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Advancements in digital technologies pave the way for the re-engineering of 

legal and operational processes in international supply chains. This study evalu-

ates the potential for utilizing blockchain to decentralize enforcement of contract 

law in the context of the notoriously transactional, fragmented oversight and 

documentation-heavy textile industry. In the research, the authors develop a 

structured framework utilized by private Ethereum-based smart contracts to gov-

ern important supply chain processes such as compliance validation, payment 

authorization, goods receipt and dispute resolution. The model incorporated le-

gally relevant logic into programmable contract code, which enabled automated 

execution, real-time monitoring, as well as hermetically cryptographic traceabil-

ity of all contractual transactions. A methodology was designed with multiple 

layers of analysis including data normalization, smart contract deployment, val-

idator performance analysis and workflow resilience testing. The outcomes show 
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measurable improvements in the areas of on-boarding, contract compliance, re-

duced incidence of dispute, increased transparency and major gains in opera-

tional efficiency. Smart contracts consistently produced the same state transi-

tions deterministic, more than 99% of the time and validator nodes handled high 

throughput with very little error. These results suggest that blockchain presents 

a promising alternative for traditional contract enforcement systems while im-

proving accuracy in compliance with legal requirements and resilience of the sys-

tem.  

 

Достижения в области цифровых технологий прокладывают путь к 

реорганизации юридических и операционных процессов в международных 

цепочках поставок. В этом исследовании оценивается потенциал исполь-

зования блокчейн-технологии для децентрализации исполнения договор-

ного права в контексте текстильной промышленности, фрагментиро-

ванно надзорной и перегруженной транзакциями и документацией. В ис-

следовании авторы описывают разработанную ими иерархическую 

структуру, используемую частными смарт-контрактами на основе 

Ethereum для управления отдельными процессами цепочки поставок, та-

кими как проверка соответствия, авторизация платежей, получение то-

варов и разрешение споров. Модель интегрирует юридически обоснован-

ную логику в виде кода в исполняемый контракт, что обеспечивает воз-

можность мониторинга его выполнения в реальном времени, а также 

криптографическую прослеживаемость всех контрактных транзакций. 

Разработана методология внедрения модели, включающая нормализацию 

данных, развертывание смарт-контрактов, анализ производительности 

валидатора и тестирование устойчивости рабочего процесса. В резуль-

тате выявлены значимые улучшения в процессах заключения контрак-

тов, оценки их соблюдения, что привело к сокращению числа споров, по-

вышению прозрачности и улучшению операционной эффективности. 

Смарт-контракты последовательно производили одни и те же детерми-

нированные переходы состояний более чем в 99% случаев, а узлы валида-

тора показывали высокую пропускную способность с очень небольшим ко-

личеством ошибок. Эти результаты свидетельствуют о том, что блок-

чейн представляет собой многообещающую альтернативу традицион-

ным системам мониторинга исполнения контрактов, повышая как точ-

ность соответствия юридическим требованиям, так и устойчивость си-

стемы.  
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Introduction  
The textile industry heavily depends on 

complex, global supply chains, that can be 
opaque processes with limited ways to en-

force standards compliance, and without reli-
able mechanisms to track transactions and 
products as they advance through the many 

forms of production to distribution. Such 
challenges can, however, lead to reduced op-

erational efficiency and further to the inabil-
ity to enforce contracts in an effective man-
ner, leading to disputes, financial losses and 

reputational risks [1…3]. 
The lack of a centralized authority and 

the ability to verify transactions in a decen-
tralized manner makes blockchain a revolu-
tionary method to store and manage data. 

