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Abstract 

Technology can be considered as an environmental burden and also as a potential solution for 

environmental problems (Boudreau, 2007). Similarly, it can turn into an economic burden to a 

company in many forms, such as energy consumption, service provider bills, or maintenance cost, or 

it can be a solution – usually if well designed and managed – for efficient energy consumption and 

productive work environment. Desktop virtualization or thin client is one of these technologies, and it 

has been promoted as having a positive economic and environmental impact. Investing in a certain 

technology can lead to the intended result or it can have a counter effect; for instance, a technology 

causing less production cost leads to more demand, which leads to more production to meet the 

demand and thus more energy consumption than expected – rebound effect. This thesis is a research 

case study to (1) explore the factors that need to be taking under consideration, (2) provide a 

methodology to be reused, and (3) construct a model that can be reused and evolved in future cases, to 

quantify the economic and environmental impact of desktop virtualization 
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Introduction 

UN survey identified sustainable economic development as a core issue, especially with the fact that 

“the current trend in our consumption of the earth’s resources is unsustainable” (Watson, 2008). Some 

nations have been expressing willingness for a more sustainable way of living, such as the 

Netherlands (Energy, 2013), and the Kyoto protocol to have a framework to set “internationally 

binding emission reduction targets” of CO2 (Kyoto Protocol, 2013) is an obvious example of this 

willingness. 

During a workshop for IREEN – ICT Roadmap for Energy Efficient Neighbourhoods – (May, 

2013) that will be discussed later in this document, Mr. John Post, the director of Green IT 

Amsterdam, stated that there are nine industrial sectors that are on focus in the Netherlands, and they 

are: Agriculture and food, horticulture, high tech industries, energy, logistics creative industries, life 

sciences, chemicals industries, and water (Top Sectors, 2013). In addition, he added that the sectors 

has one aspect that is vital to lead and to continue excelling in them (Top Sectors, 2013), which is ICT, 

especially innovative practices in ICT. This thesis is going to tackle one of the ICT solutions that fall 

in the intersection between energy and ICT, which can be an innovative even if it existed for a while, 

and it is desktop virtualization. 

In the last decade, the technology of desktop virtualization, implemented as thin client, started to 

gain an increasing attention and recognition from large and medium sized companies, especially with 

the growing total cost of ownership (Tolia, 2006; Nieh, 2000); in addition, big investments were made 

into this sector (Plepys, 2002). The reason behind this is that there were expectations for “economic 

growth and environmental improvements” (Plepys, 2002), considering information systems as “a 

major element in the transition to a sustainable economy” (Esty & Winston, 2006). Moreover, the 

“thin client computing offers the promise of easier-to-maintain computational service with a reduction 

of total cost of ownership (Nieh, 2000). However, the claims concerning the thin client technology are 

not as straightforward and obvious as aforementioned.  

The International Data Corporation (IDC) for market research (O’Donnell’s guidance for the 

2005 IDC thin client market analysis) raised an important concern to thin client vendors, which is the 

“rapidly approaching price points of low-cost PCs” (Principled Technologies, 2007). This will rule out 

the benefit of price in investment in thin client. Of course one could argue that the initial price of 

investment is not the only benefit that the thin client is bringing to the table. However, this also means 

that the thin client is not necessary the ultimate solution and this could be explained depending on 

many reasons. For instance, a lower price and reduction of energy consumption can lead to an 

encouragement to use more resources, and thus, more energy consumption. Therefore, “ICT can easily 

become a powerful engine of consumerism” (Plepys, 2002). Furthermore, there is evidence from the 

energy sector that shows that a “more efficient use of natural resources does not always reduce their 

absolute consumption” (Plepys, 2002). In addition, the user acceptance can be an issue. This was 

explained, by the interviewed participants in this thesis, as due to the rejection of change by 

employees, especially when a lot of their rights to administrate their machines are taken away (e.g. no 

local software installations, block USB ports, etc.). The end result is that users work only with what 

they need for their work. Users usually have doubts about security and reliability when all their data is 

not in their personal machine, and they can’t see where it is stored. 

This thesis is intending to provide a methodology that can be replicated and a model that can be 

modified, customized, and eventually reused to quantify the environmental and economic impacts 
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resulted from implementing thin client technology in a company. This is why it investigates the 

different factors that need to be taking into consideration in evaluating such an investment.  

This document is a report of the work done in this thesis, and it presents the results that have been 

achieved. The report is going to start with presenting the background and the initiative to carry out the 

research and identifying its scope. This will lead to the research question that has guided the work that 

has been done. Subsequently, a detailed description of the steps of the work will follow. The steps are 

basically: Analyzing the related works, the first set of interviews, codification, deduction of the list of 

factors, modelling, and finally analysing the results. The report will end with presenting some 

recommendations, suggesting future work, and discussing the validity of the study. 

1. Conceptual Framework 

1.1. What is a Thin Client? 

According to the Encyclopaedia of Britannica (2013), a thin client is supposed to be a dumb terminal, 

“low-powered computer terminal or software application providing access over a network to a 

dedicated server.” The terminal itself does not store data and does not host applications; however, it 

communicates with a server to access files, applications and performs processing tasks. Moreover, 

thin client environment is implemented for efficiency measures for its minimalistic hardware setting 

and efficient energy consumption compared to PC. (Encyclopaedia Britannica, 2013) 

In more details, a thin client consists of hardware devices that communicate with the server 

through a specialized protocol. The devices basically consist of a display, keyboard, and a mouse. 

They have enough “processing power and memory for graphical rendering and network 

communication” (Tolia, 2006). The applications are executed on the server-side. The thin client is not 

the only way to implement the desktop virtualization; software, such as a Virtual Network Computing 

(VNC), can be used so a standard PC can function as a thin client (Tolia, 2006). In short, “the client 

sends input data across the network to the server, and the server returns display updates” (Nieh, 2000). 

1.2. Why it is Usually Adopted? 

The common and main expectation of a thin client is to reduce the total cost of ownership. The thin 

client is expected to require less maintenance and fewer upgrades. In addition, it is expected to result 

in more effective utilization of hardware, for server resources are meant to be shared across many 

users (Nieh, 2000). This is the main reason why it is adopted in various organizations. 

1.3. Economic and Environmental Impact 

The promoted benefits of the thin client are economic and environmental. Matter of fact, both aspects 

is coupled together. For instance, they can be related in terms of electricity bills where the more you 

consume electricity, your carbon footprint increases and your bill’s value increases as well. This 

aspect is expressed by Plepys (2002) where he stated that when making ICT strategic decisions, 

society should not be quick in its judgment from the economic positive role of ICT without accounting 

ICT’s environmental impacts. 

However, the coupling between economic and environmental aspects is not always a direct 

proportionality; it could be an inverse proportionality. This is what was expressed by Plepys (2002) as 

the rebound effect. The phenomena of rebound effect have been tackled before by economists 

(Khazzoom, 1980; Brookes, 1990; Berkhout et al., 2000; Binswanger, 2000), and the definition goes 

as follow. When we have energy-efficient equipment, the manufacturing cost decreases; this affects 

the price of the product, but this would increase the demand (Plepys, 2002). Furthermore, when 

demand is increased, the manufacturers would try to catch up with it, which means more energy 

consumption. Here the energy efficiency of the equipment supported the goal to have a lower 

production cost, but more production means that the environmental impact won’t be as expected. 



7 

 

1.4. Greening’s Taxonomy of Rebound Effect (The Different Impacts of ICT) 

Technology here has schizophrenic roles of a potential solution and a burden (Watson, 2008). As 

stated by Yi and Thomas (2007), “the e-business/ICT revolution may have not only positive but also 

negative impacts on the environment.” Therefore, the concern of the economic and environmental 

impact of adopting the desktop virtualization is in question, and doubts are raised. 

According to Greening et al (2000), there are four tiers taxonomy of this rebound effect, and they 

are: (1) Direct and pure price effect, (2) Second order consumption effect, (3) Economy wide effect, 

and (4) Transformation effect (Appendix - A) 

The tiers are organized in two groups. The first group includes the direct and pure effect and the 

second order consumption effect and, they are on a micro level that is concerned with the 

environmental impact of the entity itself (the company in this case). While the second group includes 

the economy wide effect and the transformation effect, and they are on a macro level that is concerned 

with a more general effects on the city or country that is hosting the entity. 

An empirical study by Yi and Thomas (2007) provided a review on the state of art of how ICT 

affects the environment. This study resulted in three-order-effects of ICT that were dealt with in the 

studied literatures (articles, conferences, etc.):  

 First order (direct) that is created by the physical existence of ICT, 

 Second order (indirect) that is created by the continuous use of ICT, and 

 Third order which is aggregated effect due to having a large number of users during a 

medium/long period. 

Again according to Yi and Thomas (2007), the first order effect is considered to represent 

negative impact on environment from the ICT infrastructure (carbon emission and resources 

emissions). While the second order effect is considered to be a positive environmental effect in terms 

of increasing efficiency due to consistent use of ICT. Finally, the third order effect is related to the 

aforementioned rebound effect in terms of increasing consumption due to lower price. 

1.5. Environmental Impact of ICT 

When talking about the direct environmental impact of ICT, it is important to know that the impact is 

considered in two perspectives: the increased volume of ICT equipment and the increased use of ICT 

applications. The first perspective arises from the life cycle of the ICT (goods or services). The second 

perspective arises from the actual use of ICT’s products (goods or services) (Plepys, 2002). 

1.6. ICT Economic Evaluation  

When considering the evaluation of an ICT investment it is important to take under consideration the 

identification of the stakeholders. This is important to identify the different inputs, factors, and 

responsibilities that would have an influence on weighting the economic aspect (Capital and 

operational expenditures) of the technology, which is the thin client technology in our case. 

According to Kern (2002), there are four general IT sourcing models that can represent the 

different stakeholders, and they are: in-sourcing, buy-in, traditional outsourcing, and Application 

Service provision (Appendix - B). These four different general IT sourcing models will be taking 

under considerations in this research project. 

1.7. The Importance of the Carrying on in the Research 

According to Yi’s (2007) empirical study, various parties – academia and government – have been 

paying attention to this problem domain (ICT’s environmental an economic impact). However, the 

studies that were carried out did not tackle the issue of quantifying the environmental and economical 

impact of a certain technology. The intention of this thesis is to give an idea on the possible way to 

quantify the environmental and economic impact of a technology. This thesis is going to focus on 
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quantifying the environmental and economic impact of desktop virtualization in the case study of 

Xerox Venray. 

The importance of this thesis is that it is a case study that it is needed to give a start to tackle an 

unexplored subject, which is the quantification of the environmental and economic impact of desktop 

virtualization. Thus, it gives an initial model to be replicated, developed, and modified in other 

situations – case studies. The existence of such case studies is important for this relatively new field – 

quantification of the impact – because it will give the scientific discipline exemplars and models, so it 

can be evolved and developed into standardizations (Flyvbjerg, 2006).  

1.8. The Study’s Scope 

To sum up the previewed theories, this section is going to relate them to this research project 

according to the Xerox Venray case study. 

We are interested in the micro level effects because we are focusing on the company under the 

study and not the effect on the regional or national level. From the environmental perspective, the 

research project will be taking under consideration both of the life cycle of ICT products and the use 

of ICT products. In the economic aspect, the research project will take into consideration the different 

stakeholders – IT sourcing models – as a vital element in modelling the different factors that would 

affect the economic aspect of desktop virtualization, whether they are related to the first, second or 

third effect (Yi, 2007). 

1.9. Background Information 

Since the research project is intended to be a case study it is important to present the case in the 

conceptual framework. This subsection is intended to identify where the project falls in terms of 

organizations and program. In addition it gives an introduction to the case of Xerox Venray and the 

suggested solution that is derived from Panduit presentation of the Xerox Venray case (Panduit, 2009). 

1.9.1. IREEN 

This study is part of IREEN (ICT Roadmap for Energy Efficient Neighbourhoods). Through the 

IREEN Matrix, the research is placed within the fields of interest in the IREEN project. Reviewing 

this matrix helped to identify the different areas that need to be focused. This thesis is a study of the 

effects of implementing desktop virtualization in a company, so it falls in the scope of “buildings and 

public spaces” (Appendix - C). 

