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Abstract:   AI-driven framework for sustainable green cloud computing. Cloud data centers consume significant 

energy, leading to environmental and operational challenges. The proposed system leverages AI models to monitor, 

predict, and optimize energy consumption in real-time. Resource allocation, workload scheduling, and cooling systems 

are dynamically managed to minimize carbon footprint. Renewable energy integration is supported through predictive 

energy availability models. The framework ensures SLA compliance while improving energy efficiency. Machine 

learning algorithms analyze historical usage patterns and environmental factors. Experimental simulations demonstrate 

reduced energy consumption and operational costs. Security and performance are maintained alongside sustainability 

objectives. Scalability supports large-scale cloud infrastructures. The system provides actionable insights for green 

cloud management. Adaptive learning mechanisms continuously enhance energy-saving strategies. Overall, this 

approach enables environmentally responsible and cost-effective cloud computing. 

 

Index Terms - Artificial Intelligence (AI),Green Cloud Computing,Sustainable Computing,Energy-Efficient Computing,Cloud 

Resource Optimization,Smart Data Centers Renewable Energy Integration,Carbon Footprint Reduction 

 

I. INTRODUCTION 

In the modern era, cloud computing has become the backbone of digital infrastructure, providing on-demand 

access to computing resources, storage, and services. While cloud computing offers significant benefits in terms of 

scalability, flexibility, and cost-efficiency, it also contributes substantially to energy consumption and carbon 

emissions due to the large-scale operation of data centers. With the growing environmental concerns and global push 

toward sustainability, there is a pressing need to develop strategies that make cloud computing more energy-efficient 

and eco-friendly.Artificial Intelligence (AI) has emerged as a powerful enabler for optimizing complex systems, 

including cloud infrastructure. By leveraging AI techniques such as machine learning, deep learning, and predictive 

analytics, it is possible to intelligently manage workloads, optimize resource allocation, and reduce energy 

consumption in data centres. AI-driven approaches can dynamically adjust computing resources based on demand, 

predict energy usage patterns, and integrate renewable energy sources, thereby contributing to sustainable cloud 

operations. 

A Green Cloud Computing Framework powered by AI aims to achieve a balance between performance, cost, and 

environmental impact. It enables intelligent scheduling of workloads, energy-aware resource provisioning, and real-

time monitoring of energy consumption. Such a framework not only minimizes carbon footprints but also ensures 

that cloud services remain reliable, scalable, and cost-effective. The integration of AI in sustainable cloud computing 

represents a convergence of technological innovation and environmental responsibility, providing a path toward 
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greener, smarter, and more sustainable digital ecosystems. This framework is particularly relevant in today’s context, 

where the demand for cloud services continues to rise, and the imperative for environmental sustainability becomes 

increasingly critical. 

2. LITERATURE REVIEW 

In this paper  [1]  rapid growth of cloud computing has led to a substantial rise in energy consumption and 

carbon emissions from large-scale data centers. Green cloud computing has emerged as a promising approach to tackle 

these environmental challenges by improving energy efficiency and sustainability. This study presents a comprehensive 

literature survey focusing on techniques such as virtualization, energy-aware scheduling, resource consolidation, 

workload management, and renewable energy integration. The survey systematically analyses recent advancements, 

identifies key challenges, and provides insights into future research directions. Virtualization and intelligent resource 

allocation are highlighted as effective strategies to minimize energy usage. Additionally, renewable energy integration 

contributes to reducing carbon emissions. Despite progress, challenges like performance-energy trade-offs, dynamic 

workloads, and lack of standard evaluation metrics remain. The paper concludes by emphasizing AI-driven optimization 

and autonomous management as future directions for greener cloud computing. 

 In this paper  [2]  cloud infrastructures has significantly increased energy consumption, operational costs, and 

environmental impact. This survey reviews energy-efficient cloud computing techniques aimed at minimizing power 

usage while maintaining quality of service. Key approaches include virtualization, resource consolidation, dynamic load 

balancing, power-aware scheduling, and energy-efficient hardware utilization. The study highlights the role of 

intelligent resource management strategies for sustainable cloud operations. Techniques such as dynamic load balancing 

and power-aware scheduling help optimize energy consumption without compromising performance. Challenges 

identified include workload variability, scalability limitations, and the absence of unified energy efficiency metrics. The 

authors stress the importance of designing adaptive and intelligent systems to achieve energy-efficient and sustainable 

cloud infrastructures. 