Blockchain is a distributed ledger technology 
that allows for the secure, transparent and im-

mutable recording of data. Using crypto-
graphic algorithms and distributed consensus 
mechanisms, blockchain can have all trans-

actions securely validated onto the system 
forever. This decentralized nature eliminates 

the reliance on middlemen and establishes a 
system through which all parties in a supply 
chain have access to, and can trust the same 

valid, real-time information. This suggests 
that blockchain could counter the inadequa-

cies and weaknesses of traditional supply 
chain management [4, 9], in particular, holds 
promise in the context of textile supply 

chains. Blockchain, which naturally enables 
end-to-end traceability, can thus help stake-

holders authenticate the provenance of raw 
materials, track production practices or verify 
compliance with industry standards. It also 

enables smart contracts — self-executing 
contracts with the terms directly written into 

code to automatically enforce and execute 
predetermined conditions. This capability 
streamlines the process by eliminating the 

need for extensive negotiations and oner--
ous documentation, reducing the potential for 

disputes and delays. Additionally, smart 
contracts can provide assurance of payment 

only when all pre-agreed upon criteria have 
been fulfilled. This can create greater trust 

between buyers and suppliers [5, 10]. 
Blockchain can also enable and support 

more ethical and sustainable practices in the 
textile industry by providing higher levels of 
transparency and accountability. For in-

stance, consumers are more and more inter-
ested in knowing more about the environ-

ment and social impact of the products they 
buy. Blockchain’s verified ledger can offer 
irrefutable data about the sourcing of raw ma-

terials, the environmental impact of manufac-
turing processes, and the labor conditions 

under which products are produced. En-
hanced transparency not only serves to bol-
ster brand perception but also keeps in line 

with a large and increasing number of regu-
lations and standards that are designed to pro-

mote responsible business practices [6, 11]. 
While the potential of blockchain for 

transparency and traceability is great, the im-

plementation of blockchain in textile supply 
chains still comes with challenges. To truly 

embrace blockchain, supply chain stakehold-
ers must undergo a paradigm shift in both 
operations and information sharing. It re-

quires technical know-how, a large lump 
sum investment, and a readiness to phase out 

legacy systems. Moreover, these technolo-
gies need to be widely adopted and this re-
quires the cooperation of a large range of 

stakeholders such as manufacturers, suppli-
ers, logistics providers, retailers [7]. 

Furthermore, the way in which block-
chain interacts with traditional contract law 
structures leads to a number of distinct legal 

and regulatory challenges. The traditional 
principles of the contract law are far older 

than the digital ledger technologies and smart 
contracts. Reconciling these legal structures 
with blockchain’s decentralized and auto-

mated mechanisms raises questions of juris-
diction, enforceability, and liability. For the 

textile industry in particular, the intersection 
of blockchain technology and contract law is 
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unanimously agreed to hold potential, for 
agreements being enforceable, and accepted 

by all and clear-cut is essential in avoiding 
any friction between supply chain partners, 

to ensure smooth operations [8]. 
One of the major problems is technical 

and financial hurdles for the adoption of 

blockchain. The complexity and develop-
ment skills involved can be daunting for busi-

nesses, particularly small and medium-sized  
enterprises, which may not have the re-
sources or know-how to implement and 

maintain systems based on blockchain. 
Moreover, the legal and regulatory implica-

tions of blockchain in terms of contract en-
forcement are still a matter of discussion. 
Nonetheless, questions about our jurisdic-

tion, enforceability and the tensions between 
traditional legal frameworks and the rise of 

new technologies remain [12]. 
This article focuses on this development 

and discusses the potential of blockchain 

technology to transform the role and function 
of contracts in textile supply chains.  

Methodology 
The methodological design combines em-

pirical data integration, cryptographic auto-

mation, and distributed ledger deployment, 
grounded in current supply chain digitization 

frameworks [1, 5, 7, 9]. 
The dataset was constructed from key op-

erational layers of the textile supply chain, 

encompassing production logs, shipping 
manifests, and supplier compliance docu-

ments. These data sources capture both for-
ward and reverse logistics transactions, in-
cluding timestamps, compliance codes, in-

voice references, and RFID-based delivery 
confirmations [13, 14]. 

Before any blockchain deployment, rigor-
ous preprocessing was necessary to correct 
structural inconsistencies and align data for-

mats across legacy ERP systems. The 
preprocessing steps included: 

• Schema harmonization to unify field 
names and data types, 

• Removal of duplicate records using 
hash-indexing and Bloom filters, 

• Missing data imputation using cubic 
spline interpolation for temporal continuity, 

• Time series realignment using dy-
namic time warping (DTW), 

• Z-score normalization to eliminate 
unit-based disparities across stages. 