1.9.2. Introduction to the Xerox Venray Case Study 

Xerox Venray has a 25 years old legacy of outdated ICT infrastructure. They are planning to update it 

to a more secured infrastructure and more compatible to new technologies to enhance the working 

environment. In order to accomplish these goals, Xerox Venray is on the process of migrating to 

desktop virtualization by implementing thin client technology by Panduit, and they are planning to 

integrate Power-over- Ethernet (PoE) technology as well (Further details on the case are in Appendix - 

D). 

2. Research Question 

From the conceptual framework, it is deduced that in this thesis some factors need to be identified and 

a quantification of their effect needs to be analyzed and studied in order to identify the different 

elements and their relation that will consist a model of  the economic and environmental impact of 

implementing desktop virtualization.  

As was mentioned in the conceptual framework, many factors are taking under consideration such 

as the life cycle of the ICT products and their use considering that they have environmental impact 

(Plepys, 2002). In addition, the thesis considers the different stakeholders in order to identify the 
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general infrastructure and any less or extra expenditures (Kern, 2002). Moreover, the three-order-

effects of ICT need to be taking under consideration through listing the factors and through exploring 

the impact through time and with an increasing number of users, especially to tackle the third effect. 

Hence, the list of factors needs to be deduced and confirmed. Eventually, the aforementioned model 

can be reused as a base for further developments and modifications. This can be summed up in the 

following research questions: 

 How to estimate the environmental and economic impact of desktop virtualization? 

In order to answer this question, the following sub-questions need to be tackled: 

 What are the factors involved in influencing the environmental and economic impact of 

desktop virtualization? What is the relation between these factors? 

 Who are the stakeholders that are involved in the implementation of desktop virtualization? 

3. The Preliminary Study 

The first step of this thesis is to study the literatures and previous similar case studies in order to form 

an idea, and a list of the factors that might play a role in quantifying the economic and environmental 

impact of desktop virtualization. Thus, this step is meant to provide a background to conduct the 

interviews that are planned in the second step of the study. 

The first step covers the theoretical part to list the factors, and a confirmation of this list is 

thought to be necessary. In order to do this, it seemed important to cover the practical part as well. 

Therefore, interviews have been held with professionals that are involved in the technology of desktop 

virtualization and experts in order to get their point of view and thus, finalize the aforementioned list 

of factors before the interview with Xerox Venray. The first step that is intended to prepare to conduct 

the actual case study is referred to as the preliminary study. 

Hence, the preliminary study was composed of diversified tasks in an attempt to get a holistic 

view on the field of the study and to be able to list the potential factors that would affect the 

environmental and economic impact of desktop virtualization and identify the different parts in the IT 

solution/infrastructure (fat client versus thin client). Constructing the list of the infrastructure’s 

composites and the factors helps in having a checklist to make sure that the interviewees did not miss 

a certain point in their answers. In addition, this checklist helps in covering as much ground as 

possible in order to ask all the necessary questions needed to create the models of the fat client and the 

desktop virtualization, in the third step. 

The first task was to have a preliminary meeting to understand the case study in order to guide the 

research and readings. The next task is about using this preliminary meeting to look for, and study, 

previous case studies in order to structure an interview that will cover as much as possible in order to 

answer the research question. In addition, and since the study is intending to model economic and 

environmental impact of the IT solution/infrastructure through its different composites and values, a 

study of the modelling tool, which is the e3value, had to be made to explore the different possibilities 

that the tool is offering. The e3value was chosen because it offers a graphical approach to formulate 

the different business transactions taking under consideration the network structure. 

3.1. Preliminary Meeting 

A meeting was held the technical services manager in Xerox Europe and with a senior account 

manager in Panduit. This meeting introduced the case study of Xerox Venray in implementing 

desktop virtualization through the thin client technology. It was proved to be very helpful in 

introducing the environment, the keywords, and the jargons of the subject. This helped in initiating the 

research later. In addition, this meeting presented the case from Xerox Venray and Panduit’s 

perspectives. Therefore, it helped in understanding (conceptually and, to some extents, technically) the 

past, current, and desired future situations in terms of desktop virtualization. In addition, the meeting 

assisted in settling what is needed to be done and what are the questions that need to be answered in 

the study. 
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3.2. Other Studies - Related Work 

Further research has been done to identify the factors that can have effects on the technology’s 

economic and environmental impact, and the result was studying previous case studies from different 

consultancy companies. 

The case studies that were used in order to structure the interview are as follow. 

Canyon Snow Consulting has worked on preparing a comparison between desktop and thin 

computing for Wyse Technology Inc (Canyon Snow Consulting, 2009). This study examined four key 

issues: energy efficiency, life space/reliability, reduction of hazardous and raw materials, and 

recyclability. This shed light on the necessity to cover these issues in the interviews for their 

importance on both the economic and the environmental levels. In addition, the study gave insights on 

the type of assumptions that were made and on some standard values that they have considered, such 

as the CO2 emissions per kWh, the difference in energy consumption between 32-bits and 64-bits thin 

clients, and the average energy consumption of thin client and fat client. This study has inspired to 

tackle the CO2 emissions and to consider impact on recyclability. 

Forrester Consulting has developed a methodology called the Total Economic Impact (TEI) in 

order to evaluate the impact of VMware virtual desktop infrastructure in the healthcare industry 

(Lipsitz, 2008) and of deploying a Sun ray environment with Sun secure global desktop 

software(Erickson, 2006). The new insight that we gained from these two studies is the idea of how to 

measure the impact of adopting desktop virtualization on the productivity of the employees. In 

addition, they demonstrated the importance of modelling the impact in terms of the number of users 

through the years. Moreover, the studies mentioned shortly the issue of security and how it could have 

an economic impact, giving that the desktop virtualization will decrease the risk of security breaches. 

Therefore, security will be covered in the interviews as well. 

IDC has tried to quantify the economic value of Chromebooks for K-12 education (O’Donnell, 

2012). This article was one of the articles that lead me to believe that it is time to stop looking further, 

for the main factors that need to be taking under consideration are starting to be repeated in the 

literatures. Plus, there is only a limited time to perform this preliminary study. This IDC study 

confirmed again the importance to take under consideration the different hardware (server and thin 

client), software, bandwidth, IT employees, etc. In addition, it focused, like the other literatures, on 

the fact that the costs and benefits of adopting desktop virtualization are divided into capital 

expenditure – CAPEX (deployment) and operation expenditure – OPEX (maintenance). 

It is deduced from these case studies that the factors might vary from a case to another. Therefore, 

this work is considering, from the beginning, different cases in order not to be limited to the presented 

Xerox Venray perspective, and thus, consider other factors and deliver a holistic view. 

3.3. E3value 

As was aforementioned, e3value is the application used for modelling the impact of implementing 

desktop virtualization. The modelling methodology was identified through defining what can be 

modelled and what is needed to model it. The e3value demonstrated, through the process of creating a 

model and its ontology – activity, market segment, actor, etc. – (Gordijn, 2004) the importance of two 

elements that need to be identified in the interview. The first element is the detailed scenarios 

(economic transactions) of the case study that would identify the different composites and the 

relationship among each other’s. The scenarios would help in identifying the reoccurrence of activities 

along a certain period. The second element is about the identification of the stakeholders as part of the 

infrastructure of the case study, and consequently, identifying their roles in the aforementioned 

scenarios. 

4. The First Set of Interviews 

The result of this preliminary study is structuring an interview (Appendix - F). 
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4.1. Goal of the Interview 

As was mentioned, the goal of the first set of interviews is to identify the factors involved in 

implementing desktop virtualization and have economic and environmental impact. In addition, it 

aims to identify the parts of the desktop virtualization in comparison with the old fat-client-based 

environment. Knowing the different elements and factors in both environments will help in modelling 

both of them using e3value and deduce the difference between them in term of economic value (Euro) 

and environmental value (mostly in kWh). In addition to the aforementioned elements, values that are 

specific to the Xerox Venray case needs to be collected in order to input them in the obtained model 

from e3value to quantify the economic and environmental impact. 

In order not to guide the respondent’s answer, the checklist’s questions weren’t asked until the 

open questions were answered. This way the interviewee gave his/her own answer and point of view. 

Hence, they were semi-structured interviews. 

4.2. Sampling 

The idea behind targeting specific participants is very simple and straightforward. To identify it, it can 

be called “purposeful sampling”, and thus, there is a need to identify the characteristics of the case, as 

will be done in the next section (Creswell, 1998; Miles, 1994). The aim is to collect data and opinions 

of participants that would cover different areas of expertise. The participants are considered either 

experts or professionals in their own field of work. Talking about sampling in case studies through 

trying to cover the different expert views available, Romney et al. (1986) said that “since experts tend 

to agree about the vast majority of their subject area, and also provide virtually the whole explanation 

of the variability in expert views (they know each other’s agreements and disagreements) this provides 

an in depth investigation of a topic that is qualitatively valid, reliable, and culturally generalizable.” 

4.2.1. Characteristics of the Case 

Since the study is on a certain solution/product, next to experts, the selection process aims to cover 

two important aspects: providers and clients; this is intended to have the perspective of the supplier 

and the consumer. These two types of participants are aimed to identify differences in the IT 

architecture before and after desktop virtualization and to identify the factors that have an effect on the 

economic and environmental impact of desktop virtualization from their experience and opinion. In 

terms of Xerox Venray, and in order to try to capture the full picture in the case study, the interview 

covered the technical and the functional point of view. 

In this study there are three types of experts that were included in the interviews. The first type is 

concerned with the potential governmental benefits that would be acquired if desktop virtualization is 

implemented. The second type is concerned with the modelling process and since the participant is 

actually the person who developed the e3value, the used modelling tool, then we were also interested 

in his input on what was taking under consideration to standardize the process, knowing that e3value 

is also built on the concept of implementing technologies that would reduce the economical cost 

through reduction of energy consumption. The third type is actually tries to cover the perspective from 

a functional ICT expert point of view that has a more practical point of view on the benefits of such a 

solution and not financial per se. The different experts and their contribution to the case can be found 

in the appendix, section E. 

4.2.2. Sample Size 

According to Creswell (2003), in a case study research, the number of participants can vary from three 

to five in addition to other types of data. In this study we had to cover the various experts’ views that 

were aforementioned; therefore, nine interviews were conducted. In addition, the ‘other type of data’ 

was represented by the preliminary study that gave an insight on the differences before and after 

desktop virtualization and the economic and environmental impact. 
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4.3. Organization of the Interviews 

The first step of this thesis was to study and analyze literatures and previous studies in order to have 

enough background to construct and conduct the interviews. Most importantly, it was a mean to 

identify the different factors that might be involved in the economic and environmental impact due to 

implementing desktop virtualization. The reason for this step is to try to cover these factors as much as 

possible in order to give a holistic view that is not strangled by the Xerox Venray case. Therefore, 

non-Xerox professional/expert participants were included. This way, the theoretical background that 

was built from the first step can be checked from the practical and professional perspective. The result 

of the first step and the interviews from none-Xerox Venray personals is the foundation to build the 

mentioned factors’ checklist. Hence, the interviews with none-Xerox Venray personals are planned to 

be held first and before the ones with Xerox Venray. 

The description of the different participants and their contribution can be found in the appendix 

section E, and they represent law and tax experts, modelling expert, and IT professionals 

(providers/suppliers and consumers). 

After conducting these interviews and finalizing the list of factors, two interviews were conducted 

with Xerox Venray’s personals. The first one was with the responsible of the project of desktop 

virtualization in Xerox Venray. His input is helpful in understanding the system as a whole and 

identifies the different elements and factors that are part of the thin client and fat client environments. 

In addition, he could provide and explain the reasons why Xerox Venray is implementing desktop 

virtualization from an economic and environmental perspective. In order to have a more practical 

view of what is going on, it is decided to interview Xerox Venray’s network engineer. The network 

engineer is supposed to have a detailed view of the technical aspects. In addition, he can provide his 

own view of how the IT solution/infrastructure has an economic and environmental impact. This view 

is prioritized by the proximity to the IT solution/infrastructure and the closeness to the user. 

