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Cloud data centers face increasing energy requirements, and renewable energy scheduling 

algorithm provides a promising solution to improve energy efficiency and stability. This review 

paper examines various planning techniques to integrate into renewable energy sources, such as 

sun and wind, and cloud computing operations. Important methods that have been detected 

include dynamic voltage and frequency scaling (DVF), task consolidation, and energy 

intersections such as renewable planning including strategies that interact workloads with 

renewable energy availability. In addition, future indicative and adaptive approaches that use 

forecasts and real-time data for skilled resource allocation are discussed. While these algorithms 

provide significant potential, challenges remain, including renewable energy, integration 

complications, and unpredictable scalability problems. Emerging trends, such as energy storage, 

machine learning, and progress in smart online technologies, provide opportunities to increase 

the performance of planning algorithms. Also identifies intervals, especially in algorithm 

efficiency, forecast for renewable energy, and economic viability. 

Keywords: Renewable-Energy-Aware Scheduling; Cloud Datacenters; Energy Efficiency; 

Resource Allocation; Sustainability. 

 

INTRODUCTION 

Cam-controlled planetary gear trains (CCPGT) are planetary gear trains with cam pairs. Chironis [1] illustrated a 

CCPGT in his book, as shown in Fig. 1. It is composed of a cam groove (the frame), a sun gear (the output), a planetary 

gear, and an arm (the input), and its exploded view is shown in Fig. 2. In general, the arm rotates at constant speed, 

and drives the planetary gear to revolve around the sun gear and to spin around itself simultaneously. At the same 

time, the planetary gear produces an oscillatory motion through the contact of the attached roller and the cam groove. 

Therefore, the sun gear can produce a non-uniform motion by engaging with the planetary gear. The main advantage 

is that it can produce a wide range of non-uniform output motion. In addition, it has the advantages of higher 

reliability, lower cost, faster response, and higher power transmission due to its mechanical nature. It is now at work 

in film drives. However, the design and analysis of the CCPGT are not easy due to its complex structure.  

In addition, few studies on the CCPGT can be found in literature or references. The role of cloud data centers in 

contemporary computing and their electricity consumption demanding situations. Cloud data centers are critical to 

cutting-edge computing infrastructures, imparting the backbone for a wide range of cloud-based offerings which 

include Software as a Service (SaaS), Platform as a Service (PaaS), and Infrastructure as a Service (IaaS). These 

facilities reside in sizable arrays of servers, garage systems, and networking equipment, assisting numerous packages, 

from business enterprise software programs and e-mail services to huge statistics analytics and synthetic intelligence. 

Datacenters account for a considerable element of worldwide power use, often exceeding 1% of overall strength 
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consumption internationally [1]. This high-power demand stems from the desire for energy and large, funky volumes 

of hardware. Renewable energy sources inclusive of sun, wind, hydro, and geothermal provide a sustainable 

opportunity by way of appreciably lowering carbon emissions and environmental degradation [2]. Innovations in 

solar panels, wind turbines, and energy storage structures are riding down expenses and facilitating the adoption of 

renewable energy. Major cloud provider companies are setting determined to attain 100% renewable power usage, 

making an investment in renewable tasks, and deploying power-green technology [3]. Research on renewable-power-

aware scheduling algorithms for cloud data centers faces several giant challenges. Firstly, the intermittency and 

variability of renewable electricity sources consisting of solar and wind introduce unpredictability that complicates 

the balance between strong supply and call for this necessitates advanced scheduling algorithms able to handle 

fluctuations and make sure of a reliable power supply [4]. Secondly, many data facilities had been first designed for 

ordinary shipping of non-renewable power, requiring significant modifications to incorporate renewable resources. 

These changes frequently involve adopting a new energy garage and grid control era, which can be both steeply priced 

and technically traumatic [5]. 

Developing extra superior and occasional-budget garage technology is important for assisting the combination of 

renewable power facilities [6]. Additionally, the dynamic nature of renewable power calls for scheduling algorithms 

that can adapt to real-time conditions, which conventional strategies may not appropriately cope with [7]. Finally, 

the financial implications of integrating renewable strength and upgrading infrastructure are large. The primary goal 

of this evaluation paper is to provide a thorough evaluation of resource scheduling algorithms designed to optimize 

using renewable strength in cloud data centers. This overview ambitions to trace the evolution of renewable-strength-

aware scheduling algorithms [8]. Furthermore, the assessment will determine the performance of those algorithms 

in phrases of electricity efficiency, value effectiveness, and usual operational overall performance [9]. Finally, it will 

pick out modern-day challenges and limitations related to these algorithms, imparting potential answers to deal with 

these problems [10]. The main key contribution of the current article is organized as follows: 

1) Cloud datacenter architecture and energy consumption, provides a top-level view of datacenter infrastructure and 

its related energy demands. 

2) Resource scheduling in cloud data centers examines traditional and present-day scheduling techniques and their 

significance in data center operations. 

3) Renewable-Energy-Aware scheduling algorithms analyzes various algorithms designed to optimize renewable 

electricity use, which include electricity-conscious scheduling, renewable electricity utilization, and predictive 

approaches. 

