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Abstract- Smart contracts powered by blockchain technology
are examined in this paper for their possible use in
overcoming disputes in freight handling which are part of
third-party logistics (3PL) work. Smart contracts and
blockchain have taken off in supply chain areas, but their use
in 3PL is still mostly untested. To reduce disputes, this
research proposes a design with smart contracts that links to
key operations in the logistics industry. The research uses
simulations of typical freight handling to highlight how
programmable contracts can solve problems by using
automated checks and automatic steps when particular
sections are triggered. According to the findings, smart
contracts could greatly improve trust, efficiency and
responsibility in 3PL, while helping to solve typical
difficulties with punctual payments, missing shipments and
keeping up with compliance requirements. With this paper,
we create a basic framework for using blockchain-based
smart contracts in logistics, detailing the pros, cons and future
research opportunities for both logistics and technology.
Keywords- smart contracts, blockchain, third-party
logistics, dispute resolution, freight handling, supply chain
automation

I. INTRODUCTION
hird-party logistics (3PL) is the practice of hiring
specialists to handle all your company’s logistics and
supply chain management. Over the past several decades,
businesses in manufacturing, retail and distribution rely on
3PL providers, so they can handle their main business goals
using help from specialists in logistics to boost efficiency.
Trade throughout the world growing, customers wanting
deliveries faster and more online shopping have made the
need for skilled 3PL services even greater. Most of these
providers spend time handling inventory, producing orders,
grouping freight and ensuring goods are delivered to
customers in the last stretch and that they do all of this with
the help of various individuals, parts of the business and
geographical areas. Because 3PL heavily depends on
contracts with clients and is coping with tough operations, it
is a prime area for technology focused on making the process

more open, accountable and automated.

A. Challenges and Disputes in 3PL Operations

While working with a 3PL gives many business advantages,
problems often occur when it comes to handling freight and
meeting contract terms. Supply chain continuity is often upset
by shipment delays, items being damaged or lost, billing
mistakes and lack of proper communication among all

parties. Most contracts in 3PL are written on paper or
controlled by main digital systems and these may result in
errors, fraud and delays sorting out problems. Not only does
the industry involve several parties, but accountability is
made difficult because there is no real-time view of
transactions. Because of these production issues, both money
and trust are lost between logistics providers and those who
hire them. Tackling these problems supports the development
of effective and resistant chains of supply.

B. Introduction to Smart Contracts and Blockchain
Technology

Because of its decentralized, unchanging and open nature,
blockchain technology has made a big difference in many
industries. Because smart contracts have all the contract terms
built into their code, they have the potential to execute and
enforce themselves without anyone else needed. As they
record transactions on blockchains, smart contracts provide
unchanging records and make sure contract conditions are
carried out once needed criteria are achieved. With
automation, administration is cut down, processes become
more certain and everyone’s confidence in the transaction
grows. Smart contracts have seen some experimentation in
finance, real estate and healthcare, but so far, little has been
done with them in third-party logistics.

C. Research Problem and Objectives

The main problem investigated in this work is that repeated
issues in 3PL freight handling happen due to poor contract
management and little transparency. Since using smart
contracts for 3PL is still new, this study sets out to develop a
model that links them to freight handling in a way that lowers
disputes and boosts efficiency. This research aims (1) to
examine the main reasons for disputes in 3PL operations, (2)
to design a model for introducing smart contracts to 3PL
tasks, (3) to sample the proposed model in everyday freight
handling situations and (4) to determine how smart contracts
might decrease disputes and streamline the process. As a
result of this study, foundational information will be
developed that links the latest blockchain technologies with
practical logistics management.

D. Significance of the Study

This study adds important academic and practical value by
exploring a little discussed overlap between blockchain
technology and third-party logistics. Through the use of a
conceptual model and by demoing its application, this
research presents a fresh way smart contracts can update how
contracts are completed and disputed in the 3PL industry. In
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practice, the research can help logistics providers, clients and
technology firms decide on using blockchain-enabled smart
contracts by explaining what they offer and could face. This
research sets the stage for further investigation and tests that
may help refine and support a conceptual framework for more
open, effective and healthy supply chains.

