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ABSTRACT

In the aftermath of the 2023 Kahramanmaras earthquakes, this study examines how blockchain tech-
nology might be incorporated into humanitarian aid efforts, with a particular focus on an AFAD-su-
pervised container city in Hatay. To promote accountability and transparency, the research field-test-
ed a QR-integrated Ethereum-based prototype for food-package distribution on 9 April 2025. The
technology created an immutable and independently verifiable record of documented distribution
transactions by using smart contracts to automate delivery verification. The field implementation
demonstrated the technical feasibility of the proposed workflow, while expert assessments indi-
cated potential operational benefits in areas such as data integrity, traceability, and package-level
duplicate control. These assessments reflect expert judgments rather than directly measured per-
formance improvements against the conventional system. Practical considerations for the future
implementation of decentralized ledger technology in humanitarian logistics are outlined in the
study’s conclusion.
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1. Introduction

Globally, humanitarian crises—from natural disasters to industrial accidents—are occurring more
frequently and having a greater impact. This tendency raises serious questions about the effective-
ness of humanitarian aid programs since it makes it difficult for a sizable section of the world’s
population to obtain necessities. Even though 33% of the world’s food production is wasted each
year (Food and Agriculture Organization of the United Nations [FAO], 2013), the sharp contrast
between waste in developed countries and shortages in places like Sub-Saharan Africa highlights
pervasive disparities in the distribution of aid (Demir, Turetken, & Ferworn, 2020). These disparities
are frequently a sign of structural inefficiencies in humanitarian supply chains, especially with re-
gard to last-mile visibility and traceability. Large-scale earthquakes and other natural disasters pose
significant obstacles to humanitarian logistics. In these high-pressure settings, it is critical to provide
delivery that is transparent, timely, and responsible. However, fragmented data structures, poor
traceability, and the possibility of resource misappropriation sometimes hinder traditional systems
(Tapia, Bajpai, Jansen, Yen, & Giles, 2011; Van Wassenhove, 2006). Since knowledge asymmetry and
environmental uncertainty are greatest during last-mile activities, these constraints are particularly
severe.

Hatay continues to be one of Turkey’s most disaster-prone provinces. This vulnerability was sadly
confirmed by the devastating earthquakes that occurred on February 6, 2023, with Hatay accounting
for over half of all fatalities (Duruel, 2023). Operational complexity was greatly increased by the loss
of local labor forces, high population density, and destroyed infrastructure (Boz, 2025; Partigoc &
Dinger, 2025). Multi-actor coordination is made more difficult by these structural limitations, par-
ticularly during times of high demand like Ramadan when distribution networks are under more
strain. Critical bottlenecks, such as manual data entry errors, duplicate home records, and a lack of
real-time performance monitoring, were found through contextual queries and first field inspections
carried out with AFAD (Disaster and Emergency Management Presidency) staff.

Blockchain technology provides a promising framework with decentralization, immutability, and
automated execution through smart contracts to address these issues (Nakamoto, 2008; Suganthi,
Beena, Sumathi, & Poongodi, 2021). Beyond its financial roots, blockchain is becoming more widely
acknowledged in humanitarian logistics due to its capacity to provide reliable and unchangeable
records (Casino, Kanakaris, Dasaklis, Moschuris, & Rachaniotis, 2019; Rejeb & Rejeb, 2020). Block-
chain-based solutions can reduce the risk of corruption and improve confidence throughout the
supply chain by automating identification, verification, and donation tracking (Demir et al., 2020;
Sarumathi, Johny, Mol, Khandare, & Keerthi, 2025; Treiblmaier & Rejeb, 2023). Conceptual block-
chain models and their actual implementation in active crisis areas, however, still differ signifi-
cantly. Although prior research indicates that resilience and coordination have improved (Dubey,
Gunasekaran, Bryde, Dwivedi, & Papadopoulos, 2020; Khan, Imtiaz, Parvaiz, Hussain, & Bae, 2021),
there is still little empirical data on operational metrics like delivery accuracy and duplicate rates.
The performance of smart contracts in high-stress, infrastructure-constrained contexts is understud-
ied because the majority of research relies on simulations (Chen, He, Sun, Zheng, & Wu, 2024).

In order to close this gap, this study examines the practical application of a blockchain-based hu-
manitarian distribution system in Hatay after the 2023 earthquakes. We made end-to-end tracking
possible using an Ethereum-based blockchain framework by giving QR codes to food parcels that
were dispersed across an AFAD-coordinated container city during Ramadan. This study offers key
field-based insights from an operational disaster context, in contrast to earlier conceptual studies. To
the best of our knowledge, this is one of the earliest field-based applications of decentralized ledger
technology for tracking food delivery following an earthquake. The following research questions are
addressed in this context:

RQL1. In a disaster area, how might blockchain integration reduce conventional operational ineffi-
ciencies such as aid duplication and human entry errors?

RQ2. How does the system support data integrity, verifiability, and traceability standards during
last-mile distribution?
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RQ3. In terms of operational planning and resource allocation, what potential advantages does the
created framework provide to field staff and decision-makers?

The rest of the document is structured as follows: The literature study is presented in Section 2.
The technique and system architecture are described in Section 3. The execution and results are de-
scribed in Section 4. The implications are discussed in Section 5, and future research directions are
concluded in Section 6.

2. Literature Review

Lack of openness in intermediary-led procedures is frequently the root cause of the ongoing prob-
lem of corruption and knowledge asymmetry in disaster aid. A paradigm change toward decentral-
ized verification methods is required due to trust deficiencies between donors and centralized relief
groups. This study, which focuses on an ongoing humanitarian effort in a temporary shelter area,
examines blockchain integration through an applied field-based perspective. The current literature
is examined under three topical subheadings in order to provide a solid conceptual framework: (i)
general application domains, (ii) donor ecosystems, and (iii) disaster management frameworks.

2.1. General Application Domains

Blockchain technology has emerged as a transformative digital infrastructure with applications ac-
ross multiple sectors. Its core characteristics—decentralization, immutability, and smart contracts—
enable secure, transparent, and verifiable interactions in multi-stakeholder systems (Yang, Bi, Liang,
Zhou, & Yang, 2020). Related discussions of the basic blockchain architecture and decentralization
can be found in Mahajan and Kadam (2019) and Zhang et al. (2022).

