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Abstract 
Automation plays an important role when dealing with changes caused by globalization. The 
introduction of industrial robots is widely seen as an effective strategy against rising 
competition and outsourcing to low-cost countries. With the launch of amongst other the 
“Industrie 4.0” initiative, automation has been put into focus more than ever before and it is 
seen as the future way of production. Although the investment decisions for industrial robots 
are quite complex, the final purchasing decision is often only based on the initial offering. 
Procurement decisions based only on the initial price are often poor decisions since they do 
not consider the hidden costs such as maintenance costs or energy consumption. A far better 
alternative is to calculate the total cost of ownership (TCO) of industrial robots and use this as 
the fundament in the decision making process. The TCO incorporates all costs from 
acquisition to the disposal of the industrial robot cell.  
 
The study develops, based on a TCO and total value of ownership (TVO) model for industrial 
robots, an operational template, which can be used in the sales process. By applying the case 
study research methodology, the model is developed based on a literature review as well as on 
expert knowledge from employees of Yaskawa Nordic AB (YNR). Qualitative and 
quantitative data is gathered at two customer companies and the most crucial factors are 
identified in order to create a simple, operational template. As most important factors, 
operators’ wages, spare parts and energy consumption have been identified. However, while 
the development of a general model is accomplished in a satisfying way, the realization of the 
template is hindered due to too few available data. The study shows that many companies 
cannot control the costs, which are created by their automation equipment. This leads to the 
conclusion that with further implementation of tools for “Industrie 4.0” the model and 
template can be revised allowing far more precise TCO/TVO calculations.  
 
 
Keywords: LCC, TCO, TVO, industrial robot, automation, case study, model development, 
template, Yaskawa Nordic AB 
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Sammanfattning 
 
Automation spelar en viktig roll för att hantera förändringar orsakade av globaliseringen. 
Införandet av industrirobotar är allmänt sett en effektiv strategi mot ökande konkurrens och 
outsourcing till lågkostnadsländer. Med lanseringen av bland annat initiativet " Industrie 4.0 ", 
har automatisering satts i fokus mer än någonsin tidigare och det ses som framtiden för 
producerande företag. Även om investeringsbeslut för industrirobotar är ganska komplexa, så 
är det slutliga inköpsbeslutet ofta bara baserat på det initiala priset. Upphandlingsbeslut 
baserade bara på det ursprungliga priset är ofta dåliga beslut eftersom det inte tar hänsyn till 
de dolda kostnaderna såsom underhållskostnader eller energiförbrukning. Ett mycket bättre 
alternativ är att beräkna den totala ägandekostnaden (TCO) för industrirobotar och använda 
detta som fundamentet i beslutsprocessen. TCO omfattar alla kostnader från förvärv till 
avyttring av den industriella robotcellen . 
 
I studien utvecklas en modell för industrirobotar, baserad på TCO och totalt värde av ägandet 
(TVO). Denna modell har använts för att skapa en operativ mall som kan användas i 
försäljningsprocessen. Med fallstudie som forskningsmetod, utvecklas modellen baserat på en 
litteraturgenomgång samt expertkunskap från anställda i Yaskawa Nordic AB (YNR). 
Kvalitativa och kvantitativa data samlas vid två kundföretag och de mest avgörande 
faktorerna identifieras för att skapa en enkel, operativ mall. Som de viktigaste faktorer 
identifierades operatörernas löner, reservdelar och energiförbrukning. Även om utvecklingen 
av en generell modell är tillfredsställande, så finns det brister i skapandet av mallen eftersom 
alltför lite data är tillgänglig. Studien visar att många företag inte kan kontrollera de kostnader 
som skapas av deras automationsutrustning. Med fortsatt införande av verktyg för "Industrie 
4.0" kan mer empirisk data skapas. Utifrån det kan modellen och mallen revideras och därmed 
tillåta mycket mer exakta TCO/TVO beräkningar. 
 
 
Nyckelord: LCC, TCO, TVO, industriel robot, automation, fallstudie, modell utveckling, 
mall, Yaskawa Nordic AB 
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1 Introduction 
This chapter gives an introduction and states the background for the research done in this 
thesis. The problem discussion and presentation prepares the reader for the final problem 
formulation(s) and the actual purpose of this study. Thereafter, the relevance of this topic is 
discussed and the thesis’ delimitations are stated. Lastly, the time frame is presented together 
with an outline for this report.  
 

