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Abstract: The Internet of Things (IoT) has revolutionized various industries by enabling seamless connectivity and data exchange 

among numerous devices. However, the widespread adoption of IoT has also led to significant energy consumption challenges, 

particularly in distributed computing environments. This research aims to address the issue of energy optimization in IoT systems 

deployed in distributed computing architectures. The objective is to develop efficient techniques and algorithms to minimize energy 

consumption while maintaining the desired performance levels. 

The research begins with a comprehensive literature review, which examines the existing body of knowledge on energy optimization 

in IoT and distributed computing. Various algorithms, methodologies, and approaches are evaluated to identify gaps and 

opportunities for improvement. 

Next, a novel methodology is proposed for optimizing energy consumption in IoT systems deployed in distributed computing 

environments. The architectural framework for distributed computing in the IoT is described, highlighting the key components and 

their interactions. Data collection and analysis methods are outlined to facilitate the evaluation of energy consumption patterns and 

the identification of factors that contribute to energy inefficiencies. 

A detailed analysis of energy consumption in IoT devices and architectures is conducted, considering different scenarios and use 

cases. This analysis serves as the basis for developing energy optimization techniques. Existing techniques are examined, and a 

comparative analysis is performed to determine their effectiveness. Additionally, novel techniques or improvements to existing 

methods are proposed to enhance energy efficiency further. 

Experimental evaluations are conducted to validate the proposed techniques and algorithms. An experimental environment is set 

up, and energy consumption is measured before and after applying the optimization techniques. The results are analyzed and 

compared to assess the effectiveness of the proposed approach. 

This research's findings contribute to the field by providing insights into energy optimization for IoT in distributed computing. The 

proposed techniques offer tangible benefits in terms of reduced energy consumption, thereby extending the battery life of IoT 

devices and promoting sustainability. The limitations of the research are discussed, and potential areas for future work are identified. 

Keywords: Energy Optimization, IoT (Internet of Things), Distributed Computing, Energy Consumption, Energy Efficiency, Power 

Management 
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INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Estimating Minimum Energy Consumption in Cloud IoT 

With the rapid development of network technology and the globalization of the world, modern networks such as cloud computing, 

fog computing, and IoT are rapidly becoming popular. This introduces a new type of potential problem. One of the main challenges 

is the effective use of energy at different levels, such as data centers hosting cloud applications [1]. Energy use brings new levels 

of complexity to new-generation networks. Energy utilization is the ability to minimize energy consumption to keep it at an 

appropriate level. Extensive research has been conducted to provide solutions to this critical problem. However, most studies have 

attempted to solve the problem by optimizing the planning of resources involved in communication networks so that energy is used 

optimally.  

IoT-powered methods have consistently proven to be effective because they can deliver high performance across heterogeneous 

systems. However, there are always challenges associated with IoT, such as security, privacy, and reliability. On the other hand, 

cloud computing offers unlimited possibilities in terms of storage, computing power, and reliability [2]. The context in which it was 

developed includes several computing ideas, ranging from services to network infrastructure. Recently, research has been conducted 

to try to combine the advantages and minimize the disadvantages of cloud computing, called IoT and cloud IoT [3]. Claudio is 

flexible enough to support different types of services and data in heterogeneous networks [4], and it has become increasingly popular 

in recent years. This advanced technology raises new and significant problems. Examples include protocol support, energy 

efficiency, resource allocation, and data storage locations. In Figure 1, estimating the minimum energy consumption in cloud IoT 

is a relatively complex problem, and we often try to solve the dilemma through optimization techniques. From this perspective, a 

problem is defined as an objective function, and an attempt is made to determine its feasible and optimal solution. The deployment 

of GA is one of the options suggested to deal with issues related to energy consumption and optimization [5, 6]. The underlying 

assumption of GA is to combine exceptional traits from different ancestors that are likely to produce better, optimized offspring, 

resulting in improved fitness compared to the original ancestor [7]. Therefore, when this technique is implemented iteratively, the 

descendants will be better optimized, thereby increasing the sustainability of the environment in which they operate.  