In the literature, blockchain has been widely applied in financial systems for secure cryptocurren-
cy-based transactions (Haryani, Matharu, Nagar, & Verma, 2024; Mincewicz, 2022), in supply cha-
in management to improve traceability and security (Makkar & Costa, 2020; Reddy & Manjunath,
2024), and in healthcare to ensure secure data sharing and patient information protection (Halki-
opoulos, Antonopoulou, & Kostopoulos, 2023; Shynar et al., 2025). It also supports transparency
and security in voting systems (Lee, 2023; Muthukumar & Meenakshi, 2025), identity verification
and document authentication (Arun & Mathiyalagan, 2021; Karale, 2025), and timestamp-based ve-
rification in notarial services (Uikey, Brarskar, & Ahirwar, 2024). In addition, blockchain has been
explored in food supply chains to enhance traceability and safety (Duan, Onyeaka, Pang, & Meng,
2024; Suthar, Suryawanshi, & Gavane, 2019). Broader work also considers blockchain-enabled sus-
tainability within supply chains (Saberi et al., 2019).

Across these domains, the primary contribution of blockchain lies in strengthening data integrity,
traceability, and trust in distributed environments where centralized verification is limited or inef-
ficient. These properties make blockchain particularly relevant for systems requiring coordination
among multiple independent actors.

In humanitarian logistics, these same characteristics are critical, as timely, accurate, and tamper-pro-
of information flow directly affects aid allocation, resource distribution, and operational coordina-
tion. Therefore, blockchain’s underlying features provide a conceptual foundation for improving
decision-making processes in disaster response systems. Related analyses examine humanitarian
information coordination, technology-adoption factors, and blockchain applications in logistics
(Chen, Hendalianpour, Feylizadeh, & Xu, 2023; Dubey, Gunasekaran, & Foropon, 2024; Gopal &
Garcia, 2021).
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2.2. Donor Ecosystems

Demir et al. (2020) demonstrated that blockchain technology improves disaster relief operations
by increasing transparency and reducing fraud risks, while also encouraging donor participation.
Similarly, Shevtekar and Raut (2023) argue that transparency significantly increases willingness to
donate, as centralized systems often suffer from trust deficits. This lack of transparency has become
more critical with the rise of fraudulent donation campaigns, highlighting the need for auditable
and reliable systems (Saraswat et al., 2022). In this context, blockchain is increasingly recognized as
an innovative tool for improving trust, transparency, and accountability in humanitarian operations
(Adediran et al., 2024). Smart contracts, in particular, are considered key mechanisms for automat-
ing processes and ensuring fair, efficient, and corruption-resistant aid distribution (Jha, Priya, Chan-
drakar, & Pradhan, 2024).

In the literature, several blockchain-based systems have been proposed for donation tracking and
post-disaster aid distribution (Jain & Simha, 2018; Kumari, Dixit, Prakash, & Sharma, 2022; Patil
& Kadam, 2022). Platforms such as Ethereum enable end-to-end automation of donation flows via
smart contracts, reducing intermediary-related trust issues and corruption risks (Jha et al., 2024;
Saraswat et al., 2022). Real-world initiatives such as Binance Charity, AidChain, The Giving Block,
and Charity DAO aim to enhance transparency and trust in donation ecosystems; however, these are
mostly evaluated at the conceptual or system-design level, with limited empirical validation in real
disaster environments. Publicly available descriptions of blockchain-supported donation initiatives
include AidChain, Binance Charity, BitHope, CharityDAO, and The Giving Block (AidChain, n.d.;
Binance Charity, n.d.; BitHope, n.d.; CoinMarketCap, n.d.; The Giving Block, n.d.). Broader studies
address blockchain-based donation tracking in disaster-affected regions (Rai, Srivastava, Rai, & Pat-
tanashetti, 2024).

The presence of intermediaries in traditional aid chains continues to reduce transparency and weak-
en donor confidence (Demir et al., 2020). Blockchain systems address this limitation by ensuring
that all transactions are immutably recorded and verifiable, allowing donations to be traced trans-
parently to end beneficiaries (Srivatsa, Thammaiah, MV, & AP, 2024). This strengthens trust not only
among donors but also among all stakeholders involved in humanitarian operations. A review of
studies on secure and transparent donation platforms built on blockchain reveals a growing body of
both theoretical and practical research. These studies are grouped and presented in Table 1.

Table 1. Summary of the Literature on the Use of Blockchain Technology in Donation Systems.

Author(s) Year  Purpose Method / Network Type
Jadhav et al. 2025  Tracking educational scholarship donations via a platform Ethereum and smart contract Practical
Hoque et al. 2024  Increasing transparency in philanthropy Hyperledger Fabric i Practical
Sammer etal. 2024  Solving food and nutrition insecurity Al and Ethereum Practical
Ahmedetal. 2024 Ensuring transparency in donation processes Etherelllm and smaxjt contract Practical
implementation
Heetal 2024  Secure donation system with encryption Ethereum and cryptography Practical
Patil & Kadam 2022  Blockchain architecture for aid processes Architectural modeling Theoretical
Barger et al. 2022  Testing blockchain applicability Hyperledger Fabric Theoret.ical
& Practical
Kumarietal. 2022 Transparent donation system development Applied solution Practical
Khalil et al. 2021  Architecture for blockchain-based aid Design-based Theoretical
Shaheenetal. 2021  Security in crisis donations Blockchain system Practical
Wu & Zhu 2020  Security of donation systems System architecture Theoretical
Singh et al. 2020  Auditability of aid processes Hyperledger-based case Practical
Saleh et al. 2019  Donation tracking during crises Case study on blockchain network Practical
Jain & Simha 2018  Blockchain donation architecture Theoretical design Theoretical
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The traceability and security mechanisms provided by donation systems can also be directly adap-
ted to the physical distribution processes of humanitarian aid. Thanks to immutable record structu-
res and automated verification processes, it is possible to track the movement of aid packages, verify
deliveries, and reliably manage stock levels. Thus, blockchain-based donation systems provide an
infrastructure that strengthens the integrity of end-to-end humanitarian logistics processes. There
is a clear trend toward Ethereum-based practical implementations, according to a comprehensive
review of the literature compiled in Table 1 (e.g., Ahmed, Fumimoto, Nakano, & Tran, 2024; Jadhav,
Mohite, & Pise, 2025). The vast majority of this “practical” research, however, is carried out in cont-
rolled settings or small-scale pilot testing, underscoring the dearth of long-term data from extensive
catastrophe areas.

2.3. Disaster Management Frameworks

Blockchain has gained increasing attention in disaster management as a tool to enhance transparen-
cy, trust, coordination, and operational efficiency. In complex and multi-stakeholder environments,
it is positioned not merely as a data storage system but as a trust-enabling digital infrastructure.
Early studies (e.g., Bhat, Pranaav, Mini, & Tosh, 2021; Demir et al., 2020) proposed blockchain-based
architectures to address key challenges such as supply chain disruptions, lack of trust, and corrup-
tion risks. Subsequent research expanded this perspective by integrating complementary techno-
logies such as IoT and Al to support real-time monitoring and decentralized decision-making (Gao,
Chen, Huang, & Hezam, 2024; Kaur, Kaur, & Sood, 2022). Recent research similarly emphasizes the
growing role of emerging technologies in strengthening disaster-management capabilities and sup-
porting information-based response processes (Hanspal & Behera, 2024). Research has also exam-
ined blockchain-enabled resource sharing during emergency operations, technology integration in
humanitarian supply chains, and exploratory uses for disaster and refugee relief (L’Hermitte & Nair,
2021; Mclsaac, Brulle, Burg, Tarnacki, Sullivan, & Wassel, 2019; Rodriguez-Espindola, Chowdhury,
Beltagui, & Albores, 2020). Recent work also considers the organizational practice of disaster risk
reduction (Dennison & Coldwell, 2025). Research on the combination of blockchain and the Internet
of Things further addresses security, algorithms, and application settings (Nazareth, Sathyaprakash,
Shetty, & Poojary, 2025).