1.1 Background 
During the last decades, companies have struggled increasingly with the changes 
globalization has led to (Löving, 2014). Rising competition on the markets, higher customer 
demands as well as shorter product life-cycles for more complex products have put a lot of 
organizations under pressure to stay viable and competitive (Andersson & Bellgran, 2015). 
Even companies, which have been leading in their particular market segments, have to change 
their strategies in order to keep their well-established positions (Porter, 2004). Strategies to 
meet those challenges are often related to an increase in production efficiency and becoming 
technological more innovative (World Economic Forum, 2013).  
 
Depending on the branch of industry, different strategies have been adapted to address those 
challenges. Säfsten, et al. (2007) describe that manufacturing companies often choose to rise 
the degree of automation with the aim to face global competition or outsourcing to low-cost 
countries. Governmental and other organizational launched initiatives such as “Industrie 4.0” 
(BMBF, 2014) in Germany and “Smart Manufacturing Leadership Coalition” (SMLC, 2014) 
in the United States show that the importance of automation is widely understood. In both 
programs, automation plays a central role in increasing manufacturing effectiveness and 
efficiency to stay competitive.  
 
Sharma (2011) states that there are other benefits besides the above mentioned which supports 
the advantage of automation. Attaining higher production quality, reduction in unproductive 
time, higher safety and reliability in the manufacturing process are just some of them. 
Swedish companies are not able to compete with cheap labor cost but with fast and flexible 
production accomplished by innovative automation (Säfsten, et al., 2007). In order to find 
alternatives to situations where labor costs are a big part of a company’s expenses, the 
implementation of automation systems is a valid alternative to outsourcing or even shutting 
down the entire plant. Especially in Sweden, industrial robots play an important role as a part 
of automation of production systems.  
 
The decisions if and in what way to introduce industrial robots or other automation equipment 
successfully in the manufacturing processes are often quite complex and depend on many 
different factors, e.g. the manufacturing capabilities or the level of integration of the 
automation equipment (Säfsten, et al., 2007). When the choice is made in which way to 
automate, the crucial decision about which equipment to invest in is often only determined by 
the initial purchasing price. Jun and Kim (2007) state that decisions only based on the initial 
costs can turn out to be financially poor for the company. Especially when dealing with 
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advanced electronics or mechanical equipment, it is more important to compare life-cycle 
costs of different alternatives.  
 
This is because many costs are often accumulated during the equipment runtime (Blanchard, 
2008). Maintenance, operating, disposal, but also warranty costs are some of the costs, which 
are usually included in the total life-cycle cost. Seif & Rabbani (2014) mention that such 
ownership costs can become 20 to 200 times more than the initial purchasing price. 

 
Blanchard (2008, p. 12) addresses the fact “that there is a lack of total cost visibility”. This is 
illustrated in figure 1 by the so-called “iceberg” which depicts the total cost of ownership of a 
product (Vitasek, 2014; adapted from Blanchard, 2008). It describes in a simplified way that 
when purchasing certain systems, activities involving maintenance, for instance, cause more 
costs than the purchase itself throughout its life cycle (Blanchard, 2008).   
 

 
Figure 1 Iceberg of Total Cost Visibility (Vitasek, 2014) 

Life cycle costing is just one of the many methods used to describe a method known in both 
literature and practice to consider the total cost of an investment during its life span. Other 
methods are for instance life cycle assessment or activity-based costing (Emblemsvåg, 2001). 
Life cycle costing can be seen as a tool to identify all the cost an investment encompasses and 
ascertains the selection of the best (financial) alternative seen over a product’s dedicated life 
cycle (Dhillon, 1989).  
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Although life cycle costing and its obvious long-term benefits are known since many years 
(Korpi & Ala-Risku, 2008), it is not commonly used in organization when determining the 
purchase decisions (Lindholm & Suomala, 2007; Woodward, 1997).  
 
Examples of successful applied life-cycle costing methods in purchasing decisions can be 
found in the Swedish building sector (Sterner, 2000), but also in the car industry where 
several studies compare the total cost of ownership  (TCO) of electric and conventional 
vehicles (Wu, et al., 2015). In both cases, the ownership costs have been reduced due to a 
purchasing decision made on life cycle costing and not the lowest initial price.  
 
Organizations, which want to introduce new automation equipment into their production, 
have to consider the same possibilities of how to evaluate which product to buy. This is 
especially important when considering the fact that industrial robots and accessories cost a 
significant amount of money, first when purchasing, but even more so when operating.  
 