4.4. Structure of the Interview 

Since the study is interested in different solutions that were and are meant to be implemented in a 

sequential matter, the structure of the interview is thought to be chronicle. Hence, the interview started 

with the old situation (fat client), then the current situation (thin client), and eventually, the future 

situation (thin client with PoE – Power over Ethernet). 

In addition, each period from the three mentioned periods above, had two sections. The first 

section is about the capital expenditure or the initial investment. The second section is about the 

operating expenditure, or the continuous investment for maintaining the architecture. (Questions of the 

interview can be found in the appendix - F). 

5. Codification 

Again, the preliminary study identified a set of different elements in the IT architecture, whether 

hardware, software, services, or providers, in addition to the different factors that would have 

economic or/and environmental impact due to desktop virtualization. Hence, the set of interviews 

explored and confirmed/disconfirmed the results of the preliminary study. Thus, the result from the 

interviews needs to cover the different element of the IT architecture and the factors through the 

environmental and economic perspective. In addition, through the previous case studies (Forester, 

2006, 2008) and from the preliminary meeting, the expenditure was categorised into capital 

expenditure (CAPEX) and operational expenditure (OPEX), which was covered in the interviews’ 

structure. As the interviews are semi structured, a section called ‘extra’ was added to document any 

extra comments from the participants. Therefore, the codification of the interviews is organized in five 

sections that represent the different interests of the thesis. They are as follow: 

1. Infrastructure: this section is about trying to identify all the factors that need to be under 

consideration in order to understand and analyze the fat versus thin client infrastructures. 

Any factors that are mentioned in the interviews need to be covered in the interview with 
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Xerox Venray. If it is not part of the Xerox Venray case then it is mentioned for future 

references. 

2. Expenditures: This section is aiming to identify the different instances involved in 

quantifying the capital expenditure – one-time expenditures – and the operational 

expenditure – periodic or repeated expenditures, such as maintenance.  

3. Environmental Impact: This section is supposed to explore, from the point of view of the 

participants, the environmental impact of implementing desktop virtualization. In addition, 

the organization(s)’ environmental reasons to implement this technology and environmental 

expectations from it, is explored. The participants were encouraged to express qualitative and 

quantitative impacts. 

4. Economic Impact: This section is supposed to explore, from the point of view of the 

participants, the economic impact of implementing desktop virtualization. In addition, the 

organization(s)’ economic reasons to implement this technology and economic expectations 

from it, is explored. The participants were encouraged to express qualitative and quantitative 

impacts.  

5. Extra: This section is dedicated to record any additional comments or information that the 

participant has expressed during the interview that can be useful later during the study. 

For Xerox Venray, the codification process followed these same five steps. However, there was 

more focus on the composites of the IT solution/architecture before and after the desktop 

virtualization. In addition, there was a focus on the numbers and assumptions (the factors) that will be 

used in quantifying the economic and environmental impact and that were identified in the previous 

interviews. For example, some of these assumptions include the potential growth of the number of 

employees and the annual time of active use of a machine. This is why the interviews with Xerox 

Venray were conducted after the other interviews. 

After codifying the interviews, the document is sent to the participants to make sure that the notes 

are as accurate as possible, and they were invited to comment as well. 

6. The Result from the First and Second Steps: The Factors 

The result of the first (literature study and analysis) and the second (interviews) steps can be presented 

in two parts. First, the different parts of the fat-client-based environment and desktop virtualization 

were deduced. Second, a list of factors that has an environmental and economical impact due to 

implementing desktop virtualization was constructed. 

6.1. Parts of the Infrastructure 

The parts of the IT solution/infrastructure of thin client technology versus the fat client will be 

revisited when we talk about modelling it. However, the result from the interviews was that there is a 

need to take under consideration the following: 

1. The different hardware that includes thin clients, servers, cooling system, any necessary fat 

clients, servers equipment (such as racks, chassis), main equipment room, secondary 

equipment room, and cabling. 

2. The different building constructions that are needed to set the new infrastructure of desktop 

virtualization, such as electricity and connectivity extensions, cabling setting, and security 

systems. 

3. The different automation and management software applications that are integral to acquire 

the desired economic and environmental impact.  
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4. The different stakeholders that are part of making desktop virtualization operational, such as 

the electricity provider(s) and the different service providers. 

6.2. Factors 

As for the factors, they were deduced from the different interviews, literatures, and previous case 

studies. These factors are deduced from a direct comparison with the fat-client-based environment. 

Following is the list of factors that was deduced from the previous case studies and the conducted 

interviews. On one hand, it was noticed that some factors are related to the capital expenditure and 

occurs in the beginning of the investment. On the other hand, other factors are linked to the 

operational expenditure reoccurs (e.g. yearly, every five years, etc.) along time. 

6.2.1. Capital Expenditure 

1. Purchase hardware, such as servers, thin clients, cooling system, cabling, racks chassis, 

switches, MER, SER, etc. (Euros) 

2. Purchase software, such as management and automation tools, etc. (Euros) 

3. Pay for services, which include installation services, consultancy, and even constructions in the 

buildings if necessary. (Euros) 

6.2.2. Operational Expenditure (multiple times/ periodic) 

1. Electricity consumption: per machine, screen, servers, cooling system (from kWh to Euros). 

2. CO2 emission: to be calculated from the amount of kWh of electricity consumption (1.54 

lbs/kWh) – mentioned in Canyon Snow consulting study (2009). 

3. Heat emission: It is expected according to the feedback from the conducted interview that there 

will be less heat emissions and thus, less need for heating. (1 watt = 3.41214Btu/h) (Server 

Products, 2011). 

4. Services: This includes the maintenance services and the periodic licenses. 

5. Governmental benefit, such in taxes (e.g. landfill taxes, innovation box). 

6. Security Breach: According to the interviews, it is expected that the implementation will 

decrease the security breach, especially if the PoE was implemented as well. The reason 

expressed is that, in the PoE setting, the power is cut on the unused workstations therefore it is 

impossible to access them. In addition, the access to the local area network from the outside will 

be implemented through the VPN, which will ensure further security. In addition, the thin clients 

are always under the supervision of the system; it is easier to keep scanning them since they are 

centralized in the server side, and they can’t be absent or off-site. 

7. Lifespan: “Because the thin client does not have a hard drive and hosts no application, it does not 

outlive its usefulness in the same time period” (Canyon Snow consulting, 2009). How long it 

(workstation or server) can be functional, and thus, when it should be replaced. A periodical 

payment needs to be done. 

8. Disposal and recyclability: This is going to be measured by the weight of thrown away material. 

For the material, it would be a plus to know what the amount of hazardous (HM) and non-

hazardous (NHM) parts is in it. The lifespan also play a role here because replacing material less 

often means less waste (e-waste) along a period of time. Plans to dispose or recycle materials 

means that the e-waste will decrease also. Therefore, the measurement is going to be weight per 

time period. 

9. IT supports team size: Since the management is centralized on the server side, the size of the IT 

support team is expected to be less than in the fat-client-based environment. 
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10. Worker
1
 productivity: It is expected that the implementation of desktop virtualization will reduce 

the number of downtimes of workstations, the time to solve a downtime, and the time to install a 

new workstation. This will reduce the time spent on working on trivial support activities & 

reduce the time an employee needs to wait for his/her problem to be solved. 

In addition, the downtime can be seen as when the power cut out. From the interviews, 

implementing thin client would avoid such problem because when the electricity cuts out a 

power backing up of the server will take over automatically, and thus the server won’t stop 

working, and the changes are always saved on the server side so not data is lost, even the 

employee won’t notice it. In other words, the problem of power cutting out on the machine and 

losing the data is not present (which would fall also in the factor of security). 

11. Transition period: After the conducting interviews with different providers and customers, it has 

been concluded that this is an important factor that was not covered by previous case studies. 

Taking under account the ‘transition period’ as a factor is very important to estimate as 

realistically as possible the economic and environmental impact of desktop virtualization.  

Through the interviews, it was noticed that the way companies migrate from a fat-client-based 

environment to desktop virtualization varies between one and another. This has an important 

effect on the technology’s impact through time. For instance, if the decision was made to migrate 

by parts each year, then the impact of the first year will be mixed between thin clients and fat 

clients, and so on. Plus time value of money changes. 

7. Second Round of Interview 

After creating an initial complete model (prototype), another round of interview was conducted with 

Xerox Venray and one of the creators of the e3value. Its purpose was to confirm the different aspects 

of the produced model whether in term of the logic behind it, the assumptions, or the inputs (numbers). 

Hence, it was conducted to confirm the factors. Consequently, changes were made to the model, and 

thus prototyping to get the final result in the ‘Modelling’ section. This second round led also to 

identifying the performance indicators and their visualization (discussed in the results) to show the 

different impacts that desktop virtualization has compared to fat-client-based environment. 

The method that was adopted in this round is basically walking the interviewee through the model, 

the resulted numbers, and graphs, and checking all the inputs in addition to the logic and assumptions 

and how they do, or do not, reflects reality. 

The prototypes were presented to one of the creators of the e3value in order to make sure that the 

logic behind the model is actually what the model is conveying. As for Xerox Venray, they were 

presented with the prototypes, in order to make sure that (1) the assumptions made are correct and/or 

realistic and (2) the results in terms of expenditure (Euros) matches the expected numbers for after 

desktop virtualization, and the actual numbers for before desktop virtualization. There was no 

comparison with numbers because the results from the models are specific to IT-related equipments 

where the numbers on the bills are not split and are not available as was stated multiple times by the 

technical services manager in Xerox Venray. 

8. Modelling 

The aim of this step is to deliver a model that is as general as possible to be re-used (maybe evolved) 

in other case studies that try to quantify the economic and environmental impact of desktop 

virtualization through a systematic method. For this purpose, both of the fat-client-based environment 

                                                           
1 ‘Worker’ here, refers to both the IT team and the other employees 
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and the desktop virtualization will be modelled to show the economic and environmental impact of 

desktop by comparing the two models. 

8.1. Value Hierarchy Diagrams  

In order to start modelling, it is normal to identify what exactly is going to be modelled. In this case 

study, it is the economic impact of implementing desktop virtualization, and consequently, the 

environmental impact. From this statement, the need of Xerox Venray is to obtain a positive economic 

and environmental impact through desktop virtualization. 

8.1.1. Identify the Need 

According to Gordijn (2010), the first thing that is needed when modelling a business idea is to 

identify the consumer need. Doing this would lead to identifying the idea that we are basing our 

modelling on. 

The broad need here is to decrease expenses and carbon footprint. The narrow need, which is the 

mean to reach this broad need, is implementing desktop virtualization instead of the old fat-client-

based environment. Therefore, modelling is going to be split into two parts: fat Client 

solution/infrastructure and desktop virtualization. 

In modelling the fat-client-based environment, the consumer need is going to be defined as 

‘functioning with desktop fat-client-based environment.’ Whereas, in modelling desktop virtualization, 

the consumer need will be formulated as ‘functioning with desktop virtualization.’ 

8.1.2. Value Objects 

In order to fulfill the consumer needs, value objects that will satisfy the consumer’s need, should be 

identified.  The value objects were identified through the first and second steps – literatures and 

interviews. Eventually, the following value hierarchy diagrams (before, appendix - G, and after, figure 

1, desktop virtualization) were structured with the different value objects to satisfy the need.  

According to the interviewed experts, and unanimously, there is not a difference in the elements 

that consists the IT architecture whether before or after desktop virtualization except for one element. 

This element is the secondary equipment room (SER). According to the interview conducted with 

Xerox Venray network engineer, the SERs are considered as the access layer, containing the switches 

that cover the workstations in a floor, and thus, connecting the main equipment room (MER) that 

contains the servers and the distribution switches, to the rest of the building. However, the SER is not 

specific to desktop virtualization as will be explained later when the assumptions and the calculations 

are discussed. 

