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ABSTRACT 
 

Information and Communication Technology (ICT) is one of the fast growing industries that facilitate many 
latest services to the users and therefore, the number of users is increasing rapidly. The increment of the number 
of users is proportional to the ICT infrastructures. ICT infrastructures produce numerous environmental 
pollutions during its production and disposal. The usage and its life cycle produce hazardous substances that 
need to be addressed in efficient and green ways. In this regards, this paper evaluates the ICT infrastructures and 
its environmental impacts with carbon footprint. Energy consumption scenario is drawn for different ICT sectors 
that need to be minimized in certain level. Therefore, a strategic model is proposed to adopt green computing by 
all level of users from an individual to the authorized bodies including government. Awareness is the key 
influence for an individual that motivates the society and leads the authorized bodies to take the strategies 
towards green ICT advancements. The survey results showed that ICT users are becoming more concerned on 
green computing towards sustainable environment. 
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Introduction 
 
 Information and Communication Technology (ICT) is becoming more popular everywhere including in the 
field of education, research, administration and other ways. It creates numerous benefits including sustainable 
development by reducing environmental impacts replacing physical activities into virtual world. ICT has a large 
environmental footprint over the world. Electricity is the main source to run all ICT related equipments and 
infrastructures. Generation of electricity from conventional system is the most expensive way and produces 
harmful substances including carbon dioxide (CO2) to the environment that are not eco-friendly. Manufacturing 
a computer and its supported materials generates hazardous waste that is dangerous for environment. A recent 
research explored that, every year a PC in use generates about a ton of CO2 (San Murugesan, 2008). 
Furthermore, ICT infrastructures along with computers consist of several toxic materials such as lead, chromium 
and mercury which can effuse detrimental chemicals into waterways and air. The production and disposal of 
ICT equipments release hazardous substances which consume large quantities of energy and water, therefore 
produce many waste materials. Several studies have suggested that ICT is already responsible for 2% of global 
carbon emissions, and that its relative share will increase further (Milan Jain, 2009). Therefore, it is very 
important to reduce the generation of CO2 while producing electrical energy. Some alternative energy solutions 
have been introduced to address these issues for adopting green technology. Green ICT is related from designing 
the products and services to the implementation considering recycling, reusing and reducing. ICT infrastructures 
have been designed considering green computing philosophy that consumes less energy. For example, e-reading 
may have replaced with traditional paper based education system; e-commerce, e-government and e-
management would be more popular in coming days. Furthermore, desktop computers could be replaced with 
thin clients, many data centers may be utilizing renewable energy, and many meetings and learning sessions 
may be virtual (Peter James and Lisa Hopkinson, 2009). Therefore, this research proposed a model that helps to 
adopt the green ICT in terms of designing, manufacturing and consuming. It also proposed a strategic model 
towards green ICT. Public awareness towards green ICT adoption is another key point to achieve sustainable 
development.  
 
Evaluation on ICT Sector: 
 
 ICT is consuming ever greater amounts of energy and is a major source of carbon emissions. For example, 
in 2011, approximately $46bn was spent on cooling IT hardware. Manufacturing a computer and its supporting 
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materials generates hazardous waste that is dangerous for environment. ICT infrastructures have a great impact 
on carbon footprint. For instance, to transfer 1Gbit information from mobile to mobile, 25 kg of CO2 emitted in 
UMTS technology (Emmenegger, M. et al., 2004). The global ICT sector is responsible to produce 2% (Milan 
Jain, 2009) of world’s CO2 emission, a figure equivalent to aviation where telecommunication area accounts for 
1% . However, ICT grows very fast than airline traffic. It is also projected that the energy consumption in the 
telecommunication sector will be more than 200% in 2017 (Yi Zhang, 2010). A recent study has estimated that 
ICT applications could reduce global CO2 equivalent emissions in 2020 by 15%, and avoid approximately 5 
tones of CO2 emissions for each tone that they generate through production to disposal (Peter James and Lisa 
Hopkinson, 2009). Carbon emission could be reduced in many ways including online file sharing, online 
teaching, digital archive management, video conferencing, distance learning, e-governments and e-management. 
Moreover, intelligent devices like sensors, automated system could be used to control the electrical and 
electronic devices efficiently. 
 
a. Evaluation on telecommunication sector: 
 