This paper proposes a new method for energy efficiency in cloud IoT. This method is based on GA. The proposed method calculates 

the execution time and power consumption of application requests and reduces power consumption.  

Related Research  

To find solutions for the efficient use of IoT-related building energy consumption, a great deal of research has been done. Although 

great progress has been made, the methodologies are diverse and the challenges remain extremely difficult, posing an ongoing 

problem for the research community. Indeed, devices and devices within a smart home can be monitored and managed in the form 

of objects through the use of IoT technology and web-based or mobile applications based on this technology [11, 12]. IoT nodes 

typically have limited resources, such as computing power. Batteries are required if your IoT node needs to operate in an 

environment without a direct power connection. To solve this problem, extensive research has been carried out to reduce energy 

consumption in wireless sensor networks (WSNs) as battery-powered sensing technology, and many techniques and methods have 
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been developed to effectively increase battery consumption. Approaches have been developed [13, 14]. WSN can be used as a 

component of IoT technology to build various IoT platforms. The development of various routing algorithms, such as opportunistic 

routing and greedy algorithms, can reduce the energy consumption of sensor networks. In addition to the development of routing 

protocols, sensor network clustering techniques are also another way to reduce sensor energy consumption and extend the network's 

lifetime. The object clustering approach is one of the most efficient ways to reduce energy consumption in the information 

transmission stage of IoT. Each cluster in clustering has a node called the cluster head, which organizes network activity and collects 

data from sensor nodes. Additionally, the cluster head eliminates unnecessary and redundant data packets, reducing overhead and 

interference. Reducing the size and number of routing nodes also reduces the complexity of routing [15, 16]. Additionally, clustering 

techniques improve the scalability and stability of sensor networks. Another benefit of the clustering process is load balancing, 

which divides network responsibilities among member nodes according to energy and battery storage. The main goal of this research 

is to reduce energy consumption during data transfer cycles. IoT applications are highly time-sensitive and critical. Therefore, most 

communication and processing operations must be performed within a limited amount of time to avoid negative consequences. 

Therefore, ensuring real-time support for large-scale IoT networks is one of the most important and challenging research topics. 

This allows communication centers to better monitor agents. Cloud services can provide advanced users with applications such as 

social network agent monitoring, environmental data analysis, and network analysis. Cloud computing plays an important role in 

providing high-performance computing and supporting multiple operating system platforms [17].  

A genetic algorithm is presented by Ahmed et al.. [18] As a solution to improve the energy efficiency of existing Cloud of Things 

power plans. The ETCORA algorithm is compared with the proposed strategy, and extensive numerical simulations are performed 

to demonstrate its usefulness. The analysis results show that the proposed energy consumption optimization strategy leads to 

improved overall performance. A fuzzy algorithm-based method for modeling multi-objective energy loss optimization plans is 

proposed by Ding and Wu [19]. In the context of IoT, a multi-objective device scheduling optimization equation is established, and 

a fuzzy algorithm is introduced to solve the single-objective energy loss problem. To reduce the overall energy consumption of 

device planning in an IoT context, the algorithm searches for inactive devices and optimizes the energy consumption model of 

device planning. A group of researchers led by Fanian [20] describes a way to choose fuzzy input parameters in a fuzzy multi-hop 

clustering protocol known as PS-SFLA. They use the shuffling frog-reaping algorithm (SFLA). This technique consists of three 

main phases, and each phase is introduced in three variations for a step-by-step evaluation. In the first iteration, the most common 

and diverse parameters were extracted from the literature search and formulated. Kadri and Koudil [21] provide a method for 

assigning tasks while considering reliability. Uses a combination of multi-objective optimization and reinforcement learning (RL). 

