Journal of
healthcare management, international journal of
physical distribution & logistics management,
Journal of cleaner production, Journal of
environmental management and renewable,
sustainable energy review and Journal of
business & industrial marketing.

Questionnaire formation and data collection

The nature of this study is empirical, and
previous studies found KSFs in developed
countries. The lack of KSFs studies in Pakistani
literature and selecting the most appropriate
experts for this study was problematic.
Therefore, pilot testing was applied to choose the
proper respondents. The experts from the field
were approached through text messages, phone
calls, and emails and arranged an appointment in
office for inquire their willingness to participate.
Finally, six experts with an excellent background
in the supply chain were engaged in this study for
data collection, and semistructured interviews
were performed. The respondents include: 1) two
professors of SCM, 3) one production manager,
4) one procurement manager, 5) one
transportation manager, and 6) data analyst. All
participants had comprehensive knowledge
about SCM and were well aware of the selected
KSFs in the healthcare supply chain. The

following questions were asked by the

participants in a group discussion:

Q1. What are the key success factors for a
manufacturer in the healthcare supply chain?
(Content confirmation from Table 1)

Q2. What are the most related KSFs to the
healthcare supply chain of Pakistan?

Q3. What is the contextual relationship
among different KSFs in the healthcare supply
chain? (ISM & MICMAC)

A comprehensive questionnaire  was
designed on behalf of experts’ responses about
the importance of each KSFs. Through a
qualitative technique, all selected KSFs were
evaluated manually. All expected relationships
among selected KSFs were discussed in a group
discussion with experts. Each expert's response
was registered to the structural self-interaction
matrix (SSIM) and then converted into ISM
based  contextual relationship ~ model.
Furthermore, the ISM methodology is elaborated
in detail:
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Fig 3. Step by step framework of the study
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Interpretive structural modeling (ISM)

Interpretive  structural  modelling s
considered an advanced Multiple-Criteria
Decision-Making (MCDM) methodology to
examine the relationship among different factors
in a complex situation through professional
judgment (Warfield & Cybernetics, 1974). ISM
analyzed the selected elements in the system to
identify a causal interrelationship graph.
Furthermore, many characteristics of ISM
methodology that verify its appropriateness to
apply in this study are as follows:

e ISM enables experts to tap into complex
systems factors through practical
knowledge and judgment and create an
understandable and comprehensive
model.

e Complex relationships among different
factors can be calculated in a logical
order.

o ISM methodology is extensively applied
by social science and supply chain
management scientists and has also been
used by some admired institutions such
as NASA (Ansari et al., 2013).

e Since its introduction, it has been widely
applied to evaluate the complex system's
cause-and-effect associations between
selected elements/variables. In this
paper, KSFs in the healthcare supply
chain are considered as factors.

e It’s a beauty of ISM methodology, it
doesn’t need the earlier background of a
system and ranks each factor according
to its significance.

However, some drawbacks are also
affiliated with 1ISM methodology, such as the
contextual relationship ISM model depends upon
the practical knowledge and judgments of
professionals relevant to the system. Thus,
wrong perceptions or inconsistent professionals'
understanding of factors might affect the study's
findings. According to (Ansari et al., 2013), ISM
is not proficient enough to calculate the
associated factors' accurate weights. In this case,
the ISM methodology is appropriate for the
current study because of its advantages.
Identifying KSFs in the healthcare supply chain
is a complex issue, and experts' participation is

more suitable in this background because of their
practical knowledge and experience. In these
kinds of situations, data collection from
stakeholders regarding the identification of KSFs
is uncertain because of respondents' limited
ability. However, a broad literature on ISM
methodology is presented in Table 2, which
confirms its suitability to resolve complex
problems in different fields.

The ISM methodology application presents
the structural transparency and introduces the
hierarchical model to identify the contextual
association among selected factors. The steps
involved in the ISM methodology are given
below:

Step 1: According to the Pakistani context,
KSFs in the healthcare supply chain are
identified through extensive literature review and
filtered through professionals’ suggestions.

Step 2: In the first step, the contextual
relationship among the selected KSFs was
established to confirm which pair of KSFs was
studied in the next step.

Step 3: Step three shows the pairwise
relationships among selected KSFs through a
developed SSIM.

Step 4: From SSIM, an initial reachability
matrix (IRM) was identified, and later IRM is
examined for transitivity, which is considered a
basic assumption of ISM methodology. It defines
that if a KSF “A” is associated with “B” and “B”
1s associated with “C,” then "A" must be related
to"C."

Step5: With the help of an initial
reachability matrix, various iterations were
achieved to get the ISM model's level.

Step 7: Finally, the diagram is shaped into
an ISM model by replacing KSFs nodes with
statements.

Step 8: To improve the ISM model, the
model's conceptual inconsistency was rechecked
for further modifications, if necessary.

104


http://doi.org/10.17270/J.LOG.2023.722

Wagas M., Yu Z., Khan S. A. R., Tanveer M., Ahmad A., 2023. Promoting healthcare technologies through
sustainable supply chain operations: an empirical analysis of key success factors using the ISM-MICMAC
approach. LogForum 19 (1), 91-126, http://doi.org/10.17270/J.L.0G.2023.722

Development of structural self-interaction

matrix (SSIM)

In ISM methodology, experts in the field
are the primary source to judge the directional
relationship between two selected KSFs (i and j).
Four symbols identify the directional
relationship between selected factors (i and j).

e V: KSFs “i” will help to achieve KSFs

[13%4]

J
e A: KSFs “j” will help to achieve KSFs

[13%4]

i

e X:KSFs“i” and “j” will help to achieve
each other

e O: KSFs “i” and “j” are not related

According to their best knowledge, the
symbols (V, A, X, O) were assigned to each
KSFs by experts, as shown in Table 3.

Initial reachability matrix (IRM)

The initial reachability matrix is obtained
from the structural self-interaction matrix at this
stage. In Table 4, the symbols (V, A, X, O) are
translated into a binary matrix (i.e., 0 or 1), an
initial reachability matrix. The following
translation rules are applied:

If (i and j) cell presents the symbol “V” in
SSIM, then 1 will be allotted to (i and j) cell, and
0 will be assigned to (j and i) cell in the initial
reachability matrix.

If (i and j) cell presents a symbol “A” in
SSIM, then 0 can be allotted to (i and j) cell, and
1 can be assigned to (j and i) cell in the initial
reachability matrix.

If (i and j) cell presents a symbol “X” in
SSIM, then 1 be allotted to both cells (i and j) and
(j and i) in the initial reachability matrix.

If (i and j) cell presents the symbol “O” in
SSIM, then O will allot to both cells (i and j) and
(j and 1) in the initial reachability matrix.

The results for IRM are further presented in
Table 4.

Final reachability matrix

The IRM for KSFs in the Pakistani
healthcare supply chain was obtained from
SSIM. Furthermore, by removing the transitivity
of IRM, as mentioned in step 4, the final
reachability matrix (FRM) was derived and
presented in Table 5. However, the dependence
and driving power of each selected KSFs have
been derived from FRM.

Partitions level

FRM is employed to drive the reliability
and antecedent sets of each selected KSFs, as
suggested by Warfield and Cybernetics (1974).
According to Ahmad, Zhu, Hongli, et al. (2019),
the reachability set contains the factor (KSFs)
itself and its supporting factors that may help to
attain. In contrast, the antecedent set contains the
factor (KSFs) itself and other factors that may
influence achieving it. Further, the intersection
set encompasses all those values included in
reachability and antecedent sets. If the
reachability set and intersection set contain the
same values, it achieves the first level. The same
procedure is continued until the achievement of
all levels of each KSFs, presented in Table 6. The
following identified levels help to construct the
ISM-based contextual relationship-based model.

Table 6 shows the lack of initial capital
identified as the main KSF in the Pakistani
healthcare supply chain, which leads to other
selected factors.

Formation of the ISM model

A structural model is constructed from
FRM, as presented in Figure 4. Arrows
beginning from KSFs i to KSFs j portray the
contextual relationship among selected KSFs.
The initially formulated diagram is named as
diagraph. After eliminating transitivity, the
diagraph is converted into an ISM based model
for KSFs in the healthcare supply chain, as
presented in Figure 5. Furthermore, the
MICMAC approach was applied to identify the
four clusters of selected KSFs in the Pakistani
healthcare supply chain.
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MICMAC analysis

According to Wagas, Qianli, Ahmad, Zhu,
and Nadeem (2020), MICMAC is an
abbreviation for (Matriced' Impacts croises-
multipication applique' an classment), (cross-
impact matrix multiplication applied to
classification). MICMAC research methodology
was used to explore more profound insights of
selected KSFs in the Pakistani context.
MICMAC analysis's key objective was to
determine the impact of each KSFs in the
healthcare supply chain for their better
implementation. However, conferring on the
driving and dependence power of each selected
KSFs, they have been divided into four groups:
autonomous KSFs, linkage KSFs, dependent
KSFs and independent KSFs (Govindan,
Palaniappan, Zhu, & Kannan, 2012).

However, based on ISM and MICMAC
analysis results, the final output of the ISM
analysis is shown in Figure 4, which further
derives the ISM model (as shown in Figure 5).
Lastly, the final findings of the MICMAC
approach are presented in Figure 6.

At this stage, clustering for KSFs was done
using the MICMAC technique. The driving and
dependence power of each KSFs was used.
According to the driving and dependence power
of each selected KSFs, they have been divided
into four groups: autonomous KSFs, linkage
KSFs, dependent KSFs, and independent KSFs
(Govindan et al.,, 2012; Kannan, Pokharel,
Kumar, & recycling, 2009). Results of four
clusters of KSFs by following the rules of
MICMAC are described below:

Autonomous KSFs

KSFs with weak driving and dependence
power are placed in this Quadrant. These factors
are often disconnected from others and may have
little links with other factors, but their links can
be strong in effect. Quadrant | is presenting
autonomous KSFS. In this study, no KSFs were
identified in this quadrant, which means that all
selected KSFs are more significant to the
healthcare supply chain in the Pakistani context.

Dependent KSFs

KSFs with weak driving, but strong
dependence power is placed in this Quadrant.
These kinds of factors are considered ineffective
in attaining other factors. Quadrant-1l presents
dependent KSFs. In this study, three KSFs
named relationship with customers (9RC),
transport management (11TM), and sales and
production planning (17SA) were identified in
quadrant-11.

Linkage KSFs

KSFs with strong dependence and driving
power are placed in this Quadrant. These factors
are susceptible and unstable because any action
taken on them will impact the whole system.
Quadrant 111 presents linkage KSFs. In this study,
fifteen KSFs were named, top management
commitment (1CT), skilled professionals, SCM
(4SP), teamwork (15TW), organizational
support (160S), insufficient strategic planning
(181S), conflict among employees (20CE),
reverse logistics infrastructure (10RL), green
supply chain management (12GS), resistance to
change (19RC), new technology and information
systems (3NT), strategic partnership with
suppliers (7SS), information quality (51Q),
quality and safety compliance (14QS), inventory
management (6IM) and distribution system
(13DS) were identified in linkage quadrant
according to their driving and dependence
power.

Independent KSFs

KSFs with strong driving but weak
dependence power are placed in this Quadrant. A
KSFs having strong driving power was identified
as the study's main factor and placed independent
KSFs quadrants. Quadrant IV is presenting
driving KSFs. In this study, two KSFs named
initial capital (2IC) having driving power 20,
dependence power 2, and training & experience
(8TE) having driving power 19, dependence
power 8, respectively, were identified in
guadrant 1V. Table 5 presents the driving and
dependence power of each selected KSFs.
Further detail relating to the formation of the
MICMAC analysis model can be seen in Figure
6.
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Table 3. Structural self-interaction matrix for KSFs

Codes KSFs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1CT  Top management commitment AV VYV V VV OV V V V VYV V O AV O
2IC Initial capital vVVV O 0OV OV V V V V 0 VV VvV 0O o0
3NT  New technology and information systems AV V A OOV V V V VV O 0O 0O O O

(NTIS)
4SP  Skilled professionals in SCM vV V.V VYV V V VV V X V V V 0V
51Q Information quality vV OA O A O OV V O V V V VYV
6IM  Inventory management O AO A O A X A O V V A 00O
7SS Strategic partnership with suppliers AO A O AV V O V V A A O
8TE  Training & experience vV V.V O O V V VvV V 0 V V
9RC  Relationship with customers 0O 0O A0 O O O o o o o

10RL Reverse logistics infrastructure vV AV V V AV A A O

11TM  Transport management A X A O A O A O O
12GS  Green supply chain management (GSCM) vV vV 0O A VvV A O O
13DS  Distribution system A A AV O O O
14QS  Quality and safety compliance A A O A O A

15TW  Team work X VvV X 0 X
160S Organizational support vV V V V
17SA  Sales and production planning A O O
18IS Insufficient strategic planning vV V

19RC Resistance to change V

20CE Conflict among employees

*Based on experts’ response
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Table 4. Initial reachability matrix for KSFs

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 1 01111119011 1 1 1 1 1 1 0 0 1 O
2 111110010111 1 1 1 0 1 1 1 0 O
3 oo01o0110O0O011 1 1 1 1 0 0 0 0 O
4 0011111111 1 1 1 1 1 1 1 1 0 1
5 o0o0O0OI111O0O0OO0OO0OTUGO0OWOT11T 1 0 1 1 1 1 1
6 0 00O O11TO0O0O0OO0 O Oo0O11 0 0 1 1 0 0 O
r 001 0O0O0O11O0O0W0 o0 o1 1 0 1 1 0 0 O
8 o o0O0O6OI1T111111 1 0 0 1 1 1 1 0 1 1
9 0 0O0OO0OO0OO0OO0ODO0ODT11TWO0 O0 0 0 O o o o o o o
0 0 0 00111001 1 0 1 1 1 0 1 0 0 O
1.0 0 0000 OO0OO0OO 1 0 1 0 O OO0 O0 0 O
2 0 0 0001 1011 1 1 1 1 0 01 0 0 O
3 0 0 OO0 O 1 OO0OOO 1T 0 1 0 O OT1 0 o0 O
4 0 0 0001 00 OO 1 0 1 1 0 O OO0 0 O
s 0 0 012 0 00 OOO O O1 1 1 1 1 1 0 1
6 0 0 0000 0001 1 1 1 1 1 1 1 1 1 1
7 0 0 0 0O 0 0 OO OO O O O OoO OoO o 1 o o0 o
¥ 1.0 0 0O O11 0011 1 1 0 1 1 0 1 1 1 1
%9 o 0 00 0OO01 O0O0OT1 O O O O O O OO 1 1
200 0 001 00 OO OO O OOT1T 1 0 0 0 0 1

