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Abstract-Population exploration causes the high usage of 
electronic devices such as computer, laptop, and household 
equipments. So we can save the power and world from the 
pollution and its unpleasant additional result. Using the Green 
Computing we can save the power, world., .Green computing  
means the study and practice of designing ,manufacturing 
using, and disposing of computers ,servers, and associate 
subsystem  such as printers, monitors etc. The goal of Green 
computing are similar to green chemistry reduce the use of 
hazardous materials maximum energy efficiency during the 
product’s life time and promote the reusability of defunct 
products and factory waste. Green computing can also develop 
solutions that offer benefits by “aligning all IT process and 
practices with the core principles of sustainability which are to 
reduce, reuse, and recycle and finding innovative ways to use it 
in business product to deliver sustainability benefits across the 
enterprise and beyond”.In this thesis, green maturity model for 
virtualization and its levels are explained “Green Computing,” 
is especially important and timely: As computing becomes 
increasingly pervasive, the energy consumption attributable to 
computing is climbing, despite the clarion call to action to 
reduce consumption and reverse greenhouse effects. At the 
same time, the rising cost of energy — due to regulatory 
measures enforcing a “true cost” of energy coupled with 
scarcity as finite natural resources are rapidly being diminished 
— is refocusing IT leaders on efficiency and total cost of 
ownership, particularly in the context of the world-wide 
financial crisis.. The Five steps for Green computing for 
energy conservation. 
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I. INTRODUCTION 
 

Computing is also an area of human activity in which there is 
real environmental saving to be made some of which can be 

achieved by implementing relatively straight forward practical 
methods. PC power use is ripe for making environmental 
savings. Climate change , Power Management. Shut down and 
Switch Off the computer and put into a “Stand by “Mode. Will 
save a lot of power. Green computing or green IT, refers to 
environmentally sustainable computing or IT. It is the study 
and practice of designing, manufacturing, using, and 
disposing— efficiently and effectively with minimal or no 
impact on the environment. Green IT also strives to achieve 
economic viability and improved system performance and use, 
while abiding by our social and ethical responsibilities. Thus, 
green IT includes the dimensions of environmental 
sustainability, the economics of energy efficiency, and the total 
cost of ownership, which includes the cost of disposal and 
recycling .It is important to understand the need of the study of 
green computing. It is a tool by which global warming can be 
control and reduce. The Global surface temperature increased 
by 0.74 ± 0.18 °C (1.33 ± 0.32 °F) during the 100 years ending 
in 2005. Most conspicuously, according to the latest IPCC 
report the global surface temperature will likely to rise a 
further 1.1 to 6.4 °C (2.0 to 11.5 °F) during the twenty-first 
century. 
   

II. MATURITY MODEL  
 

A. Reference Model for Virtualization 
 

Virtualization is a term used to mean many things, but in its 
broader sense, it refers to the idea of sharing. To understand 
the different forms of virtualization and the architectural 
implications for creating and deploying new applications, we 
propose a reference model to describe the differing forms of 
the concept. In this model we observe a number of different 
layers of abstraction at which virtualization can be applied, 
which we describe as increasing levels of maturity, shown in 
Table 1. We assert that higher levels of virtualization maturity 
correspond to lower energy consumption, and therefore 
architectures based on higher levels of maturity are “greener” 
than those at lower levels, which we discuss further on. 

 
Table-1 Levels of virtualisation of maturity 

  
Virtualization Maturity Name Applications Infrastructure Location ownership 

Level 0 Local Dedicated Fixed Distributed Internal 
Level 1 Logical Shared Fixed Centralized Internal 
Level 2 Data center Shared Virtual Centralized Internal 
Level 3 Cloud Software as a service Virtual Virtual virtual 

 
Level 0 (“Local”) means no virtualization at all. Applications 
are all resident on individual PCs, with no sharing of data or 
server resources. 