The value objects are meant to be general and not specific to this case study. For instance, 

software was not included as an input in modelling fat-client-based environment because there was no 

special software for this stage in the Xerox Venray case study. Later, the decisions and assumptions 

that were made will be discussed. 

Hence, the following value hierarchy diagrams: 
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Figure 1: Value Hierarchy Diagram after desktop virtualization 

In order to satisfy the need of functioning with fat-client-based environment or with desktop 

virtualization, there should be a set of hardware and a set of software. The hardware consists of the 

server (cooling and main equipment room (MER) are included), the thin/fat clients with some other 

devices like laptops for employees who moves a lot and high performance thin clients (e.g. video 

streaming or conference calls), and the secondary equipment room (SER).  

According to the interviews, these three components produce an economic value that is counted 

in CAPEX that includes the initial cost of purchasing the hardware, and in the OPEX that includes 

expansion and replacement cost. Of course, to operate the hardware, there is a need for electricity. 

However, electricity is a value object by itself that the different types of hardware, as value objects, 

need on their turn. Electricity has also an environmental value which is expressed in kWh, and thus, 

deducing the CO2, the heat emissions (BTU), and e-waste (Kg). 

As for the software, they are going to be quantified as economic values, in term of the capital 

expenditure (initial investment) and operational expenditure as annual licenses/updates cost.  

In addition, both hardware and software will require support services from external, such as 

hardware and software provider, or internal parties, such as the IT support team, that will charge for 

these services, and thus, constructing an economic value. 

In the figure above, the economic/environmental values will be discussed later in the next section. 

However, before getting into the details of quantifying these values, and because we have mentioned 

the existence of other parties, let us list the different stakeholders – actors – that should be considered 

and included in the models and that were deduced from the previous interviews in the second step of 

the research. The actors identified here are: 

 The consumer, which is Xerox Venray, 

 The hardware providers, 

 The software providers, 

 The service provider, and 

 Electricity provider. 
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9. Assumptions and Calculations 

The assumptions are made on two types of modelling in parallel. These types are the fat client 

environment and the desktop virtualization. Later, they are going to be referred to as ‘before VDI’ and 

‘after VDI’ where VDI stands for ‘Virtual Desktop Infrastructure.’ The economic and environmental 

values discussed in this section are deduced from figure 1, where they were identified. 

9.1. Economic Value 1: Hardware 

For the hardware, we have three main parts: Servers, cooling, and client machines. 

The first part is the servers. The main difference between before and after VDI is the number of 

servers. Before VDI, Xerox Venray had four servers of one type – to run VMware and for managerial 

purposes. However, after VDI, another type was added by having the total of 10 servers. The 

additional servers are meant to run Citrix, XenServer, and XenDesktop.  Before and after VDI, servers 

had 5 years as the expected lifespan. 

Before the VDI, a server would cost an average of 15000€, and it is expected to have a lifespan of 

5 years when it will need to be replaced. 

 H1: CAPEX = 4*15000€ = 60000€ 

After the VDI, a server would cost an average of 18500€, and it is expected to have 5 years 

lifespan.  

 H2: CAPEX = 10*18500€ = 185000€ 

The second part is the cooling system. The quantification of the hardware is irrelevant in this 

research because the cooling system is the same before and after the VDI. However, it is added to the 

model in case there is a difference in the cooling system in other future cases.  

The third part that completes the hardware section is the client machines whether it is a fat client 

or a thin client. Before the VDI, there were 600 fat clients, where 450 are desktops and 150 are laptops. 

The average price of a desktop is 500€, and it is expected to have a lifespan of 5 years (considering 

Dell Optiplex desktops). The average price of a laptop is 750€, and it is expected to have a lifespan of 

4 years (considering Dell Latitude E6430). 

 H4: Desktop: 500€ * 450 = 225000€ (every five years) 

 H5: Laptop: 750€ * 150 = 112500€ (every four years) 

After the VDI, the numbers in table 1 reflect the transition period, and it expresses the numbers of 

desktops, laptops, and thin clients (considering ChipPC LXD8541).  It is worth noting here that the 

total number of employees is not expected to increase above 600, but it is assumed that 25 laptops are 

going to remain in addition to the 600 thin clients for mobile employees. Therefore, the ratio of 

servers and users is not considered in the calculations. There are some initial ideas to replace laptops 

with tablets or netbooks that would access the users’ profiles through a VPN system. These are 

unconfirmed ideas that were expressed individually, so they are not included in the calculations. 

As for the thin client, the price is averaged to 300€, and its lifespan is 8 years. The first five years 

are considered to be the transition period from fat-client-based environment to desktop virtualization.  

 H6: 300€ * 150 = 45000 (the first year) 

Table 1: Expected growth of thin client adoption 

 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Thin Client 150 300 450 525 600 600 600 600 600 

Desktop 300 150 0 0 0 0 0 0 0 

Laptop 150 150 150 75 25 25 25 25 25 

 

According to the senior account manager of Panduit, the users won’t notice a difference in 

performance when using the thin client instead of the fat client. Matter of fact, it might perform better 

than a fat client. However, a thin client is not considered suitable for high performance applications 

such as picture editors or video streaming, for instance. Therefore, one of the solutions, which is 

adopted by Xerox Venray, is to use special thin clients to perform such tasks.  These thin clients are 
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‘extended thin clients’ according to the technical services manager in Xerox Venray, and they have 

more memory and CPU but no local disk. They have an average price of 500€ and the same lifespan 

as a normal thin client, 8 years. 

 H7: 400€ * 12 = 4800€ 

As for the secondary room (SER), it is established from the different interview that it is not 

related to the desktop virtualization per se. To implement desktop virtualization, SERs need to be 

installed; however, having SERs is considered by the participants in the interviews, as the standard 

way to structure the IT infrastructure and it is enforced when adopting IP phones. Having SERs will 

be useful when implementing thin client with PoE that will need to combine IP and power. Therefore, 

having the SER is not an investment for desktop virtualization but a natural upgrade to the architecture. 

9.2. Economic Value 2: Software – Licenses 

The applications that are used by the employees are similar. The difference is where they are installed. 

Before the VDI, such applications are just installed locally; however, after the VDI, applications are 

all in a package. However, the applications of importance in this case, are actually management 

applications on the server side. According to the technical services manager in Xerox Venray, after 

the VDI, such applications where added and nothing was subtracted. The applications cost is 

calculated in terms of licenses, and they are:  

XenServer: for 8 CPUs, it was for free;  

XenDesktop: for 600 users, it costs 300€ for each. 

 S1: 600*300€ = 180000€ 

RES: for 450 users, it costs 34€ for each. 

 S2: 450*34€ = 15300 

The total of the capital expenditure is: 

 S3: S1 + S2 = 195300€ 

It is assumed and agreed with the technical services manager in Xerox Venray that the operational 

expenditure to be 20% of the capital expenditure annually. This includes annual cost of support on the 

software as well as the right to install upgrades. 

9.3. Economic Value 3: Electricity 

In order to calculate the electricity consumption, there is a need to specify the different consumption 

modes because devices have different consumption in different modes. From the different analysed 

cases in the first step, the following modes were identified: Active, Idle, Sleep, Off.  

According to Canyon Snow Consulting (2009), the EPA (US Environmental Protection 

Agency)/LBNL (Lawrence Berkley National Laboratory) assumed that 2601 hours/year the machines 

are between active and idle. It was agreed with the technical services manager in Xerox Venray that 

the machines are active for 1935 hours/year. Therefore, it was deduced that the idle mode is 2601 – 

1935 = 666 hours. In a year, there are 8766 hours. The remaining hours are 6165. It was decided to 

assign this amount of hours to the sleep and off mode as one entity because the electricity 

consumption is similar for both of them (Approximate Desktop, Notebook, & Netbook Power Usage, 

2013). The numbers were collected from the webpage entitled ‘Approximate Desktop, Notebook, & 

Netbook Power Usage’ and from the spec sheet of Xtreme PC LXD8541
2
. Later, the numbers were 

verified with Xerox Venray to make sure that the found specs and assumptions reflect reality. Then, 

electricity consumption of the client machine, monitor, and IPT Phone is summed up to represent 

electricity consumption by workstation (Electricity consumptions in appendix - H). Therefore, the 

economic value of electricity is calculated as follow, to get the consumption in kWh: 

 E1: mode time (hours) * consumption (kW) 

                                                           
2 http://www.chippc.com/support/downloads/files/LXD8541_Spec.pdf 

http://www.chippc.com/support/downloads/files/LXD8541_Spec.pdf
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The final step here is to multiply E1 by the rate of electricity for Xerox Venray (Table below). It 

is worth mentioning that the electricity rate that Xerox pays is 0.07€/kWh while the standard is around 

0.22€/kWh (Dutch gas and electricity prices among the highest in Europe, 2013) 

 E2: E1 * 0.07€/kWh 

Table 2: Consumption in kWh per mode per device 

Mode Active Idle Off/Sleep 

Mode duration 1935 hours 666 hours 6165 hours 

Laptop 108.36 7.992 24.66 

Desktop 257.355 38.628 30.825 

Thin Client 87.075 15.318 27.7425 

TC with PoE 32.895 4.662 0 

Powerful TC 39 10.405 12.33 

 

For the thin client with the PoE technology, when it is off or a sleep, it means that the user is out 

of the building. The power is actually cut off (0 kWh) on the station automatically once the user 

checks out the building. 

As for the powerful thin client, it is assumed that once it is not used it is in the off mode and not 

idle because these devices are only used when needed and then turned off. It assumed that they are 

needed only 2 hours per day (Active mode: 2 hours * 5 days * 52 week; idle mode: 2601 – active 

mode; off/sleep mode: 6165 hours). 

For the cooling system, in this case study, we have a special set up it that differs from having a 

normal air conditioner that works 24/7. Xerox Venray uses a technique that, called ‘free flow cooling,’ 

in the MER that consists of mixing the hot air produced by the servers and the colder air coming from 

the outside to have air of 22C. Then the air is blown to an area that is called the Cold Air Area (CAA) 

(under the servers) the air is blown from the ground to the MER and it is sucked by the servers. If the 

mixed air has a temperature that is greater than the desired temperature (22C), and this is when the 

outside temperature outside is the same or greater than the one in the CAA, another machine would 

cool the air to an expectable temperature. The electricity consumption is 22.5 kW for the mechanism 

to cool air blown into the room it is not cold enough, and it is 1.5 kW for the mechanism of mixing 

(24/7) the outside air with the air coming from the room.  

The average temperature gets high in July and August around 22 and 23C in the day (Climate 

changes for Eindhoven, 2013; August Climate History for Venray, 2013). The estimation/assumption 

is that the cooling of the mixed air will work around 15 days a year and only 12 hours (daytime).  

 E3: (22.5 kW * 15 days * 12 hours) + (1.5 kW * 8766 hours) = 17199 kWh 

As for the servers, they are expected to consume around 350 watt and work in the active mode 

24/7 because it is required to have a constant high availability of servers. 

 E4: 350 watt * 8766 hours * number of servers /1000 

9.4. Economic Value 4: Services 

The services were identified as external and internal. The internal services are services that are 

performed by the internal IT support team. The external services are outsourced services to the 

hardware or software providers. Both types were considered in terms of time (hours). Of course 

external services can have special and particular schemes, depending on the agreement between 

consumer and the provider. In this case modelling the external service was tackled as follow: 

 Software services include updates and licences’ number increase/decrease. This is estimated 

to be natural evolvements of software, and they are considered as operational expenditure of 

the value of 20% of the initial software capital expenditure. 
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 The cost of hardware services is not included because during the lifespan of a machine it is 

fixed as part of the guarantee, and if there was a downtime after the lifespan then the 

machine is just replaced.  

Again, in this case study, the cost of hardware external services are calculated in function of time. 

There isn’t a direct economic transaction; however, the lost time of the employee to wait for her/his 

machine to be fixed and the time of the IT support employee is counted as a cost.  

