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Abstract — Green Cloud computing is envisioned to achieve not only efficient processing and utilization of computing 

infrastructure, but also minimize energy consumption. This is essential for ensuring that the future growth of Cloud 

computing is sustainable. Green computing is defined as the study and practice of designing, manufacturing, using, and 

disposing of computers, servers, and associated subsystems —such as monitors, printers, storage devices, and networking 

and communications systems—efficiently and effectively with minimal or no impact on the environment. The goals of 

green computing are similar to green chemistry; reduce the use of hazardous materials, maximize energy efficiency 

during the product's lifetime, and promote the recyclability or biodegradability of defunct products and factory waste. 

The paper presents a study that introduces an algorithm for proper use of energy for green clouds along with its 

development and test solutions with their impacts.  

 

Index Terms — Green Cloud, simulation, virtual systems, Resource Allocation. 

________________________________________________________________________________________

INTRODUCTION 

The Green Computing idea started in 1992 when the US Environmental Protection Agency (EPA) launched Energy 
Star, a voluntary  labeling approach to recognize electronic equipment„s energy efficiency characteristics [1]. The 

definition of green IT depends on the perspective of researchers and span from hard technological solutions to soft 

business practices. The goals of green computing are to reduce the use of toxic materials, to minimize energy used, 

to lower greenhouse gas emission, safety treatment of hazardous waste, etc. Green Cloud Computing is also 

considered as a social action program that focuses on the automotive parts industry and small and medium-sized 

businesses outside the framework of a single company. Green Cloud architecture, help consolidate workload and 

achieve significant energy saving for cloud computing environment, at the same time, guarantees the real-time 

performance for many performance-sensitive applications. The Green Cloud leverages the state-of-the-art live 

virtual machine migration technology to achieve the objectives of improving computing performance and reducing 

the energy consumption and carbon footprints [2]. The Green Cloud is an initiative designed to consolidate cloud-

based IT services into a shared framework for use by public authorities. Access to this framework will enable public 

sector IT services to be increasingly innovative, versatile and cost effective, through the ability to rent IT services on 
a pay per usage basis. Green cloud computing aims at a processing infrastructure that combines flexibility, quality of 

services, and reduced energy utilization. In order to achieve this objective, the management solution must regulate 

the internal settings to address the pressing issue of data center over-provisioning related to the need to match the 

peak demand. 

Specific Requirements for Green Cloud Computing 

The specific requirements for green cloud computing are [3]: 

Low carbon footprint data centre 

 Data centres in green cloud computing generate lower greenhouse gas themselves as well as use green energy 

sources. It is argued that data centres with less energy consumption are lower carbon footprint. Energy efficient data 

centre used ―dirty energy sources will produce more carbon dioxide than data centres used renewable energy 

sources.  So low carbon footprint should be considered as a separate criterion when assessing solutions for green 

cloud computing. 

Energy efficient data centre 

 Data Centres in green cloud computing have to consume less power due to their energy efficient equipment, 

saving by efficient operation management etc. 

Green Equipment to eliminate hazardous components and e-waste 

 Green Cloud Computing must deploy IT and non IT equipment that is manufactured from ecofriendly materials, 
packaged in recyclable materials as well as could be reused or recycled. 

Approaches for Green Cloud Computing 

Following are the three main approaches that have been used to make cloud computing greener and environment 

friendly. These approaches have been used in various data centres under different environmental conditions [4]: 
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i. Dynamic Voltage Frequency Scaling Technique (DVFS) - Every electronic circuitry will have an 

operating clock associated with it. This method depends on hardware and is not controllable according to 
varying needs. The power savings are low and even power savings to cost ratio is low. 

ii. Resource Allocation or Virtual Machine Migration Technique – In a cloud computing environment, every 

physical machine hosts a number of virtual machines upon which the applications are run. These virtual 

machines can be transferred across the host according to the varying needs and available resources. The 

VM migration method focuses on transferring VMs in such a way that the power increase is least. The 

most power efficient nodes are selected and the VMs are transferred across to them. 

iii. Algorithm Approaches – It has been experimentally determined that an ideal server consumes about 70% 

of the power utilized by a fully utilized server. 

