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Abstract 

Cloud computing has transformed the way organizations access and manage information technology 
resources, providing flexible, scalable, and cost-efficient services that support today’s data-driven 
world. Despite these advantages, the rapid expansion of large-scale cloud infrastructures has resulted 
in rising energy consumption, significant heat generation, and a growing environmental footprint. This 
research focuses on advancing green cloud computing by examining methods that reduce power usage 
while maintaining high performance. Key strategies include improved virtualization techniques, 
smarter resource scheduling, and the use of thermal energy recovery systems to repurpose excess heat. 
In addition, the study highlights the increasing relevance of edge computing as a complementary 
approach to achieving sustainability. By processing data closer to end devices, edge systems help 
decrease latency, lower network congestion, and reduce reliance on energy-intensive centralized data 
centers. To further enhance efficiency, the paper explores various load balancing methods, with 
particular attention to greedy-based algorithms designed to distribute workload intelligently across 
edge servers. These techniques support optimal resource allocation, minimize processing delays, and 
ensure smoother network operations, contributing to a more sustainable and responsive computing 
environment. 
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INTRODUCTION 

In today’s fast-paced digital world, the demand 
for smart and sustainable technologies is critical. 
Cloud computing, a key enabler of modern digital 
infrastructure, offers numerous advantages, 
including scalability, high availability, and global 
accessibility. However, its rapid expansion has led 
to significant environmental concerns owing to the 
high-power consumption and CO₂ emissions from 
data centers [1]. These centers require continuous 
operation and cooling, which results in energy loss 
and environmental degradation. Consequently, 
there is a growing focus on adopting green cloud 
computing, which emphasizes energy-efficient 
resource utilization, recycling, and reducing the 
ecological footprint of information technology 
services. Green computing promotes eco-friendly 
practices such as offloading processing loads and 
implementing heat recovery methods. To address 
the challenges posed by the cloud infrastructure, the 
shift toward edge computing is gaining momentum. 
Edge computing processes data closer to its source, 
offering benefits such as reduced latency, lower 
energy use, and a faster real-time response. This 
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model is well-suited for the rise in IoT devices and 5G networks, which demand rapid data processing. 
By distributing computational loads more efficiently, edge computing supports both the performance 
and sustainability goals. Gartner predicted that by 2025, 75% of enterprise data processing will take 
place at the edge, emphasizing its critical role in advancing sustainable and smart computing 
environments [2]. As reported by DataReportal [3], 63.5% of the world’s population is now online, and 
the rapid rise in internet usage has accelerated the emergence of smart technologies designed for real-
time interaction. Figure 1 illustrates data processing across different layers within the edge computing 
architecture. 
 
Towards Green Computing: Literature Survey 

Tyagi et al. [4] focused on green cloud computing, emphasizing energy-efficient practices and 
renewable energy integration. Although it does not specifically address edge computing, the principles 
of sustainability and resource optimization can be applied to both paradigms for enhanced 
environmental benefits. 
 

Dash et al. [5] emphasized the importance of green computing in minimizing the environmental harm 
caused by waste, energy use, and hazardous materials. It highlights how mobile technologies such as 
IoT, fog, mist, edge, and cloud can be made energy-efficient while also addressing related research 
challenges in achieving sustainable computing. 
 

Heidari et al. [6] proposed an energy-efficient IoT-edge offloading system using deep learning, 
Markov decision process, and blockchain for secure, low-latency processing. It introduces a deep Post-
Decision State-learning algorithm to improve the learning speed and performance, achieving notable 
reductions in delay, energy use, cost, and computational overhead compared to existing methods. 

 

 
Figure 1. Three-layer architecture of cloud, fog, and edge computing. 
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Haseeb et al. [7] introduce an “intelligent and secure edge-enabled computing (ISEC) model” 

designed to enhance the monitoring and operations of sustainable cities, leveraging green Internet of 

Things (IoT) principles. The core motivation for this model stems from the inherent limitations of 

current IoT systems, particularly concerning energy management, data security, and communication 

reliability for low-power sensors in large-scale deployments. 

 

Cao et al. [8] presented an in-depth survey on the integration of edge and edge-cloud computing 

within cyber-physical systems (CPS), with a strong emphasis on improving the quality of service (QoS). 

It explores the complexities of handling massive data volumes in CPS and demonstrates how edge-

based approaches can significantly enhance the system’s efficiency and responsiveness. 

 

Ma et al. [9] investigated energy efficiency and task offloading in edge computing; however, Green 

Edge offered a distinct, integrated solution by coordinating green energy scheduling with dynamic task 

offloading in multi-tier edge systems, focusing on Multi-access Edge Computing (MEC) server 

optimization and effectively handling the variability of green energy across hierarchical infrastructures. 

