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INTRODUCTION

This monograph, titled Logistics Challenges.: Global and Local Approaches, is the
result of scientific meetings and discussions held during the Global Conference on
Logistics (GCoL2024). The conference took place at the Faculty of Management of
Czestochowa University of Technology on October 17-18, 2024, and was co-financed
by the state budget funds granted by the Minister of Science and Higher Education
under the program “Excellent Science II — Support for Scientific Conferences”. Agree-
ment No. KONF/SP/0377/2023/01.

The aim of the Global Conference on Logistics was to disseminate the latest re-
search findings and achievements of scholars at an international forum, as well as to
discuss current issues in the fields of logistics and management.

The event brought together researchers from various countries, including Canada,
South Africa, the United States, India, Indonesia, Lithuania, Germany, Hungary, Slo-
vakia, and numerous academic institutions in Poland. Presentations, discussions, and
the poster session covered topics such as innovative logistics solutions, supply chain
optimization, sustainable development in the context of global economic and environ-
mental changes, and management in a competitive global economy. The keynote
speakers were distinguished experts in logistics and sustainable management who
shared their knowledge and experience regarding critical challenges in the modern
economy. The conference created a unique platform for knowledge exchange, allow-
ing participants to compare diverse research approaches and findings.

This monograph presents a multifaceted perspective on the challenges and oppor-
tunities of contemporary logistics, showcasing both scientific research and practical
solutions in this field. It is divided into three parts, each focusing on different but com-
plementary aspects of modern logistics: advanced technologies and innovations, sus-
tainable development, and the economics of transport and logistics. The review pro-
cess involved a substantive evaluation of submitted papers by two experts through
anonymized peer reviews.

The first part, Modern Technologies and Innovations in Logistics, explores the role
of innovative technologies such as Artificial Intelligence (Al), the Internet of Things
(IoT), and Web 4.0 technologies in enhancing the efficiency and adaptability of logis-
tics processes. This section includes analyses of Al applications in inventory manage-
ment, highlighting the benefits of neural networks and machine learning. The authors
discuss the development of IT systems, such as SDP3, aimed at optimizing transport
in production processes. Additionally, the significance of logistics clusters in Poland
is examined, emphasizing their role as catalysts for innovation through collaboration,
technology development, and integrated networks of enterprises. The chapters in this
part provide invaluable insights into the role of technology in increasing logistics com-
petitiveness and adaptability to changing market conditions.

The second part, Sustainable Development and Logistics Process Optimization,
focuses on the role of logistics in achieving sustainable development goals and
optimizing processes in response to environmental and economic challenges.
A key topic is the decarbonization of transport, requiring significant CO; emission



reductions by 2050. The authors present decarbonization scenarios for Poland, empha-
sizing the need for new technologies and regulatory frameworks. They also highlight
the "milkrun" concept, which enhances operational efficiency by integrating supply
and return processes. An important aspect of this part is the analysis of CSR practices
in the logistics sector, covering sustainable development objectives in environmental,
social, and governance areas. Practical examples and studies underscore the necessity
of an integrated logistics approach that combines innovation with environmental re-
sponsibility.

The third part, Transport and Logistics Economics, addresses economic and strate-
gic aspects of logistics and transport. One of the discussed topics is the formation of
freight rates in the face of rising operational costs, such as fuel prices and road tolls.
These analyses rely on the Total Cost of Ownership (TCO) methodology, indicating
cost optimization directions for transport companies. Another key issue is the impact
of autonomous vehicles on supply chains in Europe, considering economic savings
and increased efficiency. The authors also examine the significance of information
exchange standards, such as EDI, GS1, and XML, in market forecasting and opera-
tional risk reduction. These standards enable faster data exchange, improved transpar-
ency, and better disruption management in supply chains. The final chapters in this
section focus on integrating technological innovations with renewable energy sources
in construction, highlighting logistics' potential contributions to sustainable practices.

The monograph Logistics Challenges: Global and Local Approaches serves as
a valuable resource for researchers, practitioners, and students interested in contempo-
rary logistics challenges. The collected chapters provide a comprehensive overview
of the most significant aspects of this dynamically evolving field, integrating theory
with practice. The conclusions presented in this publication may support decision-
making in the logistics sector, contributing to its further development and adaptation
to changing economic and technological conditions.

All chapters in this publication were subject to a double-blind review procedure
and were also verified by the anti-plagiarism system.

On behalf of the GCoL2024 organizers, I would like to express our sincere grati-
tude to all conference participants, including distinguished speakers, panelists, and au-
thors, whose contributions were crucial to the success of this event. Their valuable
research and carefully prepared presentations significantly enriched our knowledge
and inspired further studies.

Our special thanks go to the members of the Program Committee and the reviewers
who dedicated their time to a thorough assessment of the submitted materials. Their
professionalism and commitment were essential in ensuring the high academic quality
of this publication. We also extend our heartfelt appreciation to the authors who shared
their knowledge and expertise. Thanks to their collective efforts, this publication has
achieved a high scientific standard, for which we are immensely grateful.

We believe that this conference will become a lasting part of the academic calendar,
offering a platform for exchanging ideas, the latest discoveries, and fostering collabo-
ration in the dynamically evolving global economy.
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Chapter 1

Al SUPPORT IN INVENTORY MANAGEMENT:
A CASE STUDY ON NEW POSSIBILITIES

Péter Veres

University of Miskolc, Institute of Logistics, Hungary
peter.veres@uni-miskolc.hu ORCID 0000-0001-9924-9196

Abstract: To stay profitable in a competitive market, a company increasingly needs to
utilize digitalization tools to optimize its operations. One of the key tools is the recently
popularized Al, which, if applied effectively, can enhance, digitally manage, and improve
our existing systems, aligning with the principles of Industry 4.0. The shown case study
examines the impact of Artificial Neural Networks (ANN) and Machine Learning (ML) on
inventory management, emphasizing Al's role in enhancing efficiency and adaptability.
It focuses on how these technologies help manage stock levels more accurately and respond
dynamically to market changes. This study is a continuation of a previous work with an
additional study addresses the human factor, exploring the balance between technology and
workforce skills to ensure that Al supports rather than replaces human decision-making.
Through a practical example, this research highlights the benefits and challenges of lever-
aging Al in modern inventory systems.

Keywords: artificial intelligence, industry 4.0, ABC analysis, procurement

Introduction

In recent years artificial intelligence has become substantial element in enhancing
the logistics processes, offering significant advancements in automation, optimization,
and predictive capabilities. From the integration of Industry 4.0 technologies to the use
of machine learning algorithms for decision-making, Al can help increase the effi-
ciency of traditional transport networks, reducing operational costs, and unlocking new
strategic potentials. Woschank et al. (2020) states that integrating Industry 4.0 tech-
nologies, such as Al, machine learning, and IoT, enhances logistics processes by mak-
ing them more flexible, adaptive, and efficient. By enabling real-time monitoring and
predictive maintenance, Al can be used to optimizes workflows and improves overall
supply chain performance (Woschank et al., 2020).

In its core this study focuses on data collected from a specific automotive supplier
company to develop an artificial intelligence model. The goal of the trained Al is to
outperform human workers in evaluating and categorizing incoming parts, which can
enhance operational efficiency and decision-making within the company’s supply
chain. This research serves as an extension of a previously published study (Veres,
2023), now introducing new parameters to further refine the model's capabilities and
applicability in the real-world.

The chapter is organized into three major sections. The first section presents a com-
prehensive systematic literature review, which summarizes the findings of other



researchers in the field of Al, logistics and procurement, highlighting relevant meth-
odologies, technological applications, and previous successes. In the second section,
the study shows the design and development of the ANN system, explaining its
architecture and the iterative improvements for better accuracy approximations.
Finally, the third section offers a case study conducted within the supplier company.
This case study is supplemented by a questionnaire distributed to 4 company procure-
ment workers. The findings from these workers compared to the Al generated method
are analysed. The article concludes by summarizing the key findings and providing
a forward-looking discussion on future research directions and potential industry ap-
plications, aiming to further improve Al integration into logistics.

Literature review

Artificial Intelligence is rapidly transforming logistics. The ever growing complex-
ity of global supply chains and the need for real-time decision-making have led to
a significant shift towards Al-driven solutions. Scholars such as Wang (2021), have
discussed the role of Al alongside technologies like the Internet of Things (IoT) and
big data in automating and improving supply chain operations. They argue that
Al-driven predictive analytics allow for more accurate forecasting of demand and in-
ventory levels, which is crucial in procurement to prevent stockouts and overstocking
(Wang, 2021). Similarly, Richey et al. and associates point out that Al in logistics,
particularly in procurement, enables more effective supplier selection, risk manage-
ment, and cost reduction by analysing large datasets and providing actionable insights
(Richey et al., 2023, p. 532).

Reinforcement learning, another Al methodology, is gaining attention in logistics
as well, with scholars such as Liu and colleagues as well as Akkad and Banyai dis-
cussing its potential to go beyond replicating human decision-making (Liu et al.,
2023). Instead, it can autonomously discover optimal procurement strategies through
data simulation, making supply chain operations more resilient and cost-effective
(Akkad & Banyai 2023).

These researchers collectively demonstrate the growing consensus on the im-
portance of Al in modernizing procurement processes. By automating repetitive tasks,
enhancing supplier collaboration, and enabling data-driven decisions, Al is paving the
way for more responsive and efficient logistics systems (Koumpan et al., 2023, p. 105).

Procurement is a fundamental component of logistics, as it is critical for ensuring
the availability of the materials and resources needed for manufacturing and service
delivery. Without effective procurement processes, production would be disrupted,
and services could not be provided. In every industry, there are dedicated procurement
professionals responsible for acquiring items, but they also involve managing supplier
relationships, negotiating contracts, and ensuring cost efficiency (Walker et al., 2013,
p. 588). To meet the growing demands of modern industries and keep pace with the
complexities of global supply chains, procurement professionals must continuously
develop their skills and adapt to new technologies, particularly in the principles of
Industry 4.0 (Banyai et al., 2020, p. 66).
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Procurement can also be found in medical research: although Al research in medi-
cine has grown rapidly, its implementation in clinical practice remains limited due to
a lack of consensus on integration and maintenance. Al implementation is often
mapped onto the Plan-Do-Study-Act framework, which shows a focus on the "Plan"
and "Study" phases, with less emphasis on the "Do" and "Act" stages. These findings
highlight challenges in adopting Al in healthcare, particularly in low- and middle-in-
come countries, where research representation is minimal (Khan et al., 2024). In agri-
culture others are also try to implement Al systems for Green Public Procurement
(GPP) systems, which can significantly enhance efficiency, optimize resources, and
improve sustainability outcomes in areas such as energy use, supply chain manage-
ment, and waste reduction, with the right legal and policy tools (Parashar & Chaurasia,
2022, p. 371).

An example of Al in procurement is demonstrated by Atwani et al. (2022) where
Al is used to address supply chain challenges like demand uncertainty and external
disruptions, improving processes such as planning, procurement, and distribution.
Similarly, Kiefer & Ulmer show that Al models, such as MLP ANN, outperform tra-
ditional methods like ARIMA in forecasting for procurement, though further enhance-
ments are needed to handle specific challenges like holiday-related demand fluctua-
tions (Kiefer & Ulmer, 2019, p. 69).

This study is highly influential in the field, offering a well-developed model, clear
explanations, and practical case studies. It provides a comprehensive approach
to supply chain design. The study integrates traditional ABC analysis with multi-
-criteria inventory classification to better manage inventory, proposing the use of
Al-based techniques like support vector machines (SVMs), backpropagation networks
(BPNs), and k-nearest neighbor (k-NN) algorithms. Comparative analysis reveals that
Al-based methods outperform traditional multiple discriminant analysis (MDA), with
SVM showing the highest classification accuracy. These findings suggest that
Al-based techniques could enhance inventory management in enterprise resource plan-
ning (ERP) systems (Yu, 2011). This article owes a great deal to this study, as it pro-
vides numerous valuable insights and descriptions.

Based on the above-discussed sources, research on milk-run supply systems reveals
significant advancements and directions as follows:

— Predictive analytics for procurement: Predictive analytics powered by Al helps
prevent stockouts and overstocking by analyzing demand trends. Al tools such as
machine learning models predict procurement needs more effectively by pro-
cessing huge amounts of historical data (Atwani et al., 2022; Richey, et al. 2023;
Wang, 2021)

— Supplier selection and risk management: Al-driven algorithms analyse supplier
performance data, reduce risks, and improve contract negotiations by identifying
potential issues and optimizing decision-making processes (Koumpan et al., 2023;
Richey et al., 2023)

— Reinforcement learning for procurement optimization: Reinforcement learning
enables Al systems to develop procurement strategies independently through sim-
ulations (Akkad & Banyai, 2023; Liu et al., 2023)
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— Multi-criteria inventory classification and forecasting: Al techniques such as
SVM, backpropagation networks, and k-NN algorithms improve traditional inven-
tory classification methods like ABC analysis. AI models also outperform conven-
tional statistical methods like ARIMA in forecasting procurement needs (Kiefer &
Ulmer, 2019; Yu, 2011).

Based on the literature review, integrating Al into procurement is crucial for
enhancing processes such as demand forecasting, supplier selection, risk management,
and inventory classification. Predictive analytics powered by Al improves the accu-
racy of demand forecasts, helping to prevent stockouts and overstocking. Al-driven
algorithms enhance supplier selection and risk management by analysing performance
data and optimizing decision-making. Reinforcement learning further enables Al sys-
tems to autonomously develop procurement strategies through simulations, providing
more resilient and efficient solutions. Al techniques also outperform traditional meth-
ods in inventory classification and forecasting. A research gap remains in exploring
how Al can be more effectively integrated into existing procurement systems, partic-
ularly in dynamic environments, and in further improving Al's ability to handle ex-
treme demand fluctuations and supplier risks.

Development of ANN trained method

Within the frame of this chapter, an Al model is described and applied to train
a dataset. The model used is an Artificial Neural Network, a straightforward yet effec-
tive tool within the Machine Learning family, ideal for training datasets to categorize
or predict parameter values. To create an industrially viable ANN model, two initial
steps are necessary: data mining and defining the layers. The sequence of these steps
depends on whether existing data is available for testing or if the system is being cre-
ated from scratch, with data collection to follow. In this case, access was granted to
corporate data, which was cleaned and pre-processed before being used as a test da-
taset. The company gave permission to use the data, but it needs to be anonymised to
protect confidentiality.

Since the data was available first, layer definition became the second step. There is
no strict rule for determining the number of hidden layers or the number of nodes, but
for tasks with a reasonable number of parameters, most recommendations suggest us-
ing between 1 and 3 layers. The same is true for the number of nodes in each hidden
layer; while formulas exist, the ideal number is task-dependent. For fewer than 100
input parameters, it's common for the first hidden layer to have up to twice the number
of input and output nodes, while subsequent layers typically have between 2/3 and 1/2
of the previous layer’s nodes (Karsoliya, 2012).

After processing the corporate data, 11 input parameters were selected, with 4 out-
puts: predicting item classification into ABC & XYZ categories, relative order lot size
and relative order indicator level. The last two are related to the size of the warehouse
pallet capacity. Given the relatively low number of inputs and the problem’s perceived
simplicity, I designed the model with 3 hidden layers containing 16,12 and 8 nodes,
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respectively. The 3 layers are needed, because there are two different tasks in the out-
put layer. The first two is categorising output, and a last two is value prediction. These
parameters and layers are illustrated in Figure 1.1.

Normalization, 1. st Hidden Normalization, 2. st Hidden Normalization, 3. st Hidden Normalization,

Input Layer (11 parameters) weighting layer (16 nodes) weighting layer (12 nodes) weighting layer (8 nodes) weighting

Output Layer (4 parameters)

Size of Warehouse (max, 4
palette number) N

Price of an item (EUR) | 2} —~ , 1 x AR » 1 5 , 1 Catogorizing: ABC
Numberoftemson (5
apalette \

Summary of used items 4 \
(specific KPI indicator)

N7, » 2 Catogorizing: XYZ
Dady average demand of 5 A\ A/ y
an ftem

. . .

Standard deviation of daly g pe . .
demand of an item

. . .

Dally average inventory 7 <
» 3 Relative order lot size

Standard deviation of daily ¢ i ) \ <
o 8 v, » 15

Share of average inventory o/
1o total inventory (%)

Average order lot size | 10 4 \ 16 4 12y~ g — 3 4 Rel, order indicator level

Order indicator level | 11 #

Figure 1.1. Structure of specific ANN model for this task

Source: Own study based on research.

Pre-processing the data is often necessary in addition to cleaning. Initially, the da-
taset had nearly 140 parameters, which was too much. Input parameters 1-4 (ware-
house size, item price, items per pallet, and a KPI for item usage) remained
unchanged. Parameters 5-10 were calculated: average daily demand and its standard
deviation, average daily inventory and its standard deviation, the average daily ware-
house occupancy percentage and the average order lot size. The goal was to avoid
redundant data or parameters derived from others unless necessary due to complex
relationships.

The corporate dataset covered around 3,200 items over a month, but about 1,800
items were inactive, reducing the usable training data. After data cleaning, only 255
items remained, which was sufficient to train the Al. Figure 1.2 shows part of the
cleaned dataset, with yellow columns representing company-defined Order Indicator
level and ABC/XYZ classifications (the supervised outputs), the green columns count
as input parameters, and the grey columns containing daily data used to calculate in-
puts 5-10.

In my previous study, a detailed explanation was provided why the ABC/XYZ cat-
egorization was selected, and its importance were highlighted in managing inventory
efficiently. The categorization plays a crucial role in distinguishing high-value and
high-movement items from less critical ones, which allows for better prioritization
within supply chain processes.

In this current study, two significant key factor was added: the order lot size and
the warehouse reorder level. The order lot size refers to the specific quantities of raw
materials that need to be procured at a given time, ensuring that the supply chain re-
mains optimized without overstocking or running into shortages. Meanwhile, the
warehouse reorder level is a critical parameter that signals when inventory has dropped
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to a point where new stock must be ordered. This ensures that procurement teams can
act proactively, maintaining smooth operations and preventing disruptions in the
whole supply chain.

Income |Useditems| Remains | Stock Income
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Figure 1.2. Example for training data

Source: Own study based on research.

Based on the corporal data the training was concluded on the specified ANN net-
work with a great result. Each outcome parameters approximation is above 85%, but
the previous study already contained ABC/XYZ and average order lot size is also an
input parameter only the order indicator limit values are interesting now. As we can
see on Figure 1.3 with approximately 5,800 iterations (which took more than 22 hours)
and each iteration contains a 500 population a 95% to guess the value within 1 pallet
quantity. As we can see on the graph, which is broken down into 100 iterations, at the
beginning it was roughly between 10% and 15% to guess correctly, which is not sur-
prising since most parts are bought in quantities of less than 10 pallets at a time.
A candlestick chart format was used to show the distribution between the best and
worst trained methods in the current iteration. The standard deviation (SD) is repre-
sented by the thick part of the candle.
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Figure 1.3. Training process of ANN model to determine the value
of the order limit

Source: Own study based on research.
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From the chart, we can deduce that there was significant volatility in the first 1,000
iterations, but after that, the proportion of SD relative to the entire column gradually
decreased, indicating continuous improvement of the methods. Another observation is
that, until the end of the iteration process, there are some poorly performing methods
that barely reach 10-15%. This is because, in each iteration, new individuals are gen-
erated based on the previous ones, which can produce poor values even with small
changes, as the engine of the training model in this case is based on a genetic algorithm.

Evaluation of trained Al model

In this section, the Al crated method introduced in the previous sections is evalu-
ated using a test dataset comprised of 22 items, as shown in Figure 1.4. This test table
has been designed to include a small but representative variety of data points for a short
analysis. The dataset includes 10 existing parts that have been in use for an extended
period, and these parts also included in training the model. In addition, 6 new items
are included in the evaluation. These new parts are either freshly acquired by the com-
pany or are planned for introduction in the near future. This allows the model to be
tested on completely unfamiliar data, helping to gauge its predictive power and adapt-
ability. Furthermore, the test includes 6 randomly generated items. These were intro-
duced as a control to avoid any potential bias or overfitting in the model’s predictions.
By including random items, we ensure that the model is not simply memorizing
patterns from the training data, but rather it can handle a wide range of input values.
These random items were carefully generated to maintain a balance in the dataset
without pushing the values to extremes, ensuring that the test results remain realistic.
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& N7 899 0.17| 100.00} 0.00| 0.00) 0.00 0.00) 0.00 0.0000] 4.34 2.00} C Y
N8 899 40.57| 105.00} 0.05 0.71] 0.76) 1.14) 0.69 0.0013) 8.42 3.00} B Y
N9 795 69.03 33.00] 0.03 0.14] 0.38 124.14) 18.54 0.1562| 75.00] 3.00} A Z
N10 346 316.40 18.00 0.17| 0.43] 1.13 3.57] 1.13 0.0103] 3.66) 2.00} B 4
N11 795 1.41]  2000.00) 0.00] 0.00) 0.00 12.86) 6.41 0.0162| 15.50, 7.00} B Y
0 N12 586 1.33] 500.00) 0.03 2.43 1.90] 0.43] 11.15 0.0007] 12.00 7.00} B Y
E N13 795 24.33 48.00] 0.00| 0.00) 0.00 0.00) 0.00 0.0000] 0.00 0.00} C 4
% N14 795 1.52| 300.00] 0.00| 0.00) 0.00 0.00) 0.00 0.0000] 0.00 0.00} B X
z N15 795 1.51] 300.00) 0.00| 0.00) 0.00 0.00) 0.00 0.0000] 0.00 0.00} B 4
N16 795 66.66) 60.00| 0.58 5.00) 8.77 1.00 7.94 0.00] 13.67, 20.00] A Y
" N17 647] 231.19 44.00] 0.63 13.05] 9.97 19.45) 2.41 0.09) n.a. n.a. A X
g N18 1112] 6.02 962.00) 0.82 1.95 0.36) 6.38) 1.23 0.0499 n.a. n.a. C 4
; N19 483 45.62 73.00] 0.15 7.29 3.60 20.39 10.23 0.0975) n.a. n.a. B X
3 N20 968 0.31] 37.00] 0.83 0.37] 0.71 21.97| 9.75 0.1094] n.a. n.a. C 4
§ N21 801 108.57| 382.00) 0.35 3.42 6.32 14.82 9.79 0.0690] n.a. n.a. A Y
N22 649 5.28 800.00| 0.23 1.81 0.34 21.17| 3.64 0.12] n.a. n.a. C Y

Figure 1.4. Bases of the survey: data of 22 purchasable parts

Source: Own study based on research.
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For all new items, the standard ABC/XYZ categorization was carried out, which
is a key part of the evaluation process. However, for the randomly generated items,
it was not possible to assign the two additional output parameters, as these are depend-
ent on practical, real-world data.

To evaluate the effectiveness of the Al-generated method, 22 parts alone are not
sufficient to provide validation of its overall performance. Ideally, a much larger
dataset would be necessary to assess all potential outcomes and scenarios. However,
the primary objective in this case is not simply to prove whether the method functions
flawlessly, but rather to determine if it can surpass the decision-making capabilities of
human labour. To conduct this assessment, four employees were called from the com-
pany, each with varying levels of experience in procurement. This range of experience
(11, 6, 5 and 2 years) ensured that the results would reflect different levels of human
expertise, allowing for a fair comparison between the Al model and human judgment.
Each participant was provided with the same table containing information about the
22 parts and was given 10 minutes to complete the task. They were asked to classify
each part into its ABC/XYZ category and set an order limit based on the given data.

In terms of Al not only the latest model was used but also the older version de-
signed solely for ABC/XYZ analysis, which also performed quite well. As shown in
Figure 1.5, both models achieved over 90% accuracy. In the table, yellow highlights
the errors. As can be seen, both Al models slightly outperformed even the colleague
with 11 years of experience, but not with significant amount.

Al 2024 April Al 2024 August Employee 11years exp.| Employee 6yearsexp. | Employee 5years exp. | Employee 2 years exp.
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Figure 1.5. Evaluation table of the survey

Source: Own study based on research.

One of the most notable mistakes for Al occurred with parts N13-15, where all
employees entered a value of 0 for the order indicator limit, as they know there should
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be no limit, because it the part is yet not used in manufacturing. While the Al correctly
estimated two of the three values, they were far from 0. Another error to note is that
most employees made mistakes with parts N6-10. When asked, they explained that for
the ABC analysis, they primarily considered the price and the number of items per
pallet, while for the XYZ analysis, they focused on the average daily demand, its
deviation, and the stock quantity. This approach worked fairly well for the new and
random items.

Another interesting observation is that the human workforce can easily predict the
order indicator because they rely on a well-established system. They have specific
values for certain combinations, such as “AX” almost always 5 palettes, and below
“BY” typically uses around 2-3 pallets. The only exception from this knowledge was
the employee with 2 years of experience, who couldn't do this as she is not involved
in setting indicators.

Conclusion

This study explores how Artificial Neural Networks and Al can enhance decision-
making and operational efficiency in supply chain management. Using real corporate
inventory data, 11 input and 4 output parameters were identified, including ABC/XYZ
classification and order indicator level, all linked to warehouse pallet capacity.
A 3-layer ANN was trained on 255 pre-processed procurement records, achieving over
85% accuracy of ABC/XYZ classification and 95% accuracy in predicting values
within one pallet quantity after nearly a day of training.

ABC/XYZ categorization helped prioritize high-value, high-movement items,
while two additional parameters — order lot size and reorder level — optimized inven-
tory management and prevented overstocking or shortages. A test of 22 items (10 old,
6 new, and 6 random) was conducted to evaluate both the Al and four employees with
varied procurement experience. While humans relied on heuristical statistics, errors
occurred with unfamiliar items. The Al also made mistakes with parts not yet in pro-
duction, predicting incorrect order limits where humans entered zero.

Despite minor errors, the Al achieved over 90% accuracy in classifying parts and
setting order limits, surpassing human performance in these tasks. This method
demonstrates how Al can effectively manage tasks infrequently performed by employ-
ees, showcasing its potential to improve inventory processes.

Currently, this Al model is designed to assist procurement teams, rather than
replacing workers, it enhances their performance, ensuring procurement processes are
more efficient and accurate.

While the findings are encouraging, there are several opportunities for further
research to enhance Al integration in supply chains. Testing the model on a larger and
more varied dataset could provide more consistent and reliable results. Additionally,
future research could explore reinforcement learning, which would allow the Al to go
beyond mimicking human work and use data simulations to discover even better
solutions.
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Chapter 2

THE SDP3 SYSTEM AS A TOOL DETERMINING
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Abstract: Modern manufacturing companies face increasing challenges related to efficient
transportation management within complex production processes and dynamic supply
chains. In response to these needs, this article focuses on optimizing transportation through
the use of advanced IT systems. In the face of intense competition, effective transportation
management plays a key role in reducing costs, shortening production times, and improving
efficiency. The article demonstrates how innovative technologies can automate transport
processes, facilitate data analysis, and support faster decision-making, enabling companies
to adapt to changing market conditions.

Keywords: efficiency, transport, production process, SDP3 system

Introduction

In today's business environment, complex production processes and dynamic sup-
ply chains present companies with challenges related to effective transportation man-
agement (Jain & Benyoucef, 2008; Swaminathan et al.,1998). In the context of intense
competition and increasing market complexity, efficient transportation management
becomes a key factor in optimizing costs, reducing production time, and enhancing
overall organizational efficiency (Serdarasan, 2013).

The primary goal of this article is not only to identify areas for potential optimiza-
tion within the transportation process but also to implement a dedicated IT system that
enables effective management and optimization of key transportation elements in the
production process (Crainic et al., 2009; Greeff & Ghoshal, 2004). By introducing in-
novative solutions, companies can automate transport processes and provide real-time
data analysis, speeding up strategic decision-making and enabling adaptation to dy-
namic market conditions (Pandey at al., 2011; Taylor & Raden, 2007).

The use of IT systems to support the monitoring and optimization of component or
finished product flow is one of the most critical elements in well-functioning manu-
facturing companies (Jain & Lad, 2017). Advanced technologies not only facilitate the
digitization and computerization of production processes but also set a new path for
development, guiding companies worldwide. It is important to highlight major tech-
nology centers such as Tokyo, Shanghai, and California, where engineers face chal-
lenges daily and develop advanced IT systems to verify internal and external logistics
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processes, identifying gaps and areas for improvement (Chen et al., 2017; Sahay et al.,
2003; Sturgeon, & Lester, 2004).

The modern world forces manufacturers to follow trends and rapidly evolve, with-
out which it is impossible to maintain high performance. The increasing demand for
IT and logistics engineers clearly shows how the market and its requirements have
changed over the past decades of rapid development. (Blumberg, 1999; Grets, 1997).

This study goes beyond the conventional approach to transportation optimization
in the production process and focuses on innovation through the use of advanced IT
technologies. The ultimate aim is to analyze and implement a solution that enhances
the competitiveness of the company while respecting sustainable development and
harnessing the potential of modern technologies. This work serves as a bridge
between traditional transportation management and the dynamic, demanding market
environment, supporting the growth of companies in the era of digital transformation.
The implementation of an advanced IT system provides an opportunity for better anal-
ysis and verification of these processes, leading to increased efficiency. The use of
analytical tools aims to demonstrate a clear improvement over time and simulate the
application of the mentioned system in the daily operations of a production line within
a company.

Factors determining the efficiency of transportation processes

Modern companies are increasingly recognizing the importance of internal
transport efficiency and its impact on overall business operations. In the rapidly
developing industries, effective movement of goods within production facilities is
a crucial aspect not only operationally but also strategically (Cohen & Lee, 1985;
Holweg & Helo, 2014). The pursuit of maximum optimization of transport processes
is a challenge faced by all companies aiming for growth and competitiveness in their
respective sectors (Best, 2001; Rios-Mercado & Borraz-Sanchez, 2015). Years of
experience gained by companies and their employees have led to identifying the most
important factors influencing this efficiency. Modern technologies are an integral part
of the solutions being implemented to optimize processes and ensure the company's
participation in the ongoing technological transformation (Porter & Heppelmann,
2015; RiiBmann et al., 2015; Westerman et al., 2014). The complexity of internal
transport efficiency involves many factors that affect its level.

A critical aspect of internal transport organization is the arrangement of routes
and logistics areas within the company. Those responsible for internal logistics face
the challenge of logically organizing transport routes to enhance the efficiency of
operations performed by internal logistics operators. Proper planning of transport
routes is crucial at the early stages of designing production halls and implementing
new production lines (Scallan, 2003). Efficient movement of operators and internal
transport equipment between the production line and warehouses is essential for
maintaining high efficiency and safety (Erengii¢, 1999). All transport routes should
be designed in accordance with principles and standards, such as the Polish standard
for transport route dimensions PN-M-78010:196829. Proper signage of transport
routes is also crucial to maintain order and, most importantly, safety for those using
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these routes. These same considerations are also relevant in low or high storage
warehouses, where safety plays an extremely important role (Richards, 2017;
Sugathadasa et al., 2021). Workplace accidents can not only pose a threat to the con-
tinuity of internal transport processes but, in extreme cases, can also bring those pro-
cesses to a halt. Such situations can be avoided by properly marking transport routes
and areas. The wide variety of equipment requires these elements to be adapted to
the conditions within the company, and this should be addressed in the early stages
of launching projects or approving areas related to production and internal logistics
(Frazelle, 2020; Sheffi, 2012).

In an era of rapid development, automation and process management in logistics
are critical factors affecting transport process efficiency. Modern IT systems are help-
ful in this regard, as they enable real-time monitoring of operations and the collection
of statistical data (Azvine et al., 2006; Habeeb et al., 2019). This information allows
for the verification of operation times, which can contribute to optimizing transport
routes and the equipment used for handling goods. Collecting large amounts of data
over time provides a solid foundation for drawing conclusions and implementing
solutions to improve efficiency (Glasgow et al., 2004). This is also reflected in calcu-
lating the energy consumption of devices, which can lead to shortening transport routes
or relocating storage areas closer to loading or unloading points. Automation is also
applicable to conveyor belts on production lines. (Stankovic, 2003). Proper synchro-
nization combined with time monitoring allows for an objective view of ongoing
processes, enabling the identification and elimination of bottlenecks. Undoubtedly,
automation and technological advancements contribute to the overall efficiency of
transport processes in companies (Barreto et al., 2017; RiiBmann et al., 2015).

The condition of the equipment used for transporting goods also affects transport
process efficiency. Proper maintenance of the technical aspects and functionality
of machines is crucial to avoiding breakdowns and interruptions in deliveries.
This applies to devices directly on production lines (conveyor belts, rollers) as well as
forklifts or manipulators (Bouh & Riopel, 2015). This issue is particularly important
when using electric forklifts, which must be charged at the appropriate time to avoid
running out of power and ensure uninterrupted operations for internal logistics opera-
tors. A similar issue applies to fuel supplies for older types of forklifts powered by
diesel or LPG. Ensuring adequate fuel supplies and spare parts for these vehicles is
essential to quickly respond to critical situations, such as repairing a malfunction or
refueling. The condition of forklifts and hand trucks significantly impacts efficiency,
making it crucial to organize regular maintenance and servicing to keep them fully
operational (Harmon, 1993).

Another important factor influencing efficiency is the proper organization of work
time. The way production and logistics processes are planned plays a key role in the
functioning of these areas of the company (Mentzer et al., 2008; Romano, 2003).
Logistic peaks, which occur during increased orders or deliveries, are particularly sig-
nificant. These situations require intensified activity and work, and without maintain-
ing an appropriate buffer, may lead to failing to meet set goals. Such phenomena often
occur in companies where seasonality plays a major role, such as sporting goods man-
ufacturers or farmers (Connell et al., 2015; Dawson et al., 2011). Planners should have
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the skills to forecast such periods based on acquired experience. Proper handling of
these situations helps maintain operations in line with Lean or Just-In-Time principles,
ensuring sufficient efficiency is maintained (Macharia & Mukulu, 2016; Pinto et al.,
2018).

Every aspect of a company's operations requires regular investment and keeping up
with trends. Investing in the development of warehouses, equipment, and staff training
can yield tangible benefits in the form of high efficiency. The largest companies in the
world continuously strive for maximum efficiency, which cannot be achieved without
investment (Christensen & Bower, 1996). Modern equipment and warchouse areas are
key elements of an efficiently functioning business environment. Staff training is also
crucial for those managing logistics processes in the company. From management staff
to team leaders and physical workers, the role of training plays an important part in
ensuring efficient and effective team performance. (Elnag & Imran, 2013; Tabassi et
al.,, 2012). Proper and precise communication helps avoid mistakes and misunder-
standings that can impact the overall efficiency of the company. Proper planning,
implementation, management, and monitoring of all these aspects are key to maintain-
ing high efficiency and effectiveness in internal transport processes within companies
(Marlow & Casaca, 2003; Sabbaghi & Vaidyanathan, 2008).

Presentation and implementation of the SDP3 system in optimization

SDP3 is an IT system developed by IT specialists and technologists at ZF. It is
a global tool used in many company locations, which has been improved and expanded
over the years with additional modules (Li et al., 2023). SDP3 incorporates elements
of MRP and ERP-class software, allowing for its broad application across different
sectors of the enterprise (Cliff, 1969). The system is based on cloud data storage, which
offers several advantages (Dronamraj, 2010; Kunnath et al., 2021):

— Accessibility from anywhere in the world.

— Long-term data storage.

— No need for additional server rooms, reducing costs.

— Ease of use.

— Possibility for further expansion.

— Instant data transfer and real-time insights.

— However, using a cloud-based system also comes with certain drawbacks:
— Dependence on network connection.

— Risk of hacker attacks (despite high-quality security measures).

— Necessity of training employees to use the system.

SDP3 is designed so that expansions and updates do not pose a risk of data loss and
do not affect the current operation of the system. This allows for the introduction and
testing of new modules without interfering with the existing setup. It is worth noting
that access to the system is restricted to authorized employees only (Wu & Boyd,
1996). Each access request must be justified to obtain an individual login and pass-
word, ensuring security and preventing unauthorized access. This is not the only secu-
rity measure; the system also features built-in antivirus software to detect any threats
and automatically logs the user out after 5 minutes of inactivity.
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SDP3 consists of several core modules that are crucial for the daily functioning of

the enterprise (Lasserre, & Magron, 2019; Van Apeldoorn et al., 2017):

Production Module: This component handles the entry of production orders and
forwards them to production managers for scheduling. It also allows real-time mon-
itoring of ongoing orders and their progress. The module stores historical data,
enabling the verification of production line efficiency throughout its operation.
It is a useful tool for confirming performance against client requirements and serves
as an indicator of the production staff's work.

Quality Module: This module presents essential data about each manufactured unit,
including serial numbers, product numbers, production line numbers, order num-
bers, and quality status (OK/NOK). It is crucial for verifying the correctness
of production operations and is useful in handling customer complaints, as it allows
for the verification of every product along with its parameters. The module also
shows the completion time for each unit, which helps calculate the total time
required for production.

Packaging Module: This part of the system is responsible for verifying the inven-
tory of packaging materials and automatically ordering them when they run out on
the production line. It is integrated with scanners used by logistics operators to add
empty packaging to stock. After completing a production order, the module auto-
matically removes empty packaging from inventory, reflecting the real quantity,
thus ensuring smooth flow of finished products and reducing the risk of packaging
shortages.

Internal Transport Module: This element supervises all aspects of the company's
internal logistics. It controls the receipt of components, delivers the right quantities
to the production line, monitors warechouse movements, and transports finished
products to high-storage warchouses. Like the Packaging Module, it is connected
to the operators' scanners and is mainly used by logistics managers and warehouse
leaders to verify current activities and ensure continuous supply. A valuable feature
of this module is the ability to track the time required for all transport movements,
enabling the optimization of transport routes or storage areas to minimize these
times.

Time and Quantity Module: This is the module of most interest in the context of
SDP3. It provides direct insight into transport processes on the production line, al-
lowing the verification of the time for each movement and the quantities of com-
ponents, semi-finished products, and finished goods. It can track the number of
units moved between production operations and show the time needed to transport
each unit. This module is particularly useful for assessing the efficiency of imple-
mented solutions on the production line and identifying bottlenecks. It enables the
implementation of improvements aimed at optimizing these processes and contin-
uously enhancing inter-operational transport.

SDP3 will be utilized in the proposed optimization due to its capabilities in moni-

toring transport processes on the production line. A critical aspect of its implementa-
tion is the ability to verify the time required to move units between individual opera-
tions. The goal of its deployment is to create the conditions for observing these
processes and identifying areas for improvement to increase efficiency. The system's
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ease of use, along with the devices available on the production line, should allow for
synchronization between both elements, which should have a measurable impact on
the optimization goal (Chappell & Large, 2005).

Analysis of the transport process in the production process

The subject of the analysis is the production line for the driver’s airbag for

the Audi DAB product. This production line consists of five operations:

1. Assembly of the airbag and installation in the cover.

2. Installation of the gas generator into the housing.

3. Screwing the cover to the housing.

4. Installation of the wiring harness and electrical parameter testing.

5. Visual inspection, printing of the final label, and packing into the container.

Each operation takes place at a dedicated station equipped with specific tooling.
During one production shift, a total of five production operators are working, with one
operator assigned to each station. The transport between operations is carried out using
2-meter-long conveyor belts, activated by the press of a button by the operator.
The employee sending the semi-finished product to the next station must press a button
to activate the conveyor belt. The receiving operator must also confirm the receipt of
the semi-finished product by pressing a button. These actions are logged with SENT/
RECEIVED messages, but without recording the transport time between the stations.

This setup results in a situation where, if the sending operator works faster, they
must wait until the receiving operator completes their tasks before being able to send
the next unit. The situation can also be reversed in the case of a slower sending opera-
tor, forcing the receiving operator to wait for the next unit to arrive.

To assess the current state and efficiency of the transport processes in production,
a performance audit was conducted (Table 2.1).

Table 2.1. Performance audit results

. Average
Working Total work Number o Average t.1me inter-operational
h - units produced per unit -
ours time - - - - transport time
(in units) (in minutes) . -
(in minutes)
6:00 00 60:00 26 02:30 00:30
00 - 8:00 60:00 28 02:14 00:26
8:00 - 9:00 60:00 27 02:22 00:28
9:00 - 10:00 60:00 28 02:14 00:26
0:00 - 10:30 30:00 13 02:30 00:30
0:30 00 Break 0:30 h — no production
00 00 60:00 28 02:14 00:26
00 00 60:00 27 02:22 00:28
00 - 14:00 60:00 28 02:14 00:26
e Average Average time Average time
Total =07:308 | %7 unitsh ~ 0220 min ~ 00:28 min

Source: Own study based on the available performance audit results from the production line.
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The obtained data comes from the time logs of machines at individual production
stations. The average transport time is derived from the sum of the operating times of
all transport belts. The above results show the average number of units produced dur-
ing 7.5 hours, which equals one production shift. As we can observe, the average pro-
duction time per unit was 2 minutes and 20 seconds, of which the inter-operational
transport time accounted for an average of 28 seconds. Based on the gathered data, the
following results can be derived:

e Total number of units produced during one shift:

27 units x 7.5 h = 202 units
e Total number of units produced in one day:

27 units x 7.5 h x 3 shifts = 607 units
e Total number of units produced in one week:

27 units x 7.5 h x 3 shifts x 5 days = 3035 units
e Total number of units produced in one year:

27 units x 7.5 h x 3 shifts x 5 days x 50 weeks = 151,750 units

These calculated values will be needed during the simulation and comparison of
the proposed optimization of internal transport in the production process on the
selected line. To obtain the most accurate comparative analysis, it is important to cal-
culate the total time required for inter-operational transport over time:

e Total number of units produced during one production shift:

27 units x 7.5 h = 202 units
e Average inter-operational transport time during one production shift:

202 units x 28 seconds = 5656 seconds ~ 94.26 minutes = 1:34 h
e Average inter-operational transport time in one day:

1:34 h x 3 shifts ~4:42 h
e Average inter-operational transport time in one week:

4:42 hx 5 days=23:34h
e Average inter-operational transport time in one year:

23:34 h x 50 weeks = 1178:20 h

The prepared data will serve as the basis for a comparative analysis with the data
obtained from the performance trial after the test implementation of the optimization.
In the analysis, it is important to focus on the reduction of inter-operational transport
time, which directly impacts efficiency. If the time reduction is successful, it will
indicate an increase in process efficiency, confirming the validity of the proposed
solution.

Research results: proposal for process improvement
using the SDP3 system

The optimization project for transport processes on the production line will be
based on the implementation of the SDP3 system to improve inter-operational
transport. The project consists of three stages:

1. Replacing the SENT/RECEIVED buttons with automatic sensors that detect the
presence of semi-finished products and automatically activate the transport belt.
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2. Synchronizing the production belts with the SDP3 system and installing a module
responsible for controlling and monitoring transport processes between opera-
tions.

3. Conducting a simulation and performance audit to gather data for comparative
analysis with the state before optimization.

To assess the time required for implementing the proposed solution, consultations
were held with individuals responsible for similar tasks. The time needed for replacing
buttons with sensors on the transport belts is estimated at 4 working hours.
Synchronization of the transport belts and implementation of the SDP3 system is
expected to take 8 hours, which can be done in parallel without disrupting serial pro-
duction. During the implementation phase, semi-finished products will be transported
manually by production operators. The simulation and performance audit will be con-
ducted simultaneously during one production shift, lasting 7.5 hours. After this period
and the verification of results, interviews with employees will be conducted to gather
their opinions on the proposed solution.

The first stage of optimization took place on September 11, 2023, and was carried
out by the Maintenance Department mechanics under the supervision of a technologist
representing the Development Department. During the replacement of the buttons with
Keyence sensors, no issues or installation difficulties were noted. Sensor functionality
tests were conducted and successfully completed. A representative from the Health
and Safety Department also inspected the sensors to ensure their safe operation. A total
of 8 sensors were installed, with one at the beginning and one at the end of each of the
four transport belts.

The second stage involved installing the SDP3 system and connecting it to the sen-
sors responsible for controlling the transport belts. An IT specialist, experienced in
handling transport tools and working with the system, was appointed for this task.
The installation began on September 11, 2023, immediately after the mechanics com-
pleted their work on the production line. Although the installation was successful, there
were issues during the synchronization of the transport belts with the system. Three
synchronization attempts were made, but none were successful. Due to the late hour
and the end of the working day for the responsible individuals, further attempts were
postponed to the next day. On September 12, 2023, another attempt was made to syn-
chronize the system with the transport belts and sensors, but it also failed to achieve
the desired result. To resolve the issue, a consultation was held with a representative
from Keyence, the supplier of the sensors, via a Microsoft Teams meeting. During the
meeting, we were informed that the latest drivers for the sensors needed to be installed.
After receiving the necessary software, the update was carried out directly on the pro-
duction line. A total of 5 attempts were made, all of which were successful. The driver
update produced the expected result, allowing the synchronization of the transport
belts with the SDP3 system to proceed. Programming the solution took about 5 hours
and was successfully completed.

A simulation and performance audit with the new solution was initially scheduled
for September 13, 2023, but due to the need for operator training, it was postponed
to September 14, 2023. On September 13, 2023, training was conducted for the
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production operators, presenting the new solution. The training was conducted by pro-
duction leaders from each of the three shifts and concluded with the signing of training
protocols.

On September 14, 2023, the simulation of a full production shift with the imple-
mented solution began to test the stability of the system and its correct operation
with the transport devices on the production line. The production started at 6:00 AM
and ended at 2:00 PM. Below are the results of the performance audit conducted
(Table 2.2): SDP3 is an IT system developed by IT specialists and technologists at ZF.
It is a global tool used in many company locations, which has been improved and
expanded (Table 2.2).

Table 2.2. Performance audit results after optimization implementation

Number of units Average time Average.lnter-
. Total work o -operational
‘Working hours . produced per unit .
time 3 A . . transport time
(in units) (in minutes) e
(in minutes)
6:00 00 60:00 28 02:14 00:26
00 - 8:00 60:00 29 02:06 00:25
8:00 - 9:00 60:00 29 02:06 00:25
9:00 - 10:00 60:00 28 02:14 00:26
0:00 - 10:30 30:00 14 02:14 00:26
0:30 00 Break 0:30 h — no production
00 00 60:00 27 02:22 00:28
00 00 60:00 28 02:14 00:26
00 - 14:00 60:00 27 02:22 00:28
Total = Average Average time Average time
07:30 h ~ 28 units/h ~ 02:14 min ~ 00:26 min

Source: Own study based on results from the SDP3 system.

Based on the obtained data, the following results were achieved:
e Total number of units produced during one shift:
28 units x 7.5 h = 210 units
e Total number of units produced in one day:
28 units x 7.5 h x 3 shifts = 630 units
e Total number of units produced in one week:
28 units x 7.5 h x 3 shifts x 5 days = 3,150 units
e Total number of units produced in one year:
27 units x 7.5 h x 3 shifts x 5 days x 50 weeks = 157,500 units
The results are a simulation of production efficiency, considering the tested
transport process optimization using the SDP3 system.
Calculated times after optimization:
e Total number of units produced during one production shift:
27 units x 7.5 h =210 units
e Average inter-operational transport time during one shift:
210 units x 26 seconds = 5,460 seconds = 91 minutes = 1:31 h
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e Average inter-operational transport time per day:
1:31 h x 3 shifts =4:33 h
e Average inter-operational transport time per week:
4:42 hx 5 days=22:45h
e Average inter-operational transport time per year:
23:34 h x 50 weeks = 1,137:30 h
The obtained results were compared with the data from before the optimization
was implemented (Table 2.3).

Table 2.3. Comparative summary of results before and after optimization

Before After .
AP NP— Difference
optimization optimization
Average number of units ‘ 27 units/hour 28 units/hour 1 units/hour
produced (In units)
Average time per unit ‘ 02:20 02:14 00:06
(In minutes)
Average inter-operational
transport time 00:28 00:26 00:02

(In minutes)

Total number of units
produced during one shift 202 210 8

Total numl_oer of units 607 630 23
produced in one day
Total number of units 3035 3150 115

produced in one week
Total numl_oer of units 151 750 157 500 5750
produced in one year
Average inter-operational
transport time during one
production shift (In hours)

Average inter-operational
transport time per day

01:34 01:31 00:03

04:42 04:33 00:09
(In hours)
Average inter-operational
transport time per week
(In hours)

23:34 22:45 00:49

Average inter-operational
transport time per year
(In hours)

1178:20 1137:30 16:50

Source: Own study based on obtained results.

