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Abstract

Third world countries use ICT to improve the quality and equity of
their health care. The problem however is that because of the increas-
ing use of ICT, the electricity costs rise along. To solve this problem
IICD wants to implement more cost effective ICT practices in Tanza-
nian health care centers. This thesis aims at finding a suitable method
for comparing Green ICT practices from an economic point of view.
It does so by comparing four practices; power management, desktop
virtualization, thin client networks and using more electricity efficient
hardware, in order to find a suitable solution for Tanzanian health care
centers.

To compare the Green ICT practices the e3value methodology is
used. The results of this research point out that using desktop virtu-
alization is the most cost effective solution. When combining desktop
virtualization with other Green ICT practices they turn out to be less
cost effective, probably due to the investment needed for those other
Green ICT practices.
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1 Introduction

It is a fact that the electrical electricity costs are decreasing when using a
Green ICT practice instead of a non-green practice. However the question
is which Green ICT practice (hereafter GIp) would behave most efficient in
what environment? Another relevant aspect to consider would be the in-
vestment(s) those practices often require. It is evident that the GIp chosen
should be the one that behaves most cost effectively with regard to invest-
ments as well as usage in order to reduce all costs most. A GIp is cost
effective if the investment is as low as possible and the return on invest-
ment(s), ROIs, is as high as possible.

This thesis reports on the research that is conducted to find the most cost
effective GIp for a given situation. The main question of this research is
’how to compare green ICT practices’. More specifically the research will
focus on four given GIp for the health care sector of Tanzania.

The next chapters will provide some information on the health care in Tan-
zania and the organization that supported this research, IICD. After that
the four GIp’s that IICD listed will be described as well as the methodology
used for the research. Then the research itself will be described and the
thesis will be finalized with the discussion and conclusion of the research.

2 Context

It has become more recognized ICT can help countries develop better and
faster [1]. The focus here is on the development of the health care. Develop-
ing countries often have poor health care and would benefit a great deal from
integrating ICT into their health care systems. However, a difficulty they
face is the limited budget available. The budget often depends on funding
they receive. The ICT practices they implement consume a lot of electricity
which causes increasing electricity bills that they can not afford. As a result
the demand for more electricity efficient, hence ’Green’, ICT practices is
increasing.

IICD, works together with developing countries to improve their health care
by implementing ICT practices. To decrease the electricity consumption of
those practices, IICD wants to focus more on GIp’s they can implement.
They made a selection of four possible GIp’s available for them to imple-
ment; thin client networks, power management, desktop virtualization and
more electricity efficient hardware. These practices are particularly selected
because they require relatively low investment.
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At this point they do not know which practice would be most cost effec-
tive in terms of investment as well as business process change needed. By
modeling the value exchanges that occur when a GIp is being applied, an
estimation of investment and ROIs can be made. Because the ROIs of differ-
ent GIp’s in the health care sector of Tanzania can be foreseen, it becomes
possible to compare the economic value of different practices and select the
best one. The value exchanges that occur during the process will be modeled
by with the e3value methodology.

3 Tanzanian Health Care

The United Republic of Tanzania is an independent country in the east of
Africa. In 1961 Tanzania, called Tanganyika back then, became an indepen-
dent country and in 1964 the Republic of Tanganyika and the Republic of
Zanzibar and Pemba united. These together formed the United Republic of
Tanzania. Since independence in 1964 Tanzania has struggled to improve
its health services. Although during the late 70s the service level in health
was relatively high, the health sector collapsed because of economic prob-
lems and structural adjustment. The number of health workers dropped
significant and available material decreased. The health care expertise in
Tanzania is centered in the cities. However, the majority of the popula-
tion (about 70%) lives in rural areas far away from the cities and therefore
isolated from the health care expertise [2].

figure 1: health care numbers Tanzania[3] figure 2: health care numbers the
Netherlands[4]

As you can derive from figure 1 and 2 the health care in Tanzania is still poor
(numbers from 2010) compared to western countries like e.g. the Nether-
lands. The figures show that now a days still only 26% of the population
of Tanzania live in urban areas where health care access is easier. Also the
numbers of mortality in general, HIV and tuberculoses are not only higher
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than they are in the Netherlands but also than the global average.

Several organizations work on helping health care develop and thereby im-
proving it, using ICT is one way to do this. IICD wants to improve the
quality of the health care and make it equally available to all by using more
ICT in the health care centers. This has already been very successful with
the introduction of telemedicine and the Hospital management Information
Systems (HMIS) in Tanzania.