As for the internal services, they are considered in more details because they show the difference 

in performance, downtime, and recovery between the thin client and the fat client, and they are 

calculated in function of time. From the interviews with Xerox Venray’s personals, the following time 

values were identified. They consider performance, downtime, recovery, and periodic services, and 

they are: 

The final result is the following table: 

 

Time Value Thin Client Fat Client 

Reboot It takes around 0.03 hour It takes 0.25 hour 

Installation of  

patches 

0 hour: installing patches is done 

on the server side and it does not 

need rebooting the machines. 

Therefore, they can be scheduled 

anytime and they do not depend 

on connecting the machines to the 

local network. 

A patch installation takes around an hour and 

it is done once a month (12 times per year). It 

requires the machines o be connected to the 

local network. This installation slows down 

the processing time and might require 

rebooting the machine. It is estimated that it 

requires 0.25 hour for each device, each 

installation. 

Software 

crashes and 

blue screen 

0 hour: Centralizing the software 

installation decreases the number 

of software crashes because the 

variables are reduced. Because 

the server is in a high-availability 

mode there is no downtime. 

It is not the same case as in the thin client. 

Software crashes and blue screen is an issue 

for fat clients. It is estimate that on average it 

takes an accumulated 6.5 hours per year to fix 

this type of incidents. 

Data transfer 

due  to 

replacement 

0 hour: Because data is not stored 

in the device, there is no need for 

data transfer. 

It is estimated that it takes around 1 hour to 

transfer data. This number is multiplied by the 

number of machines to be replaced per year. 

90 desktop and 37 laptops. However these 

numbers are adjusted every year when the total 

number of fat clients is changed. 

Downtime 

recovery 

It is estimated that in a year it 

requires only ½ FTE
3
 to fix any 

encountered downtime. Roughly, 

this is translated to 800 hour/year 

according to the technical 

services manager in Xerox 

Venray. 

It is estimated that there are two incidents per 

unit, yearly. Thus, we have 1200 incidents per 

year. It is averaged to spend 2 hours to 

recover. Hence, it takes 2400 hour/year of 

downtime recovery. 

Delegation to 

external 

support 

0 hour: Since the employee is not 

attached to the actual physical 

machine, s/he can just move to 

another machine and start 

working when the machine has a 

hardware problem. 

It is estimated that for desktops there 100 

incidents and for laptop there are 12 incidents 

per year that requires hardware provider 

intervention. For this type of incidents, there is 

a total of 11 hours wasted for desktop, and it is 

around 18 hours for laptops. The wasted time 

sum up the time wasted for the employee and 

for the IT support employee. 

 

                                                           
3 Fulltime Employee 
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The wasted (because it is taking time out of production time) hours are then multiplied by the 

average hourly salary. 

 Sr1: Hours * 41.34€ 

9.5. Environmental Value 1: Electricity 

Through electricity consumption it is possible to express the environmental values. The first and direct 

way is through kWh, which express the consumption of a resource of energy. In addition, it is possible 

to express this consumption by reflecting the CO2 emission, knowing that the CO2 emission factor is 

1.54lbs/kWh (Canyon Snow Consulting, 2009). Moreover, it is possible to express the environmental 

value due to electricity by the emission of heat, knowing that 1 watt is approximately 3.41214 BTU/h 

(Server Products, 2011). Heat emission has an implication on the working environment of the office 

as was confirmed by the participants in the interviews as one of the advantages of the thin client. In 

addition, less heat means a decrease in global warming. 

Expressing this environmental value in kWh, lbs/kWh, or BTU depend on how and by whom the 

information is used. For instance, Postnl expressed their interest in showing the impact in terms of 

CO2 emission because they depend on transportation in their business. Thus, the impact can be added 

to their total amount of CO2 emission. 

9.6. Environmental Value 2: Hardware 

An important issue that is not thought of by the interviewed participants whether they are a provider 

or a consumer is the e-waste. When the device meets its lifespan, it is supposed to be disposed or 

recycled. According to the technical services manager in Xerox Venray, there is a standard that is 

followed through delivering the devices to companies that are specialized in the disposition of e-waste. 

This process of disposal is confirmed by Postnl that deals with the logistic company, ‘Close the Gap,’ 

to dispose and recycle hardware according to standards.  

The importance of having less material to dispose does not only concern the volume and quantity 

of material but also the type of material. In the fat client, and because it contains more internal 

materials, it has more hazardous materials than a thin client. The decrease in the amount of e-waste 

will decrease the amount of hazardous materials that include Lead (Pb), Cadmium (Cd), Chromium 

(Cr VI), Mercury (Hg), Dca-BDE, and Octa-BDE (Arcadis Ecolas & RPA, 2008). 

10. The e3value Model: Value Web Diagram 

This section is going to tackle the description of how the value web model has been created and the 

logic behind it. As was mentioned, the factors, and thus the economic and environmental values, are 

related to time through the CAPEX and OPEX. Therefore, the model can be representing a whole 

period of time to be studied (e.g. 10, 20 years) or it can represent a unit of time and be replicated to 

any period of time. It is decided to have each model to represent a year to use it in other cases for 

different time periods, and thus, represent the present value of the expenditures. One model is 

replicated for every year with different input (E3Value model in appendix - I). In addition, this model 

is basically representing the economic/commercial transactions, and it will lead to deducing the 

environmental impact of desktop virtualization (Discussed in the results section). 

Conceptually, five actors were identified based on the value hierarchy diagram, and they are the 

consumer (Xerox Venray), hardware provider, software provider, electricity provider, and the service 

provider. However, when the different elements were identified in the e3value, it was realized that the 

actors are going to be divided into actors and market segments in order to visualize the different 

consumptions and to ease the modification of parameters from a case study to another. 
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10.1. Actors 

Multiple market segments modelled the different elements in the consumer side that has an impact on 

the expenditure, and they are the cooling system, servers, thin client, high performance thin clients, fat 

client/laptop, and fat client/desktop. Actors, as market segments, allow specifying the count of actors 

for every year. As for the hardware and the software providers, they are two separate actors that 

include several services, as value activity (discussed in the next section) that are executed by these 

providers. The electricity provider remained a separate actor as well. An actor was added, and it is the 

‘Internal Support’ that would be affected after the VDI because of better manageability, as was 

expressed by the different interviewed consumers and experts (e3value creator, DAS, HIG, and Xerox 

Venray). 

10.2. Value Activity 

Value activities define the activities that are performed by an actor in return for the economic 

value (e.g. money). In this model, we have the following: 

 Electricity Provider: provide electricity 

 Software Provider: sell software and offers software support 

 Hardware Provider: sell servers, sell high performance thin client, sell thin client, sell 

hardware (desktop and laptop), and offer hardware support. 

 Internal Employees: offer productivity (internal support). 

The value activity marks also the ‘end stimulus’ which marks the end point of the scenario. The 

scenario starts from the consumer by what is called the ‘start stimulus,’ where the count of 

occurrences is defined. For instance, for electricity consumption, and as was described previously, it 

was decided to count the amount of kWh in one year because every model represents one year, so the 

total number of an active mode electricity consumption per year is specified in the start stimulus. 

10.3. Start Stimuli 

The decision of creating a start stimulus referred directly to the parameters that would change from a 

case study to another. Therefore, the specific consumption inputs/information form a certain case 

study can be specified in the start stimulus. In this model, it was tried to have a general representation 

of the consumption inputs. This was assured by not bounding the representation to the Xerox Venray 

case but also by reflecting the outputs from the performed interviews and the analyzed case studies. 

For electricity, it was decided to have three start stimuli, and they are ‘Active’, ‘Idle’, and ‘Off’. It 

is possible to sum up the three values in one start stimulus, but the electricity consumption differs 

from a machine’s model to another, and the time of a mode (active, idle, and off) differs from a case 

study to another. For electricity consumption for the cooling system and servers, it is represented only 

by one start stimulus because it is supposed to be active 24/7. 

For Hardware, the start stimulus is representing the action of buying new/replacing devices 

(servers, desktops, laptops, and thin clients), where the number of devices to be purchased per year is 

specified. In addition, there are two other start stimulus and they are the external support and the 

internal support where the number of hours of service per year is specified. In some cases, in a year, 

not all the devices need replacement. Here, the OR logical operand is introduced to specify the 

fraction of the devices that will be replaced and the ones that won’t be replaced. 

10.4. Value Interface 

The value interface is where the economic transactions link the actors (including market segments) to 

each other, and it includes the value ports where the change of ownership is represented. Because it 

represent commercial reciprocity, it is where the rate (to be paid) in exchange of the products or 

services, is specified. The rate is initiated on the provider side because the assumption is that it is the 

actor who specifies it. For instance, the electricity provider specify the rate to be 0.07€/kWh. Another 
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example is that the average hourly salary is specified on the value interface of the internal employees, 

which is 41.34€/hour. The rest of the rates are explained in details in the previous section, entitled 

‘Assumptions and Calculations’. 

10.5. The Transition Period 

As was listed previously in the list of factors, it is important to consider the transition period 

especially because it differs from a case study to another. The transition period would define the 

capital expenditure when implementing desktop virtualization.  

According to the interviews that were conducted with the providers (Panduit, HIG), each 

company has its own plan to migrate from fat-client-based environment to desktop virtualization 

(especially implemented with thin client installation). 

For instance when interviewing DAS, it was stated that the transition period is composed of two 

parts. According to the ICT manager in DAS, in the first part there was a migration of 300 

workstations, where they had, internally, a percentage of 20% of hands on implementation while the 

rest 80% was out sourced. Here, the external hardware support can be seen, which not the case in 

Xerox Venray, as we will see next. After two years, meaning after DAS has fixed any encountered 

problems, the rest of the workstations are migrated to be thin clients, and this time DAS has 80% 

hands on the implementation, after learning from the first stage. 

In the Xerox Venray case, it is taking 5 years to have a VDI that covers all the employees (table 

1), and it is implemented all internally.  Meaning, in order to set the whole environment it is taking 5 

years, and thus, the capital expenditure is prolonged to this time interval.  

In order to compare both before and after the VDI, it was necessary to quantify the capital 

expenditure for the fat-client-based environment through a separate model and according to the 

information collected through interviewing Xerox Venray’s personals. There was no clear time plan 

for initiating this environment, so the model just represented the expenditures that would be made in 

the first year, which included purchasing servers, desktops, and laptops, in addition to licences that did 

not apply to the Xerox Venray case as was explained before (E3Value model for CAPEX before VDI, 

in the appendix - I). The model is called ‘model year 0.’ 

11. Results 

Quantifying the economic and environmental impact of desktop virtualization does not stop at 

collecting and inputting numbers in the model, but it continues to visualizing the results in a 

significant manner that will show the impact from different perspectives: economic and environmental. 

11.1. Economic Impact 

The economic impact can be seen from the first years. The transition period takes 5 years. As the 

number of thin clients increase to 600 and the number of desktops and laptops decrease to 0 and 25 

respectively, the total amount of expenditure (Euros) decreases (Appendix - J). Later, the expenditure 

is constant except for the years when there are hardware replacements. 

To calculate the capital expenditure and the operational expenditure, a discount rate of 12% was 

considered (standard rate provided by the financial department in Xerox Venray) in order to compare 

the present value. Here is where the transition rises as an important factor to consider. The value of the 

capital expenditure of accumulated purchases is different than the discounted present value that takes 

under consideration the time value of money. 

In figure 2, we can notice that the capital expenditure of desktop virtualization is greater (49.19%) 

than the one of fat-client-based environment, and this is due to having more servers, 10 instead of 4, 

and for having extra management applications. However, the operational expenditure shows that there 

is a decrease of 86.34% after VDI. The operational expenditure is counted starting year 6, after the 

transition period that marks the capital expenditure. The operational expenditure, in figure 6, is 

spreading over 10 years. 
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Figure 2: Expenditure Comparison: FC vs. TC, expenditure in Euros 

 

The internal support is the greater expenditure in both before and after VDI (Appendix - K). In 

order to visualize the differences in expenditures by type before and after VDI, the percentage of 

difference in saving is visualized in figure 3. 