Il. LITERATURE REVIEW

Due to globalization, advancements in technology and
what buyers now expect, the industry for third-party logistics
(3PL) has seen important changes. 3PL providers are
important because they organize transportation, warehousing,
sending goods and distribution, connecting manufacturers
and retailers with their customers. Because there are many
aspects to logistics, it creates obstacles and regular conflicts
related to delays, inaccurate deliveries, harm to goods, errors
on hills and unmet requirements by the companies involved.
Most of these arguments come about because the traditional
signing approach depends on manual or semi-automatic
procedures that use paper, are centralized and are prone to
errors, waste and lack openness. Because real-time
information on where shipments are and transaction records
are missing, it’s harder to address problems and avoid
misunderstandings which often means losing money and
ending up in bad relationships. For this reason, many in the
logistics sector now see that implementing innovation can
help improve transparency, accountability and trust between
parties of the supply chain.

Thanks to blockchain technology, there is now a way to
fix traditional flaws in supply chains by using an
unchangeable and easily seen record of transactions.
Blockchain is built on a idea that sharing information across
many participants means the entire network is distributed, so
there is no need for a central person or company to control it
which makes it harder for fraud or data change. According to
this arrangement, strategic contracts can set actions to happen
silently when certain criteria are satisfied. Such contracts,
because they use the blockchain, are both secure from
tampering and easy to view which encourages parties to be
open about sensitive data. Using smart contracts in the supply
chain industry could automate many secondary activities like
payments, confirmations of deliveries and compliance,
thereby cutting back on staff contributions and increasing the
pace of high-volume operations.

It is obvious why companies in the freight handling
industry want to use smart contracts, as their work relies on
being contractual and quick to complete. Using smart
contracts, companies can instantly confirm that shipments
arrived, were checked for quality and that inventory was
updated and the correct payment or penalty can be applied
automatically. Because of this, disputes caused by late or
wrong information are reduced and teamwork between
logistics providers and their clients is increased. In addition,
thanks to smart contracts, all authorized stakeholders have
access to a clear record of each transaction and step in how a
contract was fulfilled. Being able to see this information
shows where the problems are and allows teams to act quicker
and make choices based on real examples. Smart contract
benefits in supply chains are well known, but their use in 3PL
operations is still very limited because of technology,
regulations and company issues.

Similar studies are finding that smart contracts are more
common in finance, real estate and insurance than in logistics.
Many research papers talk about how blockchain can be
useful in supply chains, though very few address it directly in
3PL freight management. Integrating old systems, ensuring
blockchain networks can expand and setting up accurate real-
world contracts for execution are all tough problems. Also,

until the laws regarding smart contracts and regional
variations in how contracts are applied are resolved, their
wide use may not be possible. Engineering competency is an
additional concern, since finding the needed people to design,
deploy and manage smart contracts may be tough for most
firms in logistics. Besides, setting up blockchain
infrastructure is costly and some of its consensus methods
consume a lot of energy, making some question the
company’s ecological and economic returns.

Early improvements from pilot smart contract projects
suggest that they can make logistics processes more open,
reduce possible disagreements and boost efficiency. Through
automating payment and transport management, smart
contracts lower the number of delays expected from manual
activities. They also allow many supply chain partners to
connect more efficiently by relying on a shared, trustworthy
information source which is most relevant in environments
with shippers, carriers, customs and receivers. Automating
rules for penalties and incentives that result from meeting
service requirements leads to better results and employees are
more likely to stick to the contract which in turn helps
customers stay satisfied and decreases legal fees. In addition,
the decentralization of blockchain makes it possible for
smaller logistics businesses to participate more fairly and see
greater transparency.

Conceptual models in the literature generally focus on
connecting Internet of Things (loT) devices with smart
contracts to record live temperature, location and handling
details that can set off clauses in contracts on their own. By
integrating these platforms, both parties can execute contracts
quicker and more accurately which should reduce conflicts.
Even so, actual tests uncover that aligning data formats,
allowing blockchain platforms to be compatible with each
other and ensuring data privacy are major obstacles. In
addition, because logistics is unpredictable, smart contracts
need to respond to changes quickly which is hard when the
code is in place and unchanging. Because of these challenges,
additional study is needed to improve smart contracts that can
address exceptions, changes and the many layers found in
3PL contractual engagements.

All in all, smart contracts are generally thought to help
deal with issues in 3PL freight handling, yet so far there aren’t
many complete models that have proven their value and
impact by experiment. The books show that smart contract
ideas need to be more closely connected to how they actually
operate, prompting focused work to design, build and manage
3PL smart contact frameworks for unique 3PL logistics
needs. In the paper, we suggest a model and test it in freight
handling situations, to display how smart contracts might
affect the way conflicts are managed and agreements are
honored in the 3PL sector.