To improve the quality of diagnosis telemedicine for example is being used.
By using telemedicine, patients can get specialist consultations in their own
hospital using the Internet. The main advantage is that the patient is di-
agnosed faster which can be very important in some situations. Also the
patient does not need to travel to the cities which saves time and money
and makes good health care more equally available to all.

Furthermore Hospital Management Information Systems (HMIS) have been
implemented in Tanzanian health care centers. A sample of a HMIS used is
the Tanzanian version of Care2X, which is a open source HMIS used in sev-
eral countries over the world. The Tanzanian version of Care2X was adapted
to the country’s specific hospital requirements. Care2X is a client/server
software that is scalable to any number of computers [5]. According to IICD,
satellite Internet connectivity in Tanzania is already in place (as result of
an earlier project) in all health care centers. The HMIS project that imple-
mented Care2X software also provided servers, printers and power backups.
However, the health care centers themselves were responsible for providing
computers and the replacement of its hardware.

The problem they are facing now is that the electricity consumption is in-
creasing as ICT-use is increasing. IICD wants to make it possible for health
care centers in Tanzania to keep using ICT and to even increase the usage
of ICT. The only way that will be possible, in the vision of IICD, is to make
ICT practices available to Tanzanian health care centers that performs the
same but consumes less electricity. The solution is making ICT ’greener’,
hence more electricity efficient.

4 IICD

Below you will find a brief description of IICD and its actions. IICD, In-
ternational Institute for Communication and Development, is a non-profit
foundation that specializes in the use of ICT (Information and Communica-
tion Technology) to help third world countries develop. IICD was founded
in 1996 by the Netherlands Ministry of Foreign Affairs. IICD believes that
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with the help of ICT a world can be created where there is health, wealth
and knowledge equally available to all people. IICD’s mission is to help 10
million people with low incomes in Africa and Latin America create oppor-
tunities to shape their future and their society through access to- and use
of ICT [6].

IICD collaborates with local partners from the non-profit-, public- and pri-
vate sector that have the same ideas and believes to meet their goals. IICD
works with these partners by identifying where the use of (better) ICT can
have most impact and help them to start up and maintain a project. This is
done by consulting, supporting, training, coaching, evaluating and monitor-
ing them and providing startup funding. The projects IICD supports can
be divided into four main sectors; health, education, gender and economic
development. IICD’s largest five-year program, Connect4Change, started in
2011. Connect4Change is a consortium of IICD, Akvo, Cordaid, Edukans,
ICCO and Text to Change. The Connect4Change program its main objec-
tives for 2011-2015 were to [7]:

• Use ICT to improve the lives of farmers and entrepreneurs. With
access to ICT there is access to information on markets and means to
raise productivity

• Use ICT to improve the quality of primary and secondary education.

• Use ICT to improve health care systems

IICD operates in Bolivia, Burkina Faso, Ethiopia, Kenya, Ghana, Malawi,
Mali, Peru, Tanzania, Uganda and Zambia [5].

Health

To narrow the scope in this thesis we will focus on IICD’s health sector with
its ICT4Health program as part of the Connect4Change program. As the
Center for Global Health and Economic Development of Colombia Univer-
sity states, health is not only a basic human right but also a key precondi-
tion to economic development. For example, the burden of disease in some
low-income regions is a major challenge to that country’s economic growth
[8]. Health influences human welfare and economic and social development,
therefore it is essential to promote and protect health [9]. The World Health
Organization states that achieving good health care requires the availability
of well trained and qualified health practitioners at health care facilities.

Because access to good health care is still limited and far from equal to
all, the ICT4Health program’s goal is to improve effectiveness, efficiency
and equality of health care systems. By integrating ICT in health care,
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more efficient management systems can be created and better qualified hu-
man resources become available.

Four areas where ICT is expected to have a large impact on health care
were identified [5]:

• Using ICT to make an accurate collection of health data to support
home-based care and planning by health institutions

• Using ICT to provide relevant information in the form of prevention
campaigns to stimulate healthy practices

• Using ICT to provide better and more continuous training to health
care practitioners

• Using ICT to record patient data and information with as outcome
more support for health planning and management

Examples of the already applied usage of ICT in health care are:

• Sending teenagers text messages that educate them about pregnancy,
sex, HIV and AIDS

• Using ICT to connect health care experts to rural hospitals, this is
called telemedicine

• Making a central patient database

The ICT4Health program serves six countries; Ghana, Malawi, Mali, Tan-
zania, Uganda and Zambia [5].

5 Green ICT practices

All ICT practices consume electricity. As the worlds natural resources are
being drained, electricity becomes more expensive and people are becom-
ing more aware of the electricity they use. Demand for GIp’s is increasing.
These GIp’s are sustainable and electricity efficient ICT Practices.