1.2 Problem Discussion 
When investing into industrial robots, which fulfill the technical requirements for the tasks 
they are considered for, often only the purchase price and its associated costs are observed 
critically (Ellram & Siferd, 1993). Industrial robots and its supporting systems are high-tech 
products that will cost a lot of money initially (Brogårdh, 2007). Therefore, this initial price 
can on the one hand be seen as a big hinder when making the decision to purchase a certain 
industrial robot system. On the other hand, the lowest initial price does not directly relate to 
the lowest cost over a period of time, i.e. the cost of ownership of the automation system.   

 
This can cause a dilemma for suppliers of such industrial robots, of course. Customers often 
do not want to purchase certain products, because their initial costs are considered too 
expensive. It is common that companies prefer rather a low price product because customers 
mostly only compare initial costs and not the costs, which are created successively by energy 
consumption, maintenance, support, personal, education or the life span of the product. The 
concept of ownership costs is not understood properly (Ellram & Siferd, 1993). 
 
Consequently, this dilemma can briefly be described as a sales problem at. The suppliers have 
to deal with the problem of how to sell “expensive” equipment with a long product life cycle 
and high initial investment costs without dumping their own prices and risk losing their own 
competitiveness.  
 
There exist many different strategies to address such problems. Organizations in general can 
adapt from an engineering point of view by changing the design and functionality and by that 
decrease the own purchasing and manufacturing costs. This refers to a change of the product 
life cycle from the manufacturer´s point of view. Organizations can also be more aggressive 
when advertising their products and focus on a strong marketing initiative.  
 
However, the alternative of a design change is more linked to a strategic decision for the 
supplier of industrial robots and would properly take years to implement. In addition, a 
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change in the marketing strategy can also not be considered a favorable solution, because 
industrial robots in most cases are customized systems with certain functionality, i.e. more 
aggressive advertisement will not work because customers apprehend the need of it.  
 
Nevertheless, purchasing industrial robots and their assessors are not only a simple sale 
problem and matter of price for the customer. Such systems are also creating value. Values, 
which many customers do not consider. Aspects such as Overall Equipment Effectiveness 
(OEE), access to service, the opportunity to adapt and adjust the cells working mode, i.e. 
flexibility to accomplish different work tasks, as well as a guaranteed spare parts for a certain 
time frame are not valued economically and therefore not considered in the purchasing 
decision. The decision of what to invest in should not only be based on the total ownership 
costs of a product, but also on the value it can create (Wynstra & Hurkens, 2005). 
 
Investment decisions based on TCO and/or total value of ownership (TVO) are complex and 
uncertain (Wynstra & Hurkens, 2005). There are many quantitative and qualitative data to 
analyze and often not all of the necessary information is available for the purchasing decision. 
In addition, it has to be understood that when purchasing an industrial robot one does not only 
get one single piece of equipment. An industrial robot consists often of many sub systems, 
e.g. software, gripper, positioners, robot controller or gantry, depending on the type and usage 
of robot. Furthermore, there exist different kinds of types of robots with a diverse field of 
application, e.g. welding, cutting, machine tending, clueing, assembly, painting, etc... 
Therefore, many different factors are involved when determining what not only the lowest life 
cycle cost (LCC) is for the customer of an industrial robot system, but also what creates the 
highest value.  
 

1.3 Presentation of the Problem 
Automation equipment and especially industrial robots are the future of manufacturing 
systems, especially in highly industrialized countries such as Sweden. The possibility for 
customers to decide which products do not only have the lowest LCC, but also the ability to 
create the highest value is therefore of vast importance. Consequently, a simple but exact tool 
allowing customers to calculate both the life time costs and values would be beneficial 
compared to such as return of investment, which use is widespread, but its application area 
limited (King, 2008). However, life cycle costing is a very complicated subject and many 
different factors have to be considered and analyzed in order create a good overview. 
Throughout relevant literature several different life cycle cost models exists, however none 
which can be applied to the complexity of industrial robots. Therefore, when considering 
TCO and TVO for industrial robots, it is prerequisite to have a certain concept or LCC model 
that can be used for calculating TCO and TVO with a satisfying outcome. Without such a 
framework, a tool for calculating future costs and values of industrial robots would be 
worthless. If such a TCO/TVO model is created, it can be used from the perspective of the 
supplier as a tool in sales where the financial interests of the customer are in focus.  
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1.4 Problem Formulation 
The problem of this thesis is formulated as:  
 

How can a total cost of ownership/total value of ownership model be developed 
for industrial robots and which factors are most crucial? How can this model be 
the basis for an operational template for customers?  
 