Table 5. Final reachability matrix for KSFs

No 1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Dri.
1 1 01 1 1 1 11 11 1 1 1 1 1 1 1* 11 1* 19
2 111 1 1 111 1*1 1 1 1 1 1*1 1 1 1* 1* 20
3 001 1*1 1 1*0 1*1 1 1 1 1 1 1* 1* 1* 1* 1* 17
4 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 19
5 ~0o0 1*1 1 1*0 O 1*1*1*1 1 1*1 1 1 1 1 16
6 0 00 O O 1 O O O 1*1* 1* 1 1* 1* 1 1 1* 1* 1* 12
7 0 01 1*1*1*1 0 1* 1* 1* 1* 1 1 1* 1 1 1* 1* 1* 17
8 *~01*1*1 1 1 1 1 1 1 1 1*1 1 1 1 11 1 19
9 0 00O O O 0O 0O O1 0O O O O O0OO0O O0 0O O O0 0 1
09 *01*1*1 1 1 0 1*1 1 1*1 1 1 1*1 1* 1* 1* 18
1. 0 00 0 0 *0 0 0 0 12 0 1 0 0 0 1*0 O O 4
2 *01*1*1*1 1 0 1 1 1 1 1 1 1* 1* 1 1* 1* 1* 18
3 0 o0 0 021 0o 0O O 1*1 11 1* 1* 1* 1 1* 1* 1* 12
4 0 00 0 O 1 0 O O 11 11 1 1* 1* 1* 1* 1* 1* 12
%5 1*01*1 1* 1* 1* 1* 1* 1* 1* 1* 1 1 1 1 1 1 1* 1 19
6 1*0 1* 1* »* 1* 1*1*1*1 1 1 1 1 1 1 1 1 1 1 19
v 0 00 0 0 0O 0O O O OO OO OOOT1 U0 0 0 1
¥ 1 01*1*1*1 1 1*1*1 1 1 1*1 1 1*1 1 1 1 19
9 1*01* 1* 1* 1*1 O 1* 1 1* 1* 1* 1* 1* 1* 1* 1* 1 1 18
20 * 0 1* 1 1* 1* 1* 1* 1* 1* 1* 1* 1* 1 1 1* 1* 1* 1* 1 19
Dep. 12 1 13 14 14 18 14 8 14 17 18 17 18 17 17 17 19 17 17 17 299
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Table 6. Level of partition, iterations of KSFs in healthcare supply chain

KSFs Reachability set Antecedent set Interaction set Level
1 1,3,45,6,7,8,9,10,11,12,13, 1,2,45,8,10,12,15,16,18,1 1,4,5,8,10,12,15,16,18 VI
14,15,16,17,18,19,20 9,20 ,19,20
2 1,2,3,4,5,6,7,8,9,10,11,12,1 2 2 VIl
3,14,15,16,17,18,19,20
3 3,45,6,7,9,10,11,12,13,141 1,2,3,4,7,8,10,12,15,16,  3,4,7,10,12,15,16,18,1 \V
5,16,17,18,19,20 18,19,20 9,20
4 1,3,4,5,6,7,8,9,10,11,12, 1,2,3,45,7,8,10,12,15,16,1 1,3,4,5,7,8,10,12,15,1 11
13,14,15,16,17,18,19,20 8,19,20 6,18,19,20
5 1,4,5,6,7,10,11,12,13,14, 1,2,3,45,7,8,10,12,15,16,1 1,4,5,7,10,12,15,16,18 v
15,16,17,18,19,20 8,19,20 ,19,20
6 6,10,11,12,13,14,15,16,17,1 1,2,3,4,5,6,7,8,10,11,12,13 6,10,11,12,13,14,15,1 1
8,19,20 ,14,15,16,18,19,20 6,18,19,20
7 3,45,6,7,9,10,11,12,13,141 1,2,3,4,5,7,8,10,12,15,16,1 3,4,5,7,10,12,15,16,18 v
5,16,17,18,19,20 8,19,20 ,19,20
8 1,3,4,5,6,7,8,9,10,11,12, 1,2,4,8,15,16,18,20 1,4,8,15,16,18,20 VI
13,14,15,16,17,18,19,20
9 9 1,2,3,4,7,8,9,10,12,15,16,1 9 1
8,19,20
10 1,3,45,6,7,9,10,11,12,13,14 1,2,3,4,5,6,7,8,10,12,13,14 1,3,4,5,6,7,10,12,13,1 11
,15,16,17,18,19,20 ,15,16,18,19,20 4,15,16,18,19,20
11 6,11,13,17 1,2,3,45,6,7,8,10,11,12,13 6,11,13, I
,14,15,16,18,19,20
12 1,3,45,6,7,9,10,11,12,13,14 1,2,3,4,5,6,7,8,10,12,13,14 1,3,4,5,6,7,10,12,13,1 11
,15,16,17,18,19,20 ,15,16,18,19,20 4,15,16,18,19,29
13 6,10,11,12,13,14,15,16,17,1 1,2,3,4,5,6,7,8,10,11,12,13 6,10,12,13,14,15,16,1 I
8,19,20 ,14,15,16,18,19,20 8,19,20
14 6,9,10,11,12,13,14,15,16,17 1,2,3,4,5,6,7,8,10,12,13,14 6,10,12,13,14,15,16,1 11
,18,19,20 ,15,16,18,19,20 8,19,20
15 1,3,4,5,6,7,8,9,10,11,12, 1,2,3,45,6,7,8,10,12,13,14  1,3,4,5,6,7,8,10,12, 11
13,14,15,16,17,18,19,20 ,15,16,18,19,20 13,14,15,16,18,19,
20
16 1,3,4,5,6,7,8,9,10,11,12, 1,2,3,45,6,7,8,10,12,13,14 1,3,45,6,7,8,10,12, 1
13,14,15,16,17,18,19,20 ,15,16,18,19,20 13,14,15,16,18,19,
20
17 17 1,2,3,45,6,7,8,10,11,12,13 17 1
,14,15,16,17,18,19,20
18 1,3,45,6,7,8,9,10,11,12,13, 1,2,3,4,5,6,7,8,10,12,13,14 1,3,4,5,6,7,8,10,12,13, 1
14,15,16,17,18,19,20 ,15,16,18,19,20 14,15,16,18,19,20
19 1,3,45,6,7,9,10,11,12,13,14 1,2,3,4,5,6,7,8,10,12,13,14 1,3,4,5,6,7,10,12,13,1 11
,15,16,17,18,19,20 ,15,16,18,19,20 4,15,16,18,19,20
20 1,3,45,6,7,8,9,10,11,12,13, 1,2,3,45,6,7,8,10,12,13,14 1,3,4,5,6,7,8,10,12,13, 11
14,15,16,17,18,19,20 ,15,16,18,19,20 14,15,16,18,19,20
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RESULTS AND DISCUSSION

For an effective healthcare supply chain,
focusing KSFs is unavoidable. Identify their
importance in minimizing or overcoming their
impact on the healthcare supply chain in the
Pakistani context. This research's main objective
is to identify key success factors in the healthcare
supply chain for the successful implementation
of supply chain operations during the shipment
of healthcare products, further investigating the
contextual relationship among selected KSFs.
This study suggested applying ISM and
MICMAC's hybrid methodology to evaluate the
KSFs in the healthcare supply chain. However,
successful supply chain operations in the
healthcare sector are challenging without
screening the severity of selected KSFs in the
healthcare supply chain. This is the initial study
that evaluates the KSFs in the Pakistani context's
healthcare supply chain according to the
literature. In the beginning, KSFs were obtained
from the literature, and the final selection of
KSFs was made on behalf of professionals’
opinions. Then the selected KSFs were
examined, and the ISM-based contextual
relationship model was formulated according to
the study findings.

Furthermore, the ISM based model and
MICMAC results have been discussed in three
sections.  Firstly, the study's hierarchical
structure, secondly, the top five KSFs of the
study were compared with initially published
studies; and thirdly, the four main quadrants of
the MICMIC analysis were discussed.

Hierarchal structure

ISM methodology results derived seven
levels of hierarchal structure of selected KSFs in
the Pakistani context's healthcare supply chain.
According to the ISM-based model, the first
level extracted one KSF ‘lack of initial capital
(2CE)’, which is identified as the most critical
KSF. It means that the financial crisis is the main
impediment to successfully implementing supply
chain operations in the healthcare sector. Thus,
the current situation can be improved by
collaborating intensely with the government and
different financial institutions. However, most of
the authors raised the same issue in developing

economies (M. Wagas, Q.-I. Dong, N. Ahmad,
Y. Zhu, & M. J. S. Nadeem, 2018). First level
KSFs 2CE leads 2™ level KSFs, including top
management commitment (1CT) and lack of
training & experience (8TE). These results were
matched with an earlier study (Tumpa et al.,
2019) and (Khan, Zkik, Belhadi, & Kamble,
2021), which revealed that lack of top
management commitment is the most critical
barrier to the adoption of GSCM in the
Bangladesh textile industry. Jayant and Azhar
(2014) indicated a lack of training courses as 2"
level impediment to implementing the supply
chain in the Indian manufacturing industry.

New technology and information systems
(3NT) were discovered at 3" level KSFs, led by
2" level KSFs. Appropriate technology and
effective information systems play an essential
role in on-time product delivery in any sector,
especially in healthcare. 3NT KSF can be
overcome by importing new technology and
creative collaboration with developed countries.
It would improve technical skills through the
transformation  of  technical  knowledge.
Information quality (51Q) and strategic
partnership with the supplier (7SS) were
extracted at the 4™ level and were triggered by 3™
level KSFs. According to Prajapati, Kant, and
Shankar ~ (2019), information  systems'
inefficiency and lack of collaboration with
suppliers are critical KSFs in a complex supply
chain. The complexity of an information
system's supply chain and inefficiencies can be
removed through expertise and knowledge. The
4th level KSFs led 5" level KSFs, including nine
KSFs, skilled professionals in SCM (4SP),
reverse logistics infrastructure (10RL), green
supply chain management (12GS), quality and
safety compliance (14QS), teamwork (15TW),
organizational support (160S), insufficient
strategic planning (18IS), resistance to change
(19RC) and conflict among employees (20CE).
These nine KSFs were identified at the 5
iteration leading 6th level KSFs, including
transport management (11TM) and distribution
system (13DS). Finally, two KSFs, 11 TM and
13DS, were identified at the 6" level, leading
three KSFs at the 7 level, including inventory
management (61M), relationship with customers
(9RC), and sales and production planning
(17SA).
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POLICY RECOMMENDATION AND
RESEARCH IMPLICATIONS

Policy recommendations to facilitate
selected KSFs in the healthcare supply chain in
the Pakistani context and study implications are
discussed in this segment.

Policy recommendation to facilitate KSFs in
healthcare supply

Selected KSFs were divided into four
categories: financial, managerial & experience,
infrastructural & technological constraints, and
policy factors. This segment presents the policies
and implications to facilitate selected KSFs in the
Pakistani healthcare supply chain.

1% level KSFs: Initial capital was identified
as the most critical KSF related to financial
factors and had a deep root cause for the failure
of Pakistan's healthcare supply chain. However,
according to the literature review, financial
constraints are also faced by other developing
countries such as China, India, and Bangladesh
(Abdulrahman, Gunasekaran, & Subramanian,
2014; Tumpaetal., 2019). Thus, this critical KSF
can be overcome by introducing short-term and
long-term loans at easy terms and conditions by
both government and financial institutions, e.g.,
the government of Pakistan has introduced the
"Kamyab Jawan entrepreneurship loan scheme"
for the youngster to promote small and medium
businesses in the country.

2" level KSFs: Top management
commitment and training & experience related to
managerial constraints were identified as the 2"
most critical KSFs to the healthcare supply chain
in the Pakistani context. Less experience and lack
of top management commitment may be more
essential KSFs for supply chain and logistics
companies, it can be overcome by logistics firms

themselves by hiring skilled and professional
employees, and a quarterly base training program
might be introduced to enhance employee
performance. Moreover, collaboration with other
developing countries could improve technical
skills by transforming technical knowledge.

Level KSFs: One KSFs was found at the 3"
level in the ISM model named "new technology
and information system" related to infrastructural
& technological constraints, hindering the
operations of the healthcare supply chain. The
results recommend that successful supply chain
processes require new technology with a perfect
information system and a skilled workforce.
Thus, these actions will significantly affect the
supply chain and logistics firm performance in
Pakistan's healthcare sector.

4" level KSFs: Two KSFs were found at
this level named “information quality and
strategic partnership with supplies.” Poor
information quality is another crucial KSF in
supply chain and logistics because the proper
product delivery at the right time depends on the
information quality. Therefore, an experienced
workforce is considered the basic fundamental
for controlling and conveying the correct
information at the right time in supply chain and
logistics firms. Lack of strategic partnership with
suppliers because of the complex supply chain is
also considered a crucial KSF; however,
previous studies opposed this idea. In the
Pakistani context, supply chain and logistics
departments are failed to improve performance,
especially in the healthcare sector. The main
reason behind this is the lack of coordination
with their partners. It also leads to falling in
sustainable long-run relationships with their
suppliers, and suppliers are hesitant about
coordinating with them.
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Fig 6. MICMAC analysis-based model for selected KSFs in the healthcare supply chain of Pakistan

5™ level KSFs: Most of the selected KSFs
were found at the 5" level named: skilled
professionals in  SCM, reverse logistics
infrastructure, green supply chain management,
quality and safety compliance, teamwork,
organizational support, insufficient strategic
planning, resistance to change, and conflict
among employees. Skilled professionals assist
firms in gaining a good position, but on the other
hand, a less experienced workforce is a
significant  hindrance to adopting new
technology in any sector. The study finding
suggests that supply chain and logistics firms
require skilled professionals to successfully
implement the operations supply chain.
Moreover, reverse logistics infrastructure is also
needed to make supply chain operations cleaner
and greener. Arranging and managing training
sessions and workshops might be more helpful to
the productive use of new technology (Rehman
Khan et al., 2021). Moreover, introducing a
reward system and a supportive work
environment might motivate the workforce to
reduce their resistance to change during new
policies and technologies (Khan, Godil,
Quddoos et al., 2021).