Normalization of continuous variables 
was achieved using the formula: 

 

𝑥̃𝑖 =
𝑥𝑖 −𝜇

𝜎
,   ∀𝑥𝑖

∈ 𝐗  ,        (1) 

 

where 𝑥̃𝑖 is the normalized data point, 𝜇 is the 
arithmetic mean, and 𝜎 is the sample standard 

deviation, ensuring all numerical indicators 

operate on a common scale without unit bias 
[15]. 

To support decentralized contract en-
forcement, a private blockchain network was 
developed using the Ethereum Virtual Ma-

chine (EVM) with a Proof-of-Authority 
(PoA) consensus model. This setup ensures 

high-throughput and low-latency transaction 
processing among known participants, such 
as textile mills, logistics partners, retailers, 

and regulatory auditors. 
Each participant node 𝒩𝑖 is cryptograph-

ically identified via a unique blockchain ad-
dress, generated through asymmetric en-

cryption and hash concatenation: 
 

𝒜𝑖 = 𝐻𝑎𝑠ℎ(𝑃𝐾𝑖||𝐼𝐷𝑖) ,             (2) 

 
where 𝑃𝐾𝑖 is the node’s public key and 𝐼𝐷𝑖 is 

the institutional identifier, concatenated be-

fore hashing to prevent spoofing and unau-
thorized access. 

Transaction processing latency, a key 
factor in smart contract efficiency, was mod-
eled as: 

 

𝑇𝑣 = 𝜏 (1 +
𝛿

𝑛
) ,              (3) 

 



№ 2 (416) ТЕХНОЛОГИЯ ТЕКСТИЛЬНОЙ ПРОМЫШЛЕННОСТИ 2025  387 

where 𝑇𝑣 denotes the mean time for transac-

tion finality, 𝜏 is the system block interval 
(12s in this implementation), 𝛿 is the average 

processing cost per validator, and 𝑛 is the to-

tal number of active validators [14, 15]. 
Legal clauses and procedural triggers 

were codified into four distinct smart con-
tracts: 

• Goods receipt verification (𝐶𝑟), 

• Conditional payment execution 𝐶𝑝, 

• Compliance enforcement (𝐶𝑐), 

• Dispute arbitration (𝐶𝑑). 

Each smart contract was defined as a de-
terministic finite state machine (FSM), al-
lowing conditional transitions based on event 

triggers and time-based validations: 
 

𝐶𝑗: 𝕊 × 𝔼 → 𝕊′  ,               (4) 

 
where 𝕊 is the current contract state, 𝔼 is the 

incoming event (like delivery confirmation), 
and 𝕊′ is the resulting new state. 

To minimize on-chain data bloat while 

ensuring traceability, each contract incorpo-
rated Merkle tree structures to hash and an-

chor external documents such as quality au-
dits, scanned invoices, and customs records: 
 

ℎ𝑟𝑜𝑜𝑡 = 𝑀𝑒𝑟𝑘𝑙𝑒𝑅𝑜𝑜𝑡 (ℎ1,ℎ2 , … , ℎ𝑘), (5) 

 

where ℎ𝑖  are individual document hashes and 
ℎ𝑟𝑜𝑜𝑡  is stored on-chain to ensure tamper-ev-

idence without duplicating the original docu-

ments [10, 18]. 
To assess the suitability of the blockchain 

network for time-sensitive contract execu-

tion, a multi-metric evaluation was per-
formed focusing on throughput, latency, en-

ergy efficiency, and validator reliability. 
Transaction throughput 𝜃, or the system’s 

ability to process contracts per unit time, was 
calculated as: 

 

𝜃 =
𝑁𝑡𝑥

𝑇𝑜𝑏𝑠
  ,                     (6) 

 
where 𝑁𝑡𝑥 is the number of valid transactions 

recorded, and 𝑇𝑜𝑏𝑠  is the total observation du-

ration in seconds. 
Validator efficiency, indicating node con-

sistency and failure rate, was modeled as: 
 

𝜂𝑣 =
𝑁𝑣𝑎𝑙𝑖𝑑

𝑁𝑡𝑥 +𝑁𝑓𝑎𝑖𝑙
 ,                 (7) 

 
where 𝜂𝑣  is the ratio of successfully validated 

transactions to total attempted transactions, 
including failures or rejections. 

