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CrossMark

This study aims to identify and prioritize the applications of blockchain technology in
smart city management. This applied research follows a descriptive—analytical design
within a neo-positivist paradigm. Initially, components and indicators were extracted
through a comprehensive literature review. Subsequently, the Delphi technique was
employed to refine these indicators based on expert opinions. The Analytical Hierarchy
Process (AHP) was used to assign relative weights to criteria, and Partial Least Squares
(PLS) modeling was applied to develop the structural model. The statistical population
consisted of experts in urban planning and blockchain technology. The findings
revealed that blockchain applications in smart cities can be structured into 2 main
factors, 7 components, and 31 indicators. Priority analysis indicated that “integration
of Internet of Things (IoT) data” has the highest significance. Structural model results
showed statistically significant path coefficients, confirming the strong impact of
blockchain technology on various dimensions of smart city management. Blockchain
technology, due to its inherent features such as transparency, immutability, and
security, plays a critical role in enhancing efficiency and security in smart city
infrastructures and serves as an effective solution for data integration and reducing
system vulnerabilities.

Keywords: Blockchain technology, Smart city, Urban management, Internet of Things,
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Extended Abstract

Introduction

Rapid urbanization has intensified the need for more transparent, secure, resilient, and data-driven
urban management systems. Smart cities have emerged as a strategic response to challenges such as traffic
congestion, environmental degradation, inefficient public services, fragmented governance, and
increasing demands for citizen-centered urban systems. However, smart city development depends heavily
on reliable data infrastructures, secure digital transactions, interoperability among urban systems, and trust
between citizens, institutions, and technology providers (Dai et al., 2024; Han & Kim, 2024; Lim et al., 2024).
In this context, blockchain technology has gained growing attention as a decentralized, transparent,
immutable, and secure digital infrastructure that can support smart city management across several
domains. Previous studies have highlighted blockchain applications in smart mobility, Internet of Things
data integrity, urban governance, public participation, sustainable energy, waste management, healthcare,
real estate, and secure data dissemination (Karger et al., 2024; Mohd Shari & Malip, 2022; Rahman et al., 2022;
Ullah et al., 2023). Blockchain can also strengthen privacy-preserving participation, increase trust in urban
decision-making, improve supply chain transparency, and enhance the security of connected urban
infrastructures (letto et al., 2023; Joyce & Javidroozi, 2024; Laatikainen et al., 2023). Despite this expanding
literature, the practical applications of blockchain in smart city management remain conceptually
dispersed and insufficiently prioritized. Therefore, this study aimed to identify and prioritize the
applications of blockchain technology in smart city management.

Methods and Materials

This applied study used a descriptive—analytical and survey-based design within a neo-positivist
paradigm. The research was conducted in several sequential phases. First, relevant Persian and English
scientific sources, including articles, books, dissertations, and theoretical studies, were reviewed to extract
the initial factors, components, and indicators related to blockchain applications in smart city
management. Second, the extracted indicators were refined through the Delphi technique using the
opinions of experts familiar with blockchain technology, urban planning, and smart city management. The
Delphi process continued across several rounds until an acceptable level of expert consensus was
achieved. Third, after finalizing the indicators, the Analytical Hierarchy Process was used to determine
the relative importance and priority of the identified indicators. Finally, Partial Least Squares structural
equation modeling was applied to test the measurement and structural models. The statistical population
consisted of two groups: experts who participated in the Delphi process to refine the indicators and urban
planning specialists who were familiar with blockchain applications in smart cities. Data collection tools
included Delphi-based questionnaires, pairwise comparison questionnaires for AHP, and structured
instruments for PLS modeling. The validity and reliability of the final instrument were examined using
appropriate statistical criteria, including the Kaiser—Meyer—Olkin index, Bartlett’s test of sphericity,
convergent validity, composite reliability, Cronbach’s alpha, discriminant validity, coefficients of
determination, path coefficients, and variance inflation factors.

Findings

The results confirmed the adequacy of the research instrument and the suitability of the data for
further analysis. The Kaiser—Meyer—Olkin value was 0.792, and Bartlett’s test of sphericity was
significant at 0.000, indicating that the correlation matrix was appropriate for subsequent analyses. The
Delphi findings showed that blockchain applications in smart city management could be classified into 2
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main factors, 7 components, and 31 indicators. The confirmed components included sustainability and
resilience, governance, transportation, housing, technology, citizen welfare, and investment. In the
sustainability and resilience component, supply chain management achieved the highest final weight of
4.900, followed by resource recovery with 4.850, carbon tax with 4.450, and air quality measurement with
4.050. In the governance component, augmented democracy and citizen participation with privacy
preservation obtained the highest weight of 4.800, followed by smart voting with 4.300 and strengthening
citizen trust with 4.200. In the transportation component, urban parking management obtained the highest
weight of 4.800, followed by solving logistics problems with 4.550, transportation payment and
authentication assessment each with 4.250, and solving communication and cooperation problems in
vehicles with 4.200. Some overlapping indicators were removed during expert refinement.