Using a neural network predictor, the green scheduling algorithms first estimates required dynamic workload 

on the servers. Then unnecessary servers are turned off in order to minimize the number of running servers, 

thus minimizing the energy use at the points of consumption to provide benefits to all other  levels.  

Also,  several servers are added to help assure service level agreement. The bottom line is to 
protect the environment and to reduce the total cost of ownership while ensuring quality of service. 

 

ARCHITECTURE OF GREEN CLOUD FRAMEWORK      

 

A Green Cloud Framework is designed to meet the goal of reducing the power consumption along with defining the 

efficient resource management of Green computing technologies. The major two areas that are required in a 

framework which leads to maximum improvements in efficiency are Virtualization and Machine System level 

designs. The framework blueprints the baseline functioning of virtual machines in a cloud environment which is 

completely done deriving more efficient scheduling system for virtual machines. Intelligent image management also 

tries to control and change the size of various virtual machine images in different ways to conserve power leading to 

better framework of green clouds. 

 
Fig. 1: Green Clouds Framework 
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FRAMEWORK TO ASSESS GREEN CLOUD COMPUTING 

 

To assist in developing a framework to determine green cloud computing, the following standards, metrics and 

benchmarks are introduced selectively. Criteria to choose these standards, metrics, and benchmarks to build the 

framework are shown following [5]:  

STANDARDS 

 IEEE 1680 family of standards for environmental assessment of electronic products using comparisons 

and ranking as its methodology. 

 Energy star program requirements for computer servers using comparisons as its methodology. 

METRICS 

 Green Grid Power Usage Effectiveness for data center calculated using formula:  

PUE = Total Facility Power 

     IT Equipment Power 

 Green Grid Carbon Usage Effectiveness for data center calculated using formula:  

CUE = Total CO2 emissions caused by Total Data Centre 

            Energy 

             

           IT Equipment Energy 

BENCHMARKS 

 Standard Performance Evaluation Corporation power_ssj2008 and SPECvirt_sc2010 provides power 

metrics results in various areas from power, CPU, servers to virtualization. 

 

IEEE 1680 family and Energy Star standards add on to    evaluation of data centre components along with the 

metrics that is PUE and CUE which helps us ascertain about the efficiency of data centre delivery power that is 

Power Usage Effectiveness is the ratio of total amount of power used by a data centre to the power delivered to the 

computing environment and the benchmarks SPECpower_ssj2008 and SPECvirt_sc2010 are added to assert the 

energy efficiency and performance of servers in data centres. Based on the requirements for green cloud computing 

the framework assess solutions to green cloud computing is done by calculating the green points. Selected metrics, 

standards and benchmarks are applied to calculate green points for each solution. The maximum total green points 

of each solution are 100. The total green points of a solution to green cloud computing will be sum of its green 

points for three requirements that is 

 

Green points of each solution for green cloud computing = Green points of its green equipment + Green 

points of energy efficient data center + Green points of low carbon footprint data centre. 

 

Energy efficiency requirement affects both financial benefits and system performance.           

Test and Development Procedure of Green Clouds 

 

Green Cloud helps organizations to become more lively and delicate in constructing, examining and arranging the 

hardware products and software. Companies need skilled mechanizations to develop software more accurately and 

increase its value both for market and organization thus improving its quality and reducing its cost factor. Green 

clouds operate with determined and energetic high tech platform that offers highly defined imperative framework 

completely suitable for software development. The main solution of Green Clouds that helps in software deployment 

is Green Clouds Desktop as a Service solution [6]which is based on the concept that the product is provided as per 

demand regardless of geographical or organizational separation of provider and consumer and thus added a benefit 

that quality data can happen in any centralized place. Green Clouds redistributed a number of categories of a system: 

 A software development lifecycle „street‟ that includes one or more source code warehouses, build servers, 

artifact servers and quality control servers. The build server allows performing test during software 

development lifecycle by running programmed tests. 

 Software Development lifecycle servers even add one or more pluggable servers that helps the build servers 

to run the programmed test in an organized manner as in user interface, stress, performance and saturation 

testing techniques. 

 The application achievements produced and approved by above procedures are employed in number of 
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environments where in the products undergo further testing. The environment for testing is known as DTA 

environment that is Development, Test, and Acceptance which may also have multiple environments 

depending on individual software lifecycle process. 