 The trend of increasing energy cost and rapid growth in voice and data communications usage makes 
orthodoxy to develop a more energy efficient and feasible “green” communications in future. The number of 
users of ICT is increasing rapidly over time because of better and enhanced services as estimated, there are 
around 6 billion users in 2007 (The World Telecommunication, 2007). Moreover, new services with several 
benefits being offered and increasing trend of data volume follows Moore’s law that shows users doubling every 
18 months. Therefore, to support all users with their expected services, many types of infrastructures have been 
implemented. A recent study found that, 120,000 new base transceiver stations (BTSs) are deployed to serve 
400 million new mobile subscribers over the world every year (H. Sistek, 2008). Considering cellular networks 
perspective, each BTS antenna and its supporting equipments consume an average power of 1 KWh and total 
8,800 KWh per year. Furthermore, a medium sized network constituting 12,000-15,000 cell sites, each is 
equipped with two technologies (2G & 3G) and around three antennas per technology, accounts to an energy use 
of 736,000 MWh (C. Lamour, 2008 Ericsson, 2008). As a result, energy costs account for half of its total 
operating expenses (OPEX) in telecommunication sector (Ericsson, 2008; "Core 5 - Green Radio). On the other 
hand, as telecommunication facilities are increasing in developing countries where there is no or poor grid 
power, BTSs have to run on fuel that is very expensive. In the meantime, cost of electrical energy is increasing 
three times or 200% over next 7 years (Gerhard Fettweis,).  
 
b. Evaluation on ICT sector: 
 
 Besides in telecommunications sectors, Information Technology (IT) industry also consume huge amount 
of energy. IT infrastructures create several environmental pollutions both during its production and disposal. 
Furthermore, IT infrastructures along with computers having some toxic like lead, cadmium, mercury and 
chromium; those are dangerous for the environment. Hence, research study explores that, ‘If computers are 
buried in landfills, toxic materials can leak harmful chemicals into waterways and the environment whereas if 
burned, they release toxic gases into the air’. Therefore, it is very important to discard the electronic waste (e-
waste) in proper ways for the wellness of human health. 
 
I. Energy Consumption of ICT Use: 
 
 Besides the telecommunication networks, there are many sectors of ICT where energy is being consumed 
greatly. The energy consumption of ICT is divided into six significant sectors such as PCs and monitors (40%), 
datacenters (23%), fixed-line telecoms (15%), mobile telecoms (9%), LAN (7%) and printers (6%) as depicted 
in figure 1.  
 
A. PCs and Monitors: 
 
 The desktop computers are considered the most energy eating devices. It is found that no less than 40% of 
CO2 emissions is caused by desktop computers (Azeddine GATI,). Energy savings can be done from individuals 
to the enterprise level. An individual can switch from usage of desktop PC to laptop or at least use a LCD 
monitor that consume less energy. For instance, by replacing a desktop PC with a thin client could slashes 
desktop-system CO2 emissions by over 54%. Even if a LCD monitor is factored into the equation, the saving 
totals an impressive 44% (White Paper on Sustainability and ICT,).  
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B. Datacenters: 
 

 There are more than 3 millions data centers in the world. For instance, only Germany’s data centers alone 
consume over 10 TeraWatt hours (TWh) of power a year. Data centers including servers and cooling systems 
consume 23% energy which is the second highest energy consumed in ICT sector (White Paper on 
Sustainability and ICT,; Azeddine GATI,). Around 15 power plants, with an output of 1,000 megawatts each, 
would be needed to supply these data centers with electricity. In total, the electricity used to operate data centers 
cost approximately €1.12bn every year. According to a recent analysis by the research group, normal data 
centers offer potential energy savings of up to 60% (White Paper on Sustainability and ICT).  
 

 
Fig. 1: Energy consumption in different sectors (Azeddine GATI,). 
  
 A recent research paper found that data centers’ energy consumption can be considerably reduced through 
targeted server cooling system. They are considering many factors, including the intelligent integration of 
servers into the building infrastructure, and use of much renewable energy. The results are being used to 
optimize existing data centers, and will also cover the way for designing and building the future data centers (T-
Systems and Intel 2010; White paper on DataCenter 2020).There is enormous scope to create much more 
sustainable data centers through purchasing servers with lower power requirements; increasing utilization rates 
through consolidation and virtualization; and by changing physical aspects such as layouts, cooling and power 
supply. These changes might improve the utilizations of the datacenters. 
 
