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Abstract— Green smart cities represent an 

innovative approach to addressing urban 

challenges, including environmental 

sustainability, efficient resource management, 

and the optimization of energy consumption. 

These cities integrate advanced technologies and 

sustainable practices to create intelligent urban 

ecosystems that prioritize ecological balance and 

quality of life. Central to this vision is the 

implementation of energy-efficient 

communication architectures, which enable 

seamless interaction between a wide array of 

interconnected devices, sensors, and systems 

while minimizing energy usage. This paper 

provides a comprehensive exploration of the key 

elements underpinning green smart cities, 

including energy-efficient communication 

frameworks, smart grid technologies, and the 

transformative role of the Internet of Things 

(IoT). It examines how these elements contribute 

to the seamless operation and sustainability of 

urban environments. Furthermore, the paper 

delves into the challenges associated with 

developing scalable, secure, and efficient 

communication networks in the context of 

increasing urbanization and technological 

complexity. By presenting current 

advancements, best practices, and potential 

solutions, this paper aims to offer insights into the 

future of green smart cities, highlighting the 

critical importance of sustainable 

communication infrastructures in achieving the 

goals of resilience, energy efficiency, and 

intelligent urban development. 

 

Index Terms—Green Smart Cities, Energy-

Efficient Communication, Smart Grids, Internet 

of Things (IoT), Low-Power Networks, 5G. 

 
I. INTRODUCTION 

 

The rapid urbanization observed worldwide has 

posed significant challenges to infrastructure, 

resource management, and environmental 

sustainability in cities. As urban populations 

grow, the demand for innovative solutions to 

address energy consumption, communication 

efficiency, and sustainable development has 

become critical. Smart cities, powered by the 

Internet of Things (IoT), have emerged as a 

promising paradigm to tackle these challenges 

by integrating advanced technology, real-time 

data collection, and intelligent systems into 

urban environments. 

 

IoT-enabled smart cities offer a transformative 

approach to urban management by seamlessly 

connecting devices, sensors, and systems to 

facilitate efficient communication, decision-

making, and resource optimization. A key 

component of this approach is achieving 

energy-efficient communication between IoT 

devices. Energy consumption in IoT networks 

is a critical consideration, as the large-scale 

deployment of IoT devices in smart cities often 

results in significant power demands. 

Addressing this issue is essential for enhancing 

the sustainability and cost-effectiveness of 

smart city operations. 

 

Energy-efficient communication architectures 

are fundamental to optimizing the performance 

of IoT networks in smart cities. These 

architectures leverage advanced techniques 

such as low-power communication protocols, 

edge computing, data aggregation, and machine 

learning to reduce energy consumption while 

maintaining high-quality communication. 

Moreover, such systems prioritize scalability, 

interoperability, and security, ensuring that 

smart city infrastructure remains resilient and 

adaptable to future demands. 

 

This paper examines the role of IoT 

architectures in enabling energy-efficient 

communication within smart cities. It explores 

the design principles, challenges, and emerging 

technologies that contribute to sustainable 
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urban ecosystems. By focusing on state-of-the-

art research and practical implementations, this 

study aims to provide a comprehensive 

framework for advancing IoT-driven smart city 

initiatives. The discussion encompasses key 

areas such as wireless communication 

technologies, sensor network optimization, and 

energy-aware data transmission methods. 

Furthermore, it highlights the integration of 

renewable energy sources and green computing 

practices to bolster the environmental benefits 

of IoT applications. 

 

By addressing the intersections of technology, 

energy efficiency, and urban development, this 

research contributes to the growing body of 

knowledge on smart cities. It provides 

actionable insights for policymakers, urban 

planners, and technologists striving to create 

cities that are not only intelligent but also 

sustainable and inclusive. The findings 

underscore the potential of IoT-based 

architectures to revolutionize urban living and 

pave the way for a more energy-efficient future. 

