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I. Introduction 

Improving energy efficiency isn’t just good for the environment; it’s good for economic growth, says a World 

Bank report, It states that sustainable development is “Development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.”(World Commission on Environment 

and Development’s). Sustainable development promotes the idea that social, environmental, and economic 

progresses are all attainable within the limits of our earth’s natural resources.  Sustainable development 

approaches everything in the world as being connected through space, time and quality of life. 

Cloud computing has revolutionized the IT industry for the past decade and is still developing creative ways to 

solve current problems. Innovations such as cloud storage and non-native applications are unimaginable 10 

years ago but a reality nowadays. Companies and research institutes are slowly moving to the cloud to address 

their computing needs. The adaptation of cloud computing services and technologies will assist in the reduction 

of capital expenditure and carbon footprint (Grossman 2009), and therefore highlights the importance of 

sustainable corporate responsibility, Herbert and Erickson (2009) contended that the realization of cloud 

computing in businesses may eliminate the need for full time help desk and server support. 

 

II. Sustainable Development 

Sustainability educator Michael Thomas Needham referred to 'Sustainable Development' ``as the ability to meet 

the needs of the present while contributing to the future generations' needs.''  

The central principle of ‘Sustainable Development’ is living within out environment limits and minimizing the 

use of facilities which provokes the degradation of environment resources and living condition of mankind.  

But our focus of sustainable development is much broader than just the environment. It means our focus should 

be pointed on ensuring a strong, healthy and a more responsible society. 

This means meeting the various desires of mankind in existing and future communities, promoting personal 

welfare, social cohesion and inclusion, and creating equal opportunity. 

A sustainable development approach can bring many benefits in the short to medium term, for example: 

Health & Transport - Instead of driving, switching to walking or cycling for short journeys will save you money, 

improve your health and is often just as quick and convenient. 

Again if we go for client server application in our office instead of stand-alone PCs, it will cost less and also 

consume less power. 

Abstract: Sustainable development is one of the most important societal challenges of this century. One 

global trend with significant implications for sustainable development is the extraordinarily rapid 

development and application of information and communication technology. To help understand the 

concept, this paper develops a conceptual framework of the positive and negative linkages between Cloud 

computing and sustainability. This paper will also help to know how the cloud computing technology can 

help in less consumption of power in Information and Communication Technology segment of an 

organization. In this paper I shall discuss how the different types and different services of Cloud computing 

can be used as the tool for sustainable development and for betterment of our daily life. This concept of 

sustainability will help any organization to use the Information and Communication Technology in a better 

way. The concept of “pay and use when need comes”  will also help the organization to minimizes the use of 

funds for occasional and less sensitive services for them as well as their customers. Though a meticulous 

study is conducted to establish the concept, a full length research might reveal some more aspects of the 

same concept. 
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Last but not the least, if we invest in cloud computing facilities, it will minimize the investment as well as power 

consumption. 

So the development is a necessity for a single human being to an organization to the whole human community, 

but we should also take care of the fact that all these activities does not hamper needs of future generations to 

come. 

III. Cloud Computing 

Cloud computing is an sprouting model which is allowing outsourcing of all IT needs through Internet facility. 

It allows fast application development and testing for small companies that cannot afford large investments on 

IT infrastructure. 

 National Institute of Standards and Technology (NIST) defines Cloud computing as follows: “Cloud computing 

is a model for enabling convenient, on-demand network access to a shared pool of configurable computing 

resources (e.g., networks, servers, storage, applications, and services), (National Institute of Standards and 

Technology Gaithersburg, 2011) that can be rapidly provisioned and released with minimal management effort 

or service provider interaction. This Cloud model promotes availability and is composed of five essential 

characteristics, three service models, and four deployment models.” 

A. The characteristics of cloud computing 

A.1. Virtualized: Resources (i.e. compute, storage, and network capacity) in Clouds are virtualized and it is 

achieved at various levels including VM (Virtual Machine) and Platform levels (Kamble and Nikam, 2013).  