More recent studies focus on application-oriented solutions, including systems for aid tracking, vic-
tim identification, logistics coordination, and donation transparency (Das, Basu, & Bit, 2022; Kol-
hatkar et al., 2023; Lathkar, Deshmukh, Patil, & Shelke, 2024; Parildar, Sayin, Tiirkzeybek, Kii¢iikoz,
& Erten, 2023). In addition, national-scale and mobile-based implementations demonstrate block-
chain’s potential for secure data sharing and equitable aid distribution (Darmawan, Okitasari, Dwi-
yanti, Pratama, & Haritman, 2024; Shiozaki & Hasegawa, 2024). Overall, blockchain-based plat-
forms—particularly Ethereum-based systems—are increasingly utilized to ensure traceability and
transparency in disaster assistance processes (Ghani, Zinedine, & El Mohajir, 2025; Sarumathi et al.,
2025). However, most studies remain limited to prototype or pilot implementations, highlighting
the lack of empirical evidence from real-world disaster environments. Despite these developments,
a large portion of the existing literature is still trapped in what is known as a “pilot-testing trap.”
Although these frameworks represent a step toward technological maturity, they frequently cir-
cumvent the unstable operational limitations of a real-world post-disaster context, such as sporadic
connectivity, high-volume rapid distribution, and field workers’ diverse levels of digital literacy. As
a result, there is still a lack of empirical data on how well systems work in actual crisis situations,
especially when it comes to field deployment, scalability under pressure, and operational usability.
Table 2 summarizes these studies, which concentrate on assistance distribution (A.D.) and contain
either prototype developments (AP.) or actual implementations, along with the platforms utilized.
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Table 2. Use of Blockchain Technology in Disaster Management

Author Years AD AP. Ethereum Hyperledger
Ghani et al. 2025 v v v

Sarumathi et al. 2025 4 v 4

Srivatsa et al. 2024 4 X

Darmawan et al. 2024 v X

Shiozaki & Hasegawa 2024 v v
Lathkar et al. 2024 v v

Parildar et al. 2023 4 v

Kolhatkar et al. 2023 v

Das et al. 2022 v v

Shan et al. 2022 4 X

Kaur et al. 2022 4 X

Hunt & Zhuang 2022 v X

Bhat et al. 2021 v v
Demir et al. 2020 v X

Studies in the literature highlight the theoretical advantages of blockchain technology in disaster
management, particularly in terms of transparency, coordination, and information integrity. How-
ever, most existing research is limited to simulation environments, laboratory prototypes, or con-
ceptual models that do not fully capture the complexity of real disaster operations. As a result,
critical operational constraints such as infrastructure disruptions, coordination difficulties, and
field-level uncertainties remain insufficiently addressed in empirical contexts. Although numerous
blockchain-based frameworks have been proposed for aid and donation distribution, their effects on
key operational performance indicators (KPIs) —such as delivery accuracy, duplicate delivery pre-
vention, verification time, and data integrity —have not been adequately quantified. This reflects a
persistent gap in field-based implementation and operational evaluation of blockchain applications
under real disaster conditions. To address this limitation, this study implements a blockchain-based
aid distribution system in a real disaster environment (Hatay, 2023 earthquakes). The proposed
system enables end-to-end traceability, automation, and verification of aid processes under actual
operational constraints. Unlike simulation-based studies, this research provides evidence from a
field-based implementation of the proposed blockchain-supported workflow.

2.4. Research Gap and Contribution

Existing research predominantly utilizes simulation-based evaluations to quantify blockchain’s ben-
efits. This study diverges from the current body of work by providing field-based implementation
evidence from the Hatay earthquake (2023) recovery phase. By demonstrating the blockchain-sup-
ported aid distribution workflow in a real post-disaster setting and complementing the implementa-
tion with expert-based assessments, this research moves beyond conceptual modeling into the realm
of field-based proof-of-concept implementation.

3. Methodology

Post-disaster humanitarian aid processes require rapid response, effective coordination, and reliable
information management. However, issues such as lack of transparency, inefficient resource utili-
zation, and logistical disruptions necessitate the adoption of innovative technologies that ensure
secure and verifiable data flow. In this context, blockchain technology (Demir et al., 2020), widely
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associated with trust, transparency, and traceability, provides a suitable infrastructure for improv-
ing post-disaster operations. Distributed ledger technology ensures data integrity by enabling all
transactions to be recorded and verified across a decentralized network. These properties—trans-
parency, immutability, and verifiability —are critical for accountability in humanitarian aid systems.

3.1. Research Design

This study adopts an applied case study design conducted in a container city in Hatay following the
2023 Kahramanmaras earthquakes. The methodology consists of three sequential stages (Figure 1):

Ethereum and
Smart Contract
Blockchain platform and
smart contract mlplemenmucn.

1 I e
Y -
5 O : BC Effect

= Analyze the impact

and benefits of
blockchain adoption.

Problem

v

Definition

Identify research
problems, objectives,

and requirements.

Ea

Case Study

Real-world scenario
and data collection
for analysis.

Currently Used
System vs. BC System

Comparative evaluation
of performance, efficiency,

NGT

Validation and review
of findings with experts
using NGT.

and other key metrics

:
[3 1] 2 5
a@a N
NGT
Expert input and

consensus building.

A Review and refinement

Figure 1. Research Methodology.

1. First Stage (Problem Definition): Fundamental operational problems encountered in traditional
aid distribution processes were identified using the Nominal Group Technique (NGT).

Nominal Group Technique (NGT) is a structured method used to generate ideas, solve problems,
and achieve group consensus through a facilitated decision-making process (Thao, 2023). In this
study, NGT was employed to identify the requirements of traditional aid distribution systems and
to assess the feasibility of a blockchain-based alternative. The method provides a formalized consen-
sus mechanism that ensures equal participation by integrating independent judgments while mini-
mizing the influence of dominant individuals or group dynamics on decision outcomes (Delbecq &
Van de Ven, 1971; Van de Ven & Delbecq, 1974). Compared to traditional focus group methods, NGT
offers advantages such as balanced participation, reduced power asymmetry, and the production
of structured and actionable outputs suitable for implementation-oriented research designs (Mc-
Millan, King, & Tully, 2016; Rankin et al., 2016). The NGT process consists of four stages, as shown
in Figure 2: (1) generating ideas, (2) recording ideas, (3) discussing ideas, and finally (4) voting on
ideas (McMillan et al., 2016; Rose et al., 2025; Sauers-Ford et al., 2019). The nominal group technique
has also been described as an effective means of developing structured group consensus (Harvey &
Holmes, 2012).