Level 1(“Logical Virtualization”) introduces the idea of sharing 
applications. This might be, for example, through the use of 
departmental servers running applications that are accessed by 
many client PCs. This first appeared in the mainstream as 
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mainframe and then “client/server” technology, and later with 
more sophisticated N-tier structures. Although not 
conventionally considered virtualization, in fact, it is arguably 
the most important step. Large organizations typically have a 
large portfolio of applications, with considerable functional 
overlaps between applications.  
 
Level 2 (“Data Center Virtualization”) is concerned with 
virtualization of hardware and software infrastructure. The 
basic premise here is thatindividual server deployments do not 
need to consume the hardware resources of dedicated 
hardware, and these resources can therefore be shared across 
multiple logical servers. This is the level most often associated 
with the term virtualization. The difference from Level 1 is that 
the hardware and software infrastructure upon which 
applications/ servers are run is itself shared (virtualized). For 
server infrastructure, this is accomplished with platforms such 
as Microsoft Virtual Server and VMware among others, where 
a single physical server can run many virtual servers. For 
storage solutions, this level is accomplished with Storage Area 
Network (SAN) related technologies, where physical storage 
devices can be aggregated and partitioned into logical storage 
that appears to servers as dedicated storage but can be managed 
much more efficiently. The analogous concept in networking at 

this level is the Virtual Private Network (VPN) where shared 
networks are configured to present a logical private and secure 
network much more efficiently than if a dedicated network 
were to be set up. 
 
Level 3 (“Cloud virtualization”) in the virtualization maturity 
model extends Level 2 by vitalizing not just resources but also 
the location and ownership of the infrastructure through the use 
of cloud computing. This means the virtual infrastructure is no 
longer tied to a physical location, and can potentially be moved 
or reconfigured to any location, both within or outside the 
consumer’s network or administrative domain. The implication 
of cloud computing is that data center capabilities can be 
aggregated at a scale not possible for a single organization, and 
located at sites more advantageous (from an energy point of 
view, for example) than may be available to a single 
organization. This creates the potential for significantly 
improved efficiency by leveraging the economies of scale 
associated with large numbers of organizations sharing the 
same infrastructure. Servers and storage virtualized to this 
level are generally referred to as Cloud Platform and Cloud 
Storage.Summary of the virtualization layers as they map to 
the server, storage, and networkaspects is shown in  

Table 2. 
Technology aspect for virtualization 

Virtualization Maturity Name Server Storage Network 
Level 0 Local Standard PC Local Disks None 
Level 1 Departmental Client-server n-tier File server,DB server LAN Shared services 
Level 2 Data center Server virtualization SAN WAN/VPN 
Level 3 Cloud Cloud platform Cloud storage Internet 

 
 

B. Starting at Home – Level 0 
 
Level 0 (“Local”) in the virtualization maturity model means 
no virtualization at all. Even with no virtualization, there is 
plenty of scope for energy savings. Traditional design and 
development approaches may lead to applications that are less 
efficient than they could be. There are also a number of other 
design issues that can be readily recognized in applications, 
and therefore, a set of rules, or principles, can be recommended 
to be implemented by architects and developers for all 
applications. 
 

 Enable power saving mode 
Principle: Always design for transparent sleep/wake mode. 

 Minimize the amount of data stored 
Principle: Minimize the amount of data stored by the 
application and include data archiving in application design. 

 Design and code efficient applications 
 

Principle: Design, develop, and test to maximize the efficiency 
of code. 
Sharing is Better – Level 1 
Level 1 (“Logical Virtualization”) in the virtualization maturity 
model introduces the idea of sharing applications. This might 
be for examplethrough the use of departmental servers running 
applications that are accessed by many client PCs. This first 
appeared in the mainstream as“client/server” technology, and 
later with more sophisticated N-tier structures. Although not 

conventionally considered virtualization, in fact,it is arguably 
the most important step. Large organizations typically have a 
large portfolio of applications, with considerable functional 
overlapsbetween applications. For large organizations, this will 
produce much bigger payoffs than any subsequent hardware 
virtualization. The best way to do this is to have a complete 
Enterprise Architecture, encompassing an Application 
Architecture identifying the functional footprints and overlaps 
of the application portfolio, so that a plan can be established 
for rationalizing unnecessary or duplicated functions. This may 
be accomplished by simply identifying and decommissioning 
unnecessarily duplicated functionality, or factoring out 
common components into shared services. As well as solving 
data integrity and process consistency issues, this will 
generally mean there are fewer and smaller applications 
overall, and therefore, less resources required to run them, 
lowering the energy/emissions footprint and at the same time 
reducing operational costs. The increased use of shared 
application services ensures that common functions can be 
centrally deployed and managed rather than unnecessarily 
consuming resources within every application that uses them. 
 