C. Printers: 
 
 It is known that consumption of more electrical energy and over usage of printing paper in the ICT industry 
have makes the environment become more polluted. Electrical energy generated from fossil fuel is a 
conventional way that produces a lot of harmful substances. These substances are a great threat to the 
sustainable environment. Printing papers are made from trees. Production of printing paper results on cutting 
more trees. Therefore, it is essentially needed to take action plan to reduce energy consumptions and paper 
usage in short, medium and long term basis. This reduction is not only for environmental benefits but also for 
the financial cost optimizations. The simple policy could be providing duplex printing facilities, and avoiding 
unnecessary printouts. 
 
II. Green Technology and Environmental Sustainability: 
 
 The term green defined as the design, commercialization, use of processes and products that are feasible 
and economical while reducing the generation of pollution at the source, minimizing the risk to human health 
and the environment. Specifically, It is the study and practice of designing, manufacturing, using and disposing 
of computers, servers, and associated subsystems—such as monitors, printers, storage devices, and networking 
and communications systems—efficiently and effectively with minimal or no impact on the environment. Green 
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ICT also strives to achieve economic viability and improve system performance and use while abiding by our 
social and ethical responsibilities San Murugesan, 2008. There are innumerous areas to enhance the green 
technology, such as energy efficient computing, efficient power management system, locating and designing 
perfect place of datacenters, manages to virtualization the server and eco leveling ICT products San Murugesan, 
2008. Besides, renewable energy sources are also important factor for the sustainable green environment.  
 
 
A. Green ICT: 
 
 Green ICT is referred from different stakeholders including IT analysts, vendors and providers that save 
energy at many levels like hardware, software and services within the business organizations. For example, 
regarding hardware concern, thin-client architectures could be the best choice for most energy consuming 
desktop PCs and many older data centers. For software and service perspective, resource sharing among clients, 
cloud computing and cognitive radio could be another option. Green ICT also includes eco-friendly 
procurement, employee behavior, running data centers on sustainable generated energy, environmentally sound 
disposal of used electrical equipment, and as much recycling as possible (White Paper on Sustainability and 
ICT,). It is known that ICT is not basically green, because it itself consumes energy and resources during its 
production and lifetime. But ICT can be influenced to make business processes more energy-efficient, 
generating savings over and above the power input required for ICT itself. Green ICT allows a company with 
many facilities to reduce ongoing expenditure using energy-efficient hardware and intelligent utilizations of the 
infrastructures. The initial cost of green ICT adoption seems to be higher but this policy will bring long term 
returns that will sustain efficiently for longer time. Moreover, this reputation will help the company to be 
popular amongst the consumers as they are concerned to green equipments. It is noted that the awareness is 
being stronger to adopt green ICT amongst customers and they are willing to pay higher price for 
environmentally sound ICT devices (White Paper on Sustainability and ICT,). 
 
B. Benefits of green ICT: 
 
 Recently, the green technology design has been received much attention in consumer, industry and 
academic level. All stakeholders have been trying to design and implement more energy saving devices to 
reduce power consumptions and manufacturing cost. It is well-known to the industry that reduction of power 
consumption makes products cheap and eco-friendly. Figure 2 shows that reducing of power consumption 
results to the cost of the products. Moreover, reducing carbon emission indicates same amount of improvement 
of system performance. Green technology has many other benefits to facilitate the consumers to live in a 
sustainable environment by reducing carbon footprint. Additionally, e-waste can be a valuable source for 
secondary raw materials. We should recycle old electronic systems by taking component materials and 
reprocessing it into the same material or breaking it down into constituent materials for reuse. Therefore, reuse 
and recycle ideas are applicable to almost all areas of technology and industry towards green technology 
adoption.  
 

 
 
Fig. 2: Benefits of using green technology San Murugesan, 2008. 
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C. Adoption Factors of Green ICT: 
 

1) The rapid growth of the Internet:  
 
 Nowadays, the users of the Internet are increasing rapidly over the globe for the latest facilities and 
services. To support these increasing numbers of users, many data centers are needed to provide continuous 
services that include communications for media, the computerization of business processes and applications, 
legal requirements for retention of records, and disaster recovery. It is estimated that Internet usage is growing at 
more than 10 percent annually leading to an estimated 20% for data center demand (Wong, H., 2007). Audio 
and video downloads, on-line gaming, social networks (facebook, twiter etc.), e-commerce, real-time 
communication system, and VoIP are the key drivers of the Internet. Moreover, most of the businesses depend 
on the Internet for their daily activities. Lastly, many states and local government agencies from many countries 
have been adopted e-government policies that utilize the web for public information, reporting, transactions, 
homeland security, and scientific computing (Fanara, A., 2012). 
 