 

The Green Clouds DaaS Solution arranges customer‟s entire software development cycle giving the 

organizations multiple benefits: 

i. Centralization and control for real time visibility on advanced methods worldwide. 

ii. Quick roll out of an entire SDLC street infrastructure for a new development project. 

iii. Quick roll out of an entire DTA street infrastructure for a new development project. 

iv. Cloud based access to resources for fast and automated builds and agile software development. 

v. A crystal clear software production process to increase complaisance. 

 

The Green clouds Daas solution is appropriate for IT companies and organizations that provide OTAP environments 

to required customers. 

 

 CHALLENGES IN GREEN CLOUD COMPUTING 

 

The Challenges in green cloud computing is completely associated with the goal  of green computing that is used to 

find the appropriate model and techniques to provide energy efficiency and quality service by completely 

minimizing the resource usage . The challenge in green computing as described by Valanicus et.al [1] is to exploit 

the balance between various approaches in order to address the pressing issue of data center related to match the 

peak demand of clouds. Green Clouds are emerged to save power by utilizing various virtualization technologies 

and using accurate data center designs infrastructure. Kaushik et al.  [2] presented an energy conserving self-

adaptive Commodity Green Cloud storage called Lightning. The Lightning file system divides the Storage servers 

into Cold and Hot logical zones using data classification which in turn helps in scheduling the thermal and power 

aware and finally is one of the important part of framework and thus controlling the configuration of virtual 

machines. Another challenge of green cloud is to quantify the energy consumed by virtual machines [7]. Green 

Computing challenges are not only for the users but for various equipments and with simulations as well. For 

implementation of green computing the simulator employed in the practical part is CloudSim developed at 

University Of Melbourne in Australia. The main components included in Cloudsim framework are like Host 

Monitor that controls the input and output of physical machines, VM Monitor that controls the input and output of 

virtual machines, Datacenter extended that controls the datacenter, VM Scheduler extended that allocates the virtual 

machines [8]. The CloudSim simulator is an efficient implementive tool that evaluates and analyzes different 

approaches for achieving high and efficient energy with less power consumption and emission of Greenhouse Gases. 

 

APPLICATIONS OF GREEN COMPUTING: 

 

Green Cloud Computing has application in every sector of computing because of its diverse nature. The main goal 

of green computing is to save the environment and finally the life of all organisms. Following are the current main 

applications of Green Computing used in various sectors [9]: 

 

 Paper Free Environment 

 Application Architecture 

 Power Management 

 Virtualization 

 Equipment design 

 Equipment Recycling 

 Data Center Optimization and Consolidation 

 Humidification 

 Disinfection 

 Air Treatment 
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CONCLUSION AND FUTURE DIRECTIONS 

 

Green Technology is highly required in today‟s computing world. More and more efforts and researches are done to 

make computing more and more green and thus saving the environment as much as possible. In this paper we 

discussed the introduction of green clouds, requirements for green cloud computing, architecture of green cloud 

framework along with is assessment procedure and view test guidelines of green cloud computing. In the review of 

paper the challenges that are faced during green cloud computing and the applications of green cloud computing are 

also discussed. With the help of emerging Green Computing techniques and efficient framework maximum benefits 

and applications are achieved but still some of the challenges are required to be taken care of. The Green Cloud 

framework have combined and included almost various features that can make Cloud Computing more Green and 

User friendly [10] but still there are many points related to technological solutions that are required to make this 
approach a complete reality. Some of the points are mentioned as below: 

    To implement the data center designs the cloud providers need to understand the measure of data center 

power, cooling designs of Air Conditioners and Recirculation equipment to achieve maximum efficiency. 

    The data centers must be deployed near renewable energy sources which can thus maximize the Green 

energy usage reducing the effort of Green House Gas emissions. 

 

As future work we intend to simulate various other strategies and develop highly efficient framework models to 

calculate green points for green cloud computing. More practical approaches should be made for monitoring and 

controlling the virtual machines and data center designs. The framework of green clouds is a base of cloud 

computing so more efficient and effective researches should be done for reducing Green House Gas emissions and 

making environment user friendly. 
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