Because of an absence of distinguished software used before the VDI, there is an increase of 

100% in software expenditure. However, looking back to the figure of percentage of expenditure by 

type in appendix - K, that includes the CAPEX and the OPEX for 15 years, software expenditure is 

14% of the total expenditure. Looking into the decrease in cost we find that the internal support has 

the highest percentage of decrease in expenditure, and this coincides with the opinion of the 

interviewed clients and experts that expressed that the most important and noticeable benefit after VDI 

is better manageability and flexibility. However, when the technical services manager in Xerox 

Venray was asked if the decrease in internal support will lead to a decrease in IT support team, he said 

that they have only 6 fulltime employees (FTEs) in the team and each one is specialized in a field. 

Thus, there will be no reduction in the number of FTEs, but there will be a shift in responsibilities due 

to the saved time, to improve the service and the infrastructure and enhance the integration of IT in the 

working environment (e.g. security camera management). After the internal support, decrease in 

electricity expenditure is noticeable with 35.04% even with more servers after the VDI, and this is due 

to the different electricity consumption criteria between thin clients and fat clients. As for hardware, 

we have a decrease in expenditure of 19.96%, and this is due to a longer lifespan (8 years instead of 5 

years) and less laptop to be replaced. In addition, the cost of a thin client is less than the cost of a 

desktop. 

 

 

Figure 3: Difference of expenditure by type, before and after VDI 

11.1.1. Return on Investment (ROI) 

The considered investment in implementing desktop virtualization is the hardware and software 

expenditures, thus ignoring electricity and internal support, which is around €782375.23. The saving 
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in the first year is greater than the capital expenditure. It is expected to have a return on investment in 

8 months with an amount of €798459.34 of expected accumulated savings. 

11.2. Environmental Impact 

11.2.1. Electricity 

It is worth reminding that Xerox Venray is planning to implement desktop virtualization with the 

implementation of PoE, in the future. Therefore, a comparison of desktop virtualization with PoE is 

included when quantifying electricity consumption, knowing that this is the main difference between 

VDI with PoE and a VDI without PoE, according to interview with Panduit, HIG, and Xerox Venray. 

The promoted environmental benefit of desktop virtualization is the decrease of electricity 

consumption compared to fat client (Table 2). Figure 4 represents the numbers of comparing the 

electricity consumption between the different technologies in one year, moving from fat-client-based 

environment to desktop virtualization to VDI with PoE, the electricity consumption is decreased by 

39.8% and 65.34 respectively. The decrease of electricity consumption from before VDI to after VDI 

with PoE is 42.42%.  

 

 

Figure 4: Percentage of cuts in electricity and cuts in expenditure 

 

Knowing the amount of electricity also gives the amount of heat and CO2 emission. As was 

aforementioned for every 1kWh there is 1.54lbs of CO2 emitted. As for heat, it was stated that 

3.41214 BTU/h is emitted by 1 watt. Thus, 1kWh is equivalent to 3412.14 BTU. Therefore, yearly, we 

have the following: 

Table 3: Yearly CO2 and heat emission by technology 

 Before VDI After VDI VDI with PoE 

CO2 emission (lbs/kWh) 1631.29 982.01 565.46 

Heat emission (BTU) 3614418.48 2175823.75 1252891.40 

 

According to the interviews that were conducted with Xerox Venray, Panduit and HIG, a 

parameter that needs to be investigated is the number of workstations. Therefore, the previously 

introduced model have been used with different number of workstations, taking under consideration 

the changing number of servers according to their capacity and the number of laptops to thin clients 

and to desktops. 

From the graph entitled ‘Electricity expenditure versus the number of workstations per 

technology’ in the appendix - L, the slopes were calculated, and the conclusion is that going from fat-

client-based environment to VDI to VDI with PoE lead to lower slope when increasing the number of 
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workstations (Appendix - L). This means that when the number of workstations increases, electricity 

consumption is less in the VDI and is lesser in the VDI with PoE than fat-client-based environment. 

11.2.2. Hardware 

The contribution of desktop virtualization that is thought of here is strictly environmental. Desktop 

virtualization in this case study is implemented through setting up thin clients, which are much smaller 

than the fat clients that were used before. Thus, the amount of e-waste is less. In addition, thin clients, 

including high performance ones, are replaced every 8 years, unlike desktops and laptops that are 

replaced every 5 and 4 years, respectively.  

According to the aforementioned specs and after discussing with the technical services manager 

in Xerox Venray, it is estimated that on average the thin client has a weight of 0.18 kg, 8 kg for a 

desktop, 2 kg for a laptop, 40 kg for a server, and 0.7 kg for a high performance thin client. 

In the table ‘the accumulated e-waste in Kg every 5 years’ in appendix - M, we can see how in the 

case of Xerox Venray, after the VDI, the amount (in kilogram) of e-waste is much lesser than before 

the VDI. The simulation for 20 years shows that there will be a cut of 87.41% in the amount of e-

waste. 

12. Contribution to the Field 

12.1. List of Factors 

As was aforementioned, there were some previous study cases that were conducted by consultancy 

companies in order to quantify the economic and/or environmental impact of desktop virtualization. 

However, these studies focused more on the factors related to the cases at hand. They did not explore 

other variables that could be considered in other settings. From the cases studied in the first step of 

this thesis, it is found that when trying to quantify the economic and environmental impact of desktop 

virtualization, each case has its own particularity because of the company’s IT legacy, in/outsourcing 

schemes, and other technical aspect, such as special server room cooling setting in the Xerox Venray 

case study. 

All these case studies were analyzed and were an important part in identifying the different 

factors that might have an effect on the economic and/or environmental impact of desktop 

virtualization. Therefore, this research does not take the case at hand as the basis and foundation of the 

assumptions; however, it does consider factors that were not applicable in this case study. This is why 

in the research lists, as much as possible, the factors that are not applicable to the Xerox Venray case 

but might be applicable to other cases. Therefore, this research provided and grouped an extensive list 

of factors and added to it the ‘Transition period’ to be taking under consideration for accurate 

calculations. 

12.1.1. The Transition Period 

The analyzed cases in the first step of this research showed a comparison between an environment 

before desktop virtualization and the same environment after desktop virtualization. Other studies just 

showed the cost (CAPEX and OPEX) and carbon footprint of implementing desktop virtualization. 

However, in this research, there is a consideration of the transition period between the two 

environments, and this aspect is important to try to represent as much as possible, a realistic model. It 

is a factor that is changed from a case to another, and it needs to be represented to have an idea on 

how to migrate to desktop virtualization and quantify in a precise way the impact throughout a time 

period. It is a factor that changes from company to another as was confirmed by the interviewed 

providers (Panduit and HIG) and the client (Xerox Venray and DAS). 
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12.2. Methodology  

Furthermore, this research tried to represent and deliver a method to tackle the question of 

quantifying/estimating the economic and environmental impact of a technology. The skeleton of this 

method is what have been labeled as the value hierarchy diagram. This first step identifies the 

different value objects that are needed to satisfy the need of applying the technology, which is desktop 

virtualization in this case, and thus identifies the major economic and environmental values. This 

identification is done by mapping the value objects to the listed factors.  The next step is to identify 

what are the applicable factors, economic/environmental values, to the case at hand. The last step is to 

do the necessary calculations and assumption, depending on the particularities of the case study. 

12.3.  The Model 

As for the resulted model – Value Web –, it covered most of the list of factors. Therefore, the model 

can be reused by changing in or adding to it to fit other case studies. It is considered a model to be 

reused, but it might need some modifications when different cases are encountered.  

13. Recommendations 

13.1. Governmental Consequences 

As far as recommendations are concerned, there is a potential benefit in terms of tax reduction. 

According to the emission trade scheme, article 59 c, if the electricity consumption did not exceed 

10000kWh then the tax rate is 0.0424€/kWh; if it is between 10000 and 50000kWh then the tax rate 

decreases to 0.0113€/kWh; if the consumption is more  than 50000kWh then it decreases to 

0.0005€/kWh (Wet- en regelgeving, 2013).  Moving from the fat-client-based environment to desktop 

virtualization, and eventually, to supporting PoE won’t increase the tax rate because the consumption 

decreases respectively from  216180kWh to 130137kWh to 74936kWh, which means that the tax rate 

will always be 0.0005€/kWh. Matter of fact, the total electricity consumption will be higher because 

these numbers do not take under consideration the manufacturing activities, which are beyond the 

scope of this research. However, this aspect needs to be taking under consideration to have an accurate 

expectation on the implications on tax rate. 

In addition, to the standard tax rate, the interview with a professor in the faculty of law in the 

University of Amsterdam (UvA) and a researcher at Amsterdam Center of Energy (UvA) resulted in 

further search on what is called the ‘Innovation Box.’ According to Hoelen (2012), the ‘innovation 

box’ was created by the Dutch government to create a more attractive R&D environment. This is what 

M. John Post confirmed during his talk in the workshop for IREEN (May, 2013). The innovation box 

will allow reducing the tax rate from 10% to 5% on the income generated by the innovation. This 

applies to the Xerox Venray case because it is working with Panduit to develop their own PoE 

technology in relation to desktop virtualization. In addition, this idea is not a standard that is enforced 

by the government, it is a relatively new initiative by Xerox Venray, and so it falls in the innovation 

section, according to the professor in the faculty of law in UvA. 

13.2. Transition and Implementation 

It is important to stimulate future users in the adoption/decision process for a better awareness of the 

performance, economic impact, and environmental impact, as was confirmed by participants, such as 

Panduit, HIG, DAS, and even Xerox Venray’s technical personal. According to ICT advisor from HIG, 

stimulating the participation of the future users means also involving who has a hand on the 

implementation, such as the maintenance department (Cabling, moving, etc.) to have a better hand-on 

the technology and thus, acceptance. As was suggested by Panduit, a potential way to do it is to 

provide demos that demonstrate how performance is the same as a fat client (maybe better) and to get 

the users used to work with a thin client. Considering a transition period is the way DAS and Xerox 
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Venray have assumed for a smoother adoption of desktop virtualization where certain employees “use” 

it and influence their peers. Xerox Venray is in the transition period to desktop virtualization; however, 

once the PoE technology is ready to be implemented, they have to take under consideration who to 

target to try out the new technology to influence the other employees. 

Matter of fact, according to the different participants (Panduit, DAS, Xerox Venray, and HIG) 

the toughest part in adopting desktop virtualization is to convince the management to go for this 

investment. This challenge is present because management is usually does not have an IT background, 

and thus concerns are raised. This is why this thesis is presenting the impact of desktop virtualization. 

14. Future Work 

14.1. Security Breach 

One of the difficult factors to quantify economically was security breach. Unanimously, participants 

stated that desktop virtualization provides more security because data is in one place that is accessed 

by authentication and monitored constantly, and it is not on physical devices that can be stolen, such 

as flash drives or laptops. In addition, it was stated that the holistic change would make enforcing 

security measures more acceptable by users. However, there was not any input from the different 

participants on how it is possible to quantify a breach. According to the participants from Xerox 

Venray and DAS, most often they do not know if there was any breach and the quantification of the 

breach depends on how the stolen data was used. Therefore, further research that lists the different 

types of security breaches and their economic consequences needs to be done in order to shed the light 

on this issue, and open the door for further standardization of how privacy and security is handled in 

desktop virtualization. 

14.2. Expand List of Factor and Model 

As was aforementioned in the ‘contribution’ section, this research offers a method to quantify 

economic and environmental impact of desktop virtualization in addition to a model that can be reused. 

Even though the model was based on previous case studies, interviews, and in depth study of the 

Xerox Venray case, it might encounter in the future some case studies that can contribute more in the 

generality of the model and thus extend the list of factors as well. Therefore, future case studies can 

reuse this method and model and enhance the latter. This is due to the particularities that each case has. 

For instance, the model itself can be extended to cover the electricity consumption in terms of cooling 

in the offices. It was mentioned many times in the interviews that one of the benefits of desktop 

virtualization is the decrease of heat in the offices. Therefore, if the air conditioner works in relation 

with the temperature in the offices then the energy needed for cooling would be less.  This is a factor 

that can be added to the model, and it was not added here because of lack of information to correlate 

between the emitted heat and the needed energy for cooling. 

