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Purpose: The objective of the conducted research is to respond to the investigative question
related to delineating potential areas of 3PL (third-party logistics) activities that could be
supported by quantum computing.

Design/methodology/approach: This study focuses on the exploration and analysis of
literature, utilizing both the SCOPUS database and Google Scholar, to identify potential
application areas of quantum computers in the 3PL sector. The literature review is based on
a systematic approach that includes defining the aim, selecting, and critically assessing existing
materials, with particular focus on digitalization, security of information flow, external
transport planning, warehousing, and VAS (Value-Added Services).

Findings: The analysis has demonstrated that quantum computers hold the potential to
significantly influence 3PL businesses, contributing to innovation and enhancing operational
efficiency. Specifically, this technology can revolutionize aspects such as supply chain
optimization, data security, warehouse management, and the creation of added value through
advanced analytics and personalized services.

Research limitations: The study encountered constraints related to access to comprehensive
databases, which may have influenced the thoroughness of the literature review. Furthermore,
the scarcity of literature focusing directly on the application of quantum computers within the
3PL context indicates a need for additional, more in-depth empirical research in this field.
Value of the paper: This paper holds both theoretical and practical value, indicating potential
innovations and competitive advantages that can be achieved in the 3PL sector through the
application of quantum computers. The paper highlights not only opportunities but also
challenges and possible directions for future research, providing a foundation for upcoming
research initiatives that may contribute to the development and transformation of operational
standards in third-party logistics. This article can inspire future research in the area of using
quantum computers in external logistics activities.
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1. Introduction

A quantum computer is a device designed to utilize the principles of quantum mechanics
for computing (Chertkov et al., 2023). Quantum mechanics is fundamental to modern physics
and chemistry, accounting for phenomena such as atomic structure, semiconductor properties,
and interactions between elementary particles. Although its predictions are incredibly accurate
and have been validated through many experiments, the very nature of quantum mechanics and
its interpretation remain subjects of debate and scientific investigation. Quantum computers are
considered a relative novelty in the business world. This is another prime example of science
ahead of its time, as attempts to scientifically describe the functioning of quantum computers
were made before the year 2000 by researchers like Chuang and Yamamoto (1995),
who proposed a simple quantum computer in their work, or Jones et al. (1998), who discussed
implementing algorithms on such computers. Authors like Zalka (1998), Boghosian and Taylor
(1998), and Somaroo et al. (1999) simulated quantum systems and quantum mechanics in action
in such computers. Researchers are currently identifying various advantages and disadvantages
in the functioning of these computers. When it comes to features that distinguish such
equipment from contemporary computers, speed and superiority in creating simulations are
often cited (Sarkar et al., 2022; Tan et al., 2022; Huang et al., 2022). Quantum computers have
the potential to solve certain problems much faster than traditional computers. An example is
the factorization of large numbers, which is crucial in cryptography. Additionally, quantum
computers allow for more precise simulations of quantum systems, which is challenging for
traditional computers.

Despite the many benefits of quantum computers, researchers often point out their flaws,
which could pose challenges and problems in their future potential commercial application.
Scholars like Rahaman and Islam (2015) and Zhao (2023) highlight the potential fragility,
difficulty in construction, and limited application of such computers. Quantum computers are
very sensitive to external disturbances and must operate in a sealed environment where a very
low temperature is required. The construction and programming of quantum computers are very
complex, and not every problem will be solvable on this type of computer. Authors often focus
on identifying and searching for new areas where quantum computers would be applicable.
Among the most frequently mentioned are cryptography (Zhao, 2023), i.e., encryption and
decryption of information; drug discovery (Batra et al., 2021), i.e., simulating chemical particles
at the quantum level; optimization (Zhu et al., 2022), i.e., solving complex optimization
problems; and physical simulations (Al-Mohammed et al., 2020), i.e., studying the behavior of
particles and materials at the quantum level. Researchers like Jaeger (2007); Gyongyosi and
Imre (2019), and Kavokin et al. (2022) emphasize elements that give a quantum computer
an advantage over a traditional, classical computer. The main advantage of a quantum computer
is its ability to store and process vast amounts of information simultaneously thanks to
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something called "quantum superposition™. In short, while a traditional computer uses bits
(0 or 1) to store information, a quantum computer uses qubits, which can exist simultaneously
in both states. This allows quantum computers to solve certain tasks in ways traditional
computers cannot achieve.

