
Journal of Sustainable Development and Green Technology (JSDGT)                               Vol. 03, No. 01, PP. 08-19, 2023 

 

8 

Doi : https://doi.org/10.54216/JSDGT.030101  

 

   

 

 

 

 

 

 

Towards Sustainable Smart Cities: Exploring the Synergy of 

Blockchain and Edge Intelligence - A Review and Outlook 
 

Ahmed Sleem 

Ministry of communication and information technology, Egypt  

Email :  Ahmedsleem8000@gmail.com 

 

Abstract 

 

The evolution of smart cities represents a pivotal transformation in urban development, driven by the integration of 

cutting-edge technologies. Among these, blockchain and edge intelligence have emerged as pivotal forces shaping the 

future of smart cities. This paper presents a comprehensive review and outlook on the potential synergy between 

blockchain and edge intelligence, highlighting their transformative impact on sustainable smart city development.  In 

our analysis, we delve into the key components and technologies associated with smart cities, emphasizing their goals 

of sustainability, efficiency, and improved quality of life. We introduce the concepts of blockchain and edge 

intelligence, elucidating their applications across various industries and urban domains. Moreover, we identify gaps 

in the existing literature and underscore the critical need for further research in the synergy of these technologies in 

smart cities.  Our exploration extends to the significance of the study, emphasizing the timeliness of this research 

amidst growing interest in sustainable smart cities. We discuss the potential benefits and implications of this 

technological convergence for urban planning, technology adoption, and sustainability. This paper envisions smart 

cities that prioritize sustainability, circular economies, and data privacy, while fostering innovation and collaboration 

among public and private stakeholders. As we look to the future, we anticipate that this convergence will pave the 

way for more resilient, sustainable, and inclusive smart cities, and we outline potential areas for further research and 

development in this exciting field. 

 

Keywords:    Sustainable Smart Cities;  Blockchain Technology, Edge Intelligence; IoT (Internet of Things); 

Decentralized Systems; Urban Sustainability; Edge Computing;  Smart Governance; Edge Devices;  Smart Mobility;  

Resilient Cities. 

1. Introduction 

In recent decades, the world has witnessed an unprecedented wave of urbanization, with a majority of the global 

population now residing in urban areas. This rapid urbanization has presented both incredible opportunities and 

daunting challenges. To address these challenges and create more sustainable, efficient, and livable urban 

environments, the concept of 'smart cities' has emerged as a transformative paradigm. Smart cities leverage advanced 

technologies and data-driven solutions to enhance urban infrastructure, services, and governance [1]. As urban 

populations continue to swell, the need for innovative approaches to urban planning and management has become 

increasingly urgent. This paper delves into the burgeoning field of smart cities and their pivotal role in shaping the 

future of urban living. Specifically, it explores the potential synergy between two cutting-edge technologies, 

blockchain and edge intelligence, and their capacity to revolutionize smart city development, thereby paving the way 

for more sustainable and resilient urban landscapes [2]. 

 

A fundamental shift is underway in the way we conceive, plan, and develop our urban centers. The concept of a 'smart 

city' has emerged as the vanguard of this transformation, reimagining urban landscapes with an unwavering focus on 

sustainability, efficiency, and the enhancement of residents' quality of life [3]. At its core, a smart city is a forward-

thinking urban ecosystem that harnesses cutting-edge technologies and data-driven strategies to optimize its operations 

and services. These cities strive to achieve a delicate balance between economic vitality, environmental responsibility, 
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and social inclusivity. Central to this vision are key components and technologies such as the Internet of Things (IoT), 

data analytics, and automation. IoT sensors and devices are ubiquitously deployed, gathering real-time data on 

everything from traffic patterns to air quality. This data is then harnessed by sophisticated analytics engines, enabling 

cities to make informed decisions, predict future trends, and allocate resources efficiently. Automation plays a pivotal 

role, streamlining processes and enhancing services, from traffic management to waste disposal. In this paper, we 

delve deeper into the synergy between these technologies, exploring how emerging innovations like blockchain and 

edge intelligence can further propel the smart city movement towards unprecedented sustainability and urban 

excellence [4]. 

 

In the evolving landscape of technology and innovation, two promising paradigms, blockchain technology and edge 

intelligence, have emerged as transformative forces across a myriad of industries. Blockchain, initially conceptualized 

as the underlying technology for cryptocurrencies, has transcended its origins to offer a decentralized and immutable 

ledger capable of securely recording transactions and data exchanges [5]. Its applications extend well beyond finance, 

touching domains such as supply chain management, healthcare, and identity verification. Simultaneously, edge 

intelligence has gained prominence by enabling real-time data processing and decision-making at the edge of 

networks, reducing latency and bandwidth requirements. This paradigm shift is ushering in an era where devices at 

the edge, from autonomous vehicles to industrial sensors, are becoming smarter and more autonomous. As these 

technologies continue to mature, they are poised to revolutionize the very fabric of our urban environments, 

empowering smart cities with the tools to tackle complex challenges like never before (see Figure 1). 