1.5 Purpose 
The purpose of this study is to develop a concept, which can be used as a sales tool for 
industrial robots. The seller of industrial robots is able to make use of such a tool during the 
sales process during the decision making process. For this reason, the theoretical and 
empirical knowledge for a LCC concept for industrial robots has to be gained. This will allow 
identifying the economic factors that have the biggest impact when owning and running a 
robot. Customers shall get the possibility to determine which costs and values they will face 
in the future if they decide to purchase a certain robot and its accessories. However, not only 
the costs involved are important, but also the value. The seller’s aim is to be able to show the 
value an industrial robot can create and the customer wants to be able to see exactly what it 
would purchase. In addition, the template shall have a high usability because no customer will 
use a tool that is complicated to use and takes time to understand.  
 

1.6 Relevance 
According to a comprehensive literature review throughout relevant databases (results see 
chapter 1.7), there does not exist a suitable TCO/TVO concept or model that can be applied 
on industrial robots or other automation systems. Therefore, this thesis tries to close this 
scientific gap. The only relevant article found in the literature search is written by Dietz, et al. 
(2013) and describes how a cost model for robot systems on basis of activity-based costing 
can be developed. It does consider TCO/TVO concepts, but it does not give an insight into 
which cost-types for robots can be relevant.  
 
Like already mentioned above, industrial robots play an important role in the automation of 
the industry (Brogårdh, 2007). With implementation of industrial robots and other automated 
systems, companies (in Sweden) can produce more efficiently and stay competitive on the 
market (Säfsten, et al., 2007). Positive effects can be seen for the customer, the supplier as 
well as for the society at large. Purchasing not only the best technical solution, but also the 
most cost efficient over its entire life cycle is something every customer should aim for. By 
doing so, the customer strengthens its competitive advantage and gains a planning reliability 
for future periods in regards to its budget. The supplier creates a higher customer satisfaction 
and the ability to promote their products with a higher financial focus. In turn, the (Swedish) 
society will benefit from more competitive and stronger (Swedish) companies. By staying in 
the market (instead of outsourcing), both customers and suppliers will be able to stay as an 
employer. The ability to make sound and cost-effective procurement decisions based on the 
whole life cycle of the system is an important prerequisite for all involved parts.  
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1.7 Literature study 
The literature survey of scientific articles was undertaken on four databases: Emerald Insight, 
ScienceDirect, Business Source Premier and IEEE (Institute of Electrical and Electronics 
Engineers). Those databases were selected because they are well established and cover a wide 
range of different journals that all are relevant to the topic of TCO/TVO in the automation 
industry. Keywords used in the search are life-cycle cost, automation, total cost of ownership, 
robot, perspective, customer and business strategy. Those keywords were used in different 
combination. The most important results are illustrated in table 1 and 2. The whole search can 
be found in Appendix A.  
 
The entire search created many hits and therefore the number of articles was limited by 
different parameters, e.g. abstract or title only. If an appropriate number of hits was achieved, 
the abstracts of the hits were carefully read and the articles, which seemed most relevant 
where picked out.  
 
Table 1 shows that there exist a relevant number of articles which are tangent to the topic of 
LCC and TVO in regards to automation and customer perspectives.  
 
Table 1 Crucial results in regards to LCC/TVO and customers 

 
 