NGT has also been applied to expert-led problem identification and prioritization in operation-
ally complex settings, including barriers to sustainability-oriented innovation in manufacturing
(Brandao, Fontana, Silva, & da Silva, 2025), maintenance implementation (Mustafa et al., 2025), reg-
ulatory recommendations (Car et al., 2025), and service-delivery decentralization (Oliveros et al.,
2025). These studies serve as cross-sector methodological examples, not as empirical evidence about
blockchain effectiveness in disaster relief.
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Nominal Group Technique (NGT) Process

The authors present
the question in both
written and oral form,
and participants
independently and
silently record their
ideas in brief

The authors record the
ideas of group members
in a manner visible to all,
without debate at this
stage. Duplicate ideas
are omitted, meaningful
variations are included,
and the process
continues until all ideas

Each recorded idea is
discussed to clarify its
meaning and significance.
This step allows group
members to express their
understanding of the
rationale and relative
importance of the ideas,
and responsibility for

7 N N ~ - ~
523 @
QR0 olll
Stage 1 Stage 2 Stage 3 Stage 4

In the final stage, group
members systematically
vote on or rank the
proposed ideas to
determine their relative
importance, and the
prioritized ideas are
subsequently classified
into thematic categories.

statements.
are documented. clarification is not limited
to the idea’s originator.

[Recording ideas] [Discussing ideasj [ Voting on ideas ]

| > N - Ne > 5 ~

Figure 2. The Nominal Group Technique (NGT) process comprises the following stages:

4. Second Stage (Case Study)

The developed blockchain-based system has been integrated into the field; the processes of collect-
ing and reporting distribution data have been carried out through a case study.

5. Third Stage (Validating the Results by NGT)

The data obtained were evaluated in terms of the functionality of the implemented system, and its
perceived operational contributions were assessed using NGT sessions. This structure enables the
study to not only present a technical prototype, but also to demonstrate its field-based implemen-
tation and complement the technical findings with expert-based assessments in a real post-disaster
environment.

5.1. System Requirements and Technological Infrastructure

The fundamental characteristics of blockchain—transparency, efficiency, security, accountability,
and direct transfer principles—have directly shaped the requirements of the developed system. The
verifiable recording of each step in the distribution process, the package-level duplicate-delivery
controls, and the backward traceability of the process flow form the backbone of the methodological
design.

A Decentralized Application (DApp) running on the Ethereum blockchain has been developed to re-
liably record humanitarian aid transactions. The core technologies used in the system are as follows:
Solidity is the programming language used for Ethereum smart contracts; a technical introduction
is provided by Bauer (2022).

Smart Contracts (Solidity): It automates the execution, verification, and recording of assistance-re-
lated processes.
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Ethers.js: It has enabled interaction between the blockchain and the user interface.
MetaMask: It has been used for wallet and transaction management.

Sepolia Testnet: It has provided a public and low-cost testing environment. These technologies were
chosen due to the power of the open-source ecosystem, low cost, and the ability of field personnel
to adapt to the system with minimal training. The use of the Sepolia test network has enabled field
testing of blockchain transactions without incurring the costs associated with a production Ethere-
um deployment.

5.2. Data Collection and Operational Analysis

During the development process, system requirements were analyzed, smart contracts were pro-
grammed, and user-friendly interfaces were designed. The immutable nature of the blockchain en-
sures that every transaction is protected from unauthorized interference and verified. The data gen-
erated by the system consists of delivery timestamps, package-recipient matches, container num-
bers, and verification logs.

Through these data:

¢ Package-level duplicate delivery controls were implemented through the smart-contract logic,
¢ The delivery process was recorded through blockchain timestamps,
¢ The system workflow was examined in terms of reducing reliance on manual record-keeping,

¢ Distribution records were made traceable and retrospectively verifiable.

6. Application
6.1. Determining Operational Evaluation Dimensions with NGT

During the expert selection process for the NGT application, invitations were sent to 15 institutional
representatives actively involved in post-earthquake humanitarian operations following the Febru-
ary 6 earthquakes. Based on the responses received, a panel of six experts specializing in disaster
management and humanitarian logistics was established. The selection criteria were based on direct
involvement in field operations and experience in post-disaster humanitarian coordination. In ad-
dition, both sectoral and academic competencies relevant to evaluating the integration of traditional
aid distribution processes with the proposed blockchain-based model were considered. The partici-
pant profile is presented in Table 3.

Table 3. Determination of the expert group

Number of
WIMDEr O 1y stitution / Field of Expertise Experience / Job Description

Experts
AFAD (Disaster and Emergency Management o . .

2 . . Distribution processes in operations management
Authority) Field Personnel

1 Ministry of Family and Social Services Disaster emergency social assistance processes

2 NGO Representative Humanitarian aid field activities

1 Academic / Logistics Expert Humanitarian logistics and operations management

The NGT session was conducted face-to-face with experts meeting the inclusion criteria at a prede-
termined time and location and followed a four-stage structure. In the first stage (Generating Ideas),
participants independently listed operational challenges encountered in humanitarian aid process-
es following the February 6 earthquakes. In the second stage (Recording Ideas), each participant
shared their responses sequentially, while discussion was restricted to minimize bias and prevent
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dominance effects (Humphrey-Murto, Varpio, Gonsalves, & Wood, 2017). In the third stage (Dis-
cussing Ideas), experts identified common themes and consolidated overlapping issues, which were
subsequently organized using movable cards for thematic structuring. In the final stage (Voting on
Ideas), instead of a traditional ranking procedure, a consensus-based approach was adopted. Par-
ticipants emphasized that the identified issues were interrelated and more appropriately addressed
through thematic grouping rather than individual ranking for intervention planning purposes. Ac-
cordingly, operational challenges were consolidated through a structured consensus process. In the
evaluation phase, experts were presented with a standardized form based on operational evaluation
dimensions reported in the literature (Table 4), enabling a structured expert-based comparison be-
tween traditional and blockchain-supported aid distribution systems.

Applications of NGT in intervention planning have also been documented in vocational rehabilita-
tion, hypertension management, psychosocial support, and adolescent behavioral interventions (de
Dios Perez et al., 2025; Kichou et al., 2025; Ling, Syed Abdullah, & Saleh, 2025; Mbedzi, van der Wath,
& Moagi, 2025). These studies illustrate the structured identification and discussion of stakeholder
priorities across fields; they are not used to infer operational outcomes for the humanitarian system

evaluated here.

