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Abstract-Cloud Computing is an emerging as a new paradigm that will change the way IT centers in business and industry are 
utilizing computing infrastructures, software and platforms as services. Organizations and institutions are seeking avenues to 
effectively access data, resources and applications in a secured manner over the internet by utilizing the cloud computing 
concept. By using this concept reduction on the environmental impact of computers usage with particular emphasis on 
reduction of energy consumption and carbon footprint can be achieved. This study concentrates on the application of cloud 
computing in SEGi University and its impact on the energy consumption and carbon footprint. This is done by comparing the 
existing server-based computing with cloud computing. The comparison is based on the carbon footprint effect on 
environment and energy consumption in the university. Based on the outcome of the study, followed by redesign of the current 
server-based computing model is redesigned based on the cloud computing concept. A field study is conducted to estimate and 
calculate the energy consumption and associated carbon footprint between the two models. 
The results showed that for 2013 the energy consumption of the server-based is about3GWh/year with its associated carbon 
footprint of 265,217kgCO2eqv/year. The proposed redesign paradigm showed reduction of 63% in the energy consumption 
and 64% in the carbon footprint.  
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I. INTRODUCTION 
 
Previously, managing a huge amount of data or 
computational activity and storage, required an 
organization to purchase computers with large 
computational power and memory capacity such as 
mainframe. Many organizations spent a lot money and 
efforts to keep up with these requirements. Small 
organizations that could not afford the cost, however, 
were left searching for alternative affordable solutions 
to their heavy computational activities. Nevertheless, 
with the introduction of cloud computing, 
organizations are moving to cloud model to replace 
their existing computational systems with an 
affordable solution such as the cloud computing to 
their services. Cloud computing services can be 
provided by the external server providers at lower cost 
to achieve better results[1]. 
The traditional method to design computer network is 
using thick client. However, cloud computing 
introduces two new methods, the first method, is the 
thin client technology. A thin client network operates 
by concentrating computing power on a central server, 
with ‘client’ machines (i.e., computers connected to 
the network) doing less computing locally.  In fact, the 
central server performs most of the computing tasks, 
stores data and hosts all the software applications. This 
allows low powered computers and older, outdated 
desktop machines to run applications that normally 
would require higher specification computers[2]. The 
second method has applied the concept of cloud 
computing and thin client, in which the outsourcing of 
the hardware (data center equipment) is applied and  

 
the desktop device (thick client) is replaced by a 
terminal device (thin client). Fig (1) and Fig (2) show 
the different method of network design. 
 

 
Fig1: Traditional network design 

 
Cloud computing is not an unprecedented technology 
as back in 1961 McCarthy foretold by stating that the 
computation will use the public services[4]. With the 
increasing diffusion of more and more powerful 
computers, data processing and data storage shifted to 
those local devices. In the 1990s, the next trend could 
be observed, back again towards a centralization of 
information technology, especially, a centralization of 
data storage centers. This trend appears to be 
continuing with cloud computing. Additionally, 
  

 
Fig 2: Cloud computing network design [3] 
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The term cloud computing was originated in 2007, 
indicating to hardware and software concept. For 
example, Google and IBM started collaboration 
initiatives with six American Universities[5]. 
Moreover, Cloud computing can be seen as an 
innovation in different ways, from a technological 
perspective it is an advancement of computing; 
applying virtualization concepts to utilize hardware 
more efficiently.  
The revolution of cloud computing came after the 
personal computer and internet, which made a major 
evolving in information technologies and amelioration 
in distributed databases, as well as distributed parallel 
and grid computing. The main function of cloud 
computing is storing the information and the sharing 
computing resources such asnetwork, storage, servers 
and applications[6], Furthermore, the innovation of 
cloud computing removes the problem of over or 
under provisioning services and passes that cost onto 
the service provider . This means that cloud services’ 
users will no longer require the large capital 
expenditure outlays in hardware to deploy their 
services.  
These days, cloud computing is most discussed term in 
business and academic environment. The benefits of 
using cloud computing in universities are such as 
accessing files storage, emails, databases, educational 
resources, research application and tool for faculty, 
administrators, staff, students and other users in 
university, on demand. Furthermore, cloud computing 
reduces universities’ IT complexity and cost. For 
example, the cloud computing trend of replacing 
software traditionally installed on campus computers 
and the computers themselves with applications 
delivered via the internet. Cloud computing could be a 
technological innovation that both reduces IT costs for 
the instituteand eliminates many of the time related 
constraints for students, making learning tools 
accessible for a larger number of students[7]. 
Using the cloud computing in the education system 
inthe universities reduces the cost of implementing the 
cloud locally and the cost of the IT equipment’s such 
as: PCs, servers, switches, backup drives, cooling 
system, etc. Therefore, cloud computing gives the 
universities the opportunity to use the new 
developments of the IT technologies with less IT staff 
and less costs. Universities should always maintain 
and upgrade their IT software and hardware to attract 
students and keep track with the rapid developments in 
digital technologies. For example, in 2007 Google and 
IBM announced a cloud computing university 
initiative designed to improve computer science 
students’ knowledge of parallel computing practices in 
order to address the emerging paradigm of large-scale 
distributed computing. Moreover, a number of African 
educational establishments have adopted cloud 
computing, largely due to their inadequate IT 
infrastructures and their inability to cope with the 
endless cycle of hardware and software upgrades. 
Thus, cloud computing in education helps to provide 

less expensive, flexible and accessible services over 
the cloud [8].  
By 2020, large companies inthe United States that 
usescloud computing can achieve an annual energy 
savings of $12.3 billion and an annual carbon 
reductions equivalent to 200 million barrels of oil – 
enough to power 5.7 million cars for one year[9].  
In other study (The Green Benefits of Thin Client 
Computing), a typical (thick client) pc consumes 
between 30 and 45kWh per month. The energy 
reduced per pc is about 25kWh/month. Additionally, 
implementation of cloud computing and thin clients 
consumes between 8 to 14 watts of electricity.Thisis 
abouta 66% to 73% reduction in the overall power 
consumption. Infosys reports that for typical pc 
packing materials for a thin client average between 2.2 
and 4.4 lbs. Vs. 11 to 22 lbs. As a result, less energy 
is spent producing on the packaging and on the 
device.[10].  
Table Ishows some more studies outcomes the for the 
cloud computing reduction of energy consumption 
will directly or indirectly lead to reduced carbon 
emissions.  