A.2. Service-Oriented: Cloud is implemented using Service-Oriented Architecture model where all the 

capabilities/components are accessible over the network as a service. Whether it is software, platform or 

infrastructure everything can be accessed as a service (Kamble and Nikam, 2013)..  

A.3. Elastic: Resources (i.e. compute, storage, and network capacity) required for Cloud applications can be 

dynamically provisioned and varied i.e., increase or decrease at runtime depending on user requirements 

(Kamble and Nikam, 2013). 

A.4. Dynamic and Distributed: Although Cloud resources are virtualized, they are often distributed to facilitate 

the delivery of high-performance and/or reliable Cloud services. These resources are flexible and can be adapted 

according to customer’s requirements such as software, network configuration, etc (Kamble and Nikam, 2013). 

A.5. Shared (Economy of Scale): Clouds are shared infrastructure where resources serve multiple customers 

with dynamic allocation according to their application’s demand. This sharing model is also termed as “multi-

tenant” model (Kamble and Nikam, 2013).  

A.6. Market-Oriented (Pay as you go): In Cloud computing, customers pay for services on a pay-per-use (or 

pay-as-you-go) basis. This characteristic addresses the utility dimension of cloud computing. That means, Cloud 

services are offered as “metered” services where providers have an accounting model for measuring the use of 

the services, which helps in development of different pricing plans and models. The accounting model helps in 

the control and optimization of resource usage (Kamble and Nikam, 2013). 

A.7. Autonomic: To provide highly reliable services, Clouds exhibit autonomic behaviour by managing 

themselves in case of failures or the performance degradation (Kamble and Nikam, 2013). 

 

B. Components of Cloud Computing 

This stack explanation is a model for defining and refining the concept of cloud computing 

 
Fig. 1: Cloud computing components. 

While many in the industry can debate the components, there are 11 major categories or patterns of cloud 

computing technology: 

(a) Storage-as-a-service 

(b) Database-as-a-service 

(c) Information-as-a-service 
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(d) Process-as-a-service 

(e) Application-as-a-service 

(f) Platform-as-a-service 

(g) Integration-as-a-service 

(h) Security-as-a-service 

(i) Management/governance-as-a-service 

(j) Testing-as-a-service 

(k) Infrastructure-as-a-service 

B.1. Storage-as-a-service:  (also known as disk space on demand), as you may expect, is the ability to leverage 

storage that physically exists at a remote site but is logically a local storage resource to any application that 

requires storage. This is the most primitive component of cloud computing and is a component or pattern that is 

leveraged by most of the other cloud computing components (Ganore, 2013). 

B.2. Database-as-a-service: (DaaS) provides the ability to leverage the services of a remotely hosted database, 

sharing it with other users and having it logically function as if the database were local. Different models are 

offered by different providers, but the power is to leverage database technology that would typically cost 

thousands of dollars in hardware and software licenses (Ganore, 2013). 

B.3. Information-as-a-service is the ability to consume any type of information, remotely hosted, through a 

well-defined interface such as an API. Examples include stock price information, address validation, and credit 

reporting (Ganore, 2013). 

B.4. Process-as-a-service: is remote resource that can bind many resources together, such as services and data, 

either hosted within the same cloud computing resource or remotely, to create business processes. You can think 

of a business process as a meta-application that spans systems, leveraging key services and information that are 

combined into a sequence to form a process. These processes are typically easier to change than are applications 

and thus provide agility to those who leverage these process engines that are delivered on demand (Ganore, 

2013). 

B.5. Application-as-a-service (AaaS): also known as software-as-a-service (SaaS), is any application that is 

delivered over the platform of the Web to an end user, typically leveraging the application through a browser. 

While many people associate application-as-a-service with enterprise applications such as Salesforce SFA, 

office automation applications are indeed applications-as-a-service as well, including Google Docs, Gmail, and 

Google Calendar (Ganore, 2013). 