Table 4. Operational Dimensions Used in the Expert Assessment

Indicator Title

Blockchain Feature
Supported in the Li-
terature (CSF)

Contribution of Blockchain

References

1. Verification
Time

2. Duplicate Deli-
very Rate

3. Data Integrity

4. Auditability

5. Delivery Accu-
racy

6. Transparency
Perception

7. Personnel Work-

load

8. Record Discre-
pancy Rate

Provides higher throughput and
sufficient scalability, enabling faster
verification processes compared to
conventional systems.

Enhanced Transaction
Speed and Scalability

Prevents duplicate package deli-

Immutability and veries and record inconsistencies

Security through a shared, tamper-proof
ledger.
Enhanced Security Ensures data integrity and confi-

dentiality through immutable re-

and Immutability cord-keeping mechanisms.

Strengthens audit assurance throu-
gh immutable records, improving
performance monitoring and ac-
countability.

Increased Auditability

Enhances tracking of missing or
end-of-life (EOL) products within

Traceability supply chains, supporting opera-
tional and environmental perfor-
mance.
Increases transparency and traceabi-
Improved Visibility ~ lity across the supply chain, impro-

ving overall system visibility.
Cost and Resource
Efficiency / Disinter-
mediation

Improves operational efficiency and
resource utilization by reducing
intermediaries (disintermediation).

Prevents record inconsistencies and
guarantees data accuracy through
immutable ledger structures.

Immutability and
Security

Taher, Ameen, and Ahmed (2024),
Haque et al. (2024), Kumar, Phani,
Chilamkurti, Saurabh, and Ratten
(2024), Coretti, Fitzi, Kiayias, Pa-
nagiotakos, and Russell (2025)

Antsipava, Strycharz, van Reij-
mersdal, and van Noort (2024),
Duan, Onyeaka, and Pang (2024),
Karaduman & Giilhas (2025),
Nwani (2025)

Maariz, Wiputra, and Armanto
(2024), Musthafa & Bargavi (2024)

Al-Naseri (2023), Harakeh, El
Diri, Lambrinoudakis, and Tsi-
leponis (2024), Zhang, Ma, and

Meng (2025).

Mansoor, Helmy, Sekhon, and
Ally (2023; Xiao, Sun, Chang, Lu,
and Jiang (2024); Rahman, Yii,
Masli, and Voon (2024)

Khairunnisa, Christiani, and
Prawiyogi (2024), Rahman et al.
(2024), Nwani (2025)

Han, Shiwakoti, and Chen (2024),
Ktari, Frikha, Hamdi, and Ha-
mam (2024), Nagy (2025)

Abubakar, Liu, and Gilliard
(2023), Piesciorovsky, Hahn,
Borges Hink, and Werth (2024),
Sivaprakash et al. (2024)
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6.2. Case Description

Hatay was one of the provinces most severely affected by the February 6, 2023 earthquakes, with
extensive loss of life and severe infrastructure damage. Critical services such as electricity, water,
communication, and transportation were largely disrupted, leading to widespread displacement
and urgent humanitarian needs. Following the disaster, container cities were established by AFAD,
TOKI, NGOs, and international organizations to address shelter needs. Aid distribution, coordi-
nated mainly by AFAD and NGOs such as the Turkish Red Crescent, included essential supplies.
However, disrupted logistics, weak coordination, and limited information flow resulted in delays
and unequal distribution. More than two years later, Hatay still hosts over 200,000 people in con-
tainer settlements (AFAD). While basic needs are now partially addressed through the “Esen Card”
system, humanitarian dependency continues. Ramadan further increases the importance of aid de-
livery due to its social and cultural significance. In this context, blockchain-based systems offer a
potential solution for ensuring transparency and traceability in aid distribution, improving account-
ability and beneficiary verification.

6.3. Adaptation of Information Technology in the Distribution of Ramadan Food Packages in Hatay

During Ramadan and Eid al-Fitr, food distribution was implemented using an Ethereum-based
blockchain system to ensure end-to-end traceability. The system was field-tested on 9 April 2025
as a limited proof-of-concept implementation. The proof-of-concept comprised five food-package
delivery transactions recorded on the Sepolia test network. Each package was assigned a unique QR
code, and key delivery information (time, location, and synthetically generated recipient data) was
recorded on-chain. Smart contracts enabled secure and immutable storage of distribution records,
ensuring that the recorded transactions were verifiable and tamper-proof. This enabled the techni-
cal testing of traceability, accountability, and transaction-verification functions within the proposed
aid distribution workflow. All activities were conducted by authorized institutions, allowing retro-
spective verification by both aid organizations and supervising authorities. Each transaction was
automatically time-stamped, and QR-based scans and delivery confirmations were logged. These
records formed the basis for technical verification and post-distribution auditing. Because the im-
plementation was designed to test workflow functionality rather than operational performance,
staffing, rejected duplicate attempts, failed transactions, system errors, and deployment-duration
metrics were not systematically recorded.

Figure 3. Aid Distribution Process
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Figure 4 presents the general working principle of the designed system. As shown in Figure 3, the
beneficiaries and the aid packages to be distributed are recorded on the blockchain through a smart
contract triggered by the application layer developed in this study and operated by the charity or-
ganization.

4 ) e (@ ™
T
Ay
(][0 = c__>:
el
n A > i I o 5 .
Charity Organization | _| =7 [ __ Disaster Survivor
Application
The NGO registers the donation Layer The disaster survivor receives
on the blockchain and delivers the parcel through the aid
the parcel with the QR code to organization by scanning
the person in need. the QR code.

. S T l . J
' N
Ethereum Validators

Smart Contract Distributed Ledger Validator Network Ethereum
Verification (Immutable Record) Blockchain
\_ J/

Figure 4. Architectural design of the study

In Figure 5, synthetically generated beneficiary information, including name, surname, phone num-
ber, and identification number fields, is encrypted using the AES-GCM algorithm during the aid
registration process and subsequently recorded on the blockchain. During the encryption process, a
random salt and Initialization Vector (IV) were generated for each user, and the encryption key was
derived using the PBKDF2 (Password-Based Key Derivation Function 2) algorithm. A unique ID,
generated by the application specifically for each user, was added to the blockchain as plaintext, and
all aid distributions were linked through this ID. The encrypted values stored on the network can
only be decrypted using the AES key; however, the encrypted on-chain values themselves remain
publicly retrievable on Sepolia.

For the field-based proof-of-concept, no real beneficiary names, telephone numbers, or national
identification numbers were stored on the public Sepolia test network; instead, synthetic data were
used to test the registration and verification workflow. The encryption mechanism was incorporated
as a technical safeguard, but the present study does not claim that encryption alone establishes full
compliance with KVKK or GDPR requirements.