6" level KSFs: Two KSFs were identified
at this level named: transportation management
and distribution system. Both KSFs are related to
infrastructural & technological constraints. Our
study results suggest that infrastructural &
technological constraints need to overcome
transportation as the leading and most important
pillar in the logistics and supply chain sectors.
The modernized transport system needs the
Pakistani supply chain industry to manage
organizational operations effectively.

7" level KSFs: Finally, three KSFs were
found at this level, including sales and
production  planning, relationships  with
customers, and inventory management that
belong to managerial and policy constraints.
Above mentioned, three KSFs are identified as
7" level constraining factors in the healthcare
supply chain of Pakistan. These can be
eradicated by comparing the available budget
with the company's current forecast plan and
aligning the information system among
production, planning, sales, supply chain, and
logistics departments to obtain the set production
and sales target standards. Generally, company
forecasting helps avoid extra production,

114


http://doi.org/10.17270/J.LOG.2023.722

Wagas M., Yu Z., Khan S. A. R., Tanveer M., Ahmad A., 2023. Promoting healthcare technologies through
sustainable supply chain operations: an empirical analysis of key success factors using the ISM-MICMAC
approach. LogForum 19 (1), 91-126, http://doi.org/10.17270/J.L.0G.2023.722

decreases the burden of unsold products, and
increases the chances of on-time product
delivery to end-users. Sustaining a solid
relationship with end-users is a forward step
toward producing products according to end-user
expectations, which might help avoid this KSF.
Inventory and data management software and a
skilled operating workforce using this software
might help reduce the intensity of identified
KSFs at the current level.

Study implications

Considering all experts' opinions, the
current study results disclose that the first three
levels of KSFs are identified as critical to the
health care supply chain. It shows that healthcare
firms in different developing countries face
diverse KSFs because of economic, social, and
political changes. Therefore, this also reveals that
the same strategies dealing with KSFs of
logistics and supply chain firms may not deliver
the required results for the up-gradation of the
whole industry. Solutions on promote KSFs to
the healthcare supply chain might be different
from firm to firm as well as country to country.
However, the identified KSFs in the Pakistani
context of the healthcare supply chain is limited
in the literature review.

Most of the literature studies have evaluated
different KSFs impeding supply chain and
logistics services in the healthcare sector in
developed countries; however, very few research
papers are found on the identification of KSFs in
developing countries' contexts. Moreover, very
little research in literature identifies the
contextual relationship among different supply
chain KSFs, but no study is found in the Pakistani
context. Application of ISM and MICMAC
analysis is common in very renowned fields such
as construction, manufacturing, management,
and marketing. However, its application in the
healthcare supply chain, especially in Pakistan is
limited. However, this research adds to the
literature  theoretically by applying the
combination of a new methodology of ISM and
MICMAC in the healthcare supply chain in the
Pakistani context. Considering the results, this
study reveals different managerial and practical
implications.

An ISM-based model guides how these
selected KSFs can be correlated, and the ISM
model also unveils their contextual relationship.
Lack of initial capital has been identified as the
most critical barrier and has deepened the root for
other selected KSFs in an ISM model.
Government agencies and financial institutions
can overcome financial constraints in the
healthcare supply chain. Furthermore, China
aims to invest 46 billion dollars in different
projects under the China Pakistan Economic
Corridor (CPEC) umbrella. The Pakistani supply
chain and logistics sector and the government
should highlight this sector's potential to attract
Chinese private and state-owned supply chain
and logistics companies to invest in this sector.
Lack of initial capital leads to a lack of top
management commitment and training &
experience that are identified as 2" level KSFs.
The untrained workforce issues can be resolved
by learning from China’s expertise because
China has one of the world's advanced supply
chain and logistics infrastructures and an
experienced workforce. This research will be
confidently helpful in resolving the most critical
KSFs of the healthcare supply chain efficiently
and effectively in the Pakistani context. The
results of this research might also be beneficial
for other developing countries such as India,
Bangladesh, and Iran. Furthermore, this study's
findings might also help simplify the adoption of
green supply chain management processes in the
Pakistani manufacturing industry to accomplish
sustainable development goals (SDG) related to
healthcare (Khan, Mathew, Dominic, & Umar,
2021).

CONCLUDING REMARKS

The healthcare products manufacturing
industry is one of the high-pressure industries to
manufacture and deliver those products that give
patients relief in their critical situations. The
Drug Regulatory Authority of Pakistan (DRAP)
ensures that the drug manufacturing companies
are producing their products under current
medical laws. The fear of fake medicines,
product quality concerns, security and
traceability, and authorized healthcare products
in this sector. Manufacturers are now requested
to deliver documented proof that the returned
product has been manufactured under quality
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standards; in the case of negligence, all delivered
products can be recalled from the markets, thus
demanding supply chain and logistics efficiency.
Considering the current situation, this research
aimed to identify KSFs to the healthcare supply
chain in the Pakistani context and formulate a
contextual  relationship-based model that
uncovers hidden interactions among selected
KSFs.

Twenty main KSFs were selected from the
literature and experts’ opinions on the healthcare
supply chain and logistics in the Pakistani
context. Sales and production planning,
relationships with customers and inventory
management are identified as top-level KSFs in
the ISM model driven by its next-level KSFs.
Transportation management and distribution
systems were situated at the 2" level of the ISM
model. The 39 level includes skilled
professionals in SCM, reverse logistics
infrastructure, green supply chain management,
quality and safety, compliance, teamwork,
organizational support, insufficient strategic
planning, resistance to change, and conflict
among employees. Information quality and
strategic  partnerships with suppliers were
identified as the 4™ level. New technology and
information systems were located at the 5" level.
The 6" level contains a top management
commitment and training and experience.

Lack of initial capital is identified as the
most critical KSFs to the healthcare supply chain
in Pakistan. It presents intense driving but weak
dependence power and is located at the base of
the ISM model. It is concluded that the lack of
initial capital is the primary failure of supply
chain and logistics firms in Pakistan's healthcare
sector. In fact, according to the current situation,
a shortage of financial resources exists in every
industry in Pakistan, so this study makes the
point valid. An ISM and MICMAC analysis
revealed the hierarchical structure of selected
KSFs in the Pakistani context to overcome or
reduce their intensity in the logistics and supply
chain. This study's findings can help concerned
authorities better understand critical KSFs on a
priority basis, and more severe KSFs can be dealt
with according to their severity. This research
has some limitations. In the current study, ISM
Model was formulated with twenty KSFs in the
healthcare supply chain, selected through

extensive literature and finalized with experts’
opinions according to the Pakistani context.
According to their country context, future
research may focus on other critical KSFs in the
supply chain. However, this study's results might
benefit developing countries with similar
economic conditions. The current study's
findings can be verified and analyzed using the
Structural ~ Equation ~ Modeling  (SEM)
methodology. Furthermore, the significance of
selected KSFs can also be evaluated by a
structural model in the healthcare supply chain.
The current study's findings can be further
examined in the near future by applying research
techniques such as the analytic hierarchy process
(AHP), analytic network process (ANP),
DEMATEL, and fuzzy methods.
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BARRIERS TO ELECTRONIC DATA EXCHANGE IN THE SUPPLY
CHAIN - RESULTS FROM EMPIRICAL STUDY
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ABSTRACT. Background: The purpose of this article is to present the results of a study on barriers to data exchange
in supply chains between logistics service providers (3PL and 4PL) and their customers in Poland. The study investigates
two research hypotheses regarding the relationships between the size of a company and the role of a logistics service
provider in the electronic data exchange between their business partners.

Methodology: Bayesian ordinal regression was used to assess the reliability of the research hypotheses. The study used
survey data from a population of 78 logistics service providers operating in Poland. Feedback was received from 51
respondents. Originality of the presented research results from the applied research method, Bayesian ordinal regression,
rarely used in economic sciences to assess the reliability of research hypotheses concerning the determination of
determinants of the studied phenomenon. The defined research hypotheses represent an important contribution to the
research on communication in supply chains.

Results: The results indicate that the level of the employment and the role of logistics service provider in a supply chain
do not determine the extent of problems in electronic communication between the logistics operator and customers.

Keywords: EDI, logistics provider, supply chain

INTRODUCTION

Today, the amount of data generated by
companies is increasing dramatically every year
[Krajk etal., 2022]. More and more processes are
being digitized, forcing the use of ever newer
techniques [Golinska-Dawson et al., 2023]. With
the increasing amount of data, companies face
the problem of ensuring easy access and security
of the data [Krajk et al., 2022].

The interchange of all data and information
with as little human involvement as possible is
the main assumption of the digital economy
[Godziewska-Nowicka and Janicki, 2019]. This
allows the time of information and data
interchange to be reduced and reducing its cost
[Combe, 2006]. The most important
characteristic of digital technologies is their
ability to react dynamically (fast) to sudden

changes in the market and customer preferences
[Szopa and Cyplik, 2020]. They also provide the
opportunity to keep interactive contact with the
main business partners [Wang et al., 2007].

Supply chain integration, which requires
organizational and informational cooperation
between business partners, aims at optimizing
logistics processes by, among other things,
eliminating paper circulation of documents, and
thus minimizing errors associated with it. The
role of the logistics provider is not only to
rationally organize the implementation of
logistics processes, but also to integrate the
information of the business partners it serves.
Logistics providers are generally classified into
five groups depending on their role in a supply
chain [Werner-Lewandowska and Kosacka-
Olejnik, 2020]. For the purpose of this research,
the characteristics of 2 of them were made: 3PL
and 4PL, as shown in Table 1. Table 1 also
indicates the range of services provided by
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logistics operators according to the NACE
classification. NACE is the ‘statistical
classification of economic activities in the
European Community’ and is the subject of
legislation in the European Union, which
imposes the use of the classification uniformly
within all Member States. It is a basic element of

the international integrated system of economic
classifications, which is based on classifications
of the UN Statistical Commission (UNSTAT),
Eurostat, as well as national classifications; all of
them are strongly related each to the others,
allowing the comparability of economic statistics
produced worldwide by different institutions.

Table 1.Characteristics of a 3PL and 4PL

. Basic services sections according to NACE
Role Characteristics P
Rev. 2 classification
- integrated storage and distribution Section H — Transportation And Storage
- integration and support of IT Section J — Information And
3PL infrastructure Communication
- data tracking Section K — Financial And Insurance
- Own assets Activities
. . Section H — Transportation And Storage
- supply chain design . .
- planning and optimizing supply chain Section J._ !nformatlon And
logistics processes Communication
) re?en ineperin of sunplv chain Section K — Financial And Insurance
roce%ses g PRly Activities
4PL - ipnte ration of services, systems Section L — Real Estate Activities
Integratic  8Y ' Section M — Professional Scientific And
information - .
- continuous innovation Technical Activities
. Section N — Administrative And Support
- technology as the basic resource - lack - L
of own assets (technical logistics Serv_lce ACt'V't'eS. I .
resources) Section O — Public Administration And
Defence; Compulsory Social Security
Source: Own study based on [Chrachol-Barczy et. al., 2017; Werner-Lewandowska and Kosacka-Olejnik, 2020, NACE Rev.
2, 2008].
Trojanowska, Varela and Machado, 2017].
Effective supply chain  management Information  technology capabilities and

requires information integration, which means
that each piece of information should be entered
into the enterprise information system only once
[Kolinski and Werner-Lewandowska, 2021].
Such a solution ensures that data acquisition
costs are minimized, that the collected and
exchanged data are more consistent, and that the
risk of errors is reduced. Furthermore, there
should be no delays in data transfer within the
supply chain, so the information entered in the
system should be made available in real time to
all users for whom it is relevant [Speier,
Mollenkopf and Stank, 2008; Sassi, Arrivabene,
and Romero, 2011; Kawa and Zdrenka, 2016].

Integration of information is achieved
through ~ communication  channels  and
technologies that support the flow of information
between business partners in the supply chain
[Leuschner, Rogers, and Charvet, 2013].
Integration of chain participants is based on the
application of modern information technology
and broad partnerships [Hadas et al., 2015;

information sharing have a significant impact on
logistics integration [Prajogo and Olhager, 2012;
Horzela et al., 2018]. Information integration
reduces the time required to generate data and
information necessary for operational-level
decision-making in logistics processes [Kolinski
and Werner-Lewandowska, 2021; Golinska and
Hajdul, 2011]. Acquisition of real-time data
increases the readiness of companies for possible
changes in the implementation plan of logistics
processes.

The global supply chain relies on reliable
communication, identification of transported
cargo, and coordination of logistics processes.
This is due to the need to maintain and coordinate
the supply chain [Kawa, 2012]. Moreover,
through electronic data interchange, paper
documents and their associated costs are reduced
in favor of EDI (Electronic Data Interchange)
messages and information flow times between
business partners are minimized. Furthermore,
EDI should be considered as a solution to
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integrate information systems in the supply chain
[Debicki and Kolinski, 2018]. Electronic data
interchange is a response to the requirements of
modern supply chains, which due to their
complexity require a fast and reliable system of
information exchange. EDI is treated as a
technological solution as well as a solution with
economic impacts [McLaren, Head and Yuan
2002; Nurmilaakso and Kotinurmi 2004;
Moberg et al. 2002]. Research on the
implementation of EDI has been conducted for
many years [Collins, 1993; Riggins and
Mukhopadhyay, 1999; Lee and Lim, 2005] and
shows a diverse range of sectors and industries
where EDI can be implemented [Klein, 1995;
Laage-Hellman and Gadde, 1996; Angeles et al.
2001; Kim and Lee 2008; Bernardes &Miyake
2016; Bahija, Malika, and Mostapha 2016;
Okano et al., 2017]. Evidence can also be found
of the effectiveness of EDI implementation in
business practice [Lee and Han, 2000; Lee, Lee
and Kang, 2005; Zhou et al., 2018].

Companies began experimenting with EDI
in 1970 and the first standards were developed
and issued for the transport industry in 1975.

EDI provides a standard format that allows
different business systems to communicate with
each other. Business partners send and receive
documents containing transactions such as
invoices, purchase orders, waybills, etc. directly
to their internal system or through an EDI
network service provider. The process of sending
a document requires three steps, Fig.1.

When identifying the data to be included in
an EDI document, a company can use software
programs to extract data from various systems
when creating the document or having an
employee manually enter the data. Using an
extraction program makes the process more
efficient but requires time to map the data
sources of the existing system to the EDI
application. Once created, the EDI document is
transmitted directly to the trading partner's
internal system or EDI network service provider.

