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ABSTRACT

Background: Blockchain-enabled Decentralized Finance (DeFi) has the potential to improve supply-chain cash-flow
coordination through automated, transparent, traceable and immutable transactions. However, many existing DeFi-
based supply-chain solutions rely on external blockchain platforms and publicly traded cryptocurrencies, raising
concerns about reliance on third parties, transaction costs, governance limitations, regulatory uncertainty, and
cryptocurrency price volatility. These concerns are particularly important in multi-tier supply chains, where payment
delays and fluctuations in settlement value can affect working capital stability across upstream and downstream firms.
Methods: This study combines empirical analysis of cryptocurrency volatility, Design Science Research, and simulation-
based evaluation. Daily price data for Ether, Bitcoin, Solana, and XRP were analysed from 1 March 2025 to 1 March
2026 to assess settlement-value instability. Based on the identified problem, a permissioned, self-governed DeFi
application built on a blockchain was developed, with an internal token-to-fiat exchange mechanism. A Monte Carlo
simulation with 2000 runs was then used to compare public-cryptocurrency-linked settlement with the proposed
permissioned DeFi-based settlement environment. Results: The empirical analysis showed substantial cryptocurrency
volatility, with annual declines of 12.52% for Ether, 23.57% for Bitcoin, 41.81% for Solana, and 38.29% for XRP. The
simulation further showed that public-cryptocurrency-linked settlement can create considerable variation in realized
payment value across supply-chain tiers. In contrast, the proposed DeFi model provides a stable internal settlement
benchmark by insulating intra-supply-chain transactions from public-crypto repricing. Conclusions: The study
demonstrates that a self-governed, permissioned DeFi architecture with managed token-to-fiat convertibility can improve
supply-chain cash flow stability, reduce dependence on external blockchain infrastructure, and strengthen financial
resilience in multi-tier supply-chain networks.
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INTRODUCTION

One of the major challenges modern supply chains face is effectively managing cash flow. Disruptions in cash
flow can occur due to various interconnected factors, including delayed payments, stakeholder insolvency,
limited access to financing, poor coordination across the supply chain, and the involvement of multiple
intermediaries (Patil and Prabhu, 2024; Zaman et al., 2024; Azizian et al., 2023; Mitra et al., 2022; Najafi-
Tavani et al., 2022; Yin, 2021). The financial bottlenecks can significantly affect operational efficiency and
disrupt the smooth flow of goods and services. Although integrative methodologies for cost management in

supply chains have gained increasing attention in recent years, as evidenced by studies conducted by Ghariani
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et al. (2025), the domain continues to offer substantial scope for further improvement. Recent studies show
growing interest in using blockchain technologies to address cash-flow challenges in supply chain
management. Blockchain is defined as “digital, distributed ledger that secures and links the digital records
called blocks using cryptographic techniques™ (Tripathi et al., 2023, p.2). Financial applications built on
blockchain technologies, when designed and implemented efficiently, can significantly enhance cash flow
management across supply chains (Culot et al., 2024). The term used to represent these financial applications
ecosystems is Decentralized Finance (DeFi). “Decentralized finance (DeFi) refers to a set of emerging financial
products and services that operate on decentralized platforms, utilizing blockchains to record and share data.
DeFi products and services are conducted without a trusted central intermediary such as a bank, and they
include payments, lending and borrowing, trading and investments, capital raising (crowdfunding), and
insurance” (Carapella et al., 2022, p.2). DeFi decentralizes and automates financial operations, reducing
reliance on traditional intermediaries (Schér, 2021). By integrating blockchain technology into financial
processes, supply chain stakeholders can unlock several transformative capabilities that target longstanding
inefficiencies. One key benefit is enhanced transparency and traceability, as blockchain ensures every financial
transaction is securely recorded and immutable. This enables all supply chain participants to access a shared,
verifiable ledger, thereby reducing information asymmetry and fostering greater trust (Wang et al., 2025; Vern
etal., 2024; Miller et al.,2023). Additionally, programmable smart contracts enable automated payments based
on predefined conditions, such as delivery confirmation and the downstream member’s acceptance of the
product. This automation greatly reduces payment delays and administrative burdens (Natanelov et al., 2022).
Despite its potential, the adoption of DeFi in supply chain contexts remains limited, with most existing
solutions relying on established blockchain platforms, such as Ethereum, known for its smart contract features,
and Hyperledger, favoured for its permissioned networks (Haddouti et al., 2024).

While the Ethereum blockchain has gained widespread adoption in DeFi applications within supply chains
due to its robust smart contract features, it also presents significant challenges, particularly regarding
cryptocurrency volatility and regulatory uncertainty (Bella et al., 2024; Miller et al., 2023). These problems
are particularly concerning in supply chain cash flow, where payment streams often cross multiple tiers and
span long periods. One major issue with using cryptocurrencies like Ether (ETH), the native currency of the
Ethereum blockchain, for supply chain transactions is the volatility in value between the time a payment is
made and when it is actually used, which can cause the Cash Flow Bullwhip Effect (CFB).

Drawing a parallel with the study by Tangsucheeva and Prabhu (2013), which defines CFB as small
disruptions in payments or financial flows at the downstream end that amplify cash flow problems upstream,
this paper introduces a new term: Crypto Cash Flow Bullwhip Effect (CCFB). The CCFB describes the
compounding impact of cryptocurrency value fluctuations across successive financial transactions in the
supply chain. For example, while a retailer may receive the exact payment from the customer, by the time the
retailer pays the distributor, and the distributor pays the manufacturer, the value of the cryptocurrency could

have increased or decreased significantly.
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Alongside the CCFB, the concern about third-party dependence is also an issue. To address this
dependence, a promising solution is for supply chains to develop their self-governing blockchain ecosystems,
collaboratively built and maintained by the stakeholders. By establishing an independent blockchain
infrastructure, supply chain entities can maintain full control over financial transactions. This decentralized
approach also enhances transparency and reduces dependence on external service providers. However, even
within this internally managed system, several critical challenges persist. The most significant challenge is
generating value for native tokens. Native tokens are digital assets that function as a medium of exchange in
blockchains. While stakeholders may successfully use native private blockchain tokens for transactions within
the ecosystem, these tokens often lack value or utility outside the supply chain network. A major limitation is
the inability to convert native tokens into fiat currency. Token transactions face a liquidity barrier (Bogari,
2026). Although decentralized token exchanges exist, they often charge transaction fees, making them
economically unviable, especially for frequent or high-volume conversions (Miller et al., 2023). Conversely,
centralized third-party exchanges do not recognize or list such custom tokens because of their limited
circulation and lack of external demand. As a result, relying on these platforms does not offer a practical or
scalable solution.