IICD selected a number of different GIp’s which they are considering to
implement. Below you will find a description of the GIp’s that IICD listed
together with their advantages and disadvantages:

Thin-client networks
A thin client network is a network where a low-end terminal (i.e. the
client) uses a central server for the computing capabilities. The server
is a a high-end computational cluster that can serve more than one
computer at the same time. Thin client computers consume about a
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fifth of what a normal computer consumes [10].

Thin client networks would be a good solution for the use of a HMIS
because the task within the HMIS are not very complex and the com-
puters do not need to be able to run anything else than the HMIS.

The most important advantage of a thin client network with respect
to this research is that the clients do not consume a lot of electricity;
hence they are greener than the normal, fat client network. An other
advantage for sustainability is that the thin client computers will have
a longer lifetime because they have no moving parts which can break
like a hard drive and fan [11].

A disadvantage is that setting up a thin client network requires addi-
tional equipment that needs to be bought. In case of multiple servers
the server equipment needs to be cooled by external equipment, this
can be very expensive in a country like Tanzania where the annual
temperature (except in the highlands) is around 27 degrees Celsius.

Power management
Power management is a feature of an electric device that turns the
system off or switches it to low power settings what inactive. Power
management for computer is a mechanism to control the power use of
its hardware. This mechanism is a piece of software that is called the
Advanced Configuration and Power Interface (ACPI). An ACPI gives
access to control over the power consumption of its underlying hard-
ware. The ACPI allows the computer to turn off different components
when inactive. That ACPI has to be configured in advance because
by otherwise it will keep the default settings. Most computer have an
ACPI built in, however if they do not have that or need ’better’ power
management there is a lot of other power management software on the
market.

Next to adjusting the settings of the ACPI one can also make an
effort for sustainability by switching the computer on and off. The
electricity consumption of a computer ranges between 80 Watts and
250 Watts. When a computer is on the ’sleep’ mode its electricity
usage decreases by 50% to 90% [12]. This means that when switching
the computer entirely off is not an option a good alternative to reduce
the electricity consumption is putting to computer in sleep mode.

An advantages of computer power management is the decrease of elec-
tricity consumption by the computer itself and the cooling system.
The computer consumes less electricity, because of the power manage-
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ment, and therefore also less heat. The cooling needed for the comput-
ers will decrease because they produce less heat, hence the electricity
consumption of the cooling decreases too.

The main disadvantage of computer power management is that the
decrease in electricity consumption highly depends on the user’s be-
havior. The computer is able to turn off hardware components when
they are inactive but in order for it to do so the power setting have to
be adjusted accordingly. Next to adjusting the power settings the users
need to be aware of the electricity they consume and what they can
do to lower that consumption, like switching the computer off, turn-
ing the monitor off etc. An other possible disadvantage of computer
power management is that additional power management software has
to be bought when a computer doesn’t support power management or
a more professional tool is needed.

Remote desktop virtualization
Garner defines desktop virtualizaion as follows, ”Desktop virtualiza-
tion is a technology that decouples a PC desktop environment from a
physical device so that the virtual machine (VM) of the PC desktop
stored in a centralized server can be accessed from a remote client
device through a network” [13]. Remote desktop virtualization, or
server-based virtualization, means that the server hosts the entire vir-
tual desktop. The local client sends all user input to the server us-
ing the network. The server then processes the inputs and sends the
’updated’ virtual desktop back to the client. Remote desktop virtu-
alization requires a high-quality network and a possible investment in
hardware for the server.

Remote desktop virtualization has many advantages and disadvan-
tages. The ones that are listed here are the ones that are relevant to
this research.

The advantage of remote desktop virtualization is that less electric-
ity is being consumed.

The disadvantage of remote desktop virtualization is that when us-
ing remote desktop virtualization, the use of the virtual machines de-
pends on the network quality. When there is a network loss the virtual
machines will not be able to run anymore.

Electricity efficient hardware
There are many different forms of electricity efficient hardware like
electricity efficient monitors and Network Attached Storage (NAS) de-
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vices. IICD is already familiar with NAS devices because some health
care centers already started to use NAS devices. Because there is such
a wide variety of electricity efficient hardware, and they can not be re-
searched all in terms of time available, this research narrows its scope
to electricity efficient monitors.

Electricity efficient monitors are monitors that consume less electricity
than normal computer monitors. There is a broad range of computer
monitors available, the normal CRT monitor consumes 60 watts to
80 watts while for example a LCD monitors consume 25 watts to 50
watts. As the monitor of a desktop consumes a large part of the to-
tal electricity the desktop consumes it might be beneficial to invest in
more electricity efficient computer monitors.