In this paper  [3]   explores the application of AI to optimize energy consumption in cloud computing networks. 

With the expansion of cloud infrastructures, energy usage and operational costs have risen, causing environmental 

concerns. The study highlights AI-driven strategies, including machine learning, deep learning, and reinforcement 

learning, for intelligent resource allocation and workload management. Predictive analytics and adaptive cooling 

mechanisms are used to forecast energy demand and minimize wastage. Integration with renewable energy further 

enhances sustainability. Results demonstrate that AI techniques not only improve energy efficiency but also reduce 

carbon footprints and operational costs. Key challenges include scalability, real-time implementation, and compatibility 

with existing systems. The authors propose future research to focus on autonomous, AI-managed cloud infrastructures 

for greener cloud operations. 

In this paper  [4] as cloud services grow, energy consumption in data centers has become a critical concern. 

This study examines how AI techniques like machine learning, deep learning, and reinforcement learning can optimize 

energy use for virtual machines (VMs). Strategies include dynamic resource allocation, workload prediction, intelligent 

load balancing, and energy-aware VM placement. AI allows real-time tracking of energy usage and predictive 

management of server loads, reducing wasted energy while maintaining reliability. The research also explores renewable 

energy integration to further promote sustainability. Challenges such as system complexity and integration barriers 

remain. The authors recommend future studies focus on autonomous AI-managed infrastructures and hybrid solutions 

combining AI optimization with renewable energy for green cloud data centers. 

In this paper[5] Serverless computing abstracts infrastructure management and enables on-demand resource 

allocation, reducing idle resource consumption and operational overhead. This paper evaluates serverless architectures 

in terms of energy efficiency, resource utilization, and carbon emissions. Strategies such as fine-grained function 

decomposition, selecting energy-efficient providers, and AI-based resource management are highlighted. Serverless 

computing demonstrates reduced idle resource usage and lower carbon emissions compared to traditional server-based 

models. Despite environmental and economic gains, challenges like cold start overheads, workload variability, and 

vendor lock-in persist. The study emphasizes integrating energy-aware design practices with AI-driven optimization to 

enhance sustainability. Future research should develop real-time energy metrics and intelligent scaling strategies for 

sustainable serverless deployments. 

In this paper[6]  Data centers face increased energy consumption due to growing server provisioning and 

computing demands. Traditional resource management approaches often struggle with scalability and adaptability. 

HUNTER, an AI-based holistic resource management model, addresses these issues by optimizing energy, thermal, and 

cooling models through multi-objective scheduling. The model leverages a Gated Graph Convolution Network (GGCN) 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882 

IJCRT2603832 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g901 
 

to approximate Quality of Service (QoS) and generate optimal scheduling decisions efficiently. HUNTER demonstrates 

the potential of AI to manage complex interdependencies in cloud environments, enhance energy efficiency, and support 

sustainable operations. The study highlights the importance of AI-based frameworks for real-time, adaptive, and scalable 

cloud resource management. 

In this paper[7]  With cloud services rapidly expanding, energy consumption and environmental impact in data 

centers have increased. This study investigates AI’s role in optimizing cloud networking for energy efficiency while 

maintaining performance. AI techniques such as predictive analytics, reinforcement learning, and adaptive routing 

enable dynamic resource allocation, improved workload balancing, and reduced idle server time. Adaptive control of 

server power states and dynamic cooling systems further minimize energy usage and carbon emissions. Integration with 

renewable energy allows intelligent workload scheduling aligned with green energy availability. The findings 

demonstrate that AI-driven cloud networking substantially improves sustainability without compromising performance. 

The study also emphasizes scalable AI frameworks and practical deployment strategies for large heterogeneous cloud 

environments. 