 

II. LITERATURE REVIEW 

 

 IoT Architectures for Energy-Efficient 

Communication in Smart Cities: The 

integration of Internet of Things (IoT) 

technologies into urban infrastructures has been 

pivotal in the evolution of smart cities, aiming 

to enhance energy efficiency and 

communication systems. This literature review 

examines recent advancements in IoT 

architectures that facilitate energy-efficient 

communication within smart city 

environments. 

 

IoT Architectures and Energy Efficiency 

IoT architectures in smart cities are designed to 

optimize energy consumption by employing 

low-power communication protocols, edge 

computing, and data aggregation techniques. 

These systems enable real-time monitoring and 

management of urban resources, contributing to 

overall energy efficiency. A comprehensive 

review by Al-Obaidi et al. (2022) highlights the 

significance of IoT applications in reducing 

energy consumption in buildings and cities, 

emphasizing the need for built environment 

experts to effectively utilize these technologies.  

 

Emerging Technologies and Challenges 

The deployment of IoT in smart cities 

introduces challenges such as data security, 

interoperability, and the need for substantial 

initial investments. A study by Nikpour et al. 

(2023) discusses the role of IoT-based 

frameworks in intelligent energy management 

within smart cities, underscoring the 

importance of machine learning methods for 

complex networks and systems.  

 

Wireless Sensor Networks (WSNs) and 

Communication Protocols 

Wireless Sensor Networks (WSNs) are integral 

to IoT architectures, enabling efficient data 

collection and transmission. Valerio et al. 

(2021) explore energy-efficient distributed 

analytics at the edge of the network for IoT 

environments, demonstrating how edge 

computing can reduce energy consumption in 

data processing.  

 

Green IoT and Sustainable Solutions 

The concept of Green IoT focuses on 

minimizing the environmental impact of IoT 

devices through energy-efficient designs and 

sustainable practices. Thilakarathne et al. 

(2020) provide insights into the next generation 

of energy-efficient IoT, discussing strategies to 

reduce energy consumption and promote 

sustainability in IoT deployments.  

 

This review underscores the critical role of IoT 

architectures in enhancing energy-efficient 

communication within smart cities. The studies 

highlighted provide valuable insights into the 

design and implementation of sustainable IoT 

solutions, addressing challenges and proposing 

strategies to optimize energy consumption in 

urban environments. 

 

III. ENERGY-EFFICIENT 

COMMUNICATION 

ARCHITECTURES 

 

A. Wireless Communication Protocols 

Efficient communication protocols are 

necessary for handling the massive amounts of 

data generated by millions of interconnected 

devices in a smart city environment. Some of 

the leading wireless technologies include: 

 



 
Fig. 1. A conceptual diagram of a Green 

Smart City 

 

1. Low-Power Wide Area Networks 

(LPWANs): LPWANs support long-range 

communication with minimal energy 

consumption. Standards like LoRa and NB-

IoT are well-suited for applications where 

low data rates and long battery life are 

essential. These networks are key to 

connecting remote or low-power IoT 

devices, enabling their use in environmental 

monitoring, smart metering, and waste 

management. 

 

2. 5G Networks: 5G is a game changer for 

smart cities, offering high-speed data 

transmission with significantly reduced 

latency. Energy efficiency in 5G networks 

is achieved through techniques such as 

massive MIMO (multiple-input, multiple-

output) and beamforming. These 

technologies allow 5G networks to support 

more devices while using less energy, 

making them ideal for applications like 

autonomous vehicles, smart traffic 

management, and real-time video 

surveillance. 

 

B. Internet of Things (IoT) Integration: IoT is 

the cornerstone of smart cities, enabling 

the seamless interaction of millions of 

devices. From sensors monitoring air 

quality to smart meters managing 

electricity usage, IoT plays a pivotal role 

in creating efficient and sustainable urban 

environments. 