 

Despite the rapid proliferation of smart city initiatives, a critical area that remains relatively uncharted is the 

exploration of the collaborative potential between blockchain technology and edge intelligence within the context of 

urban sustainability [6]. Existing literature has begun to acknowledge the individual merits of these technologies in 

enhancing various aspects of smart cities, yet there remains a discernible gap in our understanding of how these two 

domains can converge to unlock new dimensions of efficiency, security, and sustainability [7]. Previous research tends 

to be fragmented, focusing either on blockchain's role in data security or edge intelligence's real-time processing 

capabilities. This paper seeks to bridge this gap by presenting a comprehensive review and forward-looking analysis 

of the synergy between blockchain and edge intelligence in smart city environments [8]. By identifying these 

uncharted territories and discussing the limitations in current research, we underscore the pressing need for holistic 

investigations in this domain. Through a critical examination of the existing body of knowledge and the synthesis of 

Figure 1: Synergistic Integration of Blockchain and Edge Intelligence for 

Sustainable Smart Cities 
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emerging trends, this paper aims to pave the way for a more cohesive and informed approach to harnessing the 

combined potential of these technologies for the sustainable development of smart cities. 

 

The significance of this study lies at the intersection of two vital imperatives shaping our contemporary world: the 

pressing need for sustainable urban development and the burgeoning interest in the potential of smart technologies 

[3]. As the global population gravitates toward urban centers at an unprecedented rate, the challenges associated with 

ensuring the sustainability, efficiency, and livability of these cities have become increasingly urgent. Sustainable smart 

cities, equipped with advanced technologies and data-driven solutions, hold the promise of not only addressing these 

challenges but also ushering in a new era of urban excellence [9]. Our research is timely and relevant in this context, 

as it explores the synergy between blockchain technology and edge intelligence, two cutting-edge domains, and their 

potential to revolutionize smart city development. 

 

This paper is structured to provide a comprehensive exploration of the synergy between blockchain technology and 

edge intelligence in the context of smart cities. In Section 2, we offer insights into the existing literature on smart 

cities, blockchain, and edge intelligence. Section 3 forms the core of our study, where we investigate how these 

cutting-edge technologies can collaborate to enhance sustainability and efficiency in smart city environments. 

Building upon this foundation, Section 4, delves into the potential advantages and real-world implications of our 

research, shedding light on how the integration of blockchain and edge intelligence can transform urban planning, 

technology adoption, and sustainability efforts. In Section 5, we peer into the future, providing a forward-looking 

analysis of these technologies in the smart city landscape while suggesting promising research directions. Finally, in 

Section 6, we summarize key findings, underlining the significance of our study, and articulating the transformative 

potential of blockchain and edge intelligence for the sustainable development of smart cities. 

2. Related Works 

This section serves as a foundational exploration of the existing literature and research relevant to our study on the 

synergy of blockchain and edge intelligence in smart cities. By delving into previous research and studies, we aim to 

contextualize our own work, identify gaps in the current knowledge landscape, and pave the way for a deeper 

understanding of the potential of these technologies for urban sustainability and efficiency.     Mishra et al. [9] explored 

the application of the Internet of Medical Things (IoMT) in healthcare for sustainable smart cities. Their research 

focused on the current status and future prospects of IoMT, which aligns with our paper's emphasis on the potential 

benefits of emerging technologies in urban settings. Cui et al. [10] investigated resource-efficient deep neural network 

(DNN) training and inference for heterogeneous edge intelligence, relevant to our study's focus on edge intelligence. 

Their work highlights the importance of resource-efficient computing in smart city applications. Nikitas et al. [11] 

discussed the role of artificial intelligence in the context of smart cities, touching upon various dimensions of mobility 

and sustainability. Their research aligns with our paper's exploration of technology's impact on urban development. 

In addition,  Zahmatkesh and Al-Turjman [12] provided an overview of fog computing's role in sustainable smart 

cities in the IoT era. This work addresses the challenges and enabling technologies relevant to our discussion of edge 

intelligence.  Deng et al. [13] explored the concept of edge intelligence, which closely aligns with our study's focus. 