Step 1

—

Step 2

—)

Step 3

Identification of the data to

be included in the document

Creating EDI documents

Transmission of the EDI

document

Fig. 1. The process of sending an EDI document, Source: own study.

The receiving of EDI documents mirrors
the sending process. First, the trading partner
receives the EDI document directly into its
internal system or through an EDI network
service provider. The EDI data is converted to be
compatible with the internal system and then
entered into that system. The information system
sends the receipt confirmation to the sending
partner.

Recently, EDI integration has moved to a
cloud environment, called an integration
platform. The cloud version of EDI allows
companies to integrate through any type of
protocol, format, and system, whether the
company has IT systems that are maintained
internally, managed by a third party, or are cloud-
based. Cloud-based EDI solutions provide
seamless updates without disruption to business
operations.

Some general benefits of using EDI include
the following:

e reduction of costs for personnel,
consumables, and office/storage space,

e improved data quality by reducing data
entry errors,

o reduced business cycle time from order to
payment,

e improved business efficiency, by allowing
staff to focus on critical issues rather than
correcting errors,

e increased data security, through the use of
passwords and program encryption,

e reduced disruption during the audit
process,

e improved decision making as a result of
having access to real-time information,

e increased corporate social responsibility
and sustainability, due to reduced paper
consumption.
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EDI also has some disadvantages. Because
trading partners must establish a connection
between their information system and the EDI
application, with new trading partners in the
initial phase, these processes may take longer.
Additionally, companies may have to redirect
some IT resources in the initial implementation
phase to data mapping and then to maintaining
the EDI application. The process of
implementing EDI into business reality can be:

e time-consuming and difficult,
e some trading partners may require
additional information that needs to be

modified,

o costly cause poorer \visibility of
information, using  third-party EDI
software, so companies may have

difficulty tracking any errors that occur
during data transmission.

In addition to technical problems, there are
also problems resulting from the low number of
EDI implementations at individual links in
supply chains. The research aims to show the
barriers related to EDI implementations in the
opinion of 3PL and 4PL logistics providers.

RESEARCH METHODOLOGY
Scope of the study and conceptual model

The purpose of this research is to
investigate the relationships between the size of
a company and the role of logistics service
providers in the electronic data exchange
between 3PLs and 4PLs and their business
partners. The conceptual model of the study is
shown in Fig. 2.

— Suppliers
Electronic communication
. . -———Who? Manufacturers
in the supply chain
— Customers
How?
Data exchange tools Logistics operators
€D Communication E-mail The role of the logistics operator Employment level
platforms
A A 1PL | 2PL 3PL 4pL small medium large
H1
H2

Fig. 2. Conceptual model
Source: own study

The research hypotheses have been stated
as follows:

H1: Employment level determines the
extent of problems in electronic communication
between logistics service provider and customer.

H2: The role of logistics service provider
determines the extent of problems in electronic
communication between logistics provider and
customer.

The hypotheses are justified by our
previous work [Werner-Lewandowska and
Golinska-Dawson 2021], in which it was
identified that the size of the company (measured
by the level of employment) influences the
application of modern solutions in a supply
chain. Second, we based on the previous studies
on the role of logistics service providers in a
supply chain with regard of the offered scope of
services offered [Tang et al. 2019; Cichosz,
2018].
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Data to verify research hypotheses Golinska-Dawson, 2021]. According to CSO
data, in 2018 transport and warehousing service
Verification of the set research hypotheses providers represented 12% of enterprises in
was carried out for the population of N=51 Polish Poland [Werner-Lewandowska and Golinska-
companies providing transport and storage Dawson, 2021]. In addition, logistics service
services. Companies were selected according to providers generate the largest impact on GDP
the volume handled annually in Poland, based on among Polish service companies [Werner-
the TOP list of logistics providers [GS1, 2018]. Lewandowska and Golinska-Dawson, 2021].
The selection of the research sample can be
considered representative and it allows one to The characteristics of the sample of 51
draw conclusions on an EU scale. Poland is an logistics service providers are shown in Tables 2
interesting market for studies in the logistics and Table 3. We take into account the size of
sector. According to Eurostat data, the Polish company which is measured according to the EU
logistics sector has a very high share in tonnes- classification by number of employees and is
kilometers of freight transport in the European called in this study “employment level” (Table
Union [16.4% of the total of the EU] [EuroStat, 2).
2019]. Poland has an advantage in cabotage
activities. In 2018, Polish haulers were the main In Table 3 the structure of the research
third country carriers in inter-country freight sample is presented with regard of the logistics
transport in the EU [Werner-Lewandowska and provider role.
Table 2. Basic information about the researched companies — employment level
Characteristics Responses [%0]
fewer than 10 employees 3,92%
from 10 to 49 employees 17,65%
from 50 to 250 employees 21,57%
more than 250 employees 56,86%

Source: Own study
Table 3. Basic information about the researched companies — role

Characteristics Responses [%6]
3PL 64,71%
4PL 35,29%

The research was conducted in 2018 among The respondents were asked to: What are
the leading logistics providers doing business in the most common problems in electronic
Poland. More than 77% of them are medium- or communication between your company and
large-sized companies. More than 60% offer customers?
third-party logistics [3PL] services. According to
the theory of estimation in operational research, e The respondents were able to indicate the
the minimum research sample that guarantees the fo||owing responses (mu|tip|e Choice);

representativeness of the results is n=30. The
confidence level should not be less than 85% and
the maximum error greater than 18%
[Balakrishnan and Basu, 1996]. The analysis
carried out by the authors allows us to conclude
that, assuming a maximum error of 15% and a
confidence level of 95%, the research sample of
43  companies should be  considered
representative [Domanski and Kolinski, 2020].

Insufficient knowledge about EDI,
Inadequate IT systems of customers,
Customers do not want to implement EDI,
Lack of a single standard solution,

Long time and high costs of EDI
implementation.

The percentage structure of the respondents'’
responses is shown in Fig.3.

The statistical sample of 51 logistics
providers is representative and allows to draw the
obtained conclusions.
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Fig.3. Structure of respondents' answers.
Source: own study

Analyzing the responses of the respondents
(Figure 3), it can be concluded that the lack of
sufficient knowledge about EDI is the most
common problem in communication between
logistics providers and their customers. This

large
medium
small

micro

0% 10% 20%  30%  40%

50%

m3PL

= lack of sufficien knowledge about EDI

= minmatched IT systems of customers

= customers do not want to implement EDI and it is difficult to
cinvince them to do so

lack of a single standard solution

long time and high costs of EDI emplementation

problem is also the most common barrier to
implementing EDI with business partners. An in-
depth analysis of respondents' indications has
shown that this problem concerns all micro
companies that are 4PLs, whereas in the case of
larger companies, this problem was more often
indicated by 3PLs (as shown in Fig. 4).

60% 70%  80%  90%  100%

4PL

Fig. 4. Respondents' indications of insufficient knowledge about EDI as a communication problem.

Source: own study

Initial conclusions from the respondents'
responses were further statistically analyzed to
verify the research hypotheses. Data were
analyzed using the statistical package R 4.0.2.
For each dependent variable, a Bayesian
regression with company size and logistics
provider role was run as predictors to determine
whether reliable differences between groups
were present in the survey data. The size was

coded 0.5 for large firms and -0.5 for other firms,
while the role of 3PL was coded 0.5 and 4PL was
coded -0.5. The regression weights of each
predictor represent the estimated difference
between the groups. Binary dependent variables
(yes-no questions) were analyzed using
regression.
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In Bayesian statistics, inference is based on
a posteriori distributions of the parameter (e.g.,
regression weights). Results are usually
summarized by the mean and the 95% credible
interval (95% CI). If the 95% CI excludes zero,
the parameter value can be considered
statistically reliable. The models were built using
the brms package [Biirkner, 2017]. The prior
logit scale regression weights were assumed to
be normal (0, 1), ensuring uniform coverage of
the probabilities. Four parallel chains with 2000
iterations (including 1000 for warm-up) were
used for a posteriori approximation, and every
second iteration was logged to reduce
autocorrelation in the chains. The sampling
procedure was efficient, as judged by analysis of

the results, autocorrelation graphs, and the
parameter R < 1.01.

VERIFICATION OF HYPOTHESES

Table 4 shows the results of Bayesian
logistic regressions conducted with responses
from respondents as the dependent variables, and
Figure 2 shows the proportion of "YES"
responses to the questions asked, depending on
the size and role of the provider, where Me, SE
and LI and Ul are the median, standard deviation,
and lower and upper bounds of the 95% credible
interval of the a posteriori distribution of the
regression weights.

Table 4. Hypotheses testing

Hypotheses p qictor Me SE LI ul
lack of sufficient knowledge about EDI
H1 Company size - Employment level -0.73 0.54 -1.76 0.32
H2 The role of the logistics provider -0.21 0.54 -1.25 0.77
mismatched customer IT systems

H1 Company size - Employment level -0.83 0.53 -1.82 0.24

H2 The role of the logistics provider 0.47 0.52 -0.54 1.47
customers do not want to implement EDI and it is

hard to convince them to do so
H1 Company size - Employment level -0.78 0.53 -1.82 0.27
H2 The role of the logistics provider -0.06 0.55 -1.12 1.05
no one standard solution

H1 Company size - Employment level 0.06 0.51 -0.94 1.02

H2 The role of the logistics provider 0.32 0.53 -0.7 1.39
long time and high costs of EDI implementation

H1 Company size - Employment level 0.47 0.56 -0.62 1.62

H2 The role of the logistics provider 0.41 057 -0.7 1.59

Source: own study

The distributions of the affirmative answers
indicating the determinants of problems in
electronic communication between logistics

operators and customers (black dots and red
figures) as a function of company size and
operator role are presented in Figure 5.
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large  micro, small, medium 3PL 4PL

Company size

The role of the logistics provider

customers do not want to implement EDI and it is hard to

convince them to do so
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525 50
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424 289
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Company size
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large micro, small, medium 3PL 4PL

Company size The role of the logistics provider

no one standard solution

1009
754

501

% Yes
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389

large micro,sméll, medium 3L T apL

Company size The role of the logistics provider

long time and high costs of EDI implementation

o
L 273

% Yes

1004

754

504

254

04

384 15

large

Company size

Fig.5 Percentage of respondents' affirmative answers
Source: Own study

DISCUSSION

According to the data presented in Table 4,
in all analyzed cases the reliability intervals
contain zero (LI and Ul have opposite signs),
which means that no statistically reliable
relationship was observed between the
predictors, employment level and role of the
logistics provider and the dependent variable, the
most common  problem in electronic
communication between the logistics provider
and customers. On this basis, it should be
concluded that the verified research hypotheses
are not supported by the research data. Therefore,
they may be rejected in favor of hypotheses 0
such as:

H1: The problems in the IT communication
between the logistics service provider and the
customer do not depend on the size of the

micro, small, medium

3PL 4PL

The role of the logistics provider

company (measured by the variable level of
employment);

H2: The role of the logistics provider does
not influence the extent of problems in the
electronic communication between the logistics
service provider and its customers.

Based on this, the conclusion is that the size
of the logistics provider (measured by the
number of employees, called the “employment
level here) and its role in the supply chain do not
affect the extent of electronic communication
problems within the supply chain.

Analyzing the values of individual statistics
such as median, standard deviation, and lower
and upper bounds of 95% credible interval of a
posteriori distribution of regression weights, it
can be concluded that, in the opinion of logistics
service providers, regardless of their size and role
in the supply chain:
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lack of sufficient knowledge about EDI,
mismatched customers’ IT systems, and
customers' reluctance to implement EDI are not
problems in electronic communication between a
company and customers,

lack of a single standard solution and the
long time and high cost of EDI implementation
are problems in electronic communication
between a company and its customers.

CONCLUSION

The research allowed us to obtain primary
data on the problems in electronic
communication between logistics  service
providers and customers. Statistical analysis
allows identification of the main barriers
associated with EDI implementations at logistics
partners. These barriers include the lack of a
single standard solution and the long time and
high cost of implementation.

The obtained research results have practical
implications for 3PLs and 4PLs. They indicate
barriers to the implementation of EDI at their
business partners, which translates into
cooperation in the supply chain. The results of
the research can also help providers of EDI
solutions, as they indicate what causes the lack of
widespread implementation of this solution in
companies. Therefore, they should strive to
reduce implementation time and costs.

Further research will focus on empirically
identifying the enablers for cooperation in a
supply chain with EDI solutions.

Knowledge of barriers to the use of
electronic data exchange in the supply chain is
essential in order to assess and analyze the
current level of digitalization. The so-called
Digitalization Index [Szopa and Cyplik, 2020] is
used to measure the overall effectiveness of the
work in digitizing processes and transforming
business models through the use of innovative
digital technologies. This index consists of 21
subindices, among which is an indicator
expressed as Annual sales volume realized
through computer networks (websites, EDI and
other methods of electronic data exchange,
excluding email) [Szopa, and Cypli, 2020].

Modern technological solutions (such as the
use of cloud technologies, EDI, or flow tracking
standards) increase the positive effects of
logistics coordination [Kmiecik, 2023]. This is
because the use of EDI enables the centralization
of demand and logistics coordination by the 3PL
operator in the distribution network and can
provide the manufacturer with better information
about sales, plans, deliveries, and inventories.
The 3PL will be able to support the
manufacturer's demand plans. It will also be able
to modify create contingencies using knowledge
of flows in the distribution network [Kmiecik,
2023].

The barriers to electronic data exchange
between business partners in the supply chain are
worth noting in the context of the benefits of
EDI. Existing EDI technologies combined with
Blockchain and Big Data analytics solutions can
offer a flexible and updated solution to transfer
data across different platforms [Blakely et al.,
2021]. Analytical techniques can process and
build models for both structured and
unstructured data. The execution of these
techniques is often automated and can run
continuously, accepting large portions of data for
analysis. EDI transactional data can be
transformed based on the application in question
and the area of transactional data that the EDI
service wishes to explore. On the basis of the
parameters available in the data, a combination
of models can be built for analysis. In addition,
convolutional machine learning techniques and
deep learning algorithms can be used to build Al
models to perform complex tasks to obtain the
required output of big data applications from EDI
transactional data [Blakely et al., 2021].
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ABSTRACT. Background: Reverse logistics studies have received increasing attention in academic, organisational, and
management research. Researchers have contributed to this field by borrowing theories from sustainable business research.
However, there is a lack of literature reviewing the development and contribution of reverse logistics studies in
organisational and management theories. By identifying the most frequently used management theories, this paper fills the
gap and describes the theoretical contribution of reverse logistics papers to organisational and management theories.
Methods: Using the vote-counting technique, this article reviews 122 papers published between 2005 and 2021 to assess
how organisational and management theories developed in the studies of reverse logistics.