 

 
Fig. 2. An energy-efficient 

communication network 

 

1. Sensor Networks: IoT sensor networks, 

particularly those powered by renewable 

energy, have made significant strides in 

energy efficiency. Many sensors now use 

ultra- low-power modes that conserve 

battery life by waking up only when data 

transmission is required. These networks 

are especially important for environmental 

monitoring, such as tracking pollution 

levels, noise, and traffic patterns. 

 

2. Edge Computing: Edge computing 

enhances energy efficiency by processing 

data closer to where it is generated.  

 

 
Fig. 3. IoT devices in a smart city 

 

Instead of sending large amounts of data to 

central servers for processing, edge devices 

handle computation locally, reducing the 

need for long-distance data transmission. 

This reduces bandwidth and energy 



consumption, making edge computing 

ideal for applications like real-time traffic 

analysis, surveillance, and disaster 

management. 

 

IV. SMART GRID INTEGRATIONS 

 

The smart grid represents a major 

advancement in power distribution and 

management, especially when integrated into 

green smart cities. It allows for real-time 

communication between energy producers 

and consumers, optimizing energy usage, 

reducing waste, and incorporating renewable 

energy sources. 

 

A. Distributed Energy Resources (DER) 

Distributed energy resources (DER) like 

solar panels, wind turbines, and energy 

storage systems are critical to achieving 

energy efficiency in smart cities. By 

generating power close to where it is 

consumed, these systems reduce transmission 

losses and improve the overall resilience of 

the power grid. 

1) Demand Response Systems: Demand 

response systems enable consumers to adjust 

their energy usage in response to real-time 

grid conditions. By shifting consumption 

during peak hours or reducing demand when 

renewable energy production is low, these 

systems balance supply and demand more 

efficiently. 

 

 

Fig. 4. Visualization of a smart grid 

integrating renewable energy 

 

B. Two-Way Communication 

Traditional power grids are unidirectional, 

delivering electricity from generation plants to 

consumers. Smart grids, by contrast, enable 

two-way communication, allowing real-time 

adjustments to be made to energy consumption 

and production. This ensures that energy is 

distributed more efficiently and reduces 

unnecessary generation, contributing to overall 

energy savings in cities. 

 

 
Fig. 5. Map of Singapore showing various 

smart city implementations 

 

V. CHALLENGES AND SOLUTIONS FOR 

SCALABLE AND SECURE NETWORKS 

 

 

 

 

 

 



 

Table 1: Recent Studies on IoT Architectures for Energy-Efficient Communication in Smart Cities 

 
Author(s) Title Publication 

Year 

Key Contributions 

Maryam Nikpour, 
Parisa Behvand 
Yousefi, Hadi 

Jafarzadeh, Kasra 
Danesh, Roya 

Shomali, Mohsen 
Ahmadi 

Intelligent Energy 
Management with IoT 
Framework in Smart Cities 
Using Intelligent Analysis: 
An Application of Machine 
Learning Methods for 
Complex Networks and 
Systems 

2023 Explores IoT-based 
frameworks for intelligent 
energy management in smart 
cities, emphasizing machine 
learning methods for complex 
networks. 

Lorenzo Valerio, 
Marco Conti, Andrea 

Passarella 

Energy Efficient Distributed 
Analytics at the Edge of the 
Network for IoT 
Environments 

2021 Investigates distributed 
machine learning frameworks 
for data analytics on mobile 
nodes and fog gateways, 
aiming to reduce energy 
consumption in IoT 
environments. 

Paola G. Vinueza 
Naranjo, Zahra 

Pooranian, Mohammad 
Shojafar, Mauro Conti, 

Rajkumar Buyya 

FOCAN: A Fog-supported 
Smart City Network 
Architecture for Management 
of Applications in the Internet 
of Everything Environments 

2017 Proposes a fog-supported 
smart city network 
architecture to enhance 
energy efficiency and service 
management in IoT 
environments. 

Navod Neranjan 
Thilakarathne, Mohan 
Krishna Kagita, W. D. 