B.6. Platform-as-a-service (PaaS): is a complete platform, including application development, interface 

development, database development, storage, testing, and so on, delivered through a remotely hosted platform to 

subscribers. Based on the traditional time-sharing model, modern platform-as-a-service providers provide the 

ability to create enterprise-class applications for use locally or on demand for a small subscription price or for 

free (Ganore, 2013). 

B.7. Integration-as-a-service: is the ability to deliver a complete integration stack from the cloud, including 

interfacing with applications, semantic mediation, flow control, integration design, and so on. In essence, 

integration-as-a-service includes most of the features and functions found within traditional enterprise 

application integration (EAI) technology but delivered as a service(Ganore, 2013). 

B.8. Security-as-a-service, as you may have guessed, is the ability to deliver core security services remotely 

over the Internet. While the typical security services provided are rudimentary, more sophisticated services such 

as identity management are becoming available (Ganore, 2013). 

B.9. Management/governance-as-a-service (MaaS and GaaS): is any on-demand service that provides the 

ability to manage one or more cloud services. These are typically simple things such topology, resource 

utilization, virtualization, and uptime management. Governance systems are becoming available as well, 

offering, for instance, the ability to enforce defined policies on data and services (Ganore, 2013). 

B.10. Testing-as-a-service (TaaS): is the ability to test local or cloud-delivered systems using testing software 

and services that are remotely hosted. It should be noted that while a cloud service requires testing unto itself, 

testing-as-a-service systems have the ability to test other cloud applications, Web sites, and internal enterprise 

systems, and they do not require a hardware or software footprint within the enterprise (Ganore, 2013). 

B.11. Infrastructure-as-a-service (IaaS): is actually data center-as-a-service, or the ability to remotely access 

computing resources. In essence, you lease a physical server that is yours to do with as you will and, for all 

practical purposes, is your data center, or at least part of a data center. The difference with this approach versus 

more mainstream cloud computing is that instead of using an interface and a metered service, you have access to 

the entire machine and the software on that machine. In short, it is less packaged (Ganore, 2013). 

 

C. Cloud Computing Deployment Models 

From above discussions, we can say that Cloud computing is a model of offering on-demand services to end 

users. Clouds are deployed on physical infrastructure where Cloud middleware is implemented for delivering 

service to customers. Such an infrastructure and middleware differ in their services, administrative domain and 
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access to users. Therefore, the Cloud deployments are classified mainly into three types: Public Cloud, Private 

Cloud and Hybrid Cloud (Figure 2). 

C.1 Public Clouds 

Public Cloud is the most common deployment model where services are available to the users who do have 

access of Internet. To support these kind of users the service providing companies have built large data centers 

comprising of huge amount of servers with high processing speed and more crash tolerance capability, . Some of 

the famous public Clouds are Amazon Web Services (AWS), Google AppEngine, and Microsoft Azure. In this 

category of deployment model the users are charged as per their usage pattern and amount by the providers. A 

public Cloud can offer any of the three kinds of services amongst the 11 available components/categories. For 

example, Amazon EC2 is a public Cloud which provides infrastructure as a service to its customers, Google 

AppEngine is a public Cloud supplying  an application development platform as a service, and Salesforce.com 

is public Cloud supplying software as a service to its customers. Public Cloud used to offer very good solutions 

to its customers having small organization or with occasional infrastructure usage of IT as per the demand, since 

these Clouds provide a very good option to handle peak loads on the local infrastructure and for an effective 

capacity planning. The fundamental characteristic of public Clouds is its multi-tenancy, which is essentially 

achieved using sophisticated virtualization at various level of the software stack. Because of the fact that it is a 

public cloud the management should take care of the security issues and the good quality of services even in the 

peak hours.  

To achieve this objective a great amount of the resources in terms of infrastructure is devoted to monitor the 

cloud resources, to bill the usage according to the use of the facility by the users and to keep track of their 

complete history of the cloud infrastructure usage of individual users (Garg and Buyya, 2011). 