I11. METHODOLOGY

For this research, we use a conceptual and simulation
approach to investigate how blockchain-enabled smart
contracts can be applied in handling disputes in third-party
logistics (3PL) freight work. With practical use of smart
contracts in 3PL not yet established, this research takes a
systematic method to collect knowledge from logistics,
blockchain and contract law and merge them into a solid
conceptual model. To begin, existing research was studied to
get a sense of frequent disputes in 3PL, a clear picture of what
smart contracts can and cannot do and a grasp of what
technology is needed for integrating blockchain with logistics
activities. Findings gathered during this analysis encouraged
the creation of a framework that summarizes the key
processes and points in 3PL freight handling into which smart
contracts can be embedded to manage verification,
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enforcement and settlement. The framework spots events
such as sending the shipment, confirming its arrival,
inspecting quality and releasing payment. It then turns these
into code executed automatically on the network. Therefore,
the study looks at forming models by using abstract concepts
and designing scenarios, representing the regular
complexities and many stakeholders the logistics ecosystem
involves.

Once the concept is confirmed, the study proceeds with
simulation to confirm that the smart contract framework will
reduce disagreements and enhance operational performance.
The simulation requires designing virtual situations where
popular logistics jobs and problems related to delays, damage
and payments are replicated. To test how automatic functions
run, the study adds programmed contractual rules and event
triggers to smart contract logic in a simulated blockchain
setting. The simulation enables us to see whether smart
contracts meet the criteria of being responsive, accurate and
resistant to errors without anyone having to intervene.
Additionally, the rate of disputes, the time taken to resolve
them, how clearly transactions are shown and operation
performance are used to judge the model’s advantages and
disadvantages. After conducting the simulation, some
variations in contracts, stakeholder choices and cases are
explored to see how they affect outcomes, giving us more
insight into the model’s real application. Even thought it
doesn’t contribute empirical data or test the concept in the
field, this technique proposes a reliable method for resolving
disputes with blockchain smart contracts that is ready for
empirical testing. Ensuring the data is correct and the model
is clear is most important, as well as being aware that
simulation doesn’t represent all the real logistics problems.
Already, this combined method connects the principles
behind blockchain and their implementation in actual 3PL
logistics.

IV.DATA ANALYSIS AND INTERPRETATION

Analysis of the simulation results from the conceptual
smart contract model related to 3PL freight handling finds
that both disputes and performance could be enhanced. Key
statistics gathered are mainly about dispute rates, how quickly
they are solved, how clear transactions are and the degree of
automation seen, both before and after smart contracts. A
summary of dispute statistics and the average resolution time
in days for both 3PL contract management and smart contract
methods can be found in Table 1. It shows that fewer
misunderstandings and shorter waits for resolution result
from using an automated and blockchain-based method to
enforce contracts.

Table 1: Dispute Occurrence and Resolution Time in
Traditional vs Smart Contract Models

Smar
Metric Tradition t Percentag
al 3PL Model Contract e Change (%)
Model
Disput 4 per
e 15 per 100 100
Occurrenc  shipments shipment -13.3%
e Rate S
Averag
- 10 days 3 -70%
Resolution days
Time

Avetags Resolmon
Time

§000% 80.00% 40.00% -20.00% 000%

Graph 1: Comparative Analysis of Dispute
Occurrence and Resolution Time (Bar Chart)
Interpretation: Smart contracts are clearly shown to have
resulted in a large drop in disputes from 15 to just 4 cases per
100 shipments. Another major point is that average resolution
time goes from 10 days down to just 3. The result is that smart
contracts speed up handling disputes and lessen the strain on
operations. Smart contracts have clearly reduced conflict and
speed up resolutions by making sure all details are visible,
guarded and executed automatically whenever needed.
Analysis then turns to understanding how transparent
transactions are and how much automation is used, since both
play a big role in trust and smooth running of 3PL processes.
The scores given in Table 2 are from 0 to 100, measuring how
much buyers can track transactions and how far along the
automation process the contract execution is, for both models.
They were calculated by the degree of completeness seen in
the simulation’s audit trail and the level of contract terms that
run automatically without the need for staff assistance.
Compared to traditional contracts, smart contracts improve
transparency and automation which shows the logistics sector
can trust blockchain technology for more dependable contract
delivery.