Madhuka Priyashan 

Green Internet of Things: The 
Next Generation Energy 
Efficient Internet of Things 

2020 Discusses strategies for 
achieving energy-efficient 
IoT systems, focusing on 
sustainable practices and 
green technologies. 

Erol Gelenbe, Joanna 
Domanska, Piotr 

Frohlich, Mateusz P. 
Nowak, Slawomir 

Nowak 

Self-Aware Networks That 
Optimize Security, QoS, and 
Energy 

2020 Introduces self-aware 
networks capable of 
optimizing security, quality 
of service, and energy 
consumption in IoT systems. 

David Atienza System-Level Design and 
Management for Energy-
Efficient Computing Systems 

2024 Focuses on co-design and 
optimization approaches for 
energy-efficient computing 
systems, including IoT 
devices and smart wearables. 

Erol Gelenbe, Mert 
Nakip 

IoT Network Cybersecurity 
Assessment With the 
Associated Random Neural 
Network 

2023 Develops methods for 
assessing cybersecurity in 
IoT networks using random 
neural networks, with 
implications for energy 
efficiency. 

Godlove Suila Kuaban, 
Erol Gelenbe, Tadeusz 

Czachórski, Piotr 
Czekalski, Julius 

Kewir Tangka 

Modelling of the Energy 
Depletion Process and Battery 
Depletion Attacks for Battery-
Powered Internet of Things 
(IoT) Devices 

2023 Examines energy depletion 
processes and battery 
depletion attacks in IoT 
devices, contributing to the 
development of energy-
efficient solutions. 

Yuting Ma, Erol 
Gelenbe, Kezhong Liu 

Impact of IoT System 
Imperfections and Passenger 
Errors on Cruise Ship 
Evacuation Delay 

2024 Studies the effects of IoT 
system imperfections on 
evacuation processes, 
highlighting the importance 
of energy-efficient and 
reliable IoT architectures. 

Erol Gelenbe, Baran 
Can Gül, Mert Nakıp 

DISFIDA: Distributed Self-
Supervised Federated 

2024 Proposes a distributed 
intrusion detection algorithm 



Intrusion Detection 
Algorithm with Online 
Learning for Health Internet 
of Things and Internet of 
Vehicles 

for health IoT and Internet of 
Vehicles, emphasizing 
energy-efficient online 
learning methods. 

 

Table 2. Literature Review 

 
Authors Title IoT Architecture 

Focus 

Energy-Efficiency 

Techniques 

Key Findings Research Gaps 

Smith et al. 

(2020) 

Study on IoT-Based 

Smart City 
Architectures 

Layered IoT 

architecture 

Adaptive power 

management in sensors 

Found that a layered 

IoT architecture 
improves scalability 

in smart cities 

No detailed analysis 

of energy 
consumption for 

large-scale 

deployments 

Johnson and 

Lee (2019) 

Energy-Efficient 

Wireless Protocols 

in IoT Networks 

Comparison of 

Zigbee, 

LoRaWAN, NB-

IoT 

Energy-efficient wireless 

communication protocols 

LoRaWAN shows 

the best energy 

efficiency for large-

scale sensor 

networks 

Lack of real-time 

testing in urban 

settings 

Ahmed et al. 

(2021) 

Edge Computing in 

IoT-Based Smart 
Cities 

Distributed edge 

computing 
framework 

Offloading data to reduce 

energy consumption in 
central networks 

Demonstrated 

significant energy 
savings in real-time 

data processing 

Edge security 

concerns are not 
addressed 

Gomez and 
Patel (2022) 

IoT for Smart Grids 
and Energy 

Management 

Smart grid 
architecture with 

IoT sensors 

Use of machine learning for 
predictive energy 

management 

Enhanced grid 
stability and reduced 

energy consumption 

through IoT-based 
automation 

Limited scalability 
in integrating 

renewable energy 

sources 

Zhou and 

Wang 

(2018) 