4) Comparative analysis evaluates extraordinary algorithms primarily based on overall performance metrics and 

actual global implementations. 

5) Challenges and future directions discuss modern demanding situations, obstacles, and capability regions for 

future studies and improvement. 

OVERVIEW OF CLOUD DATA CENTERS 

2.1.  Architecture 

Cloud data centers are state-of-the-art facilities designed to help extensive arrays of computing and records garage 

needs. Their structure is characterized by using several vital components that are created together to provide reliable 

and scalable cloud offerings. 

1) Servers 

At the coronary heart of cloud data centers are the servers, which can be typically organized in dense racks. These 

servers perform various functions, together with processing computational responsibilities, web hosting packages, 

and handling facts. Modern data centers utilize high-density server configurations to maximize space efficiency and 

computational energy, frequently deploying blade servers or modular server designs that can be without problems 

scaled [11]. 
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2) Storage Systems 

Datacenters employ massive-scale garage answers to address the gigantic quantity of facts generated and processed. 

This consists of both Direct Attached Storage (DAS) and network-attached storage (NAS), in addition to extra 

advanced structures like garage vicinity networks (SANs). These storage structures are designed to provide excessive 

availability, fault tolerance, and redundancy, ensuring that information remains accessible and protected in 

opposition to hardware screw-ups [12]. 

3) Networking Equipment 

Efficient statistics transfer within and outdoor the data center is facilitated via an array of networking gadgets, along 

with routers, switches, and firewalls. These additives manage information site visitors, put in force security protocols, 

and ensure seamless connectivity among servers, storage devices, and external networks [13]. 

4) Power Supply Units 

Datacenters require a reliable and continuous energy supply to operate. Redundant energy supplies, Uninterrupted 

Power Supply (UPS), and backup turbines are used to make sure that data centers remain operational through 

strength outages or fluctuations. This infrastructure is designed to address large loads and provide excessive 

availability, which is crucial for retaining carrier continuity [14]. 

 

Fig. 1. Typical architecture of a cloud datacenter. 

2.2.  Energy Consumption 

Cloud data centers are exquisite for their significant energy intake, which is a key subject for each operational expense 

and environmental effect. The strength usage in data centers may be labeled into numerous primary regions.The 

middle of power intake in data centers comes from the servers and computing hardware. These systems require full-

size electric power for both processing and facts garage. As cloud offerings become greater complex and data-in-

depth, the power needs of servers hold to an upward push. Studies estimate that servers account for 40 - 60% of a 

data center's total power utilization [15]. Additional electricity is needed for infrastructure elements including lights, 

protection systems, and administrative functions [16]. 
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Fig. 2. Energy Consumption in data centers. 

2.3.  Three Renewable Energy Integration 

In reaction to the environmentally demanding situations posed using traditional electricity resources, the integration 

of renewable energy into cloud data centers has become a key cognizance. Several practices and traits are shaping the 

shift toward greener data center operations. 

1) Power Purchase Agreements (PPAS) 

Datacenter operators are increasingly moving into lengthy-term agreements to purchase renewable strength from 

outside sources, inclusive of wind farms or solar installations. These PPAs help stabilize a dependable supply of 

smooth power and often include provisions for constant pricing, that could stabilize power rate [17]. Large tech 

organizations, specifically, have dedicated 100% renewable strength goals via such agreements. 

2) On-Site Generation 

Some data centers are investing in an on-site renewable power era. This includes the set up of solar panels on rooftops 

or the construction of small-scale wind generators. On-website technology reduces dependence on the grid and can 

offer an extra direct supply of clean strength, although it calls for giant initial investment and space [18]. 

3) Energy Storage Solutions 

To manipulate the intermittent nature of renewable energy, data centers are incorporating electricity storage 

structures including advanced batteries. These systems store excess energy generated during durations of excessive 

renewable output and launch it at some point of durations of low production. An effective energy garage is essential 

for balancing delivery and call for and making sure of non-stop operation [19]. 
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Fig. 3. Trends in renewable energy integration in cloud datacenters. 

Table 1. Energy-efficient scheduling methods and implications 

Ref. Method Dataset Implication Acceptability Performance 

[20] Dynamic Voltage 

and Frequency 

Scaling (DVFS) 

SPECpower, 

Google Cluster 

Trace 

Reduces power intake 

but is restricted by 

granularity and 

overhead. 

Moderate Effective for low 

pastime periods, 

however, lacks great-

tuned management. 

[21] Energy-Efficient 

Scheduling 

Google Cluster 

Trace, Alibaba 

Cluster Trace 

Minimizes idle 

instances and 

optimizes resource use 

however struggles with 

variable workloads. 

High Reducing energy waste 

can also cause overall 

performance 

bottlenecks beneath 

unpredictable 

hundreds. 

[22] Renewable-

Aware 

Scheduling 

RE-Europe, 

NREL Wind 

Integration 

Dataset 

Aligns workloads with 

renewable electricity 

availability but relies 

upon accurate 

forecasting. 

Moderate Effective with 

dependable 

forecasting, however 

less useful in risky 

conditions. 