Results: The analysis indicates that, while some, such as triple bottom line and critical success factors, have been frequently
employed, the relation between reverse logistics and sustainability and other organisational theories remain undeveloped.
It also discovered that the research topics only focused on product and material recycling, but few on product return and
exchange logistics.

Conclusions: First, there is a huge gap in organisational and management theories and reverse logistics studies. It is
suggested that scholars involved in reverse logistics studies can explore more connections between reverse logistics
strategies and management theories in future research. Second, more theories should be used in addition to triple bottom
line and critical success factors in reverse logistics research. Furthermore, although some incorporated other factors into
the management theories and developed a framework after examining their interrelationship, little contribution has been
made to the theories themselves. Additionally, more discussion of reverse logistics in the field can focus on product return
and exchange logistics.

Keywords: reverse logistics, organisational and management theories, systematic literature review, sustainability, theories

development

INTRODUCTION

The surge of electronic and electrical
products and environmental concerns fuels the
studies on Reverse Logistics (RL). In recent
years, academia and business have highlighted
the importance of RL for SCM because of
environmental and social responsibilities and the
economic benefits of used products. Therefore,
RL is often connected to sustainability,
remanufacturing, or strategy.

Although previous reviews discussed
environmental issues and circular economy
[Islam et al., 2021] or Green Supply Chain
Management (GSCM) and management theories

[Liu et al., 2018], there is still a lack of research
on the use of organisational and management
theories in RL studies. Therefore, this article
aims to address the gap by identifying the main
management theories adopted in RL and
sustainability studies and analysing the
contribution of these studies to theories by
meeting the following objectives: (1) provide a
review and synthesise the literature focused on
RL; (2) summarise previous research over the
past years and identify the limitations of these
studies in terms of theories and methodologies;
and (3) propose solutions to the research
limitations and suggestions for future research.
These goals are crucial for improving RL
research.
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This paper is organised as follows. The next
section presents the scope and research methods.
Section three demonstrates the results, including
all  management theories employed and
highlighting the nine frequently used. Section 4
summarises the descriptive evaluations of the
reviewed studies. The final section discusses the
results and future research directions.

SCOPE AND RESEARCH METHOD
OF THE LITERATURE REVIEW

This  paper systematically  reviews
management and  organisational  articles
concerning RL and sustainability published
between 2005 and 2021. All papers were selected
in the Web of Science. Three criteria applied for
the selection are as follows: (1) the articles must
relate to the keywords, RL, and sustainability,
based on organisational and management
theories. Keywords plus were not considered; (2)
the research considers academic journal articles,
including peer reviewed articles and early online
publications to ensure objectivity; (3) the review
only includes articles in English (see Figure 1).

The study first focuses on the articles
discussing ‘RL’ and ‘sustainability’ associated
with the term ‘theory’ in titles, abstracts and
author keywords. This phase led to 41 papers
referring to 21 theories, reflecting that some
theories were used in more than one article.
Subsequent searches concentrate on the specific
theories identified in the initial research by
combining ‘RL’ and ‘sustainable’ with the
specific name of a theory (eg TBL and CSF) in
the search algorithm. This round of search
returned 81 papers and 29 additional theories.
These theories were then included in further
theory-specific searches. Finally, there were 132
papers adopting 50 theories.

The next step is to select the theories of
related papers that could be classified as
organisational and management theories. Since
the classification of management theories
remains undefined. The author adopted the
classifications provided by Daddi et al. [2018],
which identified 72 organisational and
management theories. Theories identified by the
former bibliographic research, but not included
in the classifications mentioned above, were
excluded from the analysis, as they were not

pertinent to management theories. As a result, 29
of 50 theories were eligible for analysis (see
Table 1). Therefore, the number of articles
dropped from 132 to 122 articles associated with
the 29 selected organisational and management
theories. This paper only considers the nine
organisational and management theories that are
most frequently used in reverse logistics studies
(see Table 2). However, according to the
reference numbers, the manuscript selected only
the most representative articles (61 papers in
total) under the nine theories most applied nine
theories (see Table 3).

RESULTS

The selected theories highlight a prevailing
understanding of RL as a strategy in management
and organisational studies at the microlevel
rather than a societal, ethical, or macrolevel.

The  descriptive  summary of 61
contributions is listed in Table 4. This review
analyses the literature in three dimensions: (1)
annual contributions; (2) theoretical distribution;
(3) and research characteristics: country/region,
research methods, classification of studies,
variables applied to RL, research field and
industrial sector, and case study and sampling
situation.

Annual Contributions

The studies on RL and sustainability
increased slightly from 2005 to 2013, but were
still quite inadequate, with only nine papers in
total (see Figure 2). In this period, research was
mainly on the RL system, Reverse Supply Chain
(RSC), sustainability, Closed-Loop Supply
Chain (CLSC), Green Supply Chain (GSC) and
innovation  issues. Few explored RL
management issues [e.g., Presley et al., 2007;
Hsu et al 2013]. With the surge of e-businesses
and environmental awareness in logistics, the
studies witnessed a noticeable increase from
2013 to 2018, reaching 38 papers, 18 papers of
which published in 2018. The diversity and depth
of discussion showed in the selection of the
themes, ranging from  remanufacturing,
recycling, and CLSC to the RL implementation
and operation process. Most of the research
discussed the issue in emerging market such as
India, Malaysia, and China throughout the
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period. This was attributed to the
development of e-commerce.

rapid

Theoretical Distribution

The initial paper that applied management
theories to RL was in 2005, employing
Institutional Theory (IIT) to develop a RL
monitoring system to control the reverse flow of
materials through marketing channels [Richey et
al., 2005]. However, TBL is the most applied
theory, with 18 papers, followed by Resource-
based Theory (RBT) and Critical Success
Factors Theory (CSF), with 11 and 8 articles,
respectively. The top three theories were used
annually between 2014 and 2021 and accounted
for 64.1% of all RL research. In particular,
studies that used RBT contributed eight articles
over the last three years, accounting for 13.1% of
the gross amount. This demonstrated that RBT
might become the new cutting-edge
organisational and management theory in RL
research.

Research Characteristics
Targeting Country/Region Analysis

The analysis finds that RL studies receive
more interest in developing countries and were
centralised in specific countries or regions.
Among the 61 reviewed articles, 23 focused on
Indian RL issues, followed by Europe (7), China
(3), Chinese Taiwan (5), Malaysia (3),
Bangladesh (2) and South Africa (2). RL enjoys
a high prevalence in India, and scholars wrote
articles evenly and annually from 2015-2021,
and the trend in Europe was from 2015-2018. In
comparison, RL research publications in Taiwan
started from 2014 to 2016 and Malaysia from
2013 to 2019. The contributions of Brazil, China,
South Africa, and Bangladesh RL contributions
began between 2019 and 2020. Therefore, it
could be summarised that RL issues have drawn
more academic attention in most BRICS
countries.

Research Methods

The review found that case study, theory
analysis, questionnaire, literature review, and
interview were the primary research methods.
Most of the papers (26) employed case studies,

accounted for 42.6%, and specifically, nine
applied TBL, five in CSF; DCT, IIT and FST
contributed three papers, respectively. The
following was the theory analysis of 16 papers in
total, TBL contributed seven papers, both GE
and CSF counted three papers. Then was the
guestionnaire (ten articles), six of which were
conducted by RBT; the interview contributed
seven articles. Most case studies examined
theories with practice but were limited to
automobiles and electrical and electronic
equipment. This indicates that the study of RL
issues still needs more practical experience and
industrial cases in other sectors to apply the
organisational and management theories.
Moreover, with the development of global
business and manufacturing industries, such as
automobiles, electrical and electronic products,
pharmaceuticals, and e-business, and the need
for sustainable development, the practice and
research of RL have become more critical than
ever. The cooperation between academia and
industries has become a proper and efficient
approach to simultaneously promoting the
research and sustainable development of these
industries.

Most of the papers combine modelling
analysis with case studies (26) or theoretical
analysis (16). It has also been found that there
were hardly commonly applied research methods
in each theory. The explanation for this can be
that the RL study is still in the initial stage and
scholars need to explore various solutions using
different approaches. Specifically, under TBL,
CFS and DCT, there are in total eight articles
used in Decision-Making Trial and Evaluation
Laboratory (DEMATEL) [e.g., Mathivathanan et
al., 2018]. Nine were built on GT and HlIT [e.g.,
Dubey et al., 2017]. Another six contributions
adopted Fuzzy related methods, four of which
were based on FST [e.g., Cui et al., 2021]. In
addition, four papers focused on Partial Least
Square (PLS), focusing on TBL, RBT, DCT, and
ST [e.g., Kumar and Rahman, 2016]. Four
research applied Multiple-Criteria Decision-
Making (MCDM), among which two were based
on CSF [e.g., Kannan, 2018; Gardas et al., 2018].

Classification of the Studies

The selected theories included common
theoretical approaches to the corporative
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relationship between individuals, organisations
and stakeholders, and industry/system-level
studies (see Table 5), such as TBL [Kumar and
Rahman, 2016]; CSF [Luthra et al., 2018],
Stakeholder Theory (ST) [Brockhaus et al.,
2016], GT [Yan et al., 2018], and the Planned
Behaviour Theory (PBT) [Brockhaus et al.,
2016]. Other influential approaches to decision-
making and behaviour studies, corporate
governance, and strategic management were
included, such as the RBT [Bag and Gupta,
2020]. Second, mathematical approaches to
industry/systems include Fuzzy Set Theory
(FST) [Cui et al., 2021] and IIT [Li et al., 2019].
Such research provides decision-making and
behavioural, environmental, strategic
management, and corporate  governance
suggestions on crucial organisational, industrial,
and business issues, such as prioritising the
3PRLPs [Pourjavad and Mayorga, 2018], CLSC
network [Darbari et al., 2019], the unexpected
situations under embedded environmental
consciousness [Nishant et al., 2016], the
implementation of GSCM strategies [Liu et al.,
20201, and RL monitoring system for controlling
reverse flows of materials through marketing
channels [Richey et al, 2005]. Finally,
psychological theory and its extension in RL
drivers and marketing theory (IIT) in strategic
resources [Hsu et al., 2013].

Table 5 concludes the theories selected
according to the field of study and the unit of
analysis adopted in these articles. The number
within brackets indicates the articles within the
specific field of study, focusing on the specific
unit of analysis. The table shows that scholars
adopt some theories with a specific unit of
analysis and in a specific field of study. In
contrast, TBL, RBT, CSF, DCT, lIT, ST, and
PBT demonstrate the capacity to be adapted to
different fields and units.

Variables Applied to RL

Most of the articles that used TBL applied
economic, environmental and social factors as
the research variables. Among these, Govindan
et al., [2015] and Lu et al., [2016] only adopted
environmental factors, Bradley et al., [2018] and
Wagas et al.,, [2021] used economic and
environmental factors, while Schenkel et al.,
[2015] applied environmental and social factors.

These indicate that environmental issues are the
focus of RL research with TBL.

There are 11 papers employed RBT all the
papers are empirical studies, using strategies as
the shared variables. Huang and Yang [2014],
Morgan et al., [2018], Paras et al., [2019],
Shaharudin et al., [2019], Bag and Gupta [2020],
and Nag et al., [2021] also added resources as
other factors.

Research Field and Industrial Sector

Most of the reviewed research consisted of
multiple fields or topics, and some papers
focused on more than one aspect [e.g., Ashby,
2018; Wagas et al., 2021]. Among these, 23
articles studied manufacturing topics [e.g.,
Huang and Yang,2014; Agrawal et al., 20163;
Yan et al, 2018]. 20 articles discussed
management issues [e.g., Shaharudin et al., 2015;
Mangla et al., 2018; Liu et al., 2020], both
sustainable related issues and topics of the
automobile industry contributed 19 papers [e.g.,
Kumar and Rahman, 2016; Biswas et al., 2018].
16 articles focused on GSC [e.g., Hsu et al.,
2013; Jayaram Avittathur, 2015], and 13 papers
conducted CLSC research [e.g., Schenkel et al.,
2015; Darbari et al., 2019]. Meanwhile,
electronic-related topics contributed 11 papers,
while both environmental and circular supply
chain topics recorded six papers [e.g., Bag et al.,
2020; Cui et al., 2021].

Case Study and Sampling Situation

According to Table 4, 26 articles were case
studies, 12 of which explained the firm size. Nine
cases were conducted at large companies, two
discussed small, medium, and large companies,
while only one considered medium companies.

Among the 26 case studies, all the papers
collected primary data. For studies that used
primary data by questionnaire, the sample size
(excluding the interview) ranged from 12 to 2000
with an average of 644, the average response
number was 203, and the average response rate
was 38.9%.
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REVERSE LOGISTICS STUDIES
WITH ORGANISATIONAL AND
MANAGEMENT APPROACHES: THE
TOP THREE USED THEORIES

1. THE TRIPLE
THEORY (TBL)

BOTTOM  LINE

The TBL consists of three parts: social,
environmental, or ecological, and financial and
evaluates performance from a broader
perspective to create more business value [Slaper
and Hall, 2011]. It has been applied in several
studies to explore the approach to sustainable
development and the measurement of social and
ecological categories in addition to the financial
performance of enterprises.

TBL has been frequently applied to the
studies of RL in the electronic industry. Agrawal
etal. [2016a; 2016b], Kumar and Rahman [2016]
and Flygansvaer et al., [2018] researched the RL
of the electronic industry based on TBL. The
studies found that outsourcing decisions shape
the performance of the reverse supply chain
(RSC), and product returns are positively related
to RL operational performance and critical to an
organisation’s sustainability. Managers who
seek to enhance TBL performance should foster
an ecologically orientated culture.

Other scholars utilise TBL to study the RL
operation model. Bradley et al. [2018]
demonstrated the demand for a total life cycle
cost model that serves as the primary engineering
economic model based on TBL and found that
sustainability is a three-legged stool with the
economic leg as the centre. Meanwhile, Darbari
etal. [2019] and Motaet al., [2018] proposed that
sustainable RSC can be achieved by TBL.
Developing a Sustainable Reverse Logistics
(SRL) model to adopt RL practices in existing
supply chains has emerged as an essential
incentive for manufacturers to gain financial and
competitive advantage. Devika et al. [2014]
researched the multi-objective, multi-echelon
RL network design. The findings indicated that
network centres that require lower opening costs
create more opening and operating job
opportunities.