Date Source Search phrase Limitations Hits Relevant hits Comments

Good search with relevant 

results

2015-03-12 IEEE
Total cost of ownership 

AND Customer
Abstract 39 1

Good search with relevant 

results

2015-03-12 IEEE
Life-cycle cost AND 

Customer AND Automation
Abstract 6 1

Good search with relevant 

results

2015-03-04 IEEE
Total cost of ownership 

AND Automation
Abstract 6 1

Good search with relevant 

results

2015-03-04 IEEE
Life-cycle cost AND 

Automation 
Abstract 44 1

Good search with relevant 

results

2015-03-12 ScienceDirect
Total cost of ownership 

AND Customer

Journals - 

Abstract
12 3

Good search with relevant 

results

2015-03-12 ScienceDirect
Life-cycle cost AND 

Customer

Journals - Title 

AND Abstract
7 2

Good search with relevant 

results

2015-03-04 ScienceDirect
Total cost of ownership 

AND Automation

Journals - 

Abstract
1 1

Good search with same relevant 

hit as above

2015-03-04 ScienceDirect
Life-cycle cost AND 

Automation 

Journals - 

Abstract
26 4

Good search with relevant 

results

2015-03-12
Business Source 

Premier

Life-cycle cost AND 

Customer AND Perspective
Abstract 11 2

Good search with relevant 

results

2015-03-12
Business Source 

Premier

Life-cycle cost AND 

Customer AND Perspective
Abstract 6 1

Good search with relevant 

results

2015-03-04
Business Source 

Premier

Total cost of ownership 

AND Automation
Abstract 28 1

Good search with same relevant 

hit as above

2015-03-04
Business Source 

Premier

Life-cycle cost AND 

Automation 
Abstract 33 2

Good search with relevant 

results

2015-03-12 Emerald Insight
Total cost of ownership 

AND Customer

Articles - 

Abstract
11 3

Good search with relevant 

results

2015-03-12 Emerald Insight
Life-cycle cost AND 

Customer

Articles - 

Abstract
36 1

Good search with relevant 

results

2015-03-04 Emerald Insight
Total cost of ownership 

AND Automation

Articles - 

Abstract
2 1

Good search with same relevant 

hit as above

2015-03-04 Emerald Insight
Life-cycle cost AND 

Automation 

Articles - 

Abstract
9 1
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Table 2 displays the results for the search for LCC and TVO in regards to industrial robots. 
The search shows clearly that the topic of LCC in industrial robots is only very briefly 
covered throughout academic research.   
 
Table 2 Crucial results in regards to LCC/TVO and industrial robots 

 
 

1.8 Delimitations 
Since there are a wide variety of applications for industrial robots, this thesis will only focus 
on two of the major application possibilities for industrial robots: (arc) welding and machine 
tending robots. Furthermore, the number of companies involved in the study is limited to two. 
This is mostly because of the limited amount of time available for this thesis. Finally, the 
interest rate used for calculations in chapter 6 is based on the reference rate of Sveriges 
Riksbank (Sveriges Riksbank, 2015), i.e. an interest rate changing every six months.  
 

1.9 Time frame 
The thesis was planned after the time frame depicted in table 3. The work started already a 
few weeks earlier than the normal schedule for this course. This is mostly because the 
described purpose is extensive and time consuming and access to the company that is used as 
the case in this thesis was already available.  
 

Date Source Search phrase Limitations Hits Relevant hits Comments

Good search with relevant 

results

2015-03-04 IEEE
Total cost of ownership 

AND Robot
Abstract - - No search results at all

2015-03-04 IEEE Life-cycle cost AND Robot Abstract 5 1

Search results manageable, 

however no relevant results

2015-03-12 ScienceDirect
Total cost of ownership 

AND Robot

Journals - 

Abstract
- - No search results at all

2015-03-04 ScienceDirect Life-cycle cost AND Robot
Journals - 

Abstract
3

Search results manageable, 

however no relevant results

2015-03-04
Business Source 

Premier

Total cost of ownership 

AND Robot
Anywhere 1 -

Search results manageable, 

however no relevant results

2015-03-04
Business Source 

Premier
Life-cycle cost AND Robot Anywhere 4 -

Search results manageable, 

however no relevant results

2015-03-04 Emerald Insight
Total cost of ownership 

AND Robot

Articles - 

Abstract
- - No search results at all

2015-03-04 Emerald Insight Life-cycle cost AND Robot
Articles - 

Abstract
2 -
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         Table 3 Time line for the thesis 

 
 

The process for collecting the required data from the companies, especially the quantitative 
data, took a lot of time. This is due to the fact that the two companies had to start an 
investigation on their own where and how to obtain the data.  
 

1.10 Outline 
This thesis is organized in the following. 
The next chapter describes the research methodology of the thesis. It states briefly qualitative 
and quantitative research approaches and explains why a case study research is chosen for this 
topic as the research method. The third chapter provides the theoretical background and 
terminology for understanding of the topics of LCC and TCO. Insights into the technical 
functionality of industrial robots are given. The fourth chapter describes how the framework 
for the TCO/TVO model is developed. The fifth chapter states the qualitative findings from 
data gained through the research tours and evaluates those findings in accordance to their 
relevance for a TCO/TCO model. The following sixth chapter contains the quantitative 
findings and evaluation of the empirical data in regards to the framework developed in 
chapter 4. The results of this analyze and the prototype for the template are then presented in 
chapter seven. The thesis settles finally with a chapter for conclusions and one for criticism 
and future research opportunities. Lastly, the references and the appendix follow it.  
 