An advantage is that these monitors are more electricity efficient and
they don’t require extra training of the employees.

A disadvantage is that electricity efficient monitors are more expensive
than normal monitors.

6 Methodology

To conduct this research the e3value methodology is used. In his PhD
thesis Jaap Gordijn presents a number of predefined viewpoints which can
be used for e-commerce idea exploration. One of those viewpoints is the
value viewpoint. The focus of this viewpoint is on the way economic value is
created, distributed and consumed. Representation of the value viewpoint
can be done by using e3value models. The e3value modeling technique
produces a so called value model. A value model contains amongst other
things actors, value objects, value offerings and value exchanges, all to be
briefly explained below.

Value objects
value objects are objects that are exchanged between actors and is of
economic value for at least one of the two actors involved

Value offering
value offerings model what an actor offers or requests from the envi-
ronment

Value exchange
Value exchanges represent one or more potential trades of value objects
between value ports
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Actor
Actors are independent economic entities that should be capable of
making a profit

A value model shows the exchange of objects of value and therefore how eco-
nomic value is created, distributed and consumed in a multi-actor network.

After the value models of all different scenarios have been made, profitabil-
ity sheets can be generated. The profitability sheets summarize exactly the
values that flow in and out. When economic value is assigned to all incoming
and outgoing value objects the profitability sheets calculate the profitability
for each actor. In this research the results of these sheets will be represented
in graphs.

In order to get the information that is needed to model the processes as
accurate as possible logical reasoning and literature studies are used.

7 Research

This chapter will describe the research and its various steps. A lot of data
needed for the research is based on literature research and logical assump-
tion. The reason for this is that the communication with IICD wasn’t opti-
mal.

This research will focus on comparing GIp’s for health care centers in Tanza-
nia with as goal to investigate whether the e3value methodology is a suitable
method to compare different GIp’s. The generalization of the outcome of
this project will be done later on in this report.

Electricity consumption and price today

A desktop computer consumes on average about 65 to 250 Watts per hour
[12]. Because it is uncertain what kind of computers rural hospitals use and
what their electricity consumption is, an average of the mean of 65 watts
an hour and 250 watts an hour is assumed; 157,5 watts an hour. When the
desktop is on sleep or standby (from hereon called idle) it consumes about
1 to 6 watts an hour [12]. So again the mean is being used; 3,5 watts an hour.

According to Rajesh Chheda [14] a typical server consumes 383,75 watts
when idle and on average 454,39 when active.

A typical 17” monitor consumes about 80 watts an hour and when at sleep
on average 0 to 15 watts an hour [12]; making an average of 7,5 watts an
hour.
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For both monitor, server and desktop computer it is evident that the power
consumption is 0 watts when turned off.

The electricity consumption of the mice and keyboards is already calcu-
lated in the computers consumption because it is assumed that all mice and
keyboards are connected to the computer by USB and therefore get their
electricity through the computer.

Table 1: Electricity usage per device in watts per hour (watts/h)

Active Idle Off

Computer 157,5 3,5 0
Monitor 80 7,5 0
Server 454,4 383,8 0

According to a study in human resources for health care delivery in Tanza-
nia [15] nurses spent an average of about 7 hours day at their health facility,
of which 4 hours were considered productive. Of this productive time it is
estimated that the computer was actively being used for about 3 hours. For
about 4 hours it is not necessary to use the computer so the computer is idle.

For this study it is assumed that a health care center has opening times
from 09.00 AM to 18.00 PM, making a total of 9 hours a day. In those 9
hours it is assumed, based on the study mentioned above, that the com-
puter, and therefore also the server, is actively being used for about 5 hours
a day. The other 4 hours the computer and the server are not being used,
hence idle.

Table 2: Electricity usage per device in watts per day (watts/d)

Active Idle Off

Computer 787,5 14 0
Monitor 400 30 0
Server 2271,95 1918,75 0

To determine which GIp is most cost effective the present electricity and
the price of that usage has to be known. Assumed is that a rural hospital
with one doctor will at least need three computers and one server. One each
for the administration and laboratory and the doctor. For this research a
fictitious health care center with four computers will be used.
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Table 3: Electricity usage in watts per day (watts/d) for the health care center

Active Idle Off Total

Computer 3150 56 0 3206
Monitor 1600 120 0 1720
Server 2271,95 1918,75 0 4190,7
Total 7021,95 2094,75 0 9116,7

It is assumed that the health care center is closed in the weekends so that
means it is open for five days a week. The IT equipments is turned off in
the weekends and after working hours. To give the result of this research
more meaning in the long term, time intervals of a year have been chosen
for the model. For this research a period of 20 years is being examined.