Generally, TBL is the most applied theory
in RL research. It is frequently discussed and

associated with the electronic industry,
developing the operation model, partner
selection, and CLSC network configuration. It
has also been found that, among the three
variables, researchers are more concerned about
environmental issues.

2. RESOURCE-BASED THEORY (RBT)

RBT, also called Natural RBT (NRBT), is
a managerial approach that determines the
strategic resources that a firm can exploit to
achieve a sustainable competitive advantage.
Such an advantage is based on the idiosyncratic
and heterogeneous bundles of resources, assets
tangible and intangible, and processes that a firm
can control [Barney et al., 2001].

RBT has been used to study RL in the
clothing industry. Ashby [2018] investigated a
CLSC through an in-depth case study of a UK-
based clothing firm and showed that strategic
resources, shared vision, and principles are
essential between the focal firm and its Reverse
Value Chain (RVC). Paras et al., [2019] further
evaluated the RVC in the industry and indicated
that low operating cost, skilled human resources,
business knowledge and location are internal
success factors.

Some scholars applied RBT to study the
impact of human resources or drivers on RL. Bag
and Gupta [2020] found that green human capital
positively influences RL adoption and
remanufacturing  operations,  while  top
management commitment and sustainability
culture moderate on path availability, green
human capital, and RL. Nag et al. [2021] utilised
RBT to identify and evaluate drivers and sub-
drivers. They proposed that the firm focus on
circular value marketing, circular services,
circular product design, and reverse flow.

RBT also focuses on the study of SRL.
Morgan [2018] examined a structure-conduct-
perform linking resource commitment to future
sustainable SCM, RL and operation, and they
believe that resource commitments could be
employed to develop a SRL capability and
reduce the relating environmental impact.
Nishant et al. [2016] integrated NRBT and
materiality and revealed that Indian firms were
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concerned with RL, product recycling and
improving supplier environmental performance.

In general, RBT has been used to RL in
issues including the manufacturing industry,
clothing, SRL, and the impact of human
resources or drivers on RL, which is a major
application of RBT to the study of RL. For all the
variables of RBT, the researchers mainly focused
on the strategies.

3. CRITICAL SUCCESS FACTORS (CSF)

CSF or critical success activity is required
to ensure the success of a company or an
organisation’s success. The theory was initially
employed in the areas of data analysis and
business analysis and analysed the central
success factors in a company [Rockart, 1979].

CSF has been frequently applied to the RL
industry and activities and has been considered
as a systematic approach to improve
environmental impacts and ensure sustainability
in business. Sachin et al., [2015] discovered that
industries were enthusiastic about adopting RL
activities, although facing several difficulties,
such as insufficient knowledge and resources
regarding RL implementation. Therefore, they
suggested that companies concentrate on the
effectiveness and efficiency of RL adaptation.

Other scholars adopt the theory to analyse
RL in terms of sustainability or the environment.
Based on the Indian automobile industry, Luthra
et al. [2017] provided a scientific model that
offers comprehensive information on supplier
selection for sustainability via using an
integrated AHP-VIKOR approach. The study
concluded that the environmental dimension
achieves the maximum priority weight and that
environmental costs received the highest rank.
Gardas et al. [2018] and Kannan [2018] also
discussed the same issues in the automobile
industry. Silva and Fontana [2020] proposed a
CSF survey procedure in reverse flow inventory
management. Their findings provided a
methodology to survey some CSF situations,
which made the cyclic analysis and a
comprehension of multiple perspectives critical
in group decision-making environments.

The CSF is used mainly in the management
or decisions of the RL, primarily focusing on the
automobile industry. The findings revealed that
technology involvement and green practice
factors are the most important among CSFs,
implying that sustainable management requires
the most responsiveness. The researchers put
management as the most critical variable.

REVERSE LOGISTICS STUDIES
WITH ORGANISATIONAL AND
MANAGEMENT APPROACHES: THE
LESS FREQUENTLY USED
THEORIES

4. INSTITUTIONAL THEORY (IIT)

T answers the central question of why all
organisations in a field tend to look and act the
same. IIT and its evolution as the new
institutionalism theory have been widely debated
in environmental management studies.

The theory has been frequently investigated
for the drivers or motivations for firms or
individuals to participate in the RL or GSC. Hsu
etal. [2013] also developed four constructs under
ITT that motivate firms to adopt and implement
GSC. Similarly, Li et al. [2019] examined how
the interaction of external and internal pressures
influenced the top management championship of
green practices in China. The results concluded
that the top management championship
significantly impacted the adoption of green
practices.

Other scholars emphasise developing a
framework or system to address the current
issues on product return and exchange logistics.
Shaharudin et al. [2015] uncovered that
Malaysia’s five electrical companies had adopted
a single return management programme to
handle different product returns based on IIT to
achieve sustainability. Richey et al. [2005]
developed an RL monitoring system to control
the reverse flows through marketing channels in
emerging economies. Their research also
developed and scaled a partner control model for
managers and academics.

IIT is used most to explore the drivers or
motivations for firms or individuals to participate
in the RL or GSC. The theory also discussed or
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developed the RL system or other current issues
relating to RL. The most concerning variable of
IIT applied to RL is organisational behaviour.

5. STAKEHOLDER THEORY (ST)

ST is one of the most popular management
theories and has also been widely debated. The
theory concentrates on dealing with the role of
stakeholders in company strategies. Based on the
theory, stakeholders’ involvement in corporate
decisions is not only an ethical approach but also
a strategic variable to gain competitive
advantages [Plaza-Ubeda et al., 2010]. Scholars
have frequently applied ST to several works in
different fields, and it has been frequently
applied combining with other theories.

Schenkel et al. [2015] researched integral
value creation in CLSCs by distinguishing
between multiple types of business value,
strategic success factors, and multiple groups of
stakeholders that influence and are influenced by
CLSC activities with ST. They found that CLSC
activities create opportunities and reduce risks
for the focal company and its primary and
secondary stakeholders.

Wijewickrama et al. [2021] studied the
increasing detrimental effects on sustainability
and the RL Supply Chain (RLSC) employing 21
semi-structured interviews representing five
external stakeholder categories. They explained
that regulatory uncertainties are the root causes
that influence quality assurance in the RLSC.

ST is comprehensively applied to the
creation of integral value in CLSC and increasing
detrimental effects on sustainability and RLSC.
It has also been found that the internal and
external stakeholders are the key variables.

6. DYNAMIC CAPABILITIES THEORY
(DCT)

There are many definitions of the theory,
Teece et al., [1997] defined DCT as “the firm’s
ability to integrate, build, and reconfigure
internal and external competencies to address
rapidly changing environments.” To date, studies
on DCT have multiplied over the past two
decades, leading to an intensively studied and
complex management theory.

There are three case studies related to RL to
DCT. Munny et al. [2019], Bag et al., [2020], and
Bhatia [2021] discussed the relationship between
technological ~ capabilities/innovation  and
environmental strategies and found that
workplace health and safety practises are the
most  critical impactors for the social
sustainability of a footwear manufacturing
company’s Supply Chain (SC).

The case study is the most frequently used
method of DCT in RL research. The relationship
between  organisational ~ behaviour  and
sustainability or social responsibility has been
mostly discussed. Additionally, the strategy was
the most crucial variable in all the selected
papers.

7. FUZZY-SET THEORY (FST)

FST is a decision-making approach in
managerial perspectives in firms that depends on
several criteria, such as qualitative perceptions
provided by humans, data shortage, and
uncertainty in judgements. The computed results
can be misleading if fuzziness during recording
uncertain situations is inappropriately handled
[Zadeh, 1996].

Some scholars apply FST to study the RL
of the electronic industry. Darbari et al. [2019]
designed a CLSC network for an Indian laptop
manufacturer with fuzzy goals of TBL impact.
The results showed the importance of employing
the CLSC model as a decision approach.

FST is also conducted for the research of
SCM. Stekelorum et al. [2021] examined how
different combinations of internal and external
GSCM influence the operational and financial
performance. The results showed that a
combination of green supply and eco-design
packaging enhances the performance of small
TPLs.

However, other researchers use FST to
evaluate prioritising or environmental issues. Culi
et al., [2021] investigated the reduction of
resource waste and improved resource utilisation
efficiency. The results showed that technological
innovation encourages consumers to return used
products and buy remanufactured products.
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The fuzzy performance importance index is
the most applied variable for all six papers, and
this theory is used in implementing GSCM
strategies and the finding the best solution.
Furthermore, FST also discussed the evaluation
of prioritising environmental issues.

8. GAME THEORY (GT)

GT examines the decisions of individual
players to win a game against one or more
competitors. Players are abstract, intelligent,
individual agents who act in pursuit of their own
limited goals in an abstract setting [Miles, 2012].
The theory has been involved in management,
business, economies, political science, and
international environmental agreements.

GT has been frequently applied to the
modelling analysis of RL. Yan et al. [2018] used
GT to investigate the expenses and gains of two
potential sustainability options (I: owning the
reverse channel and collecting cores directly; I1:
outsourcing  operations  to  third-party
remanufacturers). They found that compared to
Model I, OEM conducting take-back operations
can achieve better results for TBL situations.

The application of GT also focuses on
remanufacturing technology. Shekarian et al.
[2021] investigated the effects of carbon
emission and remanufacturing simultaneously in
a dual channel in both forward and RL and found
that consumers are generally more sensitive to
the price and gained profits rather than the carbon
footprint when purchasing remanufactured
products due to their doubts on the quality and
technology level of these products.

GT has been frequently used in the
modelling analysis of RL, such as integrating
CLSC network design to find a better solution.
Furthermore, remanufacturing technology is
another focus of the GT’s application to RL
studies to provide possible development
strategies. Therefore, the researchers considered
strategy as the most crucial variable.

9. THEORY OF PLANNED BEHAVIOUR
(TPB)

Identifying the cognitive drivers of RL has
aroused general interest in management and

consumer research. The original TPB framework
consists of three elements: behavioural intention,
subjective norms, and Perceived Behavioural
Control (PBC). TPB is frequently adopted to
investigate the cognitive processes of several RL
behaviours [Tikir and Lehmann, 2011].

TPB has been applied to sustainable/RSC
and logistics over the past seven years.
Brockhaus et al. [2016] conducted an inductive
empirical study of 28 European and US
companies and then developed a framework for
benchmarking product sustainability efforts. The
article explored the dynamics of the supply chain
related to RL’s sustainable product programmes
and empirically developed a framework to align
efforts throughout the supply chain to bring
sustainable products to market. Dixit and
Badgaiyan [2016] discussed the acquisition from
consumers by determining the psychological
contributors to the intention on e-waste return.
The findings indicate that the intention is a
mediating variable in predicting return
behaviour. Furthermore, perceived behavioural
control, subjective norms, moral norms, and
willingness to sacrifice were the antecedents to
the return intention.

There are only two papers applying TPB to
the study of RL. Researchers discussed
benchmarking product sustainability and e-waste
acquisition from consumers. Behavioural control
is the variable covered in both papers.

DISCUSSION
DIRECTIONS

AND FUTURE

The review process confirms that RL
studies lack a clear theoretical contribution to the
development of organisational and management
theories, since only a few organisational and
management theories were mentioned in RL
papers. In general, TBL (18 papers), RBT (11
papers), and CSF (8 papers) are the most
commonly used management theories in the
existing literature.

Quantitative  studies are the most
commonly adopted approach for the top five
theories. Table 6 indicates that some scholars
limit their topics to a specific area. 12
contributions developed a new hybrid approach
to evaluate and select partners based on TBL
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with quantitative studies [e.g., Presley et al.,
2007; Devika et al., 2014]. Furthermore, some
articles employed two theories simultaneously,
such as the use of FST and ST in the article by
Darbari et al., [2019]. For the case of CSF, four
guantitative articles and one qualitative article
[Silva and Fontana, 2020] collected the primary
data for analysis. On the contrary, Mangla et al.,
[2018], Gardas et al., [2018], and Thakur and
Mangla [2019] adopted secondary data. The
similarity in data collection was found in all
seven contributions based on quantitative and
qualitative contributions for GT. The articles
adopting RBT include quantitative articles [e.g.,
Huang and Yang, 2014; Morgan et al., 2018], a
qualitative article [Paras et al., 2019], and a
conceptual article [Li et al., 2019], and these
articles collected primary data. Nag et al. [2021]
adopted the secondary data and applied ST. For
FST, Stekelorum et al. [2021] adopted the
primary data, and the other papers adopted the
secondary data.

The less used theories highlight a different
distribution from the top three theories used
among the three categories of research methods.
According to the year of publication, quite
surprisingly, most papers published in recent
years used similar theories adopted in the earlier
research. The contributions to the less used
theories mainly focused on qualitative and
conceptual research, while the top three used
theories were quantitative studies. This indicates
that the less-used theories can be the new
research directions for the RL studies. From the
analysis of the authors, in contrast to the three
used theories, few significant contributions have
been made to a specific theory in the less used
theories. In terms of data collection method, for
IIT, most papers adopted primary data
[Shaharudin et al., 2015; Dubey et al., 2017], and
similarly in TPB, two papers both adopted the
primary data [Brockhaus et al., 2016; Dixit and
Badgaiyan, 2016]. It shows a deficiency of ST-
incorporating research, with two quantitative
[Kumar & Rahman, 2016; Nag et al., 2021] and
two conceptual papers [Brockhaus et al., 2016;
Kannan, 2018]. Furthermore, there is a lack of
gualitative studies.

By systematically reviewing the literature,
the total number of research on the topic
incorporating management theories remains
extremely insufficient. Moreover, few extended

the theories. Most existing studies focused on
SCM (e.g., GSCM, operation management). To
RL, the existing research limited their focus on
remanufacturing or recycling the disposal
product, whereas few noticed the return and
exchange logistics. Since the sector is gaining a
greater importance, future research should pay
closer attention to this research field via
incorporating management theories, which, in
turn, would benefit the development of the
original theory.

Third, although some incorporated other
factors into the management theories and
developed a framework after examining their
interrelationship, little contribution has been
made to the theories themselves. Researchers can
be more courageous in their approach by
updating and broadening the theories explored. It
also discovered that current research topics focus
on product and material recycling, but few on
product return and exchange logistics and
consumers’ purchase intentions on
remanufactured products, where lies the
direction of future research.