 
 
 
 
  

Month Feb June

Activity Week 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

17|4

8|5

25|5

17|6

Research Methodology

Theory

Adjustments

Mar Apr May

Literature search and studies

Introduction

Publication on DiVA

Submission 1

Model development

Research tours

Empirical findings

Analysis

Submission 2

Results

Discussion and Conclusions

Submission before presentation

Presentation 
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2 Research Methodology 
In this chapter a brief introduction to the fundamentals of research methodology is given and 
it is explained why the chosen research method, a qualitative case study, is appropriate for 
this thesis and its problem formulation. Additionally, the important elements of the research 
method are stated. The research process of this study is described in chapter 2.4.  
 

2.1 Scientific Research and its Composition  
Burns (2000, p. 3) defines research as “a systematic investigation to find answers to a 
problem”. Scientific research as such is conducted in many different ways and throughout 
literature, a whole number of different research approaches is discussed. Tesch (1990) 
describes 45 classifications that can be used depending on the field of study.  
 
To understand why there are so many different research approaches, one has to first 
understand how scientific research, its philosophies, perspectives, approaches and methods 
are linked together. Figure 2 illustrates the connection between those parts. For different 
research philosophies exist several research approaches and for those a number of research 
perspectives. Finally, the researcher chooses an applicable research method based on the 
proper research philosophy, approach and perspective. Moreover, there exist even more ways 
of classifying it and choosing one path does not mean directly the other way is excluded, of 
course. Every approach, perspective and method has its advantages and disadvantages and is 
often most favorable in certain scenarios. The most important task is to decide which path(s) 
one has to follow in order to solve a given scientific problem successfully. A brief description 
of the four parts of scientific research follows in subchapters 2.1.1 to 2.1.4.  
 

 
                                                           Figure 2 Overview of scientific research 
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2.1.1 Research Philosophies 

In general, the focal point of science is to produce scientific knowledge, i.e. usually some 
kind of theory (Patel & Davidson, 2011). In science, there exist many different philosophies 
of how to conduct science. There are two main philosophies or main influences: hermeneutics 
and positivism. Whereas hermeneutics comes from humanistic research, positivism has its 
roots in natural science (Thurén, 2007).  
 
The French scientist Auguste Comte coined the term of positivism in the 19th century and it 
means more or less to build on something in a positive way by adding knowledge. Its core is 
to be dependent on the fact that it uses hard facts, i.e. facts that can be proven scientifically, to 
create more knowledge. In positivistic research, humans have only two ways in acquiring new 
knowledge. The first one is by observation with human senses and the second is logic. 
Observation means that it is based on empirical information gathered by the five senses 
humans possess. Logic allows to draw conclusions by known facts in a way to create more 
knowledge, e.g. by eliminating facts, which cannot be true. Usually, positivistic research uses 
already existing knowledge as a fundament to develop new (Thurén, 2007). 

 
Hermeneutics on the other hand can be described as the total opposite of positivism. It is a 
way to interpret subject, things, or simply conditions in relation to human existence. 
Hermeneutic research relies more on explaining the context between humans and social 
conditions and not on exploring new facts (Patel & Davidson, 2011). 
 
2.1.2 Research Approaches 

DePoy & Gitlin (1998) state that there are three main scientific approaches, which help 
understanding the relation between theory and empirical findings: induction, deduction and 
abduction. Each of those approaches uses different ways to create new information and 
knowledge. They are briefly described below.   
 
An inductive research approach relies on exploration of a research object without actually 
having considered available theory before concerning the studied object (Patel & Davidson, 
2011). The new hypothesis is drawn through pattern building by the empirical evidence 
gained by observation of the research object. In addition, the newly proposed hypothesis is 
used to draw a conclusion for a broader theory (Patel & Davidson, 2011).  
 
The opposite of induction is deduction. Hereby, the researcher accepts already existing knowledge 
and theories. With help of this existing theory, the scientist develops new conclusions, which 
should be valid for single objects or cases (Patel & Davidson, 2011). The researcher uses logical 
reasoning or deduction for proving the theory for the new object and if it is logically sound; the 
new theory can be accepted as true (DePoy & Gitlin, 1998). 
 
The third approach, abduction can be described as a combination of induction and deduction 
(Patel & Davidson, 2011). A preliminary theory and hypothesis is developed on basis of collected 
empirical data of a single object or case. This hypothesis is then tested on a new case to prove the 
developed theory. Eventually, the original hypothesis can be revised and a more generalized 
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theory is developed. The first step can be seen as the inductive step, the second as the deductive 
one (Patel & Davidson, 2011).  
 