Their research delves into the convergence of edge computing and artificial intelligence, shedding light on the 

importance of these technologies in smart city development.  Biswas and Wang [14] discussed autonomous vehicles 

enabled by the integration of IoT, edge intelligence, 5G, and blockchain. Their study showcases the potential synergy 

of these technologies, which parallels our examination of blockchain and edge intelligence in smart cities.  Lu et al. 

[15] focused on creating an energy-efficient smart city for sustainable green tourism. Their work highlights the 

practical applications of technology in promoting sustainability, a theme shared with our paper.  Ren et al. [16] 

conducted a systematic review of sustainable finance and blockchain, demonstrating the broader implications of 

blockchain technology, which complements our exploration of blockchain in smart cities. Moreover, Bashirpour 

Bonab et al. [17] presented a comprehensive review and analysis of quantum technologies for smart cities. While their 

focus is on quantum technologies, their research illustrates the multifaceted nature of technology's role in urban 

development.  Wu et al. [18] conducted a review on the adoption of AI, BC, and IoT in sustainability research. Their 

work aligns with our paper's discussion of the adoption and integration of these technologies for sustainable smart 

cities. Molokomme et al. [19] surveyed edge intelligence in Smart Grids, emphasizing architectures, offloading 

models, cyber security measures, and challenges. This work complements our exploration of edge intelligence in the 

context of smart cities. Gupta [20] conducted an exploratory survey on blockchain technology and its application in 

the Internet of Things (IoT). This research provides valuable insights into the intersection of blockchain and IoT, 

which aligns with our discussion of blockchain's role in smart cities. Barbuto et al. [21] conducted a systematic meta-

survey on edge intelligence. Their work helps contextualize the discussion around edge intelligence in our paper.  
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Furthermore, Polas et al. [22] explored the relationship between artificial intelligence, blockchain technology, and 

risk-taking behavior in the 4.0 IR Metaverse Era, providing insights into the implications of these technologies in 

various contexts, including business and industry. 

3. Synergy Between Blockchain and Edge Intelligence 

The intersection of blockchain technology and edge intelligence holds transformative potential in the context of smart 

cities. Blockchain, known for its decentralized, secure, and transparent ledger capabilities, can significantly enhance 

data integrity and trust within urban ecosystems. Edge intelligence, on the other hand, enables real-time data 

processing and decision-making at the network's edge, reducing latency and increasing efficiency. These two 

technologies, when strategically integrated, have the potential to create a powerful symbiotic relationship within smart 

city applications. 

One critical aspect of the synergy between blockchain and edge intelligence is the fortification of data security and 

privacy in smart city environments. Blockchain's immutable ledger ensures data integrity and transparency, making it 

ideal for securely recording and managing sensitive information such as citizen identities, financial transactions, and 

IoT sensor data. When combined with edge intelligence, which processes data locally at the source, this technology 

duo minimizes the risk of data breaches and reduces the need for centralized data repositories vulnerable to 

cyberattacks. As a result, residents and stakeholders can have greater confidence in the security and privacy of their 

data, a foundational element for smart cities aiming to enhance trust and citizen engagement [3]. 

The synergy of blockchain and edge intelligence further amplifies the efficiency and responsiveness of smart city 

operations. Edge devices equipped with artificial intelligence (AI) algorithms can make real-time decisions at the 

edge, optimizing resource allocation, traffic management, and energy consumption. Blockchain's decentralized nature 

ensures that these decisions are recorded transparently and cannot be tampered with, enhancing accountability and 

traceability. Moreover, the reduction in data transfer latency enabled by edge intelligence facilitates swift execution 

of blockchain-based transactions, unlocking new possibilities for frictionless, secure, and efficient smart city services. 

The result is a dynamic and adaptive urban environment that can respond promptly to changing circumstances, 

ultimately contributing to the sustainable and resilient development of smart cities. These interconnected paragraphs 

provide an in-depth exploration of the potential synergy between blockchain and edge intelligence in smart city 

applications, focusing on data security, privacy, and real-time decision-making as key facets of this synergy's 

transformative impact [4-6]. 

One prominent example of the symbiosis between blockchain and edge intelligence lies in the realm of smart grids 

and energy management. Edge devices equipped with AI algorithms can continuously monitor and optimize energy 

consumption patterns at the local level, adjusting power distribution in real-time to minimize waste. Blockchain 

technology can securely record energy transactions, ensuring transparency and preventing unauthorized access to the 

grid. Together, these technologies enable decentralized energy generation, storage, and distribution within smart cities. 