The prepared summary demonstrates and confirms the positive impact of the pro-
posed optimization on the transport processes of the selected production line. Each
analyzed element showed an improvement in efficiency after the performance audit
was conducted. Based on this data, the following conclusions can be drawn:

1. The average number of units produced per hour increased by 1 unit.
2. The average time spent on producing one unit was reduced by 6 seconds.
3. The average inter-operational transport time for one unit was reduced by

2 seconds.
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The total number of units produced during one shift increased by 8 units.

The total number of units produced in one day increased by 23 units.

The total number of units produced in one week increased by 115 units.

The total number of units produced in one year increased by 5,750 units.

The average inter-operational transport time during one shift was reduced by
3 minutes.

9. The average inter-operational transport time per day was reduced by 9 minutes.
10.The average inter-operational transport time per week was reduced by

49 minutes.
11.The average inter-operational transport time per year was reduced by 16 hours

and 50 minutes.

Over the 5-year product lifecycle, the implemented optimization will allow for the
production of 28,750 additional units of finished products. The analysis clearly proves
that the proposed implementation of the SDP3 system in transport processes on the
production line results in a tangible effect in the form of increased efficiency, which
was the objective of the project.

O NNk

Summary

Understanding the mechanisms of internal and external transport processes is es-
sential for implementing effective logistics improvements. This knowledge, built upon
years of research and publications, is a valuable resource for logistics specialists world-
wide. Although logistics often remains invisible to the average person, its impact is
widespread and felt in many aspects of life. In the production sector, the efficiency
of transport processes plays a significant role, influencing the supply of components,
the distribution of products, and the transport of raw materials such as fuel and energy,
which power the modern economy.

The rapid development of technology forces experts working on transport optimi-
zation to continuously improve processes in order to achieve the best possible results.
Modern logistics relies on the use of advanced IT systems, which are applied in every
aspect of its operation.

In conclusion, the optimization project using the SDP3 system yielded positive re-
sults and improved the efficiency of transport within the production process.
A comparison of results before and after the solution was implemented showed a clear
improvement, which was the primary goal of the project. The system accelerated inter-
operational transport through proper synchronization with production lines, which,
although yielding seemingly small results, brings significant long-term benefits.
The time savings, amounting to more than two days per year, can be utilized for ma-
chine maintenance or other necessary tasks. This data confirms that the optimization
was successfully implemented, contributing to increased transport efficiency in pro-
duction processes.
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Abstract: In today’s market, innovation is a critical factor in determining competitive ad-
vantage, especially in the logistics sector, where it is the basis for operational efficiency and
customer satisfaction. This chapter examines the role of logistics clusters in Poland as
facilitators of innovation, examining their contribution to the evolution of the logistics
industry against the backdrop of technological progress and growing market demands.
The methods discussed in the methodological part of the work are critical analysis of the
literature, inductive-deductive reasoning and case study analysis. By conducting a case
study of Polish logistics cluster, the research highlights how integrated networks of compa-
nies can leverage modern technologies — such as IoT, Al, and automation — to optimize
supply chain processes and streamline service delivery. The results indicate that the
research cluster effectively supports innovation through collaborative partnerships, techno-
logical integration, and a focus on sustainable development, thereby increasing the compet-
itiveness of member companies. Furthermore, challenges such as regulatory complexity,
infrastructure constraints, and shortages of skilled labor are identified as barriers to further
development of logistics clusters in Poland. The chapter concludes with recommendations
for policymakers and industry leaders to create an environment conducive to innovation,
ultimately positioning Poland as a leading logistics hub in Europe and contributing
to broader economic growth.

Keywords: cooperation, innovation, logistics clusters

Introduction

Nowadays, innovations are one of the key factors that determine gaining and main-
taining a competitive advantage in the market (Sumantri, 2020, pp. 1-2). They are often
referred to as a requirement for conducting business in a market economy, as well as
the most valuable assets of a modern organization (Lozhachevska et al., 2021, p. 315).
Their importance results from the role they play in enterprises. They contribute not
only to improving the quality of goods and services offered, but also determine the
ability to survive and develop through quick response to changes in the market and
the ability to adapt to the needs and expectations of customers (Dziekonski
& Chwiecko, 2013, p. 176).

It is difficult to imagine a modern organisation without a well-functioning logistics.
Polish companies are joining the trend of this fourth revolution, implementing innova-
tive projects in the field of modern production lines, robotic internal logistics, mobile
applications, intelligent materials and drones (Palmen & Baron, 2016, p. 34). The use
of technological means to ensure the efficiency of logistical processes is becoming
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a key issue. High technological requirements and changing conditions in the creation
of value in logistical chains are increasingly challenging the efficiency and rationali-
sation of logistical processes. Information as the most important value in a rapidly
changing environment has become one of the most important elements of the logistical
process. It has become a challenge for modern information systems to provide up-to-
date data for the effective realisation of logistical activities. The integration of state-
of-the-art information technology with the existing hardware and software infrastruc-
ture poses a major challenge to both management and senior staff using the
implemented technology (Sosnowski & Olczak, 2011, p. 77).

Logistics companies are under intense pressure to continuously develop and in-
crease the profitability of their operations (Krauth et al., 2005, p. 240). As emphasised
by Kozlak (2008, p. 2), their position depends primarily on the level of costs of pro-
vided services and their quality. In turn, these two parameters are strongly influenced
by the innovative solutions implemented. Logistics companies are a diverse group in
terms of many parameters related to their size, organisational structure, type and scope
of services provided. At the same time, they have a significant innovative potential,
which results from their dynamic development, increase in demand for the services
offered, increase in the level of revenues, the scope of the served market, as well as the
inflow of capital. However, it is mainly the large and international players who are
looking for new opportunities and solutions. Innovation entails the need to incur high
financial expenditures, and this is often one of the factors inhibiting innovation, espe-
cially for small and medium-sized enterprises (Kozlak, 2014, p. 138).

In the case of the logistic industry, the area of implemented innovative activities
can be very large, these can be not only new products offered on the market, but also
changes in the technology of service production itself, in the concept of management
of a logistics enterprise, changes in the way the enterprise works and many others
(Antonowicz, 2015, p. 1134). Innovations in the logistic industry concern all activities
that are perceived as new and useful for stakeholders, both internal and external. In the
first case, they are intended to improve operational efficiency, while in the second,
they are intended to raise the level of customer service (Zailani et al., 2015, p. 108).
Antonowicz emphasizes that the task of innovations in the TSL industry is both effec-
tively fulfilling current customer needs, as well as creating new ones that take into
account their requirements (Antonowicz, 2014, p. 22). On the other hand, A. Bujak
emphasizes better adaptation to changes in the environment and gaining the ability to
react faster to market needs (Bujak, 2011, p. 92).

Researchers have highlighted the importance of stimulating innovation within lo-
gistics clusters as a key prerequisite for advancing the transport sector (Shkoda et al.,
2023, p. 365; Smoliar et al., 2022, pp. 1-7). Logistics clusters have emerged as critical
nodes in global supply chains, facilitating the seamless movement of goods and ser-
vices across regions (Choi & Siqin, 2022). In Poland, these clusters have gained prom-
inence due to strategic geographical location, infrastructure development, and support-
ive government policies aimed at fostering industrial growth and innovation (Han,
2014, p. 1395). The aim of this paper is to examine how these clusters contribute to
innovation in the logistics sector and beyond, using the example of a selected Polish
logistics cluster.
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Literature review

Clusters have become a very popular tool of regional policy of all provinces in
Poland (Gemra, 2017, p. 30). This is the result of the intensification of regional devel-
opment processes for which clusters are a basic strategic tool (Dmuchowski, 2019,
p- 351; Knop, 2013, pp. 174-175). The basis of the cluster concept are cooperative,
informational and interpersonal ties between companies in the entire supply chain
or in horizontal connections (Kazoj¢, 2016, pp. 57-60; Verduzco-Garza, 2015, p. 1).
Clusters themselves are geographical concentrations of interconnected institutions of
a given area of economic activity (Porter, 2001, pp. 246-256). The systematically pro-
gressing internationalization of activity and dynamic technological development mean
that the ongoing economic processes in many cases take on the characteristics of com-
plex systems, in which it is increasingly difficult to determine the directions of possible
changes (Trzmielak & Wozniakowski, 2015, p. 27).

Business innovation is a very important and topical area of research and analysis.
Also in relation to the logistics industry, the role of, as well as the need to generate and
implement new solutions due to the competitiveness in the market and the potential of
these enterprises is emphasized (Budrin et al., 2019, pp. 176-181). One of the widely
discussed problems in the literature is the classification of innovations, in which many
different approaches are proposed. However, by far the dominant and basic one is the
division in line with OECD recommendations. This manual has significantly revised
the definition of business innovation by simplifying the earlier, more complex list that
categorized innovations into four types: product, process, organizational, and market-
ing. Based on insights from cognitive testing, the definition has been streamlined to
focus on two primary categories: product innovations and business process innova-
tions (OSLO Manual, 2018).

Advanced technology clusters are an undeniable instrument for supporting
the development and competitiveness of regions (Kovbatiuk & Shevchuk, 2018,
pp. 114-121). The development of advanced technology clusters is one of the main
instruments of pro-innovation policy in the world. International experience shows that
effective support for cluster initiatives by the public sector leads to an increase in the
competitiveness of enterprises gathered in clusters, contributes to the diffusion and
transfer of knowledge and to closer cooperation between business and the research and
development sector (Sheffi, 2014). The main goal of supporting clusters is to perma-
nently increase the level of competitiveness of the economy at the local, regional and
national level, by increasing the innovativeness of enterprises and improving their
competitive position (Domanski & Marciniak, 2003, p. 152). Therefore, support for
the creation and development of clusters, including advanced technology clusters, is
one of the key aspects of regional policy, both in its pro-investment and pro-innovation
dimension. Support for the creation and development of clusters is also often consid-
ered as an element of the cohesion policy implemented in Poland (Parysek, 2003,
p- 45). Innovation clusters are a form of closed partnership. In this model, a network
of intensive cooperation is created between the operator and a selectively selected
external partner (Frankowska, 2016, pp. 325-340).
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One specific type of cluster is the logistics cluster. According to Elsner (2010),
a logistics cluster is a group of companies from either the manufacturing or service
sectors, united by the common characteristic that their employees perform logistics-
related functions. This group typically includes producers, suppliers, service compa-
nies, as well as public and private organizations involved in logistics services (Liu et
al., 2022). These services are usually provided by entities such as logistics and ware-
house centers, specialized and intermediary carriers, freight forwarders, freight bro-
kers, intermodal marketing companies, and back-office firms related to the transport,
shipping, and logistics (TSL) sector. Examples of such back-office firms include
equipment and machinery suppliers, leasing companies, and transportation fleet ser-
vice providers. These companies are often concentrated around logistics infrastructure
such as ports, airports, and rail hubs (Elsner, 2010, pp. 1-33). This definition implies
that a logistics cluster requires both the execution of logistics functions by employees
within these companies and the geographical concentration of these firms around key
logistical infrastructure. Key logistics functions typically include transportation and
warehousing, along with activities such as ordering, inventory management, loading,
and material handling.

In turn, Sheffi (2010, pp. 11-17) is the author of a simple definition that a logistics
cluster is a set of companies offering logistics services, such as transport, storage and
distribution. Later, Sheffi complicated his definition, indicating that a logistics cluster
is a set of companies performing operations that intensively use logistics. He indicated
three types of these companies at the same time. First, these are logistics service pro-
viders, such as carriers, warehouses, specialized consultants and IT suppliers, 3PL,
freight forwarders and customs brokers. Second, these are industrial companies per-
forming logistics operations for distribution or spare parts supply. Third, these are in-
dustrial companies in which logistics operations are a source of significant costs
(Shefti, 2013, p. 468).

Witkowski and Kiba-Janiak (2012, pp. 397-414) present a similar way of reasoning
to Sheffi’s. According to them, a logistics cluster is a geographical concentration of
interconnected companies, competing with each other, but also cooperating, providing
logistics services, such as transport, storage, packaging, reloading, forwarding, as well
as companies providing services supporting logistics processes, such as service, finan-
cial, insurance, etc. services, and other institutions (scientific, standardizing, industry
associations) in order to carry out specific tasks: educational, scientific, business and
training.

Logistics clusters occupy a key place in regional policy, especially in regions fo-
cusing on logistics services as a source of competitive advantage (Xiu, 2013, p. 401).
However, the development of logistics clusters encounters many barriers that make it
difficult to fully use this concept (Bergmansson, 2005). The main infrastructural con-
straints include poorly developed ICT and transport infrastructure, a shortage of indus-
trial areas and inadequate technological support, especially in the area of research and
development. Investment problems result from the lack of suitable areas and high land
costs (Kowalski, 2013, pp. 183-184). Economic and financial constraints include a low
level of industrial development, limited innovation and difficulties in obtaining invest-
ment capital, including high-risk funds. Territorial and structural and organizational
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constraints concern, among others, difficult access to international markets and the

lack of qualified staff and business self-organization. Environmental and cultural prob-

lems include increased emissions, lack of trust and cooperation in the cluster, and low
public awareness of the role of clusters in innovation and competitiveness (Chyba,

2008). Legal constraints result from the lack of a clear legal definition of a cluster and

the instability of legal regulations. These complex problems require coordinated ac-

tions at the regional and national levels to support the development of logistics clusters

as a key element of regional development strategies (Ozigbto, 2016, pp. 144-145).

In the coming years, Polish regions are unlikely to gain a comparative advantage
in the field of innovation, mainly due to delays in the development of clusters and the
high-tech sector (Skoczylas, 2014, pp. 178-179). Nevertheless, the modernization of
regional economies and structural reform, especially in the area of competition regu-
lation and cooperation between business and R&D institutions, are crucial for further
growth of competitiveness (Pyka & Kruppers, 2002, p. 7; Schumpeter, 2007, p. 27).
Current regulations hinder the development of the advanced technology sector, and
Polish companies cooperate less often with each other in the field of innovation than
companies in other EU countries (Rochefort, 2009, p. 25; Swistalski, 2004, pp. 89-98).
Moreover, there is a discrepancy between the structure of research expenditures and
market needs, which limits the transfer of research results to Polish companies.

The logistics industry, a key component of global supply chains, is evolving rapidly
through the use of modern technology. Innovations in this sector are helping to im-
prove efficiency, optimise processes and increase customer satisfaction. Below are the
key innovations that have revolutionised logistics in recent years (Abdirad & Krishnan,
2020, pp. 1-15; Anthony et al., 2024, p. 53; Barreto et al., 2017, p. 1245; Jirsak, 2018,
pp. 121-146; Mahdavisharif et al., 2022, p. 386):

1. Automated warehouses and robotization. The use of automated warehouses and
barcode scanning robots significantly streamlines warehouse processes. The use of
RFID technology and product packaging programmes minimises errors and re-
duces lead times. Automation allows logistics companies to increase competitive-
ness and optimise their work.

2. IoT and blockchain technologies. the Internet of Things (IoT) and blockchain are
becoming increasingly popular in the logistics industry. With IoT, it is possible to
monitor the location, temperature and other parameters of shipments in real time,
which increases security and transport efficiency. Blockchain, on the other hand,
enables transparency in the supply chain, especially in terms of tracking shipments,
which helps logistics operators to manage the so-called ‘last mile’.

3. Artificial intelligence (AI). Al finds applications in warehouse management and
demand forecasting. Al supports logistics in optimising delivery routes, analysing
data and predicting operational problems. By automating decisions, it is possible to
manage resources more efficiently and reduce operational risks.

4. Data analytics and Big Data. Modern logistics increasingly relies on the analysis of
large data sets. Big Data makes it possible to predict trends, optimise processes and
make more precise business decisions. It also acts as a tool for demand forecasting
and risk management.
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5. Sustainable logistics. logistics companies are increasingly emphasising environ-
mentally friendly measures, which allows them not only to build a positive image,
but also to meet customers' growing expectations in terms of social responsibility.
Implementing green solutions, such as supporting local suppliers, is an important
part of building competitiveness.

Development of AR and VR technologies. Augmented reality (AR) and virtual
reality (VR) are finding their way into goods picking and warehouse space manage-
ment. These technologies make it possible to eliminate human error and increase
operational efficiency.

Research methodology

In order to achieve the aim of the paper, a critical analysis of the literature was first
conducted in relation to the definition of logistics clusters and their innovativeness.
A logistics cluster is a new organizational form functioning in economic realities,
which requires better understanding. The innovativeness of logistics clusters was pre-
sented based on a case study of a selected Polish cluster — Kilog based on materials
available in the cluster reports, website and other publicly available materials.

Research results and discussion

Poland's strategic location at the crossroads of major European trade routes has
positioned it as a key logistics hub. The development of logistics clusters in cities like
Warsaw, £.0dz, and Wroctaw has been driven by investments in modern infrastructure,
including airports, seaports, and road networks. These clusters integrate various
elements of the supply chain, from warehousing to distribution, leveraging economies
of scale and scope to enhance operational efficiencies. Innovation within logistics clus-
ters in Poland is propelled by several factors. Firstly, advancements in technology,
such as IoT (Internet of Things), Al (Artificial Intelligence), and automation, are
revolutionizing warehouse management, transportation planning, and last-mile deliv-
ery. Secondly, collaborative networks between industry players, academic institutions,
and government bodies foster knowledge sharing and R&D initiatives, leading to the
development of cutting-edge solutions. Thirdly, sustainability concerns are prompting
innovations in eco-friendly logistics practices, including green transportation and
packaging solutions.

This section presents case study of notable logistics cluster in Poland: Cluster
Innovative Logistics -Kilog cluster, highlighting their unique approaches to inno-
vation.

The main objective of the Kilog cluster is to increase the competitiveness and in-
novation of the logistics sector. Table 3.1 presents the main goals and their implemen-
tation of Kilog cluster.

Examples of the realization of innovative challenges in the field of logistics show
the excellent solutions applied by the Kilog cluster. Table 3.2 shows examples of
companies for which the studied cluster has contributed to further development.
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Table 3.1. Goals and their implementation

Goals

Implementation

- achieving a high level of innovation
and competitiveness of enterprises as-
sociated in the Cluster,

- ensuring high economic and financial

efficiency of enterprises associated

in the Cluster and initiatives con-

ducted by them,

diagnosing and developing concepts

for solving problems in the field of

logistics management, especially
sales and distribution networks,
implementing activities aimed at
ensuring comprehensive and full
logistics services for enterprises,
especially sales and distribution
networks,

carrying out activities that will serve

the development of associated

companies and institutions and
creating favourable conditions for
conducting business activities,
animating cooperation between
enterprises, public administration,
industry associations, educational and
research and development institutions
and other interested entities, and as

a result stimulating socio-economic

growth and development of

entrepreneurship, especially

in the region of Eastern Poland.

- using the synergy effect,

- using the available organizational, techno-
logical, scientific and personal resources,

- exchanging knowledge and experience
of the Cluster members,

- monitoring, analyzing and creating recom-
mendations in the field of economic and
financial efficiency,

- disseminating the idea of innovation among
entrepreneurs and scientific institutions,
including universities,

- supporting technological and business initia-
tives related to the development of the
Cluster,

- obtaining sources of financing, including EU
funds for economic, scientific, research
projects and other initiatives,

- cooperating with the scientific
and educational community,

- developing smart specialization strategies
and creating knowledge and innovation
databases,

- conducting information, advisory and educa-
tional activities, including: in the scope
of innovation, technology transfer, coopera-
tive links between companies and cluster
creation methodology,

- associating and supporting pro-innovation
activities of companies, universities and scien-
tific and research institutions and institutes,

- conducting own and handling commissioned
development and research projects,

- promoting the Cluster's offer,

- participating in national and regional
programmes concerning the implementation
of the Cluster's objectives,

- organising training courses and classes,
symposia, lectures, discussion meetings,
exhibitions, competitions, shows and other
activities promoting innovation in logistics,

- publishing and publishing activities,

- initiating and undertaking, in compliance
with applicable regulations, other activities
aimed at implementing the statutory
objectives and tasks of the Cluster.

Source: Own study based on ERPwincash Commit Polska Sp. z 0.0., www.commit.pl (access

on 26.09.2024).

39




Table 3.2. Case studies of Kilog cluster

Company Challenge Solution Benefits
Recman Replacement of the existing ERPwincash Omnichannel.
POS system. Back Office Intuitive creation of diverse
Communication of the show- ERPwincash promotional campaigns.
rooms with the head office in | Logistics ERP- | Increased efficiency and
real time. wincash POS accelerated sales processes.
Enhanced management of Oracle Business | Central management of all
price and promotions. Intelligence sales channels.
Integration with web shop and
other online shop and other
external systems.
Inglot Communication of the salons NTSwincash A rich tool for creating
with the head office in real Back Office promotional activities.
time. NTSwincash Launch of the loyalty
Optimisation of logistics Logistics programme.
processes optimisation of NTSwincash Increased efficiency of logistics
logistics processes within POS processes
the network. Stock control of shops from
Enhanced management of the head office position.
pricing and promotions. Effective integration
Introduction of a loyalty with external systems.
programme.
Integration into an operational
production system,
financial and accounting
system and web shop.
Vodafone | Short implementation time NTSwincash Management system
Qatar Emphasis on management Retail Suite § Logistics
logistics. Retail Manage- | Integration with payment terminal
ment § Retail Payment terminal (EFT)
Store Point § Replication to protect against
Retail Logistics | Fail-safe replication
Mobile points of sale
Equipped with NTSwincash
EGR Replace the existing system NTSwincash Support for shops offering prod-
Standard interface for in SaaS model | ucts and services of various
financial and accounting trading partners
system. Central data management
No costs associated with
setting up an IT facility on the
customer's side
Saving time and money
management,
on IT infrastructure,
support operation and IT

Source: Own study based on ERPwincash Commit Polska Sp. z 0.0., www.commit.pl (access on
26.09.2024).

Table 3.2 shows the challenges, solutions and benefits achieved by four selected
companies through the implementation of modern ERP and POS systems. In each case,
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the main objectives were to improve communication with head office, optimise logis-
tics, manage pricing and promotions, and integrate with other internal and external
systems. The implemented solutions brought a number of benefits, such as improved
sales efficiency, central data management, and the introduction of innovative
tools such as mobile POS and loyalty programmes. Summarize the data presented
in Table 3.2 it is possible to indicate few key findings:

— Centralisation of management. All companies benefited from the centralisation of
sales channel management and logistics processes, resulting in significant opera-
tional improvements.

— Omnichannel. By integrating different sales systems, both stationary and online,
companies gained the ability to conduct omnichannel activities, which increased
product availability and improved customer experience.

— Logistics efficiency. Optimisation of logistics processes has been a key aspect in
improving inventory and delivery management, resulting in better control over the
flow of goods and reduced operating costs.

Supporting companies in implementing these changes, the KILOG cluster has
implemented a number of innovative logistics solutions. Here are the most important
of these:

— Advanced automation of logistics processes. The KILOG cluster introduced
systems to automate inventory management, allowing for more precise planning
and a reduction in human error.

— Integration with ERP systems. By integrating logistics systems with ERP, compa-
nies can control warehouse and logistics processes in real time, ensuring better co-
ordination of activities.

— Optimisation of delivery routes. Advanced route planning tools allow delivery pro-
cesses to be optimised, reducing transport costs and lead times.

— Cloud-based warehouse management (SaaS). The implementation of cloud-based
systems (SaaS) in logistics enables companies to flexibly manage their inventory
without investing in costly IT infrastructure.

The innovative solutions introduced by the KILOG cluster have allowed companies
to make significant improvements in the area of logistics, resulting in operational effi-
ciency, lower costs and greater flexibility in managing sales and warehouse processes.

Conclusion

The issue of clusters is one of the most complex and still insufficiently researched
issues. The interest in a logistics cluster is an important economic and social issue,
confirmed by the European Union in the implementation of joint investments.
The existence of appropriate infrastructure is recommended for the implementation of
logistics cluster tasks, the places where clusters occur are primarily industrialized re-
gions and metropolises. Entities operating in clusters in Poland are aware of the need
to cooperate with public authorities in order to consolidate their position in the region
and to make a certain level of their competitiveness. Determinants influencing the cre-
ation of logistics clusters are sought among internal and external factors. Key factors
should be sought in the processes of internationalization, liberalization of capital flows
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and capital investment in places with particularly favorable conditions, searching
for new sources of competitive advantage and large disproportions between regions.

Despite their successes, logistics clusters in Poland face challenges such as regula-
tory complexities, infrastructure bottlenecks, and skilled labor shortages. Addressing
these challenges requires coordinated efforts from policymakers, industry leaders, and
academia to create an enabling environment for continuous innovation. Moreover, op-
portunities abound for leveraging emerging technologies like blockchain and predic-
tive analytics to further optimize supply chain processes and enhance competitiveness
on a global scale (Kumar et al., 2017, pp. 25-36).

The strategic implications of innovation in logistics clusters extend beyond opera-
tional efficiencies to broader economic impacts. Enhanced logistics capabilities attract
foreign direct investment (FDI), stimulate job creation, and contribute to regional de-
velopment. Policymakers can leverage these clusters to promote economic diversifi-
cation and resilience, positioning Poland as a leading logistics hub in Europe. Future
research should focus on longitudinal studies to track the evolution of logistics clusters
in Poland, evaluate the long-term impacts of innovation on economic growth and sus-
tainability, and explore novel strategies for overcoming existing challenges in the rap-
idly evolving logistics landscape.
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Abstract: Studies in Green Innovation Management (GIM) have gained considerable
attention in the last decade, demonstrating widespread progress in addressing ecological
problems through green innovative practices. This investigation reflects the dynamic nature
of GIM research, examining its interdisciplinary origins and scholarly value through an
extensive bibliometric analysis based on studies extracted from the Scopus database.
This deconstruction employs a bibliometric analysis to explore the evolution and impact of
GIM across global research studies from 2019 to 2023 by examining annual publication
volumes, citation data, and scholarly contributors through a three-field plot. It highlights
the increasing annual output of GIM articles, significant citation rates indicating the grow-
ing importance of the field, and how the authors, affiliations, and keywords are intercon-
nected. The research identifies the top journals and authors in green innovation management
research, showcasing the field's influential entities and the global shift towards sustainable
innovation practices. A crucial limitation of the study is that while the Scopus database is
the benchmark for researchers, future studies should diversify and incorporate other data
sources other than Scopus for future analyses and foster interdisciplinary collaboration to
address GIM challenges. The findings aim to guide policymakers, researchers, and practi-
tioners toward effective strategies for sustainable innovation.

Keywords: bibliometric analysis, citation analysis, green innovation management, green
innovation, sustainability, sustainable practices

Introduction

There has been a significant increase in attention towards green innovation
research in recent years as evidenced by scholarly contributions (Alsmadi et al., 2023;
Kumar et al., 2021; Silintowe & Sukresna, 2023). These reflections have largely been
driven by the pressing need to address environmental green challenges societies world-
wide face (Shuwaikh et al., 2023; Wang et al., 2021; Zameer & Yasmeen, 2022) and
incorporate management perspectives (Ahmed et al., 2023; Gao et al., 2022; Wang et
al., 2022) to coin the research phrase "green innovation management" (GIM) (Aba-
dzhiev et al., 2022; Bigliardi & Bertolini, 2012; Schiederig et al., 2011). Researchers
have turned to bibliometric analysis to understand developments and trends within this
field better (Alsmadi et al., 2023; Kumar et al., 2021; Silintowe & Sukresna, 2023).
The growing recognition of the importance of green business practices has propelled
a global focus on green innovation, creating the need for a better understanding of
the trends shaping GIM and the institutions, authors, and journals influencing this
emergence (Baeshen et al., 2021; Ge et al., 2018; Hasan et al., 2019; Li et al., 2020;
Shahzad et al., 2022). This paradigm shift involves aligning innovative approaches
with ecological consciousness, effectively tackling current environmental challenges,
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and providing solutions for future issues while pursuing developmental goals in the
present. As a result, the academic research landscape has seen many studies that aim
to dissect, elucidate, and promote green innovation in various contexts and regions
(Barbieri et al., 2023; Obobisa et al., 2023; Rahman et al., 2023; Ramzan et al., 2023;
Tariq et al., 2019; Xu, 2022; Wysocki, 2021). Researchers can solve green innovation's
complexities by systematically analyzing the existing literature and clarifying its
significance in our societal and environmental geographies. Such investigations are
vital for informing policymakers, researchers, and practitioners as they seek to develop
innovative solutions to address pressing environmental concerns (Ahmed et al., 2023;
Khan et al., 2021; Rodrigues & Franco, 2023; Wang et al., 2021). This quantitative
method examines scientific publications, citations, and collaboration patterns, provid-
ing data into critical topics, influential authors, high-impact journals, and emerging
developments related to green innovation.

The concept of bibliometric analysis was first developed by Pritchard in 1969 to
describe a new field that utilizes quantitative approaches to study the scientific com-
munication process by measuring and analyzing different elements of written materi-
als, and it greatly enhances the clarity of a particular research field (Pritchard, 1969;
Stork & Astrin, 2014). Bibliometrics is a burgeoning field of study that includes vari-
ous disciplines of organized human learning (Jones, 2015; Mhando et al., 2023;
Thanuskodi, 2017). As scholars have acknowledged, bibliometrics, in recent decades,
has emerged as a widely accepted instrument for research policy and management,
including data such as publication titles and citation statistics, along with advanced
bibliometric methodologies, which play a crucial role in the development of major
scholarly indicators when studies are being evaluated.

Bibliometrics is a systematic assessment of the publication trends and authorship
of both large-scale and small-scale communication through mathematical and statisti-
cal calculations. Broadus (1987) aptly defines bibliometric research as a quantitative
study of bibliographic material with the goal of providing an extensive overview of
aresearch subject. The prioritization of content in this form of analysis is mostly
determined by the aggregate count of articles or the cumulative count of citations.
Bibliometrics is the examination of the correlation between numerical values and
trends in bibliographical statistics, such as the number of publications, the emergence
of literature, and the usage patterns of institutional libraries and research databases in
analysis.

Bibliometric approaches are valuable tools for conducting literature evaluations.
Even prior to reading, researchers can identify the most influential publications and
create an exhaustive map of the research topic, in this instance, green innovation man-
agement, free from personal prejudices (Anlesinya & Dadzie, 2023; Linnenlueck
et al., 2019; Patience et al., 2018; Perpetuo et al., 2022; Rosado & Souza, 2021).
Extensive documentation exists regarding the expansion of bibliometrics beyond liter-
ature studies (Ellegaard & Wallin, 2015; Gonzalez-Alcaide, 2021; Lariviére et al.,
2012). Several authors express concerns about the uncontrolled use and widespread
adoption of this strategy, especially when authors in distant domains lack an under-
standing of effective procedures (Sanchez et al., 2022; Sweileh, 2020; Rosado
& Souza, 2021). However, when implemented in the right manner, bibliometric
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approaches provide several advantages to other fields and cannot be anticipated to be
limited. In this context, bibliometricians are charged with the responsibility of docu-
menting the progression of the area and elucidating its attributes as it undergoes
expansion.

This analysis aims to map the research publications in this field and identify the
most influential themes and contributors. The author aim to provide a systematic over-
view of the research efforts thus far, emphasizing existing lacunas and potential ave-
nues for future studies by exploring the body of knowledge generated by scholars in
this area. Additionally, the analysis will be a valuable resource for future researchers,
empowering them to understand seminal works, research collaborations, and the
evolving trajectories of green innovation research. Exploring green innovation re-
search through bibliometric analysis provides a robust framework for understanding
its trends, advancements, and key contributors (Aboelmaged et al., 2023; Albort-Mo-
rant et al., 2017; Chafer et al., 2021; Fatma & Haleem, 2023; Punj et al., 2023). By
assessing the volume, dispersion, and impact of scholarly works, this study endeavors
to map the trajectory of green innovation research, highlighting its pivotal contribu-
tions, emerging niches, and potential future directions. This knowledge accelerates fur-
ther research, encourages collaboration, and ultimately contributes to developing sus-
tainable solutions for a greener future.

To achieve this, the author employ a rigorous methodology to collect a vast corpus
of scholarly publications on green innovation. Bibliometric techniques analyze critical
bibliographic data, such as publication volume, three-field plots, citation counts, the-
matic map, thematic evolution, most influential authors, country influence, co-author-
ship networks, and keyword co-occurrence. The analysis incorporates a range of bib-
liometric indicators, including citation-based metrics, journal publications data, three-
field plot, top journals, and authors in the field of green innovation (Albort-Morant et
al., 2017; Alsmadi et al., 2023; Kumar et al., 2021; Silintowe & Sukresna, 2023).

Green innovation studies are considered the cornerstone of sustainable develop-
ment and are instrumental in enhancing economic growth, environmental protection,
and quality of life. This concept integrates innovative technologies and practices that
reduce environmental impacts, promote energy efficiency, and utilize renewable
resources (Akbari et al., 2022; Albort-Morant, 2017; Pérez et al., 2024; Rupasinghe et
al., 2024; Silintowe & Sukresna, 2023). Green innovation supports the transition to-
wards a green economy by opening new markets and reducing costs through efficient
resource application (Pattinson et al., 2023; Sun et al., 2023). Scholars have also
acknowledged its importance in mitigating climate change and conserving biodiversity
(Muluneh & Worku, 2022; Schlaepfer & Lawler, 2022). Green innovation encourages
the development of sustainable products and services, contributing to a circular econ-
omy where waste is minimized and resources are reused and recycled. The Thai econ-
omy is transitioning towards a circular economy, with the government encouraging
citizens and corporate organizations to become key to this important government
initiative (Agrawal et al., 2023; Herrador & Van, 2024; Melati, Nikam & Nguyen,
2021; Samitthiwetcharong et al., 2023; Thongplew et al., 2022; Wang & Liu, 2022).
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The role of green innovation has also been recognized to positively impact public
health by mitigating pollution and improving air and water quality. Increasing the
prevailing quality of life by encouraging surroundings that prioritize sustainability
and green innovation leads to healthier and more habitable communities, thus improv-
ing the overall quality of life. In addition, it provides prospects for employment devel-
opment in new green sectors, which boosts economic growth while ensuring respon-
sible environmental management by all stakeholders involved in the circular economy
business (Kumar et al., 2019; Shabir et al., 2023; Shan et al., 2021; Thongplew et al.,
2022; Yoelao et al., 2021).

The adoption of green innovation practices requires a multidisciplinary approach
involving collaboration among scholars, regulators, policymakers, businesses, com-
munities, and other stakeholders involved. It requires the implementation of support-
ive policies, incentives for green business practices, and investment in research and
development of green technologies. Educating the public about the benefits of green
innovation and sustainability practices is equally important to ensure widespread
adoption and behavioral change, which are key requirements in adopting the circular
economic model (Alraja et al., 2022; Cheng et al., 2023; Lima et al., 2023; Thuyen
& Bich, 2024).

As Thailand joins the world in bracing for the increasing environmental chal-
lenges due to climate change and other physical activities of humans, the application
of green innovation in bibliometric studies provides:

Valuable insights into the evolution of this field.

Identifying key trends.

Influential research.

Emerging areas of interest.

These types of analysis have the potential to provide helpful recommendations for
future research initiatives, formulation of policies, and investment distributions,
demonstrating the crucial significance of green innovation in the attainment of sustain-
able development objectives.

By synthesizing and interpreting the findings of our bibliometric analysis, we ex-
pect to reveal the emerging trends and research hotspots within the field of green in-
novation. As the urgency to adopt sustainable practices continues to rise, this study
contributes to the growing body of knowledge that can inform entrepreneurs, innova-
tors, researchers, and practitioners about innovative resolutions to environmental con-
cerns. Furthermore, the analysis offers a valuable resource for future researchers by
providing an overview of the seminal works, collaborations, and evolving research
trajectories within green innovation. This study aims to contribute to the existing un-
derstanding of green innovation research by employing an exhaustive bibliometric
analysis approach covering recent publications. This section provides valuable insights
into the key subjects, influential researchers, and predominant research patterns within
this area through quantitative approaches. The findings will accelerate further research,
foster collaboration, and ultimately contribute to developing sustainable solutions for
a greener future.
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Methodology

The primary objective of conducting a systematic literature review is to identify
significant scientific contributions pertaining to the specific field of inquiry. This pro-
cess mitigates bias or systematic errors, enhances the credibility and influence of en-
suing evidence, and yields more dependable conclusions for determining trends and
informed decision-making. The Scopus database, a widely recognized global scholarly
resource, was used to conduct an in-depth search for academic literature on green in-
novation (Agrawal et al., 2023). The search for publications on “Green Innovation”
was conducted and limited to between January 1, 2019, and March 31, 2023, to under-
stand the recent trends in green innovation publications. The search criteria for “green
innovation” was limited to aspects such as: “article title, abstract, and keywords”.
The search documents box for “green innovation” produced a total of 2,627 docu-
ments. These were then filtered to cover only the years from 2019 to 2023. The results
were further filtered and restricted to include the document type “article”, language
“English”, giving a total of 1,887 documents. These 1,887 documents are used to
perform the bibliometric analysis.

The utilization of the bibliometric technique allows academics to assess and ana-
lyze data. The repository in question is a scholarly resource that collects scientific data
and various quantitative methodologies to do research. This approach facilitates iden-
tifying and evaluating the underlying pattern that applies to a specific subject matter,
such as the country of publication, most influential authors, journals, or research field.
Bibliometric analysis is a widely employed method in literary studies for assessing the
significance of concepts and subjects. Furthermore, it recognizes the valuable contri-
butions of many scholarly periodicals, educational establishments, and other geo-
graphical regions (Donthu et al., 2021; Ninkove et al., 2022). The analysis utilized the
VOS viewer software and biblioshiny to analyze the results of the bibliometric search
(van Eck & Waltman, 2010). They produce intelligible results, including visuals that
range from graphic images and tables that condense the complex search results (Bukar
et al., 2023). The software packages facilitate co-citations and bibliographic coupling
during presentations and preparatory activities. Bibliographic coupling refers to the
association established between two cited works through their shared reference to
a third work within their respective bibliographies (Garcia-Lillo et al., 2023; Ma et al.,
2022). In contrast, co-citation pertains to the frequency with which a specific document
is cited alongside two other articles. This action suggests that the two articles possess
a shared topic (Wang et al., 2018; Zhao et al., 2020).

Results and discussion
Systematic review

Drawing on the analysis of articles sourced from the Scopus database, the infor-
mation is divided into sections under the following headings; main information about
the data, document content, authors, author collaboration and document types.
It is evident that the primary data reveals an average yearly publication count of 377.4
between 2019 and 2023. Furthermore, this data set exhibits a notable annual growth
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rate of 45.28%. The mean citation count for each document is 15.32, while the average
age of each document is 1.25. A total of 112,853 references were utilized in the studies.
The research included a cohort of 3363 authors, among whom 92 were identified as
single authors. These single authors collectively contributed to a total of 105 publica-
tions. There were 3.47 co-authors per document, while the analysis of international
co-authorship indicated that 30.47% of the published outcomes resulted from collabo-
ration between authors from different countries. Table 4.1 provides an in-depth sum-
mary of the general information.

Table 4.1. Overview of general bibliometric information

Description Results
Main Information About Data \
Timespan 2019-2023
Sources (Journals, Books, etc.) 404
Documents 1887
Annual Growth Rate, % 45.28
Document Average Age 1.25
Average citations per doc 15.32
References 112853
Keywords Plus (ID) 4268
Author's Keywords (DE 4281
Authors 3363
Authors of single-authored docs 92
Single-authored docs 105
Co-Authors per Doc 3.47

International co-authorships % 30.47
Document Types \
Article 1887

Source: Author compilations.

Annual journal publications

The green innovation landscape has witnessed a remarkable evolution over recent
years, as evidenced by the data sourced from the Scopus database. Between 2019 and
2023, 1887 publications were published in this field, underscoring its emerging signif-
icance in academic research. A closer examination of the year-by-year distribution, as
illustrated in Table 4.2, reveals interesting patterns. There was a pronounced growth
in the number of publications each year from 2019. 2020 saw an increment of 67 arti-
cles compared to the preceding year. This momentum sustained into 2021, registering
an even more notable increase with an additional 104 articles. The zenith of this growth
trajectory was achieved in 2022, which witnessed a surge of 531 more articles than its
predecessor. However, 2023 marked a departure from this trend (see Fig. 4.1), with
the number of publications contracting by 315 articles. Despite this dip, the overarch-
ing trend over the five years signals a burgeoning interest and growing commitment to
green innovation research. One plausible catalyst for this heightened interest could be
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global events. The post-Covid-19 era, for instance, witnessed an unprecedented global
emphasis on health, conservation, and climate change. The pandemic, having fore-
grounded the vulnerabilities in our global systems, sparked a collective realization
about the importance of sustainability. As societies grappled with the pandemic's fall-
out, there was a palpable shift in priorities. People globally began to envision a future
characterized by enhanced environmental resilience.

Table 4.2. Annual publications of green innovation articles

Year Number of Articles
2019 112
2020 179
2021 283
2022 814
2023 499
Total 1887

Source: Author compilations.

The surging academic interest in green innovation reflects this more significant so-
cietal pivot. This collective drive towards a more sustainable future highlights the ne-
cessity and timeliness of research on green innovation.

Articles

= =
=1 = =]
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g
Year

Figure 4.1. Annual scientific productions of green innovation articles
Source: Author compilations.
The observed data trend, as represented in Table 4.2 and illustrated in Figure 4.1,
might need to be more accurate, especially considering the sudden drop in 2023. It is

vital to understand that the data for 2023 was only collected up until March, indicating
that the 499 articles were the cumulative output for the first quarter of the year.
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We estimate a monthly production of about 166 articles by extrapolating this on a lin-
ear projection model. Over an entire 12-month span, this would sum up to approxi-
mately 1,992 articles. Such a projection significantly alters the perceived trend in
Figure 4.1, making it more consistent with the trajectory observed in Figure 4.2.
This aligns with the view that there is an increasing annual pattern of green innovation
articles.

Articles | 2000

1500

1000

500

0 T T T T
Year 2019 2020 2021 2022 2023

Figure 4.2. Projected annual productions of green innovation articles

Source: Author compilations.

Annual citations of journal publications

Table 4.3 provides an overview of the academic impact of articles on green inno-
vation over the course of five years, from 2019 to 2023. The data presents the trends
in research relevance, dissemination, and recognition, as inferred from the number of
citations per article and year. 2019 stands out as the peak regarding the mean total
citations per article, recording 54.34 citations. Given that there were 112 articles pub-
lished, each article received an average of 10.87 citations annually over the course of
five citable years. This high citation rate highlights the novelty and significance of the
research in this period, suggesting that the studies were particularly influential and laid
foundational insights for subsequent works in the field. 2020 saw a decline in the mean
total citations per article to 38.88. However, these articles have garnered an average of
9.72 citations annually over four citable years. The relatively high number suggests
that the work in 2020 continued to be of substantive relevance, though less impactful
on a per-article basis than the preceding year. The year 2021 saw a decline in the mean
total citations per article to 28.1. The annual average citations per article also saw
a slight dip, settling at 9.37 over three citable years. For 2022, however, the mean total
citations per article dropped to 8.69, with an annual mean of 4.34 over two citable
years. The increase in research output coupled with a decline in citations might be
attributed to the nascent nature of the studies, which need more time to accrue citations

52



than in previous years. 2023 saw a stark drop in the mean total citations per article
to 1.68. These articles have had just a year to accumulate citations, so the annual
average remains the same.

Table 4.3. Annual citations

Year | Mean Total Citations per Article N I.V[ea.m Total Citable Years
Citations/Year

2019 54.34 112 10.87 5

2020 38.88 179 9.72 4

2021 28.1 283 9.37 3

2022 8.69 814 4.34 2

2023 1.68 499 1.68 1

Source: Author compilations.

It is crucial to note that newer publications generally take time to gain traction and
recognition in academic circles, and thus, the citation rate is expected to be lower.
The data showcases a dynamic landscape of green innovation research over the exam-
ined period. While 2019 and 2020 demonstrated robust citation rates, suggesting high-
impact research, the subsequent years, particularly 2022 and 2023 highlight the bur-
geoning volume of research in the domain. It will be intriguing to monitor how the
citations for recent years evolve as they age, offering further insights into their long-
term academic influence.

Three-field plot

Figure 4.3 depicts a three-field plot that visually represents three distinct compo-
nents, namely the authors' affiliations, the authors' names, and the keywords associated
with the study. Gray links visually represent the interrelation between these three com-
ponents. The linkages depict the connection between the affiliation name, author, and
the respective keyword associated with each author's publication. The dimensions of
each rectangle inside the separate lists correspond to the number of papers linked to
that aspect.

The first component, situated on the left-hand side, represents the affiliation. It is
worth noting that the top 20 institutions were identified in the three-field plot as having
authors affiliated with them who have published papers on green innovation and inter-
acted with the other elements on the plot. Shandong University exhibited the highest
level of interaction with other variables on the plot, followed by Wuhan University,
Shandong University of Finance and Economics, Jilin University, and Northwestern
Polytechnical University. The remaining associations exhibit a somewhat uniform
composition but with varying sizes. The second element, located in the plot's middle
section, comprises the authors' names. Authors affiliated with the different institutions
outlined, including Zhang Y, who is affiliated with various institutions such as Shan-
dong University, Wuhan University, and Northwestern Polytechnical University.
Wang Y. and Zhang J. are also notable authors linked to several universities.
The 20 top authors are listed in this plot. The size of the rectangle shows the number
of papers written by each author. In this plot, Zhang Y., Wang Y., Zhang J., Li Y.,
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Liu X, etc., had the largest rectangles, followed by the other listed authors on the plot.
All the authors listed had Chinese names.

Zhang y china

Figure 4.3. Three-field plot showing affiliation, authors and keywords

Source: Author compilations.

The third aspect comprises the keywords most commonly observed in the published
articles and relevant to the topic. Every subject matter is linked to scholars who have
substantially published works. A total of 19 keyword themes have been enumerated,
with the keyword “China” being the most common occurrence, as evidenced by the
larger size of the red rectangle, which significantly surpasses the dimensions of the
other rectangles. The prominence of China as a keyword stems from the dominance of
Chinese institutions within the represented affiliations, as evidenced by their position-
ing on the left-hand side of the plot. Additionally, the prevalence of Chinese authors is
apparent, as all authors mentioned in the center of the plot had Chinese names. Fur-
thermore, alongside China, this plot exhibits other prominent terms extensively em-
ployed, including “innovation” and “sustainable development”.

Top journals

The bibliometric analysis also yielded findings regarding the publishers with the
highest number of relevant journals and local citations related to green innovation.
A citation serves as a scholarly acknowledgment by a researcher to attribute credit to
the previous scholars for their work. The quantity of citations inside a journal indicates
its quality, with more citations suggesting a superior publication (Divecha et al., 2023).
Table 4.4 displays the 20 most relevant journals. The highest number of relevant
journal articles was published in Sustainability, with a total of 225 articles, followed
by Environmental Science Research (133) and Journal of Cleaner Production (127).
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Table 4.4. Most relevant journals

S/No Sources Articles
1 Sustainability 225
2 Environmental Science and Pollution Research 133
3 Journal of Cleaner Production 127
4 International Journal of Environmental Research And Public Health 90
5 Frontiers in Environmental Science 83
6 Business Strategy and the Environment 69
7 Technological Forecasting and Social Change 43
8 Frontiers in Psychology 38
9 Journal of Environmental Management 32
10 Energy Economics 31
11 Economic Research-Ekonomska Istrazivanja 27
12 Resources Policy 24
13 Energies 19
14 European Journal of Innovation Management 19
15 Technology Analysis and Strategic Management 19
16 Environment, Development and Sustainability 17
17 Sustainable Development 17
18 Science of the Total Environment 15
19 Corporate Social Responsibility and Environmental Management 14

20 Finance Research Letters 14

Source: Author compilations.