2.1.3 Research Perspectives 

Kumar (2014) clarifies that there are (at least) three different perspectives research can be 
viewed from: the application, the objective or the enquire mode. The point of view is 
depending on the focus of the research. Choosing the correct perspective allows the scientist 
to research an object from the desired angle with the objective to answer the proposed 
problem. Kumar (2014) states that there exists pure or applied research for the viewpoint of 
the application, descriptive, exploratory, correctional and explanatory research for the 
viewpoint of objectives. For the enquiry mode, quantitative and qualitative research modes 
are used.  
 
The three classes are not mutually exclusive and can overlap (Kumar, 2014). For instance, a 
research project can be pure research from an applications point of view, but its objective is 
doing descriptive research with a qualitative enquire mode.  
 
2.1.4 Research Methods 

According to Merriam (2009), two types of research methods exist: a quantitative and a 
qualitative research method. Järvinen (2001) on the other hand divides research methods 
between mathematical methods and methods studying reality. However, the two most 
common and important research methods for this study are quantitative and qualitative 
research methods. They are explained in the following chapter.   
 

2.2 Quantitative and Qualitative Research Methods 
Quantitative and qualitative research methods are like stated above two ways of processing 
empirical information applied in scientific research. Both methods are used to process 
information in a systematic and comprehensive way with the goal of answering a problem 
formulation or hypothesis (Patel & Davidson, 2011). It should also be understood that 
quantitative and qualitative research methods are not mutually exclusive. However, for 
creating better understanding of them they are explained separately more in detail below. For 
interested readers, Morgan (2014) describes an integrative approach for qualitative and 
quantitative research methods. 
 
2.2.1 Quantitative Research 

Yates (2004) describes quantitative research as a research method using empirical and 
statistical methods to process and analyze data. Its goal is to produce statements that can be 
generalized. Its characteristics are large sample sizes, which are approached in a structured 
way with the investigative purpose of quantifying an extent of variation in a situation or issue 
(Kumar, 2014). Patel & Davidson (2011) state that there are two types of quantitative, 
statistical research methods: descriptive statistics and hypothesis testing. When evaluating and 
analyzing samples, descriptive statistics is used to describe the numbers in regards to the 
research objective. Hypothesis testing on the other hand is applied when a hypothesis is tested 
of its truthfulness.  
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The key strength with quantitative research lies within the fact that it is a very standardized 
and structured process. The research results are accepted to be reliable and objective, i.e. easy 
to generalize (Kumar, 2014). More information to the important concepts of reliability, 
validity and generalization can be found in chapter 2.3.2. The main weakness of quantitative 
research methods is that there is no guarantee that the collected sample actually is relevant for 
the research purpose (Holme & Solvang, 1997).  
 
2.2.2 Qualitative Research 

Throughout literature, many different definitions of how to describe qualitative research exist.  
Merriam (2009, p. 13) mentions that “qualitative researchers are interested in understanding 
the meaning people have constructed…”. An older definition by van Maanen states (1979, p. 
520) that qualitative research is a term “covering an array of interpretative techniques, which 
seek to describe, decode, translate, and otherwise come to terms with the meaning, not the 
frequency, of certain more or less naturally occurring phenomena…”.  
 
Qualitative research sets its focus on the meaning and the understanding of how something 
happens, i.e. a process that leads to a certain explanation (Merriam, 2009). This understanding 
is created by collection data with the help of questionnaires, surveys or interviews (Patel & 
Davidson, 2011). However, this does not mean that empirical information is excluded from 
this research process. Empirical information can be supportive in creating a context to the 
stated problem.  
 
Kumar (2014, p. 277) states that a strength of qualitative research is that it “quantifies the 
main themes in order to provide their prevalence and thus significance”. This means that 
qualitative research can be used to describe a research object, to give it meaning and to 
generate a hypothesis of that research matter.  
 
The chosen method for this study, a case study, can also be classified as a qualitative research 
method. In the following, the characteristics of a case study are described and it is explained 
to the reader, why the case study is the most appropriate research method for this study.   
 