Researchers are already pointing out various problems that may arise in the perspective of
implementing quantum computers on a larger scale and note that it may not always be
profitable. Quantum computers are potentially revolutionary computing devices, but there are
certain areas where they currently have no application or are not economical to use. Such issues
have already been discussed by Rahaman and Islam (2015); Marella and Parisa (2020);
Liu (2021), and Zaidi and Sushma (2022). For simple, small-scale calculations, like using
a basic calculator or browsing web pages, quantum computers are decidedly too complicated
and expensive compared to traditional computers. Typical office tasks, such as text editing,
creating spreadsheets, or email handling, do not require the computing power of quantum
computers and are successfully managed by standard computers. For video games, multimedia,
and other consumer applications, there is currently no need for quantum computers because
traditional computers are sufficiently efficient. If data processing is limited and there is no need
for complex, large-scale computations, quantum computers may be overly sophisticated and
expensive. For the average user, there is currently no practical need to use quantum computers
for user-level cryptography. Traditional cryptography methods are secure enough for most
applications.

The current state of knowledge in the field of 3PL (third-party logistics) indicates a growing
interest in the use of new technologies such as artificial intelligence, the Internet of Things
(1oT), and big data analytics. However, the scientific literature still treats the application of
quantum computers in this sector to a limited extent. Quantum computers, thanks to their unique
properties, can offer significant improvements in areas such as route optimization, inventory
management, demand forecasting, and data security. In the era of rapid technological progress,
the development and application of quantum computers is becoming one of the key topics in
many fields, including 3PL logistics. This study focuses on exploring the potential and
challenges associated with the implementation of quantum technologies in the 3PL logistics
sector, which is an integral part of the global supply chain. This state of affairs has necessitated
posing and considering the following research question:

RQ.1: Are there potential areas of application for quantum computers in the business
practices of third-party logistics (3PL) companies operating in supply chains?

Answering the research question will allow for achieving the main goal of the article, which
is to find areas of 3PL activity that could be supported by quantum computers. In the first stage,
the author will begin searching for an answer to the posed question by constructing a procedure
to conduct an analysis of the subject literature.
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2. Literature review

3PL enterprises

A logistics operator is typically characterized as a service provider contracted to optimize
asset utilization and enhance operational processes (Skowron-Grabowska, 2007).
These operators, acting on behalf of manufacturers or large retailers, offer various logistics
services (Guminski, Dohn, 2017). When selecting a logistics operator, considerations like task
time, overall process duration, need for technical and human resources, and process method and
cost are crucial (Kramarz, Slupina, 2013). Modern market competition among operators focuses
on more than just the lowest price; it involves ensuring supply chain visibility, reliability,
and a proactive approach to innovation (Cichosz et al., 2017). The logistics services industry is
trending towards more comprehensive service offerings, encapsulated in contract logistics or
bundled services (Saniuk et al., 2011). This trend includes fundamental services like transport
and forwarding, with various additional activities (Witkowsk, Kiba-Janiak, 2014). Companies
are moving away from single-service contracts towards providers offering multiple services.
Thus, logistics operators can gain a competitive edge not only through logistics services but
also through supplementary services, possibly including product demand forecasting.
They are increasingly influential in shaping entire distribution networks and seen as potential
leaders in supply chains (Kawa et al., 2018). Their roles may encompass managing
transportation, distribution, customer service, warehousing, continuous improvement,
and reconfiguring distribution networks and supply chains to align with customer needs
(Antonowicz, 2011).

In contract logistics, 3PL operators are central (Slusarczyk et al., 2020). 3PLs are external
entities providing various logistics functions (Marasco, 2008), commonly including third-party
transportation, freight contract negotiation and conclusion, warehousing, and freight
consolidation. Some logistics operators expand their offerings to include additional services
like product assembly and installation. The primary objective of 3PLs is to deliver logistics
services. The theory of third-party logistics originates from its position as an intermediary
between the product's producer/supplier and the recipient (Thakkar et al., 2005). 3PL companies
play a significant role in contemporary markets and distribution networks, shaping modern
distribution networks and undertaking increasingly complex functions. These functions often
extend beyond logistics to gain competitive advantage and provide customers with the basis for
co-creating flexible and dynamic market systems through reliable distribution networks.
Market trends and academic research indicate the growing importance of 3PL in managing
material and information flows within distribution networks.