This allows us to correct persistent errors in processing elements that can occur in homogeneous 2D mesh NoCs while pursuing the 

optimal trade-off between performance and reliability. We propose a multi-objective biogeography-based optimization method 

(MOBBO) to develop optimal species distributions. The introduction of new cloud-based approaches has transformed data centers 

into virtualized server networks supported by hardware-assisted virtualization. Considering the importance of optimizing energy 

consumption in organizations and smart buildings, this study proposes a data transfer model to route data between IoT nodes in 

smart buildings. The proposed method is based on smart object clustering and particle swarm optimization (PSO). The proposed 

method aims to optimize the energy consumption of smart buildings supported by IoT [14, 23]. To improve the network's energy 

efficiency and prevent premature failure, the possibility of using the remaining energy from the sensor nodes to select cluster heads 

was considered. A common method based on communication cost and residual energy was used to select cluster heads in a hybrid 

energy-efficient distributed clustering (HEED) protocol. The clustering process stalled no matter how many times it was repeated, 

so there were not enough cluster heads to cover the entire sensor area [24]. As a result, some sensor nodes may have escaped the 

coverage of the cluster head and are now referred to as orphan nodes. These nodes consume a lot of energy because they constantly 

search for cluster heads and communicate directly with the base station. Due to the additional task of transmitting data to the base 

station, cluster heads consume significantly more battery power than other nodes [25, 26].  

A. Overview of the Internet of Things (IoT) 

The Internet of Things, or IoT, is a network of interconnected items, sensors, and gadgets that can gather and share data without the 

need for human involvement. IoT devices are typically equipped with sensors, software, and other technologies that allow them to 

communicate with each other and with other devices, such as smartphones and computers. 

IoT has several important features that differentiate it from traditional computing systems. First, IoT devices are highly 

interconnected, allowing them to share data and collaborate. Second, IoT devices are commonly embedded in everyday objects 

such as appliances, vehicles, and buildings and are widespread. Third, IoT devices are often low-power and low-cost, making them 

accessible to many users. Figure 1 graphically depicts the number of connected devices in the Internet of Things (IoT) ecosystem 

over the years, from 2003 to a projection to 2025. This diagram visually conveys and highlights the exponential growth of connected 

devices. IoT Perspective. This data captures a significant increase in device connectivity and shows the evolution of trends over 

time. Figure 1 illustrates this growth pattern, highlighting the important role of IoT in transforming the way devices interact and 

share data, furthering the potential for power management and efficiency improvements. 
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Fig.1. Number of connected devices on the Internet of Things (2003–2025) 

IoT uses sensors to collect data from the environment, and then transmit it over a wireless network to a cloud-based platform for 

analysis and storage. IoT devices can be controlled and monitored remotely through a smartphone or computer, allowing users to 

adjust settings or receive real-time notifications. 

IoT has various applications in various industries, such as manufacturing, healthcare, transportation, and energy management. IoT 

can optimize production processes, monitor equipment performance, and reduce downtime in manufacturing. IoT can monitor 

patients remotely, track medication adherence, and improve patient outcomes in healthcare. IoT can improve logistics, reduce traffic 

congestion, and enhance driver safety in transportation. In energy management, IoT can monitor and control energy usage in 

buildings, factories, and other settings, optimizing energy consumption and reducing waste. 

Overall, IoT has the potential to transform many industries by enabling real-time monitoring, analysis, and control of data. The 

following sections of this research paper will explore how IoT can optimize energy management and the challenges and 

opportunities of implementing IoT-enabled energy management solutions. 

Figure 2 visually presents the distribution of the Internet of Things (IoT) market across different subsectors in the year 2017. The 

figure showcases the varying market shares of IoT in distinct industries, offering insights into the sectors that were adopting IoT 

solutions at that time. This data aids in understanding the prevalence of IoT across sectors such as manufacturing, healthcare, 

transportation, and energy management. By visually representing the distribution of IoT market share, Figure 2 highlights the 

diverse applications and potential impact of IoT technology across various industries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Internet of Things global market share by subsector (2017). 
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B. Benefits of IoT in Energy Management  

IoT in energy management offers many benefits, including increased efficiency, reduced costs, and improved resource utilization. 