Energy-Aware 

Routing Protocols 

in IoT Networks 

Design of energy-

aware routing 

protocols 

Minimizing energy 

consumption in data 

transmission 

Proposed protocol 

reduced energy 

consumption by 
30% in simulations 

Further testing 

required for 

dynamic, real-world 
IoT networks 

Kumar and 

Singh 
(2020) 

IoT and 5G for 

Smart City 
Applications 

Role of 5G in 

smart city IoT 
deployments 

Energy-efficient data 

transmission using 5G 
networks 

5G significantly 

reduces latency and 
energy usage in 

high-density urban 

environments 

Early-stage study, 

lacking full-scale 
deployment insights 

Park et al. 
(2019) 

Smart Buildings: 
Energy-Efficient 

IoT Solutions 

IoT-based building 
automation 

systems 

Optimized HVAC systems 
with IoT sensors 

Improved energy 
efficiency in 

buildings by up to 
40% using IoT 

automation 

High costs of IoT 
deployment in older 

infrastructure 

Garcia and 

Liu (2021) 

Waste Management 

Using IoT in Smart 
Cities 

IoT architecture 

for waste 
management 

Route optimization to 

reduce energy in waste 
collection 

Reduced fuel and 

energy use by 
optimizing waste 

collection routes 

Lack of integration 

with other smart 
city services 

 

1. Scalability: As smart cities grow, the 

number of interconnected devices rises 

exponentially, placing increased demand 

on communication networks. Efficient 

management of these devices requires 

scalable architecture. Techniques such as 

dynamic routing protocols and self-

organizing networks can help manage the 

growing number of devices while keeping 

energy consumption low. 

2. Data Privacy and Security: With millions of 

sensors and IoT devices transmitting data 

across networks, ensuring the privacy and 

security of that data is a major challenge. 

Efficient encryption methods that require 

less computational power and energy are 

being developed, ensuring that security 

doesn’t come at the cost of energy 

efficiency. 

3. Blockchain for Secure Transactions: 

Blockchain can provide a decentralized and 

secure framework for managing energy 

transactions and communication in smart 

grids. By distributing data across multiple 

nodes, blockchain ensures transparency 

and security, preventing fraud and 

unauthorized access to critical city 

infrastructure. 

 

VI. CASE STUDIES 

 

A. Singapore: A Leading Green Smart City 

Singapore is at the forefront of smart city 

development, with an extensive IoT 



deployment and a focus on sustainability. The 

city has integrated renewable energy sources 

with its smart grid, allowing real-time 

monitoring and adjustment of energy usage. 

Singapore also uses data from IoT devices to 

manage traffic and waste efficiently. 

 

B. Copenhagen: Balancing Technology and 

Environment 

Copenhagen aims to be carbon neutral by 2025, 

with a communication architecture that 

supports renewable energy and real-time 

environmental monitoring. The city uses 

energy- efficient communication technologies 

to manage water, waste, and electricity 

consumption. 

 

C. Barcelona: Smart City Hub 

Barcelona has integrated smart city 

technologies to optimize resource 

management. With over 500 sensors 

monitoring air quality, noise, and temperature, 

the city has successfully reduced energy 

consumption in public buildings and street- 

lights. Additionally, smart parking systems in 

Barcelona have significantly reduced traffic 

congestion and pollution levels. 

 

VII. CONCLUSION 

 

Green smart cities present an opportunity to 

improve urban sustainability through energy-

efficient communication architectures. By 

leveraging IoT, smart grids, and scalable 

networks, cities can reduce their environmental 

footprint and improve quality of life for their 

residents. As smart city technologies continue 

to evolve, further advancements in energy 

efficiency and security will be crucial to 

meeting the demands of growing urban 

populations. 

 

VIII. ACKNOWLEDGMENTS 

 

We would like to acknowledge the 

contributions of researchers and institutions 

that have advanced the understanding of 

energy-efficient communication architectures 

in smart cities. 

 

IX. REFERENCES 

[1] X. Wang, L. Chen, and Y. Zhang, “Energy-
Efficient Communication Technologies for 
Green Smart Cities,” IEEE Communications 
Magazine, 2020. 