Technological advancements have reshaped the logistics sector significantly. Digitalization
and automation have altered the methods and operations of 3PL. They play a crucial role in
supply chains, offering a wide range of services including transportation, warehousing,
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inventory management, packaging, and information management. They serve as vital links
between shippers and carriers, improving supply chain efficiency with additional services such
as order fulfillment, consolidation, and customs clearance (Mangan, Lalwani, 2016; Ajakaive,
2012; Griffis et al., 2007; Herold et al., 2021). This paper highlights LSPs as crucial third-party
logistics entities, focusing on how Value Added Services (VAS) impact their customer base.
3PLs have embraced digitalization, using it to enhance their operations, increase efficiency,
and provide better client experiences. The adoption of digital technology and data analytics
allows them to present more effective solutions. For example, automating tasks like order
processing and inventory management improves operational precision and speed, leading to
cost savings and enhanced efficiency. Automation also reduces human errors and frees up
resources for more strategic tasks. As key players in various sectors, LSPs are fundamental to
the global supply chain. They have incorporated digital advancements to improve efficiency
and customer service. A significant shift is the digitization of information along with the
integration of sophisticated software, improving shipment tracking, inventory control,
and facilitating real-time data sharing, thereby increasing visibility and transparency in supply
chains. Additionally, data analytics and predictive models enable LSPs to make more informed
choices, optimizing routes and refining operations to improve service quality and cost
effectiveness (Sanchez-Rodrigues, Kumar, 2019). The rapid growth of e-commerce and the
increasing demand for prompt, reliable delivery have spurred innovation, especially in last-mile
logistics. Technologies like route optimization software, mobile apps, and real-time tracking
have become essential for 3PLs, enhancing delivery methods and providing clients with up-to-
date information. The logistics industry is also adopting emerging technologies such as the
Internet of Things (10T), blockchain, and artificial intelligence (Al), revolutionizing the supply
chain with improved visibility, traceability, and automation. Technology is a critical element in
the ongoing evolution of the logistics sector, and 3PLs are leveraging this digital shift to refine
their operations, enhance customer service, and remain competitive in the ever-changing global
supply chain landscape.

Logistics and supply chains in the quantum era

For the constructed query, 118 items in the SCOPUS database were extracted. The results,
after limiting only to English-language publications of the types conference paper, article, book
chapter and book, were reduced to 101 items. The largest number of publications was attributed
to computer science (69 items), while those that could be thematically related to this article,
i.e. embedded in social science, decision science or business, management and accounting
contained a total of 28 items. However, it is worth keeping in mind that the articles could have
been assigned to several scientific disciplines. In addition, due to the relatively small number
of items in the database (101 items), the author decided not to narrow down the articles by
scientific discipline. As can be inferred from figure 2, it is possible to search for individual
articles that could probably be matched to the subject matter undertaken as early as 2002.
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However, the first major increase in articles occurred in 2019, with the largest increase from

2021 to the present.
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Figure 2. Number of papers per years based on SCOPUS database.

Source: own elaboration based on SCOPUS database.

Based on the analysis of authors' keywords and keywords assigned by publishers for 101
selected items from the SCOPUS database, it can be concluded that quantum computers is most
often considered from the point of view:

Blockchain technology and network security;
Al, machine learning and IoT;
Problem solving and optimization;

Cryptography.

Based on the analysis of keywords and created relationship maps using the VOSviewer
software (figure 3), it can be seen that supply chain is also a subject in which the use of quantum
computers has begun to be seen.
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Figure 3. Relations map (key clusters as “supply chain management” or “supply chain”).

Source: own elaboration based on SCOPUS database.
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Based on the bibliometric analysis, it can be concluded that topics related to supply chains
are usually addressed with topics related to blockchain, network security, cryptography,
transportation and vehicle routing problem, quantum algorithms, problem solving, optimization
and Al & ML. In what follows, the detected areas were used as a baseline, and from the
previously mentioned 101 items, items were manually selected that represent subject matter
that will achieve the review objective set in the article. The collected results are presented in
Table 1.

Table 1.
Main areas of quantum computers in logistics and supply chains

Main areas of quantum computer usage in the context of
logistics or supply chains
22 | %5 Z
c| 3% | §Ec|ee| B & <
Papers g__(: § §) g § §| 3£ 2 E &
2| ¥2 | 828 |85| 2| €| 2
2 °S> | 225 |32 £ | &
@ = ST S 3 | O 3
z® | £ <
Bednar, Drager (2007) X X
Masum et al. (2022) X
Rad (2021); Jain, Lamba (2023); Banupriya X
etal. (2021); Li et al. (2023)
Ebert (2016); Mohanty et al. (2019); Hamdy
et al. (2022); Correll et al. (2023); Kjamilji X
etal. (2021)
Slane (2019) X X X
Rana et al. (2022); Ajagekar et al. (2020) X
Cheung et al. (2021); Moskyin (2022) X
Brandmeier et al. (2021); Xu, Gao (2009);
Date et al. (2019); De Andoin et al. (2022); X
Zaman et al. (2023)
Bogdanov et al. (2019) X
Longo et al. (2022) X X
Yarkoni et al. (2021); Polikarpov et al. (2021);
Lo, Shih (2021); Engel et al. (2022); Osaba
et al. (2022); Hulianytskyi et al. (2022); "
Bentley et al. (2022); Dixit et al. (2023);
Alsaiyari, Felemban (2023); Qu (2023); Azad
et al. (2022)

Source: Own elaboration.