[23] Hybrid 

Scheduling 

Approaches 

Google Cluster 

Trace, RE-

Europe 

Balances renewable 

and non-renewable 

energy but is complex 

to manage a couple of 

resources. 

Moderate Provides flexibility but 

increases machine 

complexity and control 

overhead. 

[24] Carbon-Aware 

Load Balancing 

(Google) 

Google 

Sustainability 

Reports 

Shifts workloads to 

data centers with lower 

carbon intensity 

primarily based on 

actual-time statistics. 

High Reduces carbon 

footprint however calls 

for non-stop tracking 

and infrastructure 

flexibility. 
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Ref. Method Dataset Implication Acceptability Performance 

[25] Energy-Adaptive 

Resource 

Allocation 

(Azure) 

Azure Energy 

Consumption 

Dataset 

Uses AI to optimize aid 

scheduling primarily 

based on renewable 

strength forecasts. 

High Improves performance 

but requires huge-scale 

AI fashions and 

predictive accuracy. 

[26] Dynamic Energy-

Aware 

Scheduling 

(AWS) 

AWS Compute 

Optimizer 

Dataset 

Optimizes resource use 

with the aid of 

combining DVFS and 

electricity-green 

scheduling. 

High Reduces standard 

power consumption 

even as preserving 

performance balance. 

[27] Machine 

Learning and AI 

Applications 

Google Cluster 

Trace, Alibaba 

Trace, RE-

Europe 

Enhances predictive 

analytics for energy-

efficient scheduling. 

High Improves scheduling 

accuracy however 

depends on data 

quality and ML model 

performance. 

[28] Edge Computing 

for Real-Time 

Optimization 

Edge-Bench, 

Google Cluster 

Trace 

Reduces latency and 

complements 

responsiveness for 

power-conscious 

scheduling. 

Moderate Effective for real-time 

energy control but 

limited by way of part 

tool abilities. 

RESOURCE SCHEDULING IN CLOUD DATACENTERS 

The importance of resource scheduling in cloud data centers canno be overstated. Proper scheduling guarantees that 

sources are allocated in a way that maximizes usage whilst minimizing idle instances and bottlenecks. This now not 

simplest enhances the overall performance of cloud services but also reduces operational charges and power 

consumption. Efficient aid scheduling directly impacts the scalability and flexibility of cloud structures, allowing 

them to handle various workloads and consumer demands efficiently [29]. 

3.1 Traditional Scheduling Algorithms 

Several conventional scheduling algorithms are employed in cloud data centers, every with precise characteristics 

and programs. 

1) First-Come-First-Served (FCFS) 

This algorithm tactics obligations inside the order they arrive without thinking about their precedence or useful 

resource requirements. While easy and smooth to put in force, FCFS can bring about inefficiencies, along with the 

"convoy effect," where shorter duties aren't on time through longer ones [30]. 

2) Round Robin (RR) 

Round-robin scheduling assigns duties to resources in a spherical order, ensuring that every mission receives a fair 

share of processing time. This approach's objectives are to stabilize the weight but won't be final for obligations with 

diverse execution instances or useful resource desires. 

3) Shortest Job Next (SJN) 

Also called Shortest Job First (SJF), this algorithm prioritizes duties with the shortest anticipated execution time. 

SJN can decorate common job very last contact instances and device throughput but may also bring about longer 

duties experiencing delays and is sensitive to misguided time estimations [31]. 
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4) Priority Scheduling 

Tasks are assigned priority ranges, and sources are allotted based on those priorities. This method guarantees that 

excessive-priority duties are processed more quickly, even though it can lead to decreased-precedence responsibilities 

being not on time or perhaps starved of resources [32]. 

5) Earliest Deadline First (EDF) 

EDF schedules duties based totally on their cut-off dates, giving choice to responsibilities with the closest closing 

dates. This technique is effective for actual-time structures; however, it can be complicated to position into impact 

and manage, mainly in environments with fluctuating task time limits [33]. 

 

Figure 4: Traditional scheduling algorithms. 

3.2 Metrics for Evaluation 

1) Resource Utilization 

This metric measures how effectively the to-be-had resources are implemented. High beneficial, useful resource 

usage shows that resources are being used successfully, whilst low usage indicates potential inefficiencies or 

underutilization [34]. 

2) Energy Efficiency 

With the growing emphasis on sustainability, electricity performance has grown to be a vital metric. This entails 

assessing how properly a scheduling set of rules minimizes strength consumption while assembling workload 

necessities. Energy-green scheduling permits decreased operational charges and the environmental effect of statistics 

facilities [35]. 

3) Job Completion Time 

This metric tracks the time taken to finish a venture from submission to of entirety. Reducing task completion time 

is important for enhancing the gadget's overall performance and consumer delight. Scheduling algorithms that lower 

ready and processing times contribute to decreased average activity finishing touch times [36]. 
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4) Response Time 

The response time metric measures the time taken from undertaking submission to the beginning of execution. A 

shorter reaction time indicates better responsiveness of the scheduling device, which is crucial for programs requiring 

real-time or close-to-actual-time processing [37]. 