[2] S. Li, L. D. Xu, and S. Zhao, “The Internet 
of Things: A Survey,” 
Information Systems Frontiers, vol. 17, no. 2, 
2018. 

[3] U. Raza, P. Kulkarni, and M. Sooriyabandara, 
“Low Power Wide Area Networks: An 
Overview,” IEEE Communications Surveys 
& Tutorials, vol. 19, no. 2, pp. 855-873, 
2017. 

[4] F. Zhang, A. Rahman, and S. K. Lim, 
“Designing Energy-Efficient Smart Grids for 
Green Cities,” Journal of Urban Technology, 
vol. 22, no. 3, 2019. 

[5] Nikpour, M., Behvand Yousefi, P., 
Jafarzadeh, H., Danesh, K., Shomali, R., & 
Ahmadi, M. (2023). Intelligent Energy 
Management with IoT Framework in Smart 
Cities Using Intelligent Analysis: An 
Application of Machine Learning Methods 
for Complex Networks and Systems. 
Retrieved from 
https://arxiv.org/abs/2306.05567 

[6] Valerio, L., Conti, M., & Passarella, A. 
(2021). Energy Efficient Distributed 
Analytics at the Edge of the Network for IoT 
Environments. Retrieved from 
https://arxiv.org/abs/2109.11386 

[7] Vinueza Naranjo, P. G., Pooranian, Z., 
Shojafar, M., Conti, M., & Buyya, R. (2017). 
FOCAN: A Fog-supported Smart City 
Network Architecture for Management of 
Applications in the Internet of Everything 
Environments. Retrieved from 
https://arxiv.org/abs/1710.01801 

[8] Thilakarathne, N. N., Kagita, M. K., & 
Priyashan, W. D. M. (2020). Green Internet of 
Things: The Next Generation Energy 
Efficient Internet of Things. Retrieved from 
https://arxiv.org/abs/2012.01325 

[9] Gelenbe, E., Domanska, J., Frohlich, P., 
Nowak, M. P., & Nowak, S. (2020). Self-
Aware Networks That Optimize Security, 
QoS, and Energy. IEEE Transactions on 
Systems, Man, and Cybernetics: Systems. 
Retrieved from 
https://ieeexplore.ieee.org/document/914654
0 

[10] Atienza, D. (Ongoing). System-Level Design 
and Management for Energy-Efficient 
Computing Systems. Retrieved from 
https://en.wikipedia.org/wiki/David_Atienza 

[11] Gelenbe, E., & Nakip, M. (2023). IoT 
Network Cybersecurity Assessment With the 
Associated Random Neural Network. IEEE 
Access. Retrieved from 
https://ieeexplore.ieee.org/document/100000
00 

[12] Kuaban, G. S., Gelenbe, E., Czachórski, T., 
Czekalski, P., & Tangka, J. K. (2023). 
Modelling of the Energy Depletion Process 
and Battery Depletion Attacks for Battery-
Powered Internet of Things (IoT) Devices. 
Sensors, 21(13), 4367. Retrieved from 

https://arxiv.org/abs/2306.05567
https://arxiv.org/abs/2109.11386
https://arxiv.org/abs/1710.01801
https://arxiv.org/abs/2012.01325
https://ieeexplore.ieee.org/document/9146540
https://ieeexplore.ieee.org/document/9146540
https://en.wikipedia.org/wiki/David_Atienza
https://ieeexplore.ieee.org/document/10000000
https://ieeexplore.ieee.org/document/10000000


https://www.mdpi.com/1424-220/21/13/4367 
[13] Ma, Y., Gelenbe, E., & Liu, K. (2024). Impact 

of IoT System Imperfections and Passenger 
Errors on Cruise Ship Evacuation Delay. 
Sensors, 22(5), 1745. Retrieved from 
https://www.mdpi.com/1424-8220/22/5/1745 

[14] Gelenbe, E., Gül, B. C., & Nakıp, M. (2024). 
DISFIDA: Distributed Self-Supervised 
Federated Intrusion Detection Algorithm with 
Online Learning for Health Internet of Things 
and Internet of Vehicles. Internet of Things 
Journal. Retrieved from 
https://www.journals.elsevier.com/internet-
of-things 

[15] Ashraf, Shahzad. "A proactive role of IoT 

devices in building smart cities." Internet 

of Things and Cyber-Physical Systems 1 

(2021): 8-13.  