In addition to the main areas of use of quantum computers in logistics and supply chains
listed in Table 1, the author, based on a review of the literature items, also identified other areas
that were not included in the initial phase because they were not visible on the automatically
created relationship map. These areas are:

e Improving resilience and planning under uncertainty in supply chains (Abdelgaber,

Nikolopoulos, 2021; Garcia Garcia, Galan Jativa, 2023);

e Supply chain finance (Griffin, Sampat, 2021);

o Efficient applications for logistics (Humble, 2018);
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e Use within Industry 4.0 solutions (Agarwal, Alam, 2022), including specifically 10T
enhancements (Kjamilji et al., 2021; Hu et al., 2021; Satamraju, Malarkodi, 2021);

e Combining quantum computing capabilities with RFID (Assidi et al., 2018; Zhu et al.,
2018; Lu, Li, 2021);

e Delivery plan optimization (Masuda et al., 2023) and transportation network design
(Dixit, Niu, 2023).

Quantum computing is considered by some authors to be a futuristic technology that can be
used for supply chain management (Nagaiah, 2022). Authors such as Sotelo (2021) indicate
that quantum computing could have many advantages in logistics, and at least Jiang et al. (2022)
confirm the thesis cited earlier that the technology could be useful in supply chain management.
The technology itself is relatively new, but some of the authors argue that it will have a very
large impact on logistics (Gupta, Sharma, 2023). Of course, questions of empirical verification
of the cost-effectiveness of implementing such solutions remain unresolved, but theory has
already shaped certain elements of the operation of supply chains, or logistics flows, in which
quantum computers may have a particular application.

According to the literature, quantum computers offer new capabilities in secure
computation, trusted data storage, and efficient applications (Humble, 2018). The issue related
to the possibility of providing advanced applications for logistics is also addressed by Verduro
et al. (2021). In turn, Bednar and Drager (2007) emphasize the capability for rapid image
processing, rapid optimization of logistics, protecting information, secure distributed
simulation, and massively parallel computation. A significant role quantum computers can play
in cyber security. For example, Abdelgaber and Nikolopoulos (2021) stress that such
technology can increase the resilience of supply chains, and Cheung et al. (2021) emphasize
the special role of quantum computers in cyber security. Algorithms based on so-called
Quantum Machine Learning (QML) (Masum et al., 2022), technologies related to Al and
blockchain (Slane, 2019), or blockchain and cryptography (Longo et al., 2022), where
cryptography itself has been analyzed, for example, in terms of the security of transport
document flows by Moskvin (2022), could be of great importance in the field of cyber security.

The combination of blockchain technology with quantum computing is the subject of many
works such as Rad (2021); Jain and Lamba (2023); Banupriya et al. (2021), who analyzed the
combination of these technologies in supply chains, or in the work of Li et al. (2023). Who have
been discussing the topic of using the two technologies using the specific example of a cold-
chain logistics system.

Another area of potential application of quantum computers in logistics is related to the
support of technologies used in Industry 4.0 (Agarwal, Alam, 2022). In this regard, the most
commonly mentioned here is support of ML algorithms (Ebert, 2016; Mohanty et al., 2019)
including support of ML algorithms to support operations in the seaport of transshipment
(Hamdy et al., 2022), there is even sometimes talk of quantum machine learning (QML)
(Masum et al., 2022) or quantum neural networks (Correll et al., 2023) as the next level of
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sophistication of these solutions. Additionally, quantum computers are very often mentioned in
general terms as tools to support Al (Ebert, 2016; Mohanty et al., 2019). Among the solutions
specific to Industry 4.0 that can be supported by quantum computers, 10T (Kjamilji et al., 2021;
Huetal., 2021; Satamraju, Malarkodi, 2021) or the robotization of logistics processes in general
(Ebert, 2016) or the Combination of quantum computing capabilities with RFID (Assidi et al.,
2018; Zhu et al., 2018; Lu, Li, 2021) are also mentioned very often.