To further understand the top relevant journals, their research was analyzed over
five years (2019-2023) to understand their publication pattern. The journals in focus
were the top five identified in Table 4.4. The data reveals specific trends, growth pat-
terns, and shifts in publication volumes. The common occurrence among all the jour-
nals was the consistent growth in publication volume from 2019 to 2022, while they
all experienced a drop in 2023, which we have attributed to the data covering only the
first three months of the year. On projection, the 2023 (696) output will more than
double the overall production of 310 in 2022 (see Table 4.5). Environmental Science
and Pollution Research and International Journal of Environmental Research and
Public Health had no entries in 2019; the latter also did not record any publication
about green innovation in 2020. Its first entries were in 2021. On the other hand,
the International Journal of Environmental Research and Public Health recorded six
publications each in 2019 and 2020 and then doubled its publication rates over
the following years.

Table 4.5. Top S journals over time

Journals 2019 | 2020 | 2021 | 2022 | 2023 | Total
Sustainability 11 23 37 101 53 225
Environmental Science and Pollution Research 0 2 12 53 66 133
Journal of Cleaner Production 11 19 32 44 21 127

International Journal of Environmental

Research and Public Health

Frontiers in Environmental Science 0 0 3 63 17 83
Total 28 50 96 310 174 658

Source: Author compilations.
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Figure 4.4. Top 5 journals over time

Source: Author compilations.

Table 4.6. Top 5 journals over time with projected 2023 data

Journals 2019 | 2020 | 2021 | 2022 | 2023 | Total

Sustainability 11 23 37 101 212 384
Environmental Science and Pollution 0 5 12 53 264 331
Research

Journal of Cleaner Production 11 19 32 44 84 190
International Journal of Environmental

Research and Public Health 6 6 12 49 68 141
Frontiers in Environmental Science 0 0 3 63 68 134

Total 28 50 96 310 696 1180

Source: Author compilations.

The Journal of Cleaner Production had the highest scholarly influence, evidenced
by a citation count of 8722. Journal of Business Ethics publications on green innova-
tion received the second highest citation count with 2601 citations. Sustainability
followed them with a citation count totaling 2413, while Technological Forecasting
and Social Change received the next most citations, amounting to 1699.

Table 4.7 presents a compilation of prominent academic publications that garnered
the highest number of sources, reflecting their significant effect within the scholarly
community. The data utilized for this ranking is derived from the Scopus database.
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Table 4.7. Journals with the most citations

S/No Sources Articles
1 Journal of Cleaner Production 8722
2 Journal of Business Ethics 2601
3 Sustainability 2413
4 Technological Forecasting and Social Change 1699
5 Business Strategy and the Environment 1662
6 Environmental Science and Pollution Research 1473
7 Energy Policy 1438
8 Research Policy 1407
9 Journal of Business Research 1399
10 Ecological Economics 1293
11 Energy Economics 1021
12 Strategic Management Journal 840
13 Journal of Environmental Economics and Management 581
14 Business Strategy and the Environment 552
15 Journal of Environmental Management 538
16 Corporate Social Responsibility and Environmental Management 538
17 Academy of Management Journal 501
18 Energy 470
19 International Journal of Production Economics 467

20 Science of the Total Environment 456

Source: Author compilations.

Table 4.8 provides a comparative view of the impact of the top 20 journals that
have published articles on green innovation. Based on the data in Table 4.8, we can
infer that the journal with the highest h_index is the Journal of Cleaner Production
with an h_index of 42, while the journal with the lowest h_index is Resources,
Conservation and Recycling, with an h_index of 3.

For g index, the Journal of Cleaner Production leads in g_index as well, with
a score of 68, while the lowest g_index is again recorded by Resources, Conservation
and Recycling at 3. The Journal of Cleaner Production again had the highest m_index
of 8.4, while the lowest m_index was again recorded by Resources, Conservation and
Recycling at 0.6. Regarding net production, Sustainability had the highest net output
with a value of 225. In contrast, Resources, Conservation and Recycling and Sustain-
able Cities and Society had the lowest net production value, at 5. Most of the journals
in the list started production in 2019. The most recent journal in terms of starting its
production is Renewable Energy in 2022. We can deduce that the Journal of Cleaner
Production stands out as a leading journal in the given list regarding h_index, g_index,
and m_index.

The journal Sustainability produces a significant content volume, as indicated by
its highest net production. While Resources, Conservation, and Recycling scored the
lowest in most metrics, it is worth noting that the importance of a journal is not only
based on these metrics but also on the quality, impact, and relevance of its publications.

It is critical to acknowledge that the h_index, g index, and m_index are biblio-
metric indices that measure the productivity and impact of the publications of a scien-
tist or scholar, or in this case, an entire journal. The h_index represents the number of
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articles that have received at least that many citations, the g index focuses on the
top-ranked publications, and the m_index is the h_index divided by the number of
years the journal has been active (Keshavarz-Fathi et al., 2023; Shah & Jawaid, 2023).

Table 4.8. Comparative view of the top 20 journals in green innovation

- - - Net Production

Journal h_index | g index | m_index Production | Year Start
Journal of Cleaner Production 42 68 8.4 127 2019
Technological Forecasting
and Social Change 19 s 38 s 2019
Busmesiv Strategy and 3 47 6.2 69 2019
the Environment
Sustainability 23 30 4.6 225 2019
Environmental Science and
Pollution Research 20 31 > 133 2020
Energy Economics 11 30 2.75 31 2020
Journal of Environmental 16 30 32 3 2019
Management
Energy Policy 10 13 2 13 2019
Int. J. Environ. Res. Public Health. 16 25 3.2 90 2019
Science of the Total Environment 10 15 2 15 2019
Technology in Society 10 12 2 12 2019
Sustainable Prgductzon 10 14 5 14 2019
and Consumption
Resources, 'Conservatzon 3 3 06 3 2019
and Recycling
Sustainable Development 8 17 2 17 2020
Resources Policy 7 18 2.33333333 24 2021
European Journal of Innovation 7 16 1.4 19 2019
Management
Renewable Energy 9 14 4.5 14 2022
Economic Analysis and Policy 7 12 2.33333333 12 2021
Sustainable Cities and Society 3 5 0.75 5 2020
Frgntzers in Environmental 7 10 233333333 33 2021
Science

Source: Author compilations.

Top authors on green innovation

The contributions of scholars in any field, and in this instance, green innovation
research, serve to advance knowledge in the area. The top authors can be assessed by
their output and the impact of their research. An analysis of authors and their respective
outputs presents an opportunity to appreciate their efforts and assess the breadth and
depth of their contributions. Table 4.9 presents the top 20 authors in green innovation
research; some interesting observations can be deduced from the data. Wang Y
emerges as the most prominent member of this group, boasting an impressive count
of 61 publications. This chart highlights the extensive productivity of Wang Y and
emphasizes his significant standing when taking into account fractionalized contribu-
tions, which amount to around 19.961. Fractionalized counts frequently serve as a met-
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ric for quantifying the number of co-authored articles, providing insights into collabo-
ration patterns within the academic community. In the instance of Wang Y, it is seen
that while he has the highest number of papers, the fractionalized count indicates that
a significant amount of his contributions may have been collaborative efforts with
other scholars.

Table 4.9. Top 20 productive authors in green innovation

S/No Authors Articles Articles fractionalized
1 Wang Y 61 19.9611111
2 LiY 41 12.175
3 Zhang Y 40 12.1027778
4 Wang X 38 11.9666667
5 Zhang J 38 10.2095238
6 Li X 27 8.45119048
7 LiuY 27 7.48452381
8 Wang J 27 8.71666667
9 Wang L 27 7.45
10 LiJ 26 8.70238095
11 Liu X 26 7.90952381
12 Zhang Z 26 6.625
13 Zhang X 23 7.31666667
14 Liu S 22 6.74285714
15 Wang H 20 7.00952381
16 Chen X 19 5.46666667
17 SunY 19 6.43333333
18 Chen L 18 5.7
19 Wang S 18 5.01666667
20 XuY 18 5.53333333

Source: Author compilations.

Wang Y is followed by Li Y and Zhang Y, who have authored 41 and 40 papers,
respectively. The fractionalized numbers of 12.175 for Li Y and 12.103 for Zhang Y
suggest a comparable level of collaboration but slightly lower than that of Wang Y.
It is striking that Wang X and Zhang J have both authored 38 papers; nevertheless,
their fractionalized counts exhibit variation. Based on the fractionalized count, Zhang
J exhibits a collaboration level of roughly 10.21, slightly lower than that of Wang X,
who demonstrates a count of around 11.97. The mid-section of the table, populated by
the likes of Li X, Liu Y, Wang J, and Wang L, illustrates a tighter clustering in terms
of article counts, ranging from 27 to 26. However, even within this close-knit group,
the variation in fractionalized counts, spanning from Liu Y's 7.484 to Li X's 8.451,
indicates varying collaboration among these authors.

In the latter sections of the table, there is a noticeable decline in the number of
articles, indicating the involvement of authors who have contributed between 18 and
23 articles. Despite this decrease, the fractionalized counts continue to indicate the
presence of collaborative research efforts. As an illustration, the scholarly output of
Chen L and Xu'Y comprises 18 articles. However, upon examining their fractionalized
counts of 5.7 and 5.533, respectively, it becomes apparent that subtle variations exist
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in their collaborative tendencies. Table 4.9 provides insight into the academic contri-
butions of the top 20 authors in the field of green innovation. While absolute article
counts offer a preliminary glimpse into their productivity, the fractionalized figures
enrich the narrative by hinting at the collaborative nature of their endeavors. The aca-
demia thrives on collaborative spirits, and Table 4.9 is a testament to the collective
quest for knowledge that these researchers embody.

Table 4.10 offers an overview of the most influential authors in green innovation
research based on local citations. First, Li Y and Wang Y emerge as the leading schol-
ars in green innovation. At the top, Li Y has been cited 247 times, making him the
most influential author. He is followed by Wang Y, with 239 citations, marking a mere
eight-citation difference between the top two contributors. Their significant citations
underline their crucial role in shaping discussions and advancing knowledge in green
innovation. Following the pacesetters is a tight cluster of authors: Li W and Wang X.
Their citations, 196 and 195, respectively, showcase their substantial contributions and
influence in green innovation. Notably, the one-citation difference mirrors the close
contention between them. Another observation is the proximity in citation numbers
from the eighth to the twelfth position, from Zhang X's 165 citations to Liu K's 131.
This narrow range highlights the competitive and dynamic nature of the field, where
numerous contributors make significant impacts. Towards the table's end, the density
of citation counts further tightens. Venkatesh VG, Liboni LB, Li X, and Chiappetta
Jabbour CJ all share a citation count 120. Such clustering suggests that despite being
at the lower end of this list, these authors have made comparably influential contribu-
tions to the discourse on green innovation.

Table 4.10. Top 20 most cited authors

S/No Author Local citations
1 LiY 247
2 Wang Y 239
3 LiW 196
4 Wang X 195
5 Zhang J 180
6 Tang Y 171
7 Chen SX 170
8 Zhang X 165
9 Yang S 150
10 Liu X 150
11 Liu S 137
12 Liu K 131
13 Xue Y 130
14 Hossain MR 129
15 Jahanger A 126
16 Wang C 124
17 Venkatesh VG 120
18 Liboni LB 120
19 Li X 120

20 Chiappetta Jabbour CJ 120

Source: Author compilations.
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Conclusion

This research investigated the research publications on green innovation manage-
ment using bibliometric analysis from publications on the Scopus database. The study
was to analyze publication trends, author collaborations, and influential keywords
within the field of green innovation management. The findings reveal a rapidly grow-
ing field, evidenced by the significant increase in research publications about green
innovation between 2019 and 2023. While a slight decrease is observed in 2023 data
(likely due to the limited timeframe), the overall trend indicates an increasing focus on
green innovation research.

The analysis identified China as a prominent contributor, with numerous publica-
tions emanating from Chinese institutions and authors. Additionally, it identified key
journals in the field, such as Sustainability, Environmental Science and Pollution
Research, and Journal of Cleaner Production for publishing, as well as Journal of
Cleaner Production, Journal of Business Ethics, and Sustainability as citation aggre-
gators with many of their publications cited in numerous publications. This study high-
lights the increasing significance of GIM research. Additional investigation into de-
veloping trends within this particular subject has the potential to provide valuable
guidance for future research initiatives and make significant contributions to the pro-
gress of sustainable innovation methods. When considering the future implications,
a number of potential outcomes arise from the findings of this study.

1. Policy and Strategy Development: The empirical evidence of the growing reach
and influence of GIM research can provide helpful knowledge for policymakers
and entrepreneurs, enabling them to make informed strategic choices that priori-
tize and promote sustainable practices. This phenomenon has the potential to result
in the development of more robust environmental regulations and corporate strat-
egies that prioritize innovation.

2. Research and Collaboration Expansion: To foster multidisciplinary cooperation
and new solutions to difficult environmental concerns, it is beneficial to identify
major themes, influential authors, and leading journals. This approach allows for
the integration of ideas from different subject areas.

3. Educational and Training Programs: The results highlight the significance of
integrating GIM principles into academic curricula and professional development
initiatives. Providing the necessary information and abilities will equip the upcom-
ing cohort of scholars and professionals to make valuable contributions to sustain-
ability and innovation.

This study has identified several areas that show potential for future research in
order to expand upon the existing knowledge base. Nevertheless, it is critical to recog-
nize the inherent limitations associated with this research. The main constraint relates
to the exclusive reliance on Scopus as the sole source for data collecting. The inclusion
of supplementary databases, such as Web of Science or Google Scholar, could enhance
the depth of the research landscape, in addition to the wide coverage provided by
Scopus. In addition, it is important to note that bibliometric studies primarily concen-
trate on publishing data, which may only sometimes represent the entirety of the re-
search effort. To achieve an all-encompassing understanding, future studies should
include the use of qualitative methodologies, such as expert interviews. Despite these
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constraints, the study provides significant perspectives on the existing condition and
prospective avenues of investigation of green innovation management. Through the
recognition of these constraints and the contemplation of potential avenues for future
investigation, this study establishes a foundation for a more elaborate knowledge of
the dynamic research environment within this field.
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Chapter 5

THE SYMBIOSIS OF WEB 2.0, WEB 4.0 TECHNOLOGIES
AND SUPPLY CHAIN MANAGEMENT: INSIGHTS
FROM BIBLIOGRAPHIC ANALYSIS AND TOPIC MODELING
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Vilnius Gediminas Technical University, Faculty of Business Management, Lithuania
gabriele.radaviciute@vilniustech.lt ORCID 0009-0005-0887-1681

Abstract: Digitization is the application of novel technologies and a shift in how the
organization manages its processes, increasing its resilience. Moreover, digitization is one
of the main trends anticipated to impact supply chains highly by 2025. However, the impact
of digital technologies such as Web 2.0, including social networks, and Web 4.0, including
artificial intelligence, blockchain, the Internet of things, and metaverse, is still underex-
plored in the field of supply chain management. Thus, the main goal of this study is to
theoretically determine the effect of web-based digitization on supply chain management.
The bibliographic analysis and topic modeling were conducted to analyze 940 Web of
Science Core Collection publications from 1997 to 2024. The aim was to uncover selected
publications' characteristics, main keywords, and research methods. Moreover, to analyze
how social networks such as “Facebook”, “YouTube”, and “X” (previously “Twitter”) and
Web 4.0 technologies are connected to supply chain management. Also, the topic modeling
was used to provide three possible research directions. However, this research also had
limitations, such as concentrating only on the “Web of Science Core Collection”. Another
limitation is that only bibliographic analysis was conducted, suggesting potential future
systematic literature reviews or empirical studies.

Keywords: bibliographic analysis, digitization, social network, supply chain management
(SCM), topic modeling, Web 2.0, Web 4.0

Introduction

Global phenomena have emerged in the current millennium due to the increased
popularity of internet technologies. Over the past twenty-five years, the popularity of
second-fourth-generation internet technologies (Web 2.0-4.0) has grown. Social net-
works have reached five billion users, with individuals dedicating approximately one-
tenth of their daily time to these platforms. The main trends anticipated to impact sup-
ply chains by 2025 are related to digitization, including big data, business analytics,
and digitalization. Moreover, a quarter of logistics professionals believe that enhancing
supply chain resilience could be achieved by transitioning to digital or direct sales and
applying advanced fourth-generation internet technologies. However, the symbiosis of
web technology and supply chain management has yet to be thoroughly explored. This
study analyzes the impact of web-based digitization on supply chain management
based on other author’s publications. The main goal is to determine web digitization's
existing or potential impact on supply chain management (Statista, 2024a; Statista,
2024b; APQC, 2022; Statista, 2021).
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Moreover, such research tasks are planned:

— To conduct a bibliographic analysis of the Web of Science database publications
and assess the interconnectedness of web technologies and supply chain manage-
ment;

— To highlight the main characteristics of selected publications;

— To provide insights on web technologies within supply chain management as pre-
sented in the works of other authors;

— To develop proposals for future research based on topic modeling.

This study employs research methods such as content analysis and literature
review. These are followed by a bibliographic analysis and topic modeling of literature
sources (Web of Science Core Collection). For graphical data visualization,
“VOSviewer” and “orange data mining” computer software are used.

Literature review

Digitization is not merely the application of digital technologies within an organi-
zation or replacing analog systems with digital ones. It extends beyond combining sup-
ply chain planning and execution with Industry 4.0 and 5.0 technologies. These tech-
nologies include cloud computing, artificial intelligence, big data, predictive business
analytics, and distributed ledger technologies (DLT) such as blockchain. Also, such
industrial technologies as 3-D printing, the Internet of Things (IoT), radio-frequency
identification (RFID), and geographic information systems (GIS). Moreover, simula-
tions, including building information modeling (BIM) or cloud-based digital twins
(DT) and additive manufacturing, can be categorized within Industry 4.0-5.0 technol-
ogies. Digitization is also oriented toward the organization itself — it represents a shift
in how an organization manages and organizes its activities to fully leverage the ben-
efits offered by digital technologies (Andersen & Jager, 2021; Naz et al., 2022; Tiwari
et al., 2024; Yu, 2022).

First-generation internet technologies (Web 1.0) are considered passive tools for
gathering and sharing information from HTML pages among users. Second-generation
internet technologies (Web 2.0), termed by Darcy DiNucci, introduced the capability
for users to create content themselves and interact collaboratively within virtual com-
munities. Consequently, the emergence of social networks is closely associated with
Web 2.0 technology and the beginning of the new millennium. The first decade of this
millennium saw the creation of various social networking platforms; however, some
failed (e.g., “Sixdegrees”, “Friendster”’), while others lost users and popularity
(e.g., “Myspace”). A part remains actively utilized to this day (e.g., “LinkedIn”,
“Facebook”, “YouTube”, “Twitter/X”, “Instagram”) (Makridakis et al., 2010; Tambe
& Vora, 2016; Zhong et al., 2021).

Third-generation internet technologies (Web 3.0) distinguish themselves through
personalized search and deeper integration with social networks. The use and accessi-
bility of Internet and mobile technologies are closely linked to the number of social
network users, with 94% of Internet users utilizing social networks. With the increas-
ing popularity of Web 2.0-4.0 technologies, particularly as affordable mobile devices
become more accessible in developing and less technologically advanced countries,
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it is projected that there will be approximately 5.85 billion social network users by
2027. Meanwhile, fourth-generation internet technologies (Web 4.0) continue to
evolve, combining a symbiosis between human and smart technologies, including, for
instance, artificial intelligence (Al), Internet of Things (IoT), blockchain, and
metaverse (Statista, 2024; Statista, 2024a; Tambe & Vora, 2016).

This study focuses exclusively on Web 2.0-4.0 technologies and supply chain
management, as addressed in other authors' works. First-generation internet technol-
ogies (Web 1.0), which lack relevance to social networks and are characterized by
their “read-only” function, are not examined. Fifth-generation internet technologies
(Web 5.0) are also not extensively discussed because they have yet to be widely
applied and are more conceptual. Additionally, within this study, the supply chain is
understood as a cohesive system whose elements (procurement, production, ware-
house, and sales management) are interconnected to meet consumer needs. Supply
chain management is also the supplier-manufacturer-distributor triad (Carter et al.,
2015; Hopkins et al., 2022; Tambe & Vora, 2016).

Research methodology

An analysis of bibliographic literature sources was conducted within the Web of
Science Core Collection database to identify key publications. Keywords related to
internet technologies such as “web 27, “web 37, or “web 4” were utilized during
the analysis. Additionally, keywords about supply chain management were
employed, including “supply chain®*” or “supply chain manage*” or “logistic*”
or “operation*” or “production*” or “procurement*” or “sales” or “warechouse*”.
Based on Web of Science database results, 940 relevant publications were filtered.

Bibliographic visualization utilized a software tool called “VOSviewer”
(https://www.vosviewer.com), designed by van Eck and Waltman. This software
examines data by measuring similarity and generating interconnected bibliographic
maps for exploration and visualization. These maps depict co-occurrences, indicat-
ing how frequently terms appear together in publications (Silva et al., 2023).

Topic modeling was employed to identify thematic categories within the
selected publications, which can guide future research. The “Orange Data Mining”
(https://orangedatamining.com) tool’s topic modeling feature facilitated this analysis.
Essential textual components, including authors, article titles, abstracts, and author
keywords, were compiled into a text corpus. Subsequently, text preprocessing
procedures were applied: converting all text to lowercase, removing URLs, and
tokenizing words while filtering out stopwords and regular expressions to enhance data
cleanliness. The objective was to derive three key topics using the “Latent Dirichlet
Allocation” criteria (Naz et al., 2022).

Research results and discussion

In order to understand the interconnectivity between web technology and supply
chain management, subsequent sections provide an analysis of the main characteris-
tics of these publications. Firstly, the publications’ main statistics are evaluated.
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Secondly, the other authors' main keywords and research methodologies are ana-
lyzed. Thirdly, the leading social networking platforms mentioned by other authors
and their connections to supply chain management are being identified. Then, the
analysis explores Web 4.0 technologies and their interfaces with supply chain man-
agement processes. Finally, three new topics based on topic modeling results suggest
new directions for future studies.

The main statistics of selected publications

“Orange data mining” software was used to understand the main statistics of pub-
lications: the document types and the publishing timeline, the average number of times
these publications were cited, which publication was the most cited, and the number
of cited references.

As given in Figure 5.1, most publications were articles (525 publications), followed
by 387 proceeding papers and 58 book chapters. Meanwhile, the publication period
ranges from 1997 to 2024. Furthermore, the beginning of the topic is associated with
the emergence of second-generation internet technologies and the first social networks
at the beginning of this millennium. From 1997 to 2004, there were only a few publi-
cations, but the number of publications significantly increased from 2007 to 2010,
peaking in 2011 with ninety-three publications.
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Figure 5.1. The distribution of supply chain management and web technologies
publications (based on document type and publication year)

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“Orange data mining” software.
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Subsequently, the number of publications slightly decreased, reaching about
seventy-nine in 2012. Furthermore, scholarly interest in this topic consistently de-
clined, with thirty-two publications on supply chains and internet technology in 2023.
Although it is no longer as popular as it was in the 2010s, this topic remains relevant
and attracts interest in the academic community. On the other hand, other concepts and
terminology may now be more actively used than “internet technologies” or “web
technologies”. This could be analyzed in future research.

The publications were cited on average twenty-three times within the Web of
Science Core Collection (WOS) or twenty-six times in all databases. The most cited
publication from WOS and all databases was Kietzmann et al.'s (2011) publication
on functional building blocks of social media, with 2089 citations in all databases
and 2043 citations in WOS. The median number of cited references was thirty, while
Dhaigude and Mohan (2023) reached a maximum with 287 references cited in their
customer experience and social commerce review paper.

Main keywords and research methods within selected publications

A bibliographic analysis of Web of Science database sources was conducted
to gain deeper insights into the research methods employed by other authors
(see Fig. 5.2). The most popular keywords were: “web 2.0”, “social media”,
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“internet”, “information”, “technology”, “impact”, and “sales”.
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Figure 5.2. The bibliographical results of supply chain management
and web technologies (co-occurrence of all keywords)

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.
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Even though various qualitative and quantitative research methods could be
found within the keywords, it was not possible to identify a single dominant research
method. Nevertheless, the following methods are discussed in more detail:

— Qualitative research methods. The authors employed semi-structured inter-
views to explore how small businesses utilize social media for consumer commu-
nication, creating additional value. For instance, creators (performers and record-
ing companies) seek to connect with their music consumers (fans) and
disseminate information about their product (music) (Choi & Burnes, 2017).

— Survey. Through a survey, the authors determined that top management support
is crucial when implementing web technologies in supply chain management
systems. Especially in manufacturing and service industries where Internet
technologies are less frequently used (Tarofder et al., 2019).

— Sentiment analysis. This research method helps to evaluate differences between
external and intrinsic characteristics and identify emotional states and subjective
information (Ghorbanloo & Shokouhyar, 2023). For instance, product sellers
utilize it when tracking customer feedback to forecast future sales outcomes
and make related decisions. When comparing different product features, sellers
primarily focus on improving less popular product attributes (Singh et al., 2015).

— Text mining. Text extraction using topic modeling is applied to analyze topics
discussed in online communities and their changes over time. This also assists
in discovering future trends that could lead to further discussion (Zeng, 2018).

— Big data analytics. Other authors discuss integrating big data analytics into
blockchain-based food traceability and supply chain systems. Integrating these
technologies assists in restructuring the food supply chain, monitoring the flow
of food products, identifying waste generation points, and enhancing food safety
measures (Ellahi et al., 2023).

In summary, a sole and specific research method has not been identified to
analyze the impact of web technologies and supply chain management. However,
various research methods were applied in the publications, including semi-structured
interviews, surveys, sentiment analysis, text mining, and big data analytics.

Social networks and supply chain management

The further study provides a detailed analysis of the most frequently mentioned
social networks by other authors: “YouTube”, “X” (previously known as “Twitter”),
and “Facebook”. Other social media platform names were not identified in the
bibliographic analysis.

The social network platform “YouTube” was associated with the following
concepts: “Web 2.0” technology, “social media”, “information”, “knowledge”,
“videos”, “Facebook”, “Twitter”, and “smoking” (see Fig. 5.3). However, other
keywords suitable for supply chain management were not identified. The analysis
of “YouTube” was most popular between 2016 and 2018, possibly because it was
and still is the second largest social network in the world by user base (Statista, 2024c¢).
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Figure 5.3. “YouTube” and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.

While evaluating the social media platform “Twitter” (“X’’) and its connections to
the supply chain processes, some inconsistencies were noted. “Twitter” is the most
commonly associated with “Web 2.0, “social media”, “information”, “YouTube”,
and “Facebook” (Fig. 5.4). On the other hand, new concepts have been identified:
“motivation”, “television”, and “sentiment analysis”, which were not identified in the
analysis of the “YouTube” platform. The analysis of “Twitter”, among other authors'
works, was also most prevalent from 2016-2018. The popularity of “Twitter” among

researchers can be explained by its convenient API data access function (Chae, 2015).
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Figure 5.4. “Twitter” and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.
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The last frequently mentioned social network was “Facebook”. This social media
platform was associated with “Web 2.0”, “social media”, “motivation”, “YouTube”,
“Facebook”, and “knowledge” (as given in Fig. 5.5). Additionally, the bibliographic
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analysis reveals these new keywords: “social network”, “students”, “internet”, “tech-
nology”, “media”, “communication”. These concepts were not analyzed in the context
of the “YouTube” and “Twitter” platforms. The popularity of “Facebook” among
researchers can be explained by its status as the social network with the highest number
of users worldwide (Statista, 2024c¢). Furthermore, “Facebook” is also the most popu-

lar among marketing specialists, holding 45% of the market share (Statista, 2023).
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Figure 5.5. “Facebook” and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.

However, the keyword “consumers” was suitable for supply chain management.
The authors mentioned the “Facebook” platform and consumers while discussing
crowdfunding. They believed crowdfunding could increase sales, profits, satisfaction,
and organizational competitiveness (Zolkepli, 2017). Other authors emphasized the
importance of company websites and “Facebook™ pages in activities involving pro-
ducing consumers (referred to as “prosumers”). For example, companies can adapt
products to individual needs and obtain user advice on new product ideas and changes
(Bartosik-Purgat & Bednarz, 2021).

Zhang and Moe (2021) noted that data from “Facebook” and other social network
users helps to measure brand popularity and user favorability. They analyzed
“Facebook” data on over 3,300 brands and about 205 million unique users who inter-
acted with these brands through their “Facebook” pages, encompassing 6.68 billion
likes and 1.01 billion user comments. The authors developed a model that measures
consumer opinions about a brand more accurately than traditional methods.

To sum up, bibliographic analysis only partially assisted in the identification
of comprehensive connections between social network platforms and supply
chain-related keywords. Only three social network platforms — “YouTube”, “Twitter”,
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and “Facebook” — were identified. Bibliographic analysis of the “Facebook” platform
allowed the identification of one concept related to the supply chain — “consumers”.
Therefore, future research should aim to improve search strategies and further examine
this topic in detail, as the results are insignificant.

Web 4.0 technologies and supply chain management

A supplementary keyword search assessed the prevalence of Web 4.0 technologies:
artificial intelligence, Internet of Things, blockchain, and virtual reality. Analysis
using VOSviewer revealed that artificial intelligence has been prominently featured in
the works of other authors since 2018. However, no suitable concepts were found
for supply chain management (Fig. 5.6).
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Figure 5.6. Artificial intelligence and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.

The popularity of the Internet of Things was noticed earlier than that of artificial
intelligence, especially during the years 2016-2018. However, suitable keywords
specifically for supply chain management were also not identified (Fig. 5.7).

In keyword analysis of blockchain and supply chain management, the singular
appropriate term identified was “supply chain management” (Fig. 5.8). Furthermore,
the analysis of these topics was relatively recent, as it has been pertinent among schol-
ars since 2018. Dey et al. (2022) explored blockchain and machine learning in the food
supply chain and smart cities, addressing waste issues. The authors also discussed the
“SmartNoshWaste” system, based on blockchain, cloud computing, and QR codes.
It promotes continuous learning to reduce food waste in smart cities. Moreover, this
system successfully reduced potato waste by approximately 10% compared to
traditional methods.
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Figure 5.7. Internet of Things and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.
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Figure 5.8. Blockchain and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.

Virtual reality or metaverse topics have remained relevant since 2017 (as per
Fig. 5.9). Furthermore, a connection between virtual reality and supply chain manage-
ment keywords was also observed. Dolgui and Ivanov (2023, p. 8179) introduced the
concept of “metaverse” for the first time in 1992 in Stephenson's book “Snow Crash”,
describing it as a black spherical planet accessible to users through virtual reality ter-
minals. Its fundamental significance lies in the “digital twin” of human, product,
or organization. The synergies among metaverse, supply chain, and operations
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management areas can lead to new domains related to novel processes, decision-mak-
ing, and performance metrics. For instance, joint demand forecasting for virtual and
physical products, digital inventory allocation, and integrated production planning.
Also, for digital product pricing and contract formation, virtual customer experience
level, digital product accessibility and resilience, and sustainability (Dolgui & Ivanov,
2023, p. 8187).
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Figure 5.9. Metaverse and supply chain management results

Source: Web of Science Core Collection, data of 24" June 2024, created by author using
“VOSviewer” software.

The keywords analysis showed that the authors mentioned Web 4.0 technologies
such as blockchain, virtual reality, and supply chain management concepts. Moreover,
the Internet of Things and artificial intelligence were less frequently associated with
the supply chain or its elements. This could be a potential gap for future research.

Topic modeling for future research

According to the topic modeling conducted with “Orange data mining software”,
there were three main topics, as given in Table 5.1. These topics could be used and
analyzed in depth within further research. The author subjectively provides several
future research recommendations, indicating possible themes that could incorporate
the findings of the researched topics, as well as supply chain management, operations,
and logistics.

The first topic could investigate social media trends and the negative consequences
on production, for example, within the fast fashion and apparel industries. The sustain-
ability and environmental aspects could be taken into account as well. Additionally,
the Web of Science Core Collection (WOS) database was searched for such keywords
as “fast fashion”, AND “social media”, social networks”, AND “supply chain”, OR
“production” to understand if the topic is novel. As a result, only 21 similar publica-
tions were found, which could indicate that the topic is still nascent. Also, the publica-
tion timeline was checked — it ranged from 2016 to 2024, with a peak in 2023.
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Table 5.1. Topic modeling for further research

Number Words with the highest probability Topic label for further research
web, social, knowledge, media, The Negative Impact of Social Media
1. data, learning, based, information, Real-Time Data on Fast Fashion
production, new Production
web, social, research, media, data, The Impact of Web-Based Knowledge
2. information, based, business, content, | Sharing on Global Supply Chain
knowledge Innovations
web, social, information, media, Utilizing S.O cial Medi_a Web Scraping
3. online, data, e-learning, new, use for Predictive Analytics in Supply
’ g ? ’ Chain Risk Management

Source: Web of Science Core Collection, data of 24th June 2024, topics extracted by the author
using “Orange data mining” software.

The second topic of future research could concentrate on web-based knowledge
sharing (for example, using platforms such as “YouTube”) and global supply chain-
related innovations. Furthermore, the WOS database was searched for such topic
keywords as “knowledge sharing” AND “web” OR “internet” OR “social media” OR
“social network” AND “supply chain” AND “innovation” OR “industry 4” OR
“industry 5” OR “artificial intelligence” OR “internet of things” OR “digital twins”.
Consequently, 15 similar publications were found, indicating a potential research gap.

For the last topic, possible research could investigate online data and social media
analytics based on application programming interface (API) and web scraping tech-
nologies. The goal could be to enhance predictive capabilities in supply chain risk
management, improving proactive disruption identification and resilience. As previ-
ously, the WOS database was searched for such topic keywords as “web scraping”
OR “API” AND “supply chain” AND “risk”” OR “resilience”. Only 19 similar publi-
cations were found, indicating another potential research topic.

Conclusion

While some of the popular social networking platforms created at the beginning of
this millennium have failed or lost popularity, others remain actively used to this day
(e.g., “Facebook”, “YouTube”, “Twitter”, “Instagram”). Meanwhile, the popularity of
Web 4.0 technologies, which combine human and smart technologies such as artificial
intelligence, Internet of Things, blockchain, and metaverse, is growing. Therefore, this
study analyzed the symbiosis of supply chain and web technologies. A bibliographic
analysis was performed, identifying:

— key characteristics from 940 publications,

— main keywords and research methods,

— associations of social network-related keywords, and supply chain management,
— associations of Web 4.0 technology keywords and supply chain management.

Moreover, the three topics were suggested for further research direction based on
topic modeling results. First, future research could concentrate on social media trends
and their negative consequences on production. Second, web-based knowledge shar-
ing and global supply chain-related innovations could be further analyzed. Third, the
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analysis could provide insights into online data and social media analytics based on
application programming interfaces and web scraping technologies.

However, publications on Web technologies in supply chain management have
waned in popularity (with a peak in 2011). Therefore, it is recommended that alterna-
tive keywords be evaluated in future studies to reveal the latest trends in scholarly
work. Future research could empirically apply the earlier research to explore digitiza-
tion's impact on supply chain management. Another limitation of this study is that only
the “Web of Science Core Collection” was analyzed; therefore, it is suggested that
other databases such as “Scopus” be included in future research. This work contributes
to understanding how digital web advancements influence the management of supply
chains and suggests future research to explore these dynamics further.
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Abstract: The chapter’s aim was to analyse the implementation of corporate social respon-
sibility (CSR) activities in enterprises from the logistics industry, with particular emphasis
on the implementation of sustainable development goals. The study was conducted
based on data obtained from the Responsible Business Forum, in the field of good ESG
(Environmental, Social and Governance) practices in Poland, covering the period from
2021 to 2023. Information was collected on the number of sustainable development goals
met by companies from the logistics industry and the coefficient of variation of these goals
was estimated. The results of the study indicated which sustainable development goals were
priority areas of involvement of enterprises from the logistics sector and identified the goals
that were implemented to the least extent. The analysis provided conclusions on the priori-
ties in this industry, at the same time indicating contribution within guidelines for compa-
nies wishing to direct their activities towards sustainable development.

Keywords: sustainable development goals, good practices, logistics companies, corporate
social responsibility, sustainable development of enterprises

Introduction

In the context of a rapidly evolving societal and regulatory landscape, companies
within the logistics industry are confronted with the imperative of integrating sustain-
able business practices into their core operations. The principles of Corporate Social
Responsibility (CSR), which were previously regarded as a means of enhancing a com-
pany's public image, have now become an integral component of many organisations'
long-term growth strategies. The field of CSR in logistics encompasses a vast array
of activities, including the reduction of adverse environmental impacts, the promotion
of responsible consumption practices, and the creation of value for local communities
(Younis, 2016). The integration of CSR principles in the logistics sector can respond
to increasing customer demands and also bring economic and operational benefits,
thereby contributing to the efficiency and market stability of companies (Uyar et al.,
2020).

The challenge of meeting the Sustainable Development Goals (SDGs) formulated
by the United Nations in 2015 represents a significant undertaking for businesses
around the world, with the logistics industry in particular being called upon to play
a pivotal role in achieving the chosen goals (Govindan & Hasanagic, 2021). However,
the sector encounters technological challenges and costly investments that may restrict
its capacity to comprehensively implement sustainable practices (Theeraworawit et al.,
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2022). Despite the increasing acknowledgement of the necessity to curtail greenhouse
gas emissions and implement green solutions (Singh et al., 2020), logistics companies
frequently find themselves under pressure to reconcile expenditure on innovation with
economic imperatives, resulting in a variable level of commitment to specific goals
(Novitasari & Agusia, 2022).

According to above-mentioned, the introduction of sustainable practices and CSR
principles in the logistics sector is not only a market requirement, but also a potential
source of competitive advantage. Companies that effectively implement sustainability
principles are able to effectively manage risks, build a positive image and engage in
innovative solutions to support environmental protection. This chapter aims to analyze
the implementation of the CSR concept in logistics companies, with particular empha-
sis on meeting sustainable development goals. The implementation of this defined goal
of the study requires answers to the following research questions:

Q1: What are the benefits of implementing CSR principles in the logistics companies?
Q2: How has the implementation of sustainable development goals in the logistics in-
dustry changed between 2021 and 2023?

Q3: Which SDGs are the dominant areas of engagement for the logistics companies,
and which are the least implemented?

The chapter consists of two parts: theoretical and empirical. The theoretical part
discusses key aspects of the concept of corporate social responsibility, its benefits and
activities resulting from its implementation in enterprises. The importance of sustain-
able logistics is presented in detail, focusing on its main areas and potential benefits
resulting from the implementation of sustainable development principles in various
aspects of logistics. The empirical part focuses on the analysis of the implementation
of sustainable development goals by enterprises from the logistics sector. A study was
conducted to determine the variability of the goals implemented using the coefficient
of variation and the identification of the most intensively implemented goals in this
industry and the least involved. The study was carried out based on data obtained from
the Responsible Business Forum, in the field of good ESG (Environmental, Social and
Governance) practices in Poland, covering the period from 2021 to 2023 (Forum
Odpowiedzialnego Biznesu, 2024).

The results provide important information on the practical aspects of implementing
sustainable development in the logistics sector. This research allows for a more de-
tailed understanding of the challenges and successes related to implementing the
SDGs. Further analysis can help identify areas for improvement and optimize sustain-
able development strategies in the context of the specific needs of the logistics sector.

The concept of corporate social responsibility

The concept of corporate social responsibility is essential in building a long-term
business strategy based on the cooperation of the economic, ecological and social
spheres. It describes responsible, entrepreneurial actions that voluntarily integrate
social and ecological issues in business activities and interactions with interest groups
and stakeholders (Euramco, 2024). The ambiguity around the meaning of corporate
social responsibility results not only from the multitude of definitions but also from
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the existence of concepts that can be interpreted as close or separate in meaning in
relation to CSR. These concepts include business ethics, stakeholder management and
sustainable development (Zaborek, 2021). The concept of corporate social responsi-
bility has many definitions, but they share a common element. Companies implement-
ing CSR principles in their strategy take into account social interests, environmental
protection, sustainable development and appropriate relations with various stakeholder
groups (Sikora, 2022). The International Organization for Standardization, on the
occasion of the inauguration of the first standard for managing aspects of business
ethics — ISO 26000, indicates that social responsibility is the responsibility of an or-
ganization for the impact of its decisions and actions on society and the environment
through transparent and ethical behaviour that: contributes to sustainable development,
including the health and well-being of society, takes into account the expectations of
stakeholders (people or groups who are interested in the decisions or actions of the
organization), is compliant with applicable law and consistent with international stand-
ards of conduct, is implemented throughout the organization and practised in its activ-
ities within its sphere of influence (Polski Komitet Normalizacyjny, 2024). According
to this definition, an enterprise implementing the CSR concept has a real opportunity
to act in a socially responsible manner, which in the era of sustainable development is
becoming a requirement of society around the world, and is not just a matter of choice.

The implementation of the concept of social responsibility often becomes an inte-
gral strategic element in a company, as evidenced by surveys conducted among man-
agers, reports of the Responsible Business Forum, initiatives undertaken by institu-
tions, and even competitions for the best social reports. Verification of corporate social
responsibility disclosures has become a standard business practice and has seen signif-
icant growth in the global arena. This expansion is caused by the need to convey to the
company's stakeholders the message that environmental and social risks are constantly
under control (Karama et al., 2021). The concept of CSR presented as a modern model
for increasing the value of an organization and achieving a competitive advantage pro-
motes the social inclusion of fair and profitable markets in which sustainable principles
drive growth, generating long-term (and shared) values through the integration and
balance of natural, social, human, and financial capital (Cheng et al., 2021; Solarin
& Bello, 2021; Hunjra et al., 2022).

The implementation of the doctrine allows companies to shape a positive image,
while from the perspective of stakeholders, the company gains trust. This results in an
exchange of benefits, which have a basis both within the organization and in its micro-
and macro-environment. The specificity of activities and benefits resulting from the
implementation of the CSR concept in the company is presented in Table 6.1.

The implementation of the concept of corporate social responsibility brings a num-
ber of benefits to the company's stakeholders, however, for the benefits to be really
noticeable, each of these groups should take specific actions to support the implemen-
tation of the strategy. The CSR concept requires commitment, adherence to the prin-
ciples of sustainable development, transparency and innovation to achieve positive re-
sults and long-term profits for a given organization.
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Table 6.1. Activities and benefits resulting from the implementation of the CSR
concept in the enterprise

Stakeholder
group

Employees

Consumers

Strategic partners

Suppliers

Country

Activities

Benefits

Development and implementation
of CSR strategy

Regular monitoring

and transparent reporting

Increasing the market value

of the company

Making it easier to obtain funds
for further development

Involvement in CSR initiatives
Compliance with CSR principles,
policies and culture

Increased productivity and ethical
employee behaviour
A safe, healthy work environment

Conscious consumption
and ethical choices
Feedback and engagement
in dialogue

Evaluation of consciousness towards
ethical consumption

Recognition of the company's
quality

Promoting transparency

of social reporting
Integration of CSR objectives
in contracts and policies

Strengthened partnership
Transparent terms of cooperation

Compliance with ethical
standards and sustainable
development principles

Better control of the quality
of deliveries

Reducing harmful effects
in the supply chain

Introducing Sustainable
Development Policy Regulations
Support for innovation

and research

Stable and sustainable economic
growth

Improving the living conditions
of society

Source: Own study based on (Wysokinska & Witkowska, 2016).

Sustainable logistics

Sustainable logistics is a key area that is increasingly appearing in the dictionaries
of companies in the context of global ecological, social and economic challenges.
Currently, customers expect sellers, producers and entrepreneurs to conduct business
in a manner consistent with the principles of sustainable development and with care
for the natural environment (Walczynski & Kanciak, 2023). Consequently, the imple-
mentation of sustainable development practices has become a key factor in competi-
tiveness, affecting not only the reputation but also the financial results of enterprises.
The conceptual approach to sustainable logistics based on a comparison of new criteria
to existing logistics models and systems has allowed the creation of a universal defi-
nition of sustainability. This term is discussed as an efficient and flexible adaptation
of an enterprise to surrounding changes through appropriate anticipation, forecasting
and response to emerging market phenomena (Derdak & Misztal, 2023). Sustainable
development, on the other hand, is the impact on society and the environment.
Sustainable development is also becoming more and more noticeable in logistics com-
panies thanks to automation and robotics technologies, but also thanks to the use of
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so-called green transport, which not only reduces exhaust emissions but also meets the
expectations of society by minimizing the harmful impact on the environment, econ-
omy and urban planning (Zapatkowska, 2022). The implementation of sustainable
development in enterprises includes activities to improve the financial situation, im-
prove the quality and working conditions, develop the intellectual capital of employ-
ees, support local communities, reduce emissions of harmful substances and imple-
ment environmentally friendly technologies (Derdak & Kowalska, 2023). Sustainable
logistics focuses on the integration of the principles of sustainable development in the
management of logistics operations. The practical implementation of the principles
of sustainable logistics is often associated with challenges, such as investments in new
technologies or changes in the organization of processes, but meeting the growing
requirements and social expectations is becoming more important for enterprises.
Sustainable logistics is a dynamically developing area that combines ecological,
economic and social aspects, striving to create more effective, responsible and resilient
logistics systems.

Activities and potential benefits of implementing
the sustainable development concept in individual
logistics areas

Corporate social responsibility, perceived as an activity that can only be imple-
mented by companies with high financial resources, is giving way to activity based on
the principle of respecting the interests of all stakeholders operating in the company's
environment. Companies have a real possibility of applying the principles of sustain-
able development while fulfilling its goals by implementing the CSR concept in se-
lected logistics areas.

The implementation of the CSR concept, especially in the field of logistics, is
a mutually interconnected area. Logistics, which includes processes from supply,
through production and distribution to the customer, to the area of service and waste,
has a significant impact on the environment, society and economy. Integrating CSR
principles with logistics is not only an expression of the ethical attitude of companies
but also brings specific benefits in terms of sustainable development and improving
the image of the company. Figure 6.1 shows the connections between logistics and
corporate social responsibility and states that these are closely related areas, and their
integration brings benefits to both companies and the environment and society. Striv-
ing to optimize logistics processes while taking into account the principles of sustain-
able development allows companies not only to reduce the negative impact on the
environment but also to strengthen their position on the market as socially responsible
entities. The development of sustainable logistics is therefore an indispensable element
of the CSR strategy.

In each of the processes used in logistics, both positive and negative aspects influ-
encing the company's environment can be distinguished. Logistics mainly covers pro-
cesses related to supply, production and distribution, while there are many solutions
that fit into social responsibility. Companies implementing a CSR strategy can decide
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to optimize routes and loads, thus reducing CO, emissions, invest in energy-efficient
warehouses in which modern technological solutions are used or switch to ecological

packaging materials.

Cooperation with suppliers with Assessing the environmental impact of Bd ok
] ecological and ethical certificates ® pmductsgthrou ghout their life q,li'f © Optimization of transport routes
Publishing reports on the environmental and Optimization of energy consumption and Use of sustainable packaging
@ social impact of the supply chain © introduction of renewable energy sources and optimization of their packaging
Optimization of logistics processes to Ensuring safe working conditions in Maintaining high standards of
@ save resources ¢ production and compliance with o transport and cargo safety
. occupational health standards . . . .
Implementation of modern Transparency regarding the impact of Using low fuel consumption vehicles; using
@ technological solutions © production on the environment and society | © electric or hybrid vehidles
" Process optimization to reduce Obtaining certificates confirming compliance | - Monitoring drivers working conditions
energy consumption @ with ecological standards and ensuring compliance with CSR standards
© Use of recycled materials and service parts ® Circular economy
Offering repair rather than replacement options to extend product ® Regular monitoring and reporting of the amount of waste generated
© ffe and reduce waste
© Compliance with hazardous waste regulations
© Using energy-efficient tools and equipment in service processes ® Use of recycked packaging materials
© Information for customers how to care for the products and services ® Employee training in waste management
© Reporting the results of service activities consistent with CSR

Figure 6.1. Relationship between logistics and CSR

Source: Own study.

The decision regarding the implementation of activities related to sustainable de-
velopment depends on the individual capabilities of a given organization. Table 6.2
highlights selected logistics areas, their goals and selected benefits from the implemen-
tation of sustainable logistics.