C.2 Private Clouds 

In the last section we saw that the public clouds are really beneficial for various kind of usage for cutting the 

Information Technology costs such as service, software, platform etc., but there are still many scenarios where 

some organizations may also want to control and maintain their own clouds catering to their particular 

requirements. For example, the health care industry needs to maintain many confidential medical data of the 

patients which should not be stored in public infrastructure. In these cases, private Clouds are deployed within 

the premise of the organizations to provide Information Technology services to its internal users and 

management. The private Cloud services offer greater control over the infrastructure, improving security and 

service flexibility because its access is restricted to one or few organizations. But this kind of cloud has its own 

inherent limitations to the end users application i.e. inability to scale elastically on demand as can be done using 

pubic Cloud services. An organization can buy more machines according to expanding needs of its users, but 

this cannot be done as fast and seamlessly as it can be done with the help of the public Clouds. This practical 

problem provokes the emergence of hybrid deployments for Clouds through which the organizations can reap 

the benefits of both private and public Clouds are made available to the organization (Garg and Buyya, 2011). 

C.3 Hybrid Clouds 

Hybrid Clouds is that kind of deployment which emerged due to diffusion of both public and private Clouds‟ 

advantages to the users. In this deployment model, the organizations outsource their non-critical information and 

information technology processing tasks to the public Cloud, while keeping information and information 

technology processing tasks in their control by deploying the private cloud. So with this facility the 

organizations can utilize their existing IT infrastructure for maintaining sensitive information within the 

premises, and whenever require maintaining their resources and other kind of IT related tasks using public 

Clouds infrastructure. These public cloud resources or services are temporarily leased in peak load times and 

then released. The hybrid Cloud, in general, applies to services related to IT infrastructure rather than software 

services (Garg and Buyya, 2011). 

 
Fig. 2: Cloud computing modeling 
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IV.  Innovativeness in usage trends enabled by the cloud computing (http://www.ccianet.org/): 

A. Work product can “follow the sun” 

When and organization is using any one of deployment models, they can store their information remotely. In 

this way the company enables greater productivity and efficiency by allowing users around the world to 

collaborate on projects and access their information. For the Multinational companies, when employees are 

working from different parts of the world, they can seamlessly pick their job and information anytime and from 

anywhere as per their time availability. 

B. Workloads can “follow the moon” 

When we use the facilities of any Information Technology infrastructures, it generates a huge amount of heat 

and consumes power. For this reasons the actual storage and computation of the information can move to 

locations that require least energy usage. As the servers’ especially high-end ones, generates significant amount 

of heat and require vast amounts of energy to keep their hardware cool. Having workloads “follow the moon” 

(i.e., migrate to data centers where it is currently night and relatively cooler areas) means reduced energy 

consumptions and expenditure. 

C. Workloads can “follow the law”. 

Now come to the legal aspects of it. The ease of moving data online allows workloads to be located where the 

regulatory and legal landscape is best suited for the task at hand. This dynamic places a heightened importance 

on policy makers in countries seeking to derive the benefits and profits associated with cloud computing. 

 

V.  Why cloud computing is the prime segment to follow in future? 

A. Time and Money 

In cloud computing the users do have the advantages of centralized system and updates information in real time. 

Business organizations need to access the sensitive data quick to gain competitive advantages in business. So 

they are grabbing this opportunity and harness the efficiency of the cloud. For example, medical researches that 

needed months of in-house number crunching moved to distributed systems, significantly reducing computing 

time and expenses(Stewart, Kennedy, 2013). 

Email is no longer the only way to send information across teams in and out of the company. When you need to 

share large sized document, you can not do it through email.  Systems such as Google Drive, Zoho and Trello 

are reducing costs of running native applications and updates information as they change (More, 2013). Now the 

decision makers can access any data from anywhere with a very minimum cost and more importantly with lesser 

consumption of power thus less carbon emission and still with no time.  This features helping them to take the 

decisions in lesser time. 