III. METHODOLOGY 
 The proposed AI-driven sustainable green cloud computing framework follows a systematic approach to optimize energy 

consumption while maintaining performance and scalability. Initially, data is collected from cloud data centres, including resource 

utilization, workload patterns, temperature, and energy consumption metrics. This data is preprocessed to remove noise and ensure 

accuracy for model training. Machine learning algorithms are then applied to analyze historical and real-time data. Predictive models 

are developed to forecast workload demands and energy usage patterns. Based on these predictions, the system performs intelligent 

resource allocation and dynamic workload scheduling to minimize idle resources and reduce power consumption. The framework 

also incorporates energy-aware optimization techniques, where AI models control cooling systems and server states to further 

enhance efficiency. Renewable energy integration is achieved using predictive analytics to align workloads with the availability of 

green energy sources. Additionally, an adaptive learning mechanism continuously updates the models based on new data, improving 

decision-making over time. The system ensures Service Level Agreement (SLA) compliance while balancing performance and 

energy efficiency. Finally, simulation and evaluation are conducted to measure improvements in energy consumption, cost 

reduction, and overall sustainability of cloud operations. 

3.1 AI & MACHINE LEARNING ENGINE 

The AI and machine learning engine serves as the intelligence layer of the data center management system. It analyzes 

large volumes of operational data to detect patterns, optimize resource allocation, predict failures, and improve decision-making 

processes. Long Short-Term Memory (LSTM) networks are used to analyze time-series data and accurately predict workload trends, 

while Reinforcement Learning algorithms dynamically optimize resource allocation and energy management by learning optimal 

actions through continuous interaction with the environment.  

3.2 REINFORCEMENT LEARNING FOR ENERGY OPTIMIZATION 

Reinforcement Learning (RL) is a machine learning approach in which an intelligent agent learns to make optimal decisions 

through continuous interaction with an environment, with the goal of minimizing energy consumption while maintaining 

performance and SLA requirements. In energy optimization systems such as green cloud computing the RL agent dynamically 

controls resource allocation, VM placement, and power management by maximizing a reward function that balances energy 

efficiency, operational cost, and quality of service. 

 

3.3. ARCHITECTURE DIAGRAM 

 
Fig : 3.3 Architecture Diagram 
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 IV. EXPREIMENTAL RESULTS 

The experimental evaluation of the proposed AI-driven green cloud computing framework demonstrates significant 

improvements in energy efficiency and sustainability. The system dynamically optimized resource allocation and workload 

scheduling, resulting in a substantial reduction in overall energy consumption. On average, energy usage decreased by 

approximately 30–40% compared to traditional methods. Carbon emissions were reduced by nearly 25–45%, owing to efficient 

server utilization and integration of renewable energy sources. Furthermore, the framework maintained high SLA compliance (above 

96%), ensuring that performance was not compromised. Cost savings of around 20–30% were achieved due to reduced power 

consumption and efficient infrastructure management. The adaptive AI models continuously improved decision-making, leading to 

better workload distribution and minimized idle resources. These results confirm that the proposed system effectively balances 

performance, cost, and environmental impact, making it a scalable and sustainable solution for modern cloud data centers. 

 

4.1 IMPLEMENTATION RESULT     
 

Resource Allocation 

 

AI-driven resource allocation dynamically distributes CPU, memory, storage, and bandwidth based on real-time demand 

and predictive analytics. Unlike traditional static methods, it adapts to changing workloads, reducing over-provisioning and energy 

wastage. The system intelligently assigns tasks to energy-efficient servers and supports renewable energy usage. It also enables 

seamless workload migration for better utilization. This ensures optimal performance, reduced operational cost, and improved 

sustainability in cloud environments. 

 

Workload Prediction 

 

Workload prediction leverages advanced AI models such as LSTM, deep learning, and time-series analysis to forecast 

future resource demands. By analyzing historical usage patterns and real-time data, the system anticipates workload fluctuations 

accurately. This allows proactive scaling of resources and efficient scheduling decisions. It minimizes latency and prevents SLA 

violations during peak demand. Additionally, it aligns workload execution with energy-efficient time periods. 

 

Energy-Aware Scheduler 

 

The energy-aware scheduler intelligently assigns workloads by considering energy consumption, system performance, and 

thermal conditions. It integrates AI algorithms to make real-time scheduling decisions that balance efficiency and QoS. The 

scheduler dynamically redistributes workloads to reduce idle power consumption. It also prevents server overheating by considering 

cooling constraints. This approach significantly lowers energy usage and improves overall system sustainability. 

 

Dynamic Cooling Optimization 

 

Dynamic cooling optimization uses real-time monitoring and AI-based control to adjust cooling mechanisms in data 

centers. It considers factors like server load, temperature, and airflow to prevent overheating efficiently. Unlike traditional static 

cooling, it reduces unnecessary energy consumption during low workloads. Techniques such as adaptive fan control and free cooling 

are applied. This results in lower operational costs and enhanced equipment lifespan. 