IoT-enabled devices may collect massive volumes of energy consumption data and evaluate it in real time using powerful analytics 

tools to optimize energy use and waste reduction. Below are some concrete examples of how IoT can be used to improve energy 

management (Figure 3). 

Fig. 3. Benefits of IoT for energy management. 

 Real-time monitoring and control  

IoT devices can provide real-time data about energy consumption, allowing users to monitor and control it. This 

helps identify areas of energy waste, optimize energy consumption, reduce costs, and improve efficiency. 

 Predictive Maintenance  

IoT devices can also monitor device performance and detect potential problems before they occur. This allows you 

to prevent downtime, reduce maintenance costs, and optimize energy consumption. 

 Demand Response  

The IoT can implement demand response programs that encourage consumers to reduce energy consumption during 

peak demand periods. This reduces the strain on the energy grid and prevents power outages while reducing costs 

for consumers. 

 Energy Storage  

IoT-enabled energy storage systems can store excess energy from renewable sources such as solar and wind power 

for later use [8]. This helps reduce dependence on fossil fuels and promotes renewable energy sources. 

 Optimizing the Smart Grid 

IoT can optimize energy grids by monitoring and controlling energy distribution in real-time. This reduces energy 

waste, increases efficiency, and prevents power outages. 

IoT in energy management offers many benefits, including cost reduction, efficiency improvement, and sustainability 

promotion. The following section of this research study looks at the challenges of adopting IoT-enabled energy 

management technologies as well as potential solutions to these challenges. 

The benefits of incorporating the Internet of Things (IoT) into energy management are demonstrated using appealing 

real-world examples. For example, a McKinsey study found that his IoT-enabled energy management system for 

commercial buildings can reduce energy consumption by 15-20% and operating costs by 10-15%. In just one year, 

General Electric installed its IoT-based energy management system in its manufacturing facility, resulting in an 

incredible 10% reduction in energy consumption. Additionally, Vodafone's adoption of his IoT-enabled smart metering 

solution resulted in a remarkable 12% reduction in energy consumption across commercial properties. Examples like 

this demonstrate the potential of the IoT to achieve significant efficiency gains in energy management. 

Despite these benefits, the challenges associated with implementing IoT in energy management should not be 

underestimated. According to Deloitte's survey results, 48% of respondents identified data security as a major concern 

when implementing IoT-enabled energy management solutions. Equally noteworthy is the World Economic Forum's 
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take on interoperability issues, stating that mismatches between IoT devices and existing energy infrastructure could 

lead to up to $120 billion in lost value by 2025. Suggests that there is. Given the significant risks, it is important to 

address these concerns. A report from the Industrial Internet Consortium raises concerns that the lack of standardized 

security protocols for IoT devices could expose critical energy infrastructure to cyber threats. According to the 

International Data Corporation, the connectivity of IoT devices is expected to explode, potentially reaching 45 billion 

devices by 2023, significantly expanding the potential attack surface for cyber-attacks. I am. 4,444 practical case studies 

demonstrate the power of IoT in energy management. Johnson Controls' implementation of his IoT-based energy 

management system at the hospital was outstanding, reducing energy consumption by 22% and lowering total annual 

costs by $2.2 million. Known for its smart city initiatives, Barcelona has successfully implemented IoT-enabled smart 

street lighting, resulting in a 30% increase in energy consumption and an equally remarkable 35% reduction in 

maintenance costs. The use of IoT-driven solutions extends beyond urban areas. The development of an IoT-based 

solution for wind power optimization by Siemens has improved the efficiency of wind turbines, leading to significant 

increases in energy production of 10–20%. These examples demonstrate the transformative potential of IoT in a variety 

of energy management contexts. 

The impact of his IoT on energy efficiency is not limited to a specific sector but also extends to communications and 

cloud computing. This is highlighted in Ericsson's research, which suggests that his IoT-enabled energy management 

solutions in communication networks can lead to significant energy savings of up to 40%. Additionally, Google 

successfully integrated artificial intelligence (AI) and IoT into data center energy management, resulting in a significant 

15% reduction in overall energy consumption. Cisco's promising forecasts highlight that the impact of IoT is evolving 

positively. We estimate that IoT devices connected to 5G networks can reduce energy consumption by up to 90% 

compared to traditional cellular networks. These examples demonstrate the cross-industry potential of the IoT to 

promote energy efficiency and sustainability. 