The application of sustainable development in the sphere of logistics, covering the
area of supply, production, distribution, service and waste, can bring measurable
benefits to economic entities, both economic and environmental. Sustainable practices
lead to the optimization of logistics processes, minimize the negative impact on the
environment, increase the efficiency of resource reuse and build trusted relationships
between the company and its stakeholders. Implementation of the CSR concept can
lead to maintaining the loyalty of customers focused on social and ecological issues,
gaining a competitive advantage thanks to an innovative offer, increasing efficiency
by reducing energy consumption, maintaining a positive brand image, and attracting
investors interested in the sustainable operation of the company. Meeting social and
ecological expectations by companies therefore contributes to creating a long-term and
lasting competitive advantage.
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Table 6.2. Selected logistics areas, their goals and selected benefits
from the implementation of sustainable logistics

Logistics
area

Supply
logistics

Production
logistics

Distribu-
tion

logistics

Service
logistics

Waste
logistics

Area goals

Selected benefits of implementing
of sustainable logistics

Identification of supply sources
Shopping time schedule

Price determination and negotiation
Maintaining Material Inventories
Monitoring the quality of delivered
products

Sustainable order management will
reduce storage costs

Sustainable supplier evaluation criteria
will improve the quality and stability

of supplies, building trusted relationships

Reducing travel distances to

a minimum

Elimination of unnecessary material
manipulation

Reducing transport distances will
contribute to reducing the carbon footprint
The use of ecological materials will allow
for rational use of resources

Location of distribution warehouses
and organization of the distribution
network

Selection of means of transport

and optimization of transport routes

Rational organization of the
distribution network will increase the
efficiency of the entire supply chain
Using vehicles with reduced
emissions will reduce operating costs
and fuel consumption

Supplying buyers with spare parts
After-sales activities
Handling of returns

Providing consumers with replacement
parts will reduce excess inventory

and lower storage costs

Selling returnable products at

a reduced price will reduce waste

Transport and storage of production
waste that is not suitable for use in
other processes

Managing waste flow to reuse sites

Disposing of waste in a non-invasive way
will improve the quality

of the natural environment

Effective management of waste flows for
recycling will increase the efficiency of re-
source reuse

Source: Own study.

Research methodology

An important aspect in the analysis of socially responsible actions is, above all,
the fulfilment of the sustainable development goals. As the definition indicates:
"the seventeen sustainable development goals are a plan of action for people, the planet
and prosperity" (Organizacja Narodéw Zjednoczonych, Zgromadzenie Ogolne, 2015),
the intention of which is to intensify peace in conditions of freedom. All elements have
been included in the 2030 Agenda for Sustainable Development (Organizacja
Narodoéw Zjednoczonych, Zgromadzenie Ogolne, 2015) and are gradually being im-
plemented by all stakeholders in mutual cooperation.

The implementation of the research objectives was possible as a result of the anal-
ysis of the applied good practices related to sustainable development in the logistics
companies based on data from the Responsible Business Forum, covering the years
2021-2023 (Forum Odpowiedzialnego Biznesu, 2024). Information was collected on
the number of Sustainable Development Goals met by companies from the logistics
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industry and the coefficient of variation of these goals was calculated in the analyzed
period. This allowed for determining the trends of individual goals. The study also
allowed for the identification of the sustainable development goals that were most
intensively implemented by the logistics companies, as well as those that were least
involved. The analysis provided conclusions on the priorities in this industry, at the
same time indicating guidelines for companies wishing to direct their activities towards
sustainable development.

Analysis of the variability of the implementation of sustainable
development goals in the logistics companies in 2021-2023

Companies that are involved in the CSR concept submit their good practices re-
lated to sustainable development and social reports to the Responsible Business
Forum Association. The Association, in turn, enables the analysis of these practices
and the determination of which Sustainable Development Goals are being imple-
mented as a result of assigning them to specific activities. The Sustainable Develop-
ment Goals, according to the 2030 Agenda for Sustainable Development, concern
the following aspects: No Poverty [C1], Zero Hunger [C2], Good Health and Well-
being [C3], Quality Education [C4], Gender Equality [C5], Clean Water and Sanita-
tion [C6], Affordable and Clean Energy [C7], Economic Growth and Decent Work
[C8], Innovation, Industry and Infrastructure [C9], Reduced Inequalities [C10],
Sustainable Cities and Communities [C11], Responsible Consumption and Produc-
tion [C12], Climate Action [C13], Life Below Water [C14], Life on Land [C15],
Peace, Justice and Strong Institutions [C16] and Partnerships for the Goals [C17]
(United Nations, General Assembly, 2015). As part of the analysis of the fulfilment
of the Sustainable Development Goals in the practice of the logistics companies,
a summary of reported good practices from 2021-2023 was developed (Table 6.3).
Table 6.3 presents the number of Sustainable Development Goals fulfilled in each
year, as well as the arithmetic mean, standard deviation and coefficient of variation
for each goal, based on data from three years.

Enterprises have the opportunity to submit good practices to the Responsible Busi-
ness Forum Association, which acts as a coordinator and promoter of activities for
sustainable development and corporate social responsibility in Poland (Forum
Odpowiedzialnego Biznesu, 2024). In response to the growing interest in transparency
and the need to analyze such activities, the Association has launched a dedicated
website that allows you to browse reported practices according to various criteria.
Users of the site can search for practices by thematic area, industry, source document,
sustainable development goals or a specific company. Based on the available search
tools, an analysis of good practices in the logistics industry was carried out, in partic-
ular in terms of their compliance with the sustainable development goals. As part of
this analysis, it was examined which sustainable development goals were assigned to
individual practices in 2021, 2022 and 2023. Based on the collected data, a table was
created that contains a summary and the number of individual goals assigned to
reported practices in each of these years, which allows for the identification of trends
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and changes in the approach of enterprises to sustainable development in the analyzed
industry.

Table 6.3. Meeting the sustainable development goals in 2021-2023
through good practices by the logistics companies

Number of times a given
sustainable development
Objective goal has been met Arithmetic Standard Coefficient
SD 2021 ‘ 2022 ‘ 2023 mean deviation of variation
xi
3 0 2 1,732 86,603
2 1 0 1 1 100
25 19 8 17,333 8,622 49.74
22 5 8 11,667 9,074 77,775
6 2 4 2 50
0 0 0 0 -
1 2 1,333 0.577 43,301
18 12 14 14,667 3,055 20.83
5 4 3 4 1 25
8 9 6,667 3,215 48,218
9 1 4 4,667 4,041 86,603
10 1 12 7,667 5,859 76,428
11 3 5 6,333 4,163 65,737
0 0 0 0 0 -
3 3 0 2 1,732 86,603
2 4 1 2,333 1,528 65,465
1 9 1 3,667 4,619 125,967
>124 81 %63 89,333 31,342 35,085

Source: Own study based on (Forum Odpowiedzialnego Biznesu, 2024).

Table 6.3 shows that the largest number of sustainable development goals was
met by companies from the logistics sector in 2021 (124), while a systematic de-
crease was noted in the following years: 2022 (81) and 2023 (63). The coefficient of
variation, calculated based on data from three years, is 35.085. This value indicates
a moderate level of dispersion of the results of the implementation of sustainable
development goals in the analyzed period. In the context of typical values for this
indicator, the coefficient of variation with such a calculation suggests significant
variability in the implementation of goals, which may indicate diversity in the effec-
tiveness of actions taken by companies in the logistics sector. The lowest coefficient
of variation for specific goals, indicating that the number of goals met over the three
years is stable, concerns Goal 8 — Decent Work and Economic Growth (20.83),
Goal 9 — Innovation, Industry and Infrastructure (25), Goal 7 — Affordable and Clean
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Energy (43.301), Goal 3 — Good Health and Well-being (49.740) and Goal 5 — Gen-
der Equality (50). This indicates that companies are consistently committed to these
goals, which indicates their stable commitment. The highest coefficient of variation
for Goal 17 — Partnerships for the Goals (125.967) and Goal 2 — Zero Hunger (100)
indicate a significant divergence in the implementation of these goals over the period
analyzed. This means that the commitment to these goals is varied, which may sug-
gest instability or variability in the actions taken and their effectiveness. Such high
variability may indicate uneven progress and various challenges related to achieving
these goals.

Implementation of sustainable development goals
in the logistics companies

The analysis assessed the implementation of sustainable development goals by
companies in the logistics industry in the years 2021-2023. The study made it possible
to identify the goal most intensively implemented in this industry, as well as to deter-
mine the goals that are least engaged. The analysis provides conclusions on priorities
and areas requiring further attention and development in the context of sustainable
development.

The selected tool for prioritizing factors influencing the studied phenomenon is the
Pareto-Lorenz Diagram (Masiukiewicz, 2019). To perform this analysis, the fulfilled
sustainable development goals were ranked from the most frequently occurring in
2021-2023 to the least implemented goal by companies from the logistics industry
(Table 6.4).

Table 6.4. Fulfilment of sustainable development goals in 2021-2023 through
the implementation of good practices by the logistics companies — analysis

Symbol Sustainable development goal met in 2021-2023* Quantity | Percent

GOOD HEALTH
AND WELL BEING

C3 | Good health and well-being _4/\/\, 52 19.40299
C8 Decent work and economic growth /\/" 44 16.41791
(]
C4 Quality education m l 35 13.05970
12 S
C12 Responsible consumption and production . 23 8.58209
10 St
C10 Reduced inequalities = 20 7.46269

=)

v
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13 &t
C13 Climate action 19 7.08955
Cl1 Sustainable cities and communities 14 5.22288
iy
C5 | Gender equality g‘ 12 4.47761
s i
Cc9 Industry, innovation and infrastructure &a 12 4.47761
17 T
C17 Partnerships for the goals @ 11 4.10448
16 fasion
Cl16 Peace, justice and strong institutions z 7 2.61194
C1 No poverty M'Fﬂ 6 2.23881
L
15 s
C15 |Life on land & 6 2.23881
[]
C7 Affordable and clean energy . 4 1.49254
C2 Zero hunger 3 1.11940
oS
C6 Clean water and sanitation E 0 0
14 :E'IIIIIWMTBI
Cl4 Life below water 0 0
=268 =100%

*Icons of sustainable development goals retrieved from (Osrodek Informacji ONZ, 2024).

Source: Own study based on (Forum Odpowiedzialnego Biznesu, 2024).

The Pareto-Lorenz diagram created from the data taken from Table 6.4 is presented
in Figure 6.2.
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Figure 2. Pareto-Lorenz chart of sustainable development goals fulfillment by
logistics companies in 2021-2023

Source: own elaboration based on Table 4 and (Forum Odpowiedzialnego Biznesu, 2024).

The analysis indicates that the goals with the highest degree of implementation and
the greatest impact on the implementation of the corporate social responsibility strat-
egy in this industry are Goal 3, Goal 8, Goal 4 and Goal 12. In the context of achieving
sustainable development goals, companies in the logistics industry implement several
practices related to specific goals. Goal 3 — Health and quality of life, focuses on areas
related to health prevention, which includes both employee health care and consumer
safety. Initiatives for the development of local communities and the integration and
support of employees are also important elements. These practices include organizing
training, employee volunteering and conducting dialogue with employees and stake-
holders, which helps improve the overall health and safety at work. Goal 8 — Economic
growth and decent work, including practices promoting fair and ethical operating
standards. Companies emphasize the development of an organizational culture,
providing a safe work environment and supporting employee participation. As part of
this goal, companies strive to improve organizational order and effective management,
as well as to maintain an open dialogue with employees. Goal 3 — Good quality edu-
cation, focuses on activities supporting education and community development. Prac-
tices include support for employees and their families, involvement in the development
of local communities and education of children and youth. Companies cooperate with
universities, promote environmental and market education, and support cultural and
artistic initiatives, which contribute to the increase in the overall quality of education.
Goal 12 — Responsible consumption and production, refers to the implementation of
pro-ecological practices. Companies use eco-efficient solutions, promote sustainable
transport and implement pro-environmental programs such as eco-office, recycling
and zero waste. These practices also include eco-construction, which contributes to
reducing the negative impact of companies' activities on the environment. Analysis of
the implementation of sustainable development goals by companies from the logistics
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industry in 2021-2023 also revealed that the goals with the least degree of implemen-
tation are Goal 7 — Clean and affordable energy and Goal 2 — Zero hunger. The low
level of commitment to these goals may be related to technological and cost challenges
that limit their implementation in this industry. Furthermore, goals such as Goal 6 —
Clean Water and Sanitation and Goal 14 — Life Below Water were not implemented at
all, suggesting their low priority in the context of the activities of the logistics industry.

The Sustainable Development Goals are a universal appeal to act to ensure peace
and prosperity for people and protect the planet. Logistics companies integrate the
principles of sustainable development into their business strategies and comprehen-
sively cover both economic, ecological and social aspects. The response of companies
to challenges creates a culture of social responsibility in organizations towards the
company itself and its stakeholders. Companies implementing good practices invest in
human resources, environmental protection and relations with their environment, and
informing about these activities by creating social reports or reporting good practices
to the Responsible Business Forum is a kind of driving force for innovation, which
strengthens their value on the market. It is also worth paying attention to the constantly
growing number of investors who take into account sustainable development criteria
when making decisions about shares in companies (Grétsch, 2022). Building trust and
credibility among stakeholders leads to deepening the bonds and strengthening the re-
lationships between the company and its stakeholders. On the other hand, those inter-
ested in verifying the activities of socially responsible companies often express a desire
to change their attitude to a more sustainable one.

Logistics companies are truly fulfilling the SDGs, particularly by contributing to
improving the quality of life and education and playing a key role in increasing op-
erational efficiency, which leads to economic growth. Implementing socially respon-
sible activities therefore represents a huge opportunity to introduce positive change
on a global scale. Companies are raising industry standards, but also inspiring other
sectors to adopt more sustainable practices. Through these initiatives, the logistics
industry is contributing to building a more just, sustainable and prosperous world for
future generations.

Conclusion

The implementation of corporate social responsibility principles in logistics com-
panies is a key element in building long-term strategies that bring benefits to the
organization and its stakeholders. Companies from the logistics sector actively imple-
ment sustainable development strategies, shaping business models in line with the sus-
tainable development goals. The organization's commitment is demonstrated by regu-
lar publication of social reports and reporting of good practices, which allows for
transparent communication of pro-ecological and social activities to stakeholders and
society. The implementation of sustainable development goals by these companies
contributes not only to environmental protection and improvement of social conditions
but also strengthens their reputation and builds trust among stakeholders. Despite
existing challenges, such as high implementation costs, and lack of specific guidelines
on how to conduct more sustainable business, numerous examples of good practices
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show that the benefits of implementing sustainable strategies are significant and real.
Thanks to these initiatives, companies play a key role in striving for a more sustainable
future, positively affecting the entire sector and the global economy. In the long term,
a sustainable approach to business and investments in new technologies and opera-
tional processes can increase efficiency, reduce costs and open up new markets.
Companies that prioritize sustainability can gain a competitive advantage by building
customer loyalty and a reputation as industry leaders. In this way, sustainability efforts
have broad and long-lasting effects that transcend the boundaries of individual com-
panies, affecting the global economy and the future of our planet. Encouraging other
sectors to follow similar initiatives can lead to coordinated sustainability efforts, which
is essential to achieving global environmental, social and economic goals.

The survey of the implementation of CSR principles in logistics companies
reveals certain data limitations. The analysis is primarily based on information re-
ported by companies on good CSR practices, which may result in selective reporting.
It is possible that the data do not reflect the full range of actual practices within the
industry. Furthermore, the observed variability in the implementation of sustainabil-
ity goals may be indicative of the volatility of companies' engagement in these areas.

To further advance the field of knowledge on this topic, we propose additional
views for future research. It seems that expanding the evidence base, incorporating
additional data sources and including the viewpoint of independent CSR audits, may
provide a more objective representation of practices in the logistics sector. Concur-
rently, further monitoring is required to ascertain which objectives can be pursued
more effectively and which strategies can enhance their sustainability. Similarly, it
appears crucial to analyse the reasons for low commitment to certain objectives and
to investigate methods by which companies can more effectively integrate these
objectives into their strategies.
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Abstract: Poland, like many countries worldwide, is at a pivotal point in its pursuit of cli-
mate neutrality as an element of sustainable development. The quest for sustainable devel-
opment has emerged as a key goal for nations globally, motivated by the urgent need to
address climate change. Within this context, the transport sector plays a pivotal role due to
its significant contribution to greenhouse gas emissions. As nations strive to achieve carbon
neutrality, decarbonizing transport emerges as a crucial element of this transition. Regula-
tion (EU) 2021/1119, enacted by the European Parliament and the Council on June 30,
2021, sets the framework for achieving climate neutrality, presenting a significant challenge
in reducing GHG emissions by 2050. This landmark legislation outlines a comprehensive
strategy for the EU to attain net-zero greenhouse gas emissions by 2050. It includes various
measures to reduce GHG emissions, with a specific commitment to reducing emissions in
the transport sector. The regulation marks a crucial step towards climate neutrality in
transport by 2050, providing a detailed framework for decarbonization and setting binding
targets for GHG emission reductions. It also establishes a monitoring and evaluation system
to ensure these targets are achieved. To reach climate neutrality, the transport sector must
significantly cut CO: emissions. This chapter aims to investigate COz emissions from
transport in Poland using available data and to present potential scenarios for reducing COz
emissions. The results indicate that carbon dioxide emissions from transport have increased
since 1999. Scenario analyses suggest that the transport sector will be primarily responsible
for meeting climate neutrality goals. Consequently, Poland must reduce transport CO2 emis-
sions by approximately 60% by 2050 compared to 2005 levels. Specifically, by 2050, emis-
sions from passenger road transport should be around 6.8 Mt CO», and emissions from
freight transport should be approximately 6.4 Mt COa.

Keywords: environmental sustainability, transport, decarbonization, neutrality, transport,
Poland

Introduction

Advancing sustainable development through the decarbonization of transport is

essential for achieving carbon neutrality and mitigating climate change. This approach
not only reduces the negative impacts of climate change but also promotes economic
resilience and environmental stewardship. The ambitious goal of achieving climate
neutrality by 2050 requires transformative changes across various sectors. Since
transport is a significant contributor to global greenhouse gas emissions, making the

transition to low-carbon transport a priority.
Thus, decarbonizing the Polish transport sector is crucial to meeting these climate

objectives. A climate-neutral economy is defined by attaining net-zero greenhouse gas
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emissions, where any emissions generated are counterbalanced by actions that extract
CO; from the atmosphere, such as reforestation or carbon capture and storage. Reach-
ing climate neutrality is also crucial to global initiatives aimed at combating climate
change and restricting global warming to 1.5 degrees Celsius above pre-industrial lev-
els, as specified in the Paris Agreement (Delbeke, 2024). What is more, the burning of
fossil fuels still remains a significant source of global CO, emissions (Doan et al.,
2024). Carbon dioxide, accounting for 58% of the total global energy consumption
from combustion processes, is considered one of the most important greenhouse gases.
Furthermore, within the EU, the transport and energy sectors are the primary sources
of greenhouse gas emissions (EEA, 2023). In 2018, transport accounted for nearly 34%
of total energy consumption and over 25% of total carbon dioxide (CO;) emissions in
European Union countries (European Environmental Agency Database, 2020).
Transport is a significant emitter of greenhouse gases (Rehman et al., 2023), account-
ing for about 75% of global CO, emissions and 70% of CO; emissions in the European
Union (Zhang et al., 2022). The growing demand for transport is reflected in increased
traffic congestion and energy consumption, which in turn leads to higher emissions
(Edenhofer et al., 2015). The Poland’s emissions mainly originate from four primary
sectors: transport, buildings, agriculture, and the energy industry (Brzezinski, & Ko-
linski, 2024). Poland's transport sector heavily dependents on coal, natural gas, and oil.
Although Poland has been slow to embrace renewable energy, it has begun to imple-
ment a decarbonization strategy aimed at transitioning to a climate-neutral economy.
Notably, in 2019, Poland's transport sector was responsible for 15% of global green-
house gas emissions, highlighting the urgent need for decarbonization efforts (Pyra,
2023). However, the transport sector holds significant potential for reducing green-
house gas emissions and energy consumption especially in urban areas.

Thus, examining the decarbonization efforts within Poland's transport sector is es-
sential. This article examines the current state of CO; emissions within the transport
sector, particularly in Poland, and projects future scenarios to identify effective decar-
bonization approaches. It also analyzes CO; emissions from the transport sector, both
historically and prospectively, to present possible future scenarios using available data.

The structure of the paper is as follows: The first section reviews the decarboniza-
tion of transport and discusses its contribution to carbon emissions in Poland. The next
section, on research methodology and data, outlines the data and methods used in the
study. Then, scenarios for reducing GHG emissions in the transport sector, with a focus
on achieving neutrality, are presented. The discussion section examines the findings,
while the conclusion section highlights practical implications for policymakers,
acknowledges the study's limitations, and suggests directions for future research.

Literature review

Reducing carbon dioxide emissions from the transport sector has become a central
objective in the global fight against climate change (Beccarello, & Foggia, 2023).
Currently, one of the most thought-provoking topics in climate change literature is the
exploration of strategies and pathways to achieve decarbonization (Tsoi et al., 2021).
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Unfortunately, decarbonization involves numerous variables and uncertainties, mak-
ing it difficult to pinpoint a single path forward. By using scenario analysis, it is pos-
sible to explore various potential routes to achieve decarbonization goals (Rabiega,
et al., 2019). In pursuit of these goals, the Paris Agreement has significantly driven
nations to implement strong measures to prevent global temperature rise. Transitioning
to renewable energy and sustainable fuels for transport is a feasible global solution,
requiring active involvement from all stakeholders (Bogdanov, 2021). The transport
sector plays a significant role in global CO; emissions. In Poland, transport accounted
for 15% of the country's greenhouse gas emissions in 2021. Although there have been
global reductions in pollutant emissions since 1990, the extent of these reductions var-
ies across different modes of transport (Pyrka et al., 2022). In Poland, transport also
leads to significant energy consumption. The energy requirements of transport systems
vary based on the specific transport sector and the type of cargo being moved (Kierz-
kowski & Tubis, 2023). The transport of goods in Poland also accounts for 9% of the
total freight transport in the EU. In the context of achieving climate neutrality by 2050,
a significant transformation of freight transport methods is necessary.

Figure 7.1 illustrates that from 1990 to 2022 CO; emissions from transport have
increased, highlighting a persistent upward trend in Poland's transport sector. Despite
efforts to mitigate emissions, this rising trend continues. Figure 7.2 shows that CO;
emissions in Poland in 2022 were 8.53 t/cap/yr, which remains above the global aver-
age (4.84 t/cap/yr in 2022). On a more positive note, CO, emissions per unit of GDP
have decreased to 0.23 t CO¥kUSD/yr, indicating some progress in reducing the car-
bon intensity of the economy.
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Figure 7.1. COz emissions from transport in Poland in tons (1990-2022)
Source: Based on EDGAR-Emissions Database (https://edgar.jrc.ec.europa.eu/country_profile/POL).
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Figure 7.2. Total CO: emissions in Poland (1990- 2022) (total CO2/GDP
and total CO: /cap)

Source: Own elaboration based on EDGAR-Emissions Database (https://edgar.jrc.ec.europa.eu/
climate change).

Research methodology and data

This research primarily adopts a methodological approach that involves a litera-
ture review, focusing on national reports that describe the most realistic scenarios
for transport transformation in Poland. These scenarios are quantified and compared.
The study also makes use of publicly accessible secondary data sources. To examine
the decarbonization process of the transport sector in Poland, data from multiple
sources were utilized. The primary data set is sourced from the EDGAR-Emissions
Database, which offers detailed emissions information at the country, regional, and
even city levels, spanning several decades. Additionally, data from the European
Environmental Agency (EEA) database were also collected. The CO, emissions data
in the EEA database can be used to monitor progress towards the EU's emission
reduction targets. EEA database provides local-level data, enabling a more detailed
analysis of emissions patterns and trends. Thirdly, the study drew on national re-
sources like the KOBIZE' database and publications from the National Centre for
Emissions Management. This government agency, tasked with overseeing emissions
data collection and management, covers a range of sectors including energy,
transport, industry, and agriculture.

The study primarily focused on the period from 1990 to 2022, utilizing available
data. For analyzing CO, emission reduction scenarios (BAU, REF, and NEU), two
key timeframes were established: 2030 to 2050, with comparisons to the base years

' KOBIZE - the National Centre for Emissions Management in POLAND.
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of 2005 and 1990. The Base Scenario (BAU) projects a 60% reduction in emissions
by 2050 relative to 1990, excluding the land use and forestry sector (LULUCF).
The Reference Scenario (REF) targets an 80% reduction by 2050 compared to 1990,
also excluding LULUCF. The Neutrality Scenario (NEU) anticipates a 90% reduc-
tion by 2050 compared to 1990, achieving net-zero emissions through the use
of carbon sequestration technologies, including contributions from LULUCF.
Across all scenarios (BAU, REF, and NEU), it was assumed that the electricity and
heat sectors would play a significant role in meeting emission reduction targets at
both the national and EU levels. The analysis also considered a time horizon from
2015 to 2050, which is critical for evaluating the impact of energy-climate policies
and achieving GHG reduction goals.

A comparison of scenarios for reducing GHG emissions
in non-ETS sectors in Poland and the UE

Given the transport sector's substantial role in CO, emissions and the emergence
of new technologies, analyzing emission reductions in this area has become increas-
ingly critical. Numerous studies have explored different strategies and pathways for
reducing carbon emissions within the sector (Meckling, & Jenner, 2016). Each coun-
try formulates its own development scenarios to identify feasible directions of de-
velopment that support the formulated policy objectives (Snoek, 2003). However,
it is important to mention that emissions of GHG, including CO, emissions from
transport, fall within the so-called non-ETS area, which is not subject to a unified
community reduction mechanism. Non-ETS refers to domestic greenhouse gas emis-
sions that are not regulated by the European Union Emission Trading Scheme
(EU ETS). These non-ETS emissions encompass sectors such as transport, agricul-
ture, waste management, industrial emissions outside the EU ETS. EU member
states are responsible for managing emissions in the non-ETS area, implementing
national reduction targets as part of the EU's effort-sharing agreement. Conse-
quently, GHG emission reduction strategies may differ between member states,
leading to variations in the cost of reducing emissions in the non-ETS area. Further-
more, considering different GHG reduction scenarios — such as baseline, reference,
and neutrality-the costs associated with reducing CO, emissions in ETS sectors (like
energy sector) and non-ETS sectors (like transport) can vary significantly. It is also
notable that in Poland, the volume of non-ETS emissions is roughly equivalent to
that of EU ETS emissions, while across the EU, non-ETS emissions constitute
approximately 55% of total emissions (KONIZE data base 2023).

In Table 7.1 are presented various GHG reduction scenarios both for the EU and
Poland. In the baseline scenario (BAU) and the reference scenario (REF), it is as-
sumed that the legislation introduced as part of the European Commission's package
will be implemented by 2030, as well as the greenhouse gas reduction target, which
is to reduce EU emissions by at least 40% by 2030 compared to 1990. The neutrality
scenario (NEU) is based on the revised EU climate policy and assumes an increase
in the net reduction target for 2030 to at least 55% compared to 1990 emissions and
achieving net-zero emissions by 2050. According to the neutrality scenario — NEU,
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it was established that non-ETS sectors would reduce their emissions by 40% com-
pared to the 2005 level. It is crucial to note that the burden-sharing between ETS
and non-ETS sectors is influenced by the comparatively lower costs of emission
reduction in sectors under the EU ETS, in contrast to the higher costs in non-ETS
sectors such as transport, agriculture, and the residential sector. To meet the EU's
community reduction target of approximately 90% by 2050, non-ETS sectors must
achieve an 82% reduction in emissions by the same year, following the adoption of
specific reduction levels for EU ETS sectors. Table 7.1 outlines Poland's emission
reduction targets for the transport sector, which include an 18% reduction by 2030
compared to 2005 levels, and a 73% reduction by 2050 according to the neutrality
scenario. The table also presents total GHG reduction scenarios for both EU ETS
and non-ETS sectors for the years 2030 and 2050, relative to 1990 levels.

Table 7.1. GHG reduction scenarios for UE and Poland according to different
scenarios (BAU, REF, NEU) for non-ETS sectors

. . S SIS ST e AT 2030 vs. 1990 | 2050 vs. 1990
cenarios v Ve Total (UE, ETS and non-ETS sectors)
UE - 30% UE -47%
BAU 42% 60%
Poland — 7% Poland - 31%
UE - 30% UE - 75%
REF 42% 80%
Poland — 7% Poland - 62%
UE - 40% UE - 82%
NEU 53% 90% (netto 100%)*
Poland — 18% Poland — 73%

* The achieved greenhouse gas (GHG) reduction target, taking into account the absorption
in the LULUCF (Land use, land use change and forestry) sector and greenhouse gas removal
technologies from the atmosphere (such as biomass combustion with CCS technology).

Source: Own elaboration based on KOBIZE database. In parentheses are emission reduction
figures for the non-ETS sector for Poland.

Decarbonizing the transport sector in the pursuit of carbon neutrality

Poland aims to cut carbon emissions from the transport sector by 30% by 2030 and
by around 60% by 2050, relative to 2005 levels. This goal will be pursued through
various strategies, including the promotion of electric vehicles, enhancement of public
transport, and expansion of cycling infrastructure. To achieve climate neutrality under
the NEU scenario, Poland needs to reduce CO, emissions in the transport sector to 16
Mt CO; by 2050. For 2030, the target reduction is set at 52 Mt CO,. By 2050, emissions
should be reduced by 46 Mt CO; in the BAU scenario and by 23 Mt CO- in the Refer-
ence (REF) scenario. Achieving these reduction targets necessitates focusing on cut-
ting emissions across different types of transport (see Fig. 7.4).

Table 7.2 presents projected reductions in CO, emissions from the transport sector
in Poland, divided between passenger and cargo transport for three different scenarios.
All scenarios predict a decrease in CO; emissions from 2030 to 2050, with the NEU
scenario showing the most significant reduction.
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Figure 7.4. CO: emissions from the transport sector according to analyzed
scenarios in Poland until 2050 (excluding emissions from electricity

generation) [Mt CO>]
Source: (Pyrka et al., 2022).

Table 7.2. Reduction of emissions in transport with a division between passenger
and cargo transport (Mt CO) in Poland

2030 | 2050 2030 2050 2030 [ 2050
) . Trar.lsport tot.al. Passenger Cargo Number of electric
Scenario including electricity transport transport passenger cars
demand [TWh] [million units]
BAU 55 46 1.7 0.2 1.0 5.2
REF 53 23 3.7 0.3 2.3 134
NEU 52 16 3.9 0.4 2.4 14.0

Source: Own elaboration based on (Pyrka et al., 2022).

Based on the data, it may be concluded that achieving climate neutrality will pri-
marily depend on reducing CO, emissions from passenger transport. To reach climate
neutrality goals, emissions from passenger road transport should be around 6.8 Mt CO,
by 2050, and emissions from freight transport should be approximately 6.4 Mt COs..
This suggests that newer policies (represented by NEU) could be more effective in
reducing emissions compared to the NEU scenario. What is more, aviation emissions
are projected to be about 2.6 Mt CO.. Electrifying the passenger car fleet is expected
to play a crucial role in achieving climate neutrality in passenger road transport, po-
tentially reducing emissions to 5.5 Mt CO; by 2050. Additionally, emissions from
buses are anticipated to decrease from approximately 2.5 Mt CO; in 2020 to around
1 Mt CO; by 2050 due to both electrification and a shift from road to rail public
transport. However, it is important to note that international mobility growth is
expected to more than double the demand for air transport between 2020 and 2050.
Despite increased activity in aviation, emissions are projected to remain stable
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at around 2 Mt CO,. Achieving this outcome will rely on reducing emissions intensity
per passenger-kilometer, facilitated by technological advancements and the use of syn-
thetic fuels.

Discussion

Decarbonizing transport has become a highly thought-provoking focus area to limit
global warming and achieve climate policy goals. This study investigates CO, emis-
sions from the transport sector using current data and aims to propose scenarios for
reducing these emissions. The analysis suggests that achieving climate neutrality in
Poland will largely depend on transforming the transport sector to low-emission
modes. This transformation will primarily involve reducing CO, emissions from pas-
senger transport, particularly from private cars, which contribute significantly to over-
all emissions. This transformation will be difficult due to the substantial growth in
passenger and freight transport activities from 2000 to 2022, coupled with a moderate
rise in their emission factors per unit of activity (Antosiewicz et al., 2022). Existing
literature also supports the idea that the majority of CO; emissions reductions will
occur within the private car road transport sector (Haasz, 2018). Multiple authors
widely agree that greenhouse gas emissions from road transport pose a significant risk
to urban air quality and contribute to global warming (Kok et al., 2011; Kopelias et al.,
2020; Ong et al., 2011). In the case of road transport in Poland, pollutant emissions are
primarily linked to the fuel combustion process, which contributes to air pollution
(Mesjasz-Lech & Wtodarczyk, 2022). Several authors have also explored the possibil-
ity of reducing CO; emissions in the private car road transport sector to achieve neu-
trality. Most research indicates that reducing greenhouse gas emissions in transport
could be accomplished through substantial changes in markets and behaviors (Haasz,
2018; Stanley et al., 2011). Haasz (2018) suggests that the private car road transport
sector accounts for the largest share of CO, emissions reduction. Several frequently
studied policies include promoting the adoption of environmentally friendly automo-
tive technologies, implementing standards for vehicles and fuels, and introducing tax
incentives or financial support measures (Sims et al., 2014). AlSabbagh and Yusuf
(2021) examined the policy environment aimed at reducing carbon emissions from
road transport. They discovered that measures such as fuel taxes, vehicle taxes, and
subsidies for electric vehicles can significantly decrease emissions from private cars.
The authors emphasize the importance of designing policies thoughtfully to
ensure fairness and avoid placing undue burden on lower-income households (AlSab-
bagh & Yusuf, 2021). Hall et al. (2019) analyzed how autonomous vehicles could
affect cities. They concluded that while these vehicles might lower emissions by
enhancing fuel efficiency and alleviating congestion, their widespread use does not
guarantee an overall reduction in emissions. Therefore, a mix of policies is essential to
incentivize the shift to low-emission vehicles and decrease the overall reliance on
private cars (Hall et al., 2019). However, it is suggested that due to transport’s ongoing
reliance on fossil fuels, decarbonizing the transport sector is more challenging than
decarbonizing other sectors (Pietzcker, 2014). Thus, because Poland mainly relies
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on fossil fuel resources, there is a need to transition from using non-renewable fossil
fuels to renewable fuels (Zuk, 2023).

Conclusion

Decarbonizing Poland's transport sector poses a significant challenge, crucial for
achieving the nation's goal of a climate-neutral economy by 2050. The Polish govern-
ment has set ambitious targets to reduce carbon emissions by 30% by 2030, aiming for
carbon neutrality by 2050. This highlights the need for greater focus on sectors like
transport and agriculture in subsequent phases, which may involve more expensive
measures. Achieving carbon neutrality in transport will require substantial investments
in public transport, cycling infrastructure, and promotion of electric vehicles (includ-
ing the development of new trams and bus lines and the improvement of existing in-
frastructure). Thus, a range of policies should be implemented to promote electric
vehicles, including subsidies for the purchase of electric cars and the installation of
charging infrastructure like quick charging stations). It is worth mentioning that the
electrification of the passenger car fleet, and promotion of electromobility requires
changing consumers' decisions when choosing a new car, through appropriately de-
signed financial solutions such as subsidies for loans and low-interest loans. Invest-
ment in the development of hydrogen fuel cell technology, which has the potential to
be utilized in heavy-duty vehicles such as trucks and buses, will be also required for
the attainment of climate neutrality.

What is more, the transformation from using non-renewable fossil fuels to renew-
able and other sustainable fuels will be essential. Despite challenges, transitioning to
a climate-neutral economy presents opportunities for Poland, including the growth of
new industries and job creation through technologies like hydrogen fuel cells. Invest-
ments in public transport and cycling infrastructure can also enhance citizen quality
of life and reduce air pollution. Overall, achieving climate neutrality by 2050 is
a demanding yet vital objective for Poland and the global community.

The conducted analyses offer insights with practical implications. Policymakers
must recognize that investing in new technologies is crucial to addressing the urgent
issue of climate change. Reaching climate neutrality requires policies that promote the
adoption of low-emission vehicles while ensuring fairness and avoiding disproportion-
ate impacts on vulnerable populations. Moreover, the government must work closely
with energy companies and local communities to ensure a smooth transition. However,
the research has some limitations. The CO, emission analyses are confined to Poland
and do not account for potential delays in political decision-making or the technical
challenges of decarbonizing aviation and certain industrial sectors. Future research
could explore achieving climate neutrality in other economically similar countries,
such as the Visegrad Group.

References

AlSabbagh, B., & Yusuf, A. (2021). Decarbonizing road transport: A review of the policy land-
scape. Journal of Cleaner Production, 312, 127611. DOIL: 10.1016/j.jclepro.2021.127611.

106



Antosiewicz, M., Gorzatczynski, A., & Rabiega, W. (2022). The role of public transport
in Poland’s efforts to achieve climate neutrality. Climate| Society| Economy, 57.

Beccarello, M., & Di Foggia, G. (2023). Review and perspectives of key decarbonization drivers
to 2030. Energies, 16(3), 1345. DOI: 10.3390/en16031345.

Bogdanov, D., Ram, M., Aghahosseini, A., Gulagi, A., Oyewo, A.S., Child, M., ..., & Breyer, C.
(2021). Low-cost renewable electricity as the key driver of the global energy transition to-
wards sustainability. Energy, 227, 120467. DOI: 10.1016/j.energy.2021.120467.

Brzezinski, L., & Kolinski, A. (2024). Challenges of the green transformation of transport in
Poland. Sustainability, 16(8), 3418.

Delbeke, J. (2024). Delivering a Climate Neutral Europe. New York: Routledge Taylor & Francis,
297.

Doan, N., Doan, H., Nguyen, C.P., & Nguyen, B.Q. (2024). From Kyoto to Paris and beyond:
A deep dive into the green shift. Renewable Energy, 228, 120675.

Edenhofer, O. (ed.). (2015). Climate Change 2014. Mitigation of Climate Change (Vol. 3).
Cambridge University Press.

European Environment Agency (EEA). (2023). Trends and projections in Europe 2023. EEA Re-
port No 7/2023. https://www.eea.europa.eu//publications/trends-and-projections-in-europe-
2023

Haasz, T., Vilchez, J.J.G., Kunze, R., Deane, P., Fraboulet, D., Fahl, U., & Mulholland, E. (2018).
Perspectives on decarbonizing the transport sector in the EU-28. Energy Strategy Reviews, 20,
124-132.

Hall, J.W., Dawson, R.J., Barr, S.L., Batty, M., Bristow, A.L., Carney, S., ..., & Tight, M.R.
(2019). The impact of autonomous vehicles on cities: A review. Journal of Transport Geog-
raphy, 81, 102571. DOI: 10.1016/j.jtrangeo.2019.102571

Kierzkowski, A., & Tubis, A.A. (2023). Transportation systems modeling, simulation and analy-
sis with reference to energy supplying. Energies, 16(8), 3586.

Kok, R., Annema, J.A., & van Wee, B. (2011). Cost-effectiveness of greenhouse gas mitigation
in transport: A review of methodological approaches and their impact. Energy Policy, 39(12),
7776-7793.

Kopelias, P., Demiridi, E., Vogiatzis, K., Skabardonis, A., & Zafiropoulou, V. (2020). Connected
& autonomous vehicles — Environmental impacts — A review. Science of the Total Environ-
ment, 712, 135237.

Meckling, J., & Jenner, S. (2016). Varieties of market-based policy: Instrument choice in climate
policy. Environmental Politics, 25(5), 853-874. DOI: 10.1080/09644016.2016.1168062.

Mesjasz-Lech, A., & Wtodarczyk, A. (2022). The role of logistics infrastructure in development
of sustainable road transport in Poland. Research in Transportation Business & Management,
44,100841. DOIL: 10.1016/j.rtbm.2022.100841.

Ong, H.C., Mahlia, T.M.I., & Masjuki, H.H. (2011). A review on emissions and mitigation strat-
egies for road transport in Malaysia. Renewable and Sustainable Energy Reviews, 15(8),
3516-3522.

Pietzcker, R.C., Longden, T., Chen, W., Fu, S., Kriegler, E., Kyle, P., & Luderer, G. (2014). Long-
term transport energy demand and climate policy: Alternative visions on transport decarboni-
zation in energy-economy models. Energy, 64, 95-108.

Pyra, M. (2023). A Scenario Analysis for the decarbonisation process in Poland’s road transport
sector. European Research Studies Journal, 26(1), 411-432.

Pyrka, M. i Aukcji, Z.S.A., Jeszke, R., & Tobiasz, 1. (2022). Koszty i wyzwania w osiggnigciu
celéw polityki klimatycznej dla polskiej gospodarki do 2050 roku. Klimat| Spoleczenstwol
Gospodarka, 33.

Rabiega, W., Sikora, P., & Gaska, J. (2019). CO, emissions reduction potential in Transport sector
in Poland and the EU until 2050. Warsaw: The National Centre for Emissions Management
(KOBIiZE).

107



Rahman, N.A.A., Melewar, T.C., Foroudi, P., & Gupta, S. (2024). Conception, challenges, and
commendation in logistics and transport sector. Corporate Branding in Logistics and Trans-
portation: Recent Developments and Emerging Issues, 2.

Sims, R., Schaeffer, R., Creutzig, F., Cruz-Nunez, X., D’agosto, M., Dimitriu, D., ..., & Tiwari,
G. (2014). Transport. In: Climate Change 2014: Mitigation of Climate Change. Contribution
of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on Cli-
mate Change, Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA.

Stanley, J.K., Hensher, D.A., & Loader, C. (2011). Road transport and climate change: Stepping
off the greenhouse gas. Transportation Research Part A: Policy and Practice, 45(10), 1020-
1030.

Tsoi, K.H., Loo, B.P., & Banister, D. (2021). Mind the (policy-implementation) gap: Transport
decarbonisation policies and performances of leading global economies (1990-2018). Global
Environmental Change, 68, 102250. DOI: 10.1016/j.gloenvcha.2021.102250.

Zhang, H., Mu, J.E., McCarl, B.A., & Yu, J. (2022). The impact of climate change on global
energy use. Mitigation and Adaptation Strategies for Global Change, 27, 1-19. DOL:
10.1007/s11027-021-09986-x.

Zuk, P. (2023). Soft power and the media management of energy transition: Analysis of the media
narrative about the construction of nuclear power plants in Poland. Energy Reports, 9, 568-
583. DOL: 10.1016/j.egyr.2022.11.192.

Websites
https://www kobize.pl/en/article/non-ets/id/337/general-information. Date of publication: 25.07.2023

108



Chapter 8

OPTIMISATION OF MILKRUN-BASED MATERIAL
SUPPLY THROUGH PROCESS INTEGRATION

Tamas Banyai

University of Miskolc, Institute of Logistics, Hungary
tamas.banyai@uni-miskolc.hu ORCID 0000-0002-0229-4781

Abstract: Milkrun processes are becoming a crucial aspect of modern manufacturing.
These processes are structured into different sub-processes that optimize the transportation
of goods within the production or assembly systems. Typically, milkrun processes are di-
vided into two main sub-processes: the distribution of raw materials, components, and tools
from a warehouse to manufacturing and assembly cells, and the collection of finished prod-
ucts, packaging materials, and tools from these cells back to the warehouse. In this chapter,
the author describes a comprehensive analysis of how integrating these two sub-processes.
By combining the separate sub-processes into an integrated approach, the paper argues,
manufacturers can achieve significant gains in both time management and resource utiliza-
tion. The author introduces a novel mathematical model that can be used to make a direct
comparison between conventional milkrun processes, where distribution and collection op-
erations are handled independently, and the integrated approach, where both sub-processes
are combined into a seamless operation. The chapter presents the results of the numerical
analysis that underline the benefits of integrated milkrun processes. According to the find-
ings, integrating these sub-processes can increase logistics efficiency by up to 45%. This
improvement is not just limited to time savings; it also extends to a reduction in the number
of resources required to carry out the milkrun operations.

Keywords: energy consumption, in-plant supply, optimization, process integration

Introduction

Milkrun supply solutions play a critical role in enhancing the efficiency of produc-
tion, manufacturing, and assembly systems. These systems streamline the transporta-
tion of materials and parts between suppliers, warehouses, and production lines, lead-
ing to significant reductions in inventory, transportation costs and logistics resources.
The milkrun supply system not only influences the efficiency of logistics processes
but also affects the overall efficiency of the production process. With an effectively
functioning milkrun supply system, the availability, flexibility, efficiency, sustainabil-
ity, and transparency of both production and logistics processes can be improved.
According to a research presented by the Saloodoblog (Wolff, 2024), the benefits of
the milkrun supply solutions are the followings: cost-effective operation, strong rela-
tionship between the players of the supply chain or value chain, sustainability by low
energy consumption, support just-in-time and just-in-sequence supply. However,
milkrun solutions are widely used in industry, but the complexity of operational pro-
cesses requires a sophisticated logistics design.

The milkrun-based in-plant supply solutions are generally based on a conventional
concept, where the collection and distribution operations are separated. It means that
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there are collection milkrun routes and distribution milkrun routes in the production or
assembly plants. This separation of collection and distributions processes are generally
based on the different characteristics of goods (components, final products, tools and
fixtures, packaging materials) to be collected or distributed. Within the frame of this
article, the author proposes a new approach, which focuses on the analysis of integrated
milkrun supply solution to improve the efficiency of the production, assembly and
logistics system.

This chapter is organised, as follows. Section 2 presents a systematic literature re-
view to summarize the available research background and research results published.
Section 3 presents the model framework and mathematical model of milkrun-based in-
plant supply to support the comparison of conventional and integrated supply strate-
gies. Section 4 presents the results of the numerical analysis of the model. Conclusions
and future research directions are discussed in the last section.

Literature review

Milkrun supply systems have been extensively researched over the past 30 years,
with numerous studies exploring various aspects of optimization, technology integra-
tion, and cost reduction. The literature includes multiple research fields, including
automotive assembly lines, logistics management, and environmental sustainability.
This extensive body of work highlights the continued relevance and evolving com-
plexity of milk-run systems in modern supply chain practices and logistics systems.
A research focuses on optimizing the milkrun material distribution system in automo-
tive mixed-model assembly lines (MMALSs) by addressing the challenges of timely
part supply (Zhou & Wen, 2024, p. 24). A bi-objective optimization model is proposed
to minimize line-side inventory and energy consumption, while optimizing Kanban
numbers and material bin capacities to improve scheduling. To solve this, the study
introduces a multi-objective artificial electric field algorithm with a SARSA mecha-
nism (MOAEFASA), which enhances material distribution scheduling and demon-
strates superiority through numerical experiments. It is possible to explore the integra-
tion of the milkrun system with the Internet of Things (IoT) to enhance material
distribution in manufacturing lines. By developing an analytical model for dynamic
routing of tugger trains, a research study ensures that materials are delivered to work-
stations based on time slot requirements, while minimizing total route distance
(Facchini et al., 2024, p. 20). The model, validated through a real-world automotive
case study, improves inventory stock management, optimizes tugger train utilization,
and reduces daily travel distances compared to traditional in-plant logistics strategies.
An optimization-based research work focuses on optimizing milk-run vehicle sched-
uling in supply hubs to achieve just-in-time production, minimizing energy consump-
tion and time penalties for early or late deliveries. To solve the problem, an adaptive
artificial bee colony algorithm enhanced by a deep Q-learning network (AABC-DQN)
is proposed, demonstrating good performance in solution quality and convergence
compared to benchmark algorithms (Zhou & Zhao, 2023, p. 16).
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An international research team explores the transformation of conventional milk-
run supply systems into cyber-physical systems using Industry 4.0 technologies, ena-
bling real-time decision-making for scheduling, routing, and resource planning in in-
plant logistics. A mathematical model is developed to analyse the impact of these tech-
nologies, showing significant improvements in performance, energy efficiency, and
sustainability in milk-run supply logistics (Akkad & Banyai, 2023, p. 33). A practical
case study explores the application of clustering and reverse milkrun to optimize
logistics resources for a freight forwarding company. By analysing transport routes,
truckload utilization, and unused capacities, the study demonstrates how reverse
milkrun logistics can reduce costs and improve efficiency, supporting the company
overcome profitability challenges as its client base expanded (Sarkar et al., 2023,
p- 10). It is possible to evaluate and optimize the milkrun logistics system by analysing
current delivery routes and transportation volume capacity (Mohd Salleh et al., 2023,
p. 24). Using the saving matrix method with tabu search and ant colony optimization,
the research demonstrates a reduction in unutilized capacity from 49% to 3%, signifi-
cantly improving logistics efficiency, reducing transportation costs, and minimizing
inventory with the Just-In-Time concept. The dynamic optimization of milkrun
systems is also a potential research direction. By employing an ant colony optimization
algorithm for routing and a genetic algorithm for delivery schedule, the study
significantly reduces lead time by 39%, material handling time by 48%, and work in
process by 22%, while improving workstation and machine efficiency (Marialuisa
et al., 2023, p. 29).