 
Table I studies used cloud computing and thin client 
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II. METHODOLOGY  
 
A case study is conducted at SEGi University, Kota 
Damansara, Malaysia to compare the existing 
computing utility with cloud based model. This study 
is dived into two main phases: first phase is an analysis 
of the current energy consumption and carbon 
footprint. Second phase proposes a cloud base model 
to reduce the energy consumption and carbon 
footprint. 
This research started with a survey. The objective of 
the survey was to find the university computers daily 
usage time by faculty, staff and students in offices and 
laboratories. Then a field survey was conductedto 
collect the data from the IT department and the 
laboratories experiments to measure the current 
energy consumption.  
In order to calculate the carbon footprint associated 
with energy consumption, the following equation was 
used[20]: 

 
Where: 
C.F.P=carbon footprint (kgCO2eqv/year) 
P= power consumption per year (W) 
EF= electricity emission factor in Malaysia 
(kgCO2-e/kWh), the emission factor used is 0.89 
kgCO2-e/kWh[21]. 
 
III. RESULT ANALYSIS AND DISCUSSION 
 
Based on our survey and measurements, it found was 
that the current SEGi university computer energy 
consumption is equal to 3GWh/year with265,217 
kgCO2eqv/year of associated carbon footprint. It was 
found that energy consumption profile as follows: 
 
 Computing systems hardware is consuming 42% 
 Network devices are consuming  (routers) 17% 
 Cooling and ventilation systems are consuming 

41%. lFig3shows the energy consumption 
distributionin the university data center. 

 
Fig3: Current data center energy consumption analysis 

 
Two affordable models have been proposedin this case 
study. First, one is by using thin client alone only 
without using cloud computing concept.The second 
one is by using thin client and cloud computing 
concept. Yet, based on our estimation, if the thin client 
was alone implanted, the energy consumption is 
estimated to less by 63% in case the cloud computing 
concept used in the network design. 
Comparative analysis of the use of thick client 
network design and the cloud computing showeda 
significant reduction in the amount of consumed 
operationenergy. Table II and Fig(4)show the 
summary of the consumed energyand carbon footprint 
in a year by both proposed designs. It is noticeable that 
the highest reduction is on the lecture halls, this is due 
theuse of the LCDwhich consumes 40-watt/each 
rather thanthe current CRT (110-watt/each). 
Theminimumreduction is estimatedto be in the laptop 
that is being used by the employees. 

  
TABLE II  

Summary of energy consumption and carbon footprint at SEGi University 
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Fig4: Percentage of reduction using cloud computing 

 
It was found that each university student consumes 
about 13kWh /year whenthe currentcomputing model 
is used. This consumption is estimated to reduce to 
5kWh/year by using cloud computing. Moreover, each 
employee who uses laptop consumes an estimated 
679kWh/year using thick client. Nevertheless, by 
using cloud computing, the amount is expected tobe 
reducedto 282kWh/year. For the desktop users, the 
energy consumption isabout 490kWh/year. By using 
cloud computing this number is reduced to 
167kWh/year i.e.it is 65% less.  
Fig(5) and Fig(6) show the significant variance 
between the current model and cloud-computing based 
model. 

 

 
Fig5: Per capita for employee 

 

 
Fig6: Per capita energy consumption for each student 

IV. RECOMMENDATIONS 
 
As the analysis shows, replacing the CRT display by 
LCD display in the current workstations will lead 
directly to reduce the energy consumption. Moreover, 
using the wireless networking will decrease the energy 
consumption and carbon footprint, as the distribution 
layer switches and the access switches will be replaced 
by wireless access points that will not reduce the 
carbonfootprint but also reduce the electronic-waste 
(e-waste) and the overall the carbon footprint. 
However, in order to take such decision more 
comprehensive analysis should be done and other 
factorssuch as availability and reliability of computer 
network should be include. Fig 7 and Fig 8 show the 
overall current computer network and the overall 
computer network in case the wireless computer 
network used. 
 

 
Fig7: Overall current computer network design 

 

 
Fig8: Overall computer network design using the wireless 
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CONCLUSION 
 
A comprehensive survey and analytic study was 
conducted to replace the current computing facility at 
SEGi University with Cloud base model. After 
extensive investigations of its strength and weakness, 
imarets and demerits, the cloud computing design is an 
intended propose of this research work. Its ability to 
reduce the energy consumption in a considerable 
manner and further more emit less carbon emission, 
places it above the other options. 
Thus, a redesign of the current computing model, 
incorporating the cloud computing design was 
suggested. An analysis of this design using the current 
number of students, faculty and employees is done. 
The cloud computing modeldesign, if implemented, it 
will be reduce the total energy consumption and the 
carbon footprint by 64%, moreover the reduction 
percentage for per capita student will be 61%and the 
reduction percentage for per capita employee with 
laptop will be 58%, however the analysis shows that 
highest reduction percentage will be for per capita 
employee with desktop. 
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