14.3. Tackle the Issue from the Construction Point of View 

It will be also interesting to find a case study that tackles implementing desktop virtualization with 

PoE that starts from the construction of the buildings. According to the providers in the interviews, the 

economical impact of PoE technology can be seen in a project that starts from constructing the 

building with new flexible cablings and less power sockets. Cabling was ignored here because it is not 

considered as part of desktop virtualization without PoE, which is the focus in this case study. 

In addition, the different participants added that thin clients provide more space to work, and 

thus having more people. The participants in Postnl mentioned that adopting desktop virtualization led 

to having less remote offices and having more employees in headquarter. Other participants, such as 

Panduit and HIG, claim that impact in term of space can be seen when taking under consideration 

desktop virtualization prior to constructing the building where outlets and cabling can be less and well 

managed, especially with implementing PoE. 
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15. Reflection 

15.1. Manageability and Flexibility 

As was discussed before, desktop virtualization offers a greater manageability and flexibility. In terms 

of manageability, desktop virtualization centralizes the operations in the server side and this decreases 

downtime and recovery time. In terms of flexibility, workstations are not specified for one user; any 

employee can login to her/his profile from any device in the company. This is expected to increase 

efficiency as was confirmed by Panduit (testifying on its own client), Postnl, and DAS where 

employees are not bound to one place, and wasted time is less than in the fat-client-based environment. 

This gives desktop virtualization a second order (indirect) effect (Yi, 2007). Matter of fact, employees 

can use their own devices from home. Future work on users behavior can tackle how adopting desktop 

virtualization would (or not) reduce CO2 emission because employees do not have to be in the office 

all the time. User behaviour could be explored to understand how this flexibility would affect 

organizing and structuring the work place and the distribution of employees on different buildings. 

15.2. The use of the Model 

Going back to the IREEN project, this model can be considered as a powerful tool because of its 

reusability. As was mentioned before, the model is on an abstraction level that would cover other case 

studies without compromising the particularity of the technology, desktop virtualization. Therefore, it 

can be reused to quantify the economic and environmental impact by building, and thus, it can be used 

for a number of buildings and estimate the impact of a whole neighbourhood (e.g. university campus). 

A more vivid example of the use of the model and how it reflects the impact on multiple building is 

the Postnl. In this example, the number of buildings is reduced to have the employees more 

concentrated in headquarter. Matter of fact, in the same building, the number of workstations was 

reduced because not all the employees are working at the same time and a thin client is not linked to 

one employee. 

The IREEN project is not only about quantifying the impact but also trying to reduce it 

(electricity consumption, CO2 emission, etc.). Therefore, the model, and the thesis as a whole, would 

give insight on the areas that need investigations or improvement. For instance, desktop virtualization 

reduces electricity consumption compared to fat-client-based environment; however, the addition of 

PoE seems to reduce electricity much more. Thus, implementing PoE would be a future step. Also, the 

addition of servers did not impact negatively the reduction of electricity consumption. These insights 

can be taking under consideration to know where work can be done for further 

economic/environmental impact. Matter of fact, the data/numbers that this model provide on the 

energy use in different buildings or the same building, would provide insights in terms of energy 

usage that would need further research to be identified and standardized. Hence, urban planners would 

have more information to make better decisions. Possibly, these insights would also help to develop 

more policies/standards to ensure less energy consumption.  

Moreover, the presented methodology to construct the model in this thesis can be reused to create 

similar models for other technologies, in case the actual model does not confirm to these technologies. 

This can be important in case the impact of different technologies needs to be compared. 

16. Validity 

The issue of validity encountered many discussions when it comes to case study research. However, 

this thesis is taking under consideration that the importance of the case study is in the possibility of 

leaning from it and not proving a certain point (Eysenck, 1976). At the same time, this case study did 

not depend only on the case at hand but it focused on studying previous cases and exploring 

professionals and experts’ point of view through interviews. The previous case studies and the 

interviews are meant to confirm the different factors and assumptions before exploring the Xerox 

Venray case. Thus, they helped to expand the view beyond the case at hand. 



31 

 

16.1. Internal Validity 

In this thesis, the vital issue was trying to get information to cover as much as possible to come up 

with a model that can be reused. From the interviews and the previous case studies, this thesis tried to 

overcome this issue where the targeted sample was specifically experts and professionals in order to 

“provide an in depth investigation of a topic that is qualitatively valid, reliable, and culturally 

generalizable.” (Romney et al., 1986). However, the conclusion was that every case has its own 

specificities that need to be taking under consideration to quantify the economic and environmental 

impact of desktop virtualization. Therefore, reusing this model in future cases would help to confirm it 

further and maybe add to it specially that this thesis examines a causal affects (factors/impact) 

(Runeson, 2008). 

16.2. External Validity 

As was aforementioned, this thesis provides a model to be generalized for other case studies. The 

relevance of the model to other cases is considered high because previous case studies and experts’ 

opinions were taking under consideration. However, again, the case studies have their own 

specificities. Therefore, reusing the model might lead to modifying it, even if it’s constructed in an 

abstract level that considers factors not related to the Xerox Venray case. However, the 

method/process of constructing this model can be reused, for it is not specific to desktop virtualization 

or the Xerox Venray case. 

16.3. Ecological Validity 

This thesis did not infiltrate the environment of the object of study (Xerox Venray). The main source 

of the data was interviews that asked about the IT solution/infrastructure in general. However, even in 

the interviews, it was vital not to affect the answer of the participants. Therefore, and to get as much 

information as possible, the questions were general and the interviews were semi-structured 

(sometimes informal) where the participant is asked a question and given the freedom to answer it 

without guidance. At the end of the interview, some findings from previous case studies are shared 

with the participants for further confirmation. 

16.4. Reliability 

The constructed model did not depend solely on the Xerox Venray case study. It is expected that this 

model would be expanded in other case studies. In addition, in the ‘preliminary study’ section, 

‘assumptions and calculations’ section, and the ‘modelling’ section there are detailed descriptions on 

the different followed steps to get the final result. Therefore, replicating the study should not be a 

problem where, from the beginning, one of the objectives of this thesis is to provide a method to 

quantify the economic and environmental impact of desktop virtualization. 

17. Conclusion 

This thesis achieved to answer the research question through the listed sub-questions taking under 

consideration a holistic view so it won’t be limited to the case at hand. The focus was on an entity (a 

building) and not regional or national impact. In addition, it explored the different possibilities in 

other cases, such as stakeholders and extra types of devices. This was achieved following the three 

order effect (Yi et al., 2007) where the effect due to the existence of ICT (e.g. less e-waste, electricity 

consumption, CO2 emission) and the continuous use of ICT (e.g. increasing efficiency with better 

manageability, less downtime) were explored. In addition, the third order effect was covered by 

exploring the effect of having a large number of users, beyond the Xerox Venray scope. 

From previous case studies that were done by consultancy companies, a set of factors that affect 

the economic and environmental impact of desktop virtualization was established. In order to confirm 
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and organize this set into a list, a first round of interviews was conducted with professionals and 

experts, including the Xerox personals. In addition, studying the previous case studies and 

interviewing the different participants identified the different elements that construct the IT 

architecture before and after the VDI (hardware, software, services, and stakeholders).  

The resulted list was considered as the backbone to create the desired model because it identified 

the different elements of this model and the different factors to be considered. Matter of fact, this 

thesis provides a methodology on how to move from a conceptual identification of the need and how 

to fulfil it with technology through the value hierarchy diagram, to a notional representation of the 

economic and environmental values caused by fulfilling the need through the value web module. 

However, to answer the question of estimating the economic and environmental impact of 

desktop virtualization, it is not enough to model it, for estimating the impact means also translating 

different outputs from the model into comprehensible impact indicators. This is why another round of 

interviews was conducted with Xerox Venray and one of the creators of the e3value (Appendix - E) in 

order to confirm if the model conveys reality and that the visualizations of the results convey the 

impact. 

As was mentioned in the ‘contribution’ section, this thesis provides a potentially reusable model 

for future cases. Therefore, Xerox Venray is planning to use it to estimate the impact of desktop 

virtualization not only in Venray, but also replicating it in other locations (Xerox and non-Xerox). 

In conclusion, this thesis, adhering reasonably scientific standards, provides a methodology to 

estimate the economic and environmental impact of desktop virtualization, and a model that can be 

reused and maybe evolved. Therefore, the case study at hand is meant to learn from it and open the 

door for future scientific research in the same subject by covering other case studies for further 

standardization of estimating the economic and environmental impact of desktop virtualization. 
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Appendix 

A. Rebound Effect 

The following is definitions of the rebound effect four tiers taxonomy according to Plepys (2002) 

analysis of Greening (2000): 

 Direct and pure price effects: “These effects occur as a consequence of increased energy 

efficiency, which reduces the price of energy utilities by decreasing the amount of fuel 

needed to produce a commodity and, consequently, decreases its final price. The decrease of 

price if no other changes take place (ceteris paribus) will increase the demand for such a 

commodity, whether product or service.” (Plepys, 2002) 

 Second order consumption effects: The production cost would decrease from energy efficient 

enhancement (technology), but the demand on other commodities might increase (Greening 

et al., 2000). 

 Economy wide effect: The economy-wide effect is concerned with the links between the 

prices and the production (products and resources) in different markets that creates an 

equilibrium state (Greening et al., 2000). 

 Transformation effect: “relate to the changes of consumer preferences, altered social 

institutions, and organization of production.” (Plepys, 2002). According toGreening et al. 

(2000), transformational effects is ‘‘conceptually possible, but not analytically practical as 

both theory and empiric data are lacking’’ (p. 399). 

 

B. Four General IT Sourcing Models 

 In-sourcing: making use of purely internal resources with internal management, 

 Buy-in: external resources that are managed internally, 

 Traditional outsourcing: mostly suppliers getting ownership of the customer’s resources and 

managing them, and 

 ASP: the supplier rents resources to the customer and delivers them through the internet. 

(Check table below from Kern (2002)) 
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C. IREEN and the IREEN Matrix 

This study is part of IREEN (ICT Roadmap for Energy Efficient Neighbourhoods). IREEN includes 

various partners that contribute with a range of experts (Nice Côte d’azure Métropole, Manchester 

City Council, Amsterdam Smart City, etc). it aims to summarize “the state of art,” define a vision of 

the future, identify technologies that need further research and development for implementation of 

vision, and align the strategy of its partner with the strategy of the European Union (Vlasveld, 2013). 

Moreover, “IREEN is a strategy project which examines the ways that ICT for energy efficient and 

performance can be extended beyond individual homes and buildings to the wider context of 

neighbourhoods and communities” (IREEN Project: Objectives, 2013). The subjects of technology 

that IREEN is aiming to improve in accordance with environment are: design, planning and 

realization – decision support – energy management – integration (Vlasveld, 2013). 

 

 
 

Placement of the Thesis in the IREEN Matrix 

 

Technology, planning, and realization 

- Modelling: An important goal of this study is to model IT solution/infrastructure. Thus, there 

is a need to identify the different elements that compose it. According to the conceptual 

framework, these elements can vary from actual hardware, such as the devices of thin client, 

to the different stakeholders involved in making the IT solution/architecture functions. 

- Performance estimation: Another goal of the study is to quantify the environmental and 

economic impact of desktop virtualization. In order to do this, the study is going to estimate, 

through readings and the case study, the different factors involved for that matter. In 

addition, it is intended to have an estimation/forecast of the environmental and economic 
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impact of thin client through several years, especially to study any changes related to time or 

size change. 

Decision support 

- Visualization of energy use: Quantifying the economic and environmental impact would help 

to visualize the different factors and their specific contribution in the comprehensive impact 

to make decisions on the investment and to enhance the design of the IT 

solution/infrastructure. 

- Behavioural change: Even though this aspect is not tackled in this study, a question will be 

asked in the interview in order to visit it in the Analysis and Future Work sections. In the 

goal of having a holistic view on the IT solution/infrastructure, it is believed that it is a 

necessity to explore the interviewees’ opinion/perspective on this aspect. 