A research addresses the challenges of material-feeding in mixed-model assembly
lines by proposing a milkrun scheduling problem for the two-level logistics network
between a central warehouse and line-integrated supermarkets (Zhou & Zhao, 2022,
p- 18). A mathematical model is developed to minimize the number of electric vehicles
used and their maximum travel distance. The study introduces a multi-objective
decomposition evolutionary algorithm (MOEA/D-DFMB) that leverages double-
faced mirror boundary theory to improve solution distribution and speed. Comparative
experiments demonstrate that the proposed algorithm outperforms several others in
both solution quality and convergence rate for optimizing milkrun logistics. The po-
tentials of eKanban are discussed in a research exploring the implementation of a dig-
itized milkrun system integrated with eKanban to enhance the efficiency of supplying
consumables in production processes. By developing a simulation model, the study
highlights the impact of this digital approach on key performance indicators, aiming
to reduce waste and optimize material flow (Vojdani & Drechsler, 2022, p. 8).

The transportation cost is in the focus in a study addressing the rising transportation
operating costs faced by the vehicle manufacturing and sales industries in Indonesia,
which have exceeded targets and led to potential losses (Setiawan et al., 2022, p. 12).
By employing the Dynamo++ methodology, the research identifies causes and imple-
ments improvements in the Milk Run system, significantly reducing transportation
costs. The results reveal a substantial cost reduction of $77,861, representing a 79.3%
decrease, benefiting both vehicle manufacturers and sales operations. A research eval-
uates the effectiveness of ant colony optimization (ACO) compared to mixed integer
programming (MIP) for optimizing milkrun systems, which are used for cyclic and
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need-based deliveries in lean manufacturing (Uygun & Rustemaj, 2022, p. 14).
The study demonstrates that ACO outperforms MIP in all benchmark scenarios for the
capacitated vehicle routing problem (CVRP), showing more optimal routes without
compromising vehicle utilization. While MIP is traditionally dominant in vehicle rout-
ing, ACO offers superior route optimization and equal vehicle utilization. A real-life
data-based research develops and evaluates multiple linear programming models,
multi-objective, ordinary fuzzy, and intuitionistic fuzzy, for optimizing milkrun deliv-
ery methods, focusing on minimizing transportation costs and addressing uncertainties
in arrival and loading times (Cakir et al., 2022, p. 15). Applied to real-life data from
Borusan Logistics, a major logistics firm in Turkey, the study demonstrates the effec-
tiveness of these models in handling time window constraints and improving opera-
tional efficiency.

A research enhances the traditional milk-run model by incorporating energy con-
sumption and carbon emission costs, addressing the need for low-carbon economic
development (Quan et al., 2021, p. 8). Using an improved ant colony algorithm to solve
the revised model, the study demonstrates reduced total journey distance, lower overall
costs, and decreased carbon emissions, thereby aligning with environmental goals and
improving logistics efficiency. An integrated inbound logistics (IIL) mode is proposed
in a research combining milkrun collection with drop and pull delivery, while utilizing
LNG vehicles to address high transportation costs associated with conventional
milkrun methods. Applying a mixed integer mathematical model and genetic algo-
rithm, the study shows significant reductions in driving mileage, wait times, and gas
emissions, highlighting the IIL mode as a promising and efficient alternative for in-
bound logistics (Chen et al., 2021, p. 9). A research addresses the milkrun vehicle
routing and scheduling problem under fuzzy constraints by applying an analytical ap-
proach with ordered fuzzy numbers, enhancing the interpretability and efficiency of
solutions. By comparing this method to traditional computer simulations, the study
demonstrates that the proposed approach offers a competitive and effective solution
for designing scalable and robust logistics systems (Boczewicz et al., 2021, p. 18).

A research introduces the Dynamic Milk-Run Vehicle Routing (DMRVR) solu-
tion, which employs dynamic routing algorithms and fog-based vehicular networks
to manage goods collection and adhere to time windows despite unexpected delays
(Adriano et al., 2020, p. 24). Using simulations with OMNeT++ and SUMO, the
study shows that DMR VR effectively reduces average route time and improves mes-
sage delivery success rates in dense network scenarios, while highlighting the need
for enhanced network coverage in sparse areas. The progress-lane (P-LANE) is in-
tegrated into the milkrun vehicle routing problem to enhance part collection effi-
ciency in the automotive industry in a research work (Mao et al., 2020, p. 28).
The proposed mixed integer programming model significantly reduces total costs
and improves transportation efficiency compared to the zero-inventory approach,
with cost reductions of 10% for small instances and 30% for large instances. A milk-
run delivery model is presented for scheduling and loading tow trains in mixed-
model assembly lines, aiming to minimize line-side inventory by optimizing delivery
times and quantities. The NSICSA algorithm, combining immune clonal selection
with neighbourhood search and simulated annealing, effectively addresses these
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scheduling challenges and maintains control over inventory peaks, providing robust
solutions for various scale instances (Zhou & Zhu, 2020, p. 20). A cost-related re-
search proposes a mixed-integer linear programming (MILP) model to optimize the
distribution network for the automotive industry, incorporating conditions like 3D-
packing, order compatibility, and return logistics. The study demonstrates that the
milk-run strategy significantly reduces transportation costs compared to direct ship-
ping, particularly when applied to real-world auto-parts shipment data from a major

Iranian automobile company (Ranjbaran et al., 2020, p. 16). An optimization-related

study explores the use of the milk-run approach to optimize transportation and in-

ventory costs in a just-in-time production environment, demonstrating its effective-

ness in reducing these costs for the studied company (Minh et al., 2020, p. 22).

The findings confirm that milkrun is a viable strategy for companies aiming to main-

tain competitive advantages and operational efficiency in the context of globalization

and industrial advancements.
Based on the above-discussed sources, research on milkrun supply systems
reveals significant advancements and directions as follows:

— Optimization Models: Zhou & Wen (2024, p. 24) propose a bi-objective model to
reduce inventory and energy use in automotive assembly lines, using MOAEFASA
for improved scheduling. Zhou & Zhao (2023, p. 16) use an AABC-DQN algo-
rithm to optimize vehicle scheduling, achieving better performance in just-in-time
production.

— Technological Integration: Facchini et al. (2024, p. 20) and Akkad & Banyai (2023,
p- 33) explore integrating IoT and Industry 4.0 technologies, respectively, to en-
hance material distribution, improve stock management, and increase energy effi-
ciency.

— Cost Reduction: Setiawan et al. (2022, pp. 12) show that using Dynamo++
methodology can drastically cut transportation costs by 79.3%. Chen et al. (2021,
p- 9) propose an integrated logistics mode using LNG vehicles to lower costs and
emissions.

— Dynamic and Fuzzy Constraints: Marialuisa et al. (2023, p. 29) employ dynamic
optimization techniques to reduce lead and handling times, while Boczewicz
et al. (2021, p. 18) use fuzzy numbers to enhance solution efficiency under
uncertainty.

— Algorithmic Advances: Uygun & Rustemaj (2022, p. 14) demonstrate that ant
colony optimization outperforms traditional mixed integer programming in route
optimization, and Vojdani & Drechsler (2022, p. 8) integrate eKanban to optimize
material flow.

— Practical Applications: Sarkar et al. (2023, p. 10) apply reverse milkrun strategies
to improve freight forwarding efficiency, and Mohd Salleh et al. (2023, p. 24) use
advanced methods to reduce unutilized capacity and costs.

— Environmental Impact: Quan et al. (2021, p. 8) enhance milkrun models to include
carbon emission costs, achieving lower emissions and improved logistics effi-
ciency.
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— Dynamic Routing: Adriano et al. (2020, p. 24) develop the DMRVR solution to
manage routing and time windows effectively, improving route times and
success rates in various network scenarios.

Based on the above literature review, the integration of milkrun processes, combin-
ing collection and distribution functions, represents a novel research direction in logis-
tics. Traditionally, solutions have focused on separate aspects of these processes,
addressing either collection or distribution independently. This segmented approach
often overlooks the potential efficiencies gained from a unified system. Integrating
these functions can streamline operations, reduce redundancy, and optimize resource
utilization. Emerging research highlights the benefits of such integration, including
cost savings and improved operational performance. Exploring this integrated
approach offers new opportunities for enhancing supply chain efficiency and effec-
tiveness.

The main contribution of this article includes: (1) a methodology to describe the
conventional and integrated milkrun supply solutions in a U-shaped production or as-
sembly cells based production system; (2) comparative analysis of conventional and
integrated milkrun-based in-plant supply and (4) computational results of the scenario
analysis.

Research methodology

Within the frame of this chapter, a mathematical model is described, which makes
it possible to model the milkrun-based in-plant supply in production systems based on
U-shaped production or assembly cells. The model is suitable to compare the conven-
tional and integrated milkrun supply solutions. In the case of conventional milkrun
supply, the collection and distribution operations are organized separately, it means,
that the collection and distribution routes need different milkrun trolleys to perform
the in-plant supply operations.

The objective function of the optimization model is the minimization of the total
length of the transportation routes, which includes the distances from the warehouse
to the first location of the millrun route, the distances from the last location of the
millrun route back to the warehouse, and the distances among the U-shaped production
or assembly cells:

L = Ziaﬁax(l(p()’ pxi‘l) + l (pxi‘]-' pxi,b’max(i)) + Zf;nlax(l')_l l(pxi‘]-' pxi‘]-+1))' (81)

The decision variable of the optimization problem is the assignment matrix X =
x; j, which defines, that component demand x; ; is assigned to milkrun route i, as sta-
tion j.
In the case of conventional milkrun supply, the following constraints has to be taken
into consideration:
ViV, =0V, =1 (8.2)

In the case of integrated milkrun supply, where within the same milkrun route both
collection and distribution operations can be performed, constraint 2 need not to be
taken into account. It means, that the value of 9 %) is not constrained.
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The optimization can be influenced by three different constraints. The first con-
straint defines the upper limit of the milkrun trolleys and it is not allowed to exceed
this upper limit:

Vi: m}axqi,j <C. (8.3)

The second constraint defines the lower and upper limit of in-plant supply demands,
and it is not allowed to exceed this time limit:

Vi: T;r;;n < ti,]' < T;riljx. (84)

The third constraint defines the upper limit of available milkrun trolleys, and it is
not allowed to exceed this upper limit, which means, that the number of simultaneous
scheduled milkrun trolleys is constrained:

Umax < MT. (8.5)

Based on the above-described model, it is possible to analyse and compare the con-
ventional and integrated milkrun supply and compute the following parameters: total
length of milkrun routes, transportation time, materials handling time, utilization of
milkrun trolleys, materials handling performance.

The used notations are summarized in Table 8.1.

Table 8.1. Explanation of notations and symbols

Notations

and symbols Explanation of notations and symbols

The total length of the transportation distance of milkrun trolleys in [m].

x The decision variable of the optimization problem: the assignment matrix,
2 which defines, that demand x;; is assigned to the station j of milkrun route i.

Py, Position of the assembly cell of the demand x; i

Xnax The maximum number of milkrun routes.
Bmax(D) The maximum number of stations (delivery operations) assigned to milkrun route i.
Position of the warehouse.
The type of the delivery task x;;.
and x;; = 1 for distribution operations.

Xij = 0 is for collection operations,

The load of the milkrun trolley at station j of milkrun route i.
Capacity of milkrun trolleys.
The departure time of the milkrun to the station j of milkrun route i.

Lower timelimit of in-plant supply demand assigned as station j to milkrun route i.

Upper timelimit of in-plant supply demand assigned as station j to milkrun route i.

Upper limit of avaliable milrun trolleys.

Component demand k. d§ is for collection demand and dp is for distribution
demand.

Source: Own study based on research.
Research results and discussion

Within the frame of this chapter, the numerical analysis and the comparison of
conventional milkrun supply and integrated milkrun supply are discussed. For the
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optimization of the conventional and integrated milkrun supply solutions, the Open-

Solver Version 2.9.3 was used. The input parameters of the scenario are the followings:

— Layout of the production system including the position of input and output storages
of U-shaped production and assembly cells.

— Collection and distribution demands of U-shaped production and assembly cells:

d¢ = (0,8,0,0,14,0,9,0,12,14,0,20,8,0,0,8,17,0). (8.6)
dP? = (14,2,12,7,0,22,0,10,0,0,4,0,0,15,22,0,0,11). (8.7)

— Capacity of milkrun trolleys: C = 50 pcs.
— Number of available milkrun trolleys: MT = 8 pcs.

In the case of the conventional milkrun supply, based on the above-mentioned
mathematical model, it is possible to solve the routing of milkrun supply for both the
collection and the distribution operations. In the case of the collection operations, three
milkrun routes are defines. The length of the transportation route for the first collection
milkrun (see Figure 8.1a) is 178 m, the transportation time is 71.2 sec, the materials
handling time is 192 sec, the materials handling intensity is 6698 pcsm, and the maxi-
mum utilization of the milkrun trolley is 100%. The length of the transportation route
for the second collection milkrun (see Figure 8.1b) is 72 m, the transportation time is
28.8 sec, the materials handling time is 64 sec, the materials handling intensity is
1592 pesm, and the maximum utilization of the milkrun trolley is 64%. The length of
the transportation route for the third collection milkrun (see Figure 8.1c) is 136 m,
the transportation time is 54.4 sec, the materials handling time is 64 sec, the materials
handling intensity is 1328 pcsm, and the maximum utilization of the milkrun
trolley is 74%.

In the case of the distribution operations, the optimization resulted also three
milkrun routes. The length of the transportation route for the first distribution milkrun
(see Figure 8.1d) is 164 m, the transportation time is 65.6 sec, the materials handling
time is 96 sec, the materials handling intensity is 3132 pcsm, and the maximum utili-
zation of the milkrun trolley is 92%. The length of the transportation route for the
second distribution milkrun (see Figure 8.1¢) is 106 m, the transportation time is 42.4
sec, the materials handling time is 96 sec, the materials handling intensity is 1638
pcsm, and the maximum utilization of the milkrun trolley is 68%. The length of the
transportation route for the third distribution milkrun (see Figure 8.1f) is 94 m, the
transportation time is 37.6 sec, the materials handling time is 96 sec, the materials
handling intensity is 1856 pcsm, and the maximum utilization of the milkrun trolley
is 60%.

The optimization led to a reduced number of milkrun routes. Figure 8.2 shows
the results of route optimization of the integrated milkrun solutions, showing the route,
the loading and unloading points and the warehouse entry and exit points. The length
of the transportation route for the first integrated milkrun (see Figure 8.2a) is 174 m,
the transportation time is 69.6 sec, the materials handling time is 256 sec, the materials
handling intensity is 6966 pcsm, and the maximum utilization of the milkrun trolley is
100%. The length of the transportation route for the second integrated milkrun
(see Figure 8.2b) is 100 m, the transportation time is 40 sec, the materials handling
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time is 160 sec, the materials handling intensity is 3568 pcsm, and the maximum
utilization of the milkrun trolley is 96%. The length of the transportation route for
the third integrated milkrun (see Figure 8.2¢) is 100 m, the transportation time is
57.6 sec, the materials handling time is 160 sec, the materials handling intensity is
4002 pcsm, and the maximum utilization of the milkrun trolley is 94%. The total length
of the transportation routes in the case of integrated milkrun-based supply is 418 m,
the transportation time is 167.2 sec, the materials handling time is 576 sec, the materi-

als handling intensity is 14536 pcsm.
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Figure 8.1. The collection and distribution routes in the case of conventional
milkrun supply: a) the first collection route, b) the second collection
route, c) the third collection route, d) the first distribution route,
e) the second distribution route, f) the third distribution route

Source: Own study based on research.
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Figure 8.2. The routes in the case of the integrated milkrun supply: a) the first
integrated milkrun route, b) the second integrated milkrun route,
c) the third integrated milkrun route

Source: Own study based on research.

Table 8.2 summarizes the comparison of conventional and integrated milkrun
supply solutions, based on the scenario analysis.

As Table 8.2 shows, the integrated solution resulted:

— 45% total transportation distance reduction,

— 45% transportation time reduction,

— 6% materials handling time reduction,

— 19% total in-plant supply time reduction,

— 11% reduction in materials handling performance.

The optimization results of the milkrun supply optimization demonstrate signifi-
cant improvements in various performance metrics. The integrated solution achieved
a 45% reduction in total transportation distance, highlighting more efficient routing.
Similarly, the transportation time was also cut by 45%, indicating quicker deliveries.
While the solution made substantial progress, materials handling time only saw a mod-
est 6% reduction, suggesting some room for improvement in this area. There was
a 19% reduction in total in-plant supply time including transportation and materials
handling time, showing better synchronization between supply points and demand.
The 11% reduction in materials handling performance reflects a slight improvement
in efficiency. Overall, the integrated solution successfully reduced both transportation-
related metrics, in-plant supply time and the number of required logistics resources
(milkrun trolleys), contributing to a leaner supply chain. The results demonstrate
that the milk run optimization led to impressive logistics improvements.
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Table 8.2. Comparison of parameters of conventional and integrated milkrun
supply solutions based on the scenario analysis

Time [sec]
Routes Route length Material Performance
[m] Transportation ateria’s Total [pesm]
handling
Conventional solution
Collection 1 178 71.2 192 263.2 6698
Collection 2 72 28.8 64 92.8 1592
Collection 3 136 54.4 64 1184 1328
Distribution 1 164 65.6 96 161.6 3132
Distribution 2 106 42.4 96 1384 1638
Distribution 3 94 37.6 96 133.6 1856
Total 750 300 608 908.0 16244
Integrated solution
Route 1 174 69.6 256 325.6 6966
Route 2 100 40.0 160 200.2 3568
Route 3 144 57.6 160 217.6 4002
Total 418 167.2 576 743.2 14536

Source: Own study based on research.

Conclusion

Within the frame of this research work, the author developed a novel model to
analyse the impact of the integration of collection and distribution processes of
milkrun-based in-plant supply in a U-shaped production cells-based production sys-
tem. The proposed model makes it possible to describe the collection and distribution
processes of milkrun trolleys among U-shaped production cells focusing of the number
of required milkrun trolleys, transportation time, materials handling time, materials
handling performance. More generally, this paper focuses on the mathematical de-
scription of in-plant milkrun supply in a special production environment including
U-shaped production cells.

The added value of the paper is in the description of the integration of collection
and distribution processes of milkrun trolleys on the number of required logistics re-
sources, materials handling and transportation time and material handling perfor-
mance. The scientific contribution of this paper for researchers in this field is the math-
ematical modelling of relationship between milkrun-based supply and efficiency
parameters. The results can be generalised because the model can be applied for
different production systems.

Managerial decisions can be influenced by the results of this research, because the
described method makes it possible to analyse available solutions of in-plant produc-
tion supply and strategic decisions can be supported by the results of the analysed
scenario especially resource and efficiency parameters point of view.

However, there are also limitations of the study and the described model, which
provides direction for further research. Within the frame of this model, the energy
efficiency of the solution was not taken into consideration. In further studies, the model
can be extended to a more complex model including energy efficiency; the virtual

119



emission of the proposed model can be calculated taking the energy generation sources
of logistics resources into consideration.
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Abstract: The chapter investigates the implementation and understanding of reverse logis-
tics in the supply chain of water bottling companies in Port Harcourt, Nigeria, focusing on
Junac and La Sien companies. It reviews theoretical concepts related to reverse logistics,
examines the methods used for data collection and analysis, and presents the study's find-
ings. Key results indicate a high level of awareness (73.2%) of reverse logistics among the
companies, with practices mainly involving the proper disposal and reuse of plastic bottles.
The primary motivations for adopting reverse logistics include enhancing customer satis-
faction, generating profit, and reducing raw material costs. However, significant challenges
such as high costs and financial constraints, along with a lack of expertise, hinder effective
implementation. The study concludes that while there is a strong understanding and com-
mitment to reverse logistics in these companies, further collaboration with suppliers and
customers is essential to overcoming these challenges and addressing environmental issues.

Keywords: supply chain, reverse logistics, customer satisfaction, waste management

Introduction

In today's competitive landscape, every industry, including manufacturing, con-
stantly seeks opportunities for improvement. Logistics play a crucial role in maximiz-
ing the efficient use of labor, equipment, and supplies within manufacturing compa-
nies. Competition has evolved from firm-level rivalry to supply chain competitiveness.
Management now understands that any supply chain error can impact profitability.
Despite the importance of recycling, businesses have historically overlooked the re-
verse supply chain, also known as reverse logistics.

Reverse Logistics can be defined as the process of efficiently moving products and
materials from the point of consumption back to the point of origin for proper disposal
or reuse. This process can help businesses recover value from returned goods, improve
customer satisfaction, and provide insights for product improvements. Companies
employing reverse logistics can achieve cost savings and enhance their competitive
Edge (Pinna & Paolo, 2012, pp. 91-114).

Countries like the United States, China, and the United Kingdom have well-estab-
lished reverse logistics systems. These countries have integrated reverse logistics into
their supply chains, leading to significant cost savings, improved customer satisfaction,
and enhanced environmental sustainability. For instance, companies in these countries
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have developed sophisticated systems for handling returns, recycling, and reusing
materials, which have become integral parts of their operations (Salas-Navarro et al.,
2024).

In Nigeria, bottling companies use plastics extensively for packaging. While
plastics can be reused, the concept of reverse logistics has not been widely recognized
or implemented in Nigeria, leading to limited studies on the subject. This research aims
to fill that gap by assessing the reverse logistics practices in the supply chains of
Nigerian bottling companies, focusing on Junac and La Sien in Port Harcourt.

The primary objective is to evaluate the challenges and potential solutions for
efficient reverse logistics in water bottling companies to protect the environment and
meet economic needs. Specific research objectives include assessing the understand-
ing and practice of reverse logistics, identifying driving forces and challenges, and
examining supply chain practices in these companies.

The study will focus on water bottling companies in Port Harcourt, involving
supervisors, senior staff, and managers in logistics, production, operation, marketing,
and general management. The findings are expected to benefit bottling companies by
enhancing their understanding and implementation of reverse logistics, informing stra-
tegic planning, and promoting environmental sustainability. Additionally, the study
aims to contribute to the body of knowledge and serve as a reference for further re-
search in the field.

Literature review

Reverse logistics encompasses a variety of practices and definitions, addressing
the movement and management of goods after their initial sale. This review covers the
primary issues related to reverse logistics, focusing on its definitions and practices
(Rubio et al., 2008, pp. 1099-1120).

Among the several definitions, this section will focus on and provide insight into
the fundamental definitions of reverse logistics. Rogers & Tibben-Lembke defined
Reverse Logistics, including the goal and the processes (the logistics) involved as:
“The process of planning, implementing, and controlling the efficient, cost-effective
flow of raw materials, in-process inventory, finished goods, and related information
from the point of consumption to the point of origin for the purpose of recapturing
value or proper disposal” (Rogers & Tibben-Lembke, 2001, pp. 129-148). Another
description of reverse logistics, defines it as “the process of planning, implementing,
and controlling flows of raw materials, in-process inventory, and finished goods from
a manufacturing, distribution, or use point to a point of recovery or proper disposal”.
(RevLog, 1998; Szymonik & Stanistawski, 2023).

The Reverse Logistics Magazine, published in 2006, defines reverse logistics as
“all activity related to a product or service after the point of sale, with the ultimate goal
of optimising or making aftermarket activity more efficient in order to save money and
natural resources” (Reverse Logistics Association, 2006, p. 26).

Reverse logistics practices involve a range of activities that a corporation under-
takes to handle returned products and materials. These activities include collecting
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discarded, damaged, unwanted, or outdated products, as well as packaging and ship-
ping materials from customers or resellers. Once products are returned to the manu-
facturer, the company can choose from various disposal options. Key practices in re-
verse logistics include gatekeeping, sorting and storing, transportation, asset recovery,
reuse, recycling, refurbishing, remanufacturing, and cannibalization (Bulger, 2024;
Rogers & Tibben-Lembke, 2001, pp. 129-148; Thierry et al., 1995, pp. 114-135).

Gatekeeping refers to the initial screening of defective and undesirable returned
items at the entry point into the reverse logistics process. This step helps businesses
control and reduce the number of returns while maintaining excellent customer service.
By filtering out unwanted returns, companies can avoid excessive costs and manage
materials more efficiently. Sorting and storing involve categorizing returned products
to decide their fate, whether to process, sell, or dispose of them. This step is crucial as
it determines what happens to the returned products and how they are handled
(hollingsworthllc.com).

Transportation in reverse logistics involves the actual movement of items within
the reverse logistics network. This activity is typically the most significant expense,
accounting for a substantial portion of overall reverse logistics costs. Asset recovery is
the classification and disposition of returned goods as surplus, obsolete, scrap, trash,
and excess materials to optimize returns and minimize costs and liabilities. The goal
of asset recovery is to recover as much economic and ecological value as possible,
thereby reducing the total amount of waste (Alok & Choudhary, 2014).

Reuse is an effective way to clean the environment and promote zero waste and
zero emissions. By reusing products and materials, companies can reduce production
costs and extend the lifecycle of goods. Recycling involves reprocessing end-of-life
products to save production costs and reduce environmental impact. This practice
has gained significant attention in recent years, with various sectors exploring ways
to improve recycling processes. Recycling can save up to 50% on production costs
and reduce greenhouse gas emissions when implemented effectively (Alok
& Choudhary, 2014; Mishra et al., 2012, pp. 2396-2406; Williams et al., 2008,
pp. 6446-6454; Yao & Askin, 2019, pp. 2226-2246).

Remanufacturing has become increasingly important in reverse logistics and
supply chain management (Nasr et al., 2006). This process involves disassembling,
cleaning, inspecting, repairing, replacing, and reassembling used products to restore
them to like-new conditio (Matsumoto, 2009, pp. 1547-1555). Remanufacturing
supports a resource-efficient manufacturing industry and circular economy by restor-
ing the function of discarded items and creating new value. This practice is common
in industries such as automotive parts, electronics, and office equipment (Yu &
Solvang, 2016, pp. 2693-2711).

Refurbishing involves repairing and reselling returned products to customers,
often at a lower price or with a warranty. This practice can include internal repair,
where the company repairs the product itself, or external repair, where an external
vendor is contracted to perform the repair. Refurbished products are usually sold at
a lower price, offering customers a more affordable option while reducing waste
(Narayanan, 2010)
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Cannibalization is a strict process that involves breaking down discarded products
to salvage usable components. These components must meet specific quality stand-
ards and can be reused in other recovery operations such as repairs, refurbishing, or
remanufacturing. Cannibalization helps reduce environmental impact, lower costs,
and improve brand reputation by promoting sustainable production practices (inter-
lakemecalux.com; Heda et al., 2017).

The four main drivers of reverse logistics are economic factors, legislation, corpo-
rate citizenship, and environmental issues. These drivers' significance to a business
and its goals is crucial. To be successful in reverse logistics, companies must imple-
ment six main business concepts, focusing on customer satisfaction, innovation in
technology, eco-compatibility, strategic alliances, knowledge management, and value
recovery.

Customer satisfaction is central to reverse logistics management. Efficient product
disposal and reverse logistics can significantly enhance customer loyalty and profita-
bility (Guldem & Fevzi, 2011, pp. 161-171). New technology implementations im-
prove business performance by aiding compliance reporting, tracking returns, and
managing returns data, while being adaptable to future expansions and exceptions
(Mishra et al., 2012, pp. 2396-2406, 26). Eco-compatibility emphasizes reducing haz-
ardous materials and energy usage due to regulations and consumer knowledge. Com-
panies are increasingly focusing on sustainability (Kosacka-Olejnik & Werner-Lewan-
dowska, 2020, pp. 9-14). Strategic alliances streamline operations and enhance
competitive positions by allowing companies to leverage strengths and seek comple-
mentary partners. Knowledge management involves creating and implementing pro-
cesses to improve knowledge application, which is essential for continuous innovation
in reverse logistics (Power & Sohal, 2001, pp. 247-265).

Value recovery aims to maximize resale value and efficiency in handling returns,
thereby saving costs.

Reverse logistics is becoming critical in supply chain management, with businesses
investing in it to cut costs, increase revenue, and improve customer service (Guldem
& Fevzi, 2011, pp. 161-171). This includes reusing items, recycling, and managing
returns due to marketing returns, damages, quality issues, overstocks, refurbishments,
or remanufacturing. Effective reverse logistics can enhance market effectiveness and
internal cost efficiency, boosting revenues through market growth and customer satis-
faction (Kokkinaki et al., 2001).

Challenges in reverse logistics include technical, economic, political, and social
aspects. Technical challenges involve forecasting returns, estimating the quality and
quantity of returned goods, and managing diverse materials and compositions in
returned items. Economic challenges arise from the financial burdens of implementing
reverse logistics systems, stakeholder reluctance due to uncertainties, and the need
for eco-oriented partnerships. Political challenges include the lack of updated regula-
tions, varying national laws, and insufficient political and governmental support
for reverse logistics. Social challenges are linked to stakeholder reluctance, lack
of environmental commitment, and consumer perceptions of remanufactured goods
(Gifford, 1997, pp. 11).
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The supply chain is a network of businesses involved in producing and delivering
a product or service, extending from raw material suppliers to the final customer
(Ganeshan & Harrison, 1995). Effective supply chain management involves coordi-
nating various functions such as marketing, distribution, manufacturing, and procure-
ment. It requires practices like managing supplier and customer relationships, data
sharing, internal operations, information technology, and training.

Supplier and customer relationships are crucial for promoting consumer loyalty and
aligning supply chain activities. Internal operations must be efficient and adaptable to
changes in the market. Data sharing is essential for cross-functional and inter-organi-
zational integration, reducing stock levels and production costs. Information technol-
ogy enhances communication and coordination within the supply chain, offering cost
reductions and improved customer service. Training is necessary to ensure that em-
ployees understand supply chain management and can effectively use data and tech-
nology for better performance (Ilgin & Gupta, 2010, pp. 563-591).

Research methodology

This study used a descriptive research design. This design is a collection of methods
and procedures for describing variables. It entails collecting data describing events,
then organizing, tabulating, illustrating, and describing the data. Descriptive research
describes the variables by addressing the who, what, and how questions (Babbie,
2020).

Data was collected from two water bottling companies in Port Harcourt, Nigeria
using a questionnaire that served as a major instrument for data collection in this study.
The instrument was self-administered and structured using a four-point Likert scale
with the following scores: Strongly Agree (SA) = 4 points; Agree (A) = 3 points, Dis-
agree (D) = 2 points, and Strongly Disagree (SD) = 1 point.

The instrument comprised sections A and B. Section A contains demographic and
socio-economic information about the target population. Section B contained ques-
tions relating to the perceptions of supervisors, senior staff members, middle and top
level managers who are directly or indirectly involved in reverse logistics, logistics
and supply chain, production, operation, marketing, and general management in the
selected companies under study.

Due to cost, time, geographical limits, and data availability, it will be difficult to
analyse all of the personnel in these companies. Consequently, the population of in-
terest for this study will be limited to supervisors, senior staff members, and middle
and top level managers who are directly or indirectly involved in reverse logistics,
logistics and supply chain, production, operation, marketing, and general manage-
ment in the selected companies. Consequently, based on the human resource man-
agement businesses' active list report as of January 31, 2021. These companies have
a total of 125 permanent supervisors, senior staff members, and middle and upper-
level managers.

A stratified sample is a sampling strategy in which the researcher divides the
population into several groups called strata, from which a probability sample (simple
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random sample) is selected. Consequently, 125 supervisors, senior employees,
and middle and upper-level managers are targeted among these two organizations
(JUNAC and La Sien). The suitable sample size was determined by employing
Yamane's 1967 (Yamane, 1967) statistical formula for sample size, and 95 employ-
ees were obtained were sampled. (Table 9.1).

Table 9.1. Population distribution

Water bottling company Population Sample Size (n;, = % X 1)
JUNAC 53 40
LA SIEN 72 55
Total 125 95

Source: Businesses' active list report as of January 31, 2021.

The researcher obtained the organization's permission for the study. Employees
who completed the questionnaire would be told about the goal of data collection, anal-
ysis, and the agreement to keep their responses private.

Research results

This section revealed the results obtained from the field survey based on the
responses of respondents as regards the administered questionnaire.

Table 9.2. Responses on the level of understanding of reverse logistics concept in two
water bottling companies in Port Harcourt, Nigeria

Reverse logistics practices e | By Mean | Rank | Remark

@6 @0

Our organization’s management and
employees understand the concept
of reverse logistic practices and its
importance.

Our organization gives attention and
2 |put effort towards the implementation | 38 | 27 | 18 | 12 2.96 2nd Agreed
of reverse logistics practice.

Our organization allocates enough
3 |resources to the practice of reverse 34 | 30 | 19 | 12 291 3w Agreed
logistics.

Our organization’s environmental
policies and actions are aligned with

38 1 33 | 15 9 3.05 It Agreed

4 |minimizing the impact of after-use 35 1 29 | 12 | 19 2.84 5th Agreed
plastic bottle wastes on the environ-
ment.
Our organization allocates enough
5 |resources to the practice of reverse 29 | 41 11 14 2.89 4t Agreed
logistics.
Grand Mean (723'3;))

Mean criterion: Disagree if mean value is lower than 2.5 otherwise, Agree

Source: Researcher’s Field Work, 2022.
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Table 9.2 showed that the statement “our organization’s management and employ-
ees understand the concept of reverse logistic practices and its importance ranks 1st as
38 respondents strongly agree, 33 agree, 15 disagree and 9 strongly disagree resulting
to a mean score of 3.05.

Ranking 2nd is the statement “our organization gives attention and put effort
towards the implementation of reverse logistics practice” as 38 respondents strongly
agree, 27 agree, 18 disagree and 12 strongly disagree which gives a mean score
of 2.96.

In the 3rd position is that statement that says “our organization allocates enough
resources to the practice of reverse logistics as 34 respondents strongly agree, 30 agree,
19 disagree and 12 strongly disagree resulting to a mean score of 2.91.

29 respondents strongly agree, 41 agree, 11 disagree and 14 strongly disagree
to the statement “our organization allocate enough resources to the practice of reverse
logistics” which yields to a mean score of 2.89 and ranking 4th.

The statement “our organization’s environmental policies and actions are aligned
with minimizing the impact of after use plastic bottle wastes to the environment”
with a mean score of 2.84 ranks 5th.

Table 9.3. Responses on the current trend of reverse logistics practice in water
bottling companies in Port Harcourt, Nigeria

Current trend of reverse SA | A D | SD
logistics practice @D | @ @m

Our organization contributes to
a proper disposal and collection
of used plastic bottles in order
to protect the environment and
to make plastic bottles as a
source of income.
Our organization has its own
2 | design and standard on its mate- 34 | 29 15 17 2.84 4t Agreed
rials for the purpose of reuse.
Our organization has the
technology and the resource
to engage in the process of recy-
cling plastic bottle products.
Our organization has the
capacity and the resources to
reuse back and to generate profit
from the renewable materials.
Our organization creates aware-
ness to the society about proper
disposal and management of af-
ter consumption plastic bottles.

Grand Mean

Mean | Rank | Remark

32 | 40 | 13 10 2.99 It Agreed

36 | 32 | 12 15 2.94 3t Agreed

36 | 34 | 11 14 2.97 2nd Agreed

28 | 34 | 20 13 2.81 5t Agreed

2.93
(73.2%)

Mean criterion: Disagree if mean value is lower than 2.5 otherwise, Agree

Source: Researcher’s Field Work, 2022.
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Ranking 1st in Table 9.3 is the statement “our organization contributes to a proper
disposal and collection of used plastic bottles in order to protect the environment and
to make plastic bottles as a source of income” with a mean score of 2.99 as 32 respond-
ents strongly agree, 40 agree, 13 disagree and 10 strongly disagree.

With a mean score of 2.97, the statement “our organization has the capacity and the
resources to reuse back and to generate profit from the renewable materials™ ranks 2nd.
36 respondents strongly agree, 34 agree, 11 disagree and 14 strongly disagree.

On the 3rd positon is the statement “our organization has the technology and the
resource to engage in the process of recycling plastic bottle products” as 36 respond-
ents strongly agree, 32 agree, 12 disagree and 15 strongly disagree yielding to a mean
score of 2.94.

34 respondents strongly agree, 29 agree, 15 disagree and 17 strongly disagree that
“our organization has its own design and standard on its materials for the purpose of
reuse” yielding to a mean score of 2.84 and ranking 4th.

The statement “our organization creates awareness to the society about proper dis-
posal and management of after-consumption plastic bottles ranks 5th. 28 respondents
strongly agree, 34 agree, 20 disagree and 13 strongly disagree resulting to a mean score
of 2.81.

Table 9.4 reveals responses on driving forces behind the implementation of
reverse logistics. “To increase customer satisfaction” with a mean score of 3.42 ranks
Ist as 58 respondents strongly agree, 26 agree, 4 disagree and 7 strongly disagree.

Table 9.4. Responses on driving forces behind the implementation of reverse
logistics in water bottling companies in Port Harcourt, Nigeria

Driving forces behind
the implementation ?‘3 (1;) (12)) ?ll; Mean Rank | Remark
of reverse logistics
1 | To generate profit and to 38 | 32 | 12 | 13 | 300 | 29 | Agreed
decrease raw materials cost.
To remain competitive i
2 in the industry. 28 39 17 11 2.88 3 Agreed
3 | Governments and company’s | 33 | 56 | 20 | 16 | 280 4% | Agreed
rule and regulations.
4 | To Increase customer 58 | 26 | 4 | 7 3.42 1| Agreed
satisfaction.
5 | Social and environmental 26 | 33 | 20 | 16 | 273 5t | Agreed
responsibility.
2.93
Grand Mean (73.2%)

2022Mean criterion: Disagree if mean value is lower than 2.5 otherwise, Agree

Source: Researcher’s Field Work.

38 respondents strongly agree to “to generate profit and to decrease raw materials
cost”, while 32 agree, 12 disagree and 13 strongly disagree yielding to a mean score
of 3.00 and ranking 2nd.

Ranking 3rd is “to remain competitive in the industry” as 28 respondents strongly
agree, 39 agree, 17 disagree and 11 strongly disagree resulting to a mean score of 2.88.
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On the 4th positon is “governments and company’s rule and regulations” as
33 respondents strongly agree, 36 agree, 20 disagree and 16 strongly disagree
yielding to a mean score of 2.80.

“Social and environmental responsibility” ranks 5th as 26 respondents strongly
agree, 33 agree, 20 disagree and 16 strongly disagree, which results to a mean score
of 2.73.

Table 9.5. Responses on the challenges for the successful implementation of reverse
logistics in water bottling companies in Port Harcourt, Nigeria

Challenges in reverse SA A D SD
logistics “4 (€)) 2) (€))

Lack of awareness, commit-
ment, and attention of top
management to the practice of
reverse logistics.
Poor cooperation and integra-
2 | tion of different organizations 30 34 18 13 2.85 4t Agreed
in reverse logistics
High cost related to reverse
3 | logistics and organization’s 39 34 11 11 3.06 I Agreed
financial barrier.
Unavailability of clear policy
and regulation on reverse

Mean Rank | Remark

33 31 19 12 2.89 3t Agreed

th
4 logistics practice and lack of 27 30 19 19 2.68 > Agreed
support from the government.
5 Lack of avz_nlgble expertise in 39 30 17 9 304 ond Agreed
reverse logistics process.
2.93
Grand Mean (73.2%)

Mean criterion: Disagree if mean value is lower than 2.5 otherwise, Agree

Source: Researcher’s Field Work, 2022.

The statement “high cost related to reverse logistics and organization’s financial
barrier” rans 1st with a mean score of 3.06 as 39 respondents strongly agree, 34 agree,
11 disagree and 11 strongly disagree.

Ranking 2nd is the statement “lack of available expertise in reverse logistics
process” with a mean score of 3.04 as 39 respondents strongly agree, 30 agree,
17 disagree and 9 strongly disagree.

33 respondents strongly agree, 31 agree, 19 disagree and 12 strongly disagree to
the statement “lack of awareness, commitment, and attention of top management to
the practice of reverse logistics” which yields to a mean score of 2.89 and ranks 3rd.

The statement “poor cooperation and integration of different organizations in re-
verse logistics” ranks 4th with a mean score of 2.85 as 30 respondents strongly agree,
34 agree, 18 disagree and 13 strongly disagree.

With a mean score of 2.68, the statement “unavailability of clear policy and regu-
lation on reverse logistics practice and lack of support from government” ranks 5th as
27 respondents strongly agree, 30 agree, 19 disagree and 19 strongly disagree.
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Table 9.6 showed that Ranking Ist is the statement “integration is an important
supply chain practice in our organization” as 42 respondents strongly agree, 31 agree,
13 disagree and 9 strongly disagree resulting to a mean score of 3.12.

Table 9.6. Responses on supply chain practices in water bottling companies
in Port Harcourt, Nigeria

Supply chain practices s A D ;L Mean Rank | Remark

(G I ) I A ) I I € §)

Integration is an important
1 | supply chain practice in 42 31 13 9 3.12 I Agreed
our organisation
Information sharing is an
2 | important supply chain 33 29 20 13 2.86 5t Agreed
practice in our organisation
Customers and delivery

3 management is an important 4 31 11 11 3.09 ond
point of use in our
organisation

Our company deals with

a third-party who specializes
in business logistics and
supply

Speed of responsiveness is

5 | aimportant supply chain 38 26 19 12 2.95 4t Agreed
practice in our organisation

Agreed

34 34 17 10 2.97 3t Agreed

Mean criterion: Disagree if mean value is lower than 2.5 otherwise, Agree

Source: Researcher’s Field Work, 2022.

The statement “customers and delivery management is an important point of use in
our organization” ranks 2nd with a mean score of 3.09 as 42 respondents strongly
agree, 31 respondents agree, 11 respondents disagree and 11 respondents strongly
disagree.

On the 3rd positon is the statement “our company deals with a third-party who
specializes in business logistics and supply” as 34 respondents strongly agree,
34 agree, 17 disagree and 10 strongly disagree, yielding to a mean score of 2.97.

38 respondents strongly agree, 26 agree, 19 disagree and 12 strongly disagree that
speed of responsiveness is an important supply chain practice in our organization
which results to a mean score of 2.95 and ranking 4th.

With a mean score of 2.86, the statement “information sharing is an important sup-
ply chain practice in our organization” ranks 5th as 33 respondents strongly agree,
29 agree, 20 disagree and 13 strongly disagree.

Conclusion

This study has been concerned with the assessment of reverse logistics in the supply
chain of bottling companies in Nigeria. a case study of Junac and La sien water bottling
company, Port Harcourt, Nigeria. Theoretical concepts such as Reverse Logistics, Re-
verse Logistics Practices/Activities, Reverse Logistics Strategies, Reverse Logistics
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Importance, Challenges in Reverse Logistics, Supply Chain and Its practices were all
reviewed. Chapter two earmarked the methods and procedures for data collection and
analysis. The following chapter presents the results and discussion. Descriptive and
inferential statistical techniques were employed for the study. A total of 95 copies of
the questionnaire were administered to supervisors, senior employees, and middle and
upper-level managers of these two organizations.

Based on the results obtained from the study the following findings were made and
summarised as follows:

1. The level of understanding of reverse logistics concept in water bottling compa-
nies in Port Harcourt, Nigeria is high with a percentage of 73.2% which has an
equivalent mean score of 2.93 on a likert scale rating of 1-4.

2. The current trend practiced in water bottling companies in Port Harcourt, Nigeria
is proper disposal and reusage of plastic bottles in order to protect the environ-
ment and to make plastic bottles as a source of income.

3. The major driving forces behind the implementation of reverse logistics in water
bottling companies in Port Harcourt, Nigeria are to increase customer satisfac-
tion, to generate profit and to decrease raw materials cost.

4. The major challenges for the successful implementation of reverse logistics in
water bottling companies in Port Harcourt, Nigeria are high cost related to reverse
logistics and organization’s financial barrier and lack of available expertise in the
reverse logistics proces.

5. The major supply chain practices in water bottling companies in Port Harcourt,
Nigeria are integration and customers and delivery management.

This study concludes that water bottling companies in Port Harcourt, Nigeria with
emphasis on JUNAC and La Sien understand the concept of reverse logistics, they are
goal driven to protect the environment as well as generate profit from renewable ma-
terials. Though the practice of reverse logistics seem to be high in this organisations,
the major challenges they face is the issue of high cost related to reverse logistics and
the organization’s financial barrier. However, there is a still need for collaboration in
Reverse Logistics the by direct commitment of these organisations with its suppliers
and customers so as to help in solving environmental problems.

To enhance reverse logistics in water bottling companies in Port Harcourt, a col-
laborative approach with suppliers and customers is essential to establish a closed-loop
supply chain. Implementing cost-effective recycling methods, leveraging government
incentives, and integrating technology for tracking and optimization can help reduce
financial barriers. Training programs should be introduced to build employee expertise
in reverse logistics, while customer incentives like discounts for returning used bottles
can boost participation. Pilot testing these strategies in smaller regions can refine the
process before scaling up, ensuring both environmental and economic benefits.
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Abstract: Currently, large cities face a number of challenges related to managing urban
road transport. The increase in the number of vehicles, the need for effective parking space
management, and the organization of traffic are key aspects affecting the daily functioning
of residents. The aim of this article is to identify the most important challenges related to
urban road transport in Czestochowa. The study was conducted using the CAWI (Com-
puter-Assisted Web Interviewing) method on a sample of 400 residents of Czgstochowa.
The survey included questions about the way information is provided about planned and
current traffic disruptions, the adaptation of paid parking zones in the city center to current
conditions and needs, the costs of paid parking in the city, the organization of traffic in the
center of Czgstochowa, and the organization of transport related to the reconstruction of the
road network. The survey results provided valuable insights into residents' perceptions and
key areas requiring improvements.

Keywords: urban transport, road transport, urban transportation system management

Introduction

Road transport in cities, especially in those with high population density, represents
one of the most critical issues in contemporary urban space management. The increase
in the number of vehicles on the roads and the growing transport needs of residents
and visitors present numerous challenges for local authorities related to ensuring traffic
flow (Hou et al., 2021; Zheng et al., 2022), optimizing parking space, and minimizing
environmental impacts (Georgakopoulos et al., 2023). Particularly in large urban ag-
glomerations, the intense use of road infrastructure leads to system overloads, which
directly affects residents' quality of life and the overall efficiency of the agglomera-
tion's functioning (Glegbocki, 2024).

The growing interest in the urban transport system topic stems from the increasing
importance of this system for the daily functioning of urban communities. In large
urban areas, the complexity of challenges related to traffic management, parking space
organization, and informing residents about ongoing changes in road infrastructure re-
quires systematic study and monitoring. It is also important to note the rising mainte-
nance costs and the necessity to adapt road transport to modern environmental and
economic realities.

The aim of this chapter is to identify the key challenges faced by urban road
transport in Czgstochowa. Based on conducted survey research residents' perceptions
regarding the effectiveness of current solutions in traffic management, parking policy,
and transport information management are analyzed. It also examines which of these
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factors influence the choice of transport mode (private/public) by the city's residents.

The following research hypotheses were established:

— Hypothesis 1: The residents of the surveyed city recognize and accept modern so-
lutions in urban transport.

— Hypothesis 2: Higher parking fees contribute to an increase in the number of people
using public transport.

— Hypothesis 3: Changes in urban transport organization, including on road sections
under renovation, impact the choice of public transport.