The study integrates a one-year empirical analysis of the price volatility of four major cryptocurrencies,
Ether, Bitcoin, Solana, and XRP, with a Design Science Research (DSR) approach and a simulation-based
evaluation to investigate an operations-management issue that has received limited attention in the literature:
the destabilizing effect of volatility in the settlement medium on multi-tier supply-chain cash flows. In doing
s0, the study contributes not only through the development of a supply-chain-specific DeFi application but
also by demonstrating how the design of settlement systems shapes cash-flow coordination, payment
predictability, and resilience across different supply-chain tiers. The paper, therefore, extends existing
discussions of blockchain in supply chains beyond transparency and automation by emphasizing the
operational implications of settlement-value instability and the design of a governance architecture to mitigate
it.

The remainder of the paper is structured as follows. Section 2 presents a detailed review of the literature
and highlights the unresolved issues that motivate this study, with particular attention to dependence on third-
party blockchain infrastructures, the difficulty of creating meaningful economic value for native tokens, and
the effects of cryptocurrency volatility on supply-chain stability. Section 3 provides empirical evidence on
cryptocurrency volatility and examines its implications for blockchain-enabled supply chains. Section 4
presents the research methodology, including the DSR approach, the development and demonstration of the
custom-built DeFi platform, and a simulation-based evaluation comparing supply-chain cash-flow outcomes
under public-cryptocurrency-linked settlement and the developed in-house Decentralized Application (DApp)
environment, thereby demonstrating how the developed application can enhance cash-flow stability and
supply-chain resilience. Section 5 discusses the managerial implications of the architecture for supply-chain

cash-flow coordination, transaction autonomy, and financial transparency. Section 6 concludes the paper by
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summarizing the main findings and contributions. Section 7 then outlines the study’s limitations and suggests
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directions for future research.

LITERATURE REVIEW

The main challenges in supply chain cash flow include a lack of coordination, delayed documentation, the
involvement of third-party financial intermediaries, and delayed payments even after the product has been
sold. These issues cause significant cash flow problems throughout the supply chain. Stakeholders experience
financial pressure because cash is tied up at various stages of the supply chain. When cash is blocked,
companies cannot effectively use the time value of money, which affects their financial performance. To
address cash flow issues, finance-based studies have emerged within the supply chain context. The most
notable advancements aimed at improving the financial aspects of supply chain operations are systematically
summarized in Table 1.

Table 1 highlights how prior studies have explored the financial aspects of supply chains using diverse
analytical, simulation, and digital technologies. Early research focused on traditional financial coordination
mechanisms and cost-based models, whereas more recent work emphasizes digital technologies, including
10T, machine learning, and blockchain. Despite these advances, a significant gap remains, underscoring the

need for a decentralized financial system with minimal or no intermediary involvement, which has led to the

development of blockchain-based DeFi applications, as discussed in the subsequent section.

Table 1. Studies aimed at improving the financial aspects of the supply chain

Author Problems pointed out in the | Problem addressing approach Technology Used/Algorithm/
financial supply chain Model Proposed
Culot et al. Lack of transparency, inefficient | Evaluation of blockchain’s impact on Blockchain technology
(2024) transaction governance, and slow | operational performance, including
operational cycles profitability, labour productivity, and
operational cycle improvements.
Ivanov Lack of attention to financial Effective payment term adjustment Discrete event simulation using
(2024) flow adjustments during strategies to ensure cash flow continuity anyLogistix to model payment
disruptions, cash deficits, and financial resilience. term adjustments and cash
inefficient payment term conversion cycles.
adjustments, and ripple effects
impacting financial stability.
Azizian et Liquidity shortages, integrating Introduces local treasury systems to Simulation Model
al. (2023) financial management with address liquidity shortages and enhance
supply chain operations financial efficiency across the supply chain
Mitra et al. Difficulty in identifying Predicted the borrower status using the k- Machine Learning
(2022) defaulters in the supply chain Random Boosting Classifiers (k-RBC)
algorithm
Najafi- High operating cycle time, Empirical analysis reveals that blockchain | Blockchain Technology
Tavani et al. | Profitability technology reduces operating cycle time
(2022) and enhances profitability.
Song et al. Financing difficulties for SMEs Development of a risk evaluation model to | Logistic regression network-based
(2022) due to credit rationing and assess and manage order financing risks risk evaluation model for order
information asymmetry between | effectively, addressing SME financing financing.
banks and SMEs issues and reducing credit risks in supply
chains.
Bart et al. Lack of supply chain Enhancing coordination and profitability Analytical models comparing
(2020) coordination, inefficiencies in through optimized revenue-sharing models | wholesale-price and consignment-
profit-sharing mechanisms, and in supply chains. based RSC structures.
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inadequate adoption of revenue-
sharing contracts (RSCs) in
diverse environments.

Yin (2021) Information asymmetry, High Information asymmetry Blockchain and Internet of Things
cost of financing, Liquidity (1oT)
Challenges, Dependency on
Traditional Financing Models

Avrani and Delayed Payments. The model maximizes the Net Present Mathematical Model

Torabi Value (NPV) of cash flows for suppliers.

(2018)

Tsai (2017) | Time gaps between cash inflows | Impact of Cost Structure and Credit Terms | Analytical models integrated with

simulation to evaluate cost ratios
and cash flow risk.

on Cash Flow Risk, with Methods to
Mitigate Volatility.

and outflows. Cash flow
volatility due to the cost

structure

Source: Authors’ compilation based on the reviewed literature cited in the table

Numerous studies have highlighted the transformative impact of Decentralized Finance (DeFi) on modern

business ecosystems. Research indicates that DeFi lowers entry barriers for small and medium-sized

enterprises (SMES) by reducing their reliance on traditional financial institutions and cuts marketing costs

through more efficient operations (Sakas et al., 2023). Additionally, DeFi enhances traceability, transparency,

and anti-counterfeiting measures while facilitating automated settlements through smart contracts (Kumar et

al., 2025). DeFi-based studies have gained considerable prominence since 2020 (Xu et al., 2024). The most

recent DeFi-based studies in supply chain management are reviewed and tabulated in Table 2.