 

Khanh et al. [10] proposed an advanced edge computing management mechanism tailored for IoT-

enabled smart cities, leveraging a lightweight “information map” to facilitate the seamless exchange of 

service-related data between edge servers as users transition across coverage areas. Their approach 

significantly enhanced response time and reduced energy consumption, promoting efficient and 

sustainable urban computing environments. 

 

Mohammadzadeh et al. [11] highlighted the challenges of workflow scheduling in cloud 

environments, emphasizing the need for advanced heuristic and metaheuristic algorithms. This study 

stresses the importance of balancing exploration and exploitation, avoiding local optima, and addressing 

multi-objective goals, particularly energy efficiency, to advance green cloud computing. 

 

Rahimikhanghah et al. [12] examined the limitations of cloud computing, such as latency and 

suboptimal resource utilization, and highlighted fog computing as a solution that extends services closer 

to end users. 

 

CONCEPT 

Green Cloud Computing is Evolving as a Cutting-Edge Innovation 

Green cloud computing is an environmentally conscious approach to the design, development, and 

management of cloud infrastructure, with the goal of reducing its ecological footprint. It emphasizes 

energy-efficient operations by maximizing computational output while minimizing resource 

consumption. This method not only reduces the use of hazardous materials but also improves energy 

utilization throughout the lifecycle of cloud infrastructure. By lowering the power demands, cooling 

requirements, and operational costs, green cloud computing provides a more sustainable and cost-

effective alternative to traditional cloud models. It empowers businesses to adopt greener practices 

while continuing to benefit from the scalability and flexibility of cloud services. The ultimate aim is to 

reduce the substantial energy consumption of data centers operated by major providers, such as Amazon 

Web Services (AWS), Azure, and Google Cloud Platform (GCP), thereby supporting global efforts 

toward a sustainable digital future. 

 

Various approaches to implementing green computing methods. 

1. Virtualization and resource consolidation: This enables multiple virtual machines (VMs) to run 

on a single physical server, maximizes resource utilization, and minimizes idle energy 

consumption. 

2. Dynamic resource allocation and load balancing: Allocates computing resources based on real-

time demand, avoiding over-provisioning and reducing power waste. Intelligent load balancing 

ensures optimal server usage. 



 

 

Green and Edge-Aware Computing: Rethinking Cloud Infrastructure for Sustainability                        Barui et al. 

 

 

© STM Journals 2026. All Rights Reserved 20  
 

3. Energy-efficient data center design: This includes energy-saving hardware, efficient cooling 

systems (e.g., liquid cooling and free cooling), and architectural designs that reduce heat and 

electricity consumption. 

4. Task scheduling based on energy awareness: scheduling tasks at off-peak hours or directing them 

to low-energy-consuming servers, thereby optimizing energy distribution across the cloud 

infrastructure. 

 

Carbon-Aware Computing: Cloud providers implement carbon-tracking tools and migrate workloads 

to locations or times when energy sources are greener (e.g., using carbon-intensity APIs). 

 

Applications of Green Cloud Computing 

According to  Zhang et al. (2021) [13], the current research landscape primarily focuses on the 

following key areas: 

• Energy-efficient data center management 

• Sustainable big data analytics 

• Eco-friendly cloud-based IoT systems 

• Green artificial intelligence (AI) and machine learning model training 

• Cloud-based smart city solutions 

• Energy-aware virtualization techniques 

• Green Service Level Agreement (SLA) and QoS research 

• Carbon-aware cloud workload scheduling 

• Hybrid edge-cloud models for green computing 

• Blockchain for green cloud governance 

 

Advantages of Green Cloud Computing 

• Energy efficiency 

• Reduced carbon emissions 

• Cost savings 

• Improved resource utilization 

• Extended equipment lifespan 

• Support for sustainable information technology practices 

• Regulatory compliance 

• Positive brand image 

• Scalability with sustainability 

• Promotion of renewable energy use 

• Enhance server utility rate 

 

Eco-Efficient Edge Computing via Green Information Technology Strategies 

The rise in digital service demand has significantly impacted global energy consumption, with data 

centers and transmission networks contributing approximately 1% of energy-related greenhouse gas 

(GHG) emissions. A 2019 survey revealed that just 30 minutes of Netflix streaming could emit 

approximately 18 g of CO₂. As internet usage has surged—doubling since 2010 and increasing web 

traffic twentyfold—concerns about the environmental footprint of services, such as video streaming, 

have intensified. Reports such as those from the Shift Project estimate that Netflix’s streaming may 

consume approximately 94 TWh annually, far exceeding Netflix’s 2019 claim of 0.45 TWh. To address 

these concerns, enhancing the sustainability of data centers has become a priority. Strategies include 

reducing emissions, maximizing resource efficiency, and minimizing waste. Green cloud computing is 

gaining prominence, with over 77% of users implementing or planning to use energy-efficient UPS 

systems in edge networks. These modern UPS systems achieve up to 98% operational efficiency 

through dynamic online optimization, reducing power losses and ensuring reliable switching during 
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power fluctuations. Additionally, there is a growing adoption of sustainable technologies, such as 

renewable energy sources, dynamic grid support, and low-GWP solutions, particularly in edge 

computing environments, where managing heat and power efficiency is becoming increasingly 

important. 