TANESCO is the government owned electricity provider in Tanzania and
thereby also the only electricity provider. TANESCO uses four electricity
tariffs based upon the electricity consumption. The IT equipment of the
health care center consumes 200,57 KWh a month (30 days; 22 weekdays
and 8 weekends). Since the health care center also has, next to IT equipment,
other electricity consuming devices it is assumed that the health care center
consumes more than 283.4 kWh- and doesn’t consume more than 7,500kWh
per meter reading period (assumed to be a month, 30 days). This means
that the health care center falls under tariff 1 for electricity.

Table 4: TANESCO’s tariffs for general usage (T1) per meter reading period

[16]

TZS EUR

Service Charge per Month 3841 1,81
Energy Charge per kWh 221 0,10

For this research the service charge is not taken into account because this
charge does not depend on only the IT equipment electricity consumption.

Cost of the IT equipment
As already stated earlier it can be assumed that all needed IT equip-
ment is already in place in the health care center for about 3 years as
a result from a previous project. However, this equipment has to be
maintained/repaired or replaced. Mice, keyboards and monitors are,
when handled with care, products that can have a very long lifetime.
In this research mice and keyboards are replaced after 8 years. A com-
puter will also be replaced after 8 years for this research. The same
goes for a server.

Maintaining monitors, computers and servers can be done in-house
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or by IICD. Maintenance requires time and, even if done in-house or
by IICD employees, the time spent by those employees must be con-
sidered. The cost of the maintenance will be the number of hours
spent, times the hourly wage of an employee of the health care center
or IICD. Because it is assumed that maintenance is not needed very
often and does not take very long the money spent on maintenance is
assumed to be negligible.

A very basic second hand desktop computer can be found for about
25 EUR already and a server for about 150 EUR. A monitor costs
about 20 EUR, a mouse about 5 EUR and a keyboard about 12 EUR
[17]. Although this research is researching the situation in Tanzania,
for generalization the prices are in euro’s (EUR).

Because a IT equipment is already in place for about three years ev-
erything can stay in place for an other five years and will have to be
replaced after that.

The e3value model of this situation looks as follows:
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figure 3: e3value model present situation

All knowledge about value exchanges is implemented in the model. The
model implies that the electricity provider provides electricity for 0,10 EUR
per KWh, what the server, computers and monitors consume per year and
what the IT equipment costs. As the maintenance of the IT equipment is
assumed to be either done in-house of by IICD it is assumed to be negligible
and therefore not modeled.

Electricity consumption with thin client network setup

To setup a thin client network you need thin client devices and a host, a
server. A thin client device can either be bought or made. An old PC can be
recycled to make a thin client device of it. However, it won’t be as electricity
efficient as a real thin client will be so this research will focus on real thin
client devices.

A thin client consumes between 6 watts to 50 watts an hour [18]. Tak-
ing the mean of this makes that this research will use 28 watts/h as the
electricity use of a thin client and when idle about 3,5 watt. It is assumed
that the server in place is suitable to be the host of a thin client network.

Table 5: Electricity usage in watts per day (watts/d) for the health care center when
using thin clients

Active Idle Off Total

Computer 560 56 0 616
Monitor 1600 120 0 1720
Server 2271,95 1918,75 0 4190,7
Total 4431,95 2094,75 0 6526,7

Table 5 shows the amount of watts the health care center uses per day for
all IT equipment.

Cost of the IT equipment
A thin client device can be bought (second hand) for around 60 EUR
[17]. Thin client have a longer life cycle than normal computer because
they contain less sensitive components. For this research thin clients
will need to be replaced after 10 years. The monitors and peripherals
can be reused and any needed software can be downloaded open source
from openthinclient.org.

The e3value model of this situation looks as follows:
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figure 4: e3value model with thin clients

The thin clients are implemented by IICD or technical people from the
health care center and therefore it is assumed to be negligible. Any training
that employees need in order to work efficiently with the thin clients is given
by IICD, because IICD is a non-profit organization it is assumed that the
training is free of charge.

Electricity consumption with power management

When the power setting of the IT equipment is adjusted to a more electric-
ity saving mode this means that certain parts, that are not in use at that
moment, are turned off and that the operational frequency of the CPUs and
other components is reduced which makes them work at a lower speed, thus
reducing computational power and consuming less electricity. The ACPI is
a power management software that is already build into most computers.
The ACPI enables you to manage the power consumption of your computer
and hereby reducing it. Within the ACPI it is possible to create your own
schema for the power management of that computer according to your own
need. Various different components of the computer as well as the monitor
can be managed independently.