By integrating edge intelligence for real-time load balancing and blockchain for transparent energy transactions, smart 

grids become more resilient, efficient, and sustainable, reducing energy costs and environmental impact. Moreover, 

the convergence of blockchain and edge intelligence plays a pivotal role in revolutionizing transportation within smart 

cities. Autonomous vehicles, supported by edge devices and sensors, can make split-second decisions to navigate 

traffic and optimize routes efficiently. These vehicles generate vast amounts of data, which can be securely recorded 

on a blockchain ledger, providing a tamper-proof history of vehicle performance and interactions [7-8]. This enhances 

trust and safety in autonomous systems. Moreover, blockchain can facilitate peer-to-peer vehicle sharing and payment 

systems, reducing the need for centralized transportation authorities. This combination of technologies fosters more 

sustainable and efficient urban mobility, reducing traffic congestion, energy consumption, and emissions. 

Furthermore, Efficient waste management is crucial for sustainable urban environments. Edge intelligence can be 

employed in smart waste bins to optimize waste collection routes based on real-time fill levels. Simultaneously, 

blockchain can be used to track the disposal and recycling of waste, ensuring transparency in the waste management 

process. This integrated approach minimizes unnecessary waste collection trips, reduces fuel consumption, and 

promotes recycling efforts. Additionally, blockchain can incentivize recycling through reward systems, encouraging 

citizens to participate actively in sustainability initiatives. By combining edge intelligence and blockchain, smart cities 

can establish more resource-efficient and environmentally responsible waste management practices. Table 1 
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summarizes the common use cases for improving synergy between blockchain integrated edge intelligence for 

enhancing sustainability [6-9]. 

 

Table 1: Synergistic Applications of Blockchain and Edge Intelligence for Sustainable and Efficient Smart Cities 

Use Case Description Components Benefits Challenges Examples 

Energy Grid 

Management 

- Peer-to-peer energy 

trading among 

residents in a smart 

city. 

- Edge devices 

monitor energy 

consumption in real-

time. 

- Edge devices 

for real-time 

data 

monitoring. 

- BC for secure 

transaction 

recording. 

- Decentralized 

energy 

distribution. 

- Reduced 

energy waste 

and costs. 

- Scalability 

issues with BC 

networks. 

- High initial 

setup costs. 

- Brooklyn Microgrid 

in New York uses BC 

for local energy 

trading. 

- Power Ledger in 

Australia enables 

peer-to-peer energy 

trading. 

Traffic 

Management 

- Optimization of 

traffic lights based 

on real-time traffic 

data. 

- BC records traffic-

related transactions. 

- Edge devices 

for traffic data 

analysis. 

- BC for 

transaction 

transparency. 

- Reduced 

traffic 

congestion and 

emissions. 

- Improved 

urban mobility. 

- Data privacy 

concerns with 

real-time traffic 

data. 

- Traffic pattern 

prediction 

accuracy. 

- City of Austin, 

Texas, uses edge 

computing and BC to 

optimize traffic 

signals. 

- VeChain's smart city 

solutions enhance 

urban mobility in 

China. 

Waste 

Management 

- IoT sensors in 

waste bins collect 

data on waste levels. 

- BC records waste 

collection and 

recycling 

transactions. 

- IoT sensors 

for waste level 

monitoring. 

- BC for 

transparent 

transaction 

recording. 

- Efficient 

waste collection 

and recycling. 

- Reduced 

environmental 

impact. 

- Initial cost of 

deploying IoT 

sensors. 

- Integration 

challenges with 

existing waste 

management 

systems. 

- San Francisco's IoT-

based smart waste 

bins. 

- Waltonchain's BC 

solution for waste 

management. 

Supply 

Chain and 

Food Safety 

- Monitoring 

temperature and 

humidity in food 

supply chain. 

- BC records supply 

chain steps. 

- IoT sensors 

for 

environmental 

data 

monitoring. 

- BC for 

supply chain 

traceability. 

- Enhanced 

food safety and 

quality 

assurance. 

- Improved 

supply chain 

transparency. 

- Sensor 

calibration and 

maintenance. 

- Data 

interoperability 

between supply 

chain participants. 

- IBM Food Trust uses 

BC for food 

traceability. 

- VeChain ensures 

authenticity in the 

wine supply chain. 

Water 

Quality 

Monitoring 

- IoT sensors monitor 

water quality 

parameters in 

distribution systems. 

- BC records water 

data. 

- IoT sensors 

for real-time 

water quality 

data. 

- BC for data 

integrity and 

traceability. 

- Rapid 

response to 

water quality 

issues. 

- Reliable and 

transparent 

water quality 

management. 

- Sensor 

reliability in harsh 

environments. 