Principle: Develop a plan to rationalize your applications and 
platform portfolio first. 
A single computer running at 50 percent CPU usage will use a 
considerably less power than two similar computers running at 
25 percent CPU usage .This means that single-application 
servers are not efficient and that servers should ideally be used 



Integrated Intelligent Research (IIR)                                            International Journal of Data Mining Techniques and Applications 
                                                                                                                         Volume: 01 Issue: 02  December 2012  Page No.29-35 
                                                                                                                                                                                   ISSN: 2278-2419 
 

31 

as shared resources so they operate at higher utilization levels. 
When aiming for this end result, it is important to ensure that 
sociability testing is executed to make sure that applications 
can work together. Also, performance testing should be 
executed to ensure that each application will not stop the others 
on the server from runningefficiently while under load. In 
effect, it is important to ensure that the available CPU can be 
successfully divided between the applications on the server 
with sufficient capacity for growth. As a by-product of 
executing this form of design, it is recommended that a set of 
architectural standards be introduced to require that 
applications install cleanly into an isolated space and not 
impact other applications, and that testing takes place to ensure 
that this is the case. However, we have all seen examples 
where this is not the case regardless of how simple this task 
would appear. 
 
Principle: Consolidate applications together onto a minimum 
number of servers. 
Level 2: Infrastructure Sharing Maximized 
As defined earlier, Level 2 (“Data Center Virtualization”) is 
the level most often associated with the term “virtualization.” 
Through platforms like Microsoft Virtual Server, VMware and 
others, server and storage virtualization does provide more 
efficient solutions for organizations that have the size and 
capability to develop a virtualized infrastructure. The bar for 
virtualization is low and is becoming lower all the time as 
virtualization software becomes easier to manage and more 
capable. The price/performance of servers has now reached the 
point where even smaller organizations hosting only 3 or 4 

departmental applications may reduce costs through 
deployment into a virtualized environment. It would appear 
straightforward, by extending the previous arguments about 
avoiding single-task computers, that data center virtualization 
would provide a simple answer and approach to share 
resources. This is indeed a good starting point, but is not as 
simple as it appears. The lowest-hanging fruit in the transition 
to virtualization are in test, development, and other 
infrequently used computers. Moving these machines into a 
single virtual environment reduces the physical footprint, heat 
produced and power consumed by the individual servers. Each 
physical server that runs a virtualized infrastructure has finite 
resources and consumes energy just like any other computer. It 
is therefore apparent, from extending the same set of rules 
outlined above, that the aim is to load as much as possible onto 
a single physical server, and to make use of its resources in the 
most efficient way possible. Creating virtual servers does not 
come at zero energy or management cost. Computers should 
not be running unless they are needed, even in a virtual 
environment. This will extend the limit of the available 
resources. It is particularly efficient to do this in a virtual 
environment as virtual machines can be easily paused, 
restarted, and even moved. This adds, as would be expected, 
the requirement for applications running on the virtual 
machines to be able to be paused, along with the base operating 
system. It could be possible, for example, to pause the 
operation of a file and print server at night while application 
updates run on another virtual machine, making use of the now 
available resources. 

 
 

 
 

Figure-1
Principle: Eliminate dedicated hardware infrastructure, and 
virtualize servers and storage to obtain energy economies of 
scale and improve utilization 
 
A Brighter Shade of Green: Cloud Computing 
 
Cloud computing provides the next big thing in computing — 
some interesting architectural constructs, some great potential 
from a monetary aspect, and a very real option to provide a 
more environmentally friendly computing platform.  
 