 

D. Details about the Xerox Case 

The Problem 

Xerox Venray has a 25 years old legacy of ICT infrastructure, and it is considered to be outdated for 

roughly two main reasons. First, some cases of security breach were recorded; therefore, they want to 

enhance security. Second, there are compatibility issues in updating to new, more advanced, 

technologies that are considered vital elements to have competitive edge and meet the changing 

customer demands. For instance, Xerox Venray wants to implement wireless connectivity and VoIP 

technology. Therefore, the performance and the staff productivity are affected negatively. “Negative 

effects on the ecosystem may affect production and consumption.” (Bosetti, 2002) 

To update their ICT infrastructure, there is a list of criteria, identified by Xerox Venray, that are 

to be considered as the guideline for the infrastructure. These criteria are as follow: decrease IT 

administration, decrease hardware cost (reducing IT waste), decrease operational cost, decrease 

energy consumption (Carbon footprint), provide remote management capabilities, and have a flexible 

and scalable infrastructure (easy Move, Add, and Change). 

The Solution 

The proposed solution is to migrate to a thin client environment, and the one that will implement it is 

Panduit. Panduit solution includes hardware and software elements, such as cabling system, Power-

over- Ethernet technology, asset management system (PanVieweriQ), and servers’ management (Net-

Access server cabinet).  

 

E. Description of the Different Participants and their Contribution 

One of the participants is a senior territory account manager in Panduit that provided technical 

background on the matter of implementing the desktop virtualization and its potential economic 

impact from the perspective of Panduit as a provider of hardware – mostly cabling – and software 

product that are part of desktop virtualization. In addition, he provided input from his experience from 

working with partners (Xerox Venray and CISCO) and clients. He gave and confirmed information 

about the Xerox Venray case from the point of view of the provider. In addition, an IT advisor from 

HIG – a partner installer and integrator of Panduit, was interviewed. HIG is not only an integrator of 

desktop virtualization, but also a company that is implementing desktop virtualization. Therefore, the 

benefit of including HIG comes from the fact that they possess the perspective of a provider 

(integrator) and of a client. Hence, HIG can reflect on its own experience and on their experience with 

clients that implements desktop virtualization. 

In order to have another opinion, the ICT manager at DAS was interviewed. DAS is 

implementing desktop virtualization, so they provided the perspective of a client. However, DAS IT 

department has been involved in the implementation as well, thus it has an insight on the technical 

side as well. This gave, in addition to the analyzed case studies, another case study to add/confirm to 

the list of factors. 
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Similar to the case of DAS, in Postnl that has implemented desktop virtualization and is not in the 

transition period no more, two personals were interviewed. The first interviewee was the service 

portfolio manager, who provided a functional perspective on the economic and environmental impact 

of desktop virtualization. The second interviewee was the architect of desktop virtualization, who 

presented a technical point of view on the IT solution/architecture. Like DAS, the Postnl case study 

mainly confirmed the list of factors and the elements (hardware, software, services, and stakeholders) 

before and after VDI. 

In addition, the interviews included one of the creators of the modelling application, e3value, and 

an associate professor in Free University Amsterdam (VUA). The reason of this interview goes 

beyond recognizing the functionalities, possibilities and usability of the application, to identifying 

through the participant’s experience the different factors that can have an influence on the economic 

and environmental impact of desktop virtualization. This was intended to be achieved by reflecting on 

the different functionalities of e3value and why they were implemented in terms of identifying what 

the functionalities are supposed to model and represent, including the mentioned factors and the 

different elements that would construct the infrastructure (servers, client machines, services, 

stakeholders, etc.). 

In order to have perspective and information about the potential or possible governmental benefits 

or consequences due to implementing this technology, an interview was conducted with a professor in 

the faculty of law in the University of Amsterdam (UvA) and a researcher at Amsterdam Center of 

Energy in UvA. 

 

F. Interviews 

Questions to Xerox Venray 

*The sub-questions and the text in italic are not to be asked; rather they are to check if the needed 

information is obtained. Thus, they will be mentioned after the interviewee has answered the question. 

This remark includes the section entitled Quantitative data (section 10). 

 

1. What are the different elements the IT solution/infrastructure is composed of? 

Software, hardware, server hardware and software, bandwidth upgrade 

1.1. Is there a power management system? (might affect energy consumption) 

 

2. What are the costs required for the deployment of the IT solution/infrastructure? 

Hardware (Thin client, servers, blades, chassis, SAN storage, disaster recovery blades), software 

(Thin clients management, OSs), services (installation, integration), licensing, pilot set up, trainings 

2.1. Is the number of concurrent users related to the licensing? 

2.2. Is there a volume discount? 

2.3. Is there any left over from the older system (devices or others)? 

2.3.1. Are there any PCs that are used to access a virtual desktop?  

 

3. What are the expected operation costs? 

Annual maintenance and support; other factors are tackled in the next questions … 

3.1. Were there any needed renovations in the building to implement the new IT 

solution/infrastructure? 

 

4. What is the size of the IT infrastructure? 

Number of devices (PC, Laptop, thin client), server capacity 

4.1. How do you expect the size (employees/thin clients) will change (increase/decrease) in the 

next five years? Ten years? There are other reasons to replace, other than natural lifespan? 
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4.2. Is there any effect on the size of the IT support staff (FTEW
4
)? (reduced, increased, 

cancelled) 

 

5. Are there external parties that are involved in the infrastructure other than your organization? 

Internet provider, power provider, telephone services provider, IT support provider 

5.1. What are the schemes (rate) that were agreed on with these external parties? 

 

6. What are the environmental benefits that are important for your organization? 

 

7. In your opinion, what is the economic and environmental impact of this IT solution/infrastructure 

(negative/positive), not necessarily quantitative ones?  

7.1. How and where can this impact be seen? 

Energy consumption, e-waste, CO2 emissions, downtime (mechanical failure) MTBF, 

replacement (lifespan), user behaviour, employee productivity (recovery time from downtimes), 

recyclability/disposal, user behaviour 

7.2. Do you have a specific plan to dispose/recycle old devices? 

7.3. How, in your opinion, thin client is going to save time of the employees, and thus increase 

productivity? Less downtimes, IT support is centralized, faster recovery,  

 

8. What are the benefits expected from the authority from less waste and less carbon footprint (e.g. 

landfill tax)? 

 

9. Security breach is not easy to quantify
5
, but it is promoted that desktop virtualisation is supposed 

to decrease them. How would you quantify the cost of a security breach? How many (average) 

security breaches are recorded in a year?  

9.1. What about the security of the data from power failure? 

 

10. Quantitative data 

10.1. What are the working hours in the company? 

10.2. What is the average salary? 

10.3. How much energy a device (32-bit vs. 64-bit) consumes in active mode? Idle mode? Sleep 

mode? Off mode? (What about the screen’s energy consumption?) 

A thin client or a fat client with power management (PM) works 2601 hour/year active or 

idle 

A fat client without PM works 6293 hour/year 

A thin client or a fat client with PM is in sleep mode 2947 hour/year 

Fat client without PM won’t go to sleep 

Assume 3,121 hour/year at a 36% night time and weekend turn off rate. (CanyonSnow 

consulting, 2009) 

10.4. How much does the server consume, including energy needed for cooling? (Can be separate 

values). 

The average power consumption of 244 Watts per server is based on the 2005 world data 

for volume servers
6
. An additional 244 Watts is required for cooling and auxiliary 

infrastructure in the data centre and added to the server burden17. Given a 24x7 

                                                           
4 Full-time equivalent worker 
53 types: low profile breach in non-regulated industry ($90); low profile breach in a regulated industry ($155); high profile 

breach in a highly regulated industry ($305) (Lipsitz, 2008) 
6 Jonathan G. Koomey, Ph.D., LBNL, Final report, Estimating total power consumption by servers..., February 2007 

(CanyonSnow consulting, 2009) 
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availability, the servers consume 3,890 kWh/year including cooling. (CanyonSnow 

consulting, 2009) 

10.5. What is the lifespan of the devices? When are they supposed to be replaced? 

10.6. When downtime is supposed to start? What is the rate of downtime per year? 

10.7. How much time does it take to recover from a downtime? 

10.8. How much does the device weight? 

10.9. How many thin client a server supports?  

Questions to Providers 

 

Introductory Questions 

1. Can you please introduce yourself? 

2. What do you do as an organization? 

Core Questions 

3. What are the different elements that compose the desktop virtualization setup? 

Software, hardware, external parties, servers, etc 

4. What are the environmental benefits that are important for organizations? 

5. What are the elements involved in the capital expenditure (deployment cost)? Operation 

expenditure (Maintenance, support, etc.) of desktop virtualization? 

6. What is the economic and environmental impact of desktop virtualization? And how is it 

manifested?  

Energy consumption, e-waste, CO2 emissions, downtime (mechanical failure) MTBF, 

replacement (lifespan), user behaviour, employee productivity (recovery time from 

downtimes), security, recyclability/disposal 

7. Are there any governmental benefits (e.g. Taxes) from less carbon footprint production? 

Questions to Others 

 

Introductory Questions 

1. Can you please introduce yourself? 

2. What do you do as an organization? 

Core Questions 

3. What are the different elements in your current IT solution/infrastructure? How did it 

change from the old IT solution/infrastructure? 

4. What are the environmental benefits that are important for your organization? 

5. What are the elements involved in your capital expenditure (deployment cost)? 

Operation expenditure (Maintenance, support, etc.) of desktop virtualization? 

6. What is the economic and environmental impact of desktop virtualization? And how is it 

manifested?  

Energy consumption, e-waste, CO2 emissions, downtime (mechanical failure) MTBF, 

replacement (lifespan), user behaviour, employee productivity (recovery time from 

downtimes), security, recyclability/disposal 

7. Are there any governmental benefits (e.g. Taxes) from less carbon? 
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G. Value Hierarchy Diagram 

 
 

Value Hierarchy Diagram before desktop virtualization: 

 
 

H. Electricity Consumption in Watt 

ID Description Active Idle Off/Sleep 

A Laptop 26 4 0 

B Desktop 103 50 1 

C Regular Thin Client 15 15 0.5 

D 22" Monitor 25 5 1 

E IPT Phone 5 3 3 

F Managed PoE Thin Client 3 3 0 

G Managed PoE IPT Phone 5 3 0 

H Managed PoE 22" monitor 9 1 0 

I Powerful Thin Client 50 0 1 
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This leads to electricity consumption by workstation: 

Description Active Idle Off/Sleep 

Laptop workplace (A+D+E) 56 12 4 

Desktop workplace (B+D+E) 133 58 5 

Regular Thin Client workplace (C+D+E) 45 23 4.5 

Managed PoE Thin Client (F+G+H) 17 7 0 

Powerful Tin Client (I+D+E) 75 0 2 

 

I. Web Value Model 

 
 

E3Value model for Capital Expenditure before VDI – Model Year 0 

 

 

 

E3value model economic transactions for one year 
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J. Transition to Desktop Virtualization, Expenditure in Euros 

 
 

K. Percentage of Expenditure by Type: Before and After VDI 
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L. Electricity Expenditure versus the Number of Workstations per Technology 

 
 

 
Slope 

Fat-client-based environment 19.635 

Virtual desktop infrastructure 10.80197 

Virtual desktop infrastructure with PoE 4.388817 

 

M. Accumulated E-waste in Kg Every 5 Years 

 
Year 5 Year 10 Year 15 Year 20 Total Cuts 

Before VDI 4060 kg 4060 kg 4060 kg 4360 kg 16540 kg 
87.41% 

After VDI 450 kg 566.4 kg 450 kg 616.4 kg 2082.8 kg 

 

 

0 

20 

40 

60 

80 

100 

120 

600 10000 30000 50000 

E
le

ct
rc

it
y

 e
x

p
e

n
d

it
u

re
 i

n
 E

u
ro

 
x

 1
0

0
0

0
 

Number of workstations 

Electricity expenditure per technology per number of 
workstations 

TC PoE 

TC 

FC 