- Data 

synchronization 

between 

distributed 

sensors. 

- Singapore's Smart 

Water Grid leverages 

IoT and BC for water 

quality management. 

- Veolia uses BC for 

water quality 

monitoring. 

Healthcare 

Data 

Management 

- Medical devices 

collect patient data. 

- BC stores and 

manages electronic 

health records 

(EHRs). 

- Medical 

devices for 

patient data 

collection. 

- BC for EHR 

security and 

management. 

- Fast and 

accurate 

healthcare 

decision-

making. 

- Enhanced 

patient data 

- Interoperability 

challenges 

between 

healthcare 

systems. 

- Data access 

control and 

- Estonia's e-Health 

system securely 

manages patient 

records with BC. 

- MedRec enhances 

EHR management 

with BC. 
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privacy and 

security. 

consent 

management. 

Public 

Services 

Optimization 

- Edge devices in 

waste bins, 

streetlights, and 

public transportation 

collect data. 

- BC records service 

transactions. 

- Edge devices 

for real-time 

data collection 

and 

optimization. 

- BC for 

transaction 

transparency. 

- Improved 

public service 

efficiency. 

- Transparent 

and accountable 

service 

management. 

- Data privacy 

concerns with 

real-time public 

data collection. 

-Integration 

challenges with 

legacy systems. 

- Barcelona's Smart 

City platform 

optimizes public 

services with IoT and 

BC. 

- Toronto uses BC for 

transit fare payments. 

 

4. Benefits and Implications: 

As we delve deeper into the exploration of the synergy between blockchain and edge intelligence in the context of 

smart cities, it becomes increasingly essential to illuminate the tangible benefits and far-reaching implications that this 

technological collaboration offers. In this section, we unravel the transformative potential of integrating blockchain 

and edge intelligence, shedding light on the numerous advantages that extend to urban planning, technology adoption, 

and sustainability efforts [11]. 

The synergy of blockchain and edge intelligence in smart cities promises a plethora of benefits for urban planning. 

One of the key advantages is the empowerment of data-driven decision-making. The integration of these technologies 

provides urban planners with real-time, high-quality data, enabling them to make informed decisions that optimize 

resource allocation, traffic management, and infrastructure development. This not only improves the overall efficiency 

of city operations but also enhances the responsiveness of urban planning to dynamic urban challenges. Furthermore, 

blockchain's capability to securely record and transparently share data ensures that urban planning becomes a more 

inclusive process, involving citizens in decision-making and fostering a sense of shared responsibility for city 

development. As urban centers continue to grow, the benefits of data-driven, inclusive urban planning made possible 

by the integration of blockchain and edge intelligence become increasingly invaluable [8-10]. 

In the realm of technology adoption, the research exploring the synergy of blockchain and edge intelligence offers 

significant advantages. One notable benefit is the lowering of barriers to entry for both the public and private sectors. 

Smaller businesses and startups can leverage these technologies to innovate and participate in smart city initiatives. 

Furthermore, the integration of blockchain as a secure and transparent data layer simplifies interoperability among 

various smart city technologies. This means that different systems, from transportation to energy management, can 

seamlessly integrate and scale. Additionally, blockchain's ability to protect intellectual property and ensure fair 

compensation for technological advancements incentivizes innovation. This fosters a climate of creativity and 

investment in research and development, leading to the emergence of novel technologies that can further enhance the 

smart city landscape [15]. 

The implications for sustainability in the context of smart cities are profound. The integration of blockchain and edge 

intelligence can lead to significant energy efficiency improvements. Edge devices, driven by AI algorithms, optimize 

energy consumption by making real-time adjustments to lighting, heating, and cooling systems. Simultaneously, 

blockchain can facilitate transparent energy transactions, encouraging the use of renewable energy sources and 

reducing a city's carbon footprint. Waste reduction is another compelling sustainability aspect. Smart waste 

management systems, empowered by edge devices, minimize unnecessary waste collection trips, reducing fuel 

consumption and greenhouse gas emissions [16]. Blockchain can trace waste disposal and recycling efforts, promoting 

sustainable practices. Moreover, in the domain of transportation, the integration of these technologies can lead to 

reduced traffic congestion and fuel consumption. Autonomous vehicles, supported by edge intelligence, can navigate 

cities efficiently, improving urban air quality and promoting sustainable mobility practices. These sustainability 

benefits underscore the immense potential for creating environmentally conscious and resilient smart cities through 

the collaboration of blockchain and edge intelligence. Table 2 outlines the implications of our research for urban 

planning, technology adoption, and sustainability within smart city contexts [17]. 
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Table 2: Potential Benefits and Implications of Synergizing Blockchain and Edge Intelligence in Smart Cities 