5) Fairness 

This metric evaluates the equitable distribution of sources amongst competing obligations. Ensuring equity prevents 

any single venture or institution from monopolizing sources, maintaining a balanced workload distribution, and 

warding off useful resource starvation [38]. 

 

Fig. 5. Metrics for Evaluating Scheduling Algorithms. 

3.3 Renewable-Energy-Aware Scheduling Algorithms 

3.3.1 Concepts and Principles 

Renewable-strength-conscious scheduling algorithms are designed to optimize the usage of renewable energy 

resources in cloud data centers. These algorithms are grounded in several middle principles geared toward 

integrating intermittent and variable renewable energy with traditional energy resources to reap efficient and 

sustainable operation of the key regulations [39] as follows.  

1) Energy Matching 

These algorithms try to align the power intake of cloud workloads with the provision of renewable electricity. By 

doing so, they reduce reliance on non-renewable energy sources and reduce the carbon footprint of data center 

operations. 

2) Dynamic Adaptation 

Algorithms are designed to dynamically alter scheduling selections based on real-time facts approximately renewable 

energy availability and workload demands. This adaptability helps manipulate the variability of renewable power and 

guarantees a stable power delivery. 
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3) Energy Efficiency 

A number one purpose is to optimize energy utilization, lowering normal power intake and operational costs. This 

regularly consists of strategies along with scaling resources up or down, primarily based mostly on power availability 

and the use of energy-efficient computing practices. 

4) Predictive Modeling 

Effective scheduling relies on predictive models that forecast renewable power eras and workload patterns. These 

forecasts tell scheduling selections, helping to mitigate the effect of electricity fluctuations and fine-tune the 

machine's average overall performance. 

 

Fig. 6. Core Principles of renewable-energy-aware scheduling. 

3.3.2 Types of Algorithms 

3.3.2.1 Energy-Aware Scheduling 

Energy-conscious scheduling algorithms recognize the optimization of aid allocation to reduce electricity 

consumption [40].  

1) Dynamic Voltage and Frequency Scaling (DVFS) 

DVFS adjusts the voltage and frequency of a processor in keeping with its workload. By decreasing the voltage and 

frequency inside the course of periods of low call, DVFS reduces strength intake without considerably affecting 

normal performance.  

2) Energy-Efficient Scheduling 

This technique involves scheduling duties to decrease the entire strength. It may additionally include strategies that 

include consolidating workloads to reduce idle times and leveraging low-power states of computing additives.  
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Fig. 7. Energy-Aware Scheduling Techniques. 

3.3.2.2 Renewable Energy Utilization 

Algorithms specializing in renewable electricity utilization are designed to suit the strength requirements of 

workloads with the availability of renewable power resources [41]. 

1) Renewable-Aware Scheduling 

This approach adjusts scheduling to take advantage of durations even as renewable power is giant. For instance, it is 

able to shift power-in-intensity duties to instances while solar or wind power is at its top.  

2) Hybrid Scheduling Approaches 

These tactics integrate renewable power with non-renewable assets to provide dependable strength and reliable 

power delivery. 

3.3.2.3 Predictive and Adaptive Approaches 

Predictive and adaptive scheduling strategies use forecasts of renewable electricity availability and workload needs 

[42]. 

1) Predictive Scheduling 

This technique makes use of ancient information and forecasting fashions to expect destiny strength availability and 

workload requirements. It allows for planning and adjusting schedules proactively to maximize the use of renewable 

electricity. 

2) Adaptive Scheduling 

Adaptive algorithms alter scheduling in actual time based on ongoing measurements and forecasts. They respond 

dynamically to adjustments in power availability and workload patterns, ensuring the most useful aid usage. 
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Fig. 8. Predictive and Adaptive Scheduling Approaches. 

COMPARATIVE ANALYSIS 

When evaluating renewable-energy-conscious scheduling algorithms, it's miles critical to compare their strengths 

and weaknesses throughout diverse dimensions, which include efficiency, scalability, and realistic implementation 

[43]. 

4.1 Efficiency 

1) Dynamic Voltage and Frequency Scaling (DVFS) 

DVFS is tremendously powerful in reducing strength intake for the duration of intervals of low pastime by way of 

adjusting the processor’s voltage and frequency. However, its performance may be confined with the aid of the 

granularity of available energy states and the overhead related to common modifications. 

2) Energy-Efficient Scheduling 

Algorithms specializing in power performance, such as workload consolidation and idle state management, normally 

provide huge discounts on electricity use. They excel in minimizing idle instances and optimizing resource utilization. 

3) Renewable-Aware Scheduling 

This method aligns workloads with durations of high renewable electricity availability, which can result in extensive 

reductions in reliance on non-renewable resources. However, its effectiveness is contingent on accurate forecasting 

and the ability to shift responsibilities without degrading overall performance. 

4) Hybrid Scheduling Approaches 

By integrating renewable and non-renewable strength resources, hybrid scheduling approaches provide a balanced 

and dependable energy delivery. They manage to leverage renewable electricity at the same time as ensuring machine 

stability.  