2) Increasing number of power and cooling equipment: 
 
 To achieve a higher performance, more servers are needed to be installed with more memory capacity 
(Stanford, E., 2008; Wang, D., 2007). The numbers of data centers are increasing rapidly. The usage of more 
servers indicates of more energy consumptions. Therefore, the heating temperature is increasing and to keep it 
in normal mode, the use of cooling equipment is essentially needed. It is estimated that servers require 
approximately 1 to 1.5 watts of cooling for each watt of power used (Goodin, D., 2006).  
 
3) Increasing energy cost: 
 
 The energy cost is one of the most important factors to adopt green computation. Energy cost in ICT sector 
is increasing abruptly especially in data centers and telecommunications sectors.  
 
4) Low server utilization rates: 

 
 Data servers are increasing to achieve higher performances but servers are not utilized efficiently in terms 
of energy usages. The average rates of the server utilization are 5-10% for large data centers (Forrest, W., 2008). 
Low server utilization indicates that companies are overpaying for energy, maintenance, operations support, 
while only using a small percentage of computing capacity (Deloitte Touch Tohmatsu, 2009).  
 
5) Environmental awareness: 
 
 It is found that in 2007 there were around 44 million servers worldwide consuming 0.5% of all electricity.  
Data centers in the U.S. use more than 1% of all electricity (Dietrich, J. and R.  Schmidt, 2007). Carbon 
emissions are increasing and expected to grow at more than 11% per year from 80 metric megatons in 2007 to 
340 metric megatons by 2020. The customers are more conscious for environment and therefore, the 
stakeholders are taking strategies to support and cope with sustainable environment.  
 
D. Advancement towards Sustainable ICT: 

 
 Transitioning from traditional computing system to green computing has involved a number of strategies to 
optimize the efficiency of ICT equipment in order to lower the costs and minimize the impact on the 
environment. The adoption of green computing involves many improvements in terms of hardware and software 
that provide energy-efficiency services for data centers, equipment design, power management and cloud 
computing.  
 
1) Data center infrastructure: 
 
 Data centers are the most energy consuming equipment that includes chillers, power supplies, storage 
devices, switches, pumps, fans, and network equipment (Robert R. Harmon, 2009). Many data centers are old 
which consume more energy and inefficient in performance. These older data centers typically use 2 or 3 times 
the amount of power overall as used for the IT equipment, especially for cooling (Dietrich, J. and R.  Schmidt, 
2007).  Therefore, energy-efficient data centers have to be designed to replace the power hungry old data centers 
for higher performances.  
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2) Power management: 
 
 A recent research shows that power and workload management software could save $25-75 per desktop per 
month and more for servers (Wilbanks, L., 2008). It is advisable to the end users to use power mode efficiently 
so that less energy is consumed for the end machines. For example, a PC user could make the PC “sleep” or turn 
into “hibernate” mode when it is not use for a short time. This change is not only significant for an individual 
but also for the large scaled organizational enterprises. It will bring a significant change on electricity bill of the 
enterprise especially if the users keep practicing it. 
 
3) Product Design: 

 
 Design of an energy-efficient electric and electronic product has a great impact on energy consumptions. 
For instance, the performance of microprocessor is increased approximately at 50% from 1982 to 2002 with 
energy saving designs (Robert R. Harmon, 2009). Nowadays, multiple-core microprocessors have been 
designed to get higher performances with lower energy consumptions that run at slower clock speeds and lower 
voltages than single-core processors. Moreover, other ICT equipment especially the data centers also have been 
considered to be designed in energy-efficient with optimum performance.   
 
4) Cloud computing: 
 
 The term “cloud computing” refers to a computing model that aims to make high-performance computing 
available to the masses over the Internet (Ricadela, A., 2007). Cloud computing enables developers to create, 
deploy, and run easily scalable services that are high performance, reliable, and free the user from location and 
infrastructure concerns (Perry, G., 2008). The first cloud services were developed by companies such as 
Amazon.com, Sun, and IBM that offered virtual servers and storage that can be accessed on demand. This is 
often described as an updated version of utility computing—essentially virtual computing capacity where users 
pay for what they use when they need it (Robert R. Harmon, 2009). Cloud computing has many facilities 
including no upfront investment in infrastructure, servers, or software licenses; reduced operating expenses, 
end-to end business processes integrated with services anywhere/anytime; dynamically scalable infrastructure 
etc. (Reid, C. K., 2009). 
 
