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Abstract
Green computing is defined as to study, plan, manufacture, consume 
and dispose computers, servers, and its associated subsystems 
like monitors, storage devices, printers and networking and 
communications systems efficiently, effectively and successfully 
with minimal or no impact on the environment. The main goals 
of green computing are to diminish the use of hazardous and 
harmful resources as well as exploiting the energy efficiency of 
the resources during the product’s lifetime.
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I. Introduction
The term cloud refers to a internet or network. In other words, we 
can say that cloud is something which exists at remote location. 
Cloud Computing involves a large number of computers connected 
through a communication network such as the Internet [1].Cloud 
Computing refers to manipulate, configure, and access the 
applications online. It offers services like online data storage, 
application and infrastructure. Cloud Computing provides us a 
means by which; over the internet we can have access to the 
applications as utilities. It allows us to create, configure, and 
customize applications online. Cloud can provide services over 
the network i.e.on the private networks or on the public networks 
i.e. LAN, WAN or VPN. Applications such as web conferencing 
e-mail, Customer Relationship Management (CRM), all run in 
the cloud.

Fig. 1: Cloud Computing Architecture

The concept of cloud computing came into existence in 1950 
with the implementation of mainframe computers, which are 
accessible via static clients. Since that time cloud computing has 
been evolved from static clients to dynamic clients, from software 
to services. The following diagram explains the evolution of cloud 
computing [3].

Fig. 2: Evolution of Cloud Computing

A. Architecture of Cloud Computing
The architecture of cloud computing is broadly divided into two 
parts:

Front End1. 
Back End2. 

1. Front End
Front End is the client part of cloud computing system. It comprises 
of interfaces and applications that are required to access the cloud 
computing platforms. Example:- Web Browser

2. Back End
Back End is the cloud itself. It comprises of all the resources that 
are required to provide the cloud computing services. It consist 
of huge data storage, security mechanism, virtual machines, 
deployment models, services ,servers etc. It is responsibility of the 
back end to provide the, traffic control,built-in security mechanism 
[3].

B. Cloud Deployment Models

1. Public Cloud Model
Public Cloud [2-4] allows systems and services to be easily 
accessible tothe general public. e.g. Amazon, Google, 
Microsoft offers the cloud services through internet.

2. Private Cloud Model
The Private Cloud [2-4] allows systems and services to be accessible 
within an organization. The Private Cloud is operated within a 
single organization. However, it can be managed internally or 
by third-party.

3. Hybrid Cloud Model
The Hybrid Cloud [2-3] is the mixture of public and private cloud. 
The activities which are non-critical are performed by using public 
cloud while the critical activities are performed by using private 
cloud.

4. Community Cloud Model
The CommunityCloud[2,3] allows the system and services to 
be accessible by group of organizations. It shares infrastructure 
between several organizations from a specific community. It can 
be managed internally or by the third-party.
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C. Cloud Service Models
Service Models [2-4] are reference models on which the Cloud 
Computing is based. These can be classified into three basic service 
models as listed below:

Infrastructure as a Service (IaaS)1. 
Platform as a Service (PaaS)2. 
Software as a Service (SaaS)3. 

There are many other service models , all of those can take the 
form of XaaS i.e. “Anything as a Service”. This can be Identity as 
a Service, Network as a Service, Business as a Service, Strategy as 
a Service or Database as a Service.The Infrastructure as a Service 
(IaaS) is basic level of service. Each service models make use of 
underlying service model (IaaS) i.e. each inherits the mechanism 
of security and management from underlying model, as shown in 
the given diagram [3]:

Fig. 3: Cloud Service Models

D. Characteristics of Cloud Computing
On-demand self-service —Resources can be providedto the 1. 
customer in a fully-automated fashion, as there is no need 
for human interaction at the service provider. The ultimate 
goal is that a resource is provided to the customer “instantly,” 
whenever a customer needs it.
Broad network access — Capabilities are available over the 2. 
network and can be accessed by a variety of end-user terminal 
devices, for example thick clients on desktop machines and 
thin clients on mobile devices (phones, laptops, tablets 
etc.).
Resource pooling — the service provider construct the 3. 
physical infrastructure such that all resources are located in 
one or more common pools. Most of the times, customers are 
not able to specify the exact physical location of the resources 
that are assigned to them from the pool. In practice, most of 
the providers offer some high-level location choices, like a 
geographical region or data center (for example-USA vs. 
Europe, or USAwest coast vs. USA east coast).
Rapid elasticity — This feature enables to rapidly allocate 4. 
and release capacity as required by applications. Elasticity is 

a two-way street i.e. applications need to be able to allocate 
new resources as well as release them when they no longer 
need them.
Measured service — Resources are billed on a fine granularity 5. 
basis (months/years vs. hours/days) as they are consumed by 
the consumers using appropriate units for the resource (GB 
for memory, GHz for CPU, Mbps/Gbps or GB of transfer for 
network and GB/TB for mass storage etc.).
Cost Reduction— Companies are often challenged to 6. 
increase the functionality of IT while minimizing the 
capital expenditures. Organization can avoid purchasing of 
unnecessary equipments by purchasing just the right amount 
of IT resources according to demand.
Application Programming Interfaces (APIs)—There is 7. 
asoftware in cloud computing environment which enables 
machines to interact with cloud software in the same way 
the user interface facilitates interaction between humans and 
computers[2,3].

II. Green Cloud Computing
The objective of Green Cloud computingis to achieve not only the 
efficient processing and utilization of computing infrastructure, 
but also to minimize energy consumption. Green Cloud framework 
offers various features to make Cloud computing much more 
Green.

Fig. 4: Green Cloud Architecture

In the Green Cloud architecture, firstly users has to submit their 
Cloud service requests by a middleware known as Green Broker 
that select the greenest Cloud provider to serve the request of 
user. This user service request can be of three types i.e., platform 
, software or infrastructure. The Cloud providers register their 
services in the form of “green offers‟ to the public directory that 
is accessible to Green Broker. The green offers includes green 
services, pricing and the time when a service should be accessed 
for least carbon emission. A Green Broker gets the current status 
of the energy parameters for using cloud services from the Carbon 
Emission Directory.This Carbon Emission Directory maintains the 
data which is related to energy efficiency of the cloud service. This 
data may consist of PUE and cooling efficiency of the cloud data 
center , the network cost and carbon emission rate of electricity.On 
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the basis of this data Green Broker calculates the carbon emission 
for all the Cloud providers who are offering the requested service. 
Then, green boker will selects the services that will result in least 
carbon emission and buy those services on behalf of the users 
[6].
Green Cloud computing accompalish the efficient processing as 
well as utilization of computing infrastructure. It is also used to 
minimize the energy consumption. In this way we can ensure that 
the future growth of Cloud computing is sustainable. Otherwise, 
Cloud computing with increasing front-end client devices that are 
continuously interacting with the back-end data centers will cause 
a huge growth in energy usage [4]. The following approaches that 
are used for green computing includes:

Product durability1. 
Algorithmic efficiency 2. 
Resource allocation3. 
Virtualization4. 
Power management, etc5. 

Dynamic resource allocation with less response time isa growing 
need of cloud providers for more number of users . Cloud Computing 
is a style of computing in which dynamically scalable and often 
virtualized resources are provided as a service over the internet. 
Recent computers are sufficiently powerful to use virtualization 
to present the deception of many smaller VMs, each running a 
separate OS instance. Green Cloud system that uses virtualization 
technology to allocate data center resources dynamically based on 
demands of application supportsthe green computing by having 
optimization of the number of servers in use [6].