 

C. Challenges of the IoT in Energy Management  

Despite the potential benefits of using IoT in energy management, several challenges need to be addressed. Below are 

some of the main challenges when using IoT for energy management (Figure 4).  

 

Fig. 4. IoT for energy management. 

 Security Risks 

IoT devices are vulnerable to cyberattacks and can pose significant security risks. These risks can include data 

breaches, theft of intellectual property, and disruption of critical infrastructure. Therefore, to minimize these risks, 
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it is important to ensure the security of IoT-enabled energy management systems. This can be accomplished using 

secure communication protocols, strong authentication, access control methods, and regular security updates and 

patches. 

 Interoperability Issues  

The complexity and diversity of IoT devices and systems make interoperability between them difficult. When 

integrating IoT devices into energy management systems, this poses challenges and can introduce additional cost 

and complexity. To address this challenge, standardized communication protocols and data formats must be 

developed to ensure interoperability between different devices and systems. 

 Privacy Concerns  

IoT devices can collect and transmit large amounts of data, including personal data, which raises privacy concerns. 

As a result, ensuring the privacy of personal data is critical to establishing trust in IoT-enabled energy management 

solutions. This can be accomplished using data encryption, anonymization techniques, and data minimization 

measures. 

 Lack of standardization  

oT is still a relatively new technology and requires further standardization in many areas, such as data formats, 

communication protocols, and security standards. This lack of standardization can threaten the interoperability, 

security, and reliability of IoT-enabled energy management solutions. To address this challenge, common standards 

and guidelines must be developed to ensure consistency and interoperability between different IoT devices and 

systems. 

These challenges can impact his IoT implementation in energy management by increasing costs, decreasing reliability, 

and decreasing user trust. 

 

 

CONCLUSION 

This study focuses on the energy consumption of IoT systems operating in distributed computing environments. It has 

greatly contributed to solving the critical optimization problem used. This study provided a comprehensive 

understanding of existing research and the current state-of-the-art in this field by conducting a comprehensive literature 

review. 

The proposed architectural framework for distributed computing in the IoT allows the identification of key components 

and their interactions, which are important for effective energy optimization. A detailed analysis of energy consumption 

patterns and factors influencing energy efficiency laid the foundation for the development of new optimization methods. 

A comparative analysis of existing energy optimization algorithms and a proposal of new techniques were the basis of 

this study. Experimental evaluation demonstrated the effectiveness of the proposed approach in reducing energy 

consumption while maintaining the desired performance level. 

The results of this study have important implications for the IoT industry and the broader research community. By 

optimizing energy consumption, the proposed technology significantly extends the battery life of his IoT devices, 

leading to cost savings and reduced environmental impact. Furthermore, improved energy efficiency will facilitate the 

widespread adoption of IoT technologies, especially in applications where energy consumption is a critical concern, 

such as remote sensing, environmental monitoring, and smart cities. 

Despite the promising results, this study also recognizes limitations and room for further improvement. Factors such as 

the scalability of optimization algorithms, integration with existing IoT platforms and systems, and adaptability to 

dynamic changes in distributed computing environments require further investigation. 

Future research directions may include exploring the integration of machine learning and artificial intelligence 

techniques to improve the adaptive capacity of energy optimization algorithms. Additionally, developing a 

comprehensive energy management framework that considers the entire IoT ecosystem, including edge devices, 

gateways, and cloud infrastructure, can further improve overall energy efficiency. 

In summary, this work has brought great progress in optimizing the energy consumption of the IoT in distributed 

computing. The proposed methods and techniques provide a promising solution to the energy challenges faced by IoT 
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implementations and pave the way to more sustainable and efficient IoT systems. The results of this study contribute to 

the growing body of knowledge in this field and provide a solid foundation for future research and development. 
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