The survey, conducted using the CAWI method on a sample of 400 residents of
Czgstochowa, provided valuable data on the local community's perception of urban
road transport. The analysis of the survey results helps identify key areas requiring
improvement and points to directions for actions that could enhance road transport
organization in the city.

Problems of urban transport — review

The review is based on an analysis of scientific articles available in the ScienceDi-
rect database, with particular attention given to works published in the last few years,
i.e., since 2019. During this period, a noticeable increase in publications on intelligent
urban transport management systems was observed. Literature related to urban road
transport highlights several challenges faced by large cities. Studies on public transport
present various approaches to improving its functioning in cities, focusing on aspects
such as pricing strategies, operational efficiency, passenger satisfaction, system inte-
gration, and the use of intelligent solutions. For example, challenges related to improv-
ing the efficiency of urban transport systems are presented by Laatabi et al. (2024).
Using agent-based modeling, these authors identified the issue of buses skipping stops
and pointed to the need for introducing free transfers. Similarly, Yap et al. (2024),
analyzing the perception of transfers in London, emphasize differences in the reception
of various types of transfers — cross-platform transfers are rated more positively than
those requiring level changes or bus-to-bus transfers. In the context of pricing strate-
gies for urban public transport, Wallimann et al. (2023) showed that a 29% reduction
in annual ticket prices resulted in a 10.6% increase in passenger numbers. These stud-
ies underscore the importance of structural changes and pricing policies in promoting
more sustainable and accessible urban transport.

In the context of increasing congestion on the main arteries of large cities, interest-
ing research was presented by Neradilova et al. (2023), who suggested introducing
priority for public vehicles. According to these authors, this could contribute to im-
proved traffic flow and increased system efficiency. Many studies also focus on public
transport passenger satisfaction. Authors studying this issue identify key factors such
as cleanliness, frequency of services, vehicle availability, safety, and even drivers'
driving styles or the service quality-to-price ratio (Khademi-Vidra et al., 2024; Ong et
al., 2023; Soza-Parra et al., 2019).

A lot of attention is also given to integrated transport systems that combine tradi-
tional and flexible forms of transport. These are becoming increasingly popular in re-
sponse to changing urban mobility patterns and may represent the future of transport
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in large agglomerations. Examples of such works include Melis et al. (2024), who pro-
pose a model integrating on-demand buses with the existing metro network, and Bal-
lantyne et al. (2024), who developed accessibility indicators for bus, rail, and bicycle
infrastructure, considering demand for these modes of transport. Additionally, Kubera
& Slusarczyk (2003, 2024) analyzed the context of shared mobility.

From the perspective of urban transport users, modern solutions such as electronic
ticketing systems and real-time traffic information systems are also essential, as they
increase the convenience of using public transport (Pomianowski, 2023).
A separate and equally important topic in urban transport is related to the design of
parking spaces and parking fee systems. Studies such as those by Campisi et al. (2022),
Kushchenko et al. (2022), and Chomiak-Orsa et al. (2022) provide examples of various
simulation methods used in this type of analysis.

Despite differences in approach, all studies share a common goal — improving pub-
lic transport functionality, increasing its attractiveness and supporting sustainable ur-
ban development.

Research methodology

The survey, on the basis of which the analysis was conducted, was carried out using
the CAWI (Computer-Assisted Web Interviewing) method on a sample of over 400
residents of the city of Czgstochowa. The survey was targeted at individuals with var-
ying demographic statuses, including diverse age groups, gender, place of residence,
and employment status. The questionnaire consisted of more than 20 questions, with
the number varying depending on the respondent's employment status group — see

Figure 10.1.
*4 questions
*Questions depend on a group:
Part I * individual respondents (3 questions)
* bussiness respondents (5 questions)

Part III *19 questions

Figure 10.1. Structure of the questionnaire

Source: Own study based on research.

The analysis of respondents' characteristics allows for several conclusions
(Table 10.1). First, the majority of responses come from individuals in the 36-50 age
group. This may suggest that this age group most frequently uses the city's transport
system. Second, residents from districts other than the city center make up the largest
group (56%) in terms of place of residence. Third, women accounted for 68% of
respondents, which is somewhat understandable as the survey was distributed
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via social media, and women are generally more inclined to participate in online sur-
veys. Fourth, a specific trend among the city's residents is revealed — the majority of
respondents (79%) use their own means of transport when moving around the city.

Table 10.1. Respondents’ characteristics

Age Density %
10-19 21 5
20-25 33 7
26-35 60 14
36-50 273 62
51-65 39 9

66 and more 15 3

Total 441 100

Gender Density %
man 143 32
woman 298 68
Total 441 100
Place_of living Density %
city center 42 9
city 246 56
other 153 35
Total 441 100
Activity Density %
student 47 11
employee 225 51
employer 139 31
other 30 7
Total 441 100
Transport_mode Density %

On foot/bike/scooter/other 9 2
Public transport 85 19
Own transport 347 79
Total 441 100

Source: Own study based on research.

The survey included questions regarding the preferred mode of transport, percep-
tions of traffic issues, and sources of information about local traffic disruptions.
The main topics covered in the study involved the most frequently used modes of
transport (walking, cycling, scooter, public transport, private transport), the use of var-
ious information channels (announcements, posters, applications) to monitor current
traffic disruptions, and opinions on traffic management and paid parking zones in
Czestochowa.

The data was collected in a way that allowed for further statistical analysis, enabling
conclusions to be drawn about residents' perceptions and identifying areas in need of
improvement in terms of road transport. Specifically, the collected data was analyzed
to identify general trends in the perception of the transport system and existing solu-
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tions in Czgstochowa. A correlation analysis was then conducted to examine the rela-
tionships between residents' ratings in the surveyed areas and their choice of transpor-
tation mode.

Research results and discussion

In the main part of the survey, respondents were asked, among other things, for
their opinions on the usefulness of various urban transport system solutions existing in
the studied city (Table 10.2). Based on the analysis of the results regarding the evalu-
ation of various elements of transport infrastructure in Czgstochowa, it is noticeable
that the time displays at bus stops are among the highest-rated solutions. As many as
61.9% of respondents consider them very useful, with an additional 31.5% finding
them useful. This means that almost all survey participants (93.4%) view these dis-
plays as a helpful tool in their daily use of public transport. This result may stem from
the widespread use of public transport and the residents' need to be informed about the
current waiting times for vehicles. Similarly, cashless parking meters were positively
evaluated, with 52.2% of respondents considering them very useful and 40.1% finding
them useful. A total of 92.3% positive opinions indicate that residents appreciate the
convenience of cashless payments, which may reflect their broad acceptance within
the city’s infrastructure. The growing popularity of cashless technologies and their
common availability in other aspects of daily life, such as shopping or services, could
be the main factor behind such positive evaluations.

Table 10.2. Assessment of selected urban transport system solutions in the opinion

of respondents
Urban transport system solutions do not know | useless | useful | very useful
time diol N 27 2 139 273
ime dipla
plays % 6.1 0.5 315 61.9
. N 31 3 177 230
cashless_parking meters
% 7.0 0.7 40.1 52.2
. N 19 9 159 254
bus_stop_displays 5
% 4.3 2.0 36.1 57.6
. N 33 48 210 150
speed_control displays v =5 0.9 476 34.0
0 . . . .
. . N 82 9 181 169
city bikes_system 5
% 18.6 2.0 41.0 38.3
hari N 140 54 150 97
carsharin,
& % 317 122 | 340 2.0

Source: Own study based on research.

Bus stop displays also received recognition from respondents, with 57.6% consid-
ering them very useful and 36.1% finding them useful, leading to a total of 93.7%
positive opinions. These displays, like those providing information about arrival times,
play an important role in improving the convenience of public transport use, enabling
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residents to better plan their journeys. Speed control displays, on the other hand, re-
ceived mixed reviews. While 47.6% of people found them useful and 34.0% very use-
ful, totaling 81.6% positive opinions, a noticeable percentage of respondents (10.9%)
considered these displays useless. This may be due to the fact that not all drivers per-
ceive speed displays as an effective tool for increasing safety, or their placement does
not always address the real needs of road traffic.

The city bike system was positively evaluated by 79.3% of respondents, with
38.3% considering it very useful and 41.0% finding it useful. At the same time, 18.6%
had no opinion on the matter, which may suggest that the system is not yet widely used
by residents. Possible explanations could include limited availability of city bikes or
a lack of cycling infrastructure in certain parts of the city. In the case of car-sharing,
the results indicate a relatively low level of awareness or popularity of this service
among residents. As many as 31.7% of respondents had no opinion on car-sharing,
which could be due to a lack of knowledge about its availability in the city. Only 22.0%
rated car-sharing as very useful, and 34.0% as useful. The lower ratings compared to
other modes of transport may be related to the limited car-sharing network in the city
or insufficient promotion of this service.

Next, the respondents were asked to evaluate selected system solutions related to
transport in the studied city. The frequency of responses is presented in Table 10.3.

Table 10.3. Evaluation of selected areas of the transport system in the studied city

do not | very very

Scale Know bad bad midly | good good
o ) N 208 3 9 51 109 61
x1 — electronic ticketing system
% 47.2 0.7 2.0 11.6 24.7 13.8
x2 — information about traffic N 79 35 57 181 57 32
disruptions % | 179 7.9 12.9 41.0 | 129 7.3
do not | very - very
Scale Know fow few midly | many many
x3 — number of available parking | N 60 28 82 169 78 24
spaces in the paid parking zone % | 13.6 6.3 18.6 383 | 177 5.4

Scale ‘l'(‘:l:)‘gvt ;:;l); high | midly | low | oY
x4 — cost of paid parking N 57 51 100 145 78 10
in the city center % | 129 | 11.6 22.7 329 | 17.7 2.3

Scale (11::1::3: ‘[],e;g bad | midly | good g(e)(l;ﬁ
x5 — traffic management N 30 46 127 130 98 10
in the city center % 6.8 10.4 28.8 295 | 222 2.3
X6 — changes in transport N 54 88 107 99 75 18

organization on road sections

under renovation % | 122 | 200 | 243 | 224 | 170 | 4.1

Source: Own study based on research.
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The analysis of the results concerning the evaluation of various aspects of urban
road transport in Czgstochowa allows for the identification of several key challenges.
The assessment of the electronic ticketing system indicates that a significant portion
of respondents (47.2%) have no opinion on the matter, which suggests that many res-
idents may not use this solution or are unfamiliar with its operation. However, among
those who do use the system, positive opinions prevail — 24.7% rate it as good, and
13.8% as very good. This may indicate that the system operates efficiently, but its
usage is still limited, potentially due to a lack of promotion or insufficient accessibility.

The information about traffic disruptions is rated as "average" by 40.6% of re-
spondents, indicating moderate satisfaction with the quality of the information pro-
vided. At the same time, 20.9% of respondents find the information inadequate, sug-
gesting that this system needs improvement. The problem may lie in the lack of easy
access to up-to-date data on disruptions or in the insufficient adaptation of communi-
cation methods to residents' needs.

Another significant aspect is the number of parking spaces in the paid parking zone
in the city center, which is considered insufficient by 24.9% of residents, while 38.3%
rate it as “average”. Although parking issues are evident, they are not perceived as
critical by the majority of respondents. It is possible that this situation results from
a limited number of parking spaces in the city center, forcing residents to seek alterna-
tives, such as parking on the outskirts of the city.

The evaluation of paid parking costs also suggests some dissatisfaction — 34.3% of
respondents consider these costs high, and 32.9% as “average”. High fees may pose
a barrier to using parking facilities in the city center, which could discourage residents
from driving in this part of Czgstochowa. It would be worth considering adjusting the
pricing policy to encourage parking in the city center while maintaining traffic flow.

The organization of traffic in the city center elicits mixed reactions. Nearly 40% of
respondents express dissatisfaction, indicating difficulties related to traffic flow or the
availability of road infrastructure. Only 22.2% rate the organization as good, and just
2.3% as very good, suggesting that significant improvements are needed, especially in
traffic management in key areas of the city. Possible explanations include the compli-
cated street structure in the center and traffic congestion, particularly during peak
hours.

Even greater challenges concern changes in transport organization on road sections
under renovation, which are negatively evaluated by 44.3% of respondents. Residents
express dissatisfaction with temporary solutions, which may be due to a lack of ade-
quate communication about detours and changes in traffic organization. This situation
points to the need for better planning and informing residents about changes, especially
in the context of long-term road renovations that affect the city's daily functioning,

In the next step, it was decided to examine the relationship between variables
x1-X6, Which are independent variables, and the mode of transport chosen by residents
(x0), which is the dependent variable. In the first phase, the variables were coded as
follows:

— each of the variables x;-x¢refers to the assessment of aspects of the functioning of
transport infrastructure and urban services on a three-point scale: negative

assessment (1), neutral (2), and positive (3).
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— for variable xo, code 0 was assigned for “own transport”, while code 1 was assigned
for "public transport" and "on foot/bike/scooter/other," as these modes of transport
are most desirable in urban areas.

Next, data related to variables xi-Xe, excluding responses containing “I don't know”,
were filtered, and a chi-square test was conducted to examine the relationship between
these variables and the dependent variable xo. Given that the analyzed variables

are categorical/ordinal, Spearman's rank correlation coefficient was also used
(Table 10.4).

Table 10.4. Relationship between variables — results

. Chi- N.umber ! Contingency Spearman
Variable df p-value | valid observa- A -
square tions coefficient correlation
X1 0.094 2 0.954 233 0.020 0.005
X2 30.471 2 <0.001 362 0.279 0.216
X3 28.09 2 <0.001 381 0.262 0.247
X4 9.51 2 0.009 384 0.155 0.09
X5 1.45 2 0.378 411 0.069 0.01
X6 18.252 2 <0.001 387 0.212 —0.056

Source: Own study based on research.

On the basis of results presented in Table 10.4 there can be indicated whether there
is a relationship between the assessments of various aspects of the functioning of
transport and urban infrastructure and the choice of transport mode. For the electronic
ticketing system (x1), the chi-square test result (p = 0.954) indicates that the evaluations
of this system's functionality do not significantly influence the choice of transport.
This suggests that to increase the use of public transport, the ticketing system alone
may not be sufficient — other amenities or campaigns promoting the benefits of the
system may be necessary.

In the case of the evaluation of traffic disruption information (x2), a significant chi-
square test result (p < 0.001) indicates that a better assessment of this aspect may
encourage the use of public transport. The contingency coefficient (0.279) and
Spearman's correlation (0.216) suggest that residents using public transport rate the
quality of traffic disruption information higher than those using private transport.
This means that improving access to traffic disruption information could be a key
factor influencing the choice of public transport.

Adjusting the number of parking spaces in the paid parking zone (x3) also signifi-
cantly impacts the choice of transport (p <0.001). For this variable, the following scale
was applied: 1 — “few”, 2 — “adequate”, 3 — “many” parking spaces. Public transport
users rate the availability of parking spaces higher than those using private transport,
which suggests that an insufficient number of parking spaces may lead people to opt
for public transport over private transport. The contingency coefficient (0.262) and
Spearman's correlation (0.247) emphasize the importance of this aspect.

For the evaluation of the cost of paid parking (xs4), with the applied scale: 1 —“high”,
2 — “appropriate”, 3 — “low”, the chi-square test (p = 0.009) indicates that there is
a statistically significant relationship between the assessment of parking costs and the
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choice of transport. The contingency coefficient (0.155) and Spearman's correlation
(0.09) show that individuals who rate parking costs as high are more likely to choose
public transport. This suggests that increasing parking costs in the city center could
encourage residents to forgo private transport in favor of public transport.

The organization of traffic in the city center (xs) does not show a significant rela-
tionship with the choice of transport (p = 0.378). This means that the organization of
traffic in the city center is not a sufficient factor to influence transportation preferences.

However, with regard to variable X6 - changes in transport organization on road
sections under renovation — there can be said that it is a significant factor influencing
the choice of transport (p < 0.001). The contingency coefficient (0.212) indicates
a significant relationship, while the negative Spearman correlation (—0.056) suggests
that negative evaluations of changes in transport organization may discourage the use
of public transport. Improving the organization of transport on road sections under
renovation could, therefore, increase the share of public transport users. It is possible
that residents, not knowing exactly which transit lines to use under the new conditions,
opt for private transport.

In summary, improving elements such as providing information on traffic disrup-
tions, the availability of parking spaces, and the organization of transport on road sec-
tions under renovation could increase the number of residents using public transport,
which is a key goal in the development of sustainable urban transport.

Conclusion

In light of the conducted analyses, the research hypotheses were largely confirmed,
allowing for a better understanding of the key challenges related to urban road
transport in Czgstochowa and identifying factors that may encourage residents to use
public transport. Hypothesis 1, which assumed that the city's residents recognize and
accept modern solutions in urban transport, was confirmed. The analysis of collected
opinions shows that time displays at bus stops and cashless parking meters are highly
rated by Czgstochowa residents, with positive feedback at 93.4% and 92.3%, respec-
tively. At the same time, it was noted that car-sharing services are less popular in the
studied city, with 31.7% of respondents having no opinion on the matter. This may
result from limited availability or promotion of this form of transport.

Hypothesis 2, which stated that higher costs associated with private transport, such
as parking fees, encourage the use of public transport, was also confirmed. High costs
of paid parking in the city center are one of the factors that force some residents to
switch from private to public transport. Therefore, increasing parking fees could be an
effective mechanism for promoting public transportation, especially in central areas
where parking space is limited. Moreover, the analysis results indicate that the assess-
ment of aspects such as traffic disruption information and the availability of parking
spaces also significantly influences the choice of transport mode. Residents who rated
these aspects better were more likely to use public transport, suggesting that invest-
ments in improving infrastructure and better urban information management could in-
fluence transportation preferences.
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Hypothesis 3, which proposed that changes in urban transport organization, espe-
cially on road sections under renovation, impact the choice of public transport, was
also confirmed. Negative evaluations of these changes were associated with a reduced
inclination to use public transport, meaning that better traffic organization during road-
works could improve the perception of public transport and increase its attractiveness
to residents. Poorly organized and inefficient communication during renovations leads
to user frustration, which may discourage the use of public transport.

Regarding other research results, it is worth noting that the assessment of the elec-
tronic ticketing system and traffic management in the city center had no significant
impact on the choice of transport, indicating that other factors, such as costs and the
availability of information, are more critical.

Based on the research, it can also be concluded that Czgstochowa residents most
value those infrastructure elements that directly improve traffic management and make
daily use of public transport easier, such as time displays and cashless parking meters.
Less known or less commonly used services, such as car-sharing or the city bike sys-
tem, still have great potential for development, which requires further promotional
efforts and infrastructure investments.

Despite its advantages, the paper also has some limitations. Due to limitations
related to the online data collection method, the sample may not be fully representative
of the entire city population. Respondents were selected based on their availability and
willingness to participate in the study, which means that random selection was not
used. Future research should consider more diverse sampling methods to obtain better
representativeness of the data.

In summary, the research results provide a better understanding of the factors
influencing transport choices in Czgstochowa and indicate that the research goal —
identifying the most important challenges related to urban road transport — was
achieved. Key challenges such as improving the quality of traffic disruption infor-
mation, the availability of parking spaces, and optimizing transport organization
during roadworks could form the basis for further actions aimed at promoting public
transport in the city. Improving these elements of infrastructure and transport policy
could help increase the number of people using public transport, which is a crucial step
towards the sustainable development of urban transport.
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Abstract: The transport sector is systematically experiencing an increase in operating costs.
Changes in fuel prices, tolls, and labour costs, in turn, have a direct impact on the develop-
ment of freight rates in road transport, forcing hauliers to adjust prices on an ongoing basis
in order to maintain profitability. Fuel expenditure is a key cost element that oscillates
between 27% and 37% of all operating costs. Proper cost management allows transport
companies to identify potential savings and set competitive prices for their services, which
is crucial in the fast-growing TFL sector. Therefore, the objective of the article is to analyze
cost management in a transport company, taking into account the specificity of the Polish
TSL market and the changes that occur in it. The analysis was based on a database analysis
and a case study using the TCO (Total Cost of Ownership) approach. The results obtained
made it possible to observe the mechanism of cost formation in a transport company.
The recommendations developed on this basis identified practical directions for optimising
operations that can bring significant economic benefits to transport companies.

Keywords: road transport, transport costs, freight rate

Introduction

The domestic TSL sector is one of the fastest growing sectors of the national econ-
omy (Road freight transport..., 2023). Road transport is the most common mode of
transport worldwide, with more than 86% of freight transported by this mode
(Transport - Performance Results, 2023, p. 15). Road transport stands out from other
modes in terms of increasing efficiency (Ciszewska et.al., 2023, pp. 31-52). This trans-
lates into opportunities for door-to-door delivery processes, which are characterised by
the direct flow of goods between sending and receiving points (Grondys & Satek,
2017, p. 1592). On the other hand, macroeconomic risks of an economic nature, which
include rising wages, inflation, rising energy prices, high interest rates, and economic
fluctuations, stand in the way of the industry's continued growth. Driver shortages, the
decarbonisation process, or unfair competition resulting from the opening of interna-
tional markets are also a problem. The latter factor has had a particularly strong impact
on the competitiveness of domestic transport in recent times and is forcing companies
to change the way they calculate costs for the services they provide (Poliak et al., 2021,
pp. 86-88). The competitive environment increases the demand for more accurate cost-
ing. These factors expose road transport to constant changes and, above all, increasing
operating costs. These relate in particular to the operating costs of the vehicle fleet,
road infrastructure costs or employee wage costs. Road regulations also play an im-
portant role in their level, affecting fines and penalties (Statkiene, 2022, pp. 25-26).
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It can also be costly to comply with emission regulations, which requires investment
in new and modern trucks (Paradowska & Kociszewski, 2018, p. 85).

Therefore, the process of effective cost management in a transport company is par-

ticularly important and should include:

— cost analysis and monitoring,

— financial auditing and advice,

— budget planning taking into account future price change forecasts.

Effective cost management requires a holistic and innovative approach (Jarocka,
2016, p. 57). The combination of these activities allows for an effective response to
market changes, minimising losses, and maintaining the ability to invest and grow.
All this influences the determination of the level of the freight rate, which depends on
a number of factors and is subject to change as much as its individual components.
As aresult, the company can achieve sustainable profitability and a better competitive
position in the market (Hermundsdottir & Aspelund, 2021, p. 3).

The role of the production characteristics of transport services
in shaping operating costs

The basic transport cost model takes into account the sum of the marginal costs
incurred by transport companies and the profit margin for a specific transport order.
These costs include (Fan et al., 2023, pp. 2-4):

— direct costs i.e.: freight and insurance charges,
— indirect costs that relate to goods in transit, their storage, loading activities in
multimodal transport, etc. Container loading and other concepts.

A key element in the process of shaping the above-mentioned costs is the compat-
ibility of the production and consumption of transport services. The lack of warehous-
ing of services necessitates the determination of an assessment of the level of capacity
of transport means and the choice of matching supply with average, maximum, or min-
imum demand (Baller, 2019, p. 1015). Reaching maximum capacity means that the
system is operating at the limit of its operational capacity. Minimum capacity, on
the other hand, means the operational floor below which the transport system cannot
operate without inefficiency or financial loss (Liu et al., 2015, p. 315-316). Both the
level of maximum capacity and the decision to choose a service provision strategy
determine the subsequent production costs of transport services, especially under
conditions of high demand fluctuation in this market (Tung¢ & Biiylikkeklik, 2017,
pp. 39-42). The availability of services in response to market demand, in turn, deter-
mines the level of competition in the domestic market and, in the case of an individual
company, forces a reduction in operating costs (Cioc & Dumitru, 2013, p. 89; Wheat
etal., 2019, p. 2).

In freight transport, handling facilities at shipping and receiving points are im-
portant. The need to use these facilities leads to a significant burden on transport costs.
The same applies to combined transport, which uses different modes of transport and
carriers. This is further related to the costs of the simultaneous use of transport means
and transport infrastructure (Krajewska & Lukasik, 2017, p. 204). The type and level
of costs differ in different modes of transport. In freight transport, an important aspect

149



can be seasonal fluctuations due to seasons, times of day, and holiday breaks, which
limit the possibility of loading and unloading goods at any time (Bronk, 2014, p. 22).
The features of transport service production are directly reflected in the costs incurred
by transport companies, influencing the demand and supply of the transport services
market in various transport industries (Krajewska & Lukasik, 2017, p. 205).

Factors driving freight rates

One of the key factors influencing road transport costs is the determination of the
so-called freight rate, between the customer and the haulier. Freight rates in road
transport are shaped by a number of cost factors. A detailed discernment has been
carried out in their research by Chow and Gill (2011, pp. 5-10) or Yoko et al. (2012,
pp. 6-7). To determine this rate, it is first necessary to establish what costs will be
imposed on the service to help determine the price at which the carrier will contract
the service. Factors affecting the freight rate depend on (Russell et al., 2014; Saeedi
et al., 2020, pp. 511-512):

— the distance of transport calculated from the place of loading to the place of unload-
ing — calculated in kilometres both ways,

— the place of loading and unloading of the goods to be transported — this may be
a place that requires special authorisations, additional charges, compliance with
special regulations,

— order execution time — in addition to the standard transport time, delays in delivery
are important and may incur financial penalties; moreover, delays in delivery may
also result in additional costs related to the necessity to store the cargo,

— the size and type of load — the weight of the load influences the fuel consumption,
while the type of load determines the choice of vehicle, which the more specialised
the more expensive it is,

— the timing of the transport and the time constraints of the service provided.

These factors determine fuel costs, staff costs, toll costs, permit costs, insurance
costs and vehicle operating costs. The cost structure in transport operations can also be
analysed in terms of (Bronk, 2014, p. 28):

— costs related to depreciation of transport vehicles,

— operating costs, including fuel, oil and lubricant consumption,

— personnel costs,

— In freight transport, handling facilities at shipping and receiving points are also im-
portant. The need to use these facilities leads to a significant burden on transport
costs (Karam et al., 2023, pp. 2-3). The same applies to combined transport, which
uses a variety of transport modes and carriers.

Statistical treatment of transport costs

Analyses of the operating costs of Polish transport companies are carried out by the
Motor Transport Institute. The results of these studies make it possible to determine
the cost structure in the road transport sector in Poland, as illustrated in Figure 11.1.
The analyses carried out by the ITS show that the largest share in the costs of carrying
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out transport tasks, which directly affects the competitiveness of enterprises, is
represented by fuel, which accounts for 40.6% of the cost of 1 km of travel. The costs
of driver salaries and business trips come second with 17.30%, and tolls come third
with around 10.8%.

0.9%5.4%

transport tax

vehicle insurance (third-party liability, comprehensive)
social insurance contributions paid by the employer
drivers' salaries including travel allowances

leasing costs and interest servicing

credit costs (servicing - installments)

depreciation or loss of market value

tires

repair and maintenance services

fuel and operating materials

other operating costs

transport risk costs

road tolls

pNnnnnnnn

Figure 11.1. Cost structure per km in road transport in Poland
(quoted after Osinska & Zalewski, 2012, p. 907)

In Poland, fuel costs, personnel costs and vehicle maintenance are the three main
components of transport companies' expenses. In contrast, in Germany, the Nether-
lands, Belgium and France, the biggest burden is the cost of drivers (Fig. 11.2).
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Cost

Figure 11.2. Comparison of vehicle costs in Europe
(https://www.globalpetrolprices.com)

The effects of inflation, the increase in diesel prices caused by, among other things,
the conflict in Ukraine, as well as new regulations with higher wage and business costs,
have noticeably impacted the transport industry, which has reflected on freight rates
(Xing et al., 2023, pp. 3-4). In the first quarter of this year, the European road freight
rate index reached a record high of 110.9 points, an increase of 7.5 points compared to
the first quarter of 2021.
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According to a report by the EC, fuel expenses account for between 27 and 37% of
all transport business costs (Aji & Surjandari, 2020, p. 2). One significant change is
the increase in drivers' salaries, which is the result of the adaptation of Polish legisla-
tion to the European mobility package. The effect of this is to increase the cost of
employing an international driver in a Polish transport company by up to 22%.
The analyses by the Motor Transport Institute show that fuel accounts for the largest
share of the costs of transport companies (40.6% of the cost per km), while drivers’
salaries and business trips (17.3%) and road taxes (10.8%) are also significant. Road
and bridge tolls are another considerable cost element, particularly in Europe, where
many countries use various forms of road tolls. These costs are directly passed on to
the principals, affecting final freight rates (Losik, 2024). The level of freight rates in
Poland compared to Europe is presented in Table 11.1.

Table 11.1. Freight rates — most popular destinations in Europe [prices in euro]
(The European Road Freight Rate Benchmark..., 2024)

Contract market

Direction Q12024 Q22024
Poland Germany 1,508 1,542
Poland Italy 2,114 2,118
Germany Poland 1,209 1,192
Italy Poland 1,729 1,746
Average price on the European market 1,459 1,336

Spot market

Direction Q12024 Q22024
Poland Germany 1,657 1,716
Poland Italy 2,294 2,218
Germany Poland 1,414 1,511
Italy Poland 2,018 2,125
Average price on the European market 1,563 1,504

Freight prices at the European level indicate an average rate of €1.46/km in Q1
2024 and €1.37/km in Q2 2024 in the contract market. On the spot market, the average
rate was €1.56/km in Q1 2024 and €1.50/km in Q2 2024. The rate on the spot market
is slightly higher than on the contract market. At the same time, the cost of transport
in both markets has fallen slightly in the quarters under review. Analysing, in turn, the
most popular directions of international transport in Poland to Germany and Italy, it is
observed that transport rates on the contract market are slightly higher than in the pre-
vious quarter, while the direction of transport to Poland is cheaper. The situation is
similar in the spot market. At the same time, freight rates are forecast to increase as
a result of (The European Road Freight Rate Benchmark..., 2024):

— problems filling driver positions for almost half of European companies,
— the requirement to implement the eurovignette directive,
— anincrease in fuel prices due to global political instability,
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— continued low levels of industrial production linked to the contract market,
— Reduced demand in the spot market.

In all Baltic, Eastern, and Southern Member States, transport price levels are often
below the European average. The highest price levels are observed in Denmark and
Sweden, and the lowest in Poland, Bulgaria, Romania, or Hungary (key figures on
European transport, 2024). A transport price level index based on the cost of mainte-
nance and operation of the fleet and the cost of ancillary services places Poland in the
penultimate place among the thirty European countries (index EU = 100; PL = 75)
(Eurostat, 2023).

Research results — case study

In order to present and analyse the cost and freight rate formation in transport
activities, a selected example of a company that occupies a significant position in the
national transport market was used. For this purpose, a TCO analysis was applied,
which includes an analysis of all vehicle owner costs generated in relation to the owned
fleet in the case study (Wadud, 2017, p. 164). This means that external factors, such as
potential infrastructure costs that have not been internalised through taxes or other
charges, are not considered here (Szumska et al., 2012, p. 9). The company under study
offers comprehensive temperature-controlled freight services within the country.
Within the company's operations, refrigerated contract logistics plays an important
role, which is a key element in ensuring efficiency and effectiveness in the area of
domestic transport as well as the entire cold supply chain. The company also works
‘spot’ by performing one-off transports with customers who are not covered by
permanent contractual agreements. This means that external factors, such as potential
infrastructure costs that have not been internalised through taxes or other charges, are
not taken into account.

The freight rate in the company under study is conditioned by several of its com-
ponents. Details are included in Table 11.2.

Table 11.2. Cost structure in a transport company

Cost share
Category Type of cost Description in freight
rate
Vehicle maintenance | Regular maintenance, repairs,
costs replacement of consumables
Road tolls Road tolls (e-Toll)
Parking charges Costs for the use of parking spaces
Operating costs i i 35-40%
Fuel expenditure Fuel costs for the vehicle fleet
. . Net salaries, social security
Salaries of drivers contributions, other benefits
Purchase of parts Costs of purchasing vehicle parts
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cont. Table 11.2

Office costs

Office rental, office supplies,
utility bills

Fleet management

Information systems, GPS

development costs

and other forms of staff development

Fees for certifica-
tions and industry
standards

Costs of obtaining and maintaining
industry licenses, certificates,
and standards

costs monitoring
Administrative i .
Expendl_ture on External services of accountants 10-15%
costs accounting and legal .
4 ; and legal advisors
and financial advice
Salaﬁ?s for_ Salaries for administrative
administration
and management staff
and management
D iation of oy .
cpreciation o Depreciation of the value of vehicles
b o vehicles
epreciation —
P Depreciation of - 5-10%
costs . Depreciation of computers, office
office equipment . .
. furniture and other equipment
and supplies
A policy that indemnifies a transport
T company against liabilit
Carrier liability pany ag Y
insurance for damage to goods entrusted to
it that has arisen from fortuitous
Insurance costs and unforeseen causes 5-10%
L Insurance policies for compan
Vehicle insurance Surance p pany
vehicles
Employee health Group health and life insurance
and life insurance policies for employees
Income tax Corporate income tax
Tax costs VAT Tax on goods and services 5-10%
Property taxes Taxes on owned business property
. Costs of leasing vehicles and
Leasing costs .
. . machinery
Financial costs - 5-19%
Interest on loans Interest paid on loans
and borrowings and borrowings taken out
t of participation S
.COS ol participatio Expenses for participation
in trade fairs and o
. in industry events
industry conferences
Maintenance of the Costs related to website
Marketing costs | website and social maintenance and social media 1-5%
media activities presence
Expendit n ..
xpe d ure o Costs related to advertising and
advertising and .
X promotion of the company
promotions
Costs of technical
inspections of Costs of technical inspections
vehicles
Staff training and Costs of training, language courses,
Other costs g & anguag 1-3%
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Calculation of the freight rate

The company has a fleet of ten truck combinations in the > 12-tonne vehicle
category, consisting of a road tractor and a refrigerated semi-trailer. The freight rate

calculation process is shown in Figure 11.3.

- net price of
diesel in the
month of May
2024 at 5.07

The
- net price of H
Tt calculat!on of
month of May the frelght
2024 at 5.07

SN rate includes:

- average monthly
mileage of the vehicle:
10,000km (mileage
achieved in 24 days of
operation)

- average
consumption of
the semi-trailer

tractor with
efrigerated

e
’ semi-trailer:
PLN, Nmmk
~

- average
combustion of

the

refrigeration
unit per hour of
its operation
approx: 3l

- average operating
time of the
refrigerating unit
per day: 6 hours

Figure 11.3. The freight rate calculation process in Company X

The freight rate calculation process includes fuel costs, wage costs, road user

charges, e-toll system.

Table 11.3. Fuel costs per month

Consumed Net fuel costs Total gross
Category fuel [L] [PLN] Total net costs costs
Heavy goods vehicle 3,200 16,224
- - - 18,414 22,649
Refrigeration unit 432 2,190
Total costs for the entire vehicle fleet 184,142 226,495

The costs estimated in Table 11.3 show that the average monthly fuel cost per ve-
hicle including a refrigerated trailer is 18,414 PLN. With a fleet of 10 trucks, the total
monthly cost is PLN 184,142, this underlines the scale of expenses a transport com-
pany has to face and points to potential areas for optimization. Better route planning,
responsible fleet management, and investment in driver training can all contribute to a
significant reduction in fuel consumption. Meanwhile, long-term forecasts for 2026-
2030 assume that oil costs will rise to $115 per barrel (today it is $71 per barrel), which
could increase fuel costs for transportation companies by as much as 60% over the
next few years (Kane, 2024).
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Driver costs account for approximately 40 percent of truck operating costs in de-
veloped countries, making a significant proportion of road transport costs come from
personnel resources (Engholm et al., 2020, pp. 518-519). In the company under study,
each truck has a service, while at the same time, the personnel costs also include ad-
ministrative and workshop staff. Therefore, the calculation process (Table 11.4) takes
into account:

— All employees are employed based on an employment contract,

— The rate for the driver is PLN 350 net/working day,

— The driver works an average of 24 days per month,

— The salary for administrative and workshop employees is fixed at PLN 5,000 net,
— Employees are at least 26 years of age.

Table 11.4. Salary costs for drivers and staff every month

Net wage | Gross wage | Total gross Total net
Catesor Number | Number |costs [PLN] |costs [PLN] | costs [PLN] | costs [PLN]
gory of staff of days per per for all for all
employee | employee | employees | employees
Drivers 10 24 8,400 11,838 118,384 84,000
Other 6 21 5,000 6,850 41,100 30,000
employees
Total costs for all staff 159,484 11,4000
Total 273,484.3

Drivers work 24 days per month, resulting in salaries of PLN 8,400 net for one
driver. The gross amount is PLN 118,384. Administrative and workshop employees
work an average of 21 days per month, and receive salaries of 5,000 PLN net which
gives a gross amount of 6,850 PLN, the total cost to the employer is 8,253 PLN.
The monthly cost to be covered by the employer, who employs 16 workers including
10 drivers and 6 office administration workers together with mechanics, is
PLN 192,147 gross. However, in an environment of technological and environmental
change, as a result of the rollout of autonomous vehicles, the cost of driver wages may
decrease in exchange for higher costs associated with maintaining a modern vehicle.
According to Mohan and Vaishnav (2022), up to 94% of drivers will be affected in
some way by automation in road transportation (Mohan & Vaishnav, 2022).

Another component is the fee for the use of council roads (Table 11.5). The com-
pany provides services to the domestic market, the total amount of kilometers driven
per month is 100 000 km. Vehicles meet the latest EURO 6 emission standards.

Half of the mileage is covered by roads of class A or S, the other half by roads of
class GP or G. The rate for driving on roads of class A or S is 2.35/km. The rate for
driving on roads of the GP or G class is 1.8/km. As a result, this gives a monthly cost
of 3,350 PLN for driving 10,000 km with an EURO 6 car. In the case of 10 cars, this
amount is 41,500 PLN gross per month.
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Table 11.5. Cost of road user charges — e-toll system every month

Category of road of lljilll::::ee; es Ii;olzxsncﬁ?llﬁle] Total gross costs
A 25,000 0.47 11,750
S 25,000 0.47 11,750
GP 25,000 0.36 9,000
G 25,000 0.36 9,000
Total costs for the entire vehicle fleet 41,500

The costs of vehicle maintenance and upkeep (Table 11.6) include the costs of tech-
nical inspection once a year, maintenance costs i.e. oils and greases, tire costs, costs of
vehicle washing service, and costs of required repairs. The cost of maintaining an elec-
tric truck will become more cost-competitive over time due to lower maintenance
costs, lower energy consumption and favorable depreciation rates. In the case of diesel
trucks, the depreciation rate is unstable, while electric vehicle depreciation assumes
a fixed depreciation rate of 7.5 percent per year, resulting in a depreciation of
37.5 percent after five years (Electric truck costs..., 2024).

Table 11.6. Fleet maintenance and upkeep costs per month

Tyre Cost of
Cost of tech- . -
e 1. Mainte- | purchase | cleaning Cost of | Total gross
Category nical inspec- - -

tion nance costs | cost per | (per single | repairs costs

set service)
Tractor unit 177 2,460 4,755
Semi-trailer/trailer 176 123 1,845 150 1,230 3,524
Total costs for the entire vehicle fleet 8,279

The total monthly costs for vehicle maintenance and servicing amount to around
PLN 8,279 gross per vehicle. With 10 vehicles, this gives a total of PLN 82,790.

Table 11.7. Insurance costs per month

i OC insurance AC insurance | OCP insurance Total gross
costs [PLN] costs [PLN] costs [PLN] costs
Tractor unit 316 100 - 416
Semi-trailer/trailer 19 20 - 39
Road hauler - - 541 541
Total 996

The insurance for one truck (Table 11.7) per month is PLN 455. On a scale of 10
vehicles, this equates to 4,550 PLN. The total monthly insurance outlay per vehicle
plus the included road hauler’s oc premium is 996 PLN.

The total monthly office cost for a transport company is PLN 10,700. Office rental

accounts for the largest share of costs at 46.73%, followed by communication costs at
18.69% and utilities 13.55%.
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Table 11.8. Total costs per month incurred by the company

Category Cost [PLN] Cost share [%]
Fuel cost 184,142 40.67%
Cost of employing drivers 142,629 31.50%
Cost of employing other staff 49,518 10.93%
Road tolls 33,500 7.40%
Maintenance and repair of vehicles 33,030 7.30%
Office costs 10,700 2.36%
Fleet management costs 3,615 0.80%
Insurance costs 5,091 1.12%
Other costs 1,120 0.25%
Total 463,346 100%
Unit cost for 40,000 km per month 12,00 -

Table 11.8 shows the cost structure of a transport company, with fuel costs account-
ing for the largest share (40.67%), followed by driver employment costs (31.50%), and
insurance and other costs accounting for the smallest share (1.37% in total). This dis-
tribution of costs is typical for transport companies, where fuel and salaries are
the main expenses. When comparing this structure with industry data, it can be seen
that a similar distribution is found in most transport companies, suggesting that the
company operates according to industry cost standards. According to DAT Freight
& Analysis (2024), refrigerated shipping can be up to 15% more expensive than stand-
ard shipping. Current reefer shipping rates range from about $2.80 to nearly $3.75 per
kilometer.

Comparing the results obtained with those of the entire sector, it is observed that
the formation of the rate has a macroeconomic dimension. At the same time, it largely
depends on the demand for transportation services. Meanwhile, it is projected that in
the long term until 2050, the global transportation industry will grow rapidly. It is
expected that the volume of cargo in global road freight transport could increase by up
to five times (DHL Report, 2023). The increase in freight demand is one of the key
factors affecting freight rates as well as other costs associated with road transport, and
can result in changes in fuel costs, driver salaries, fleet and management expenditures,
as well as technological investments. Rising demand but also environmental regula-
tions will increase freight costs, especially in the road transportation sector, where the
number of available vehicles is time-limited. The results of the analysis can help in
making decisions related to transport services or the purchase of new means of
transport, as well as being an important criterion in assessing the economic efficiency
of the transport system. The company should analyze fuel and labor costs on a regular
basis, looking for opportunities for optimization, such as negotiating fuel prices or im-
plementing performance management systems.

Conclusions

The specific features of transport service production significantly impact the scale
and structure of the costs associated with transport management, which in turn affects
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how these costs are accounted for. On the one hand, the use of accurate cost accounting
is crucial in the management of transport activities, while on the other hand, this means
that the technical and organizational aspects of the transport service production process
need to be taken into account in the accounting, with a particular focus on market con-
ditions.

Macroeconomic risks such as rising wages, inflation, energy prices, interest rates,
and economic fluctuations have come to the fore in the transport sector. Structural
problems such as driver shortages, decarbonization and unfair competition are
currently less important, but their impact is expected to increase soon.

Effective management of these costs is essential to maintain the profitability and
operational efficiency of the business. A deep understanding of the payroll cost struc-
ture allows for more accurate financial planning, budgeting, and hiring and investment
decisions.
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Abstract: This study focuses on the analysis of the economic impact of autonomous vehi-
cles (AVs) on beverages and food supply chain costs in Europe. AVs are going to have
huge potential impacts both on supply chains and transport. Thus, this research studies how
AVs can help resolve existing logistical challenges by boosting efficiency, minimizing op-
erational costs, enhancing supply chain resilience, and reducing delivery time. Through
secondary data analysis and the economic model’s assessment, the benefits and cost savings
that AVs can provide to businesses are measured. The findings of this research are intended
to inform industry leaders, lawmakers, and academics about the transformative potential of
AVs implementation and their future impact on supply chain management in Europe.

Keywords: autonomous vehicle, supply chain resilience, cost efficiency, time efficiency,
fuel efficiency, European food and beverage sectors

Introduction

Autonomous vehicles (AVs) have become part of the supply chain networks and
have the possibility to revolutionize how distribution and logistics performance is
done. These technological advancements in transportation and logistics are mostly im-
portant to the European market, where logistics and transportation play a key role in
economic growth and stability. According to Transparency Market Research, the
European perishable goods transportation market is estimated to grow at a compound
annual growth rate (CAGR) of 3.3% from 2023 to 2031. Due to the sensitive nature
of perishable and semi-perishable products, AV technology could help solve several
long-standing challenges, such as reducing labor and operation costs (Hopkins, 2021),
improving delivery time and fuel efficiency, optimizing routes, and improving supply
chain resilience (Johnson & Brown, 2021; Smith, 2022; Zhao & Lee, 2023).

EU food and beverage industries largely impact regional economic growth; there-
fore, efficient logistic and supply change management is in high demand (Olence-
some challenges such as labor shortages, rising transportation costs, minimizing hu-
man error, optimizing fuel consumption, and improving the reliability of drivers and
delivery efficiency (Khalafi et al., 2024; Marcucci et al., 2024).
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This study examines AVs' economic impact on European food and beverage supply
chains. With a focus on these sectors, the study explores how AVs can enhance supply
chain resilience, reduce operational costs, and improve efficiency. We reviewed the
main literature using SCOPUS to analyze economic models to quantify the benefits
and cost savings AVs can deliver (Davis, 2023). It provides a comprehensive review
of the transformative potential of AVs in these industries and fills existing research
gaps.

To attain its aims, this initiative will study many research issues. How do AVs af-
fect European food and beverage supply chain resilience and efficiency? What is the
impact of cutting costs with AVs on the economy? Finally, how does AV deployment
help European businesses overcome labor shortages and fragmented regulations?
These factors are significant as Europe automates transportation. Companies must
compete in fast-changing marketplaces (Guo et al., 2024; Wilson, 2023; Thomas,
2022).

This study matters for several reasons. First, it examines the economic implications
of AVs on European food and beverages, filling a large research gap. Second, indus-
trial leaders considering AV technology to boost productivity and save costs are in-
formed (Hernandez, 2023). Furthermore, this research informs policymakers about the
pros and cons of AV integration. Policy and infrastructure complementary to each
other will be developed. As a result of this study, academics can conduct AV and sup-
ply chain management research, which will be beneficial to them (Martin & Lopez,
2022).

Literature review

The fact that AVs are increasingly integrated into supply chains means that their
potential for solving some of the most critical logistical challenges is catching the at-
tention of significant researchers and industry leaders. To understand the complete
landscape of impacts that the AVs have on the supply chains, it will be relevant to
explore the extant literature in respect of how AVs improve efficiency and reduce costs
of the supply chains and build resilience within them. The following literature summa-
rizes what could be considered the range of findings from various studies on logistics
AV deployments, keeping in mind how these technologies stand to reshape operational
strategies toward key persistent issues such as labor shortages and rising transportation
costs.

Overview of AVs in supply chains

AVs have become one of the logistics industry's revolutionary innovations, partic-
ularly in terms of cutting operating costs and increasing supply chain efficiency.
In fact, according to some recent studies, deployments of AVs into the supply chain
help tackle key challenges such as labor shortages and volatility in transport costs.
Khalafi et al. (2024) highlight this advantage, noting that integrating AV technology
into logistics can foster strategic collaboration among stakeholders, leading to long-
term improvements in financial sustainability. This includes benefits such as enhanced
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reliability and reduced operational costs. Additionally, Nagurney et al. (2021) demon-
strated through game-theory modeling that the adoption of AVs has been successful in
maintaining supply chain performance even in the presence of labor constraints.
This adds support to the idea that AVs can further stabilize costs and produce more
resilient logistics operations in the event of disruption (Nagurney, 2021; Nagurney
et al., 2023).

In fact, AVs can be a potential solution to the issue common in logistics for quite
some time and recently further propelled by growing demand and aging workforces in
most regions. This will add to the possibility of deploying autonomous trucks in long-
haul routes without compromising operational efficiency with minimum dependency
on human drivers (Marcucci et al., 2020). For example, UPS and DHL have started
testing AVs for last-mile deliveries, a segment where efficiency is paramount because
of labor constraints and customer demands for speedier deliveries. Multiple studies
have proved various advantages of AVs in their operational cost savings, whereby au-
tonomous trucks can operate without rest breaks or driver shift limits, thus enhancing
fleet utilization. Besides that, AV will go a step further to enhance route planning and
save fuel with the intention of reducing frills associated with transport. These benefits
are much sought after, during peak seasons when holidays fall because it is during
these times that labor shortages most often worsen and the demands for logistics in-
crease by a big margin (Cohen & Cavoli, 2019; Howard & Dai, 2014).