III. Related Work
Data centers that host Cloud applications consume a huge 
amounts of energy[4], and hence result in high operational costs 
and carbon footprints to the environment so we need the Green 
Cloud computing solutions that can not only save energy for the 
environment but also help in reducing the operational costs. So 
Green Cloud Architecture in [5] is proposed ,whose objective is to 
reduce the data center power consumption . Different methods has 
been proposed to reduce the power consumption of data center. 
In [7] authors presented vision, challenges, and architectural 
elements for energy-efficient management of Cloud computing 
environments. 
In [8] authors analyzed the key security challenges which are faced 
by the green cloud computing environments, and hence proposed 
a virtualization security assurance architecture, Cyber Guarder. 
Cyber Guarder offers three types of services i.e virtual network 
security service, virtual machine security service, ant the policy 
based trust management service. iVIC platform is designed to 
carry out these services.
In [9] for the efficient management of data centers an energy-
aware resource allocation heuristics is presented. The proposed 
method improved the energy efficiency of the data center and 
also delivered the negotiated Quality of Service (QoS). For 
energy-efficient management of Clouds architectural principles, 
policies for energy-efficient resource allocation and scheduling 
algorithm are provided in [9]. But their method has to sacrifice 
system performance.
In [10] Maximum and Minimum Frequencies DFVS (MMF-
DVFS) algorithm is presented. In this paper, authors proposed 
an optimal energy consumption formula. The linear combination 
of the maximum and minimum processor frequencies is used to 
consider the optimal energy consumption. But the proposed method 
can operate only in the homogeneous computing systems. 

The research presented in [11] addressed the task scheduling 
problem on heterogeneous computing systems (HCSs). Authors 
proposed the scheduling heuristic (ECS) which are energy-
conscious and help in reducing the energy consumption for 
high-performance computing systems. By using the advanced 
reservation and various sets of frequency– voltage pairs, this 
heuristic can easily be applied to loosely coupled HCSs (e.g., grids). 
The proposed scheduling algorithm uses the DVFS technique to 
reduce the energy consumption. For scheduling algorithms, there 
is a trade-off between the performance and energy consumption 
of schedules (makespans). The energy reduction phase in the 
ECS uses the makespan-conservative energy reduction technique 
(MCER) to decrease the energy consumed by jobs. In this work 
authors has not considered the resource utilization.
In [12] a green energy-efficient scheduling algorithm for cloud 
data center with DVFS is proposed which makes the use of priority 
job scheduling for Cloud computing. In this paper the proposed 
method can work for both homogeneous and heterogeneous 
workload. The VMs are selected according to the weight computed 
and the SLA level required by users. The proposed method can 
satisfy the minimum resource requirement of a job and prevent the 
excess use of resources. Hence, the proposed method increased the 
resource utilization ,and so it can decrease the energy consumption 
for executing jobs . DVFS technique is used to control the supply 
voltage and frequency for servers in Cloud computing. This method 
can reduce the energy consumption of a server when it is in the 
idle mode or the light workload. And the proposed method losing 
light performance for executing jobs .
In future work we will conduct Experiment to show that our method 
is efficient in reducing the energy consumption in moderate and 
heavy workload without losing performance of the system.

IV. Conclusion
The main goals of green computing are to diminish the use of 
hazardous and harmful resources as well as exploiting the energy 
efficiency of the resources during the product’s lifetime. Green 
Cloud computing is intended towards accomplishing the efficient 
processing as well as utilization of computing infrastructure. It can 
also help in minimizationof the energy consumption.The future 
growth of the Cloud computing is unceasing. Otherwise, Cloud 
computing with increasingly universal front-end client devices 
which are continuouslyinteracting with back-end data centers 
will cause a huge growth of energy usage.

V. Future Works
Various approaches have been applied to make the cloud computing 
environments more environmental friendly. These approaches 
have been applied in the data centres under some experimental 
conditions. Andthe application of these approachesis still under 
study. The methods include Dynamic Voltage frequency scaling 
technique, Resource allocation and Algorithmic approaches. 
In future research work is to consolidate the Dynamic Voltage 
Frequency Scaling technique in an efficient way to maximize the 
resource utilization and minimize energy consumption of the data 
center which will result in the less number of carbon footprints 
and thus will help more in achieving Green Computing.
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