Some authors also address the topic of finance in supply chains, which could be supported
and streamlined by quantum computing technologies (Griffin, Sampat, 2021) however, a much
more frequently mentioned area is support for optimization of operations (Ajagekar et al.,
2020), so as to facilitate at least planning supply chain operations under high uncertainty
(Garcia Garcia, Galan Jativa, 2023). As for optimization, some authors point out that quantum
computers could improve simulation models and analysis (Bogdanov et al., 2019),
but the largest percentage of papers are devoted to using quantum computers for transportation
and distribution issues. Such issues include:

¢ Solving the shimpent rerouting problem (Yarkoni et al., 2021);

e Transport optimization (Polikarpov et al., 2021; Rana et al., 2022);

e Routing problem (Engel et al., 2022; Osaba et al., 2022; Hulianytskyi et al., 2022;

Bentley et al., 2022; Dixit et al., 2023; Alsaiyari, Felemban, 2023; Qu, 2023; Azad
etal., 2022);

e Pollution routing problem in sustainable logistics and supply chains (Lo, Shih, 2021);

e Delivery plan optimization (Masuda et al., 2023);

e Transportation network design problem (Dixit, Niu, 2023) or designing logistics

network (Ding et al., 2019).

An interesting question of the future operation of quantum computers is that of algorithms,
the foundations of which have often been laid for their future implementation on this type of
hardware. The literature points to several algorithms that could have applications in supply
chains and logistics. Xu and Gao (2009) show the concept of real-coded quantum evolutionary
algorithm (RQEA) for optimization problem with the characteristics of high-dimension,
non-linear, non-convexity, a large number of local optima. Brandmeier et al. (2021), on the
other hand, point to the possibility and potential benefits that could revolutionize armed forces
logistics after using the Grover algorithm. Date et al. (2019) point to the possibility of solving
QUBO (Quadratic Uncostrained Binary Optimization) and thus generating large savings for the
logistics industry. Another issue is the Bin Packing Problem (BPP) stands out as a paradigmatic
combinatorial optimization problem in logistics which could also be solved by quantum
computing (De Andoin et al., 2022). The next one, Harrow-Hassidim-Lloyd (HHL) quantum
algorithm, which can solve linear system problems with exponential speed-up over the classical
method and is the basis of many important quantum computing algorithms (Zaman et al., 2023).
Quantum approximate optimization algorithm (QAOA), as a variational Quantum algorithm for
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approximately solving discrete combinatorial optimization problems can be deployed into the
smart logistics dilemma to improve the scalability of the system, decrease the time,
thus reducing the carbon footprint and smart manufacturing system cost. QAOA was proposed
by Azzaoui et al. (2021). All of this outlines specific areas related to business activity in supply
chains where the application of quantum computers could make sense.

However, the main element related to this article is a specific group of supply chain
companies, namely 3PL (third-party logistics) companies. The author's attention has been
devoted to these very companies for the reason that nowadays a very large percentage of
logistics services are outsourced, so in providing value to supply chain participants such
companies will take an active part. Thus, it is worthwhile to analyze the potential areas of
application of quantum computers precisely in such types of business models of 3PL
enterprises.

3. Methods

The purpose of this article is to conduct research in the context of finding an answer to the
research question related to delineating potential areas of 3PL (third-party logistics) activity
that could be supported by quantum computing.

The research is carried out based on a literature review, which enables a correct and broad
understanding of the topic from the point of view of conducting a good analysis and drawing
conclusions. One of the requirements for conducting a literature review is to properly design
the research being conducted. (Snyder, 2019). The construction phase of the literature review
was created based on the methodology presented by Czakon et al. (2022) and Klimas et al.
(2021) and is shown in Figure 1.
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Figure 1. Literature review workflow.
Source: adopted from Czakon et al. (2022) and Klimas et al. (2021).

Literature research in this article will be conducted in a similar way to the proposed phases
of a systematic literature review, which can be found as a research method. In the first step,
the purpose of the conducted literature review was defined, which is to find potential areas of
application of quantum computers to support actions in the field of logistics in supply chains
and among 3PL companies. The scope of the research is aimed not only at reviewing literature
but also at its critical assessment by the author. The next stage of literary research was related
to the selection of articles and the creation of a database for further analysis. This stage, in the
case of this article, was mainly related to the appropriate selection of keywords to create
a database of articles thematically related to the scope of research. For this purpose, the author
used a database of articles indexed in SCOPUS and arbitrarily selected articles from the Google
Scholar search engine database. The author is aware that this is a certain limitation of the review
conducted, unfortunately, it is caused by the author's access to databases. The author decided
to base the research on a database of articles to which he has free access. The data from the
review concern the range of articles available from the beginning of indexing in the SCOPUS
database until October 2023. The keywords used for searching in the database concerned the
authors' keywords, words given by journals, and phrases appearing in abstracts. Only English-
language publications were taken into account for analysis, which is also a kind of limitation.
The keywords taken into account were assigned according to the logic:
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( TITLE-ABS-KEY ( "quantum computers™ OR "quantum computing™ ) AND TITLE-ABS-
KEY ("3PL" OR "third-party logistics™ OR "logistics service provider” OR "supply chain™ OR
"logistics” OR "LSP" ) )

Thus, for the first round of analysis, articles were taken that included phrases related to
guantum computer or quantum computing and any of the phrases to identify a publication
related to logistics, 3PL or supply chains in the authors' keywords, the keywords given by the
publisher or the abstract.