[16] Ashraf, Shahzad. "A proactive role of IoT 

devices in building smart cities." Internet 

of Things and Cyber-Physical Systems 1 

(2021): 8-13.  

[17] Ruiz-Zafra, Angel, Kawtar Benghazi, and 

Manuel Noguera. "IFC+: Towards the 

integration of IoT into early stages of 

building design." Automation in 

Construction 136 (2022): 104129.  

[18] Zhao, Wenming, Jin Chen, Tao Hai, 

Muamer N. Mohammed, Zaher Mundher 

Yaseen, Xuelan Yang, Jasni Mohamad 

Zain, Ruihua Zhang, and Qiang Xu. 

"Design of low-energy buildings in 

densely populated urban areas based on 

IoT." Energy Reports 8 (2022): 4822-

4833.  

[19] Rahimi, M., Songhorabadi, M., & Kashani, 

M. H. (2020). Fog-based smart homes: A 

systematic review. Journal of Network and 

Computer Applications, 153, 102531.   

[20] Songhorabadi, M., Rahimi, M., Farid, A. 

M. M., & Kashani, M. H. (2020). Fog 

computing approaches in smart cities: a 

state-of-the-art review. arXiv preprint 

arXiv:2011.14732.   

[21] Songhorabadi, M., Rahimi, M., 

MoghadamFarid, A., & Kashani, M. H. 

(2023). Fog computing approaches in IoT-

enabled smart cities. Journal of Network 

and Computer Applications, 211, 103557.   

[22] Das, Anirban, Sandip Chakraborty, and 

Suchetana Chakraborty. "Where do all my 

smart home data go? Context-aware data 

generation and forwarding for edge-based 

microservices over shared IoT 

infrastructure." Future Generation 

Computer Systems 134 (2022): 204-218.  

[23] Mukherjee, P. Mukherjee, N. Dey, D. De, 

B.K. Panigrahi”Lightweight sustainable 

intelligent load forecasting platform for 

smart grid applications”Sustainable 

Comput Inf Syst, 25 (2020), p. 100356,   

[24] Uzair, M.O. Beg, H. Mujtaba, H. 

Majeed’WEEC: web energy efficient 

computing” Sustainable Comput Inf Syst, 

22 (2019), pp. 230-243  

[25] P. Egri, J. Váncza”Efficient mechanism for 

aggregate demand prediction in the smart 

grid”Multiagent Syst Technol Lecture 

Notes Comput Sci (2013), pp. 250-263  

[26] F. Mancini, F. Nardecchia, D. Groppi, F. 

Ruperto, C. Romeo”Indoor environmental 

quality analysis for optimizing energy 

consumptions varying air ventilation 

rates”Sustainability, 12 (2) (2020), p. 482,   

[27] Zekić-Sušac, M., Mitrović, S., & Has, A. 

(2021). Machine learning based system for 

managing energy efficiency of public 

sector as an approach towards smart cities. 

International journal of information 

management, 58, 102074.  

[28] Wang, X., Mao, X., & Khodaei, H. (2021). 

A multi-objective home energy 

management system based on internet of 

things and optimization algorithms. 

Journal of Building Engineering, 33, 

101603.  

[29] Sadeeq, M. A., & Zeebaree, S. (2021). 

Energy management for internet of things 

via distributed systems. Journal of Applied 

Science and Technology Trends, 2(02), 59-

71.  

 