These metrics were continuously moni-
tored using embedded diagnostic contracts 
and time-encoded logs [17, 19]. 

The blockchain system was interfaced 
with traditional ERP systems through API 

gateways and middleware relays. End-to-end 
operational workflows from supplier data in-
put to buyer-side contract settlement, were 

tested for resilience and correctness under 
both normal and stress-load conditions. 

System reliability was quantified using 
the fault-tolerance formula: 

 

𝑅𝑜 = 1 −
𝑓𝑑

𝑛𝑟
  ,              (8) 

 
where 𝑅𝑜  denotes reliability, 𝑓𝑑 is the number 

of detected workflow disruptions (like mis-
fired contracts, delayed triggers), and 𝑛𝑟 is 

the number of total operational runs [20, 21]. 
Workflow robustness was further vali-

dated under randomized packet delays and 
partial network outages, simulating transac-

tional uncertainty in global textile logistics. 
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Fig. 1 

 

Results 
The data presented in fig. 1 summarize 

compliance rates and non-conformance cases 
observed before and after blockchain integra-
tion within a six-month analysis window. 

Blockchain integration increased from 
80% to 96% compliance and a normalized  

leap of compliance stability (+100%) in a 
larger contract volume. The number of cases 
of non-compliance fell from 200 in 1,000 

contracts to a mere 48 in 1,200, indicating 
better compliance (and with larger contracts). 

Answer becomes obvious: automated com-
pliance validation systems were proven to 
outperform manual inspection, resulting in 

legally consistent, on-time compliance with 
the terms of the agreement. The contract vol-

ume growth with a corresponding decrease in 
non-compliance shows an operational scala-
bility with no legal trade-offs, exemplifies 

the reliability in repeatability of smart en-
forcement. 

Transactional data of the most critical 
smart contract processes, from goods receipt 
verification to payment execution, compli-

ance checks, and dispute management, are 
shown and analyzed in fig. 2, along with an 

evaluation of its technical performance and 
the efficiency of the underlying infrastruc-
ture. 

 

 
Fig. 2  

 
All processes had validator efficiency 

greater than 98.9%, indicating that the net-

work executed and verified legal obligations 
with minimal error. Compliance checks 

achieved the highest success rate with 99.6% 
efficient transactions and only two failed 

transactions. For even complex dispute sce-
narios, throughput was maintained at around 
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35 TPS while latency remained comfortably 
under 300 ms, making it suitable for high-

rate contract enforcement. The electricity  
consumption varied between 0.05 to 0.09 

kWh per transaction, which meets the expec-
tation for a low-energy private blockchain. 
These metrics suggest that the system was not 

only legally accurate but also technically 

scalable and energy-efficient across legally 
significant contract events. 

Fig. 3 shows evaluating the technical and 
logical performance of the implemented the 

main smart contracts in the textile supply 
chain, like compliance enforcement, payment 
triggers, delivery validation and dispute reso-

lution mechanisms. 
 

 
Fig. 3  

 
All smart contracts reached total automa-

tion with deterministic outputs in every ex-
plored scenario. All execution times were in 
the range of 150 to 300 milliseconds, mean-

ing that even transitions with multiple steps 
can be reactive. State consistency was better 

than 99.4% across all contracts, verifying that 
every logic block transitioned correctly 
across legal states like “Awaiting Shipment,” 

“Under Inspection,” and “Ready for Settle-
ment.” It is interesting to observe that dispute 

resolution added an extra state and increased 
processing time, but preserved 99.4% relia-
bility. They confirm that the smart legal in-

frastructure holds up in the wild.  
In fig. 4 we show the traceability perfor-

mance improvements with respect to audit 
time with fewer ledger validations on the 
same amount of transactions. 

Across the same transaction volumes, the 
average that took to trace the transactions, 

with the implementation of the blockchain, 

was re-duced from 120 seconds to only 45 

seconds, a decrease of 62.5%. 
 