4.2 Case Studies 

Examining actual international implementations presents treasured insights into the realistic application of 

renewable-electricity-conscious scheduling algorithms. 
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1) Case Study 1: Google Data Centers 

Google has been at the forefront of integrating renewable strength into its data centers. The company has applied 

superior power management structures that make use of renewable-conscious scheduling algorithms to optimize 

using wind and solar strength [44]. 

2) Case Study 2: Microsoft’s Azure Datacenters 

Microsoft's Azure information centers use hybrid scheduling techniques to stabilize the use of renewable and non-

renewable energy assets. By using an aggregate of strength storage systems and renewable-conscious scheduling, 

Azure has managed to acquire good-sized reductions in carbon emissions at the same time as keeping excessive 

operational reliability [45]. 

3) Case Study 3: Amazon Web Services (AWS) 

AWS has implemented power-efficient scheduling algorithms to manage its huge-scale cloud infrastructure. The 

enterprise has leveraged techniques like DVFS and strength-efficient scheduling to optimize resource use and reduce 

power intake. Real-global records from AWS operations show measurable improvements in energy performance and 

price financial savings [46]. 

 

Fig. 9. Case Studies of renewable-energy-aware scheduling. 

CHALLENGES 

1) Unpredictability of Renewable Energy Sources 

One of the primary demanding situations is the intermittent and unpredictable nature of renewable strength 

resources like solar and wind. This variability requires state-of-the-art forecasting and actual-time adjustments to 

ensure a strong electricity supply. Scheduling algorithms should be strong enough to address those fluctuations 

without compromising gadget performance. 

2) Integration Complexities 

Integrating renewable energy into existing data center infrastructure involves good-sized changes. This includes the 

setup of power storage systems, grid control technology, and advanced electricity management mechanism. The 
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complexity of these integrations can pose demanding situations in terms of value, technical feasibility, and 

operational reliability. 

3) Cost Implications 

The initial funding for renewable electricity infrastructure and advanced scheduling systems can be good sized. 

Balancing those upfront charges with the long-term advantages of decreased energy intake and advanced 

sustainability is an important consideration. Organizations have to cautiously evaluate the economic feasibility of 

enforcing that technology. 

4) Data Accuracy and Forecasting 

Accurate statistics and reliable forecasting are crucial for effective renewable-strength-conscious scheduling. 

Challenges consist of acquiring unique predictions of renewable power availability and workload needs, in addition 

to managing the records required for real-time decision-making. Inaccurate forecasts can lead to inefficiencies and 

multiplied reliance on non-renewable power assets. 

5) Research Gaps 

While big developments have been made, numerous studies remain that need to be addressed to understand the full 

capacity of renewable-electricity-conscious scheduling algorithms. 

1. Case Study Depth and Specificity 

The cutting-edge case studies are too quick and shortage of actionable insights. Future studies have to include 

targeted analyses of actual-world programs. For instance, what unique renewable-strength-conscious scheduling 

algorithms are hired through industry leaders like Google, Azure, and Amazon examples of well-known algorithms 

that might be explored encompass. 

A. Google 

Google has been recognized to put into effect algorithms like Carbon-Aware Load Balancing, which shifts workloads 

to data centers with the bottom carbon depth based totally on actual-time renewable electricity availability. 

B. Microsoft Azure 

The Azure has mentioned studies into Energy-Adaptive Resource Allocation (EARA), leveraging AI to optimize 

resource scheduling based totally on renewable power supply forecasts. 

C. Amazon AWS 

Amazon Web Services (AWS) employs renewable strength techniques via its Sustainable Cloud Initiative, but 

particular algorithms together with Dynamic Energy-Aware Scheduling (DEAS) or hybrid system gaining knowledge 

of models is probably part of their optimization frameworks. 

1. Methodology for Review and Evaluation 

A clean and systematic method for the evaluation is vital to ensure its rigor and credibility. The review must describe 

the criteria for choosing the algorithms, the metrics for comparing their performance, and the scope of the evaluation. 

For example, have been algorithms as compared based totally on power financial savings, computational efficiency, 

scalability, or integration with unique renewable assets.  

2. Algorithm Efficiency and Scalability 

Many present algorithms face challenges in computational complexity, restricting their scalability in huge and 

dynamic cloud environments. Examples encompass. 

A. Energy-Conscious Task Consolidation (ECTC) 

This algorithm consolidates responsibilities to lessen power intake while considering the availability of renewable 

energy. 
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B. Green Energy-Aware Scheduling (GEAS) 

Aimed at dynamically allocating responsibilities based on the predicted availability of renewable electricity. 

C. Renewable-Aware Multi-Objective Optimization Algorithms 

These algorithms optimize a couple of factors, which include performance, strength efficiency, and cost, concurrently. 

3. Enhanced Renewable Energy Prediction Models 

Current models for renewable energy forecasting often fall short in shooting the range and uncertainty of renewable 

sources. Advanced prediction techniques, such as hybrid models combining AI, system learning, and conventional 

statistical methods, need to be explored to beautify accuracy and reliability. 