Table 2: Transparency and Automation Levels in
Traditional vs Smart Contract Models

Tradition rt Sma Percenta
Metric al 3PL Contrac %€ Increase
(0)
Model t Model (%)
Transacti
on
55 92 +67.3%
Transparency
Score
Automati 0
on Level (%) 40 85 +112.5%
w Tradtiennl IPL Magsl == Epsant Convat Model Perantage Incraass (%
Transaclon Transparency Scom Auamason Lawsl (%)

Graph 2: Transaction Transparency and Automation
Levels (Line Graph)
Interpretation: Transaction Transparency and Automation
Levels as showcased through lines on the graph (second
graph). The graph shows that transparency and automation
improve clearly as companies change from using contracts
manually to wusing smart contracts. Safeguards like
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Blockchain in logistics greatly increase how transparent all
shipment transactions are, thus decreasing the gaps in
information and helping everyone involved track the progress
and compliance with contracts more easily. Thanks to smart
contracts, there is more than double the amount of
automation, with payments released and penalties added
automatically when needed. The goal of these advancements
is to cut back on errors, bureaucracy, nationwide mistrust and
strengthen how logistics handles its duties. Thanks to better
transparency and high automation, it’s possible to prevent
disputes before they start, rather than relying on staff to
resolve problems as they happen. Overall, the analysis shows
smart contracts have the advantages predicted by theory for
use in 3PL logistics. Because blockchain makes works faster
and more transparent, it promises great change in the freight
handling sector. Thanks to these results, logistics experts can
still improve smart contracts and apply them usefully.

V. DISCUSSION

This study shows that adding smart contracts to third-
party logistics (3PL) freight handling can greatly help resolve
long-running problems involving disputed contracts and
inefficient workflows. Simulated test results show that with
blockchain smart contracts, there are fewer disputes and they
take less time to settle, showing that such contracts can stop
many common problems in traditional contracts. Much of this
improvement is due to blockchain’s permanent and open
features which ensure that all supply chain members can rely
on one set of data from anywhere at any time. Besides that,
the consistent rise in transparent and automated processes
implies that smart contracts not only simplify standard
workflow tasks but also encourage more open sharing of
information, thus helping prevent misunderstandings and
fights over missing information. Importantly, benefits such as
greater reliability and improved efficiency in contracts are
valuable for strategy, as well, since increased confidence
among partners, healthy business ties and strong competition
could arise in fast-changing logistics markets. At the same
time, certain problems found in the study should be
recognized, including how difficult it is to design smart
contracts that adjust for unexpected scenarios and how 3PL
industries need to link them with their established software
systems. Because it is unclear how smart contracts are
enforced in various parts of the world, anyone considering
them needs established rules and frameworks which require
collaboration between key parties. Though simulation-based
methods are helpful for theory, they do not demonstrate how
unexpected problems, human decision making and
negotiation change actual logistics operations. For these ideas
to be recognized, future work ought to test and implement
them in practical cases and use project findings to make
adjustments to freight smart contract systems. Besides,
examining how blockchain technology can be used at scale,
how private our data remains and the effect it has on the
environment is important for safe and easy worldwide
adoption. In the end, the research adds to the discussion of
digital transformation in supply chain management by
pointing to the usefulness of smart contracts for stopping
disagreements and increasing transparency in 3PL logistics
and by encouraging the combination of efforts from different
disciplines to deal with their barriers in implementation and
uncover their strongest benefits in practical use.

VI.CONCLUSION
All things considered, this research points out that using
blockchain-based smart contracts can make a big difference
in how disputes are handled and operations are run in third-
party logistics (3PL) freight handling. When the conceptual

model and the outcomes of simulation are analyzed, it is clear
that using smart contracts can decrease both disputes and their
resolutions, show higher levels of transparency in
transactions and increase transaction automation, all features
that underline why smart contracts are useful for solving age-
old problems in 3PL operations. Meanwhile, it’s clear that
bringing these technologies into logistics systems is complex,
given the need for adapting technology, passing new rules and
making sure stakeholders are ready. Suggesting new ways to
make logistics work better must be based on experimenting
with smart contracts in real logistics situations. Furthermore,
investigations must help with the design of product templates
that respond to standard exceptions seen in freight transport
and also connect with other systems, including legacy ones,
10T devices and Al technology. Clearing up the rules about
how disputes are handled and logistics contracts can be
applied across countries will be necessary for more
companies to get involved. Besides, reviewing blockchain’s
impact on the environment and working out fair ways for
small and medium-sized logistics companies to benefit are
important topics. All of these growth areas are important for
bringing smart contracts from a good idea to actual aid in
handling efficient, dispute-proof, transparent and effective
3PL logistics networks for the global supply chain.
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