It is quite likely that ACPI settings have already been changed to more
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power efficient ones. That is why this research focuses on third party soft-
ware to manage the power settings called ’Granola’. Granola is an intelligent
power-management application that uses predictive algorithms to match the
computing capability to the demand, with the goal to reduce the power con-
sumption. The company claims that when using Granola, the computer can
save around 14% of its original consumption when performing simple task
like editing in Microsoft Word or Excel [19]. The HMIS that the health care
center uses for most of it’s tasks can be seen as a lightweight application like
Excel and thus the power saving are assumed to be about 14% when using
Granola.

When using Granola for (small) business like the health care center the
software creates power sheets that show the electricity use over time by all
computers, servers and monitors. These sheets can create electricity aware-
ness and may give insight in where extra electricity can be saved. The
electricity of all systems can be managed by performing the tasks on one
computer. This means that, unlike the for the ACPI, the settings do not
need to be changed for every computer separately.

For at least the computer and the server 14% of their normal electricity
use is subtracted at their active state.

Table 6: Electricity usage in watts per day (watts/d) for the health care center when
using power management

Active Idle Off Total

Computer 2709 56 0 2765
Monitor 1600 120 0 1720
Server 1953,88 1918,75 0 3872,63
Total 6262,88 2094,75 0 8357,63

Table 6 shows the amount of watts the health care center uses per day for
all IT equipment.

Cost of the IT equipment
In order to have this software working for both computers and servers
it is required to pay a monthly subscription fee. The subscription is
1,12 EUR per device a month. So that is 5,60 EUR (1,12 x 5) for all
four computers and the server a month and 67,20 EUR a year.

The e3value model of this situation looks as follows:
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figure 5: e3value model with power management

The software is installed by IICD or technical people from the health care
center and therefore this service is free of charge. For power management,
training and creating awareness is very important. It is necessary that the
employees know how they can save electricity and how what their actions
cause in terms of electricity use. The training is given by IICD, because
IICD is a non-profit organization it is assumed that the training is free of
charge.

Electricity consumption with desktop virtualization

For desktop virtualization the old computers can be reused and it is assumed
that the old server supports desktop virtualization.

As the old computers will be reused as virtual machines there will be no
power savings for the computers. However the server does save power. A
server uses about 23 watts for every virtual machine [20] which makes 92
watts for four virtual machines.
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Table 7: Electricity usage in watts per day (watts/d) for the health care center with
desktop virtualization

Active Idle Off Total

Computer 3150 56 0 3206
Monitor 1600 120 0 1720
Server 460 368 0 828
Total 5210 544 0 5754

Table 7 shows the amount of watts the health care center uses per day for
all IT equipment.

Cost of IT
The software needed for desktop virtualization can be very expensive.
However, there is open source desktop virtualization software available
called ’VirtualBox’ [21]. VirtualBox does have to be installed and the
employees working with it do need training for this. Assumed is that
IICD provides this training and maintenance services for free.

The e3value model of this situation looks as follows:

figure 6: e3value model with desktop virtualization
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The software is implemented by IICD or technical people from the health
care center and therefore this service is free of charge. The training that
all employees need in order to work efficiently with desktop virtualization is
given by IICD, because IICD is a non-profit organization it is assumed that
the training is free of charge.

Electricity consumption with electricity efficient monitors

With the use of electricity efficient monitors the electricity consumption with
regard to the monitors decreases significant. A monitor earns the ENERGY
STAR label if it is electricity efficient [22]. An average 17” monitor with the
ENERGY STAR label uses about 20 watts when active and 1 when idle.

Table 8: Electricity usage in watts per day (watts/d) for the health care center with
electricity efficient monitors

Active Idle Off Total

Computer 3150 56 0 3206
Monitor 80 4 0 84
Server 2271,95 1918,75 0 4190,7
Total 5501,95 1978,75 0 7480,7

Table 8 shows the amount of watts the health care center uses per day for
all IT equipment.

Cost of IT
Electricity efficient monitors are relative new products, this means
that there are not many second hand options for such monitors. The
health care center is forced to buy new ones. For example the eMa-
chines E17T6W TFT 17” monitor with the ENERGY STAR label can
be bought for around 106 EUR. This monitor has a lifetime of 40.000
hours. For the health care center, which is opened 9 hours a day and
5 days a week, this means that the monitor has to be replaced after
about 17 years.

Installing these monitors will not be hard and the employees do not
need any training to work with them.