The next step, bibliometric analysis, was carried out using the VOSviewer tool to
automatically create relationship maps related to the words that appear in the keywords
(in the case of this article, in the keywords assigned by the authors and those assigned by the
publishers). The map was developed using the association strength method with weights total
link strength. Clustering was performed with the following settings: resolution equal to 1 and
min. cluster size equal to 1. Discussions on whether to use automated or semi-automated tools
to perform bibliometric analysis are growing as new technologies and capabilities increase.
Opponents and critics of the method blame qualitative limitations and the frequent lack of
context for the analysis. Enthusiasts of such methods, such as Bacinger et al. (2022); Portenoy
and West (2020); Tsang and Lee (2022) and Silva et al. (2022), on the other hand, point out that
they offer time savings, efficiency, speed and the ability to visualize quickly. The final stage,
the analysis will be based on the analysis of the selected articles and their critical evaluation
and elaboration of potential applications and further research on the topics taken up.

4. Results - quantum computers in 3PL activity

In today's dynamic business environment, 3PLs are a key element in the efficient operation
of companies. With the increasing complexity and globalization of supply chains, there is
an urgent need for innovations that can revolutionize this area. One of the most promising
breakthroughs in this area is the use of quantum computers. As shown earlier in the article,
qguantum computers could have significant applications in supply chains. However, the author
is curious about what applications they may bring directly to 3PL companies, because as Giri
and Sarker (2017) and Vasiliauskas and Jakubauskas, (2007), among others, point out, logistics
service providers are extremely important to the proper functioning of modern supply chains.
Interestingly, the SCOPUS database does not show any returns for item search results that
include both the phrase "3PL" (or "third-party logistics" or "logistics service provider") and the
phrase "quantum computer” (or "quantum computing™) in the keywords or abstract.
Thus, the author has attempted to translate the currently available theory on the application of
guantum computers in supply chains and logistics and to match this theory to the operation of
3PLs. The author's conceptual proposal for supporting 3PL activities provided to service
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providers is presented in Figure 4. The author has selected several key areas related to 3PL
activities in which he believes the future impact of quantum computers can be sought.
Among the key areas of 3PL activity, the author chose to mention:

Digitization, or rather, the ability to adapt new technologies and provide services based
very much on digitization. Digitization is recognized as an important area of 3PL's
business by Zhou et al. (2023) and Hofmann and Osterwalder (2017), among others;
Information flow security, i.e., 3PLs' attention to maintaining high security of data
exchanged with contractors. Many times in supply chains, 3PLs have access to sensitive
data as part of their integration with other entities. The importance of the importance of
taking care of information security by 3PLs is emphasized by Aguezzoul (2013) and
Malkus and Wawak (2015), among others;

External transportation planning, or the planning of transportation execution activities
between links in the supply chain. Issues related to the fact that transportation planning
is usually one of the core activities of logistics operators is highlighted in Kmiecik
(2022) and Memon et al. (2014), among others;

Warehousing is also recognized as one of the most commonly provided services by
3PLs, so some quantum computing-related solutions should be sought there as well.
Warehousing as a business process particularly important in the context of 3PLs is
shown by Karagiannis et al. (2023) and Darko and Vlachos (2022), among others;

In general, also VAS services related not only to warehousing and transportation,
and other services provided at least as part of logistics service packages are of great
importance to 3PLs. Special attention to the role of VAS selection and delivery by 3PLs
is given by Jum and Basheer (2023) and Mou and Wang (2023), among others.

The author has attempted to outline what value could be delivered in specific areas of 3PL
operations through quantum computers. Figure 4 conceptually illustrates a key research
initiative, addressing the interdisciplinary intersection between advanced quantum technologies
and the third-party logistics (3PL) sector. The analysis highlights five areas where quantum
computers can have a significant impact, contributing to innovation in 3PL practices and
improving operational efficiency across the supply chain.



290 M. Kmiecik, D. Skérnog

Improving finances.
Reducing costs.
Better adjusting to Industry 4.0.

Improving simulations.

Creating the advanced I ¢ Big[Data analysis & improving Al
Digital Twins. . ML, ANN algorithms.

Lo Better applications for service

I 1 -

DIGITALIZATION | | OTHER VAS recipients.

b SERVICES

-

I 1

I 1

L

SERVICES SUPFORTED BY QUANTUM

SERVICE
RECIPIENT

INFORMATION FLOW EXTERNAL WAREHOUSING
SECURITY TRANSPORTATION
PLANNING
Improving picking problems.
Blockchain supporting. Deliveries planning. Iﬂt@fﬂa] transportation
. ; . . routing problems.
Cryptography improving. Routing problem solving. . . ..
e . Simulations and Dgital
Avoiding lealks of data Transportation network .
- Twins of warehouse.
planning.
Improving sustainability of
transport.