In the housing component, smart home received the highest weight of 4.400, followed by green
building with 4.000 and smart property management with 3.450. In the technology component, integration
of Internet of Things data obtained the highest weight of 4.950, followed by secure data sharing with 4.900
and improving operational speed with 4.850. In the citizen welfare component, security achieved a weight
of 4.900, education 4.750, social care and healthcare each 4.600, opportunities 4.250, facility management
4.200, and waste management 4.050. In the investment component, economic stability received the
highest weight of 4.500, followed by e-commerce with 4.450, start-ups with 4.300, and tax payment with
4.250. Overall prioritization showed that integration of Internet of Things data was the most important
indicator among all studied indicators.

The measurement model results supported the reliability and validity of the constructs. The AVE
values were above the acceptable threshold for all constructs: transportation 0.676, governance 0.897,
housing 0.744, sustainability 0.777, welfare 0.647, investment 0.693, and technology 0.669. Composite
reliability and Cronbach’s alpha values were also acceptable across all constructs. Discriminant validity
was confirmed using the Fornell-Larcker criterion, as the diagonal values were higher than the inter-
construct correlations. The structural model results showed that the R? values were 0.471 for sustainability,
0.417 for welfare, 0.364 for technology, 0.338 for transportation, 0.284 for housing, 0.222 for investment,
and 0.178 for governance. Path coefficients were significant for all constructs at p = 0.000. The strongest
path coefficient was observed for sustainability with 0.686, followed by welfare with 0.646, technology
with 0.603, transportation with 0.581, housing with 0.533, investment with 0.471, and governance with
0.421. VIF values were generally below the acceptable threshold, indicating that severe multicollinearity
was not present.

Discussion and Conclusion

The findings indicate that blockchain technology should be understood as a multidimensional
infrastructure for smart city management rather than as a limited financial or transactional technology.
The priority of Internet of Things data integration shows that the most fundamental role of blockchain in
smart cities is to secure, integrate, and validate the large volumes of data generated by sensors, connected
devices, urban platforms, and digital services. This is especially important because smart city systems
depend on trustworthy data for decision-making, service delivery, monitoring, prediction, and citizen
interaction. Without secure and integrated data, other smart city applications such as intelligent
transportation, smart governance, healthcare, waste management, housing, and environmental monitoring
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cannot function effectively. The strong role of technology-related indicators also shows that blockchain
can enhance operational speed, data sharing, and cybersecurity in urban systems.

The significant results for sustainability, welfare, technology, and transportation suggest that
blockchain has the greatest managerial value in domains where transparency, traceability, coordination,
and trust are essential. In sustainability and resilience, blockchain can support supply chain transparency,
resource management, environmental monitoring, and carbon-related mechanisms. In transportation, it
can improve parking management, authentication, payments, logistics, and vehicle-to-vehicle or system-
to-vehicle cooperation. In governance, blockchain can strengthen participation, privacy-preserving
democracy, trust, and accountability, although the lower RZ value for governance suggests that
institutional, legal, and cultural factors may also strongly influence this domain. In citizen welfare,
blockchain can support secure healthcare data, education-related services, public safety, social care, and
waste management. The results also show that blockchain has practical implications for housing and
investment by improving transparency in property management, enabling smart home systems, supporting
economic stability, and facilitating digital transactions.

Overall, the study concludes that blockchain technology has substantial potential to improve smart
city management by strengthening data integrity, transparency, security, and coordination across urban
systems. The most important strategic implication is that cities should prioritize blockchain applications
that support Internet of Things data integration, secure data sharing, sustainability, citizen welfare, and
transportation management. Successful implementation requires not only technical infrastructure but also
institutional readiness, data governance standards, cybersecurity frameworks, legal support, expert
training, and inter-organizational cooperation. Therefore, blockchain-based smart city development
should be pursued through a phased and context-sensitive strategy that aligns technological capacity with
urban priorities, public value, and long-term sustainability.
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