Table 2. DeFi-based studies in supply chain management

Author | Problem solved in supply chains Suggested The problem
Blockchain for DeFi | /Challenge of using the suggested Blockchain
Applications/
Models
Kumar et | Anti-counterfeiting, traceability, Ethereum, Regulatory uncertainty, Costs associated with
al. automated settlements, transparency Hyperledger, Corda external blockchain service providers, and
(2025) Unclear Return on Investment (ROI).
Wang et | Coordination between supply chain Mentioned Initial setup and operational cost, consumer
al. stakeholders Blockchain generally, awareness gap
(2025) not named any
Blockchain in
particular
Bella et | Improves Transparency and Ethereum Ethereum contracts are fixed once deployed;
al. Traceability adapting them dynamically is difficult.
(2024)
Sangari Solves Double Financing / Fraud, | Hyperledger, Corda | The paper discusses the problem of
et al. | Improves trust between stakeholders interoperability among various Blockchain
(2024) platforms. In closed-permission networks, banks
or other firms face the challenge of joining
different consortium platforms.
Miller et | Improve liquidity in supply chains by Ethereum High transaction fees, Volatility of the Ether
al. reducing information  asymmetry (ETH) token, and Dependence on external
(2023) between borrowers and lenders. exchanges like Uniswap. Uniswap going offline,
affecting businesses.
Tsai Payment delays in supply chains Ethereum The outside blockchain solution providers are
(2023) not immune to cyberattacks. An attack on them
disrupts the supply chain, as they still depend on
external entities.

Source: Authors’ compilation based on the reviewed literature cited in the table

569



https://doi.org/10.46656/access.2026.7.3(5)
https://journal.access-bg.org/

ACCESS Journal: ISSN 2683-1007 (Online)
Access to Science, Business, Innovation in Digital Economy
2026, 7(3), 565-587, https://doi.org/10.46656/access.2026.7.3(5) https://journal.access-bg.org/

The development of theories on how Decentralized Finance (DeFi) can be used to manage supply chains is
still in its early stages. Most research focuses on Ethereum-based blockchains, with few studies addressing
permissioned blockchains, such as Hyperledger and Corda. Despite these implementations, significant
challenges remain within supply chain systems, as given in Table 2. Major concerns include cryptocurrency
volatility, which affects the time value of money; regulatory uncertainties; high costs associated with
establishing and operating projects; and over-reliance on third-party solution providers. Regulatory systems
also vary across jurisdictions, creating additional barriers for implementing DeFi solutions.

The literature highlights the potential of blockchain-based DeFi to enhance supply chain management,
particularly in cash flow management. However, a key issue is their reliance on third-party blockchain service
providers, which introduces technical, financial, and operational complexities. While permissioned blockchain
protocols like Hyperledger Fabric and R3 Corda offer advantages in privacy and access control over other
blockchain systems, they also pose significant operational and integration challenges. A major drawback is
that the supply chain still depends on external service providers, whose operations are tied to external entities.
Moreover, cross-compatibility between different blockchain networks is limited (Kumar et al., 2025; Sangari
et al., 2024; Kwok and Treiblmaier, 2023). It’s possible that one firm may participate in multiple supply
networks, each dependent on different blockchain consortia. This fragmentation increases costs and
complicates implementation, as firms must manage and adapt to multiple platforms simultaneously. At the
technical integration level, significant human challenges remain. Transitioning to new blockchain
environments can pose challenges when employees struggle to manage not only system changes but also
frequent updates and interface modifications (Sangari et al., 2024).

Overall, the literature highlights the growing importance of blockchain and DeFi in supply chain finance,
but it also identifies three unresolved issues. First, the potential implications of crypto-asset volatility for
supply chain stability remain insufficiently explored, particularly given the continued reliance on third-party
blockchain infrastructure in proposed solutions. Second, there has been limited focus on supply-chain-specific
blockchain architectures that are developed and governed by the participating stakeholders themselves. Third,
insufficient attention has been given to how native tokens in these closed ecosystems can create and maintain
real economic value. These gaps serve as the immediate motivation for the present study and indicate the need
for a supply chain-specific blockchain solution that improves financial coordination while reducing

dependence on volatile external crypto.

EMPIRICAL EVIDENCE ON CRYPTOCURRENCY VOLATILITY AND IMPACT ON
SUPPLY CHAINS

An empirical analysis was conducted to determine whether the price volatility of publicly traded
cryptocurrencies is sufficient to influence blockchain-enabled supply-chain settlements. Four major
cryptocurrencies were selected: Ether (ETH), Bitcoin (BTC), Solana (SOL), and XRP. These assets were

chosen because they are actively traded and linked to well-established blockchain ecosystems. The study
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covered a one-year period from 1 March 2025 to 1 March 2026 and used daily market data. The daily
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percentage changes were computed as the returns from consecutive-day prices, while the overall period change
was calculated using the asset price at the beginning of the observation period relative to its value at the end
of the period. Volatility was computed as the standard deviation of the daily percentage changes. The aim of
the analysis was not to assess these cryptocurrencies as investment assets, but rather to examine whether short-
term price volatility in external crypto-assets could generate economically significant changes in settlement
value when used in blockchain-based transaction settings. The empirical study illustrated how the fiat-
equivalent value of a crypto-denominated settlement position may fluctuate over time, even when the
underlying commercial obligation remains constant.

The findings tabulated in Table 3 reveal a clear pattern of pronounced volatility across all four
cryptocurrencies over the one-year observation period from 1 March 2025 to 1 March 2026. To ensure clarity
in statistical reporting, the indicators used in the cryptocurrency volatility analysis were computed as follows.

Pend—Pstart

The annual percentage change was calculated as [ ] x 100, where Pgtqc and P,,,; denote the

Pstart
cryptocurrency prices on 1 March 2025 and 1 March 2026, respectively. Daily percentage change was

Pt—Pr_q
Pr_g

calculated as [ ] x 100, where P, represents the price on the current day and P;_; represents the price

on the previous day. Volatility was measured as the standard deviation of daily percentage changes over the
observation period. The maximum one-day rise and maximum one-day fall represent the highest positive and
lowest negative daily percentage changes, respectively

Table 3. Summary of cryptocurrency volatility over the one-year observation period

Cryptocurrency Start Price End Price Annual Standard Maximum Maximum
(USD) (USD) Change (%) Deviation of One- Day One- Day Fall
Daily Change Rise (%) (%)
(%)

Ether (ETH) 2217.39 1939.71 -12.52 4.07 21.88 -14.96
Bitcoin (BTC) 86064.53 65776.47 -23.57 2.40 12.19 -14.02
Solana (SOL) 143.66 83.60 -41.81 4.42 24.40 -20.45

XRP 2.1919 1.3524 -38.29 4.39 34.13 -19.67

Source: Author’s calculation based on daily cryptocurrency price data used in the simulation analysis.

The results in Table 3 indicate that all four cryptocurrencies experienced significant value instability during
the observation period. The annual changes show that the fiat-equivalent value of a crypto-denominated
settlement position can vary over a broader operating cycle, while the daily volatility and extreme one-day
movements indicate that settlement risk can also arise over short transaction windows. This is important in a
supply-chain context because payments are often made after credit periods rather than at the exact point of

sale. Therefore, even when the commercial obligation remains fixed, the realized fiat-equivalent settlement
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value may differ significantly before the payment is completed. The normalized price movements are shown
in Fig. 1.