Global application of AV technology to supply chains

Globally, the applications of AV technology to the supply chains have been devel-
oping very fast, with key players across regions pressing ahead with the adoption of
these systems. Guo et al. (2024) study the scheduling problems of green vehicles, in-
cluding AVs, and report that multi-objective optimization models will play a vital role
in improving both environmental and economic performance for fleets of AVs. This
work stresses placing AVs within a broad sustainability framework, an imperative in
line with global trends towards greener, more efficient transportation systems.

In the US, companies like Tesla, Waymo, and Uber Freight are setting the standard
for AVs in logistics by utilizing completely autonomous trucks to complete long-dis-
tance journeys. In Europe, impetus has also gathered for testing AV technology in lo-
gistics, driven by private sector investment together with government support. Despite
such developments, there are still lots of challenges, mainly regarding updated legal
frameworks and public infrastructure, which should all be adapted to AVs. For in-
stance, huge obstacles to the wide adoption of AVs are the regulatory fragmentations
in Europe. In different countries, there are different rules concerning the spread of
AVs. In Europe, companies such as DHL and DB Schenker have been pioneers in
testing AV technologies in logistics, particularly for long-distance routes and last-mile
delivery services. Furthermore, countries like Germany and Sweden, private sector in-
vestments in AVs are matched by government initiatives, making these countries lead-
ers in the European AV market (Marcucci et al., 2024). However, fragmented regula-
tions across different countries present a major barrier to widespread AV adoption, as
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each nation has its own legal framework for the operation of autonomous trucks, cre-
ating complexities for cross-border logistics (Automotive Logistics, 2024).

Key trends and players driving AV adoption in logistics

Various key trends are driving the adoption of AVs within logistics. Of many, one
of the more prominent is indeed the push toward transportation solutions that are more
sustainable and cost-effective. AVs are meanwhile seen to reduce fuel consumption
and improve route optimization, particularly in industries where timely deliveries have
become critical, such as the food and beverage sector (Marcucci et al., 2024). Addi-
tionally, many research studies highlight how AVs can contribute to decreasing the
carbon footprint of supply chains thanks to route optimization and a general reduction
of unnecessary vehicles in operations (DHL, 2024; Marcucci et al., 2024).

The increasing speed of AVs' implementation, above all for last-mile logistics, is
enhancing time efficiency in e-commerce and is increasing service reliability. Nowa-
days, more companies rely on AVs for handling high-demand delivery schedules, es-
pecially in congested city centers where traffic congestion and labor shortages may
bring everything to a stop (Supply Chain World, 2024). The report also highlights the
potential use of AVs in enhancing supply chain resilience by reducing dependence on
human labor, mainly during crises such as the COVID-19 pandemic. Large logistics
players like Amazon and DHL have been among the early adopters that tested AV
technology with serious investments in autonomous systems to gain efficiency and
reduce costs. These companies have focused on the integration of AVs with other ad-
vanced technologies, such as Artificial Intelligence (Al) and the Internet of Things
(IoT), for enhancing the intelligence of supply chain networks based on big data. In-
deed, these will further inspire developments in AV technology, hence very important
in logistics operations in the future (DHL, 2024).

Methodology

This comprehensive literature review examines the economic impacts that AVs
may have on food and beverage supply chains in Europe. We synthesize findings, look
for trends, and identify gaps in the extant literature as to how AVs improve supply
chain efficiency, cost, and resilience.

The literature review includes peer-reviewed studies, industry reports, and pertinent
research collected, analyzed, and synthesized. In this analysis, we examine how AV
technology solves logistical problems in European food and beverage supply chains
and the economic impacts they have.

The literature study relies on academic databases and industry reports. These
resources were used:

— The SCOPUS Database was searched for peer-reviewed journals, conference
papers, and reviews. Keywords were “Autonomous Vehicles”, “Supply Chain
Resilience”, “European Food and Beverage Supply Chains”, “Logistics Effi-
ciency”, and “Economic Impact”.
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— Research and industry reports were analyzed to understand the deployment of AV
technology in European transportation and logistics.

By utilizing Boolean operators and wildcards, we extended our search to capture
as many relevant publications as possible. The data extraction in this review covered
the years from 2015 to 2024. The following search formula, which utilized keywords,
yielded 1,879 papers:

TITLE-ABS-KEY (“self-driving trucks” OR “autonomous vehicles” OR “auto-
mated freight transport” OR “logistics”) AND TITLE-ABS-KEY (“supply chain effi-
ciency” OR “fuel consumption” OR “economic impact”) AND PUBYYEAR > 2015
AND PUBYYEAR < 2024.

Discussion

Our study focuses on the research landscape related to AVs in the food and bever-
age supply chain in Europe. The results are based on an analysis of 1,879 documents.
Several factors are considered, including the number of publications, citations, and the
strength of the links between countries, to understand the extent of research productiv-
ity, influence, and collaboration. Study results indicate the importance of countries like
the United Kingdom, Germany, and Italy in advancing AV research. The analysis of
these metrics also reveals how some nations have become hubs for cross-border inno-
vation and research through the strength of their inter-country collaborations. This dis-
cussion interprets these data points, pointing to their implications for the adoption of
AVs in supply chains. It also highlights emerging trends and potential areas for future
research. Its purpose is to provide a detailed examination of the research contributions
across Europe, illustrating the role of AVs in improving food and beverage logistics
and efficiency.

Table 12.1. Research collaboration and impact on autonomous vehicles in European
food and beverage supply chains

Country Documents | Citations | Total link strength
United Kingdom 117 2784 147
Germany 79 1004 71
France 63 1253 61
Spain 72 1156 59
Sweden 46 945 58
Italy 83 1485 57
Netherland 39 1075 44
Norway 27 421 40
Turkey 50 692 35
Belgium 19 189 28

Source: Authors' elaboration.
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Table 12.1 shows the several contributions and collaborations that different Euro-
pean countries have made to the research output in AVs and their impact on the supply
chain of food and beverages. The table represents 117 documents, 2784 citations, and
147 total links, which shows the leading position of the UK in terms of research output
and international collaboration. Similarly, in Germany and Italy, both the number of
publications and link strengths were conspicuous, with substantial citation counts sup-
porting them. In countries like France and Spain, although the number of publications
are relatively low, citation counts are high with regards to the number of documents,
thereby indicating the impact of research from those countries. Despite the number of
publications in Belgium and Norway are lower, they still indicate recent growth
of interest in research relating to the AVs in development of supply chains networks.
The total link strength metric represents the collaboration between countries. It there-
fore means that the UK, Germany, and Italy, which have higher values, are producing
more research and, thus, collaborating with other countries on active levels to develop
a wider AV and supply chain ecosystem in Europe.

Figure 12.1 illustrates international collaborations, in particular, European coun-
tries. The two countries are acting like central hubs with a high number of linkages to
countries like France, Spain, and the UK. For the last few years, Italy and Germany
have been contributing a great deal to collaborative research. Along with the USA,
UK, France, and Spain, these countries also have strong research collaborations.
By contrast, the thin, lighter-colored line extending from Ukraine suggests more iso-
lation with fewer connections. Even when Ukraine did participate in international re-
search collaborations, it did so less frequently than central European countries. Gener-
ally, Figure 12.1 suggests well-developed and solid collaboration networks in Europe,
dominated by Italy and Germany and their immediate neighbors.
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Figure 12.1. Network visualization of collaborative research on autonomous
vehicles in European food and beverage supply chains

Source: Authors' elaboration by VOSviewer.

This network diagram provides insight into the shifting pattern of collaboration in
European research on AV in supply chains. Thicker and darker lines can indicate older
collaborations, dating back to around 2016, that were crucial in building leading
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countries such as the United Kingdom, Germany, and France into strong and well-
connected networks. The newer members in the network, like Poland, the Czech
Republic, and Ukraine, have lighter lines from right to left, showing the emerging col-
laborations between 2020 and 2024. The continued presence of Italy and Germany as
linchpins allows for further collaboration between established and emerging research
teams. Newcomers, such as Slovakia and Ukraine, have joined more established coun-
tries like the USA and Italy in contributing to the rising participation of researchers in
this field. The timeline for this growing collaboration is shown by the gradient color
spectrum, indicating an increase because every day AV technology becomes more sig-
nificant.
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Figure 12.2. European research temporal collaboration dynamics
on autonomous vehicles in food and beverage supply chains

Source: Authors' elaboration by VOSviewer.

Density map (Fig. 12.2) showing intensity of research collaboration between vari-
ous countries in Europe concerning AV and their impact on food and beverages supply
chains. The gradient of color through green and into yellow describes the level of re-
search activity and collaboration, with brighter areas going to yellow being higher in
research concentration and darker areas going to blue/green representing low levels of
involvement. Of all the brightest yellow hotspots on this map, Italy is very much
a player in this research area, high in its output contribution and collaboration with
other countries. Italy's prominence is a result of high involvement in both the academic
and practical aspects of AVs in supply chains, particularly to optimize logistics and
efficiency. The UK also comes out as an important research hub, showing a dense
yellow area. This would therefore imply that the UK is one of the biggest contributors
and collaborators in research on AVs, probably impelled by technological capabilities,
strong academic institutions, and economic interest in the betterment of supply chains
through automation.
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27 items (8 clusters):
Cluster 1 (6 items)
austria
germany
hungary
italy
portugal
switzerland
Cluster 2 (4 items)
czech republic
france
greece
slovakia
Cluster 3 (4 items)
cyprus
ireland
netherlands
united kingdom
Cluster 4 (4 items)
croatia
denmark
peland
spain
Cluster 5 (3 items)
finland
norway
romania
Cluster 6 (2 items)
latvia
ukraine
Cluster 7 (2 items)
serbia
turkey
Cluster 8 (2 items)
belgium
sweden

Figure 12.3. Geographic heatmap of global research collaboration
on autonomous vehicles in supply chains

Source: Authors' elaboration by VOSviewer.

The countries are being mapped to represent their networks of cooperation and vol-
ume of research regarding the case of AVs or supply chains. A cluster may be thought
of as countries that have stronger intra-cluster collaborations compared to another (but
not the strongest inter-cluster) collaboration (Figs. 12.3 and 12.4).

— Cluster 1 (Germany, Italy, Austria, Switzerland, and others) well-anchored part-
nerships largely over Western and Central Europe. These countries are key players
for AV tech development and supply chain logistics.

— Cluster 2 with France, Greece, Slovakia, and other countries, indicating large
amount of cooperation in southern and eastern Europe, with AV studies being in-
creasingly popular in these regions.

— Cluster 3 includes the UK, Netherlands, Ireland, and Cyprus and emphasizes the
strong research in Western Europe that is prevalent, with the UK leading many of
the collaborative initiatives.
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Cluster 4 includes countries like Denmark, Spain, and Croatia. These countries are
on a medium level in the research network, collaborating often both with Eastern
and Western Europe. Their involvement is significant, though not as marked since
it links different regions.

Cluster 5 consists of Nordic countries such as Finland, Norway, and Romania; the
latter, however, is not generally considered Nordic but shows trends like Nordic
countries. These countries have shown growing interest in AV and supply chain
research over recent years. Again, this trend should be welcomed because it shows
that countries are increasingly committed to such important issues.

Cluster 6 consists of Ukraine and Latvia and incorporates the emergent players in
the field. These will provide an insight into areas of possible growth for collabora-
tive research-in-effect, which countries should be involved in extended initiatives.
Though still at a developmental stage, these countries are a promising choice.
Cluster 7 also comprises several countries, such as Turkey and Serbia, which are
showing regional cooperation within this area of AV research. Their participation
is not so deep compared to the other clusters, but they are relevant for stability and
development in the region.

Cluster 8 consists of Belgium and Sweden and reflects strong collaboration across
northern Europe, which also reflects their advanced engagement of these countries
in AV technologies. The contributions are geographically concentrated, but the
effects spread out due to the advanced technological capability.

Figure 12.4. Collaboration Networks Among Countries

Source: Authors' elaboration.

The importance of AVS in supply chain

Although full implementation or widespread adoption of AV technologies has not

occurred, their potential impacts have been speculated by various researchers. The the-
oretical studies predict that the integration of AVs, particularly in logistics, can signif-
icantly enhance economic outcomes at all levels by reducing labor costs, improving
fuel economy, and reducing accident-related costs to construct overall resilience (Kim
et al., 2022).
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Most of the food and beverage industries have a major problem while transporting
perishable products. With AVs, there is real-time monitoring of the systems to ensure
that goods are moved under optimum conditions, hence reducing cases of spoilage and
generally improving efficiency and reliability in supply chains (DHL, 2024). Moreo-
ver, in urban cities, where there are often congestions and labor shortages, AVs help
smooth the last-mile deliveries. Companies like DB Schenker and DHL already adapt
to such technologies that solve such logistics bottlenecks, enhancing operational effi-
ciency and resulting in more sustainable practices with less emission (Automotive
Logistics, 2024; Marcucci et al., 2024). The application of AVs has become more crit-
ical in the food and beverage supply chain across Europe due to the continuous in-
crease in demand for efficiently managed logistics. Major sectors in food and beverage
are time-sensitive concerning delivery timings of especially perishable goods; there-
fore, this sector will greatly benefit from AV technology (Marcucci et al., 2024).
The following assessment is organized into two parts that are organized to include: the
first one, looking at the economic impacts of automated cars on supply chains; and the
second one, which looks at the case of the impact of automation on the food and bev-
erage supply chain.

Part 1: Economic impact of AVs on supply chains

e Labor costs: The drivers are eliminated due to the introduction of the AV
technology, thus reducing labor costs significantly. Various studies, such as
Makahleh et al. (2024), investigate how investment in AVs reduces labor costs,
especially in long-haul transportation. These can support continuous operation
without mandatory rest breaks, result in reducing human labor input and increas-
ing efficiency. The reduction in labor expenses by eliminating the need for drivers
on long-haul routes, is particularly helpful in countries facing worker shortages.
Since AVs don’t require rest breaks, they allow for higher vehicle utilization,
further lowering operational costs. According to Heutger and Kuechelhaus
(2019), autonomous technology, allows for continuous operation, reducing
downtime and maximizing the efficiency of logistics operations. On a related
note, Nagurney (2021) also determined that automating the delivery process re-
duces the costs related to operations since one would not need to consider using
human drivers on very long routes, thereby increasing efficiency in delivery.
Since the AVs will work without breaks, this entails an increase in maximum
vehicle utilization and reduction of delays due to labor shortages (Khalafi et al.,
2024). In this aspect, Chen et al. (2024) cite that the application of AVs in the
trucking industry could reduce costs through cooperative systems by minimizing
labor and operational costs. A detailed study by Engholm et al. (2020) highlights
the significant cost efficiencies that autonomous trucks can bring to freight
transport. The authors claims autonomous trucks are projected to reduce total
costs by up to 45%. The study by Kang et al. (2019) illustrates that although the
upfront costs are higher, with greater market shares, connected autonomous
trucks have the potential for billion dollars in savings; their case study of a busy
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Illinois corridor yielded impressive net savings, especially when 50 percent
or more market shares were realized.

Impact on fuel and operations costs: Multiple studies show that AV technology
enables more accurate route planning and utilizes efficient technologies such as
platooning to further optimize operational costs by minimizing downtime and
fuel consumption (Engholm et al., 2020; Makahleh et al., 2024; Marcucci et al.,
2024). Davis (2023) claims by optimizing route planning, AVs may reduce fuel
costs by up to 15-20% in some cases. Moreover, Kang et al. (2019) have con-
ducted an economic and environmental efficiency analysis of truck platooning
using connected autonomous vehicle technologies. That results in improved fuel
efficiency, a reduction in aerodynamic drag, increase in pavement life, and re-
duction in truck crashes. Research by Tsugawa et al. (2016) discusses truck pla-
tooning, where all trucks are automated driving systems that enable them to travel
closely behind each other with very minimal gaps. The automation of this kind
reduces fuel consumption through minimal aerodynamic drag and improves effi-
ciency due to cooperative driving. Besides, Le et al. (2024) discussed the appli-
cation of advanced technologies like artificial intelligence and machine learning
in predicting and optimizing fuel consumption. In this respect, the implementa-
tion of Al into maritime operations will enhance decision-making, reduce fuel
consumption accordingly, and advance sustainability toward more efficient lo-
gistics and transportation systems.

Accident-related costs: Perhaps one of the most important economic benefits
attributed to AVs is being able to reduce the costs associated with traffic-related
accidents. Wang et al. (2020) discuss that the human element accounts for 94
percent of crashes, and their research study shows this technology. Collision
warning systems and lane departure warning systems are just some of the tech-
nologies that could reduce casualties and fatalities by as much as 33%. As more
AVs hit the roads, significant enhancements in road safety will result in marked
reductions in accident costs. On the other hand, Ye et al. (2021) have provided
a more conservative estimation. According to the analysis of 133 crash reports
involving AVs, their findings indicate that while there have been advances, it also
means that the AVs haven't shown a clear reduction in traffic injuries as compared
to traditional vehicles. This would, therefore, mean that though AV technology
shows promise, up until today, they have not shown any substantial reduction in
traffic injuries when compared to conventional vehicles.

Resilience in supply chain: Multiple valuable studies have been conducted with
the aim of conceptualizing the benefits arising from applying AV concepts in
supply chains, particularly focusing on improvements in reliability. The enhance-
ment in reliability is due to reduced human errors and Al-powered route optimi-
zation, hence keeping delays at a minimum and boosting customer satisfaction.
Heutger and Kuechelhaus (2019) emphasize that integrating digital technologies
like Al and digital twins greatly improves logistics by allowing for real-time mon-
itoring and optimization, which in turn enhances the performance of autonomous
vehicle operations. Simlarly, Perussi et al. (2019) explain how AVs and auto-
mated equipment add up to the development of a more resilient supply chain.
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It focuses on automated vehicles, autonomous trucks, drones, and industrial con-
veyors, which are all parts of industry and are major contributors to supply chains.
Additionally, AVs have the potential to help in the management of traffic flow,
reduce accidents, and further optimization of transport, thereby contributing to
general supply chain resilience through minimizing disturbances and ensuring
timely deliveries.

Part 2: Impact of automation on transporting the foods and beverages

e Efficiency in transporting perishable goods: The food and beverage industries
rely heavily on the timely transportation of perishable products. Automation, es-
pecially using autonomous vehicles, enhances the speed, improves predictability
and reliability to sustain fewer spoils and associated costs. These are some of the
very important aspects in the transportation industry of beverages and food. This
is very critical for temperature-sensitive supply chains. Amongst the key benefits
of automated delivery systems is that they can work for extended hours without
any need to take breaks, which aids in reducing the time of delivery at such a time
when the demand is high. In this respect, Marcucci et al. (2024) noted that AVs
can cut in 10-15% of the delivery times, which is highly relevant to maintaining
the freshness of perishable commodities. Pettigrew et al. (2023) discuss how au-
tonomous food deliveries will impact the Australian context. Indeed, businesses
are increasingly using AVs to reduce labor costs, increase service capacity, and
expedite deliveries. This would especially imply that for consumables, the deliv-
ery would be fresher upon arrival due to enhanced transportation and the reduc-
tion of delays caused by human elements such as driver fatigue. Long-distance
shipment transportation costs can also be reduced using AV technology. Gruzaus-
kas et al. (2018) even claim cost-saving effects for autonomous trucks in supply
chains, at a rate of about 5% in saving transport costs. The authors, however, still
note that with such huge cost savings, the initial costs to establish technology,
coupled with regulatory hurdles, have first to be met before the full benefit of
autonomous trucks can be realized.

e Environmental impact: With the automation of trucks within the food and bever-
age supply chains, carbon emissions might further be reduced, which will be very
important for companies aiming to implement sustainability goals. Efficiently, as
underlined by GruZzauskas et al. (2018), increase supply chains, especially when
truck convoys are in operation, or freight is consolidated within logistic clusters.
The authors estimate that up to 22% of CO2 can be saved by autonomous trucks
with optimized driving and convoy strategies that lower fuel consumption.

e Cost efficiency: By automating transport, AVs mitigate human error and chal-
lenges associated with driver shortages that have worsened in recent years. Since
these AVs can operate at any time, labor constraints have minimal effects, while
route optimizations in the meantime become crucial for cost-efficient and timely
delivery (Nagurney, 2021). Figliozzi (2020) gives an overview of the cost-effec-
tiveness of using AVs for food and beverage delivery. The paper focuses on the
extent to which AVs, both in the form of drones and ground robots, have the
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potential to significantly reduce energy use and carbon emissions compared to
the conventional mode of delivery, hence operational cost savings. The findings
of the study have been that drones are more economical in rural, small deliveries,
whereas AVs for the ground can do well in higher urban delivery densities. There
will be no need to bear the cost of human labor; hence, AVs can be considered
very efficient in last-mile deliveries. Their efficiency is dependent on the size of
the area served and the number of customers availing of the service since different
systems give better results with respect to different amounts. On a similar vein,
Jennings and Figliozzi (2020) discuss how autonomous delivery robots can in-
crease the level of cost efficiency, especially in urban areas. According to the
authors, for timely delivery of perishable commodities such as food and drinks,
delivery robots are helpful since they reduce labor costs and increase the speed
of delivery.

e Supply chain resilience: Various studies indicate that autonomous trucks enhance
supply chain resiliency to a great degree, given their ability to operate without
necessarily depending on human labor to create continuity of operations. The ef-
fect of such technologies within supply chains often minimizes delays resulting
from workforce shortages or disruptions. The use of such trucks would involve
advanced technologies such as Al and IoT to route and manage risk in real-time,
hence furthering the cause of agility in responding to shocks unpredictably faced
by the supply chains. Cost savings through reduced fuel consumption and more
efficient driving patterns contribute to long-term resilience. The autonomous
trucks would contribute toward sustainability by lowering the carbon emissions,
meeting regulatory requirements, and mitigating environmental risks. This, in
turn, makes supply chains more flexible, affordable, and resistant to any disrup-
tions. Such factors make supply chains more flexible, cost-effective, and resilient
against disruptions (Karanam et al., 2024; Liu et al., 2024; Tuli et al., 2024).
Indeed, AVs are capable of revolutionizing supply chain performance, as the

adoption of such vehicles minimizes labor costs by improving fuel efficiency and
reducing accident costs, which contributes to resilient and cost-effective logistics
networks. Whereas autonomous trucks boast of major operation savings, the litera-
ture warns that they may also yield increased urban congestion, possibly limiting
their cost benefits. Despite these challenges, strong environmental advantages for
automation and increased supply chain resilience exist. Further development of AV
technology will be expected to contribute much to higher levels of operation effi-
ciency and sustainability in the food and beverage transportation industry, even
though the impact this is to make on urban logistics and congestion will need to be
managed with much care.

Implications for policy

General Safety Regulation EU 2019/2144 of the European Union stipulates that
cars are equipped with improved safety technologies in order to reduce road accidents
and injuries (Galassi, 2022). In recent literature, it has also been pointed out that these
regulations will be important in ensuring that AV technology is safe. Joint Research
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Centre (JRC) reports on the current testing and certification processes that are being
carried out about autonomous vehicles, while indicating that strict standards on safety
would be required (Baldini, 2020). The research (EUR-Lex — 32019R2144 — EN —
EUR-Lex, 2019) indicates that the regulation makes provision for the amendment of
the minimum performance requirements of motor vehicles in the EU through making
the fitting of various advanced driver assistance systems (ADAS) compulsory.

Intelligent Speed Assistance (ISA) is a vehicular safety mechanism intended to
assist drivers in adhering to speed regulations, hence improving road safety. An ISA
may only inform the driver of the prevailing speed limit or may take active control of
the vehicle's speed to keep it at or below the limit. The ISA rule of the European Union
which calls for ISA installation in new cars, began implementation in July 2022
(McKinsey & Company, 2023). ISA is the system that has been proven beyond rea-
sonable doubt to reduce road accidents and consequently associated deaths. Tests car-
ried out in several European countries revealed that ISA had a potential to reduce hos-
pital admissions by 15% and at the precise death rates of 21% (Juliussen, 2022).

Policymakers can create a clear and enabling regulatory environment that encour-
ages autonomous vehicle use in logistics. This will include proposing standards that
ensure safety, setting guidelines on operations, and eventual adherence to the current
transportation laws. The U.S. Federal Policy Framework calls for the provision of
a federal policy directed toward the deployment and commercialization of technology
for AVs (Autonomous Vehicle Industry Association, 2023). It is also most likely that
governments provide various financial motivations, such as tax cuts, grants, and sub-
sidies for those businesses ready to invest in autonomous vehicle technology. All this
can lower the financial barriers to entry and, therefore, will provide motivation for
businesses to take part in the deployment of AVs in their logistical activities. Also,
funding for research and development may quicken technological advancements and
pave the way to offering AV solutions to the market quickly (Nwankwo & Etukudoh,
2023).

Conclusion

This paper mainly explores visions of AVs in changing the face of European food
and beverage supply chains. It also brings significant economic benefits by reducing
route inefficiency, minimizing labor costs, and saving fuel consumption. Due to such
advantages, not only the perishable goods sector, but also other sectors that have a high
reliance on credible, timely delivery systems can highly benefit from these technolo-
gies. AVs can further solve labor shortages, eliminate human errors and support the
environmental objectives of the European Union.

With more and more AVs on the road, it is certain that jobs in logistics and trans-
portation will change due to the lack of driver employment. On a larger scale, the
widespread use of AVs might likely influence the labor markets, infrastructure invest-
ments, and regulatory frameworks. But this adoption of automated vehicles does not
come without challenges. In the absence of a uniform legal framework in European
nations, there are diverse legal frameworks that make full utilization of the benefits of
this technology difficult. Most importantly, the regulatory framework needs to shift in
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a direction that allows cross-border circulation of AVs, particularly in Europe, where
the divergent legal frameworks currently pose an obstacle to the intricate implementa-
tion of AVs (Cichosz et al., 2020; Automotive Logistics, 2024).

Supply chains will be significantly impacted because of AVs, with this presenting
a promising outlook for the future of European industry. Therefore, more research into
AVs will be needed to determine their broader social and economic impacts, mainly
on the labor markets and legislation. Industry and governments will need to cooperate
to meet these challenges and ensure that the application of AV technology is carried
out in a smooth way for the economy, society, and prosperity of the countries.
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Abstract: The logistics sector faces significant challenges due to fluctuating demand, sup-
ply chain complexities, and global disruptions. Effective forecasting and risk management
are crucial for minimizing these challenges. This chapter explores the role of information
exchange standards (EDI, GS1, XML) in improving market forecasting accuracy and re-
ducing operational risks in logistics. A qualitative analysis was conducted, reviewing exist-
ing literature and case studies that highlight the application of information standards in
logistics. The impact of EDI, GS1, and XML on data exchange, forecasting precision, and
risk mitigation was analyzed through industry examples and theoretical frameworks.

The research found that the use of standardized information exchange systems, such as EDI,
GS1, and XML, enhances the accuracy of market forecasts, reduces communication errors,
and strengthens decision-making processes. These standards enable seamless data flow
between supply chain partners, improving transparency and enabling proactive risk man-
agement. The implementation of EDI, GS1, and XML standards significantly enhances
logistics operations by improving the accuracy of data exchange and minimizing errors
across the supply chain. These standards enable faster, more efficient communication be-
tween partners, resulting in better demand forecasting, inventory management, and quicker
responses to disruptions. Ultimately, the adoption of such standards strengthens supply
chain resilience, reduces operational risks, and improves overall efficiency, allowing com-
panies to maintain a competitive edge in an increasingly unpredictable market.

Keywords: forecasting, market analysis, logistics, information standards, risk

Introduction

The modern logistics market is facing dynamic changes and growing challenges
due to globalization, fluctuating demand, and the increasing complexity of supply
chains. In this environment, effective risk management has become a crucial element
for the successful operation of logistics companies. Accurate market forecasting and
analysis enable businesses to better prepare for future changes, minimize risks, and
optimize operational processes.

However, forecasting and analysis alone are not sufficient without proper tools
for managing data. In this context, information exchange standards such as EDI (Elec-
tronic Data Interchange), GS1, and XML play a vital role in improving data accuracy,
streamlining communication between supply chain partners, and enhancing decision-
making processes. This article explores how these information standards help reduce
risk in logistics operations by enabling more transparent and efficient systems.

The aim of the study is to analyze and evaluate the impact of information
exchange standards, such as EDI, GS1, and XML, on improving forecast accuracy and
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reducing operational risk in logistics. The study seeks to demonstrate how the imple-

mentation of these standards can enhance data management efficiency, streamline

communication between supply chain partners, and strengthen the ability of logistics
companies to respond to dynamic market changes and disruptions. Additionally, the
objective is to highlight the importance of data transparency and consistency for better
decision-making and minimizing potential losses resulting from unpredictable events
in the logistics environment.

Objectives of the article:

1. Analyze the role of information exchange standards (EDI, GS1, XML) in improv-
ing logistics market forecasting accuracy — The article aims to examine how these
standards contribute to more precise predictions in logistics operations, thereby
reducing risks.

2. Evaluate how information standards help streamline data management and com-
munication within supply chains — This objective focuses on assessing how these
standards enhance the flow of information between supply chain partners,
improving operational efficiency and decision-making processes.

3. Investigate the impact of standardized data on risk reduction in logistics opera-
tions — The article seeks to determine how the use of EDI, GS1, and XML stand-
ards minimizes operational risks by reducing errors, improving transparency,
and enabling faster responses to market changes.

4. Explore the relationship between accurate forecasting, inventory management,
and supply chain resilience — The article aims to highlight how better forecasting
through standardized information exchange supports inventory management, re-
duces disruptions, and strengthens supply chain flexibility.

5. Present recommendations for implementing information standards to enhance
risk management in logistics — The article concludes with practical insights and
suggestions for logistics companies looking to integrate these standards into their
operations to improve risk mitigation and operational effectiveness
The novelty of the research presented in this article lies in its comprehensive anal-

ysis that connects the topic of information exchange standards with their direct impact
on risk reduction in logistics. Unlike existing studies, which often focus on individual
aspects of forecasting or the application of specific technologies, this article integrates
these areas, demonstrating how the use of EDI, GS1, and XML standards can system-
atically improve forecast accuracy and risk management. The authors provide a new
perspective on the importance of these standards in the context of rapidly changing
market conditions, emphasizing their role in enhancing the flexibility and operational
resilience of supply chains. The study makes a significant contribution by showing
how advanced data management can help organizations prepare for unpredictable
disruptions, which is crucial in today’s uncertain business environment.

The role of market forecasting and analysis in logistics
Importance of forecasting in logistics

The decision-making process within an enterprise is highly complex and challeng-
ing today due to the dynamic changes occurring in the market. The ability to achieve
a competitive advantage allows businesses to operate effectively and attain high profits

180



that contribute to their development. Predicting events enables companies to optimize
and plan their operations (Maciag et al., 2013, p. 15). There are numerous logistics
phenomena where forecasting can be applied, depending on the nature and type of the
business. Forecasting is a fundamental aspect of logistics management, helping organ-
izations predict demand, optimize inventory levels, and mitigate potential disruptions
in the supply chain (Duda, 2016, p. 20). In an industry where time and precision are
crucial, accurate forecasting allows companies to stay ahead of changing market con-
ditions and customer needs, translating into more efficient and effective operational
actions.

One of the primary ways forecasting supports logistics is by providing insight into
demand patterns. Accurate predictions of customer demand enable companies to ad-
just their inventory levels to avoid both stockouts and excess inventory (Chen et al.,
2017, pp. 48-50). Stockouts can lead to lost sales and customer dissatisfaction, while
excess inventory ties up capital and increases storage costs. With advanced forecasting
methods, companies can better align their production and inventory strategies with
actual demand, reducing waste and improving cost efficiency. The adaptability of in-
ter-organizational information systems enhances information exchange in supplier-
customer relationships and aids in improving shared outcomes (Dong et al., 2017,
pp. 63-65).

Accurate forecasting is also critical for inventory management. Well-predicted de-
mand curves allow logistics managers to maintain optimal inventory levels, reducing
the need for sudden adjustments or emergency deliveries (Kiba-Janiak & Tronina,
2017, p. 103). This balance is essential for shortening order fulfillment times, as prod-
ucts are ready to ship at the moment of order placement. By maintaining appropriate
inventory levels, companies can minimize delays in the supply chain, leading to faster
order fulfillment and higher customer satisfaction.

Moreover, forecasting plays a crucial role in preparing for potential disruptions in
the supply chain. External factors such as natural disasters, political instability, or
global pandemics can significantly disrupt the flow of goods. Effective forecasting
models enable logistics teams to anticipate such disruptions and develop contingency
plans, for example, by identifying alternative suppliers or adjusting delivery routes.
This proactive approach helps minimize delays and ensures business continuity despite
unforeseen challenges.

In addition to managing supply and demand, accurate forecasting directly contrib-
utes to shortening order fulfillment times. By anticipating future demand with greater
precision, companies can streamline production schedules and optimize order fulfill-
ment processes. This leads to faster responses, minimizing the time between order
placement and delivery. Shortened lead times are particularly valuable in industries
with high customer expectations and tight schedules, such as e-commerce and fast-
moving consumer goods (FMCG).

Finally, precise forecasting significantly improves overall operational efficiency.
By aligning production schedules, inventory levels, and transportation needs with an-
ticipated demand, companies can reduce inefficiencies across the supply chain. This
optimization translates into cost savings, better resource allocation, and a more flexible
logistics system capable of quickly responding to market changes. In the long run,
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companies that employ advanced forecasting techniques can maintain a competitive
edge by being more responsive and adaptable. Practically, there is no area of the mar-
ket where data analysis cannot be applied (Kasza et al., 2018, p. 11).

Forecasting is an indispensable tool in logistics, providing insights that help com-
panies anticipate demand, manage inventory, and reduce the risk of disruptions in the
supply chain. Accurate forecasting shortens order fulfillment times and enhances over-
all efficiency, ensuring that businesses remain competitive in a rapidly changing and
unpredictable market.

Challenges in market analysis

Market analysis is an essential element of making effective decisions in logistics,
but it encounters several significant challenges. One of the most notable issues is the
volatility of market conditions (Jedlinski & Marzantowicz, 2017, pp. 171-185).
Fluctuations in global trade, the impact of pandemics like COVID-19, and economic
changes can drastically alter patterns of demand and supply (Nyszk, 2021, pp. 37-45).
The pandemic necessitated changes in the approach to logistics (Herold et al., 2021,
pp- 121-132). These unpredictable factors complicate firms' ability to forecast accu-
rately and maintain efficiency within the supply chain, including the supply chain's
ability to anticipate, rebuild resilience, and respond to both predictable and unpredict-
able events (Mahfouz & Marisha, 2017, pp. 16-39). Sometimes, the benefits gained by
buyers are realized at the expense of suppliers. Such asymmetric performance im-
provements can lead to deteriorating relationships between initially cooperating supply
chain participants and even result in conflicts among them (Radhakrishnan, 2017,
pp. 63-68).

Tensions in international trade and changes in tariffs can disrupt trade routes, lead-
ing to delays and increased costs. Similarly, the emergence of global crises, such as
pandemics, can cause bottlenecks in supply chains, labor shortages, or transportation
delays. These conditions require companies to exhibit greater flexibility and constantly
adapt their market analysis tools to respond rapidly to changes.

Another significant challenge in market analysis is the difficulty in predicting de-
mand and supply chain disruptions. Demand forecasting is often complicated by vari-
able consumer behavior, which can change rapidly due to recessions, shifts in prefer-
ences, or seasonal factors. Disruptions in the supply chain, such as supplier issues, raw
material shortages, or natural disasters, can further exacerbate these uncertainties.
The interdependencies in global supply chains mean that even minor disruptions in
one area can trigger a domino effect throughout the entire system.

Despite these challenges, forecasting and analysis tools are invaluable in risk man-
agement. Data-driven forecasting, utilizing both historical data and predictive algo-
rithms, can assist logistics companies in anticipating demand changes and preparing
for disruptions. While it is impossible to predict every change with complete accuracy,
advanced analytics enable companies to model various scenarios and adjust strategies
for potential shifts. This proactive approach minimizes the impact of volatility, ensur-
ing more stable supply chain performance even in uncertain times.

By integrating comprehensive market analysis with forecasting tools, logistics
companies can maintain greater resilience against unpredictable market conditions,
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manage risk more effectively, and sustain operational fluidity. Utilizing tools that en-
able data processing for multi-criteria analysis is regarded as a key factor in achieving
competitive advantage (Machniewski, 2023, p. 1).

Information standards and risk management

In today's increasingly interconnected logistics sector, the need for seamless and
standardized communication among supply chain partners is crucial. Achieving a com-
petitive advantage over competitors can be accomplished by managing the flow of
materials and physical distribution effectively, supported by information technology
(Colla & Dupuis, 2002, pp. 103-111). However, having access to vast amounts of data
limits the ability to fully leverage these resources in a comprehensive decision-making
process (Dziurny, 2019, p. 34).

Information standards in logistics

Information standards are the foundation of effective logistics operations, ensuring
accurate and timely data exchange among various stakeholders. Three of the most
commonly used standards in logistics are EDI, GS1, and XML.

1. EDI (Electronic Data Interchange): This system enables companies to exchange
business documents, such as invoices, orders, and shipping notifications, elec-
tronically and in a standardized format. Automating these transactions through
EDI reduces the need for manual data entry, minimizing errors and speeding up
communication. This technology is particularly beneficial in logistics, where
timely information availability is crucial for ensuring smooth cooperation among
different entities in the supply chain. By using EDI, companies can achieve
greater efficiency, reduce processing times, and lower operational costs. EDI can
significantly enhance customer service by providing a faster, more accurate, and
less costly communication method compared to other methods like mail, phone,
and in-person deliveries (Andiyappillai & Prakash, 2020, pp. 12-17).

2. GS1: This global standard focuses on identifying and tracking products and ser-
vices using barcodes and RFID (Radio-Frequency Identification) tags. GSI
standards are critical for ensuring complete product traceability at every stage of
the supply chain (GS1 Poland, 2022). With barcodes and RFID, companies can
quickly and accurately identify and track products, aiding inventory management,
reducing errors, and speeding up response times in the event of quality or delivery
issues.

3. XML (Extensible Markup Language): This versatile markup language is
designed for structurally representing data. Developed by the World Wide Web
Consortium (W3C) in the late 1990s, XML allows developers to create custom
tags that define the structure and meaning of data, making it a powerful tool for
information exchange across different systems and platforms. XML has gained
widespread popularity across various industries, from logistics to finance, due to
its flexibility and capability to integrate with technologies like EDI and ERP sys-
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tems. Additionally, XML is key in creating APIs (Application Programming In-
terfaces), enabling seamless communication between applications and improving
system interoperability.

Risk in information flow

Risk can be understood as the possibility of an event occurring that will impact the
achievement of organizational goals. Consequently, risk must first be associated with
danger and specific conditions to be avoided (Konecka, 2015, pp. 57-58). It can be
characterized as a set of factors or actions that cause damage and loss.

In the literature, a three-step strategy for risk management is often proposed: iden-
tification, analysis, and reduction (Chaudhary et al., 2022, pp. 42-52). In the dynamic
logistics and supply chain management environment, effective information flow is cru-
cial for minimizing risks, reducing errors, and enabling flexible responses to disrup-
tions. By ensuring smooth data flow and adhering to information standards, organiza-
tions can mitigate delays, prevent inventory discrepancies, and reduce communication
errors (Bartkowiak & Rutkowski, 2018, pp. 121-133).

The flow of information serves as the foundation for decision-making processes
and facilitates the execution of core logistics and business processes. Skilled infor-
mation management allows companies to grow through learning and knowledge man-
agement. The value of information can be measured by the benefits it can bring to an
organization, which can be expressed through quantitative and qualitative data charac-
terized by the following attributes:

— Clarity

— Precision

— Timeliness

— Completeness

— Reliability

— Uniqueness

— Accuracy

— Processability
In logistics and supply chain management, the application of common standards

plays a vital role in risk management by providing a unified framework for data ex-

change. Technologies improve data accuracy, minimize errors, and support better de-
cision-making, helping to reduce various operational risks. Standardized data ex-
change through EDI, GS1, and XML allows supply chain partners to utilize consistent
formats and terminology, leading to increased data accuracy and reduced error rates.

Here’s how each of these standards impacts risk management (Francik & Pudto, 2016,

pp. 179-189):

1. Uniformity of Data Formats: EDI ensures a standardized format for exchanging
business documents like orders and invoices. By using these formats, companies
reduce the risk of data entry errors and misunderstandings that often arise when
different partners use disparate systems. Consistent data structures promote
effective communication and efficient transaction processing,
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2. Consistent Product Identification: GS1 barcodes and Global Trade Item Num-
bers (GTIN) standardize product identification across the supply chain. This con-
sistency minimizes misunderstandings regarding product specifications, allowing
companies to maintain accurate inventory levels and reduce risks related to short-
ages or surpluses.

3. Automated Data Entry: XML enables automated data entry and machine-to-
machine communication, reducing reliance on manual information input and
limiting error risks. This automation accelerates transactions and increases
the reliability of exchanged data.

The use of EDI, GS1, and XML enhances operational transparency, which is

a critical factor for effective risk management due to the following features (Vickery,

2021, pp. 212-227):

¢ Real-Time Visualization: Standardized data exchange allows for tracking ship-
ments and inventory levels in real time. This visibility enables organizations to
quickly detect potential disruptions, such as delays or inventory shortages, and
take corrective actions before these issues escalate.

¢ Data-Driven Decisions: With standardized data formats, organizations can ag-
gregate and analyze information more effectively. Enhanced analysis supports
accurate forecasting and demand planning, which is crucial for managing risks
associated with market volatility and supply chain disruptions.

¢ Strengthened Collaboration: The transparency provided by standardized data
fosters better collaboration among supply chain partners. When stakeholders
share a common data foundation, they can work more effectively to mitigate
risks, coordinate responses to challenges, and exchange information, enhancing
supply chain resilience.

Standards such as EDI, GS1, and XML, through standardized data exchange, con-
tribute to minimizing errors, increasing transparency, and supporting faster decision-
making, significantly reducing risks in logistics operations.

The impact of imporved information flow on risk minimization
in supply chain

Enhancing information flow through the use of information standards is a key fac-
tor in reducing risks in supply chain operations. It enables effective data management,
which translates into better coordination, greater accuracy, and faster decision-making.
The introduction of uniform standards such as EDI, GS1, and XML contributes to in-
creased transparency and the elimination of uncertainties that are often sources of risk
in logistics operations. Table 13.1 presents key risk areas in logistics functions and the
impact of improved information flow on their minimization.

Key Benefits of Improved Information Flow:

1. Increased Operational Transparency: This enables quicker identification of issues
and disruptions in the supply chain.

2. Shortened Response Time: It facilitates decision-making in response to changing
market and operational conditions.
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3. Better Collaboration Among Partners: Unified data exchange promotes coordi-
nated actions, enhancing efficiency.

4. Reduction in Operational Costs: Fewer errors and increased efficiency lead to lower
costs.

5. Increased Customer Satisfaction: Improved service and product quality lead to
higher customer satisfaction.

Table 13.1. Risk areas in logistics functions

Risk Area Description Mitigation strategies

Supply Chain Disruptions Unforeseen events that disrupt the | Develop contingency plans

flow of goods and services. and diversify suppliers.
. Errors in data entry leading to Implement robust data

Data Inaccuracies . . : . .

incorrect information being used. validation processes.

. Failure to comply with regulations | Regularly review and update

Regulatory Compliance . mpty g guiarty M P

affecting logistics operations. compliance policies.
Inefficient Delays in communication between | Enhance communication
Communication supply chain partners. channels and technologies.

Challenges_ In managing inventory Utilize advanced inventory
Inventory Management levels leading to shortages or

management systems.
overstock. g Y

Monitor transportation perfor-

Risks associated with transporta- mance and establish alternative

Transportation Risks tion delays and damages.

routes.
Vendor Reliabilit Dependence on vendors and their | Evaluate vendor performance
Y ability to meet supply demands. and establish backup suppliers.
. Potential breakdowns or failures Invest in reliable technology

Technology Failures . o .

in logistics technology. and maintenance plans.
Customer Demand Fluctuations in customer demand Use demand forecasting tools
Variability affecting supply chain stability. to better predict changes.

. Impact of natural disasters on Create disaster recovery plans

Natural Disasters - ) .

logistics operations. and risk assessments.

Source: (Sulewski, 2017, pp. 71-83)

Improving information flow in the supply chain, supported by information stand-
ards, not only minimizes risk but also contributes to increased efficiency and com-
petitiveness for organizations in a rapidly changing market environment.

Strengthening resilience during disruptions
through information standards

Information standards play a crucial role in promoting resilience by maintaining
consistent communication, facilitating real-time data exchange, and enabling collabo-
ration among supply chain partners (Baptiste, 2019, pp. 91-98).

o Consistency in the Face of Uncertainty
o Established Protocols: Information standards provide a communication frame-
work that remains consistent even during crises. When unexpected events oc-
cur, such as natural disasters, supply chain disruptions, or pandemics, having
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established protocols allows organizations to maintain effective communica-
tion with suppliers, customers, and other key stakeholders.

o Faster Adaptation: Organizations that adhere to information standards can
quickly adjust their operations in response to disruptions. For example, if
a natural disaster affects a supplier, standardized communication methods al-
low companies to swiftly identify alternative sources and implement contin-
gency plans, avoiding costly delays.

e Enhanced Data Exchange for Better Decision-Making

o Real-Time Analytics: During disruptions, access to real-time data and analyt-
ics becomes crucial for decision-making. Information standards facilitate
effective data exchange, enabling supply chain partners to quickly assess the
situation and make informed decisions based on reliable information.

o Scenario Planning: Standardized data formats allow for scenario planning, en-
abling organizations to simulate various disruption situations and develop
strategic responses. This proactive approach strengthens resilience by prepar-
ing companies to effectively respond to unforeseen events.

e Collaboration Across the Supply Chain

o Strengthening Partnerships: Information standards foster collaboration among
supply chain partners, especially during challenging times. When organiza-
tions effectively communicate using standardized methods, they can work to-
gether to solve problems, building trust and strengthening the entire supply
chain.

o Shared Resources and Information: Enhanced communication allows organi-
zations to share resources and information during difficult times. For example,
during a pandemic, companies may collaborate in managing inventory, pool-
ing resources to ensure the smooth delivery of essential goods to customers.
This is achieved through transportation route optimization and transportation
consolidation.

The improved flow of information through information standards such as EDI,
GS1, and XML plays a crucial role in reducing risks in the supply chain. These stand-
ards streamline real-time information exchange, enhance data accuracy, and foster col-
laboration, ultimately contributing to the creation of a more resilient and agile supply
chain capable of handling complex and unforeseen challenges. Strategic collection,
processing, and analysis of data sets enable businesses to gain valuable insights and
conclusions that help them make better decisions, improve their products and services,
and increase their competitiveness (Nowik, 2018, p. 117).

Standardization of information flow in the supply chain

Standardization of information flow among partners in the supply chain is essential
for increasing operational efficiency, strengthening collaboration, and minimizing er-
rors throughout the supply chain. In today’s global and integrated market, where many
stakeholders must work seamlessly together, consistent and clear communication
methods ensure that all partners are aligned and can collaborate effectively. The main
benefits of standardizing communication include (Szydlo, 2020, pp. 42-51):
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— Increased Efficiency: Standardized communication protocols streamline infor-
mation exchange, minimizing delays and misunderstandings. When partners adopt
common standards, data can be processed more quickly, leading to more efficient
decision-making and more flexible operations throughout the supply chain.

— Strengthening Collaboration: The success of supply chain management relies on
strong collaboration among partners. Standardized communication creates a com-
mon understanding, enabling the execution of joint projects, knowledge exchange,
and coordinated actions. This approach fosters innovation, more flexible problem-
solving, and the creation of a resilient supply chain.

— Reduction of Errors and Misunderstandings: Differences in communication
protocols among partners increase the risk of errors and misunderstandings. Stand-
ardized formats, terminology, and processes mitigate these risks, creating a com-
mon understanding and improving data accuracy across the supply chain.

— Cost Savings: Inefficiencies in communication lead to increased costs associated
with errors, delays, and additional resources needed to resolve issues. Standardiza-
tion of communication helps companies avoid these costs by improving the effi-
ciency of information exchange, resulting in lower overall expenses and better re-
source utilization.

— Better Data Integration: Seamless integration of data from various sources is cru-
cial for effective supply chain management and analysis. Standardized communi-
cation simplifies data exchange, making it easier for partners to access and utilize
information. This enables more accurate forecasting, better inventory management,
and improved overall performance.