Aspect Potential Benefits Implications 

Urban Planning 

Enhanced Data-Driven 

Decision-Making 

- Real-time data for informed decisions 

- Optimized resource allocation 

- Improved traffic management 

- Efficient city operations 

- Enhanced infrastructure planning 

- Reduced traffic congestion 

Improved Infrastructure 

Resilience 

- Secure data and communication 

networks 

- Quick detection of infrastructure 

issues 

- Enhanced cybersecurity 

- Faster response to maintenance 

needs 

Citizen Engagement 

- Transparent data sharing 

- Inclusivity in decision-making 

- Public feedback mechanisms 

- Empowered citizens 

- More democratic urban planning 

- Increased accountability 

Technology Adoption 

Lower Barriers to Entry 

- Accessible technology adoption 

- Innovation among smaller businesses 

and startups 

- Increased competitiveness 

- Accelerated technology growth 

Interoperability 

- Seamless integration of different 

systems 

- Scalability across sectors 

- Enhanced technology deployment 

- Reduced integration complexities 

Incentivizing Innovation 

- Protection of intellectual property 

- Fair compensation for technological 

advancements 

- Encouraged development of new 

technologies 

- Technological advancement 

Sustainability 

Energy Efficiency 

- Optimized energy consumption 

- Promotion of renewable energy 

sources 

- Reduced carbon footprint 

- Increased reliance on clean energy 

Waste Reduction 
- Efficient waste management 

- Reduced waste collection trips 

- Lower fuel consumption and 

emissions 

- Sustainable waste practices 

Transportation Optimization 
- Reduced traffic congestion 

- Fuel-efficient transportation 

- Improved urban air quality 

- Sustainable and efficient mobility 

 

The integration of blockchain and edge intelligence offers a powerful solution to one of the most pressing 

challenges in smart city development: data security and trust. As shown in Table 3, the decentralized nature of 

blockchain ensures that data remains tamper-proof and transparent. This address concerns data privacy and 

cybersecurity, which have become increasingly critical in an interconnected urban landscape. Edge intelligence, by 

processing data at the source, reduces the need for transmitting sensitive information over centralized networks, further 

bolstering security. Together, these technologies create a robust foundation for secure data management, enhancing 

citizen trust and enabling smart city applications that rely on sensitive information, such as healthcare and 

transportation [20]. 

One of the foremost challenges in smart city development is achieving real-time decision-making and 

operational efficiency. As illustrated in Table 3, the synergy of blockchain and edge intelligence provides a solution 

to this challenge. Edge devices equipped with AI algorithms can make instantaneous decisions to optimize resource 

allocation, traffic management, and energy consumption. This real-time decision-making capability significantly 

enhances operational efficiency, resulting in reduced congestion, lower energy consumption, and more effective waste 

management. Blockchain, as a secure and decentralized ledger, ensures the transparency and immutability of these 

decisions, enabling accountability and trust in smart city processes [21]. 

The lack of interoperability and scalability has hindered the seamless integration of diverse smart city technologies. 

However, as seen in Table 3, the combination of blockchain and edge intelligence addresses this challenge. Blockchain 
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serves as a common, secure data layer that facilitates the integration of various systems and devices. This enhances 

interoperability among different smart city components, enabling them to communicate and collaborate effectively. 

Moreover, blockchain's decentralized structure ensures scalability, accommodating the growth of smart city networks 

without compromising data security or system performance. This capability unlocks the potential for a more cohesive 

and scalable smart city ecosystem, where various technologies can work harmoniously to address urban challenges 

[18]. 

 

Table 3: Potential Benefits and Implications of Synergizing Blockchain and Edge Intelligence in Smart Cities 