Normalized Price Fluctuations of ETH, BTC, SOL, and XRP
{1 Mar 2025 = 100}

Normalized Price Index

Date

Fig.1 Normalized Price Fluctuations of ETH, BTC, SOL, and XRP during the one-year observation period

Source: Author’s computation using Python based on daily price data retrieved from the Binance Spot Klines API

The large two-sided price swings suggest that the risk is not confined to a gradual downward trend but also
involves abrupt, operationally disruptive repricing over short periods. Another important pattern is that
volatility over the one-year period was not confined to one isolated event. Instead, the normalized price
trajectories reveal recurring phases of growth and steep decline, followed by fresh downward corrections,
suggesting that volatility in major cryptocurrencies can become correlated across assets over longer time
horizons. This co-movement increases the risk for firms that rely on publicly traded crypto-assets for settlement
or liquidity management. The empirical findings indicate that the use of externally traded cryptocurrencies in
supply-chain payment environments can introduce significant settlement uncertainty.

When the value of the payment medium changes sharply over short periods, the economic value transferred
between supply-chain participants may diverge from the intended commercial value of the underlying
transaction. In such circumstances, the implications go beyond financial-market volatility alone and may affect
working-capital planning, receivables realisation, payable adequacy, and the stability of inter-firm cash flows.
Accordingly, the empirical results reinforce the rationale for the custom blockchain-based architecture
developed in this study. Rather than exposing supply-chain transactions to the severe, correlated fluctuations
of public cryptocurrencies, the developed Decentralized application architecture aims to preserve the
advantages of blockchain-based automation and transparency while reducing dependence on externally
volatile crypto-assets. In this respect, the empirical evidence does not merely document cryptocurrency
instability; it also strengthens the practical case for designing blockchain settlement mechanisms that are more
closely aligned with the value-stability requirements of real-world supply-chain operations and simulation-
based comparisons.

METHODOLOGY
Research Design
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The study adopts a DSR approach, creating innovative solutions to address specific financial inefficiencies,
such as CFB, CCFB, and the lack of inherent, economically meaningful token value within the custom-built
blockchain. While previous studies have evaluated general blockchain performance (Culot et al., 2024; Najafi-
Tavani et al., 2022), this research goes beyond evaluation to construct a bespoke financial ecosystem. The
study intends to encourage supply chains to create their own blockchain and improve the financial aspects of
their operations.

The study involves four sequential stages. First, the problem context is defined based on both the literature
review and the empirical findings on cryptocurrency volatility, presented in Section 3. Second, the need for a
custom-built DeFi application is identified by highlighting the limitations of current solutions. Third, a
permissioned blockchain-based DeFi application with a built-in supply chain fiat currency exchange model for
token-to-cash transactions is developed. Finally, the platform’s relevance to supply-chain cash-flow
management is evaluated through a comparative simulation analysis of supply chain stakeholder cash flow
outcomes under cryptocurrency volatility conditions and in the developed DeFi application environment.

Problem Environment and Design Objectives

The problem this study addresses is the coordination of supply-chain cash flow, blockchain settlement, and
financial resilience amid cryptocurrency fluctuations. As explained in Sections 2 and 3, existing supply chains
remain prone to late payments, liquidity issues, and dependence on external financial/technological
intermediaries. DeFi-based solutions, however, have tended to rely either on public blockchain systems or on
external cryptocurrencies. The present study posits that externally traded cryptocurrencies are likely to cause
value fluctuations in multi-tier payment chains, whereas private blockchain tokens cannot be exchanged for
fiat money.

In the context of the above problem environment, four design objectives guided the development of the
DeFi application. Firstly, it was necessary to create a system for quick, traceable internal settlement of
payments within the supply chain using self-regulated blockchain technology. Secondly, it was important to
protect settlements from direct vulnerability to external public cryptocurrency volatility. Thirdly, the solution
had to help to achieve governance independence by relying as little as possible on third-party blockchains or
public crypto exchanges. Fourthly, there should have been a way to facilitate controlled conversion of private
native tokens into fiat money whenever needed.

DeFi Application Requirements and Design Principles

To accomplish the objectives, the requirements for developing a DeFi application were identified. First, a
blockchain must be developed that provides permission-based access, allowing only known supply chain
members to transact on the network. Second, transaction records should be immutable and auditable. Third,
a consensus mechanism suitable for a private, known-participant setting, rather than public mining
communities, should be adopted. Fourth, the blockchain-based application should include its own internal

settlement token for the supply-chain network. Fifth, it should provide a reliable token-to-fiat conversion
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mechanism for payments outside the supply chain. Finally, the application should include a circulation-control
mechanism to manage the tokens received by the exchange through conversion transactions.

The resulting design principles included the following items. First, internal settlement should be decoupled
from external volatility. Second, the governance structure over the payment system should be maintained
within the supply chain network. Third, the convertibility mechanism should be built into the DeFi application
rather than delegated to a public exchange by default. Fourth, it should provide traceability and automatically
update balances after each transaction is validated. Fifth, the system should allow either token retirement or
redistribution after conversion, in accordance with the rules adopted by the supply chain network.

DeFi Application Architecture and Development

In accordance with the above requirements and design principles, the blockchain-driven DeFi application
for managing supply-chain cash flow was built in JavaScript and used a Proof-of-Authority (PoA) consensus
mechanism, as required for a closed network of identified users. The blockchain in use supports wallets for
stakeholders, public/private key pairs, a shared transaction pool, block generation using timestamps and hashed
linkage, and automatic wallet balance updates following validation and inclusion in the blockchain.

Manufacturer Node Customer Node Authorized
Authorized Participant Participant

Supply Chain Participant Layer

Distributor Node Authorized Retailer Node Authorized
Participant Participant

Application and Wallet Layer

Transaction initiation module. Transaction
request created using the recipient address
and the token amount

Wallet and Identity module
comprising public keys and
token balance display

Shared transaction pool. Unconfirmed
transactions are visible to authorized
stakeholders

Blockchain Processing Layer

Permissioned Blockchain
Ledger. Immutable record of
valid transactions

Block creation module. Time stamp and hash
value generation. Linking with previous hash
value

Automatic wallet update
module. Synchronize balances
across nodes

Proof-of-Authority Validation Layer. Identity and
Balance check. Approve valid transactions

Exchange and Conversion Layer

Supply Chain Fia(‘Exchang:fBank as Receives tokens for fiat conversion requests
Intermediary Node

Permanent token retirement to Inactive/Burn Token Retirement Layer 3 -
address. Token recirculation to customer account

Fig. 2. Architecture of the blockchain-based DeFi application for supply-chain cash-flow

Source: Author’s own illustration based on the architecture of the blockchain-based DeFi application.