Fundamentally, cloud computing involves three different 
models: 
 

• Software as a Service (SaaS), refers to a browser or client 
application accessing an application that is running on servers 
hosted some whereon the Internet. 
 
• Attached Services refers to an application that is running 
locally accessing services to do part of its processing from a 
server hosted somewhere on the Internet. 
 
• Cloud Platforms allow an application that is created by an 
organization’s developers to be hosted on a shared runtime 
platform somewhere on the Internet. All of the above models 
have one thing in common — the same fundamental approach 
of running server components somewhere else, on someone 
else’s infrastructure, over the Internet. In the SaaS and attached 
services models the server components are shared and accessed 
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from multiple applications. Cloud Platforms provide a shared 
infrastructure where multiple applications are hosted together. 
 
Level 3: Cloud Virtualization 
Cloud virtualization in the virtualization maturity model can 
significantly improve efficiency by leveraging the economies 
of scale associated with large numbers of organizations sharing 
the same infrastructure. Obtaining energy efficiencies in data 

centers is highly specialized and capital intensive. Standard 
metrics are emerging such as Power Usage Effectiveness 
which can be used to benchmark how much energy is being 
usefully deployed versus how much is wasted on overhead. 
There is a large gap between typical data centers and best 
practice for PUE. The other major advantage of Level 3 is the 
ability to locate the infrastructure to best advantage from an 
energy point of view. 

 
 

 
 

 
 

Figure-2 
  
Principle: Shift virtualized infrastructure to locations with 
access to low emissions energy and infrastructure with low 
PUE. 
Note that applications need to be specifically designed for 
Level 3 to take full advantage of the benefits associated with 
that level. This is an 
impediment to migrating existing functions and applications 
that may limit the degree to which organizations can move to 
this level. 
 
Principle: Design applications with an isolation layer to enable 
cloud based deployment later on, even if your organization is 
not yet ready for this step. 
Making Sure Your Cloud has a Green Lining 
 
 There are four aspects of efficiency that should be considered 
in cloud computing: 
• The placement and design of the cloud data center 
• The architecture of the cloud platform 
• The architecture and development approach of the 
applications that are hosted. 
 Different vendors are approaching the design of their data 
centers in different ways. Different approaches that can be used 
to reduce power consumption in data centers include: 
• Buying energy-efficient servers 
• Building energy efficient data centers that use natural airflow, 
water cooling (ideally using recycled water and cooling the 
water in an efficient manner) 
• Efficient operation by running lights out, by moving load to 
the cooler parts of the data center and by recycling anything 
that comes out of the data center, including equipment.Some 
data center operators already publish statistics on their power 
usage, such as Google. These operators use an industry 

standard for measuring the efficiency of a data center through 
the ratio of power used to run IT equipment to the amount of 
power used to run the data center itself  (PUE). As this space 
grows, it is expected that other organizations will do the same, 
allowing a comparison to be made. Another area that can be 
considered is the technical architecture of the cloud platform, 
as different organizations provide different facilities and these 
facilities can determine the efficiency of the application and 
therefore impact the efficiency of the overall platform. Some 
cloud vendors, for example, provide services that are 
controlled by the vendor; such is the case with SaaS vendors. 
In this case it is up to the architect of the calling application to 
ensure the efficiency of the overall architecture. Other cloud 
vendors host virtual machines that run on a scalable cloud 
infrastructure. There is no doubt that this is more efficient than 
executing physical servers, and likely more efficient than 
executing virtual machines in a local data center.  
 