However, it is beyond the capabilities of
this review to cover all the aspects and issues of
this field due to the knowledge and resources
constraints. Furthermore, the papers selected for
this review were all from the WOS database,
which could be another limitation. Furthermore,
no similar review on the use of management
theories has been published in the literature,
making it difficult for this manuscript to compare
the findings.

This paper aims to investigate the gap
regarding the use and contribution of RL studies
to organisational and to management theories
and offer some insights into the RL study. The
identified gaps and the corresponding future
research directions are presented as follows.
First, it confirms the concerns raised by the
literature, although the number of RL and
sustainability studies based on management
theories has been increasing over the past decade.
However, if comparing the number of
organisational and management theories
identified with the number of theories used in at
least one paper, there is still a considerable gap.
It is suggested that scholars involved in RL
studies explore more connections between RL
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strategies and management theories in future
research. Second, among the few management
theories employed, TBL and CSF appeared to be
more attractive for researchers in RL, and with
respect to published articles, most of the articles
were empirical studies conducted in the
emerging market. Future studies could explore
the reasons for this phenomenon.
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ABSTRACT. Background: In the face of numerous sustainability challenges within global logistics operations, smart
logistics, or Logistics 4.0, has emerged as a rapidly evolving field over the past decade. Situated within the broader context of
Industry 4.0, Logistics 4.0 serves as a critical pillar for ensuring business sustainability by leveraging innovative and disruptive
technological solutions. This study offers a novel and comprehensive analysis of the role of Logistics 4.0 in fostering business
sustainability, with a particular focus on the agro-industrial sector.

Methods: Employing a bibliometric and content analysis approach, this research examines 56 publications from 2015 to 2021,
sourced from Scopus, ScienceDirect, and Springer databases. The bibliometric research method incorporates joint keyword
analysis using VOSviewer and is complemented by a content analysis of the selected articles. The bibliometric analysis
uncovers a growing yet still nascent publication trend in this field.

Results: The study reveals that Logistics 4.0 plays a significant role in enhancing the sustainability of firms across various
sectors, particularly within the agro-industrial sector. By harnessing digital technologies and innovative business models,
Logistics 4.0 paves the way for creating competitive advantages for agro-industrial firms.

Conclusion: This research emphasizes the pivotal role of Logistics 4.0 in promoting sustainable and competitive growth in
agribusiness, offering valuable insights for both academia and industry practitioners.

Keywords: logistics 4.0, agribusiness sustainability, agribusiness competitiveness, bibliometric analysis, systematic literature
review.

logistics pertains to the management of material

INTRODUCTION

Logistics, as a concept, was initially related
to military operations that included the
transportation, supply, and maintenance of
military equipment and personnel, with limited
significance in the pre-1950s era. However, the
scope of logistics expanded to include physical
supply during the 1960s, giving rise to the term
"business logistics” [Ballou, 2007]. Today,

and information flows within organizations,
which involves overseeing the movement,
storage, and related information of materials
[Christopher, 2016]. The primary objective of
logistics is to deliver finished products to
customers with an appropriate level of service
and quality at the lowest possible cost. Logistics
has evolved into smart logistics or Logistics 4.0,
which integrates technologies that automate
logistics flows and enable real-time and near-
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real-time information availability [Winkelhaus
and Grosse, 2020]. The benefits of Logistics 4.0
include timely delivery and supply, business
agility, flexibility, responsiveness, and predictive
analytics that can significantly reduce lead times,
enhance quality, support environmental and
social sustainability, and impact decision-
making at different levels [Russell and Swanson,
2019; Tjahjono et al., 2021].

In the agribusiness sector, sustainability in
agricultural production has become a critical
issue for supply chains and their stakeholders
[Satolo et al., 2020]. Agri-food supply chains
encompass all productive and logistical measures
from primary production to final product
consumption and have become lengthier and
more complex due to consistent international
trade growth [Zupaniec et al., 2022; Frazzon et
al.,, 2020]. Logistics activities' economic,
environmental, and social impacts must be
evaluated, and opportunities explored to make
logistics productive and sustainable [Dey et al.,
2011; Ahi and Searcy, 2013]. Logistics 4.0 has
emerged as a solution to the sustainability
challenges of firms in the agribusiness sector,
with a focus on sustainable logistics solutions
and addressing changing customer demands
[Winkelhaus and Grosse, 2020]. This review
aims to contribute to the existing knowledge on
the role of Logistics 4.0 in agribusiness firms'
performance, specifically within the context of
Industry 4.0, focusing on sustainability and
competitiveness concepts [Hardjomidjojo et al.,
2022; Lin et al., 2018; Sharma et al., 2020]. It
identifies key technologies, their applications,
and effects on sustainability  and
competitiveness, highlighting the challenges and
barriers  agribusiness  firms face when
implementing  Logistics 4.0 technologies
[Broring and Leker, J., 2021; Queiroz et al.,
2020]. The review aims to promote a more
comprehensive  understanding of  digital
technologies' role in shaping a sustainable and
resilient agri-food system for the future,
including Logistics 4.0's potential impact on
rural  development, social equity, and
environmental stewardship  [Bronson and
Knezevic, 2016; Frizzo-Barker et al., 2020]. The
importance of empirical studies examining the
real-world applications and impacts of Logistics
4.0 technologies in agribusiness settings is

highlighted, including the influence of
organizational culture, managerial practices, and
the legal and regulatory environment on the
adoption and diffusion of Logistics 4.0
technologies [Soto-Acosta and Cismaru, 2020;
Raimundas et al., 2021]. Lastly, the review
emphasizes the need to understand the potential
implications of Logistics 4.0 adoption for small-
and medium-sized enterprises (SMEs) in the
agribusiness sector due to the distinct challenges
they face [Gomes et al. 2018].

The expansion of logistics in the 1960s led
to the emergence of the term "business logistics"
to encompass physical supply and the
management of material and information flows
within organizations [Ballou, 2007; Christopher,
2016]. Today, logistics has evolved to address
sustainability concerns and changing customer
demands using emerging digital technologies,
leading to the development of smart logistics or
Logistics 4.0 [Winkelhaus and Grosse, 2020].
Logistics 4.0 integrates technologies that
automate forward and reverse logistics flows,
enabling  real-time and  near-real-time
information availability and providing several
benefits such as timely delivery and supply,
agility, flexibility, responsiveness, and predictive
analytics [Russell and Swanson, 2019].

Agri-food supply chains are considered
critical for food safety, encompassing all
logistical and productive measures from primary
production to final product consumption [Codex
Alimentarius Commission, 2016]. Due to the
growth of international trade, agri-food supply
chains have become more complex, involving
intricate systems of numerous agents and
interconnected processes [Bourlakis et al., 2014;
Zupaniec et al., 2022]. Assessing the economic,
environmental, and social impacts of logistics
activities is crucial for ensuring supply chain
sustainability [Dey et al., 2011; Ahi and Searcy,
2013]. Smart logistics, or Logistics 4.0, emerged
in 2011 to address sustainability concerns and
offer sustainable logistics solutions [Winkelhaus
and Grosse, 2020].

Despite the potential benefits of Logistics
4.0 in agribusiness, there is a lack of literature
regarding the influence of smart production
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practices on performance [Hardjomidjojo et al.,
2022; Lin et al., 2018; Sharma et al., 2020]. To
address this gap, this review aims to provide an
understanding of the role of Logistics 4.0 in
agribusiness sustainability and competitiveness
within the context of Industry 4.0. By conducting
a systematic literature review, the paper
identifies the key technologies, their
applications, and their effects on sustainability
and competitiveness, while also highlighting the
challenges and barriers faced by agribusiness
firms in implementing Logistics 4.0 technologies
[Biiytikozkan and Goger, 2018; Queiroz et al.,
2020].

This review aims to serve as a foundation
for future research on Logistics 4.0 in
agribusiness, providing insights for practitioners
and policymakers to develop effective strategies
for adopting and integrating these technologies
into their operations to achieve sustainable and
competitive growth [Kamble et al., 2018; Akhtar
et al., 2019]. Additionally, the paper promotes a
comprehensive understanding of the role of
digital technologies in shaping a sustainable and
resilient agri-food system for the future,
including its impact on rural development, social
equity, and environmental stewardship [Bronson
and Knezevic, 2016; Frizzo-Barker et al., 2020].
The review also emphasizes the need for more
empirical studies examining the real-world
applications and impacts of Logistics 4.0
technologies in agribusiness settings, as well as
the potential implications for small- and
medium-sized enterprises (SMEs) in the
agribusiness sector [Gomes et al., 2018; Heras-
Saizarbitoria et al., 2021]. Additionally, the
influence of organizational culture, managerial
practices, and the legal and regulatory
environment on the adoption and diffusion of
Logistics 4.0 technologies in agribusiness
settings should also be further investigated [Soto-
Acosta and Cismaru, 2020; Raimundas et al.,
2021].

METHODOLOGY

A systematic literature review was
employed to analyze the role of Logistics 4.0 as
a fundamental pillar of sustainability and
business competitiveness in the agribusiness

sector. The systematic review methodology was
chosen due to its replicability, transparency, and
scientific rigor compared to traditional narrative

reviews [Linnenluecke et al., 2019]. The
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)

guidelines were followed to ensure the quality
and transparency of the review process [Moher
et al., 2009]. Asim and Sorooshian's [2019]
research method was adopted to conduct the
review

According to Asim and Asorooshian
[2019], the descriptors, databases, -eligibility
criteria, and choice of documents were defined.
This study used three databases as information
sources:  ScienceDirect, SCOPUS, and
SpringerLink. The selection of ScienceDirect,
SCOPUS, and SpringerLink databases for a
systematic literature review of logistics 4.0 was
likely based on their reputation and coverage of
relevant academic journals and publications in
the field. ScienceDirect is a well-known database
that provides access to a large collection of
academic journals, books, and conference
proceedings in various fields of science,
engineering, and technology. It is a part of the
Elsevier publishing group and contains over 16
million articles from over 3,800 journals.
SCOPUS is another highly regarded database
that covers a wide range of scientific and
technical disciplines, including the field of
logistics. It is a product of Elsevier, and its
content includes over 80 million records from
over 25,000 journals, conference proceedings,
and other sources. SpringerLink is a database that
provides access to a vast collection of academic
journals, books, and other publications in various
fields of science, technology, and medicine. It is
a part of the Springer Nature publishing group
and contains over 13 million documents from
over 8,000 journals. All three databases are well-
established and widely used by researchers, and
they have comprehensive coverage of relevant
journals and publications in the field of logistics
4.0. By using these databases, researchers can
access a large volume of peer-reviewed literature
that is likely to be relevant to their research topic,
and they can be confident that the sources are
reputable and reliable. Additionally, these
databases have advanced search functionalities
that allow researchers to easily filter and identify
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relevant articles based on specific criteria such as
publication date, language, and type of
publication.

The search for relevant literature related to
logistics 4.0 and its role in business sustainability
in agribusiness was conducted by consulting
documents published between 2015 and 2021.
The search terms used were "Logistics 4.0,"
"Business Sustainability," and "Agribusiness."
The inclusion criteria were 1) The title, abstract,
and keywords of the publications were
considered; 2) Publications written in English
were considered; 3) Original articles were
considered; 4) Open access publications were
preferred. The database records were exported as
comma-separated value (CSV) files. The search
results, which met the eligibility criteria, yielded
atotal of 56 records in CSV format. The resulting
Excel data were converted back to CSV for
analysis in VOSviewer, a software tool used for
creating bibliometric maps. The type of analysis
used in VOSviewer was the co-occurrence and
complete count method. When "all keywords"
were used, 278 keywords were produced. The
latter was considered for the analysis. The results
from VOSviewer indicated that only 21 records

Documents collacted from databases
SCOPUS: 118
ScienceDirect: 70
Springer: 140
Scielo: 0

Tetal number of publications identified (n ) = 821

were connected. Overall, the search strategy and
inclusion criteria were designed to ensure that the
literature reviewed was relevant and met the
specific objectives of this study. The use of
VOSviewer allowed for a visual representation
of the bibliographic data and provided insight
into the research landscape of logistics 4.0 and its
role in business sustainability in agribusiness.

In accordance with the PRISMA
guidelines, this study employed a rigorous
selection process to identify relevant articles for
inclusion in the review. The search was
conducted across multiple databases, including
Scopus, ScienceDirect, and Springer, using a
specific set of keywords related to logistics 4.0
and agribusiness sustainability. A total of 21
articles were identified as meeting the inclusion
criteria and were read in their entirety to ensure
their relevance to the research question. The
articles were then systematically analyzed to
provide a comprehensive understanding of the
role of logistics 4.0 in agribusiness sustainability
and competitiveness. By adhering to the
PRISMA guidelines, this study ensures
transparency, replicability, and scientific rigor in
the reporting of its results.

!

Inclusion criteria

SCOPUS

ScienceDirect

Springer

Type of document {original article)

80

51

24

Total number of publications

Years of publication (2013-2022)

BO

45

17

identified (n ) = 621

Language (English - Spanish)

g

45

17

Open Access publications

21

23

12

i

Selected documents

21

23

12

We definen=56
Publications according ta
Eligibility criteria

!

Keylor numbers
Found
K=278

!

Mumber of publications
Connected containing
Key words
K=21

‘ | Elegibility | ‘ Screening | ‘ Identiﬁcatian‘
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Fig. 1. PRISMA flow chart.
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In various fields of study, bibliometric
analysis is a commonly used method to analyze
the scientific literature dataset [Daly et al.,
2007a; Daly et al., 2007b]. VOSviewer, a
software tool for creating, visualizing, and
exploring maps based on network data [Van Eck
and Waltman, 2020], was used in this study to
analyze articles based on authors, keywords,
institutions, and location. The co-authorship of
the studies and the keywords were interpreted in
terms of the concurrence they may present, as
well as the connection between terms that exist
in the articles. Content analysis was employed as
amethod to analyze the documents, as it provides
a suitable tool for systematically extracting,
analyzing, and interpreting data on the topic
being addressed. Depending on the research
guestion, content analysis can use gqualitative
and/or quantitative methods [Hsieh and
Shannon, 2005].