Figure 4. Conception of supporting 3PL actions by quantum computers.
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The use of quantum computers in simulations and the creation of advanced Digital Twins
is opening up new horizons for accurate modeling of logistics systems. Quantum computing
has already been associated with the Digital Twin by Margarita and Schieweck (2022), among
others.The ability to simulate complex scenarios in near real time can accelerate decision-
making and optimization, contributing to a more efficient and flexible supply chain. In the era
of digitization, data security is becoming a priority. The use of quantum technology to secure
blockchain transactions, improve cryptography and prevent data leaks increases the resilience
of strategic information against cyber threats. Protecting sensitive and confidential data is not
only a compliance issue, but also a competitive advantage. Quantum computers have the
potential to revolutionize aspects of logistics planning, such as optimizing deliveries, solving
complex transportation problems and advanced network planning. Jain (2021) makes it clear
that quantum computers can be used to solve traveling salesman problems. In addition,
by supporting sustainability strategies, these technologies can help minimize the carbon
footprint and optimize resource consumption in transportation. Operational efficiency in
warehousing can be significantly improved by quantum data processing. In particular, quickly
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and efficiently solving problems related to picking paths, internal logistics, as well as
implementing Digital Twins for warehouse simulation, will contribute to increased efficiency
and reduced operating costs. The quantum approach to financial analysis, cost management,
as well as to understanding and adapting to the requirements of Industry 4.0 is setting new
directions in value creation. By analyzing Big Data, optimizing Al, ANN, ML algorithms, and
creating personalized applications, 3PLs can offer more customized services. Zajac et al. (2022)
also indicate that it is possible to integrate traditional Al solutions with quantum technology
and thus create hybrid-quantum applications. Quantum computers can also be used to create
quantum neural networks for prediction (Jahin et al., 2023), where demand forecasting and
predictive activities are also often mentioned as a new VAS service in 3PL operations (Kmiecik,
2022). The conclusions of this analysis suggest that the integration of quantum technologies in
the 3PL sector will not only accelerate the evolution of operational standards, but will also cause
a disruption in traditional supply chain management models. Although the literature on the use
of quantum computers in 3PLs is still limited, the current study is an important contribution to
filling this gap, providing ground for future empirical research and theoretical discussions.
However, attention should also be paid to potential challenges, such as high upfront costs,
implementation complexity, and the need for further development of safety standards.

Further research should also consider the ethical and social implications of introducing these
advanced technologies into logistics practice. In addition, considerations should be made
related to whether data encryption with current solutions such as blockchain will not be
sufficient in the subject matter. In addition, the implementation of solutions related to cloud
computing in the long term is also of concern to the author. Quantum computing in the long
term has been considered by Ferraro and Prati (2020), among others. It is known that machine
learning algorithms mostly tend to deteriorate over time (Vela et al., 2022), so the direction of
sustainability of quantum computing-related solutions over time should also be considered.

Quantum computers, with their advanced computational capabilities, offer a paradigm shift
in how 3PL (third-party logistics) companies can address their operational challenges and
opportunities. The intersection of quantum computing and 3PL, as outlined in previous sections,
has the potential to transform the logistics industry in several significant aspects.
Quantum computers can greatly improve predictive analytics in 3PL operations. By utilizing
quantum algorithms, 3PL companies can process vast data sets more efficiently than traditional
computers, leading to more accurate demand forecasting and inventory management.
This enhanced capability is key in adapting to market fluctuations and real-time customer
demands, ensuring optimal inventory levels and reducing waste. The computational power of
quantum computers lies in their ability to quickly solve complex optimization problems.
For 3PL companies, this means the potential to design more efficient supply chain networks.
Quantum computers can analyze numerous variables and constraints to suggest optimal routes,
transportation methods, and warehouse locations. This optimization contributes to cost savings,
reduced transit times, and improved service levels. Quantum computers can also assist 3PL
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companies in achieving their sustainable development goals. Through route optimization and
load consolidation, quantum computing can help reduce fuel consumption and greenhouse gas
emissions. Additionally, it can support more efficient recycling and reuse of materials,
managing reverse logistics more effectively, and thus promoting a circular economy.
With quantum computers, 3PL service providers can offer more personalized logistics
solutions. By analyzing data and customer preferences at quantum speed, companies can tailor
their services to individual needs, improving customer satisfaction and loyalty. This approach
can extend to personalized pricing strategies, delivery options, and additional services.
Although the integration of quantum computers in 3PL is promising, it is not without
challenges. The high costs of quantum computers and the complexity of their operation require
significant investments in both financial and human capital. Moreover, the current stage of
quantum technology development still requires considerable advancements before it finds
widespread application in the logistics sector.