— Compliance and Risk Management: Standardized communication helps meet
regulatory requirements through clear protocols that ensure all partners are in-
formed and compliant with legal requirements. This compliance reduces the risk of
legal issues and supports the building of a positive image for the entire supply
chain.

The standardization of communication among partners in the supply chain is no
longer just a best practice but a necessity in today’s business environment. By increas-
ing efficiency, collaboration, and data accuracy, organizations can enhance supply
chain performance, reduce costs, and ultimately deliver greater value to customers.
Implementing standardized communication practices is a strategic decision that brings
long-term benefits for all stakeholders, positioning organizations for success in a com-
petitive market.

Examples of implementing standards in risk management

Walmart and EDIWalmart, a leader in retail logistics, utilizes Electronic Data In-
terchange (EDI) to streamline processes within its supply chain. By employing EDI
for order processing and inventory management, Walmart achieves high data accuracy
in inventory records, reducing stockouts and improving order fulfillment rates. The
standardization of EDI allows Walmart to mitigate risks associated with inventory in-
accuracies and disruptions in the supply chain.

Coca-Cola and GS1Coca-Cola applies GS1 standards for product identification
and tracking throughout its supply chain. By implementing GS1 barcodes, Coca-Cola
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effectively manages inventory and ensures consistent product identification across dis-
tribution channels. This level of operational transparency enables the company to re-
spond quickly to changes in demand and risks within the supply chain.

Maersk and XMLMaersk, a global leader in logistics and shipping, uses XML for
data exchange in its logistics operations. XML standards improve the accuracy of ship-
ping documents and facilitate seamless integration with partners and customers. This
standardization reduces documentation errors and aids in quick decision-making, help-
ing Maersk manage risks associated with delivery delays and compliance issues.

The integration of EDI, GS1, and XML in risk management enhances data accu-
racy, minimizes errors, and increases operational transparency in logistics. These
standards enable better decision-making, strengthen collaboration, and allow organi-
zations to respond swiftly to potential threats. Successful implementations of these
standards by companies like Walmart, Coca-Cola, and Maersk demonstrate how val-
uable these tools are in creating resilient supply chains capable of overcoming complex
global challenges.

Future trends and developments
Evolution of information standards

As the logistics industry continues to evolve in response to digital transformation,
information standards such as Electronic Data Interchange (EDI), GS1, and XML
are adapting to the demands of a rapidly changing landscape. The integration of these
standards in a digitized logistics ecosystem is crucial for enhancing efficiency, ac-
curacy, and collaboration. This section discusses the future of these information
standards and the new technologies that complement them, such as artificial intelli-
gence (Al) and blockchain (Czaplewski & Rydzkowski, 2021, pp. 29-32).

The future of EDI, GS1, and XML in a digitized logistics ecosystem

1. Increased Integration with Digital Platforms. As logistics operations become
increasingly digitized, the future of EDI, GS1, and XML lies in their seamless
integration with various digital platforms, including cloud-based systems and In-
ternet of Things (IoT) applications. Such integration will enable real-time data
exchange and enhance visibility throughout the supply chain, allowing stakehold-
ers to make better decisions based on accurate and up-to-date information.

2. Greater Flexibility and Adaptability. The logistics industry is experiencing
rapid changes, including shifts in consumer behavior, market demands, and reg-
ulatory requirements. EDI, GS1, and XML standards will evolve toward greater
flexibility and adaptability, allowing organizations to easily modify their pro-
cesses and data formats in response to new challenges. This adaptability will be
crucial for maintaining a competitive edge in a dynamic environment.

3. Enhanced Data Interoperability. As logistics networks become increasingly
complex, ensuring data interoperability between different systems and platforms
will be critical (Bianco et al., 2021, p. 174). Future iterations of EDI, GS1, and
XML will focus on improving compatibility with various technologies, enabling
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smoother communication and data exchange among different partners, software
systems, and geographical regions.

4. Focus on Data Security and Compliance. With the growing reliance on digital
communication, the need for strengthened data security and compliance measures
is increasing. Future developments in information standards will likely focus on
data protection, ensuring that sensitive information is exchanged securely while
complying with regulations. This emphasis on security and compliance will help
build trust among stakeholders and protect organizations from potential data
breaches.

Next-generation technologies supporting information standards
1. Artificial Intelligence (AI)

O

Data Analysis and Predictive Modeling: Al technologies can analyze vast
amounts of data generated by EDI, GS1, and XML standards to identify trends,
patterns, and anomalies. This capability allows organizations to leverage pre-
dictive analytics for better forecasting and decision-making, enhancing their
ability to respond to market changes and potential disruptions.

Automated Communication: Al-driven chatbots and virtual assistants can facil-
itate communication between supply chain partners by automating routine in-
quiries and information requests. Such automation improves efficiency and re-
duces employee workload, allowing them to focus on more strategic tasks.

2. Blockchain Technology

O

Increased Transparency and Traceability: Blockchain provides a decentralized
ledger that securely and transparently records transactions. By integrating
blockchain with information standards such as GS1, organizations can achieve
full traceability of products throughout the supply chain, enhancing accounta-
bility and reducing the risk of fraud or errors.

Smart Contracts: Blockchain enables the use of smart contracts, which are self-
executing agreements with the terms of the contract directly written into code.
These contracts can automate processes such as payment approvals and order
fulfillment based on defined conditions, streamlining operations and reducing
potential disputes between partners.

3. Internet of Things (IoT)

O

Real-Time Data Collection: IoT devices, such as sensors and RFID tags, can
collect real-time data on inventory levels, shipment conditions, and equipment
performance. Integrating this data with EDI, GS1, and XML standards allows
organizations to enhance operational efficiency and their ability to respond to
changes in the supply chain.

Predictive Maintenance: [oT technology can also support predictive mainte-
nance of logistics equipment by monitoring performance and predicting failures
before they occur. This capability minimizes downtime and ensures smooth op-
erations, reducing the risk of disruptions.

The impact of technological advancements on risk management

Technological advancements are transforming the landscape of risk management
in logistics, offering innovative tools and methodologies that improve forecasting,
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analysis, and overall operational resilience. Automation, machine learning, and data
analytics are key technologies driving this transformation. This section explores their
role in enhancing risk management practices and examines future opportunities for
improving risk management in logistics through integrated digital systems.
Automation, machine learning, and data analytics are revolutionizing forecasting
and analysis in logistics, enabling organizations to increase accuracy, streamline
processes, and make informed decisions by leveraging vast amounts of real-time data.

Discussion

The findings of this study align with and further reinforce the conclusions of several
previous studies regarding the importance of information exchange standards in logis-
tics. For instance, the work of Brahami et al. (2022, pp. 30-45) highlights the critical
role of forecasting in logistics, emphasizing that accurate predictions help organiza-
tions manage supply and demand fluctuations. Our findings echo this by showing that
standards like EDIL, GS1, and XML improve forecasting accuracy and inventory man-
agement, thus supporting better decision-making.

Similarly, the research of Adeitan et al. (2021, pp. 317-326) points to the competi-
tive advantage gained through effective information management. This article con-
firms that using standardized data formats significantly enhances data flow between
supply chain partners, leading to more efficient operations and reduced risks. In addi-
tion, the article supports the findings of Malik et al. (2024, pp. 1-17), who noted that
better information exchange fosters stronger collaboration and improves risk manage-
ment in the supply chain.

Furthermore, the results align with the conclusions of Kiba-Janiak & Tronina
(2017), who discussed the importance of forecasting in minimizing supply chain
disruptions. Our analysis suggests that the adoption of information standards not only
aids in predicting demand but also helps companies proactively respond to unforeseen
disruptions, such as those caused by natural disasters or political instability. By im-
proving transparency and streamlining communication, these standards enable logis-
tics companies to mitigate the risks discussed in earlier research and maintain opera-
tional resilience in the face of an unpredictable market environment.

Limitations

This study focuses on the dairy sector in a developing economy, which may limit
its generalizability to other industries or regions. Additionally, the reliance on survey
data may introduce biases or limitations in capturing the full spectrum of supply chain
risks. The study does not explore the role of emerging technologies like Al or block-
chain in mitigating risks within the supply chain.

Direction for future research
Future studies could extend the research to other industries or advanced economies

to validate the findings across diverse contexts. Additionally, exploring the impact of
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digital tools, such as Al and blockchain, on risk management and supply chain inte-
gration would provide valuable insights.

Conclusion

Effective forecasting and analysis, combined with the implementation of infor-
mation standards, are key elements in reducing risks in the logistics and supply chain
sector. By leveraging advanced technologies such as automation, machine learning,
and data analytics, organizations can increase the accuracy of their forecasts, enabling
them to anticipate potential disruptions and respond proactively. Information stand-
ards, such as EDI and GSI1, facilitate seamless data exchange and communication
among supply chain partners, ensuring consistency and reducing the likelihood of
errors and misunderstandings. Together, these elements create a robust framework that
enhances operational resilience and supports informed decision-making.

Adopting standardized communication systems is crucial for organizations aiming
to improve efficiency and minimize risks in logistics. Standardization promotes trans-
parency, enables real-time data sharing, and increases collaboration among partners,
ultimately leading to more effective risk management. By ensuring that all stakehold-
ers operate based on the same communication protocols and data formats, organiza-
tions can streamline their operations, reduce errors, and swiftly respond to changes in
the supply chain landscape. The significance of these standards cannot be overstated,
as they provide the foundation for reliable and effective communication in an increas-
ingly complex global market.

The future of risk management in logistics is on the brink of significant transfor-
mation, driven by continuous technological advancement and the ongoing develop-
ment of information standards. As organizations increasingly adopt integrated digital
systems, the potential for advanced data analytics, real-time monitoring, and forecast-
ing capabilities will grow, further strengthening risk management practices. The evo-
lution of information standards will play a crucial role in this transformation, ensuring
that communication remains fluid and effective across various technologies and plat-
forms. By embracing these changes, organizations can build more resilient supply
chains, ready to tackle future challenges and uncertainties while delivering value to
customers and stakeholders.
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Abstract: The aim of this chapter is to develop a model for integrating technological inno-
vations with renewable energy sources in the construction industry, taking into account key
aspects of energy efficiency and sustainable development. The chapter examines modern
technologies such as building management systems, the Internet of Things, and solutions
related to renewable energy sources, including photovoltaic installations and wind farms.
The proposed model, divided into five stages — from planning and design to monitoring and
optimization — aims to streamline the process of implementing innovations in the construc-
tion sector. Research based on literature analysis and case studies demonstrates that the
integration of these technologies contributes to improving the energy efficiency of build-
ings and supports the achievement of long-term sustainable development goals, while also
promoting more eco-friendly and cost-effective construction solutions.

Keywords: energy efficiency, integration of technologies, renewable energy sources, sus-
tainable construction

Introduction

The contemporary construction industry faces significant challenges related to the
necessity of adapting to new sustainability standards and reducing its environmental
impact (Charani Shandiz et al., 2021). Increasing regulatory requirements for green-
house gas emission reductions, along with social and economic pressures to implement
more efficient energy solutions (Diab et al., 2015), compel the construction industry
to seek innovative methods to improve energy efficiency and reduce the consumption
of natural resources (Hawila et al., 2022). In the context of global efforts to combat
climate change, the integration of renewable energy sources (RES) in the construction
sector has become a key element of sustainable development strategies (Davino et al.,
2022).

For several decades, renewable energy technologies such as photovoltaic panels,
wind turbines, and geothermal systems have played an increasingly important role in
generating energy for buildings (He et al., 2022). However, renewable energy sources
alone are not sufficient to achieve the ambitious goals related to carbon neutrality
(Pejovic et al., 2021). Collaboration between these technologies and innovative tech-
nological solutions is essential (Austin et al., 2022) to support energy management,
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optimize consumption, and automate construction processes. Technological innova-
tions such as the Internet of Things (IoT), artificial intelligence (Al), 3D printing, and
advanced energy management systems (EMS) enable the full integration of renewable
energy sources in the design, construction, and operation of buildings (Selvan et al.,
2023).

The integration of technological innovations with renewable energy sources in con-
struction has significant potential to contribute to the achievement of several key sus-
tainable development goals (Levesque et al., 2019). Primarily, it enables effective re-
duction of CO; emissions by decreasing the reliance of buildings on traditional, high-
emission energy sources such as coal, natural gas, and oil. Utilizing clean energy from
RES, including solar, wind, and geothermal energy, leads to a substantial reduction in
the carbon footprint of buildings throughout their lifecycle — from construction and
operation to eventual demolition (Magrini et al., 2020).

Another significant benefit of integrating new technologies with renewable energy
sources is the reduction of operational costs. Modern energy management systems,
such as Energy Management Systems (EMS) and Building Management Systems
(BMS), allow for the optimal control of a building's energy consumption, thereby min-
imizing energy waste and operational expenses (Jstergaard et al., 2020; Su & Wang,
2012). For instance, smart lighting and heating, ventilation, and air conditioning
(HVAC) systems integrated with [oT sensors can adjust their operation based on the
actual needs of users, eliminating unnecessary energy usage (Afsharpanah et al.,
2022a). Additionally, energy storage systems, such as advanced batteries, can store
excess energy generated by photovoltaic installations or wind turbines and use it dur-
ing peak demand periods, further reducing costs associated with purchasing energy
from the grid.

It is also worth emphasizing that integrating innovative technologies with renewa-
ble energy sources significantly enhances the comfort of building users. Intelligent en-
vironmental management systems allow for the creation of conditions perfectly tai-
lored to individual preferences by automatically adjusting temperature, air quality,
lighting, and other parameters. This not only achieves greater energy efficiency but
also improves the quality of life and health of those in the building. An example would
be HVAC systems with air quality monitoring functions that automatically adjust ven-
tilation based on carbon dioxide levels or humidity, which has a direct impact on the
health and comfort of users (Reddy et al., 2024).

Thanks to advanced technologies, it is possible to design so-called smart buildings
that not only manage energy efficiently but also dynamically adapt to changing exter-
nal and internal conditions. These systems use data from [oT sensors to monitor energy
consumption, temperature, lighting, humidity, and other parameters in real time.
Artificial intelligence algorithms analyze this data and make decisions to optimize the
operation of various building systems, leading to minimized energy loss and maxim-
ized effective use of energy (De Ledn et al., 2021).

As a result, the integration of technological innovations with renewable energy
sources not only contributes to more sustainable development but also significantly
transforms how buildings operate, turning them into autonomous energy units that in-
telligently respond to user needs and changing environmental conditions (Karlessi
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et al., 2017). This holistic approach to building design and operation has the potential
to become the foundation of future cities, where sustainable development and energy
efficiency will be core values (Wu & Skye, 2021).

The aim of the article is to develop a model for integrating technological innova-
tions with renewable energy sources in the construction sector, which takes into
account energy efficiency and supports sustainable development. The focus is on re-
viewing modern technologies and their applications across various stages of building
design, construction, and operation. The article also discusses examples of practical
applications of technological innovations combined with renewable energy sources
that are already contributing to achieving sustainability in construction. In this way,
the article seeks to provide readers with both theoretical foundations and practical as-
pects of integrating technology with renewable energy sources, which represents one
of the most significant challenges and, at the same time, one of the greatest opportuni-
ties for the contemporary construction industry.

Literature review

The integration of technological innovations and renewable energy sources in the
construction sector is an area of growing interest both in the academic community and
among practitioners (Dstergaard et al., 2021). The literature shows an increasing num-
ber of studies focused on the implementation of modern technologies, such as energy
management systems, the Internet of Things, and renewable energy sources, including
photovoltaic panels, wind systems, and energy storage technologies (Davi et al., 2016).
In the context of construction, these technologies have the potential not only to en-
hance energy efficiency but also to reduce the negative environmental impact of build-
ings, which is crucial for achieving sustainable development (Laski & Burrows, 2017).

The literature on renewable energy sources emphasizes that technologies such as
photovoltaic panels and wind farms are fundamental to achieving sustainable energy
development in construction (Lin et al., 2020). Specifically, research on the use of
photovoltaics in zero-energy buildings demonstrates (Belussi et al., 2019) that by in-
tegrating renewable energy sources with intelligent energy management systems, it is
possible not only to achieve energy self-sufficiency but also to generate excess energy
that can be fed back into the power grid (Sun et al., 2023).

Another significant area of research is green building, which involves designing
buildings with the goal of minimizing their environmental impact. The literature cites
numerous examples of environmental certifications, such as LEED (Leadership in En-
ergy and Environmental Design) and BREEAM (Building Research Establishment
Environmental Assessment Method), which provide frameworks for designing and
constructing sustainable buildings (Ahmed et al., 2022). These certifications assess
buildings in terms of energy efficiency, material use, water management, and user
comfort, significantly contributing to their popularity in the construction sector world-
wide.

In the context of modern technologies in construction, literature increasingly ad-
dresses issues related to the automation of energy management processes. Building
Management Systems (BMS), supported by the Internet of Things, enable real-time
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monitoring and optimization of energy consumption, which is a crucial element for
managing building energy efficiency. These technologies allow for the adjustment of
energy use based on weather conditions, user activity, and other environmental factors,
leading to reductions in operational costs and carbon dioxide emissions (Jensen et al.,
2017).

Based on the literature analysis, it can be concluded that the integration of renewa-
ble energy sources with modern energy management technologies in buildings is cru-
cial for the future of sustainable construction. In particular, many authors highlight the
lack of guidelines, models, or legal frameworks that facilitate the harmonious integra-
tion of these technologies to maximize the benefits of their implementation (Kapsalis
et al., 2024). Therefore, this chapter proposes an original Model for Integrating Tech-
nological Innovations with Renewable Energy Sources, which incorporates the latest
technological advancements and sustainable building practices.

In summary, the existing literature provides a solid theoretical and empirical foun-
dation for the development and advancement of integrated technological solutions in
construction that support sustainable development and energy efficiency.

Research methodology

In this chapter, a literature analysis method was used as the primary research tool
to develop a model for integrating technological innovations with renewable energy
sources in the construction sector. This method allowed for an in-depth examination
of existing scientific research and case studies related to technological innovations and
their application in construction, as well as the implementation of renewable energy
sources in the context of energy efficiency and sustainable development.

The literature analysis focused on identifying key technologies used in construc-
tion, such as Building Management Systems (BMS), the Internet of Things (IoT),
intelligent energy management systems, and modern renewable energy technologies,
including photovoltaic and wind farms. The review of research enabled the identifica-
tion of significant trends and challenges associated with the implementation of these
technologies, which served as the basis for developing the original integration model.

A key stage of the research process was to understand how these technologies can
be effectively integrated with renewable energy sources in buildings to enhance their
energy efficiency, minimize CO; emissions, and support long-term sustainability. The
model was developed based on a synthetic analysis of previous research, incorporating
stages of technological innovation implementation such as planning and analysis, sys-
tem design, implementation, monitoring and optimization, and evaluation and mainte-
nance.

The developed model for integrating technological innovations with renewable en-
ergy sources is based on a systemic approach that takes into account each of the men-
tioned stages of the technology and renewable energy integration process. Each stage
has been thoroughly discussed based on available research and examples of practical
implementations. This model aims not only to identify best practices in the area of
technological innovation integration but also to present a comprehensive approach to
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energy optimization in construction, considering the requirements of modern sustain-
able development.

The results of the literature analysis, along with conclusions drawn from the con-
ducted case studies, led to the creation of a structural model that can be used as a tool
to support decision-makers in the process of designing, constructing, and managing
energy-efficient buildings fully integrated with renewable energy technologies.

Sustainable technologies and innovations in construction

The development of modern technologies and the growing demand for sustainable
development in the construction industry have led to the necessity of integrating re-
newable energy sources with innovative technological solutions (Bhattacharya et al.,
2023). To understand the full scope of this integration, it is essential to analyze the
theoretical foundations related to renewable energy sources, technological innovations
in construction, and the impact of these changes on energy efficiency and sustainable
development. Key concepts include not only the renewable energy sources themselves
but also the new technologies that enable their full integration with buildings and other
infrastructure elements (Ma et al., 2023).

Renewable energy sources

Renewable energy sources are natural resources that are replenished in short cycles
and serve as alternatives to conventional fossil fuels (Ullah et al., 2021). The main
types of renewable energy sources used in the construction sector include:

— Solar Energy — Most commonly used in the form of photovoltaic energy, it involves
converting sunlight directly into electricity using photovoltaic panels (Barakat et
al., 2020). Photovoltaic cells made from semiconductor materials like silicon ab-
sorb photons from sunlight, which induces the flow of electrons, generating direct
current (DC) that can then be converted into alternating current (AC) suitable for
powering buildings (Sinha & Chandel, 2016). This technology is widely used in
both small, residential installations and large photovoltaic farms that supply energy
to entire regions. In addition to PV systems, there is also solar water heating tech-
nology, which utilizes solar energy to heat domestic water in residential and com-
mercial buildings (Shi et al., 2022). Solar collectors, typically mounted on roofs,
absorb radiation and transfer heat to a medium such as water or glycol, which then
feeds into heating systems (Hernandez-Callejo et al., 2019). Solar energy stands
out due to its exceptional availability, as the sun is an almost unlimited energy
source, and technologies based on this energy are increasingly affordable and effi-
cient (IEA, 2023). Moreover, these systems can be relatively easily integrated into
buildings in the form of panels on roofs, facades, or even within building infra-
structure, making solar energy a highly flexible solution. It is a key renewable en-
ergy source that enhances the energy efficiency of buildings, reduces their reliance
on conventional energy sources, and lowers greenhouse gas emissions, which has
a direct impact on combating climate change (Aldhshan et al., 2021).
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— Wind Energy — one of the oldest forms of renewable energy, used for centuries,
ranging from simple windmills to advanced modern wind turbines (Palraj & Raja-
manickam, 2020). The kinetic energy of the wind is converted into electrical energy
using wind turbines, which consist of a rotor, generator, and control systems. In the
context of construction, wind turbines can be integrated on roofs or near buildings,
especially in areas with favorable wind conditions (Zhang et al., 2023). For small
wind turbines installed on buildings, their efficiency depends on local wind condi-
tions such as wind speed and direction, as well as the height and location of the
building (Kaewunruen et al., 2018). The use of small wind turbines is particularly
popular in buildings located in suburban and rural areas (Arnfield, 2003), where
space around buildings allows for effective wind energy exploitation (Wang et al.,
2021). The application of such solutions in buildings enables on-site electricity pro-
duction, reducing the demand for grid energy and supporting the building's energy
autonomy (Kwok & Hu, 2023).

— Geothermal Energy — utilizes heat stored within the Earth's interior for the produc-
tion of thermal and electrical energy (Gaur et al., 2021). In buildings, the technol-
ogy primarily used involves heat pumps that convert geothermal heat into heating
energy (Palmero-Marrero et al., 2020; Shah et al., 2022). Geothermal systems are
particularly beneficial in buildings with high energy demands, such as commercial,
industrial, or multi-family residential properties, where the ability to harness
ground heat yields significant savings (Bae & Nam, 2022). Additionally, geother-
mal installations have a long lifespan and can operate for decades without major
upgrades, making them a long-term investment (Lee et al., 2022; Osman et al.,
2023).

— Biomass — a renewable energy source derived from organic materials, including
both plant products (e.g., wood, agricultural residues, forest waste) and organic
waste (e.g., municipal or agricultural waste) (Zhu et al., 2020). In the construction
sector, biomass is primarily used for heat production through combustion in dedi-
cated heating systems, such as biomass boilers (Behzadi et al., 2023). The ad-
vantage of using biomass in buildings also includes the potential to utilize local
resources, which reduces transportation costs and supports the local economy
(Yang et al., 2022). Biomass boilers are used in both residential and commercial
buildings, particularly in rural areas where access to organic raw materials is easier
(Rahman et al., 2015).

— Hydropower Energy — although often associated with large hydropower plants, in
the context of construction, the use of micro and small hydropower systems can be
considered. These systems can be integrated with local energy systems, particularly
in buildings located near rivers and other watercourses. Hydropower is character-
ized by high conversion efficiency, but its application in buildings is limited to
areas with access to watercourses with appropriate flow rates. When integrating
micro-hydropower plants with building systems, significant reductions in energy
costs can be achieved, especially in rural and mountainous areas (Panagopoulos,
2021).

Each of the presented renewable energy sources has specific applications in the
construction sector, which depend on local climatic, topographical, and technological
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conditions. However, the key aspect is their integration with innovative technological
systems, which enables the maximum utilization of their potential.

Modern technologies in construction sector

The development of innovative technologies is a key element in integrating renew-
able energy sources in construction. The concept of technological innovations refers
to the introduction of new technical and organizational solutions that enable more
efficient resource management, as well as the reduction of operational costs and envi-
ronmental impact. Among the key technologies supporting the integration of renewa-
ble energy sources in construction are:

— Internet of Things (IoT) refers to a network of interconnected sensors and devices
that enable the collection and processing of data related to various aspects of build-
ing operations, such as energy consumption, weather conditions, and user prefer-
ences (Ramamurthy & Jain, 2017). In the context of integrating renewable energy
sources, [oT plays a crucial role by allowing more efficient management of renew-
able systems (Kelly et al., 2013). For example, data from sensors on sunlight levels
can automatically regulate the operation of photovoltaic systems, while information
about energy demand in different parts of the building allows for the optimization
of heating, ventilation, and lighting systems. IoT also enables remote control of
these systems, which not only enhances user comfort but also leads to significant
energy savings (Di Francia, 2017).

— Energy Management Systems (EMS) are advanced digital platforms that enable the
monitoring, controlling, and optimizing of energy consumption in buildings
(Thirunavukkarasu et al., 2022). Utilizing real-time data collected from IoT sen-
sors, EMS analyze the current operational conditions of systems and the building's
energy demand. This allows for dynamic adjustment of energy use in response to
changing external and internal conditions (Zia et al., 2018). Consequently, EMS
effectively manage intermittent renewable energy sources, such as solar and wind
energy, which are subject to significant variability due to weather conditions
(Venayagamoorthy et al., 2016). Advanced algorithms within EMS can predict
when and to what extent energy should be stored or consumed, contributing to the
reduction of losses and increasing the efficiency of renewable energy utilization
(Li et al., 2023).

— Building Information Modeling (BIM) is a digital modeling technology that ena-
bles the creation of precise, three-dimensional models of buildings at every stage
of their lifecycle — from design, through construction, to operation and demolition
(Sanhudo et al., 2018). BIM allows for precise planning of the integration of re-
newable energy sources in construction projects, optimizing both construction costs
and subsequent building operations (Succar, 2009). Through detailed energy sim-
ulations, BIM can predict the building's energy consumption behavior, facilitating
decisions on the placement of photovoltaic panels, and systems for heating or cool-
ing based on renewable energy. This tool is a key element of sustainable design,
reducing errors during the construction phase and lowering operational costs there-
after (Tobias & Vavaroutsos, 2009).
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— Artificial Intelligence (Al) is a crucial component of modern energy management
systems in buildings, supporting energy consumption analysis and prediction pro-
cesses (Singh et al., 2021). Al enables the optimization of various building systems,
such as HVAC and lighting systems, allowing for better adjustment of device op-
erations to changing conditions and user needs. Al algorithms can analyze meteor-
ological data and information about the availability of energy from renewable
sources to predict when and in what quantities energy will be required. As a result,
heating, cooling, and lighting systems can be managed more efficiently, minimiz-
ing energy consumption during periods of low demand and maximizing its use
when available from renewable sources (Abualigah et al., 2022).

— 3D printing technology is gaining significance in the construction sector, offering
new possibilities for sustainable design and building realization. 3D printing allows
for the creation of optimized building structures that feature improved thermal in-
sulation, greater strength, and easy integration with renewable energy systems, such
as photovoltaic panels (Bos et al., 2016). Buildings constructed using 3D printing
can be designed in a way that minimizes energy and construction material usage,
thereby reducing the carbon footprint. Additionally, the precise control of the con-
struction process enables better utilization of space and materials, lowering opera-
tional costs and enhancing the energy efficiency of buildings (Sanguinetti et al.,
2019).

— Building Management Systems (BMS) are advanced building automation systems
that integrate various elements of building infrastructure, such as HVAC systems,
lighting, and security, into a unified management system. BMS enables centralized
monitoring and control of all building systems, which enhances energy efficiency
and improves user comfort (Mujumdar & Agarwal, 2024). BMS systems are
essential in modern buildings that utilize renewable energy sources, as they allow
for real-time monitoring of energy production and consumption and dynamic
adjustment of system parameters based on the availability of renewable energy
(Taboada et al., 2024).

— HVAC systems (Heating, Ventilation, Air Conditioning) play a crucial role in
managing indoor climate, handling heating, ventilation, and air conditioning
(Afsharpanah et al., 2022b). In the context of integrating renewable energy sources,
modern HVAC systems can be powered by renewable sources such as solar energy
or geothermal energy. By integrating with building management systems and IoT
technologies, HVAC systems can be automatically adjusted to current energy needs
and weather conditions, which enhances their efficiency and reduces energy con-
sumption (Jouhara & Yang, 2018).

Green building and environmental certifications

The concept of green building is an approach to the design, construction, and oper-
ation of buildings that emphasizes minimizing the negative impact on the natural en-
vironment. It involves efficient management of resources such as energy, water, and
materials, and promotes the reduction of emissions and waste generated during the
construction and operation of buildings (Cabeza & Chafer, 2020). A key aspect of this
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concept is the integration of renewable energy sources and innovative energy manage-
ment technologies, which enables greater energy efficiency and sustainable use of
buildings by their occupants and users. To promote and assess sustainable building
practices, several certification systems have been developed over the years, serving as
standards for evaluating buildings based on their environmental impact. The most
well-known of these are LEED, BREEAM, and Passivhaus, each of which has unique
criteria and requirements.

LEED is an international green building certification system developed by the U.S.
Green Building Council (USGBC). It is one of the most recognized and widely used
systems in the world, assessing buildings based on energy efficiency, water usage, in-
door environmental quality, building materials, and innovation in design (Gurgun et
al., 2016). The LEED system awards points for meeting various criteria, and buildings
can receive different levels of certification — from the basic LEED certification to
LEED Silver, LEED Gold, and the highest level, LEED Platinum. In the context of
renewable energy sources, LEED encourages the use of renewable energy technolo-
gies such as photovoltaic panels, heat pumps, and solar water heating systems to re-
duce conventional energy consumption. LEED-certified buildings must also meet high
standards of energy efficiency, resulting in lower operational costs and reduced carbon
emissions (Sabapathy et al., 2010).

BREEAM is a British environmental assessment system for buildings, and it is one
of the oldest and most frequently used certification systems in the world. Developed
by the Building Research Establishment (BRE), BREEAM evaluates buildings based
on criteria such as energy and water consumption, pollution emissions, indoor envi-
ronmental quality, innovation, and impact on local ecosystems (Rebelatto et al., 2024).
The BREEAM system awards points in various categories, and buildings can receive
certificates ranging from "Pass" to "Outstanding”. Like LEED, BREEAM promotes
the use of renewable energy sources and innovative technologies such as Energy
Management Systems and the Internet of Things. An important aspect of BREEAM
assessment is the building's energy efficiency and its ability to adapt to climate
changes. Consequently, buildings certified under BREEAM are more sustainable and
have a smaller carbon footprint. BREEAM also places significant emphasis on the
health and comfort of occupants, which is achieved through improvements in indoor
air quality and optimal use of natural light (Cordero et al., 2019).

The Passivhaus standard, developed in Germany, is one of the most demanding
building design systems focused on energy efficiency. It emphasizes minimizing
energy consumption for heating and cooling by employing high-quality insulation,
windows with low thermal transmittance, and heat recovery ventilation systems.
Buildings designed to the Passivhaus standard are characterized by extremely low en-
ergy consumption, often not exceeding 15 kWh/m? per year for heating purposes,
achievable through precise design and integration with renewable energy sources such
as heat pumps and photovoltaic systems (Moreno-Rangel, 2021). Passivhaus also fo-
cuses on minimizing heat loss by eliminating thermal bridges and utilizing natural heat
gains from solar radiation. As a result, these buildings are not only energy-efticient but
also provide high user comfort, contributing to improved quality of life for residents.
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The Passivhaus standard is recognized as one of the most effective methods for reduc-
ing energy consumption in residential and commercial buildings, and its popularity is
growing in the context of global efforts to reduce greenhouse gas emissions (Rangel
et al., 2020).

Real-world implementation of technological innovations

Contemporary construction, in the era of technological advancement and increas-
ing environmental protection requirements, increasingly utilizes advanced technolog-
ical innovations and renewable energy sources. These innovations introduce new
standards for the design, management, and operation of buildings, moving towards
sustainable development. This section will present specific examples of technological
applications in construction that effectively combine modern technical solutions with
renewable energy sources. These examples include both actual buildings and pilot pro-
jects that illustrate the practical possibilities of technology integration.

Zero-energy buildings

Zero-energy buildings (ZEB) are structures that produce at least as much energy as
they consume, and in some cases, can even generate surplus energy (Settino et al.,
2020). A key component in such buildings is the integration of photovoltaic systems,
which enable the generation of electrical energy from solar radiation (André et al.,
2022). These systems often work in conjunction with heat recovery technologies from
ventilation and heating systems (heat exchangers), which help minimize energy losses.
Additionally, smart energy management systems monitor real-time energy consump-
tion and production, automatically adjusting the operation of devices and optimizing
energy use (Charron, 2008).

An example of a technologically advanced building integrated with renewable
energy sources is The Edge in Amsterdam, which is considered one of the most
energy-efficient office buildings in the world (Evola et al., 2014). This building has
been designed to maximize energy efficiency and minimize environmental impact.
It utilizes photovoltaic panels that provide electricity, meeting a significant portion of
the building’s power needs. The LED lighting systems employed are controlled by
intelligent sensors that analyze the presence of people in rooms and the level of natural
light, automatically adjusting the lighting intensity (Torcellini et al., 2006). This opti-
mization of electrical lighting consumption significantly reduces operational costs.

The extensive system BMS at The Edge monitors all aspects of the building's
operation, from temperature and ventilation to energy and water usage, allowing for
dynamic adjustments of individual systems (Minelli et al., 2024). The building also
features heat recovery technologies, which contribute to efficient thermal manage-
ment. Together, these solutions not only minimize energy consumption but also
significantly enhance user comfort through intelligent resource management (Carpino
et al., 2023).

Another example is the Bullitt Center in Seattle, regarded as one of the most envi-
ronmentally friendly commercial buildings in the world. The Bullitt Center was
designed with the goal of minimizing its carbon footprint and aiming to be energy-
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-positive, meaning it generates more energy than it consumes (European Parliament,
2018). The building features an extensive array of photovoltaic panels that meet the
building's entire electrical energy needs. The rooftop panels not only power all
the building's systems but also allow for the storage of excess energy.

It is also worth noting that the Bullitt Center utilizes advanced water systems, in-
cluding rainwater collection and filtration systems, as well as on-site sewage treatment.
This allows the building to function in full harmony with the natural water cycle, with-
out relying on municipal water resources. These measures, combined with energy-ef-
ficient heating and cooling systems, enable the Bullitt Center to achieve a positive en-
ergy balance, positioning it among the most sustainable buildings in the world (Erba
etal., 2019).

Both The Edge and the Bullitt Center are exemplary models of integrating modern
technologies with renewable energy sources, demonstrating how innovative solutions
can not only reduce energy consumption but also enhance the efficiency and comfort
of building occupants.

Smart cities

The concept of smart cities involves the broad integration of advanced technolo-
gies, including renewable energy sources, to enhance energy efficiency, resource man-
agement, and the quality of life for residents (Batty et al., 2012). In such cities, smart
energy management systems play a crucial role by enabling dynamic monitoring and
optimization of energy use on a city-wide scale (Sabory et al., 2021). [oT technology
facilitates the connection and management of various urban infrastructure systems,
such as street lighting, public transportation, and even waste management (Al-Badi
& Al-Saadi, 2020).

Masdar City in the United Arab Emirates is one of the most ambitious and innova-
tive smart city projects in the world, designed with the goal of achieving full carbon
neutrality. The city was created as an experimental hub that combines modern tech-
nologies with the idea of sustainable development (Janajreh et al., 2013). A key feature
of Masdar City is its extensive photovoltaic farms, which provide electricity to the
entire urban infrastructure. These farms, in conjunction with other renewable energy
sources such as wind turbines and heat recovery technologies, enable efficient energy
resource management, eliminating the need for fossil fuels.

One of the most innovative solutions in Masdar City is its advanced energy man-
agement system, which monitors energy consumption in real-time, analyzing data and
adjusting the operation of devices, lighting, and ventilation systems based on user
needs. The use of smart sensors and IoT systems enables automatic management of
the city's infrastructure, leading to a significant reduction in energy consumption.
The city also features integrated electric transport systems, including autonomous ve-
hicles, which further reduce greenhouse gas emissions. Masdar City is also an example
of sustainable urban design. Buildings are designed to maximize the use of natural
light and wind, reducing the need for artificial lighting and air conditioning. Addition-
ally, the city's infrastructure is adapted to desert conditions, which minimizes water
consumption and ensures efficient use of natural resources (Griffiths & Sovacool,
2020).
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Similar initiatives are developing in Europe, where cities like Copenhagen and
Barcelona are pioneers in implementing smart technological solutions that support sus-
tainable development (Ferrara, 2015). Copenhagen, with its plan to achieve carbon
neutrality by 2025, has introduced smart energy consumption monitoring systems, as
well as integrated district heating networks powered by renewable energy sources.
The city is also a leader in the use of electric public transport and bicycles as primary
means of transportation. Meanwhile, Barcelona is implementing smart street lighting
systems equipped with motion sensors and monitoring air quality and temperature,
adjusting lighting based on environmental conditions, which significantly reduces
energy consumption.

These smart city projects demonstrate how innovative technologies can support
the development of sustainable urban spaces, minimizing environmental impact and
enhancing the quality of life for residents.

Photovoltaic and wind farms in the industrial sector

Solar and wind farms are key elements in the global energy transition, providing
clean energy on a large scale. Through the integration of advanced monitoring, man-
agement, and optimization technologies, it is possible to enhance the operational effi-
ciency of these installations. Modern wind and solar farms utilize loT systems for real-
time monitoring of wind turbines and solar panels, allowing for predictive mainte-
nance, reduction in operational costs, and maximization of energy performance (Lopez
et al., 2020).

A prime example of effective integration of innovative technologies with renewa-
ble energy sources is the Hornsea One project in the United Kingdom. Currently the
largest offshore wind farm in the world, it is located in the North Sea and consists of
hundreds of wind turbines that together supply electricity to millions of households in
the UK (Yaouba et al., 2022). Advanced real-time data analysis algorithms play a cru-
cial role in the operational efficiency of this farm. This technology monitors the per-
formance of each turbine, analyzing weather conditions, wind speed, and other param-
eters, allowing for optimization of turbine operation, reduction of mechanical wear,
and minimization of downtime due to failures or maintenance. In this way, Hornsea
One achieves high energy efficiency while providing stable and reliable energy supply
to the grid (Drées & Koster, 2021).

Equally impressive are the massive photovoltaic installations in China, such as the
solar farms in Qinghai Province. Located on vast desert areas, these installations not
only generate billions of kilowatt-hours of energy annually but also integrate advanced
weather monitoring and energy management systems. Sophisticated monitoring tech-
nologies enable the prediction of changes in sunlight and other atmospheric conditions,
allowing for dynamic adjustments in farm operations and minimizing energy losses.
Additionally, these farms are equipped with advanced energy storage systems that
allow for the storage of excess solar energy during periods of high sunlight, which can
then be used during peak demand, even at night or on cloudy days. Such technologies
ensure stable energy supplies and minimize the impact of variable weather conditions
on farm efficiency (Vinod et al., 2018).
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Projects like Hornsea One and the photovoltaic farms in China are excellent exam-
ples of how modern technologies, combined with renewable energy sources, can con-
tribute to creating a more sustainable and efficient global energy sector.

Modular construction

Modular construction, based on prefabricated modules, is gaining increasing pop-
ularity as an efficient and sustainable solution in the construction industry. Thanks to
the use of prefabrication technology, it is possible to quickly erect buildings while
minimizing construction waste and energy consumption. Prefabricated modules are
often designed to integrate renewable energy sources and energy-saving systems, such
as photovoltaic panels, heat recovery ventilation systems, and advanced thermal insu-
lation systems (Romero Quidel et al., 2023).

One of the pioneers in modular construction is the company Katerra, which utilizes
advanced energy-efficient technologies and renewable energy sources in its projects.
Katerra creates prefabricated passive houses that feature exceptionally low energy re-
quirements due to the use of innovative insulation materials and advanced energy man-
agement systems. These buildings are designed to minimize heat loss, resulting in sig-
nificantly lower energy consumption for heating and cooling (Agha et al., 2021).

In Europe, companies like Scandic Modular are developing similar projects, com-
bining modern technologies with innovations in building materials. Their passive
houses are designed to minimize environmental impact while providing high living
comfort for residents. By integrating renewable energy sources and efficient energy
management systems, these projects support sustainable development and represent
the future of modern energy-efficient construction (Zukowski, 2022).

The examples presented above demonstrate that integrating innovative technolo-
gies in construction not only transforms the industry but also contributes to more effi-
cient energy management, reduced operational costs, and decreased CO, emissions.

Integration of technological innovations

The integration of technological innovations in the construction sector is a crucial
step towards achieving sustainability and energy efficiency. This process goes beyond
simply implementing modern technologies, encompassing their harmonious integra-
tion with existing building and management systems. In practice, effective integration
of technological innovations requires a complex approach that considers various as-
pects of a building's operation as well as its impact on the environment and its users.
To address this, based on literature analysis and existing solutions in sustainable con-
struction and technological innovations, the authors have proposed an original model
for integrating technological innovations with renewable energy sources in the con-
struction industry, which is illustrated in Figure 14.1. This model reflects a compre-
hensive process for implementing modern technologies in the construction sector,
including the use of renewable energy sources, energy management, and optimization
of building operations to enhance their energy efficiency.
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Figure 14.1. Model of integrating technological innovations with renewable
energy sources in the construction industry

Source: Own study.

The model consists of five key phases aimed at ensuring effective integration of
innovations and renewable energy sources throughout the building's lifecycle: initial
planning and analysis, design and planning of system, implementation, monitoring and
optimization, and evaluation and maintenance. Each phase addresses different aspects
of the construction process, from strategic planning and system implementation to
long-term operation and maintenance.

Initial planning and analysis

This phase begins with a detailed analysis of project requirements, where goals
related to sustainability are defined, and criteria for energy efficiency, user comfort,
and integration of renewable energy sources are established. Key to this phase is mak-
ing an informed choice of technologies, based on an analysis of available technological
innovations such as intelligent BMS systems, [oT, and energy storage systems.
An evaluation of the alignment of these technologies with project goals and their inte-
gration capabilities is also conducted.
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Design and planning of systems

In this phase, the actual design of energy systems begins, including the integration
of renewable energy sources such as photovoltaic panels, wind turbines, or solar col-
lectors, as well as planning for energy storage systems, e.g., batteries or fuel cells.
The design of automation and energy management involves implementing intelligent
building management systems that enable monitoring and optimization of energy con-
sumption, as well as integrating loT systems for monitoring and controlling building
systems.

Implementation

The third phase of the model involves the physical installation of renewable energy
systems, such as photovoltaic panels, wind turbines, and energy storage systems,
which are directly integrated with the building infrastructure. An important aspect of
this phase is also the installation of energy management systems, such as intelligent
systems BMS, and IoT technologies, which enable real-time control and optimization
of energy consumption. The implemented technologies are then configured to ensure
their maximum efficiency and compatibility with the rest of the building infrastructure.

Monitoring and optimization

After the implementation phase, the performance monitoring phase begins. Data
on energy consumption, renewable energy production, and weather conditions are col-
lected and analyzed to assess the effectiveness of the energy management systems.
System optimization is based on this data, allowing for real-time adjustments, such as
modifying BMS settings or calibrating energy storage systems.

Evaluation and maintenance

The final phase of the model is the evaluation of the installed systems' effective-
ness, which includes regular energy audits and assessment of compliance with the
established sustainability goals. Key aspects of this phase also involve maintenance
and upkeep of the technological systems, including regular technical inspections and
updates to software and hardware as needed. Such maintenance ensures the long-term
high efficiency of the building's technology and energy performance.

The proposed model for integrating technological innovations with renewable
energy sources in the construction industry serves as a comprehensive tool for effective
implementation and management of modern technologies within the sector. It ad-
dresses not only technical aspects but also environmental and economic factors, mak-
ing it a foundation for future innovations and sustainable development in the construc-
tion industry.

Discussion

The integration of technological innovations in construction is a key element in
achieving sustainable development and improving energy efficiency within the sector.
Examples such as zero-energy buildings, smart cities, and modular construction
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demonstrate that applying modern technologies and renewable energy sources is not
only feasible but also profitable and beneficial for both the environment and users.
The introduction of photovoltaic panels, intelligent energy management systems, and
solutions like BMS systems or [oT enables the maximization of energy efficiency and
the minimization of environmental impacts.

However, a major challenge remains the degree of integration of these innovations
at a global scale. While pilot projects and examples of leading buildings or cities show
the feasibility of such innovations, widespread adoption requires further investment,
the development of legal frameworks, and increased education and awareness among
developers and investors. Furthermore, the scalability and localization of these solu-
tions will require careful consideration of legal, financial, and educational barriers.
Addressing these barriers will be essential for promoting broader adoption and ensur-
ing the long-term success of such systems.

Additionally, continuous evaluation of the effectiveness of these technologies, as
well as their adaptation to local climatic and social conditions, will be crucial for their
successful implementation. The proposed model for integrating technological innova-
tions with renewable energy sources provides a foundation for this transformation,
though further research is needed to refine and adapt the model to different regional
contexts and challenges. Further investigation is also needed to explore the scalability
of proven solutions, ensuring that they can be applied to diverse geographic, economic,
and regulatory environments.

In summary, the integration of technological innovations with renewable energy
sources is essential for transforming the construction sector toward a more sustainable,
energy-efficient, and environmentally friendly approach. Continued research and the
expansion of proven solutions will be critical for achieving these goals on a global
scale.

Conclusion

In this chapter, a broad spectrum of issues related to the integration of innovative
technologies and renewable energy sources in the construction industry has been ana-
lyzed, presenting a multi-faceted approach to the topic. The initial discussions focused
on introducing the concept of sustainable development and energy efficiency, empha-
sizing that the development of green building practices and environmental certifica-
tions form the foundation of modern design and management strategies for buildings.

Subsequent chapters focused on modern technologies in the construction industry,
such as intelligent energy management systems, the Internet of Things, and advanced
monitoring and optimization tools. The focus was on how these solutions can support
both the operational efficiency of buildings and their sustainability. The benefits of
integrating these technologies were analyzed, emphasizing the need for proper plan-
ning, design, and implementation to maximize benefits and minimize risks.

The examples presented in the chapter, such as The Edge in Amsterdam, Bullitt
Center in Seattle, and Hornsea One, illustrate how innovative technologies can be
effectively integrated into buildings and infrastructure. Additionally, the discussion of
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smart cities, such as Masdar City, demonstrates the potential for larger-scale implemen-
tation of sustainable technologies that can transform the functioning of entire cities.

The proposed model for integrating technological innovations with renewable
energy sources in the construction industry presents a comprehensive approach to
implementing modern technologies in this sector. This model consists of several
key stages, starting with the initial planning and analysis phase, followed by system
design and planning, implementation, and monitoring and optimization, and ending
with regular evaluation and maintenance of technological systems. Such a structure
enables the harmonious integration of innovative solutions with existing building sys-
tems, supporting not only energy efficiency but also the long-term sustainable opera-
tion of buildings.

In summary, this article highlights the crucial role of integrating technological in-
novations and renewable energy sources in the future of construction. Modern build-
ings and cities must not only meet the increasing demands for energy efficiency but
also address the challenges associated with climate change. The proposed model,
based on real project examples and an analytical approach, indicates the significant
potential of modern technologies in shaping a sustainable future. Integrating technol-
ogy and renewable energy sources is not just a technical requirement but also a neces-
sity for buildings and cities to meet the challenges of the present and future, while
simultaneously ensuring comfort, efficiency, and ecological responsibility.
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