5) Thin Client: 
 
 Thin client’ approaches are already reducing lifetime use of energy and materials, as well as providing other 
benefits and should be considered for any applications that do not require large scale computing power. Thin 
clients are much lighter and more compact, and consist of fewer components yielding benefits with regard to 
transportation, disposal, and material inputs.  
 
III. Proposed Model towards Green Technology: 
  
 As green technology is becoming more popular among the consumers level, investors are planning and 
implementing new devices based on demand. Energy consumption is the basic concern to go for green concept. 
Reducing energy usage in all ICT sectors indicates improvement of green technology. The life cycle of green 
technology is described in figure 3. Green technology consists of several phases to be followed including green 
design, green manufacturing, green use, reuse, recycle and green disposal.  
 
A. Green Designing: 
 
 The infrastructure of all ICT components needs to be revised according to energy efficient approach both in 
hardware and software level. Electrical and electronic circuitry components of PCs, data centre, BTSs, those 
consume more energy need to be reduced at an expected level. Moreover, appropriate software also needs to be 
designed for efficient usage of electrical appliances.  
 
B. Green Manufacturing: 

 
 Based on the green design, hardware components of ICT equipment must be manufactured in 
environmentally sound ways. During the manufacturing phase, it consumes more energy and pollutes the 
environment. Considering the quality of the equipment, manufacturing a device must be done in eco-friendly 
way. Furthermore, the manufactured device must sustain for long time without affecting the environment.   
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C. Green Use: 
 

 Reduce energy consumption of ICT equipment including computers in an environmentally sound manner 
from individual to enterprise level. Users of the PCs can program computers to automatically power down to an 
energy-saving state when they are not using them. For example, it is estimated that providing computers with a 
sleep mode reduces their energy use by 60% to 70% (Fanara, A., 2007). 

 
Fig. 3: Proposed model for green technology. 
 
 Moreover, users might turn off the PCs when they are not using though this approach will not save much 
energy for an individual. However, for an enterprise level or large scale the amount will be significant. Blank 
screensaver is more effective than a moving screensaver that reduces a small percentage of energy. 
 
D. Reuse and Recycle: 

 
 It is a common phenomenon that the users always tend to buy new products especially the technologically 
equipment. The users very often use the full life cycle of a PC, laptop, handset, printer, etc. Reusing the ICT 
equipment in every level with required quality and recycle the internal components for further use can advance 
the green concept to the sustainable development. Manufactures must consider this issue while they design and 
manufacture any new device.  
 
E. Green Disposal: 

 
 After reusing and recycling the materials of ICT, the remaining stuff should be disposed in a wise manner 
that the environment and the people cannot be affected for its harmful chemicals.  
 
Proposed Strategic Model: 
  
 It is not possible to achieve sustainable IT overnight, but it requires long-term commitment and changes. 
This in turn requires its embedding into activities and systems, those involved within ICT stakeholders and in 
other areas of the organizational institutions. A strategic model in figure 4 is proposed in this paper to adopt 
green computing for sustainable ICT. The contribution from an individual to the governments results to the 
improvements towards the sustainable ICT. All of them can influence and motivate to achieve the goal.  
 There are three categorized influencing factors namely; individual, organizational and external influences. 
Customers, employees, suppliers and competitors are individually influence towards sustainable ICT 
developments. Their awareness is the most important influencing factor that will lead to the motivation of the 
external influences. The external influences come from our economy, technology and the environment. These 
three factors motivate the authorized bodies to take necessary strategies and policies for achieving the goal. 
Organizational influences group includes governments, communities, NGOs and political groups who lead the 
society. They have the power and responsibility to take the strategies and actions for the sustainable ICT 
developments. 
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Fig. 4: A strategic model for sustainable ICT. 
 