Disaster Victims List

Decentralized Disaster Aid Distribution App

Disaster Victim-1

Disaster Victim-2

Create Disaster Victim Create Aid Package Associate Disaster Victim & Package Delivery

Create Disaster Victim
First Name
Enter first name
Last Name
Enter last name
Phone Number
Enter phone number

TC Identity Mumber

Figure 5. Create Disaster Victim Ul
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In Figure 6, the distribution of packages to beneficiaries was carried out through the interface, and
the packages were recorded on the blockchain. Similarly to the beneficiary registration screen, a
unique ID number was generated and added to the blockchain. This registered ID number was con-
verted into a QR code and displayed on the interface. Additionally, the QR code was printed and
physically affixed to the package, thereby establishing a physical link between the package and the
OR code.

Aid Packages List

Decentralized Disaster Aid Distribution App

Create Disaster Victim

Create Aid Package
Title

Enter package fitle
Category

Select a category

Create Aid Package

Associate Disaster Victim & Package

Delivery

Package-1

= UUID: AP-m3alzjft-

2944221 c-52fd-4da 1 besk-
Category: Food
Weight: 20.0 kg

= Expiration Date: 23.05.2025

Package-3

Category:

E.  weight: 200 kg
" Expiration Date: 23.05.2025

~  ds3fsass-db

Package-2

UUID: AP-mal3gop-

2:b90ed-db2 54106 bec3 -
Cate;
Weight: 20.0 kg

*  Expiration Date: 23.05.2025

Package-4
UUID: AP-moal 4

Category: Fo

I Weight 20.0kg
Expiration Date: 23 05.2025

Weight (kg)

Enter package weight Package-5

*  UUID: AP-m9al5uif-
fe3cd40-c83a-4122-b318-.
Category: Food

Weight: 20.0 kg

*  Expiration Date: 23.05.2025

Expiration Date

09.8a.yyyy [m]
Figure 6. Create Aid Package Ul

In Figure 7, the system matches the registered beneficiary and packages, and this matching informa-
tion is added to the blockchain to create a traceable record of the association. The QR code contains
three data elements: Victim ID, Package ID, and Association Date.

& MetaMask

¢

Decentralized Disaster Aid Distribution App

Account 1

Create Disaster Victim  Create AidPackage  Associate Disaster Victim & Package

. . _— . islem talebi
Associate Disaster Victim & Aid Package

Tahmini degisikikler Degisiklikyok

Ald Package

Talebi gonderen & HITP localhy
Package-1

Associated Packages List

Etkilegimde @ oxEssas

Ag licreti & Uyon

Hiz

Figure 7. Associate Disaster Victim- Aid Package Ul

In Figure 8, the QR codes belonging to the beneficiaries and the packages were scanned, and the
matching was verified through the interface shown in Figure 4 to ensure the delivery of the aid pack-
ages. The distributed packages were listed on the screen along with the beneficiary ID and package
ID numbers. Additionally, a function was coded in the smart contract to prevent the same package
identifier from being recorded as delivered more than once.
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Decentralized Disaster Aid Distribution App

CreateDisaster Victim ~ Create Aid Package  Associate Disaster Victim &Package  Delivery
Delivery
Victim ID
Enter Victim ID
Package D
Enter Package ID
Delivery List
Vietim ID: fj6-8106aac8-4679-4658-adcb- 7 Vietim ID: D\ 4 1d3-4: b
Package ID: AP-m9a0zj6t-a9442e1c-52fd-4dal-b84b- Package ID: AP-m9a13gop-2abof0ed-db25-4106-bec3-
d42d1018f276 Tcad4417b641a
Delivery Date: 09.04.2025 17:54:12 Delivery Date: 09.04.2025 17:55:00
Victim 1D: 13-116d4750-50¢6-4d Victim ID: D\ ¥ bf771 d93-bd Te
Package ID: AP-m9a13xmj-6ea77664-4568-413b-845b- Package ID: AP-m0a14e50-da3f8989-dbc3-42b3-8e52-
5c9823d5ad25 1a00fbba88bs
Delivery Date: 09.04.2025 18:01:36 Delivery Date: 09.04.2025 18:05:48
Vietim ID: -34c97b93-5203-41

Package ID: AP-m9a15ui6-fe13cd40-c83a-4122-b318-aa83044bfefa
Delivery Date: 09.04.2025 18:10:48

Figure 8. Delivery Ul

Figure 9 shows the transaction hash information related to the distribution process. Thanks to the
immutable blockchain structure, it is possible to track which aid was distributed to which disaster
victim and on what date.

The interfaces were designed to be simple and suitable for field conditions, enabling volunteer staff
to use the system after brief training sessions. This design supported the practical use of the proto-
type during the field demonstration; however, operational delay reduction was not directly meas-
ured in this study.

Internal Transactions Token Transfers (ERC-20) Contract Events

15 Latest 5 from a total of 5 transactions ¢k Download Page Data W7 v
(3  Transaction Hash Method & Block Age From To Amount Txn Fee
® 0x41698fa71f0... 0x3bfd9sf1 8084765 4 days ago 0xac364C2d...9651a0393 N 0x398944F5...ded4d944E 0ETH 0.00062541
@ 0xb811097221. 0x3bfd35f1 8084741 4 days ago 0xac364C2d...9651a0393 N 0x398944F5...ded4d944E 0ETH 0.00049936
@  0x354be542c4.. 0x3bfdasf1 8084722 4 days ago 0xac364C2d...9651a0393 N 0x398944F5...ded4d9o44E 0ETH 0.00039668
®  Oxdeefab7f3f9.. 0x3bfdIsf1 8084690 4 days ago 0xac364C2d...9651a0393 N 0x398944F5...ded4d944E 0ETH 0.00035767
@ 0xe79436fd15b 0x3bfd9sf1 8084686 4 days ago 0xac364C2d...9651a0393 N 0x398944F5...ded4d944E 0ETH 0.00039082

[ Download: CSV Export e |

Figure 9. Sepolia Testnet Transactions

In Figure 9, the distributed aid transactions are tracked on the Sepolia testnet by monitoring their
transaction hash values, which remain immutable and verifiable.

Table 5. Deliveries Transaction Hash.

No Transaction Hash
0x41698fa71f056a120b9928c42470fc6d11cae8425a9ac9e630711c2144fb7f4e
0xb81109722172e3aa5a60cf3e39971£3bcc45a88c748efec82£37d2d0ef561d64

0x354be542c4b0c09b0f4cabbd532a6219¢99d19b0483716b480da6910272c8b28

Ox4eefab7£3f92a073d8d7e1d0cc569a5cbe6121c1077albebecbd22ef306878£3
0xe79436fd15b1dcf9f02fd7{8a148378282000c05645{99104962476bf4c71211

g s W N =

The transaction hash values shown in Table 5 demonstrate that each distribution transaction can
be independently verified, providing technical evidence of the traceability and independent verifi-
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ability of the recorded transactions. Table 5 presents the five delivery transaction hashes recorded
during the limited proof-of-concept demonstration.