1) Integration with Emerging Technologies 

Emerging technology, which includes blockchain for secure energy transactions and superior electricity management 

systems, preserves great promise for improving renewable-strength-aware scheduling.  

2) Economic and Policy Considerations 

The adoption of renewable-energy-aware scheduling algorithms is motivated by using economic feasibility and 

regulatory policies. Future research needs to explore cost-gain analyses, coverage influences, and incentives to 

pressure the adoption of these algorithms [10]. 

FUTURE DIRECTIONS 

6.1 Emerging Trends 

The field of renewable-strength-conscious scheduling algorithms continues to conform, pushed by way of numerous 

technological advancements. These developments provide possibilities for reinforcing energy control and 

optimization in cloud data centers. 

1) Advancements in Energy Storage 

The intermittency of renewable power sources remains a widespread assignment. Innovations in electricity garages, 

consisting of solid-state batteries, go-with-the-flow batteries, and improvements in thermal and compressed air 

storage, offer greater reliable solutions for addressing this project. This technology enables more sturdy integration 

of renewable strength into scheduling algorithms, improving the reliability and performance of cloud data centers. 

2) Integration with Smart Grid Technologies 

Smart grid technology provides actual-time statistics on power availability, grid situations, and consumption styles. 

Datacenters can leverage calls for reaction structures, dynamic pricing fashions, and superior metering infrastructure 

to optimize strength-aware scheduling, making sure of higher alignment with fluctuating renewable power 

substances. 

3) Machine Learning and Artificial Intelligence Applications 

AI and systems gaining knowledge have ended up in imperative gear in renewable-power-aware scheduling. They 

provide superior predictive analytics for renewable energy forecasting and real-time optimization for workload 

scheduling.  

4) Edge Computing for Real-Time Optimization 

Edge computing gives decentralized processing abilities, allowing real-time decision-making on the community side. 

This method reduces latency and enhances the responsiveness of scheduling algorithms, particularly in scenarios 

requiring on-the-spot optimization primarily based on renewable strength availability. 
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Table 2. Summarizes the main abbreviations 

Abbreviation Description 

DVFS Dynamic Voltage and Frequency Scaling 

SaaS Software as a Service 

PaaS Platform as a Service 

IaaS Infrastructure as a Service 

PPAs Power Purchase Agreements 

NAS Network-Attached Storage 

SANs Storage Area Networks 

UPS Uninterrupted Power Supply 

EDF Earliest Deadline First 

FCFS First-Come-First-Served 

RR Round Robin 

SJN/SJF Shortest Job Next/Shortest Job First 

AI Artificial Intelligence 

AWS Amazon Web Services 

EARA Energy-Adaptive Resource Allocation 

DEAS Dynamic Energy-Aware Scheduling 

ECTC Energy-Conscious Task Consolidation 

GEAS Green Energy-Aware Scheduling 

CONCLUSION 

This paper evaluation has furnished a comprehensive assessment of renewable-strength-aware scheduling 

algorithms, which can be essential for cloud records centers aiming to lessen electricity consumption and carbon 

emissions. Traditional scheduling techniques, which consist of First-Come-First-Served (FCFS) and Round Robin, 

even though foundational, do not now deal with the complexities related to renewable power assets, such as their 

variability and integration annoying situations. Innovations like Carbon-Aware Load Balancing, Energy-Adaptive 

Resource Allocation, and Dynamic Energy-Aware Scheduling have made wonderful strides in optimizing beneficial 

resource allocation to align with renewable power availability and decrease reliance on non-renewable belongings. 

Moreover, the financial feasibility of imposing renewable power generation and algorithms, on the side of their 

scalability in large cloud environments, poses additional boundaries. There is also a want for light-weight, scalable 

algorithms capable of functioning under the restrictions of actual-world cloud environments. Case studies of 

implementations like Google's Carbon-Aware Load Balancing or Azure's Energy-Adaptive Resource Allocation can 

offer valuable insights into sensible deployment. Furthermore, exploring the financial exchange-offs and policy 

implications will help bridge the gap between theoretical studies and real-international applications. To deal with 

those challenges, the destiny of renewable-electricity-aware scheduling will likely rely on further algorithm 

optimization for advanced computational efficiency, the use of hybrid predictive fashions that combine AI and 

statistical forecasting, and a comprehensive coverage analysis that encourages the significant adoption of that 

technology. Industry collaboration and the improvement of standardized frameworks will also be crucial in advancing 

the field. Ultimately, by way of harnessing emerging technology and addressing the prevailing demanding situations, 

cloud data centers can flow toward reaching their dreams of operational efficiency and environmental sustainability. 

Acknowledgment: 



Journal of Information Systems Engineering and Management 
2025, 10(58s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 728 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative 

Commons Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. 

 

The authors declare no conflicts of interest in this research. Furthermore, the funders were not involved in the study's 

design, data collection, analysis, interpretation, manuscript writing, or decision to publish. 

Conflict of Interests: 

The authors have declared no conflicts of interest.  There were no financial or non-financial relationships that 

influenced the research, and the research received no outside assistance. 