 

AI & Machine Learning Engine 

 

The AI and machine learning engine serves as the core intelligence of the framework. It processes large volumes of data 

to identify patterns, predict trends, and optimize decisions. Techniques like LSTM are used for workload forecasting, while 

reinforcement learning improves resource management. The system continuously learns and adapts to changing conditions. This 

enables autonomous, efficient, and sustainable cloud operations. 

 

Reinforcement Learning for Energy Optimization 

 

Reinforcement learning enables the system to learn optimal energy management strategies through continuous interaction 

with the environment. It dynamically adjusts resource allocation, VM placement, and server states based on reward functions. These 

rewards are designed to balance energy efficiency, cost, and performance. Over time, the system improves decision-making 

accuracy. This leads to reduced energy consumption and enhanced system efficiency. 
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Monitoring & Feedback System 

 

The monitoring and feedback system continuously tracks system performance, energy usage, and environmental conditions 

using sensors and analytics tools. It provides real-time insights into server utilization, temperature, and power consumption. Based 

on this data, the system makes immediate adjustments to optimize operations. It also supports predictive maintenance and anomaly 

detection. This ensures reliability, efficiency, and sustainability in cloud infrastructure. 

 

Data Centers 

 

Data centers form the backbone of cloud computing, hosting servers, storage, and networking components. Modern data 

centers focus on scalability, reliability, and energy efficiency. Advanced technologies such as virtualization, AI optimization, and 

renewable energy integration are widely used. Efficient cooling and power management systems help reduce environmental impact. 

These innovations enable sustainable and high-performance cloud services. 

 

4.2 RESULT 

 

Fig : 1  CLOUD DATASET 

 

Fig  :2 DATASET VIEW 
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Fig : 3 DATASET PREPROCESSIN VIEW 

 

Fig  : 4 CPU USAGE VS POWER CONSUMPTION 

 

Fig  : 5 ENERGY EFFICIENCY DISTRIBUTION 
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Fig  : 6 GREEN CLOUD VS NORMAL CLOUD PERFORMANCE COMPARISON 

 

Fig  : 7 CLOUD NEURAL PRICE INTELLIGENCE MODEL NPIM ACCURACY 

 

Fig :8 FLASK FILE GREEN CLOUD ENERGY 
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Fig : 9 Green Cloud Input Parameters 

 

Fig  10 : Green Cloud  Optimization Result 

V. CONCLUSION 

The proposed AI-driven sustainable green cloud computing framework provides an intelligent and energy-efficient 

approach to managing modern cloud infrastructures. By integrating artificial intelligence with resource allocation, workload 

prediction, dynamic cooling, and renewable energy utilization, the framework significantly reduces power consumption and carbon 

emissions while maintaining high performance and service reliability. The continuous monitoring and feedback mechanism enables 

adaptive decision-making, ensuring optimal resource utilization and environmental sustainability. Furthermore, the framework 

incorporates predictive analytics to anticipate workload spikes and adjusts resources proactively, minimizing energy wastage during 

low-demand periods. By leveraging AI to intelligently balance performance and energy consumption, it not only reduces operational 

costs but also supports compliance with environmental regulations. Overall, this framework fosters the development of eco-friendly 

cloud systems, contributing to cost efficiency, operational effectiveness, and long-term sustainable computing practices while 

promoting a greener and more responsible technological ecosystem. 

FUTURE ENHANCEMENT 

  The proposed framework lays a strong foundation for sustainable cloud computing, but there are several avenues for future 

improvement. One potential enhancement is the integration of real-time edge computing analytics, which can offload processing 

closer to data sources, further reducing latency and energy consumption in centralized data centers. Additionally, incorporating 

advanced predictive maintenance using AI can anticipate hardware failures or inefficiencies, minimizing downtime and extending 

the lifespan of cloud infrastructure components. Another area for development is the dynamic integration of multiple renewable 

energy sources, such as solar, wind, and hydro, with AI-driven energy optimization algorithms to balance supply fluctuations and 

demand patterns seamlessly. The framework could also benefit from multi-cloud orchestration, allowing workload distribution 

across different cloud providers to maximize energy efficiency and resilience while minimizing carbon footprints. 
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