Token to fiat conversion module. Verify on-chain receipt and authorize fiat
currency disbursement off chain to requesting stakeholder
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The developed DeFi application comprises five interconnected layers, which are illustrated in Fig. 2. Firstly,
there is the supply chain participants layer, which includes all the recognized actors of operations in the
network. According to the architecture, the participants are the manufacturer, the distributor, the retailer, and,
depending on the governance design, a customer participation layer. Secondly, there is the application and
wallet layer, which includes the wallet and identity module, the transaction initiation module, and the shared
transaction pool of pending transactions before validation. Thirdly, there is the blockchain process layer, which
includes PoA validation logic, a block generation module, and an immutable distributed ledger. Fourthly, there
is the exchange and conversion layer, in which the exchange facility within the supply chain validates token
receipt and sends fiat money via off-chain transaction processes. Lastly, there is the token-retirement layer, in
which tokens are permanently retired to an inactive account or redistributed per stakeholder agreement.

DeFi Application Demonstration

The demonstration is organized into three operational scenarios: internal stakeholder settlement, exchange-
mediated token-to-fiat conversion, and post-conversion token distribution. Internal stakeholder settlements
involve making regular internal payments via token transfers on the permissioned blockchain, with each token
transfer being executed, confirmed, added to a block, and resulting in the corresponding wallet synchronization
performed by the transaction module, followed by PoA validation.

The key novelty of the application is exchange-mediated token-to-fiat conversion for stakeholders who
require fiat liquidity for operations performed outside of the supply chain. In this case, tokens can be converted
through the internally managed supply chain exchange or by incorporating a bank as a supply chain
stakeholder, with minimal involvement in supply chain cash flow processes. The developed application has
options for both an internally managed supply chain and a bank. Stakeholders can choose either option for
token-to-fiat conversions. Regardless of the chosen approach, token transfer results in the release of fiat in
accordance with pre-established protocols. This means that tokens remain operationally relevant to participants
in the supply chain at all times, while allowing them to receive fiat payments for these tokens when required.
The choice of token-to-fiat conversion option is within the discretion of supply chains. If there is sufficient
mutual trust among the stakeholders in a supply chain, an internally governed fiat exchange can be used. This
exchange will be responsible for managing the inflows and outflows of fiat currencies associated with the
private blockchain system by registering tokenised transactions and converting tokens into fiat currency when
necessary for stakeholders. On the other hand, the creation of a specially developed supply chain exchange
may raise trust issues, such as the control and authority of the supply chain exchange node. In such situations,
when trust issues cannot be resolved, a bank can act as a stakeholder-intermediary and fulfil the functions of a
supply-chain fiat exchange. Banks have all the necessary capabilities: managing collateral, tokenized value
representations, and fiat settlement, which allows them to fulfil these duties as intermediaries. Thus,
incorporating them can be considered a practical solution to the problem under discussion. A bank-based

approach should be used only when stakeholders find it beneficial from a governance perspective, because
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banks can increase transaction costs due to procedural and fee rigidity compared to supply chains. As a result,
they will not be able to negotiate the transaction rules, fees, or punishments, unlike the stakeholder-based
solution.

The last scenario involves the handling of tokens post-conversion. After the exchange-related tokens have
been received, the artefact introduces token circulation control, whereby tokens are either retired by
transferring them to an inactive address known in DeFi terminology as token burning or recirculated back to
customers or designated accounts in exchange for fiat payment. The workflow of the token-to-fiat currency

mechanism is shown in Fig.3.

o e Supply chain
UPPLy chall ; exchange/bank as The token is burned b
Supply chain y
Supply chain ts}(ﬂkeh;)ldt;r transfert excherllxlllgi;“bank as Stakeholderl sentth sending it to an ?'.ngctive
stakeholder request for | SRsis 1O HIE SCCO stakeholder accepts amount equal to the account, or it is
fiat currency of mternallyf managed ¥ request after —» token received to the [ recirculated with
exchange/bank as verification of tokens account of requested customers for further
stakeholder supply chain transactions.
stakeholder

Fig. 3. Workflow of the DeFi application showing exchange-mediated token-to-fiat conversion

Source: Author’s own illustration based on the workflow of the blockchain-based DeFi application.

The developed DeFi application enables internal supply-chain transactions to be executed entirely using
tokens circulating on a private, permissioned blockchain, thereby enabling faster settlement and reducing
delays associated with intermediary-dependent payment processes. Importantly, these tokens possess
meaningful value within the supply-chain ecosystem because they serve as an accepted medium of exchange
among stakeholders, while remaining redeemable into fiat currency through the proposed conversion
mechanism whenever external transactions are required. This dual characteristic enhances stakeholder
confidence by ensuring that token holdings are not operationally isolated within the blockchain environment.
In turn, the architecture reduces dependence on external blockchain solution providers and conventional
financial intermediaries, while shielding participating firms from the volatility risks typically associated with
public cryptocurrencies. The result is a more stable, autonomous, and financially resilient transaction
environment for supply-chain cash-flow management.

Simulation-based evaluation of supply-chain cash-flow performance under cryptocurrency
volatility

To move beyond demonstration and assess the real-world usefulness of the developed DeFi application, a
simulation-based evaluation was conducted to compare cash-flow outcomes across two cash-settlement
settings. The aim of this analysis was not just to reiterate that major cryptocurrencies are volatile, as this was
already empirically confirmed in Section 3, but to explore how that volatility influences actual settlement value
within a multi-tier supply chain and whether the proposed DApp offers a more stable payment environment

than settlement directly tied to public cryptocurrencies. This stage is particularly important because evidence
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of volatility alone does not indicate whether the proposed system enhances the operational quality of financial
flows between firms. Therefore, the simulation functions as the study’s main comparative evaluation layer.

1. Evaluation objective

The purpose of the simulation was to assess whether the in-house, blockchain-based DeFi application can
mitigate the negative effects of cryptocurrency volatility on cash flow propagation across the supply chain.
More specifically, the evaluation investigated whether the developed DApp enhances the stability of realized
payment value, reduces distortion in settlement value across tiers, and limits the spread of volatility from
downstream to upstream participants when compared with a settlement system that relies directly on publicly
traded cryptocurrencies.