.
The e3value model of this situation looks as follows:
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figure 7: e3value model with electricity efficient monitors

Comparing

A profitability sheets generated by the e3value methodology described ex-
actly how much money was made or spent by whom. In this research prof-
itability sheets where made for all situations with intervals of one year. For
accuracy of the results it would be necessary to research a period where
all equipment has to be replaced at least once, that way all the needed in-
vestments would be modeled accurately too. Because the monitors had a
lifetime of 17 years the period to be researched was chosen to be 20 years.

The following table shows the total amount of EUR to be paid every year
by the health care center for the IT equipment and its electricity and the
average amount the health care center has to pay every year. It also shows
how much the health care center has to pay for its IT equipment and their
power use in total over 20 years.

Because, in this research, assumed lifetime of the normal IT equipment is 8
years everything has to be replaced after those 8 years, hence the 9th year.
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Table 9: Amount of EUR per GIp

Years Now Thin clients Power management Virtualization Efficient monitors

1 237,2 409,8 546,46 149,7 445,2
2 237,2 169,8 546,46 149,7 203,2
3 237,2 169,8 546,46 149,7 203,2
4 237,2 169,8 546,46 149,7 203,2
5 237,2 169,8 546,46 149,7 203,2
6 635,2 467,8 951,46 547,7 521,2
7 237,2 169,8 546,46 149,7 203,2
8 237,2 169,8 546,46 149,7 203,2
9 237,2 169,8 546,46 149,7 203,2

10 237,2 169,8 546,46 149,7 203,2
11 237,2 409,8 546,46 149,7 203,2
12 237,2 169,8 546,46 149,7 203,2
13 237,2 169,8 546,46 149,7 203,2
14 635,2 467,8 951,46 547,7 521,2
15 237,2 169,8 546,46 149,7 203,2
16 237,2 169,8 546,46 149,7 203,2
17 237,2 169,8 546,46 149,7 203,2
18 237,2 169,8 546,46 149,7 445,2
19 237,2 169,8 546,46 149,7 203,2
20 237,2 169,8 546,46 149,7 203,2

Total 5540 4472 11739,2 3790 5184
Mean 277 223,6 586,96 189,5 259,2

The equipment was already in place for 3 years so it can be used for another
5 more years. This is why, in the 6th year, the amount is higher. Then
again with the 6th year as the first year the IT equipment is in use, it is
replaced after 8 years. There are no thin client devices in place so those
have to be bought the first year. In this research it is assumed that the
devices have lifetime of 10 years, hence after 10 years of use they have to
be replaced. This is why for thin clients the amount is higher in the 11th
year. The Granola power management software have a fixed fee that has to
be paid every year, hence the amount are higher. The electricity efficient
monitors used in this research have a lifetime of 17 years and have to be
bought new in the first year. This is why the first and the 18th year have a
higher amount of EUR than the rest of the years do.

When comparing these numbers desktop virtualization stands out as both
the total costs and the average costs are lower than the other GIp’s costs.
Power Management on the other hand is even more expensive than the
present situation. This is because although more electricity is being saved
the power management tool has a high monthly subscription fee. To get a
better overview some graphs were made to visualize these amounts.

The next graphs show the total amount of EUR to be paid by the health
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care center per year, the average amount per year per GIp and the total
amount over 20 years.

figure 8: price the health care center has to pay per year for the IT

The graph in figure 8 shows the price of all GIps per year for a period of 20
years. The price of the desktop virtualization solution is lower for than the
price of every other GIp.

figure 9: average price the health care center has to pay per year for IT

The graph in figure 9 shows the average price of every GIp per year. Desktop
virtualization is the most cost effective GIp, after that the thin clients so-
lution is the best option. Although the thin clients solution has a relatively
high implementation cost for replacing all IT equipment, the average price
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per year is still lower than that of other GIp’s (except desktop virtualization).

For the thin client solution IT equipment has to be replaced more often
because the thin client devices have a different life time than the normal
computers; hence there are more replacing point over 20 years. The replac-
ing points replace all thin client devices or all other IT equipment except
computers, this is because thin client devices replace the normal computer
devices. At first sight it would seem evident to say that the replacing costs
will be lower because thin client devices have to be replaces less often than
normal computers. But as these devices are also more expensive than nor-
mal computers this is not the case. But even though it is more expensive
to replace the IT equipment for the thin client solution than for the present
situation, this GIp is so electricity efficient that it still has a very low average
price.

figure 10: total price the health care center has to pay over 20 years for IT

The graph in figure 10 shows the total price for every GIp over a period of
20 years. This price includes the replacement and electricity costs. Again it
is clear that the desktop virtualization solution behaves most cost efficient.

Next to the desktop virtualization solution the thin client solution is also
quite low in price. Electricity efficient monitors are also lower in their costs
than the present situation but there is not a significant difference. Power
management has a very high price due to the subscription fee and will there-
fore not be efficient at all for lowering the costs of IT.