Principle: Take all steps possible to ensure that the most 
efficient cloud vendor is used. 
Embodied energy means there can be a big sacrifice in 
deploying an application in a data center if it subsequently gets 
migrated to the cloud (meaning the embodied energy of the 
original deployment hardware is “thrown away”). A driving 
factor in moving through the virtualization levels from an 
energy point of view is to consider the embodied energy 
implications of moving up the levels. If you have to purchase a 
lot of new hardware to move from one level to the next, the 
embodied energy in these additions may negate the benefits in 
operational savings. This is why it is critical to consider the 
embodied energy as part of the entire lifecycle energy footprint 
during application design, and in selection of deployment 
architecture. 
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Table-3

Getting a Return on the Embodied Energy Costs ofBuying a New Virtualization Server 
We define the following: 
N – the number of servers to be virtualized on a single new physical server 
B – embodied energy ratio (embodied energy of new server divided by total energy consumption of that server over its life 
cycle) 
E – efficiency factor (energy consumption of a single new server with capacity equivalent to the original N servers divided 
by energy consumption of N original servers, assuming the same technology and utilization, for the projected life) 
T – technology factor (energy consumption of new servers per unit 
CPU capacity divided by energy consumption of old servers per unit CPU capacity) 
U = utilization factor (utilization of old servers divided by utilization of new server ) 
To pay back the cost of embodied energy and realize a net gain, 
you need: 
E x U x T < (1 - B) 
If a typical B value is 25 percent, then total improvement factors needs to be better than 0.75. This is easy to achieve since 
even if the technologies of old and new servers are similar (T= 1) and there is no efficiency gains (E=1) you would still 
expect U to be lower than 0.5 if N is greater than 2 since nearly all servers are grossly underutilized. Thus as soon as you 
can virtualize more than two servers you can probably justify the embodied energy of buying a new server over the life 
cycle of that server, from an energy point of view. 

 
C. Moving to Increasing Levels of Virtualization 

 
Referring to the model in Table 1, most IT organizations are 
now at Level 1 with more advanced organizations moving in 
whole or in part to Level2. Only a small proportion of 
organizations are at Level 3. Although we argue that these 
levels of increasing maturity in virtualization correspond to 
reduced energy footprint, we note that Level 3 is not 
necessarily an endpoint for all organizations — in some cases 
there may be good business reasons for not moving to Level 3 
at all. We omit the transition from Level 0 to Level 1 as the 
vast majority of medium to large organizations have already 
taken this step. Moving from Level 1 to 2 involves replacing 
individual dedicated servers with larger platforms running 
virtual servers. If more than one physical server is required, 
additional benefits can be achieved by grouping applications 
on physical servers such that their peak load profiles are spread 
in time rather than coincident. This enables statistical 
averaging of load since normally the sizing of server capacity 
is driven by peak load rather than average load. The trade-off 
here is the embodied energy cost of the new server to host the 
virtualized environments. 
 
In general, with regard to server virtualization at least, the 
gains in virtualizing multiple servers onto a physical server are 
substantially greater than the embodied energy costs associated 
with buying a new server to host the virtualized platform. 
Level 2 virtualization can also be used to leverage the 
embodied energy in existing infrastructure to avoid the need 
for procuring more infra structure. This may seem counter 
intuitive but it may be better to use an existing server as a 
virtualization host rather than buy are placement for it. For 
example, if you have four servers that could potentially be 
virtualized on a single new large server, there may be 
advantages in simply retaining the best two  
 
servers, each virtualizing two server instances (thus avoiding 
the embodied energy in a new server and reducing operational 
consumption by about a half) rather than throwing all 4 out and 

buying a new server. This can be possible because the existing 
servers are probably running at such low utilization that you 
can double their load without impact on system performance. 
Obviously, this will ultimately depend on the antiquity of the 
existing servers and current and projected utilization levels. 

 
Principle: measure server utilization levels – low utilization is 
a strong indicator for potential virtualization benefits. 

 
Note also that if you can skip Level 2 altogether, rather than 
deploy to level 2 and then migrate to Level 3 later, you can 
save on the embodied energy costs of the entire Level 2 
infrastructure. Moving from Level 2 to 3 is fundamentally 
about two things —sharing the data center infrastructure across 
multiple organizations, and enabling the location of the data 
center infrastructure to shift to where it is most appropriate. 
Sharing the infrastructure across multiple organizations can 
deliver big benefits because achieving best practice efficiencies 
in data center energy usage requires complex, capital intensive 
environments.  
 