According to the study, the technology associated with the development of quantum
computers, based on the current state of knowledge, has a good chance of bringing real benefits
to the 3PL business. Incorporating quantum computers into 3PL activities represents
a significant leap forward in logistics innovations. As the technology matures and becomes
more accessible, significant improvements in efficiency, sustainable development, and service
personalization are expected. The future of 3PL, intertwined with quantum computing, opens
exciting prospects for transforming the logistics landscape, although the challenges and
implications of this technological merger must be carefully considered.

5. Conclusions

The research presented in this research paper indicates that quantum computers have the
potential to significantly transform the supply chain management sector, particularly in the area
of 3PL logistics. The ability to rapidly process data, optimize, secure information and innovate
in logistics planning and execution indicates that quantum computers could bring revolutionary
changes to the way 3PL companies operate. A synthetic summary of the literature analysis and
potential applications indicates that quantum computers can contribute to: intensifying the
digitization process, by fostering the adaptation of new digital technologies and services;
enhancing the security of information flows, through advanced cyber-security applications that
can protect sensitive data and logistics operations; optimizing external transportation planning,
through the ability to process and analyze large amounts of data in real time; improving
warehouse processes, through more efficient management of resources and space, and rapid
adaptation to changing market conditions; developing value-added services, through innovation



Quantum computers in third-party logistic activity... 293

and personalization of offerings, which can increase the competitiveness and efficiency of 3PL
service providers.

This work contributes to the management sciences by expanding the current understanding
of the role that quantum technologies can play in the future of logistics, particularly in the
context of 3PL companies. It also presents a research initiative that integrates advanced
technologies with the practical needs of the sector, highlighting the interdisciplinary
opportunities and potential benefits for supply chain management. Moreover, the findings
suggest that future research should focus on empirical verification of theoretical assumptions,
as well as the development of specific tools and implementation strategies. Thus, this work has
the potential to inspire further in-depth research on the application of quantum computers to
business practice, driving innovation and efficiency in global logistics. The research presented
in this scientific article indicates that quantum computers have the potential to significantly
transform the supply chain management sector, especially in the area of 3PL logistics.
The ability to quickly process data, optimize, secure information, and innovate in planning and
implementation of logistics suggests that quantum computers can bring revolutionary changes
in the way 3PL companies operate. A synthetic summary of the literature analysis and potential
applications indicates that quantum computers can contribute to: intensifying the digitization
process, by supporting the adaptation of new technologies and digital services; increasing the
security of information flows, through advanced cybersecurity applications protecting sensitive
data and logistics operations; optimizing external transport planning, thanks to the ability to
process and analyze large amounts of data in real time; improving warehouse processes, through
more efficient resource and space management and quick adaptation to changing market
conditions; developing value-added services, through innovation and personalization of the
offer, which can increase the competitiveness and efficiency of 3PL service providers.

Various new perspectives associated with the introduction of quantum computers can be
listed. Quantum computers may offer new possibilities in analyzing large data sets, allowing
3PL companies deeper insights into market trends, consumer preferences, and purchasing
behavior patterns. This will allow for better market segmentation and more effective business
strategy planning. Quantum computers can contribute to creating more sustainable logistics
models, by optimizing supply chains in terms of CO2 emissions reduction and efficient resource
use. The use of quantum computers can streamline communication and integration between
different entities in the supply chain, which is key to effective management and reduction of
delays. Quantum computers enable advanced simulations of logistics operations, which can be
used to test various scenarios and strategies before they are implemented. In summary, quantum
computers have the potential to revolutionize the 3PL logistics sector, offering new possibilities
in terms of optimization, security, personalization, and operational efficiency. However,
challenges related to costs and complexity of technology require further research and
development. Future research should focus on the empirical verification of the possibilities of
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applying quantum computers in logistical practice and on developing strategies for adapting
and implementing these technologies in real operational conditions.

The results suggest that quantum computers can significantly impact 3PL companies by
driving innovation and improving operational efficiency in various areas. However, the study
was limited by access to comprehensive databases and a lack of literature focused on the
application of quantum computers in the 3PL sector. Future research should focus on filling
these gaps by offering more detailed empirical insights into the practical implementation and
benefits of quantum technology in 3PL operations. In addition, this research can inspire future
researchers, encouraging further exploration of this promising area and the development of
innovative solutions that can revolutionize the logistics sector.
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