Result and Discussion  
 
 A survey has been conducted among a total of 190 students and staff from different faculties of 
International Islamic University Malaysia (IIUM) to evaluate awareness of energy shortage and green adoption 
in coming future especially in the field of ICT. The survey questionnaires have been distributed among eight 
disciplines namely; Engineering (ENGIN) and architecture (KAED),  Kulliyyah of Revealed Knowledge and 
Human Sciences (KIRKHS), Economics (ECON), Ahmad Ibrahim Kulliyyah of Law (AIKOL), Administration 
(ADMIN), Kulliyyah of Medicine (MEDICINE), Institute of Foreign Language and Advancement (IFLA) and 
Kulliyyah of Information and Communication Technology (KICT). The survey form was designed with some 
structured questions and the key results have been retrieved from the survey.  
 Table 1 shows the statistics of awareness among IIUM students and staff in different levels. The assessment 
has evaluated in terms of percentage of total responded interviewees. It can be seen in the table that most of the 
interviewees are concerned about energy shortage; specifically, the postgraduate students and staff with 
percentage of and respectively. There were few numbers of students that know about green energy and how to 
adopt green energy in their daily lives. Table 2 shows the result of awareness of green adoption among students 
and staff from different faculties.  
 
Table 1: Energy Awareness among students and staff. 

 ENGIN 
& 
KAED 

KIRKHS ECON AIKOL ADMIN MEDICINE IFLA ICT Grand 
Total 

Undergraduate 16/20 
(80%) 

7/10 
(70%) 

8/10  
(80%) 

3/10 
(30%) 

* 12/15 
(80%) 

6/10 
(60%) 

8/10 
(80%) 

60/85 

Postgraduate 17/20 
(85%) 

7/10 
(70%) 

12/15 
(80%) 

6/10 
(60%) 

* 3/10 
(30%) 

* 9/10 
(90%) 

54/75 

Staff * * * * 27/30 
(90%) 

* * * 27 

Grand Total 33 14 20 9 27 15 6 17 141/190 
* Represents no interviewee  

 
 According to the result, about 50% interviewees are not concerned about green energy and some of the 
interviewees mentioned that the “green energy” term is new to them. A short briefing was delivered to them and 
makes them aware about green energy. Personal and group discussions have been carried out among the 
students to inform about green energy and green adoption in near future.   
 A question has been asked to the interviewees about the reduction policy of the CO2 and the results are 
categorized in figure 5 in terms of male and female from different levels, namely undergraduate, postgraduate 
and staff. 
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Table 2: Awareness of green energy adoption among students. 
 ENGIN 

& KAED 
KIRKHS ECON AIKOL ADMIN MEDECINE IFLA ICT Grand 

Total 
Undergraduate 13/20 

(65%) 
5/10 
(50%) 

6/10 
(60%) 

3/10 
(30%) 

* 11/15 
(45%) 

3/10 
(30%) 

2/10 
(20%) 

43/85 

Postgraduate 14/20 
(70%) 

4/10 
(40%) 

6/15 
(40%) 

6/10 
(60%) 

* 2/10 
(20%) 

* 4/10 
(40%) 

36/75 

Staff * * * * 18/30 
(60%) 

* * * 18/30 

Grand Total 27 9 12 9 18 13 3 6 97/190 
* Represents no interviewee  

   
 

 
 
Fig. 5: Awareness of CO2 control policy in ICT sector. 

 
 Those who are familiar with green energy, they replied that CO2 can be reduced in the field of ICT. 
According to figure 5, 24 male out of 40 undergraduate students and 26 female out of 45 students agreed that 
they are concerned about environmental sustainability. Postgraduate students are more concerned on green 
environmental issues where 26 out of 40 male and 21 out of 35 female students know the ways to reduce CO2 in 
the field of ICT. 14 out of 15 male and 13 out of 15 female of the IIUM administrative staff are familiar about 
the green environment and green adoption that helps to reduce CO2 in the field of ICT. Willingness of green 
energy adoption has been assessed among the male and female students from different disciplines. Most of the 
interviewees have agreed to adopt green energy in their future activities. Figure 6 shows the statistical results 
about green adoption in future.  
 

 
Fig. 6: Willingness of Green Adoption. 
 
 CO2 is considered the most harmful substances in the energy industries. It is one of the main reasons of 
global warming and green house effect. Therefore, it needs to be mitigated in every sector. As ICT is a rapid 
growing industry, the energy must be used in an efficient ways. Figure 7 addresses the ways of CO2 reduction 
policies that includes three policies, namely; use energy efficient devices, consume less energy in ICT devices 
and switch off the devices when not in use. The 27% interviewees responded that they can reduce CO2 by using 
energy efficient devices. 42% replied that they are ready to use less energy consumed ICT devices and 31% 
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switch off the ICT devices when not in use. This guidelines and commitment could improve green adoption 
strategy by implementation of CO2 reduction policy.    
 

 
Fig. 7: Ways of CO2 reduction policy. 
 