REFERENCES 

[1] M. Koot and F. Wijnhoven, "Usage impact on data center electricity needs: A system dynamic forecasting 

model," Applied Energy, vol. 291, p. 116798, 2021. 

[2] K. E. Gan, O. Taikan, T. Y. Gan, T. Weis, D. Yamazaki, and H. Schüttrumpf, "Enhancing renewable energy 

systems, contributing to Sustainable Development Goals of United Nation and building resilience against 

climate change impacts," Energy Technology, vol. 11, p. 2300275, 2023. 

[3] B. R. Troutman, "Articulating the Cloud: Understanding Data Centers, Renewable Energy, and Public Policy," 

Clemson University, 2020. 

[4] V. Venkataswamy, J. Grigsby, A. Grimshaw, and Y. Qi, "RARE: renewable energy aware resource management 

in datacenters," in Workshop on Job Scheduling Strategies for Parallel Processing, 2022, pp. 108-130. 

[5] M. Saray, M. Saray, C. Kazan, and S. Guner, "Optimization of renewable energy usage in public transportation: 

Mathematical model for energy management of plug-in PV-based electric metrobuses," Journal of Energy 

Storage, vol. 78, p. 109946, 2024. 

[6] C. P. Ohanu, S. A. Rufai, and U. C. Oluchi, "A comprehensive review of recent developments in smart grid 

through renewable energy resources integration," Heliyon, vol. 10, 2024. 

[7] V. J. Reddy, N. Hariram, R. Maity, M. F. Ghazali, and S. Kumarasamy, "Sustainable e-fuels: Green hydrogen, 

methanol and ammonia for carbon-neutral transportation," World Electric Vehicle Journal, vol. 14, p. 349, 

2023. 

[8] M. Ertem, "Renewable energy-aware machine scheduling under intermittent energy supply," IEEE Access, vol. 

12, pp. 23613-23625, 2024. 

[9] S. M. H. Bamakan, A. Motavali, and A. B. Bondarti, "A survey of blockchain consensus algorithms performance 

evaluation criteria," Expert Systems with Applications, vol. 154, p. 113385, 2020. 

[10] S. M. Srinivasan and V. Sharma, "Applications of AI in cardiovascular disease detection—A review of the specific 

ways in which AI is being used to detect and diagnose cardiovascular diseases," AI in Disease Detection: 

Advancements and Applications, pp. 123-146, 2025. 

[11] K. Cao, Z. Li, H. Luo, Y. Jiang, H. Liu, L. Xu, P. Gao, and H. Liu, "Comprehensive review and future prospects 

of multi-level fan control strategies in data centers for joint optimization of thermal management systems," 

Journal of Building Engineering, p. 110021, 2024. 

[12] Y. R. Siwakoti, "IoT Security: Improving Visibility on Vulnerabilities and Exploitation and Developing ML-

Based Detection Techniques," Howard University, 2024. 

[13] S. Gai, Building a future-proof cloud infrastructure: A unified architecture for network, security, and storage 

services: Addison-Wesley Professional, 2020. 

[14] A. Valero Casas-Aljama, "Data centers for grid support and energy storage optimization," Universitat 

Politècnica de Catalunya, 2024. 

[15] S. Z. U. Rashid, A. Haq, S. T. Hasan, M. H. Furhad, M. Ahmed, and A. B. Ullah, "Faking smart industry: 

exploring cyber-threat landscape deploying cloud-based honeypot," Wireless Networks, vol. 30, pp. 4527-4541, 

2024. 



Journal of Information Systems Engineering and Management 
2025, 10(58s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 729 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative 

Commons Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. 

 

[16] A. R. MP and M. Masood, "A Unified Multi-Objective Adaptive Task Scheduling for VM Optimization in 

Heterogeneous Cloud Data Center," 2024. 

[17] M. Mehos, H. Price, R. Cable, D. Kearney, B. Kelly, G. Kolb, and F. Morse, "Concentrating solar power best 

practices study," National Renewable Energy Lab.(NREL), Golden, CO (United States); Solar …2020. 

[18] C. Bagley, E. Brown, B. Campbell, J. M. Cloke, S. Cameron, S. Collings, R. Gunning, H. Kabell, J. McDonnell, 

and L. S. To, "Mapping the UK research & innovation landscape: Energy & development," 2018. 

[19] A. Dadkhah, B. Vahidi, M. Shafie‐khah, and J. P. Catalão, "Power system flexibility improvement with a focus 

on demand response and wind power variability," IET Renewable Power Generation, vol. 14, pp. 1095-1103, 

2020. 

[20] D. Wong, "Energy Proportional Computing for Multi-Core and Many-Core Servers," University of Southern 

California, 2015. 

[21] S. Mangalampalli, G. R. Karri, S. N. Mohanty, S. Ali, M. I. Khan, E. Ismail, and F. A. Awwad, "Prioritized Task 

offloading mechanism in Cloud-Fog Computing using improved Asynchronous Advantage Actor Critic 

Algorithm," IEEE Access, 2024. 

[22] L. L. Jansen, G. Thomaßen, G. Antonopoulos, and Ľ. Buzna, "An Efficient Framework to Estimate the State of 

Charge Profiles of Hydro Units for Large-Scale Zonal and Nodal Pricing Models," Energies, vol. 15, p. 4233, 

2022. 