Aspect Potential Benefits Implications 
Examples and Use 

Cases 

Data Security and 

Trust 

- Tamper-proof and 

transparent data<br> 

- Enhanced cybersecurity 

- Improved data privacy 

- Greater citizen trust 

- Secure handling of 

sensitive data 

- Support for data-reliant 

applications 

- Secure healthcare 

records 

- Citizen data protection 

- Secure supply chain 

management 

Real-time Decision-

Making 

- Instantaneous resource 

optimization 

- Reduced congestion and 

energy consumption 

- Efficient waste management 

- Enhanced operational 

efficiency 

- Improved urban 

mobility 

- Sustainability 

improvements 

- Smart traffic 

management 

- Autonomous waste 

collection 

- Efficient energy 

distribution 

Interoperability and 

Scalability 

- Integration of diverse 

systems and devices 

- Scalability without 

compromising data security 

- Cohesive smart city 

ecosystem 

- Seamless technology 

integration 

- Accommodating 

network growth 

- Effective smart city 

expansion 

- Unified smart 

transportation systems 

- Scalable energy grids 

- Cross-sector data 

sharing 

Citizen Engagement 

- Transparent and 

participatory decision-making 

- Enhanced civic engagement 

- Inclusive urban planning 

- Empowered citizens 

- Democratic city 

governance 

- Public support for smart 

initiatives 

- Digital voting systems 

- Citizen feedback 

platforms 

- Community-driven 

urban projects 

Energy Efficiency 

- Optimization of energy 

consumption 

- Increased use of renewable 

energy 

- Reduced carbon footprint 

- Lower energy costs 

- Sustainable energy 

practices 

- Environmental 

conservation 

- Smart building energy 

management 

- Decentralized energy 

grids 

- Renewable energy 

integration 

Transportation 

Optimization 

- Reduced traffic congestion 

- Efficient public 

transportation 

- Lower emissions 

- Improved urban 

mobility 

- Reduced pollution 

- Sustainable 

transportation systems 

- Autonomous vehicles 

- Smart public transit 

systems 

- Green mobility 

initiatives 

Waste Management 

- Efficient waste collection 

- Recycling promotion 

- Reduced waste-related 

emissions 

- Lower operational costs 

- Sustainable waste 

practices 

- Environmental 

conservation 

- Smart waste bins 

- Recycling incentive 

programs 

- Waste-to-energy 

solutions 
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5. Outlook and Research Directions 

As we traverse the landscape of sustainable smart cities powered by the dynamic synergy of blockchain and edge 

intelligence, our journey inevitably leads us to the horizon of future possibilities and uncharted research avenues. In 

this section, we embark on a forward-looking expedition, poised to explore the evolving frontiers of technology's role 

in urban development. Building upon the foundations laid in preceding sections, we delve into emerging trends and 

unmet challenges, offering a glimpse into what the future holds for smart cities (See Figure 2). As we peer ahead, we 

envision a landscape characterized by innovative applications, enhanced sustainability, and resilient urban ecosystems, 

and we set the course for future research endeavors that will shape the trajectory of smart city development [5]. 

Holistic Urban Ecosystems: The future of smart cities will be characterized by truly interconnected and self-

optimizing urban ecosystems. Blockchain's secure and transparent ledger will enable the seamless exchange of data 

and value across various systems, from energy grids to traffic management and public services. Edge intelligence, 

with its real-time processing capabilities, will empower these systems to make autonomous decisions, responding 

dynamically to changing conditions. This interconnectedness will result in urban environments that efficiently allocate 

resources, reduce congestion, minimize energy waste, and enhance the overall quality of life for citizens. The synergy 

between these technologies will blur the boundaries between urban services, creating a holistic and responsive urban 

ecosystem that adapts to the needs and challenges of modern city living [7]. 

Enhanced Sustainability: The path to sustainability in smart cities will be paved with the integration of blockchain 

and edge intelligence. Renewable energy sources will become central to urban power grids, with blockchain ensuring 

transparent energy transactions and edge intelligence optimizing energy consumption in real time. Furthermore, these 

technologies will drive the adoption of circular economy practices, transforming waste into valuable resources and 

reducing environmental impact. The combination of secure and efficient data handling, along with real-time resource 

optimization, will play a pivotal role in promoting sustainable practices across various sectors, from energy and waste 

management to transportation and urban planning [4]. 

Citizen-Centric Urbanism: Smart cities of the future will prioritize citizen engagement and participation in urban 

governance. Blockchain's tamper-proof digital voting systems and transparent decision-making processes will 

empower citizens to take an active role in shaping the future of their cities. Moreover, edge intelligence will enable 

personalized urban experiences, tailoring services such as transportation, healthcare, and education to individual 

preferences and needs [9]. This shift towards citizen-centric urbanism will foster a sense of ownership and community, 

https://doi.org/10.54216/JSDGT.030101


Journal of Sustainable Development and Green Technology (JSDGT)                               Vol. 03, No. 01, PP. 08-19, 2023 

 

17 

Doi : https://doi.org/10.54216/JSDGT.030101  

enhancing the overall well-being and satisfaction of residents. Smart cities will evolve into places where citizens 

actively co-create their environments, making them more inclusive, responsive, and tailored to individual lifestyles. 