 Another interesting question was asked to the students and staff, “do you switch off your room’s light and 
fan when you are NOT in the room?” Most of the interviewees replied that they switch off the lights and fan 
while they are not in the room. Two options were given, for those who do not do this job namely; “I am NOT 
paying the bill and I am very lazy”. Some replied both of the answers and some replied “they are not paying the 
bill”. The lacking of this awareness is very crucial to adopt the green concept. From this question, we can say 
that students are not concerned about energy shortages, green energy and how to adopt and practice it in their 
daily lives. Therefore, some recommendations have suggested to make the students aware of this matter.  

 Need to include this topic in a syllabus, taught at schools, colleges universities etc. 
 Teachers, lecturers can educate, influence and motivate the students about this issue 
 Individual presentation, group discussion, writing competition also can be organized  
 Green Energy adoption exhibition also can be organized 
 This issue can be included in the islamic talk like “tazkirah” 

 
 The aims of this survey are to make awareness about green energy for the sustainable development. 
Therefore, first two sections were designed to be getting familiar with “green energy” terms and its effects on 
the environment. These sections give an overview on how traditional energy generation system makes the 
environment polluted by generating CO2 and other harmful gases. Moreover, it also addresses the issue on how 
ICT industry can help to reduce energy consumption in future. Figure 8 shows the attitudes of the students and 
staff whether they are willingly ready to use energy saving modules for less energy consumption or not. Six 
attitudes are labeled in the graph and most of the interviewees responded that they are either mildly or strongly 
agreed with respective issue. More than 80% interviewees committed that they will use energy efficient devices, 
therefore great improvement towards green adoption can be achieved.  
 

 
Fig. 8: attitudes of students/staff towards green adoption. 
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IV. Recommendations for Sustainable Green ICT : 
 

 A recent study estimates that personal computing accounts for around 50% of ICT-related electricity 
consumption in large enterprises. Much of this is wasted, because many devices are energy inefficient and are 
often left switched on when not in use at night or during holiday. Moreover, they use the computer more often 
than it is required for the activities they are undertaking. Some recommendations and guidelines are provided for 
green ICT adoption.  
 Strictly need to follow 3R formula that includes recycle, reduce and reuse. Green ICT needs to be 

adopted from production to disposal that consists of green design, green manufacturing, green use and 
green disposal (Mosharrof Hussain Masud, 2012).  

 A strategic approach to personal computing is required to reduce the ICT wastage by building awareness 
support and motivation amongst all level of users. 

 Purchase appropriate hardware and software, and especially models which are at a minimum Energy Star 
4.0 compliant. 

  Need to develop a green printing strategy, maximizing print substitution, digital effective document 
management, proper and efficient use of the devices; and building user support. 

 Purchasing appropriate equipments involving careful definition of basic equipment needs, using relevant 
procurement standards, and assessing vendor commitment to sustainability  

 Reducing energy consumption by enabling and using power management, and by switching equipment 
off to a greater degree to achieve the goal. 

 Reducing paper and consumables usage: by purchasing recycled and/or lighter weight paper, encouraging 
more paper efficient printing, and other means. 

 
Conclusion:  
 
 The adoption of green ICT is one of the important factors to achieve sustainable development in near future. 
It is a long term and continuous process from an individual to the top level organizational authorities where 
everyone needs to be concerned regarding this issue. All parties related to ICT industry like ICT manufacturers, 
vendors, service providers have to develop the green computing systems for the users and need to motivate 
them. Individual awareness is one of the key features for green ICT adoption. A green conceptual and a strategic 
model are proposed for sustainable development. The survey results have shown that some interviewees do not 
even know anything about green ICT and its adoption. Therefore, different sorts of awareness needs to be done 
in the society including throughout the electronic and print media.  
 
References 
 
San Murugesan, “Harnessing Green IT: Principles and Practices”, IEEE Computer Society,  January/February-

2008 
Milan Jain, Adoption of Green Technology and Safety of Wireless Network, India. (presentation). 
Peter James and Lisa Hopkinson, 2009. a final report on Sustainable ICT in Further and Higher Education,.  
White Paper on Sustainability and ICT, Published by: T-Systems International GmbH, Germany.  
Emmenegger, M., et al., 2004. Life Cycle Assessment of the Mobile Communications System UMTS, ESU-