 
Fig. 4 

 
Moreover, all 500 of the post-blockchain 

transactions produced successful Merkle 
proofs, demonstrating cryptographic integ-

rity without requiring access to the root doc-
uments. The pre-blockchain model, by con-
trast, had no way to achieve automated veri-

fication. This increased all stakeholders' visi-
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bility into the process and also provided le-
gally binding audit trails, which made the 

system more robust, tamper-proof, and ac-
countable. 

The disputes resulting from 100 contracts 
fell from 10.0 in the pre-blockchain era to 2.5 
in the smart contract era -- that's a 75% re-

duction. This result demonstrates the power 
of deterministic contract execution in resolv-

ing potential disputes at the source. And be-
cause all deals were enforced through coded 
conditions, there was no space for subjective 

misinterpretation or lag. Additionally, the 
decrease is consistent with system-wide in-

flation and validator stability detailed in ear-
lier sections. As a further advantage pro-
vided by the legal automation mechanism 

the time and costs of arbitration were saved 
and trust among supply chain actors was in-

creased. In traditional textile supply chains, 
contractual disputes often stem from human 
error, misinterpretation of terms, and delays 

in documentation. This addressed the prob-
lem of automatic execution of compliance 

rules, payment conditions and dispute resolu-
tion clauses, when smart contracts were inte-

grated. Blockchain immutably recorded 
when pre-agreed conditions had been met or 

violated, automatically enforcing agreed-
upon outcomes, removing ambiguities and 
chances for dispute. 

Textiles supply chains are executed by a 
series of geographically dispersed stakehold-

ers, making trustworthy execution of con-
tractual processes vital. Traditional systems 
are susceptible to disrupted workflows, pro-

longed settlements, and information asym-
metries. With distributed validation, self-ex-

ecuting logic, and auditable workflows, 
blockchain established a fault-tolerant mech-
anism. Fig. 5 assesses the stability and relia-

bility of blockchain-based workflows by 
measuring the incidence of errors, disrup-

tions in the process, and the resulting opera-
tional dependability across fundamental 
transactional phases: supplier input, compli-

ance and verification, contract execution, and 
settlement. 

 

 
Fig. 5  

 
The overall reliability scores for the 

blockchain-enabled system were very high at 

all stages (0.993–0.998). Supplier input and 
settlement processes were especially stable, 

with only one or two disruptions occurring 
across hundreds of transactions. The number 
of processing errors was low (2–5 er-

rors/stage), and mean times were 10–18 

minutes for processing. Negative externality 
with but a single economic law-minor devia-

tion in transaction volume and complexity, 
the data confirm the system had a constant le-

gal and operational efficiency. Which further 
validates blockchain’s capability to provide 
predictable and low-dis-ruption workflows, 
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that reduce delays and the uncertainties of 
contracts. 

Discussion 
Smart contracts automate legal obliga-

tions, relying on predictable logic instead of 
third-party arbitration and human logic, and 
embedding a cryptographic audit trail into all 

operations, making the blockchain a trans-
formative infrastructure for contract manage-

ment. These results are consistent with our 
working hypothesis that blockchain improves 
compliance, expedites operations, and 

builds trust in decentralized contexts. 
In comparing these results with previous 

research, this study builds on the work of 
Junejo et al. [15] that highlighted the bene-
fits of integrated data systems for textile sup-

ply chains performance. While their work fo-
cused on integration through conventional IT 

systems, our blockchain framework provided 
a higher-order integration that includes not 
only data harmonization but also real-time le-

gal automation, identity authentication, and 
immutable record keeping. Similarly, Valen-

cia-Payan et al. [16] demonstrated the utility 
of self-updating smart contracts for traceabil-
ity. Our results build on their findings by op-

erationalizing traceability within a multi-
party legal framework that includes dynamic 

contract execution, automated validation, and 
dispute handling. 