This objective follows directly from the empirical results presented in Section 3. The one-year empirical
analysis revealed significant daily volatility, recurring periods of synchronized negative performance, and
substantial negative drift in hypothetical cryptocurrency-linked settlement exposures. The Python-based
empirical workflow applied in the study also translated these effects into daily price series, daily percentage
changes, normalized price trajectories, and fiat-equivalent exposure-drift measures for ETH, BTC, SOL, and
XRP. These observed values were then used as the foundation for the simulation.

2. Simulated supply-chain structure

The simulation models a four-stakeholder serial supply chain consisting of the customer, retailer,
distributor, and manufacturer. Its transaction logic is based on a credit-settlement structure. After the customer
purchases a product, payment to the retailer must be made within five days of the purchase. The retailer must
settle with the distributor within ten days of the original purchase date, while the distributor must pay the
manufacturer within fifteen days of that same date. Early payment is allowed, but late payment is not. This
structure was chosen because it reflects the multi-tier transmission of financial value central to the study’s
cash-flow argument and enables tracing the effect of cryptocurrency volatility through successive payment
stages.

Each simulation run starts with a randomly selected purchase date from the empirical observation period,
provided that all subsequent payment dates remain within the available one-year data window. For every run,
a customer payment date, a retailer-to-distributor payment date, and a distributor-to-manufacturer payment
date are then randomly generated within their respective credit windows. In this way, the simulation produces
a chain of settlement events that reflects the timing uncertainty of real trade credit arrangements while still
preserving the formal payment deadlines built into the simulated supply chain.

3. Settlement models compared

Two settlement models were evaluated. The first model is a public-cryptocurrency-linked settlement
system. In this setting, the value received at each payment stage depends on the market price of the chosen
cryptocurrency on the relevant settlement date. As a result, even when the intended commercial value of the

transaction stays the same, the actual fiat-equivalent value realized at settlement changes according to
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movements in ETH, BTC, SOL, or XRP. This regime describes blockchain-enabled supply-chain payment
environments in which publicly traded crypto-assets are used directly as the settlement medium.

The second model is the developed in-house DApp system. In this setting, internal payments between
supply-chain participants are assumed to be settled using the native token of the private, permissioned
blockchain developed in this study. Settlement via the internal token is therefore considered stable within the
supply chain and is not directly affected by the daily repricing of public crypto-assets. Only external fiat
requirements are managed through the internally governed token-to-fiat exchange mechanism described in the
paper. This model reflects the central design logic of the proposed DApp: maintaining the speed, transparency,
and internal coordination benefits of blockchain while protecting internal payment flows from public-
cryptocurrency volatility.

4. Simulation logic

The simulation was conducted separately for ETH, BTC, SOL, and XRP. For each cryptocurrency, 2000
Monte Carlo runs were performed. In every run, the purchase date and the subsequent payment dates were
randomly generated within the permitted credit windows, while the observed daily cryptocurrency prices from
the empirical dataset were used to calculate the realized settlement value at each stage.

Under the public-crypto-linked regime, the realized fiat-equivalent settlement value was determined by the
cryptocurrency price on the purchase date and on the corresponding payment date. As a result, even when the
intended transaction value at purchase was anchored to a fixed fiat benchmark, the value ultimately received
by the next stakeholder depended on the ratio between the cryptocurrency’s price at payment and its price at
purchase or receipt. This allowed the simulation to reflect how the economic value of settlement could increase
or decrease even though the underlying commercial obligation remained nominally unchanged.

Under the DApp model, internal settlement was modelled at parity with the intended transaction value,
ensuring no internal value deflection occurred within the permissioned system. This assumption aligns with
the logic of the developed application, in which the native token has operational relevance within the supply-
chain network and internal transfers are protected from direct repricing in public crypto markets. The DApp
model, therefore, functions as a stable internal settlement benchmark against which the public-crypto model
can be assessed.

5. Performance measures

The simulation evaluated five key dimensions of cash-flow performance. First, stage-level percentage
deflection was calculated for the retailer, distributor, and manufacturer stages to measure how settlement value
changed between successive payment points. Second, total-chain percentage deflection was measured from
the original purchase date to the manufacturer’s final receipt date, capturing the cumulative distortion in value
across the entire payment chain. Third, stage-level realized value and drift in US dollars were calculated based
on a USD 10,000 transaction in order to present the effects of volatility in economically meaningful terms.
Fourth, the probability of negative deflection was measured for each stage and for the chain as a whole,

indicating how often stakeholders would experience settlement-value erosion rather than gain. Fifth, the
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deflection standard deviation was used to assess the overall stability of the payment environment. These
measures were chosen because the main concern in supply-chain settlement is not only the expected average
change in value, but also the variability, downside risk, and uncertainty associated with the payment medium
that is ultimately realized.

6. Simulation findings

In each Monte Carlo run, the intended transaction value was fixed at USD 10,000, representing the original
commercial value to be settled across the supply chain. Under the public-cryptocurrency-linked settlement
model, the realized fiat-equivalent value received at the final upstream settlement stage varied according to the
change in cryptocurrency price between the purchase date and the final payment date. Therefore, total-chain
deflection was used to measure the percentage deviation between the intended transaction value and the
realized fiat-equivalent settlement value at the end of the payment chain. It was calculated as:

Vroatived — Vi
Total-chain deflection (%) = ( ream;d Inte”dEd) X 100
intended

where V;piengdea  YePresents the benchmark transaction value of USD 10,000, and V,.qq;i2eq represents the
fiat-equivalent value finally realised by the upstream stakeholder.

v _v Py3
realized = Vintended X 2
to

P, represents the cryptocurrency price on the purchase date, and P, represents the cryptocurrency price on
the final upstream settlement date. A negative total-chain deflection indicates settlement-value erosion,
meaning that the upstream stakeholder receives less than the intended value. A positive total-chain deflection
indicates settlement-value gain, meaning that the realized value exceeds the intended transaction value.

Total-chain drift (USD) = Vyeqiized — Vintended

The mean total-chain deflection shows the average percentage deviation across the 2000 Monte Carlo runs.
The standard deviation of total-chain deflection indicates the variability of settlement outcomes and therefore
reflects the stability or instability of the payment environment. The probability of negative total-chain
deflection represents the proportion of simulation runs in which the final realized value was lower than the
intended transaction value. Finally, the worst and best total-chain drifts show the largest negative and positive
monetary deviations observed across the 2000 runs, respectively. These measures allow the simulation results
to be interpreted not only in terms of average value change, but also in terms of downside risk, variability, and
practical monetary impact. Table 4 summarizes the results of the 2000-run simulation conducted under the
public cryptocurrency settlement model.