Services, Motorola, Swisscom, Deutsche Telecom, LCA Case Studies. 
Singh, R., "Wireless Technology: To Connect the Unconnected," Unpublished presentation. 
Zhang, Yi, Pulak Chowdhury, Massimo Tornatore and Biswanath Mukherjee., 2010. “Energy Efficiency in 

Telecom Optical Networks”, IEEE Communications Surveys & tutorials,. 
The World Telecommunication/ICT Indicators Database," International Telecommunications Union, 2007. 
Sistek, H., 2008. "Green-tech base stations cut diesel usage by 80 percent," in CNET News Green Tech.,  
Lamour, C., 2008. "Energy Consumption of Mobile Networks," in The Basestation e-Newsletter. 
Ericsson, "Green Power to Bring Mobile Telephony toBillions of People," 2008. [Online]. Available: 

http://www.ericsson.com/ericsson/press/videos/2008/081215-green-power.shtml. [Accessed on January 
2012]. 

"Core 5 - Green Radio: Programme Objectives and Overview," Presentation from Mobile VCE. 
Gerhard Fettweis, Current Frontiers in Wireless Communications: Fast & Green & Dirty, Vodafone Chair 

Mobile Communications Systems. 
Azeddine GATI, sustainable ICT models and trends, Research and Development, Group France Telecom. 
T-Systems and Intel 2010. 
White paper on DataCenter 2020, T-Systems and Intel 2010. 
http://urbangreenproject.org. 



4853 
J. Appl. Sci. Res., 8(9): 4842-4853, 2012 

Wong, H., 2007. “EPA Datacenter Study IT Equipment Feedback Summary,” Intel Digital Enterprise Group, 
Cited in: Report to Congress on Server and Data Center Efficiency Public Law 109-431, U.S. EPA Energy 
Star Program,. 

Fanara, A., Report to Congress on Server and Data Center Efficiency: Public Law 109-431. U.S. Environmental  
Protection Agency: Energy Star Program, 133 pages, 2007.  Retrieved February 5, 2012 from 
http://www.energystar.gov/ia/partners/prod_development/downloads/EPA_Datacenter_Report_Congress_F
inal1.pdf. 

Stanford, E., 2008. “Environmental Trends and Opportunities for Computer System Power Delivery,”  
Proceedings of the 20th International Symposium on Power Semiconductor Devices & ICs,: (1-3): 18-22.  

Wang, D., 2007. “Meeting Green Computing Challenges,” Proceeding of the International Symposium on High 
Density Packaging and Microsystem Integration, 2007 (HDP ’07), IEEE. 

Goodin, D., 2007. “IT Confronts the Datacenter Power Crisis,”  InfoWorld, October 6, 2006, 
www.infoworld.com. 24, Lawton, G., “Powering Down  the Computing Infrastructure,” Computer, 40(2): 
16-19. 

Forrest, W., J.M. Kaplan and N. Kindler, 2008. “Data Centers: How to Cut Carbon Emissions and Costs,  The 
McKinsey Quarterly, 14. 

Deloitte Touch Tohmatsu, 2009. “The Next Wave of Green IT,” CFO Research Services, Boston: CFO 
Publishing Corp, PP: 32. 

Dietrich, J. and R.  Schmidt, 2007. “The Green Data Center,”  IBM Global Services, white paper, PP: 21. 
Robert, R. Harmon, Nora Auseklis, Sustainable IT Services: Assessing the Impact of Green Computing 

Practices, PICMET 2009 Proceedings, August 2-6, Portland, Oregon USA © 2009 PICMET. 
Dietrich, J. and R.  Schmidt, 2007. “The Green Data Center,”  IBM Global Services, white paper, PP: 21. 
Wilbanks, L., 2008. “Green: My Favorite Color,” IT Professional, pp: 63-64. 
Ricadela, A., 2007. “Computing Heads for the Clouds,” Business Week,  www.businessweek.com. 
Perry, G., 2008. “How Cloud & Utility Computing are Different,” Giga OM, Retrieved March 5, 2009 from: 

http://gigaom.com/2008/02/28/how-cloud-utility-computing-are-ifferent/ 
Reid, C.K., 2009. “SaaS: The Secret Weapon for Profits (and the planet),” Econtent Magazine, pp: 24-29. 
Mosharrof Hussain Masud, Noreha BT Abdul Malik, Md. Khaled Shukran, Evaluating the effectiveness of 

energy efficient and eco-leveling ICT infrastructures for environmental sustainability, 3rd International 
Conference on Engineering and ICT (ICEI2012), Melaka, Malaysia. 4-6.  