[23] N. Costa, An Analysis of Storage Virtualization: Rochester Institute of Technology, 2015. 

[24] A. Radovanović, R. Koningstein, I. Schneider, B. Chen, A. Duarte, B. Roy, D. Xiao, M. Haridasan, P. Hung, and 

N. Care, "Carbon-aware computing for datacenters," IEEE Transactions on Power Systems, vol. 38, pp. 1270-

1280, 2022. 

[25] M. A. K. Raiaan, M. S. H. Mukta, K. Fatema, N. M. Fahad, S. Sakib, M. M. J. Mim, J. Ahmad, M. E. Ali, and S. 

Azam, "A review on large language models: Architectures, applications, taxonomies, open issues and 

challenges," IEEE access, vol. 12, pp. 26839-26874, 2024. 

[26] C. Ordonez and W. Macyna, "Optimizing Energy Consumed by Analytics in the Cloud," in 2024 IEEE 

International Conference on Big Data (BigData), 2024, pp. 5201-5210. 

[27] N. Dezhabad, "Data-driven methods for efficient resource allocation and energy management in cloud 

datacentres," 2022. 

[28] J. Tang, S. Liu, L. Liu, B. Yu, and W. Shi, "LoPECS: A low-power edge computing system for real-time 

autonomous driving services," IEEE Access, vol. 8, pp. 30467-30479, 2020. 

[29] R. Ghafari, F. H. Kabutarkhani, and N. Mansouri, "Task scheduling algorithms for energy optimization in cloud 

environment: a comprehensive review," Cluster Computing, vol. 25, pp. 1035-1093, 2022. 

[30] A. Subero and A. Subero, "Scheduling Algorithms," Codeless Data Structures and Algorithms: Learn DSA 

Without Writing a Single Line of Code, pp. 107-121, 2020. 

[31] R. Kumari, "An efficient data packets scheduling of scheme for internet of things networks," BABU BANARASI 

DAS UNIVERSITY, 2020. 

[32] A. A. Amer, I. E. Talkhan, R. Ahmed, and T. Ismail, "An optimized collaborative scheduling algorithm for 

prioritized tasks with shared resources in mobile-edge and cloud computing systems," Mobile Networks and 

Applications, vol. 27, pp. 1444-1460, 2022. 

[33] A. Danieli, "THE FRENCH ELECTRICITY SMART METER," Infrastructures in Practice: The Dynamics of 

Demand in Networked Societies, p. 105, 2018. 

[34] M. Chhabra, "One metric to rule them all: A common metric to comprehensively value all distributed energy 

resources," The Electricity Journal, vol. 35, p. 107192, 2022. 



Journal of Information Systems Engineering and Management 
2025, 10(58s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 730 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative 

Commons Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. 

 

[35] S. M. Mohsin, T. Maqsood, and S. A. Madani, "Towards energy efficient cloud: a green and intelligent migration 

of traditional energy sources," Energies, vol. 17, p. 2787, 2024. 

[36] I. Grootte Bromhaar, "Improving the labour utilisation in the product finishing process," University of Twente, 

2021. 

[37] S. Majidian, "Integration of Building Information Modeling with Augmented Reality for Site Supervision," 

2021. 

[38] S. Brunnhuber, Financing our future: Springer, 2021. 

[39] S. Johri, B. R. Rajagopal, S. Ahamad, B. Kannadasan, C. K. Dixit, and P. Singh, "Cloud computing based 

renewable energy demand management system," in AIP Conference Proceedings, 2023. 

[40] W. Hu, Z. Chen, J. Wu, H. Li, and P. Zhang, "An energy-conscious task scheduling algorithm for minimizing 

energy consumption and makespan in heterogeneous distributed systems," in International Conference on 

Intelligent Computing, 2023, pp. 109-121. 

[41] L. A. Yousef, H. Yousef, and L. Rocha-Meneses, "Artificial intelligence for management of variable renewable 

energy systems: a review of current status and future directions," Energies, vol. 16, p. 8057, 2023. 

[42] Y. L. Zhukovskiy, M. S. Kovalchuk, D. E. Batueva, and N. D. Senchilo, "Development of an algorithm for 

regulating the load schedule of educational institutions based on the forecast of electric consumption within the 

framework of application of the demand response," Sustainability, vol. 13, p. 13801, 2021. 

[43] M. Sharif, "Context-Aware Optimal Resource Management in Electric Vehicle Smart2Charge," Birmingham 

City University, 2025. 

[44] Z. You, "A synergistic partnership: Decision-making for green energy adoption in China data centers for 

sustainable business development," Massachusetts Institute of Technology, 2023. 

[45] B. Marr, Generative AI in practice: 100+ amazing ways generative artificial intelligence is Changing Business 

and Society: John Wiley & Sons, 2024. 

[46] J. Sun and H. Cho, "A lightweight optimal scheduling algorithm for energy-efficient and real-time cloud 

services," IEEE Access, vol. 10, pp. 5697-5714, 2022. 

 