The simulation results show that public-cryptocurrency-linked settlement introduces substantial uncertainty
into multi-tier supply-chain payments. Although the mean total-chain deflections appear modest, this is mainly
because positive and negative price movements offset each other across the 2000 simulation runs. The more
important finding is the variability and downside exposure created by cryptocurrency repricing. Settlement-
value erosion occurred in a large proportion of the simulation runs, and the worst-case drift values show that

the final upstream stakeholder could receive substantially less than the intended transaction value.
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Table 4. Simulation results for public cryptocurrency settlement model

Cryptocurrency Mean Total- Standard Probability of Worst Total- Best Total-
Chain Deviation of Negative Total- Chain Drift Chain Drift

Deflection (%) Total Chain Chain (USD) (USD)

Deflection (%) Deflection (%)

ETH 0.57 13.74 50.80 -3874.36 4940.32

BTC -0.49 6.89 50.80 -2978.83 2275.70

SOL -1.07 12.04 53.30 -3840.89 4335.86

XRP -0.98 11.16 58.95 -3621.13 5697.54

Source: Author’s computation from a 2000-run Python simulation based on daily closing price data retrieved from the
Binance Spot Klines API

This value uncertainty does not stop at a single transaction point. Instead, it propagates through the credit
chain from the customer’s payment to the manufacturer’s final receipt. This reinforces the study’s broader
argument that, when the payment medium itself is volatile, cryptocurrency-linked settlement can affect both
the adequacy and predictability of cash flows across multiple tiers of the supply chain.

By contrast, the proposed permissioned DeFi model maintains internal settlement at parity through the
native token mechanism. Therefore, the DApp model removes the stage-level and cumulative settlement
distortions observed under the public-cryptocurrency-linked regime and retains transaction transparency and
automation while avoiding the instability caused by direct exposure to public cryptocurrency price movements.

7. Contribution to the current state of the art

The simulation results clarify how the study relates to the existing literature on blockchain-enabled supply-
chain finance. First, the findings confirm prior studies that identify blockchain and DeFi as useful mechanisms
for improving transparency, traceability, smart-contract-based automation, transaction governance, and
reduced dependence on traditional financial intermediaries. These benefits are consistent with earlier studies
that highlight the role of blockchain in improving supply-chain visibility, financial coordination, and
transaction reliability.

Second, the findings extend the supply-chain cash-flow literature by showing that the settlement medium
itself can create financial distortions. Earlier studies on supply-chain finance have emphasized delayed
payments, liquidity constraints, information asymmetry, financing risks, and cash-flow bullwhip effects. The
present study adds a further dimension by demonstrating that when publicly traded cryptocurrencies are used
directly as settlement media, price repricing can alter the realized fiat-equivalent value of payments across
supply-chain tiers. This extends the cash-flow bullwhip argument from payment-delay amplification to
settlement-value instability caused by crypto-asset volatility.

Third, the study suggests that blockchain-based automation alone is insufficient to improve supply-chain
cash flow stability. The blockchain in the supply chain can improve automation, traceability, and transaction
coordination, but it does not automatically eliminate settlement-value risk if the payment medium remains

externally traded and volatile. Therefore, the present study does not contradict the blockchain and DeFi
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literature; rather, it refines it by showing that the design and governance of the settlement architecture are as
important as the use of blockchain itself.

Finally, the study contributes by proposing and evaluating a permissioned, supply-chain-specific DeFi
architecture with an internal token-to-fiat exchange mechanism. This architecture addresses two limitations
identified in prior studies: dependence on external blockchain infrastructures and exposure to public-
cryptocurrency volatility. The proposed DApp is therefore positioned not as a universal alternative to all
blockchain solutions, but as a context-specific settlement architecture for supply-chain networks that require
internal transaction stability, governance autonomy, and controlled fiat convertibility.

Managerial Implications

This study provides several managerial implications for firms aiming to improve supply-chain cash-flow
coordination through blockchain-enabled financial architectures. The developed DeFi application is relevant
not only as a technological solution but also as a governance mechanism that can help managers reduce
payment frictions, strengthen transaction autonomy, and enhance financial visibility across supply-chain tiers.
In particular, the findings indicate that a supply-chain-specific, internally governed blockchain environment
may offer a more stable and manageable alternative to payment systems that depend either on traditional
financial intermediaries or on publicly traded crypto-assets.

1. Improved cash-flow management through faster internal settlement

One important managerial implication relates to reducing payment delays within the supply chain. A major
source of cash flow instability is the CFB, in which working capital distortions are amplified across upstream
tiers. Patil and Prabhu (2024), for example, provide empirical evidence that CFB affects a considerable
proportion of firms across retail, wholesale, and manufacturing contexts. In the developed DeFi application,
internal settlement occurs via native token transfers on the permissioned blockchain. Because these tokens
serve as an accepted medium of exchange within the supply chain, financial flows no longer depend entirely
on the timing of fiat settlements between stakeholders. Instead, transactions can be completed immediately via
token transfers, which maintain liquidity continuity, reduce payment delays, and enable firms to make more
effective use of the time value of money.

2. Reduced dependence on financial intermediaries

The study also indicates that reducing reliance on external financial intermediaries may improve managerial
control over payment coordination. Although financial intermediaries can provide liquidity support, they do
not necessarily resolve supply-chain cash-flow problems and may, in some cases, worsen them. Flynn and Li
(2023), for instance, show that intermediary-based mechanisms such as supply chain finance can be associated
with longer payment periods for certain suppliers. Moreover, heavy dependence on external financial
institutions can introduce procedural rigidity, fee-related burdens, and systemic vulnerability if those
institutions themselves come under distress. The developed DeFi application offers an alternative arrangement

that allows stakeholders to transact directly within a self-governed blockchain network. From a managerial
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standpoint, this can improve control over transaction timing, reduce exposure to external procedural
constraints, and support more responsive coordination of inter-firm cash flows.

3. Reduced dependence on external blockchain infrastructures

Another implication concerns the dependence of many existing DeFi-based supply-chain solutions on
external blockchain platforms. Public blockchain systems such as Ethereum offer strong smart-contract
capabilities but also expose firms to volatile transaction fees, technical congestion, and governance conditions
beyond the supply chain’s direct control. Permissioned third-party systems may improve privacy and access
control, yet they can still create dependence on external platform providers and reduce flexibility when firms
participate in multiple supply networks. The developed DeFi architecture addresses this issue by allowing the
supply-chain network to manage its own blockchain infrastructure and define participant roles internally. For
managers, this means greater control over transaction rules, governance arrangements, and the platform’s
evolution, aligned with stakeholder needs.