To ensure the quality of the research, the
evaluation of the qualitative data in this study is
based on four criteria: credibility, transferability,
dependability, and confirmability [Lincoln and
Guba, 1985]. The study explored the concepts
and principles of Logistics 4.0 and its role in the
sustainability of agribusiness enterprises. The
bibliographic framework was developed by

16
14
12

10

2015 2016 2017

Fig. 2. Publications by year.

2018

exploring relevant academic and scientific
publications, and the results can be used as a
reference for future studies. The study was
conducted using the PRISMA guidelines, which
makes the process systematic, exhaustive,
rigorous, replicable, and impartial [Moher et al.,
2009]. This research is dependable because the
search strings and eligibility criteria used in data
collection will produce similar results if applied
by other researchers.

RESULTS

Fifty-six papers meeting the inclusion
criteria of this study were identified, with 41%
from ScienceDirect, 37.5% from SCOPUS, and
21.5% from Springer. Most publications were
from the year 2021, with 15 articles (Figure 2),
indicating a growing interest in research on
Logistics 4.0 and its role in the sustainability of
agribusiness enterprises. Notably, during the first
four years of the publication period considered
[2015-2018], only 19 articles were published on
this topic. This highlights a recent surge in
attention and research efforts towards the
application of Logistics 4.0 in agribusiness
supply chains, as scholars and practitioners
recognize its potential to drive business
sustainability and competitiveness.

2019 2020 2021
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The analysis of the dataset revealed that
Gunasekaran, Ivanov, and Liu were the most
prolific authors, each with two publications.
Among the journals, Sustainable (Switzerland)
and Transportation Research Procedia had the
highest number of publications, with five articles
each. It was observed that the largest proportion
of publications belong to the Business and

Management field, accounting for 17.2%,
Other (7.8%)
Economics, Econ... (1.6%) \

Chemical Engine... (L.6%)

Environmental S... (7.89%)

Energy (7.8%)
oz

Computer Scienc... (7.8%)

Agricultural an... (7.8%)

Social Sciences... (12.5%)

Fig 3. Publications by subject area.

A citation analysis was conducted to
identify the most influential articles on the topic
of logistics 4.0 and business sustainability in
agribusiness. Out of the 56 articles included in
this study, 7 were found to have a significant
impact with a total of 539 citations. Supply chain
and sustainability are critical areas of research,
and several highly cited articles have contributed
valuable insights to these fields. For instance,
Ivanov et al. [2018] investigated the impact of
digital technology and Industry 4.0 on the ripple
effect and supply chain risk analytics. This paper
has received 269 citations since its publication,
highlighting the relevance of digital technology
in modern supply chain management. Another
significant contribution is Ivanov's [2020]
proposed viable supply chain model that
integrates agility, resilience, and sustainability
perspectives. The paper drew lessons from and
offered insights beyond the COVID-19
pandemic, and it has been cited 105 times to date.
Dubey et al. [2019] conducted an empirical

followed by Engineering and Scientific
Decisions, each with 14.1% of the publications.
Overall, the results of the bibliometric analysis
suggest that research on logistics 4.0 and its role
in agribusiness sustainability is gaining attention
in the academic community, as evidenced by the
increasing number of publications in recent
years. The analysis also reveals the main authors
and journals contributing to this area of research,
providing valuable insights for future studies.

Business, Manag... (17.2%)

Decision Scienc...

(14.1%)

[nn:.’]ccriug (14.1%)

investigation of data analytics capability and
organizational flexibility as complements to
supply chain resilience. This paper has received
77 citations since its publication, emphasizing
the importance of data analytics in supply chain
resilience. In a different study, Sharma et al.
[2019] explored challenges and solutions for
circular economy-driven sustainability practices
in the food supply chain. The paper has been
cited 32 times since its publication, highlighting
the relevance of sustainability practices in the
food industry. Todorovic et al. [2018] presented
solutions for more sustainable distribution in
short food supply chains, and the paper has
received 24 citations since its publication.
Sharma et al. [2020] analyzed agriculture supply
chain risks and COVID-19 mitigation strategies,
with implications for practitioners. This paper
has been cited 16 times to date, demonstrating
the relevance of the study during the COVID-19
pandemic. Lastly, Sun et al. [2020] studied the
relationship ~ between  corporate  social
responsibility, co-creation, and green consumer
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loyalty, focusing on the importance of green
banking initiatives in an emerging economy.
This paper has also been cited 16 times since its
publication, highlighting the importance of
sustainability practices in the financial sector.
Overall, these highly cited articles provide
valuable insights into various supply chain and
sustainability topics, including the impact of
digital technology, the integration of agility,
resilience, and sustainability perspectives, data
analytics capability, circular economy-driven
sustainability practices, and mitigation strategies
for agriculture supply chain risks during the
COVID-19 pandemic.

Using Multidimensional Scaling (MDS)
techniques, VOSviewer creates a map of texts

food ggcurity

blockghain

ripple effect

based on the gap or distance between them in
terms of their meaning or similarity [Van Eck
and Waltman, 2020]. These texts are represented
as nodes or clusters in the map, and the
connections between them can be presented in
different ways, such as through network
visualization, overlay visualization, and density
visualization. In this study, VOSviewer was used
to analyze 278 keywords related to logistics 4.0
and business sustainability in agribusiness, and
only 21 items were found to be significant. The
network visualization of the data tags yielded 4
clusters, 21 links, and 54 strong links. This
approach helps to identify the main research
themes and the relationships between them,
providing a useful tool for researchers to identify
gaps and opportunities for future research
[Jamwal et al., 2022; van Eck et al., 20201].

competitive advantage

supplyghainianagement

stainable gevelopment

%, VOSviewer

Fig. 4. VOSviewer display network.

Using VOSviewer, a cluster analysis of the
21 keywords revealed four distinct clusters, with
21 links and 54 strong links. The following
analysis examines the keywords in each cluster
with the highest number of occurrences and link
strength: Cluster 1 (red) includes keywords
related to the COVID-19 pandemic, food safety,
quality, supply chain, and sustainability. The

suppligchain
P

sustaigability
food,s&?ety

cluster reflects the growing interest in ensuring a
safe and sustainable food supply chain during the
pandemic, particularly in countries such as
Greece. This cluster has 8 strong links, indicating
a significant relationship between the keywords.
Cluster 2 (green) includes keywords related to

logistics, optimization, stakeholders, supply
chain management, and sustainable
development. This cluster highlights the
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importance  of  effective supply chain
management and sustainable development
practices for optimizing logistics and engaging
stakeholders. The cluster has 20 strong links,
indicating a strong interconnection between the
keywords. Cluster 3 (blue) includes keywords
related to blockchain, food security, and industry
4.0. This cluster reflects the growing interest in
using blockchain and Industry 4.0 technologies
to ensure food security and traceability. This
cluster has 9 strong links, indicating a significant
relationship between the keywords. Cluster 4
(yellow) includes keywords related to
competitive advantage, ripple effect, and supply
chain resilience. This cluster highlights the
importance of supply chain resilience for
achieving a competitive advantage and
minimizing the ripple effect of disruptions. The
cluster has 17 strong links, indicating a strong
relationship between the keywords. Overall, the
cluster analysis provides valuable insights into
the research landscape of logistics 4.0 and its role
in business sustainability in agribusiness. The
identified clusters reflect the diverse interests and
concerns of researchers in this field, including
the impact of COVID-19 on the food supply
chain, the importance of sustainable
development practices and supply chain
resilience, and the potential of blockchain and
Industry 4.0 technologies.

In the visualization, the size of a label and
circle of an item is determined by its frequency
of occurrence. The higher the frequency of
occurrence, the larger the label and circle of the
item. In addition, the color of an item is
determined by the cluster to which it belongs.
The text elements or labels in the VOSviewer
visualization represent the keywords that have
multiple occurrences in the publications
extracted from the review. A total of 21
keywords were found to have an occurrence
greater than 2 times. Although the presence of
COVID-19 as a keyword is notable due to the
pandemic situation, it is worth noting that other
keywords are relevant to the topic of study. For
instance, the term "Industry 4.0" is found, which
has led to the development of logistics 4.0.
Additionally, the terms "sustainable
development” and "supply chain management"
are also present. In terms of the agro-industrial
sector, words related to "food safety" and

"circular economy" are found, indicating that
there is still room for further research on these
topics in relation to logistics 4.0 and business
sustainability in agribusiness.

DISCUSSION

In a content analysis of 56 publications
related to sustainable development and
agribusiness,  digital  technologies  and

mathematical models such as data analytics,
blockchain, 10T, robust optimization, and mixed
linear programming were found to be
increasingly utilized to improve supply chain
resilience, transparency, and sustainability
[Dubey et al., 2019; Kayikci et al., 2020;
Sundarakani et al., 2020; Yadav etal., 2020]. Co-
creation and AgriFood-Tech were also identified
as emerging trends that are contributing to the
growth and sustainability of the agribusiness
sector [Heberli et al., 2019; Vlachopolou et al.,
2021]. The Supply Chain Management
Dashboard was shown to be an effective tool in
facilitating  collaboration and improving
decision-making in supply chain management
[Sithole et al., 2016].

Logistics 4.0 presents an opportunity for
improving the distribution of short food supply
chains and aligning with contemporary logistics
trends, sustainability, and the new digital era
[Todorovic et al., 2018]. However, to achieve the
full potential of Logistics 4.0, optimized
planning, incentive alignment, and cross-
company collaboration are needed [Lee and
Shen, 2020]. The Belt and Road Initiative (BRI)
offers significant opportunities for improving
supply chain logistics, but requires new work
processes and technologies, incentive alignment,
cross-company collaboration, and optimized
planning [Lee and Shen, 2020]. Linn and
Maenhout [2019] emphasize the importance of
including Logistics 4.0 in strengthening business
models in agro-industrial sectors such as rice,
which exhibit low technical efficiency and very
low chain performance.

To mitigate the wvarious risks that
agribusiness supply chains face, Industry 4.0
technologies, supply chain collaboration, and
shared responsibility have been suggested
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[Sharma et al., 2020; Jamwal et al., 2021, 2022].
Decentralized production presents challenges to
the cold supply chain, but short-distance
transportation and modern marketing methods
offer potential solutions [Almena et al., 2020;
Zhou et al., 2020]. To increase farmers' income
and social capital, strengthening the supply chain
and competitive advantage have been
recommended [Karim et al., 2020; Jamwal et al.,
2021].

In terms of supply chain viability,
sustainability should encompass environmental
soundness, social equity, and economic viability
[Borsellino et al., 2016]. Value Co-creation,
AgriFood-Tech, Supply Chain Management
Dashboard, and Routination are models that have
been applied to enhance supply chain viability
[Ilvanov, 2020; Jamwal et al., 2022]. Value co-
creation enables active participation, mutual
learning, and direct influence through a dialogic
process between the company and the customer
[Heberli et al., 2019]. AgriFood-Tech business
models contribute to the growth and
sustainability of the agribusiness sector by
fostering innovation, accelerating structural
change, enhancing productivity, and introducing
new products and services to the market through
the implementation of digital environments
[Vlachopoulou et al., 2021]. The Supply Chain
Management Dashboard promotes integrated
supply chain  management by facilitating
collaboration and supporting executive decision-
making, thereby increasing transparency,
operational efficiency, cost-effectiveness, and
food assistance delivery to vulnerable
populations [Sithole et al., 2016]. Routinization
enables firms to reconfigure their knowledge
base, providing insight into the impact on
internal and farm operations performance
[Heberli et al., 2019].

Digital technologies such as Industry 4.0
enhance demand responsiveness, capacity
flexibility waste, enhancing traceability, and
increasing transparency and accountability, as
emphasized by Kayikci et al. [2020]. Big Data
analytics can help firms identify trends, predict
demand, and optimize supply chain operations,
as highlighted by Dubey et al. [2019]. Simulation
models can help in evaluating alternative

scenarios, identifying bottlenecks and optimizing
resource utilization, as noted by Jamwal et al.
[2022].

Development in agribusiness requires the
application of innovative technologies and
practices that enhance transparency, supply
chain resilience, and economic, social, and
environmental sustainability. The literature
review highlights the potential of digital
technologies such as Industry 4.0, 10T, Big Data,
and Blockchain, and mathematical models such
as robust optimization and mixed linear
programming in enhancing supply chain
sustainability. Additionally, co-creation and
AgriFood-Tech are emerging trends that
contribute to the growth and sustainability of the
agribusiness sector. The Belt and Road Initiative
presents opportunities for improving supply
chain logistics, but requires new work processes
and technologies, incentive alignment, cross-
company collaboration, and optimized planning
to realize its full potential. Finally, Logistics 4.0
offers significant opportunities for improving the
distribution of short food supply chains and
strengthening business models in the agro-
industrial sector, but corresponding solutions are
needed to enable firms to improve their
operational performance and create economic
value while considering factors such as
optimized planning, incentive alignment, and
cross-company collaboration.

CONCLUSIONS

Logistics 4.0 represents a paradigm shift in
supply chain management, driven by the
integration of material, information, and
financial flows through automation and digital
technologies. This evolution enables supply
chains to become faster, more accurate, and more
efficient in areas such as information exchange,
physical flow, planning activities, performance,
order management, inventory control, and cost
reduction. The transition to Logistics 4.0 requires
a progressive transformation process that
incorporates environmental, social, and societal
dimensions. This shift plays a crucial role in
enhancing the sustainability of firms in general
and is particularly impactful in the agribusiness
sector.
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The adoption of digital technologies and
innovative business models through Logistics
4.0 creates a significant competitive advantage
for agribusiness firms. Key components of
Logistics 4.0 include data analysis capabilities,
blockchain, robust optimization and mixed linear
programming, the Internet of Things, AgriFood-
Tech, and routination, which serve to improve
logistical ~ processes.  Additionally, digital
technologies can be utilized to assess and
mitigate various risks in agri-food production.
This research provides valuable insights for
organizations and practitioners, enhancing their
understanding of Logistics 4.0 and its
implications for business sustainability in the
agribusiness sector. To the best of our
knowledge, this is the first publication to
examine the role of Logistics 4.0 in fostering
sustainable business development, specifically
within the agribusiness sector.

As an emerging research area, Logistics 4.0
has the potential to be applied across various
industries and sectors. Future studies should
focus on empirical research that demonstrates the
positive outcomes of implementing digital
technologies in the supply chains of diverse
agribusiness firms. Additionally, qualitative
studies engaging organizational leaders can be
used to investigate the extent of technology
development in logistical processes. It is also
important to measure the adaptability and
progress of firms in adopting digital technologies
within the framework of Logistics 4.0.
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