A critical advancement reported here is 

the simultaneous improvement in compli-
ance, reduction of dispute incidence, and en-

hancement of operational efficiency—rarely 
achieved concurrently in legacy systems. 
While Haffar and Özceylan [22] developed a 

blockchain-based decision model for supplier 
selection, they did not address enforcement 

and post-contract execution phases. This 
study fills that gap by embedding legal 
clauses directly into smart contracts, ensuring 

that supplier selection is followed by auto-
mated performance monitoring, payment 

triggers, and, when necessary, dispute resolu-
tion. The observed 75% reduction in disputes 

and 20% increase in compliance rate substan-
tiate blockchain’s value not only as a plan-

ning tool but as a regulatory infrastructure. 
In technical terms, Tabatabaei et al. [17] 

noted how blockchain transaction character-
istics, as a size, input/output count affect net-
work performance. This study verified that 

even with large-scale contract flows and var-
iable contract complexity, validator effi-

ciency remained consistently above 98.9%, 
and throughput ranged from 35 to 45 transac-
tions per second, supporting blockchain’s 

scalability. These findings also reflect the ar-
chitectural choices recommended by Sytnyk 

and Hnatushenko [20], particularly regarding 
secure data flow management using layered 
smart contract logic. Our architecture’s use of 

Merkle trees for external document valida-
tion further confirms the feasibility of distrib-

uted yet consistent data verification, in line 
with emerging best practices. 

The practical application of smart con-

tracts in this study also resonates with 
Agrawal et al.  [18] proposed blockchain for 

collaborative supply chain processes. How-
ever, where their model remains largely the-
oretical, our results present a full operational 

deployment across key stages: supplier 
onboarding, compliance verification, con-

tract execution, and settlement. The automa-
tion rate of 100% across these processes, 
combined with contract state consistency 

above 99.4%—demonstrates not only tech-
nical maturity but legal viability. As Tuladhar 

et al. [21] observed in the context of conflict 
minerals sourcing, mandatory transparency 
requires enforceable mechanisms. The 

framework developed in this study fulfills 
this requirement for textile logistics through 

immutable, legally binding smart contracts. 
Despite these achievements, some limita-

tions must be acknowledged. First, the model 

was implemented in a private, permissioned  
blockchain network. While this ensures low 

latency and high control, it limits the open-
ness and decentralization potential compared 
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to public blockchains. Future research could 
explore hybrid models combining the audita-

bility of public ledgers with the efficiency of 
permissioned chains. Second, while the study 

demonstrated effective handling of compli-
ance, payment, and dispute resolution, it did 
not integrate environmental or social govern-

ance (ESG) metrics into smart contract con-
ditions. As Munir et al. [19] advocate for sus-

tainability-aware supply chains, future 
frameworks should consider embedding ESG 
indicators into legal enforcement structures. 

Third, our model did not test scalability be-
yond 1,200 contracts or include international 

legal variations, which are critical for global 
textile networks. 

Further comparisons reveal that block-

chain not only improves logistical transpar-
ency, as Cui et al. [23] describe, but also adds 

enforceability and resilience to contract law 
execution. Unlike traditional transparency 
tools that merely report, blockchain acts by 

executing. The observed 58.3% reduction in 
operational processing time (from 72 to 30 

hours for pay-ment release) is consistent with 
Allouzi’s [24] findings on how smart con-
tracts accelerate arbitration and reduce medi-

ator intervention. Additionally, this study 
confirms the findings of Zhang [25] linked 

blockchain implementation to enterprise cost 
efficiency, through our observation of a 25% 
reduction in administrative, audit, and rene-

gotiation costs. 
Chauhan [26] provided a broad review of 

blockchain’s promise in supply chain man-
agement, identifying traceability and automa-
tion as key benefits. This study operational-

ized both, demonstrating not only potential 
but realized impact. Smart contract formal-

ism, validated through cryptographic checks 
and finite-state transitions, proved suitable 
for legally binding operations at scale. 

This study contributes to the growing 
body of evidence that blockchain is not 

merely a technological innovation but a le-
gal-infrastructural shift in supply chain con-

tract management.  
Conclusion 

This study provides evidence of the effi-
ciency and effectiveness of blockchain-based 
contract for textile supply chain. These re-

sults offer strong evidence that smart con-
tracts and distributed ledger systems can 

solve long-standing inefficiencies, ambigui-
ties, and delays in the enforcement of tradi-
tional contract law. 
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