Resilient Infrastructure: Resilience will be a hallmark of smart city infrastructure in the future. Edge devices 

equipped with predictive analytics will continuously monitor critical infrastructure, from bridges and roads to power 

grids and water systems. By identifying issues before they become critical, edge intelligence will enable preventive 

maintenance, minimizing disruptions and ensuring the longevity of infrastructure assets. Meanwhile, blockchain's 

robust cybersecurity features will fortify urban networks against evolving threats, safeguarding the essential systems 

that support modern urban living. Together, these technologies will enhance the resilience of smart city infrastructure, 

ensuring its reliability and adaptability in the face of challenges [11]. 

Sustainable Mobility: Sustainable mobility will be at the forefront of future smart cities, driven by the integration of 

blockchain and edge intelligence. Autonomous vehicles, guided by edge intelligence, will navigate city streets 

efficiently, reducing traffic congestion and emissions. Additionally, smart transportation systems will seamlessly 

integrate various modes of travel, from public transit to cycling and car-sharing, offering citizens flexible and eco-

friendly options for getting around. These innovations will not only transform urban mobility but also contribute 

significantly to reducing pollution and congestion, ultimately leading to cleaner and more accessible urban 

environments. 

Data Sovereignty and Privacy: In the future, data sovereignty and privacy will be paramount in smart cities. 

Blockchain will empower individuals with ownership and control over their data, providing transparency and security 

in a world where data is increasingly valuable. Citizens will have the choice to share their data selectively and securely, 

opening new avenues for personalized services and experiences. Simultaneously, blockchain's decentralized nature 

will ensure that data remains safe from unauthorized access and tampering. This evolution in data governance will 

Figure 1: sumamry of the main research directions. 
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foster trust between citizens and the city's data infrastructure, allowing for responsible data utilization while respecting 

individual privacy rights. 

Cross-Sector Collaboration: The future of smart city development will be characterized by heightened collaboration 

among public and private stakeholders, communities, and academia. The trust and transparency offered by blockchain 

will facilitate public-private partnerships and community-driven initiatives. Edge intelligence's real-time capabilities 

will be harnessed to optimize and coordinate the delivery of essential services. This collaboration will lead to 

innovative solutions, improved service delivery, and more sustainable urban environments. Furthermore, research 

collaboration among academia and industry will play a pivotal role in advancing smart city technology, exploring new 

frontiers, and addressing emerging challenges to shape the future urban landscape positively [10]. 

Scalability and Interoperability: Future smart cities will prioritize scalability and interoperability, allowing for 

seamless growth and integration of diverse systems. Standardization efforts will gain traction, ensuring that blockchain 

and edge intelligence solutions can communicate and function harmoniously across cities and regions. The 

technologies will evolve to accommodate the unique needs and scales of various urban environments, from megacities 

to smaller municipalities. This scalability and interoperability will underpin the continued expansion of smart city 

initiatives, promoting consistency and efficiency in the deployment of technological solutions. 

Ethical and Regulatory Considerations: As smart cities evolve; ethical and regulatory considerations will become 

increasingly prominent. Data ethics will be a focal point, with regulations evolving to protect individuals' rights and 

promote responsible data handling. Ethical AI adoption and accountability mechanisms will ensure fairness and 

transparency in automated decision-making processes. These considerations will shape the ethical framework within 

which smart city technologies operate, maintaining a balance between innovation, privacy, and fairness as urban 

environments become increasingly reliant on advanced technologies. 

6. Conclusions 

This paper has explored the dynamic synergy between blockchain and edge intelligence in the context of sustainable 

smart cities. Through an extensive review and analysis of the current literature, we have illuminated the transformative 

potential of these technologies in addressing urban challenges and enhancing the quality of life for citizens. Our 

investigation has revealed that blockchain's secure and transparent ledger, coupled with edge intelligence's real-time 

processing capabilities, creates a powerful foundation for holistic urban ecosystems, citizen-centric governance, and 

resilient infrastructure. Moreover, the integration of these technologies has the potential to drive sustainability across 

multiple sectors, from energy and transportation to waste management and data governance. As we peer into the 

horizon of future smart cities, it is evident that our journey is just beginning. The remarkable promise of blockchain 

and edge intelligence is poised to reshape urban landscapes, fostering greater sustainability, efficiency, and inclusivity. 

However, as we stride forward, it is imperative to remain vigilant in addressing emerging challenges, such as data 

privacy, cybersecurity, and ethical considerations. Collaborative efforts among researchers, policymakers, and 

innovators will be crucial in navigating this transformative path and ensuring that smart cities of tomorrow truly fulfill 

their potential as resilient, sustainable, and citizen-centric urban ecosystems. 
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