B. People and Collaboration 

Some years ago, telecommuting usually meant taking home tons of paper works and communicating with other 

teams members through telephone lines and discussing the issues.  This was not a efficient way of competitive 

collaborative decision making nowadays. Essentially, there was still a need for teams to meet up and collate 

tasks and outputs. With the conception of the cloud, telecommuting evolved to online collaboration between 

distributed teams (More, 2013). It is no longer impossible to work with people located in different areas, 

sometimes different countries, during office hours or even outside office hours. Teams now consist of members 

distributed across large geographic areas and very easily taking decisions on any issue. 

As discussed above, the capability of different types of cloud to update information in real time, providing 

services or infrastructure enable the employees or managers to address issues immediately. Nowadays working 

together no longer means meeting up in the boardroom or going for traditional telephonic conversations. IP 

Telephony, such as Skype and Google Hangout, provides a platform that allows team members to discuss tasks 

without stepping a inch outside their cabins. With all its economical and time benefits, don’t forget it also 

reducing the carbon emission by lesser use of power. 

C. Replacing Hardware 
When organizations use cloud computing they used to relocate information and data systems to the cloud, it not 

only saves money but reduces wasted resources or the organizations. Companies no longer need to purchase 

hardware and systems that need installation and maintenance. When organizations hire on-demand cloud 

services such as Amazon Cloud, companies reduce the cost of purchasing new machines and installing in-house 

systems. In-house data centers are usually equipped to handle peak hours, such as during product release of 

online retail stores. The additional resources allocated for high-demand hours are not usually used in daily 

operations. Information technology resources on the cloud can reallocate these resources to clients who need it, 

saving company dollars by only paying what is used and avoiding the purchase of machines that will not be 

useful in the long run (More, 2013). It also saves a huge amount of power by sharing the resources at time when 

needed. Cloud service providers also have the ability to optimize their systems to reduce waste. They also have 

the capability of upgrading their systems according to service demands. This is usually very expensive for 

businesses to do and results in wasted resources. Fewer in-house machines means companies could redirect 
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funds towards improving other aspects of business operations. And thus it help them to go for sustainable 

development without hampering the need of future. 

D. Energy Efficient 
A study reported last year that clients of Salesforce, a fast-growing cloud computing giant, produced 95 percent 

less carbon compared to companies with systems in their premises."The Salesforce community saved an 

estimated 170,900 tons of carbon in 2010—the equivalent of taking 37,000 cars off the road, or avoiding the 

consumption of 19.5 million gallons of gas." said Marc Benioff, Salesforce’s chairman and CEO. 

A 2010 study from Accenture, Microsoft and WSP Environment and Energy reported a huge impact of the 

cloud on CO2 emissions. They found out that businesses with systems and applications on the cloud could 

reduce per-user carbon footprint by 30 percent for large companies and 90 percent for small businesses.So we 

can say that by investing in cloud computing companies not only helping their needs but also they are taking 

care of environment issues by reducing the carbon emission to a great deal. 

E. Going Green 
Greenpeace pointed out in a recent study that while efficiency is increasing, a major variable is unnoticed: the 

energy source. The internal operations of data centers are "green" but it is superficial if the power source is non-

renewable, the report says. With the increasing demand for cloud computing, energy consumption is expected to 

increase by 12 percent each year. The energy sources are usually from coal and nuclear power plants which are 

not renewable. 

An analysis of Greenpeace showed that out of the 10 leading tech companies—Akamai, Amazon, Apple, 

Facebook, Google, HP, IBM, Microsoft, Twitter and Yahoo!—Akamai and Yahoo! are the most environment-

friendly and Apple the least. The report also highlighted Google's effort in "greening" its energy sources. 

Google Energy buys electricity from independent renewable power producers promoting projects tapping wind 

and solar energies (More, 2013). 

F. Datacenter level: Cooling, Hardware, Network, and Storage  

Due to the environmental factors, the rising energy cost and desire to get more result out of the existing 

investments are provoking the cloud providers to adopt the vest practice to establish their facility location more 

and greener. Many steps are being taken to achieve the best result. 