6.4. Verification of Findings Using the Nominal Group Technique (NGT)

At this stage, the findings of the study were validated using the Nominal Group Technique (NGT).
Accordingly, an online NGT session was conducted to review the findings obtained from the field
implementation and the expert-based operational assessment. Hugé and Mukherjee (2018) empha-
size that virtual environments provide an effective and reliable setting for expert-based validation
processes.

The operational indicators and case study outputs were presented to the same six-member expert
panel that participated in the initial NGT stage in a structured online meeting. Using the same panel
provided continuity between the identification of operational problems and the subsequent assess-
ment of the proposed solution, allowing the experts to evaluate the system in relation to the issues
they had initially identified. Experts were selected based on their field experience in disaster man-
agement and humanitarian logistics.

The NGT process followed four structured stages. In the first stage, experts independently evaluat-
ed the findings. In the second stage, each expert presented their views sequentially, ensuring equal
participation. In the third stage, collective discussion was conducted to clarify and compare view-
points. In the final stage, experts reviewed and reached consensus on the final set of findings based
on expert judgment.

Conventional and modified NGT approaches have also been used to elicit and prioritize expert-in-
formed strategies in education, including character education, teachers’ technological self-efficacy,
and teaching activities for the 4C skills (Ramly, Masnan, Awang, & Menon, 2025; Subramaniam,
Ismail, & Ahmad, 2025; Zakaria, Hanri, Noer, Triana, & Widyastuti, 2025). These examples illustrate
NGT as a structured process for synthesizing expert input rather than providing independent vali-
dation of the present blockchain prototype.

No numerical rating scale or statistical aggregation was used in the final qualitative assessment.
Consensus was operationally defined as the absence of substantive objections following the struc-
tured discussion. During the session, experts examined the classification and interrelationships of
operational factors and evaluated whether any items required modification, reclassification, or re-
moval. Consensus was reached through structured discussion, and no substantive objections were
raised regarding the identified operational dimensions or their interpretation.

The integration of individual judgments through structured discussion ensured content validity and
consensus, which is a key strength of NGT (Rankin et al., 2016). Consistent with Hugé and Muk-
herjee (2018), the online implementation proved effective for validating complex analytical outputs.
Overall, the findings were supported by the expert panel as a consistent interpretation of the field-
based proof-of-concept based on expert consensus.

7. Discussion

This study demonstrates the real-world integration of blockchain technology into post-disaster hu-
manitarian aid and examines its technical feasibility and perceived operational contributions under
field conditions. While existing literature emphasizes blockchain’s potential to enhance transparen-
cy, traceability, and reliability in disaster relief, most contributions remain theoretical (Demir et al.,
2020; Shevtekar & Raut, 2023) or conceptual frameworks without empirical validation (Jain & Sim-
ha, 2018; Patil & Kadam, 2022). Prior studies also indicate that intermediaries in donation systems
increase corruption risks, while immutable records can mitigate these issues (Saraswat et al., 2022;
Srivatsa et al., 2024).
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The main contribution of this study is the field-based demonstration of a blockchain-supported aid
distribution workflow in a real post-disaster environment. In Hatay, following the 2023 earthqu-
akes, aid distribution was implemented using an Ethereum-based system under AFAD coordina-
tion. QR-coded packages enabled traceable and tamper-proof monitoring of distribution events.
This implementation provides practical support for the potential of blockchain to strengthen trace-
ability, verifiability, and accountability (Adediran et al., 2024; Demir et al., 2020; Shevtekar & Raut,
2023). Although global initiatives such as AidChain and Binance Charity exist, this study differs as
one of the first field-implemented, locally deployed blockchain systems tested under real disaster
conditions. However, the limited proof-of-concept design does not establish system robustness or
large-scale operational performance under infrastructure constraints and operational uncertainty.
The implementation should also be considered within the broader operational context of disaster
response, where technological tools interact with institutional capacity, field personnel, coordina-
tion mechanisms, and infrastructure vulnerabilities. Previous disaster-response research has emp-
hasized that organizational, informational, resource-related, and operational weaknesses can affect
response capacity, while preparedness, interoperability, and coordination among institutional and
community-level actors remain critical for effective disaster management (Cvetkovié, 2025; Cvet-
kovi¢, Tanasi¢, Renner, Rokvi¢, & Berisa, 2024; Cvetkovic et al., 2025). Similarly, Masaba, Aryatwi-
juka, Ntayi, and Bagire (2025) highlight the central role of coordination among humanitarian orga-
nizations in supporting effective disaster response. Accordingly, blockchain should be viewed as a
supporting tool within the wider disaster-response system rather than as a standalone solution to
operational challenges.

7.1. Benefits

Blockchain provides a decentralized, immutable, and transparent structure that shifts trust from in-
stitutional actors to cryptographic verification. In this study, blockchain enabled traceable recording
of aid flows, supported digital beneficiary—package association, and ensured a verifiable audit trail.
These features have the potential to support accountability, reduce opportunities for record manip-
ulation, and strengthen information sharing among humanitarian actors (Hunt & Zhuang, 2022).
Operationally, the system incorporated technical mechanisms for package-level duplicate control,
transaction verification, and traceability. Blockchain-based logging provided a traceable record that
may support resource allocation, distribution planning, and last-mile visibility; however, these op-
erational effects were not directly measured in the present study.

7.2. Challenges

Despite its benefits, several challenges emerged:
Technical Challenges

1. Disaster environments involve stochastic, dynamic, and multi-stakeholder structures, making
blockchain integration complex.

2. Infrastructure damage, fluctuating needs, and unstable communication systems complicate re-
al-time blockchain operations.

3. Data protection regulations and ambiguity regarding data ownership can limit implementati-
on. Although synthetic data were used in the present proof-of-concept, deployment with real
personal data would require additional consideration of data minimization, key management,
access control, retention, and erasure-related requirements under applicable data-protection fra-
meworks. Privacy challenges in private blockchain networks have been discussed by Ncube,
Dlodlo, and Terzoli (2020).
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4. Scalability remains a major concern in large-scale crises. Because the present implementation
used the Sepolia test network, the study does not evaluate production-level transaction costs,
network congestion, throughput, or reliability under large-scale humanitarian operations.

5. Infrastructure costs and energy requirements can be burdensome in resource-constrained envi-
ronments.

Adoption Challenges

Limited technological literacy among field personnel.
Difficulty integrating blockchain with existing aid systems.
Role inconsistencies across agencies and NGOs.

Ll e

Limited communication infrastructure and interoperability issues.