Another advantage of Level 3 is that the infrastructure can be 
dynamically tuned to run at much higher levels of utilization 
(and thus energy efficiency) than would be possible if 
dedicated infrastructure was used, since the dedicated 
infrastructure would need to be provisioned for future growth 
rather than currently experienced load. In a cloud structure, 
hardware can be dynamically provisioned so that even as load 
for any individual application grows, the underlying hardware 
platform can be always run at optimal levels of utilization.  
The trade-offs here are: 
• Increased load and dependence on external network 
connectivity, although this is largely energy neutral 
 
• (Perceived) loss of local control because the infrastructure is 
being managed by an external organization (although they may 
commit to service levels previously unachievable through the 
internal organization) 
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• (Perceived) security or privacy concerns with having the data 
hosted by an external party (such as managing hospital records, 
for example). 
 

Principle: Design and implement systems for the highest level 
you can, subject to organizational, policy and technological 
constraints. 

 
 

Figure-3 
III. STEPS OF GREEN COMPUTING 
 

There are five steps to take towards green computing: 
1. Develop a sustainable green computing plan. 
2. Recycle 
3. Make environmentally sound purchase decisions. 
4. Reduce paper consumption. 
5. Conserve energy. 

 
A. Develop a sustainable green computing plan 

 
Green computing best practices and policies should cover 
power usuage, reduction of paper consumption as well as 
recommendations for new equipment and recycling old 
machines . 
 
B. Recycle 
Computers have toxin metals and pollutants that can emit 
harmful emissions into the environment never discard 
computers in a landfill. Recycle them instead through 
manufacturer programs such as HP’s planet partners recycling 
services in your community. 

 
 

C. Make environmentally sound purchase decision 
 
 Help institution purchases evaluate ,compare and 

select desktop computers, notebook and monitors 
based on environmental attributes. 

 Provide a clear, consistent set of performance criteria 
for the design of products. 

 Recognize manufacturer efforts to reduce the 
environmental impact of products by reducing or 
elimination environmentally sensitive materials 
,designing for longevity and reducing packaging 
materials. 

 

 
Figure-4 

D. Reduce paper  consumption 
 

Using e-mail, electronic archiving. Use the “track Changes” 
feature in electronic documents. Rather than red-line 
corrections on paper. When you do print out documents, make 
sure to use both sides of the paper, recycle regularly, use 
smaller fonts and margins and selectively print required pages. 
 
E. Conserve Energy 

 
Turn Off your computer when you know you won’t use it for 
an extended period of time. Turn on power management 
features during shorter periods of inactivity.  

IV. CONCLUSIONS 
 

There is a compelling need for applications to take 
environmental factors into account in their design, driven by 
the need to align with organizational environmental policies, 
reduce power and infrastructure costs and to reduce current or 
future carbon costs. The potential reduction in energy and 
emissions footprint through good architectural design is 
significant. The move to more environmentally sustainable 

applications impacts software and infrastructure architecture. 
The link between the two is strong, driving a need for joint 
management of this area of concern from infrastructure and 
software architects within organizations. These issues should 
be considered at the outset and during a project, not left to the 
end. An interesting observation is that our principles also align 
well with the traditional architectural drivers. Does this mean 
that energy reduction can be used as a proxy for all the other 
drivers? An architecture designed solely to reduce energy over 
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the full lifecycle would seem to also result in a “good” 
architecture from a broader perspective. Can we save a lot of 
time and effort by just concentrating solely on energy 
efficiency above all else?We are not passive spectators, but 
active contestants in the drama of our existence. We need to 
take responsibility for the kind of life. Make your entire 
organisation Green in every way possible. Understand the life 
cycle of IT products. Reduce as much paper as possible and 
recycle it when you can. Recycle the water the organisation 
uses by collecting rain water and filter it for sinks and drinking 
fountains, take drain water from sinks and water fountains and 
use the grey water for flushing the toilets. Encourage your 
employees to carpool, ride bicycles, or use any other mass 
transit transportation. A green roof can be a good location for a 
break area for employees. These are but a few small ideas you 
can use to make your business more Green which is good for 
the Environment and the stock-holders. Let’s start working on 
it and embrace the future. 
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