Like the smart construction of the datacenter and choosing of its location. There are two major factors in that 

one is energy supply and other is energy efficiency of equipments. Nowadays, the datacenters are being 

constructed in such a way that electricity can be generated using renewable sources such as sun and wind and in 

those geographical areas where the weather is not hot.  

Currently the cloud providers are establishing their datacenter based on the geographical features; climate, fibre-

optic connectivity and access to a plentiful supply of affordable energy of the area. Since main concern of Cloud 

providers is business, energy source is also seen mostly in terms of cost not carbon emissions.  

Apart from the above concern, one big area of concern for a cloud datacenter is its cooling system that 

contributes to almost 1/3 of total energy consumption. Some research studies have shown that uneven 

temperature within datacenter can also lead significant decline in reliability of IT systems. In datacenter cooling, 

two types of approaches are used: air and water based cooling systems. In both approaches, it is necessary that 

they directly cool the hot equipment rather than entire room area. Thus newer energy efficient cooling systems 

are proposed based on liquid cooling. This way a great amount of energy is saved every year (More, 2013). 

 

VI. Comparison between the Cloud server and dedicated servers/ shared servers 

As per the statement of ‘https://www.profitbricks.com’, an IaaS provider organization we can go through the 

following comparison. 
 Cloud server Dedicated servers 

Operating System Dedicated Operating System; 

Support any x86 compatible operating system (Unix, 

Linux, MS Windows, and more) 

Dedicated Operating System; 

Most dedicated hosting services require you to 

select from a list of pre-approved OS and versions. 

Software Applications Customer can remotely install and manage any compatible 

software application 

Customer can remotely install and manage any 

compatible software application 

Administrative Access Full Root access for Unix/Linux-based Servers. Full 

Administrative access for Windows Servers 

Root access for Unix Servers. Administrative 

access for Windows Servers 

Remote OS 

Install/Reinstall 

Yes Rarely 

Remote Server Console 
Access 

Yes Yes 

Remotely Reboot a 

“frozen” Server 

Yes Sometimes 

Server Snapshots  Customer can take a server snapshot before making changes 

to it. A simple mouse click will return server back to the 

original state if needed. 

No snapshot feature. 

Server Performance Varies by cloud provider, some providers have very poor Performs comparable to most cloud servers. 
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performance; other’s have performance that is the same or 

better than most dedicated servers. 

Data redundancy Varies by provider. Some offer no redundancy some offer 
same data 

center redundancy and others have multi-data center 

redundancy.  

Lots of dedicated servers are on a single disk. 
Some dedicated servers are on a single parity disk 

(RAID 5) with no hot standby disk. 

Power redundancy Cloud servers run on a computing resource pool served by 
redundant power PDUs, redundant power UPSs, redundant 

power generators, and redundant power grids (not all data 

centers were built 
this way).  

Many dedicated servers still sold today have a 
single power supply. Some dedicated servers have 

dual power supplies but they are often on a single 

power PDU. 

Live hardware resource 

scaling 

Most providers don’t offer on-demand vertical scaling with 

no-reboot. With some providers you can add CPU cores and 
RAM without rebooting if the OS supports it. 

Upgrading CPU, RAM, and/or disk space requires 

opening a support ticket shutting down the server, 
and waiting for the technician to update the 

hardware configuration resulting in downtime.  

Hardware upgrade Some Cloud Computing providers were designed in a way 

that customers are informed that they must move their server 

and data.  Other cloud providers will automatically migrate 

customers to another server without any downtime. 

Dedicated server hosting companies will often 

allow customers to run on old, out-dated hardware 

for a long time, when the servers do get replaced 

the customer is often forced to renew their 

agreement and select a new server, price and 
reinstall & re-configure everything. 

Costs $25/month to $199+/month. $99/month to $1500+month. 

Now if we go through the following analysis among the shared servers and various deployment models we can 

understand the objective behind the implementation of cloud computing for sustainable development 

(www.brilliantthinking.net). 
Shared Hosting: Shared hosting is the starting point for most businesses. It offers a low-cost entry to market, but has pitfalls and usually 

offers little guarantee of reliability or support. 