Judging from these results it may be a good idea to combine the use of
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desktop virtualization and thin clients. This combination produces the fol-
lowing e3value model:

figure 11: e3value model of the combination virtualization and thin clients

The next table shows the costs of the IT equipment and its electricity for
the combination of desktop virtualization and thin clients and these GIp’s
apart from each other.
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Table 10: Amount of EUR per GIp

Years Thin clients Virtualization Combination

1 409,8 149,7 322,3
2 169,8 149,7 82,3
3 169,8 149,7 82,3
4 169,8 149,7 82,3
5 169,8 149,7 82,3
6 467,8 547,7 380,3
7 169,8 149,7 82,3
8 169,8 149,7 82,3
9 169,8 149,7 82,3

10 169,8 149,7 82,3
11 409,8 149,7 322,3
12 169,8 149,7 82,3
13 169,8 149,7 82,3
14 467,8 547,7 380,3
15 169,8 149,7 82,3
16 169,8 149,7 82,3
17 169,8 149,7 82,3
18 169,8 149,7 82,3
19 169,8 149,7 82,3
20 169,8 149,7 82,3

Total 4472 3790 2722
Mean 223,6 189,5 136,1

When comparing the numbers from the table it is clear that the combination
has the lowest total and average costs. To visualize this the following graphs
show the total amount of EUR to be paid by the health care center per year,
the average amount per year per GIp and the total amount over 20 years.
With this model the graphs will be produced:

figure 12: price the health care center has to pay per year for the IT
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The graph in figure 12 shows the price of all GIps per year for a period of
20 years. The price of the combination is lower for than the price of every
other GIp on its own.

figure 13: average price the health care center has to pay per year for IT

The graph in figure 13 shows the average price of every GIp per year.

figure 14: total price the health care center has to pay over 20 years for IT

The graph in figure 14 shows the total price for every GIp over a period of
20 years. This price includes the replacement and electricity costs. Again it
is clear that the combination behaves most cost efficient.
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The graphs show clearly that the the combination of desktop virtualization
and thin clients has the lowest cost and is therefore the most cost and energy
efficient method.

8 Discussion and Conclusion

The main research question of this research was ’how to compare Green
ICT practices’. The research focused one one specific methodology to do
this to see if this methodology is fitted to compare GIp’s. To research this
the comparison of four different GIp’s(power management, electricity effi-
cient hardware, thin client network, desktop virtualization) was conducted
for IICD and the Tanzanian health care.

The Tanzanian health care centers suffer from rising electricity bills due
to the increasing use of ICT. To decrease these electricity costs IICD wants
to implement more cost effective ICT in the health care centers. They want
to know which GIp is most cost effective for the particular situation of the
Tanzanian health care centers.

This research shows clearly that the combination of desktop virtualization
and thin clients is the most cost effective solution for the situation of the
heath care center.

In terms of generalization this result is based upon numbers that, due to
communication issues with IICD, had to be logically reasoned and where
necessary supported with literature. These numbers may not be an accurate
representation for the health care center’s situation in Tanzania. Therefore
the result may differ too. Assumed is that the situations describe the real
life situation quite adequately, so when changing the numbers the results
could be useful for Tanzanian health care centers as well as the health care
centers of other third world countries.

For non-third world countries these numbers and therefore also the result
of this research are not very generalizable because the numbers will most
definitely differ per country. Even when changing the numbers this research
will probably not be very generalizable because non-third world countries
have a more advanced technique so the techniques in this research used may
be outdated.
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In terms of limitations of this research the four GIp’s that are relatively
simple. Techniques like solar electricity by the use of solar panels or wind
electricity with windmills have not been considered in this research but they
may be very cost effective. Also the four GIp’s that were researched can
be situation dependent because there are often lots of different options for
one Green ICT practice and because of time constraints this research had
to limit its view to one option per technique. However, great effort has been
invested in trying to find the cheapest option within that GIp.

ICT is a fast developing field. Due to this, this research and therefore its
results may already be outdated quite fast although it has been conducted
in the first semester of 2013.

To answer the question whether the e3value methodology is suitable for
comparing GIp’s it might be best to conduct a few more researches that are
less low scaled. In this research the methodology behaved as desired and
therefore the outcome would be that the methodology is indeed suitable for
comparing different GIp’s. However, it could be said that with respect to
this research, the methodology was a bit redundant. Because the research
was on such a low scale, the numbers were also easily calculated without the
help of the e3value methodology. The value the e3value methodology added
to this research is more a visual aspect.
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