7.3. Expert-Based Assessment of the Blockchain-Supported Distribution System

At this stage, the perceived operational contributions of the traditional aid distribution system and
the blockchain-supported system were compared based on expert assessments obtained under the
Nominal Group Technique (NGT) framework. Table 6 summarizes the qualitative comparative
judgments of the expert panel. These assessments were not derived from direct operational meas-
urements or benchmark testing and should therefore be interpreted as expert perceptions of the
potential contribution of the proposed system.

Table 6. Qualitative Expert-Based Comparison of Traditional and

Blockchain-Supported Aid Distribution Workflows

O}?erathnal Traditional Workflow Bloc uaine t5HERERN Expert Assessment
Dimension Workflow
e Primarily manual verifi- = QR-supported digital Experts cor.151dered QR_baSEd. Yerl.ﬁca—
Verification . i tion potentially useful for facilitating
cation verification . .
the verification process.
Experts considered automated
Duplicate Package Dependent mainly on Smart-contract-support-  package-level checks an additional
Delivery Control manual records ed package-level control ~ safeguard against repeated recording
of the same package delivery.
Records may depend on ~ Immutable block- Experts associated immutable records
Data Integrity centralized/manual data  chain-based transaction  with stronger data integrity and con-
handling records sistency.
Retrospective verification — Transaction hashes allow Experts considered independent
Auditability may depend on institu- independent verification  verification a key advantage of the
tional records of recorded transactions  proposed workflow.
Dependent on manual QR- and ID-supported Experts perceived digital association
Delivery Accuracy beneficiary-package beneficiary-package as potentially reducing matching
matching association eIrors.
Limited by fragmented Blockchain records pro-  Experts associated the block-
Transparency or institution-specific vide traceable transaction chain-supported workflow with

Personnel Workload

Record Consistency

records

Greater reliance on manu-
al record-keeping

Manual records may be
vulnerable to discrepan-
cies

histories

Digital recording and
QR-supported processing

Blockchain-based re-
cords provide a common
immutable record

greater process visibility.

Experts perceived the system as
having the potential to reduce some
manual recording tasks.

Experts considered this structure
potentially useful for reducing record
inconsistencies.
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As shown in Table 6, expert evaluations indicated that the blockchain-supported workflow was per-
ceived to offer potential advantages over the traditional workflow across the assessed operational
dimensions. In particular, data integrity, auditability, traceability, and package-level duplicate con-
trol were identified by the experts as notable potential contributions of the proposed system. These
findings reflect structured expert judgment and should not be interpreted as statistically measured
performance gains or as evidence of superiority based on direct operational benchmarking. RQ 1.
In a disaster area, how might blockchain integration reduce conventional operational inefficiencies
such as aid duplication and human entry errors?

The findings indicate that the proposed system provides technical mechanisms that may help ad-
dress operational inefficiencies such as duplicate package recording, inconsistencies in beneficiary
records, identity mismatches, and missing timestamp information through the integration of QR-
based identification and smart contract validation mechanisms. These mechanisms were designed
to reduce reliance on manual verification and to limit opportunities for human-induced recording
errors. RQ 2. How does the system support data integrity, verifiability, and traceability during last-
mile distribution?

The integration of time-stamped blockchain transactions and hash-based verification supported
process traceability and auditability. Each aid transaction was immutably recorded, enabling retro-
spective verification of distribution events. While these features support data integrity at the system
level, their effectiveness depends on correct data input at the operational interface layer.

RQ 3. In terms of operational planning and resource allocation, what potential advantages does the
created framework provide to field staff and decision-makers?

From an operational perspective, the system provides a digital record of distribution activities and
may reduce reliance on manual record-keeping processes. In addition, the package-level duplicate
control and improved record consistency may support more informed decision-making in resource
allocation processes. Taken together, these findings suggest that blockchain-supported aid distribu-
tion systems may offer potential advantages in terms of traceability, record integrity, and accounta-
bility; however, direct comparative performance testing is required before conclusions can be drawn
regarding operational efficiency or superiority over conventional systems. 5.4. Limitations

This study has several limitations that should be considered when interpreting the findings. First,
the field implementation was conducted as a limited proof-of-concept involving five recorded deliv-
ery transactions rather than as a large-scale operational deployment. Accordingly, the study demon-
strates the technical feasibility and traceability of the proposed blockchain-supported workflow but
does not establish its performance under high-volume humanitarian operations.

Second, operational outcomes such as verification time, personnel workload, delivery accuracy, du-
plicate prevention rates, and record discrepancies were not directly benchmarked against the con-
ventional distribution system. The comparative findings presented in this study therefore reflect
expert assessments of the potential operational contributions of the proposed system rather than
objectively measured performance gains.

Third, the same six-member expert panel participated in both the initial problem-identification stage
and the subsequent validation stage. This continuity provided an important advantage by allowing
the experts who initially identified the operational challenges to evaluate the proposed solution
within the same contextual framework. However, the use of the same panel may also introduce a
degree of confirmation bias, and future studies could strengthen external validation by incorporat-
ing an independent expert group.

Finally, the prototype was implemented on the Sepolia test network. Although this environment
was suitable for demonstrating blockchain functionality in the field, the present study does not
evaluate production-level transaction costs, network congestion, throughput, or scalability under
large-scale disaster-response conditions. Future research should therefore examine the system using
larger operational samples and direct comparative performance measurements in production-ori-
ented environments.
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8. Conclusion

This study presents a field-based proof-of-concept of the integration of blockchain technology into
humanitarian aid distribution in a real post-disaster setting. Aid packages distributed by AFAD in a
Hatay container city were tracked via an Ethereum-based system using QR codes assigned to each
beneficiary. This implementation demonstrates the technical feasibility of creating tamper-proof,
timestamped, and independently verifiable records of aid deliveries.

While the literature provides many conceptual and architectural proposals, real-world applications
remain scarce. This study fills an important gap by offering field-based evidence of the feasibility of
a QR-integrated blockchain workflow for supporting traceability, verifiability, and accountability in
humanitarian logistics. However, the technology still faces limitations related to system adoption,
data entry accuracy, infrastructure costs, and integration challenges. Moreover, because the imple-
mentation was conducted as a limited proof-of-concept and operational performance was not direct-
ly benchmarked against the conventional system, the findings should not be interpreted as evidence
of overall performance superiority.

Future research should focus on:

* testing similar systems across multiple NGOs or regions,

¢ comparing blockchain-supported and traditional distribution workflows, using directly meas-
ured operational indicators,

* incorporating biometric verification to strengthen identity validation,
¢ integrating Al-based analytics to improve resource allocation and demand forecasting,

¢ evaluating operational performance using measurable indicators such as delivery accuracy, du-
plicate prevention rate, and time efficiency.

By addressing these directions, blockchain technology may evolve from a promising conceptual tool
into a robust operational component of humanitarian aid systems.
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