 

PROPOSED METHODOLOGY 

Basic Concept of Cloud Load Balancing 

According to  Rahman et al. (2014) [14], load balancing is a crucial technique in cloud computing 

that is used to efficiently distribute incoming client requests among multiple servers to enhance 

performance and response time (Figure 2). A typical architecture involves a load balancer that receives 

requests, estimates their load, monitors the server status, and applies appropriate algorithms to assign 

tasks. This ensures high resource utilization, traffic control, and system reliability without overloading 

a single server. Effective load balance supports scalability, improves availability, and reduces 

infrastructure cost. The key features include minimal overhead, current system load awareness, periodic 

balancing, efficient resource migration, and reliable communication. This can be implemented in a 

centralized or decentralized architecture. 

 

Proposed Greedy Approach for Green Cloud Computing 

The weighted least connection (WLC) algorithm is an intelligent load balancing strategy that 

enhances traditional least connection methods by assigning weights to servers based on their processing 

capabilities (Table 1). The WLC greedy-based approach greedily selects the server with the lowest ratio 

of active connections to its weight, ensuring an optimized and balanced allocation of requests in 

heterogeneous cloud environments. 

 

Table 1. A Comparative study of cloud computing and edge computing based on green cloud. 

Aspect Cloud computing Edge computing 
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Figure 2. Load balancing in green cloud computing. 
 
Algorithm: WLC Greedy Approach 

1. Each server is assigned a weight according to its capability Central Processing Unit (CPU) power, 
memory, etc. 

2. The algorithm calculates the load ratio for each server as: 
load ratio = current connections/weight. 

3. The request is greedily assigned to the server with the minimum load ratio 
4. This ensures that powerful servers handle more connections than weaker servers, thereby 

improving the overall throughput and resource utilization. 
 
RESULT AND DISCUSSION 

In Figures 3 and 4, the WLC greedy-based load balancer demonstrates dynamic request distribution 
in a cloud computing environment, ensuring optimal server utilization based on real-time load ratios 
and server capacities. Initially, a set of servers is created, and each is assigned a unique identifier and a 
specific weight reflecting its computational capability (such as CPU power or memory capacity). The 
algorithm calculates the load ratio for each server by dividing the number of active connections by the 
server’s weight (active connections/weight). Incoming requests are greedily assigned to the server with 
the lowest load ratio, ensuring that higher-capacity servers handle more traffic than less-capable servers. 
Figure 3 shows the initial status of the simulator. 
 

During execution, the algorithm processes an initial batch of 15 simulated requests periodically, 
releasing some to emulate real-world traffic behavior. The output includes detailed logs of request 
assignments, releases, and the evolving status of each server. To demonstrate scalability, a new server 
(Server D) is added, and five additional requests are handled, showing how the load balancer 
immediately integrates new resources. Subsequently, Server B was removed to simulate downtime or 
maintenance, and five additional requests were processed, confirming the adaptability of the algorithm. 
Figure 4 shows the final status of the simulator. 
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Figure 3. Initial status of the simulator. 

 

 
Figure 4. Final status of the simulator. 
 

The final output summarizes the total requests handled by each server, illustrating how the WLC 
algorithm efficiently balances the load based on the server capacity while maintaining responsiveness, 
flexibility, and high availability. 
 
CONCLUSION 

In conclusion, the implemented WLC greedy-based load balancer demonstrates an efficient approach 
to distributing workloads across multiple servers based on their capabilities. By prioritizing servers with 
fewer weighted active connections, the algorithm ensures the optimal use of available resources, 
reduces the chances of server overload, and improves the overall response time. The dynamic handling 
of server additions and removals also demonstrates the flexibility of the system in adapting to real-time 
cloud infrastructure changes. This simulation highlights the practical application of WLC in achieving 
scalable and energy-efficient resource management in cloud computing environments. 
 
Future Scope 

The WLC greedy-based load balancing method supports green cloud computing by enhancing energy 
efficiency in expanding data centers. Future improvements may include energy-aware scheduling, AI-
driven traffic prediction, VM migration to reduce power use, and carbon footprint tracking. Extending 
WLC to edge-fog cloud systems can further reduce energy consumption and promote an intelligent, 
eco-friendly cloud infrastructure. 
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