Positive aspects Negative aspects 

Appears to offer a complete package Lack of support 

No system admin skills required Lack of control 

 Risk of poor performance 

Cheap  Multiple points of failure 

 
Virtual Private Servers: By using virtualization, a single server can be partitioned into what appear to be multiple servers. This provides 
you with a private (or dedicated) space on the server, as well as a dedicated amount of resources – disk space, compute cycles, 

bandwidth, etc. 

Positive aspects Negative aspects 

More Control Usually requires self-management, and therefore deeper system admin knowledge 

More Reliable Easier to break if you don’t have the skills, but this can be outsourced. 

 Other virtual servers on your server may disrupt your service (e.g. bandwidth) 

 Single point of failure (it is still only one server) 

 
Private Cloud: For larger enterprises, there is a need to ensure consistent performance and reliability. This is usually achieved through a 
set of clustered servers which share the load (load balancing) of the required performance. 

Positive aspects Negative aspects 

Complete Control Expensive 

Guaranteed Reliability through SLAs (if outsourced) System admin skills essential unless the cluster is under a managed 

contract 

No Single point of failure  

No external data security risk  

Corporate Governance Assured  

 
Public Cloud:  Public Cloud Hosting is a large cluster of servers that provide all your hosting requirements in an elastic manner, scaling 
up and down as you need it in response to demand for your web applications or websites. 

Positive aspects Negative aspects 

Less Expensive So large that external factors may affect your site and may take a long time 
to resolve (see below) 

Fully managed by a third party, meaning better reliability Difficult to assess external data risks and corporate governance issues 

No performance issues – it scales as needed  

Hybrid Cloud: A hybrid cloud is simply an environment that uses aspects of both private and public cloud 

services to deliver the required service. 

From the above discussion, we can see the advantages of using cloud computing over its other counterparts in 

terms of all the aspects which can affect the sustainable development of any organization. 
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VII. Conclusions and Future Directions 

The increase use of cloud computing in business development aggravating carbon emission form Information 

and communication technology, has lead to a series of discussion whether cloud computing is really green or 

not. From some research it is forecasted that the environmental footprint from data centers will triple between 

2002 and 2020, which is currently 7.8 billion tons of CO2 per year (Kalange, 2011). There are reports on Green 

IT analysis of Clouds and datacenters that show that Cloud computing is “Green”, while others show that it will 

lead to alarming increase in Carbon emission.  

Thus, in this paper, we analyzed the benefits offered by Cloud computing by studying its original definitions and 

advantages, the services it provides to end users, and its deployment model. Then, we discussed the components 

of Clouds that contribute to carbon emission and the features of Clouds that make it “Green”. We also discussed 

several research efforts and technologies that increase the energy efficiency of various aspects of Clouds. For 

this study, we identified several unexplored areas that can help in maximizing the energy efficiency of Clouds 

from a holistic perspective. After analyzing the shortcoming of previous solutions, we proposed a Green Cloud 

Framework and presented some results for its validation. (Kalange, 2011). Even though our Green Cloud 

framework embeds various features to make Cloud computing much more Green, there are still many 

technological solutions are required to make it a reality. 

To enable the concept of sustainable development the organizations should use appropriate technology and 

deployment model of cloud computing. At the same time the service providers also should take care of the 

energy consumption by their datacenters by selecting the best alternative resources to set up a datacenter without 

hampering the environment. To enable the green Cloud datacenters, the Cloud providers need to understand and 

measure existing datacenter power and cooling designs, power consumptions of servers and their cooling 

requirements, and equipment resource utilization to achieve maximum efficiency. In conclusion, by simply 

improving the efficiency of equipment (Kalange, 2011). Cloud computing cannot be claimed to be Green. What 

is important is to make its usage more carbon efficient both from user and provider’s perspective. Cloud 

Providers need to reduce the electricity demand of Clouds and take major steps in using renewable energy 

sources rather than just looking for cost minimization. 
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