4. Mitigating volatility challenges in blockchain-enabled supply chains

The volatility of publicly traded cryptocurrencies creates an additional managerial challenge because it can
distort the realized value of payments as they move through the supply chain. In this study, this problem is
described as the Crypto Cash Flow Bullwhip Effect (CCFB), referring to the amplification of financial
distortion caused by cryptocurrency price movements across successive settlement stages. The developed DeFi
application addresses this issue by separating internal settlement from public-crypto repricing and by providing
an internally governed token-to-fiat exchange mechanism for situations where external liquidity is required.
This architecture enables managers to retain the operational benefits of blockchain-based transactions while
reducing exposure to external cryptocurrency volatility.

Taken together, these implications suggest that the developed DeFi application can serve as a useful
managerial model for firms seeking to improve financial coordination, strengthen governance autonomy, and
enhance cash flow resilience in supply chain settings.

5. Operational and policy recommendations

Based on the findings, firms considering blockchain-enabled supply-chain settlement should avoid directly
linking trade-credit payments to publicly traded cryptocurrencies when settlement takes place across delayed
payment windows. The empirical and simulation results show that price repricing can create uncertainty in the
realized fiat-equivalent value of payments. Therefore, companies or supply-chain consortia intending to adopt
DeFi-based settlement should first identify transactions with recurring credit periods, long payment delays, or
multi-tier settlement exposure, as these are the transactions most vulnerable to settlement-value instability. For
operational implementation, companies should begin with a limited pilot involving a small number of trusted
supply-chain participants. The token-to-fiat conversion mechanism should also be governed through clear rules
specifying who can request conversion, how token receipt is verified, how fiat disbursement is authorized, and
how conversion records are audited. These procedures are important because the practical usefulness of the

proposed architecture depends not only on the blockchain ledger, but also on the governance rules surrounding
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internal settlement and external liquidity access. Companies should also maintain robust risk controls before
using such a system for large-scale transactions.

From a public-policy perspective, regulators should distinguish between speculative public-cryptocurrency
use and closed-loop, permissioned blockchain settlement systems designed for operational supply-chain
coordination. Policy support could focus on regulatory sandboxes, reporting standards, auditability
requirements, and compliance guidelines for enterprise-level token-to-fiat conversion mechanisms. Such
policy measures would help firms experiment with blockchain-enabled settlement while maintaining
safeguards for transparency, accountability, taxation, anti-money laundering compliance, and financial
stability. For MSMEs and supply-chain networks, public institutions could also support pilot frameworks that
allow firms to test permissioned settlement systems without exposing routine business payments to volatile
public-crypto markets.

Overall, the study’s practical implication is that firms should not treat blockchain adoption as a purely
technological decision. Instead, managers should design the settlement architecture, token governance rules,
fiat-conversion process, and compliance safeguards together. This ensures that the benefits of blockchain-
enabled transparency and automation are achieved without creating new cash-flow risks through exposure to
public-cryptocurrency volatility.

CONCLUSION

This study investigated how cryptocurrency volatility can undermine the stability of supply-chain cash flows
when publicly traded crypto-assets are used directly in blockchain-based settlement systems. To explore this
issue, the research combined a one-year empirical analysis of ETH, BTC, SOL, and XRP with a DSR approach
to create a tailored blockchain-based DeFi application for managing supply-chain cash flows. The empirical
results revealed significant price volatility, recurring periods of simultaneous decline, and meaningful
settlement-value drift, suggesting that reliance on externally traded crypto-assets can introduce considerable
instability into multi-tier supply-chain payment processes.

In response to this issue, the study developed an in-house, permissioned blockchain architecture supported
by an internally governed token-to-fiat exchange mechanism. The aim of this architecture was not only to
enable blockchain-based internal settlement but also to reduce direct dependence on external blockchain
infrastructure and publicly traded cryptocurrencies. The simulation-based evaluation further demonstrated that
settlement linked to public cryptocurrencies can generate a highly unstable payment environment across the
supply chain, while the proposed DApp offers a more stable internal settlement framework by shielding intra-
supply-chain transactions from repricing in public markets.

The study, therefore, makes two main contributions. First, it expands current discussions on blockchain and
DeFi in supply chains by focusing on the relatively underexplored issue of volatility transmission across multi-
tier payment structures. Second, it develops and evaluates a supply-chain-specific settlement architecture that

combines blockchain-driven transaction efficiency with stronger governance autonomy and managed fiat
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convertibility. Taken together, the findings indicate that, in conditions of cryptocurrency volatility, an
internally governed DeFi architecture may offer a more operationally appropriate way to manage supply-chain

cash flows than direct dependence on publicly traded crypto-assets.

LIMITATIONS AND FUTURE RESEARCH

The limitations and future directions of this study should be understood in relation to both the technological
readiness of the proposed platform and the governance arrangements required for its effective implementation
in the real world. One important limitation is that the study does not address scalability. Future research should
therefore concentrate on identifying effective ways to scale the custom blockchain infrastructure without
undermining performance, security, or operational efficiency. The significance of the developed DApp is
primarily demonstrated by the problem of cryptocurrency volatility and its implications for supply-chain cash
flow stability. However, the relevance of this kind of self-governed architecture could be further strengthened
through comparative regulatory case studies across different countries, particularly given differences in legal
treatment, institutional acceptance, and compliance requirements for crypto-linked transactions. In addition,
the present study does not, through case-based analysis, investigate the risks associated with reliance on
financial and operational intermediaries in supply-chain payment systems. Future research could therefore
broaden the foundation of this work by examining regulatory constraints, intermediary-related failures, and
coordination challenges as additional motivations for developing internally governed DeFi architectures.

Future research may also extend the proposed architecture by examining additional governance and
operating mechanisms for the supply-chain exchange. For example, later studies could evaluate whether
nominal transaction-request fees, delayed-payment penalties, automated fiat-wallet updates, or alternative
token-circulation rules can improve the exchange’s operational sustainability without imposing an excessive
burden on participating stakeholders. These features were not empirically evaluated in the present study and
should therefore be considered potential design extensions rather than validated outcomes.

Another possible direction is to examine whether the proposed architecture can support broader supply-
chain risk monitoring. For instance, smart-contract-based warning mechanisms could be explored for
identifying early signs of payment stress or stakeholder insolvency across interconnected supply-chain
networks. However, such insolvency-warning applications would require separate empirical validation,
additional financial indicators, and testing across more complex multi-firm networks. Therefore, the present
study limits its claims to cryptocurrency volatility mitigation, internal settlement stability, and token-to-fiat
convertibility within the proposed permissioned DeFi architecture.

A final consideration, as Sangari et al. (2024) emphasize, is that the successful implementation of
innovation depends not only on technological readiness, but also on ecosystem maturity, collaborative

stakeholder engagement, and clear regulatory frameworks.
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