2.3 Case Study Design 
2.3.1 Definition of Case Study 

A researcher conducting a case study assumes that the case being studied is typical of cases 
that are relevant for a certain problem and can provide enough inside to solve the researched 
problem (Kumar, 2014). Yin (2014) describes that a case study is relevant as a research 
method if the question raised attempts to explain some present circumstances. Its main 
research questions are “how”  and “why” . Furthermore, Yin (2014) adds that a case study 
approach can be advantageous if the researcher has less control of the variables involved or if 
those variables cannot be identified before the research actually has started, i.e. they can 
change due to the situation. The researcher addresses the situation from a holistic perspective 
and focuses on contemporary real-world problems. It allows an investigation about a complex 
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phenomenon, e.g. organizational processes or performance, and seeks to find an explanation 
for it (Merriam, 2009).  
 
Yin (2014) emphasizes that the scope and the features of a case study are important elements 
as such for recognizing it as a research method. The scope encompasses an in-depth 
investigation of an existing phenomenon with the real-world where the boundaries between 
the case and the real-world context are not clear. The features of the case study are relevant 
when it benefits from already existing theoretical knowledge and can build its case on it. 
Moreover, there will be an environment where many variables are of interest and there are as 
well many possibilities to gain information about those variables, which will eventually lead 
to a result.  
 
Although case study research has become more acknowledged over the last couple of years, 
there are still some concerns regarding it being a proper research method. According to Yin 
(2014), there are five main concerns: conducting the research in a rigorous way, avoiding 
confusion about teaching cases, generalization of the problem, managing the level of effort 
and understanding its comparative advantage. Some of those concerns are addressed in 
chapter 2.4 in regards to the case study of this thesis.  
 
2.3.2 Important Elements of a Case Study  

Mainly there exist three elements, which are not only crucial for the research method of a case 
study, but for all research methods in general. Those three elements are reliability, validity 
and generalization and they are explained below in regards to a case study. The quality of a 
research study can be evaluated among others with those elements. The higher the reliability 
and validity of a study are, the more sound the result will be.  
 
Reliability 
Reliability concerns the consistency and repeatability of the research procedures used in the 
research method (Yin, 2014). It is important that the measurements or other research 
procedures will produce the same findings and conclusions when they are repeated. 
Reliability aims to minimize errors and bias in the study (Yin, 2014).  
 
Validity 
Thurén (2007) describes that validity aims to secure that the case study does really investigate 
the correct situation in regards to the problem formulation. This means that it is actually 
important that the right variables are researched (Thurén, 2007). Without that, the conclusions 
might be invalid.  
 
Generalization 
In literature, it is also stated as external validity. It refers to the fact that the findings of a case 
study can be generalized to other situations, which are not part of the original study (Yin, 
2014) 
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2.3.3 Data Collection Methods 

Every research method has to obtain its data and information in proper ways. For qualitative 
research methods, Merriam (2009) describes three distinctive ways of collecting data: 
interviews, observation and data mining. 
 
Observation 
Observation is the technique of choice when the researcher can observe a phenomenon by 
being present (Merriam, 2009). Either this can be performed by participating directly in the 
researched object, i.e. being an insider and involved in the process or it can be undertaken by 
being a complete independent observer. It can even go so far that it is unknown to a target 
group that they are being observed. In addition, an important part of observation is the 
recording of the observations. Those notes, comments or quotations must be as detailed as 
possible laying the basis for a thorough data analysis.   
 
Interview 
Merriam (2009) states that interviews are usually the major source for data collection in a 
qualitative research method. Interviews can be both structured and unstructured (Holme & 
Solvang, 1997). In a structured interview, the questioning follows a predetermining order in 
comparison to an unstructured interview, where questioning is not planned in advance and the 
questions are asked randomly. According to Merriam (2009), there exist also semistructured 
interviews. Here, the interviewer starts with a set of prearranged questions and follows then 
more randomly in the direction the interview will lead to, still bearing in mind what the 
purpose of the interview actually is supposed to be.  
 
Data mining  
Data mining of documents is pursuant Merriam (2009) another way to obtain qualitative data 
and it includes e.g. public records, personal papers, and physical material or technical 
documentations. It has to be differed between documents, which have been prepared at the 
investigator´s request, and the ones, which have been produced independently.  
 
Which of those techniques a researcher chooses to gather data depends on the stated problem 
and the way the researcher wants to acquire the data. It is possible to use all three ways, but 
often only one is used.  
 

2.4 The Research Process of this Study 
The relevance of this chapter lies on briefly showing to the reader that the way this study is 
conducted, how to assure that it is executed in a proper and robust scientific way and that the 
qualitative case study as a research method for this thesis is suitable.  
 
Figure 3 illustrates the research structure of this thesis. It shows clearly that the research 
process was conducted in a structured way addressing the first of Yin’s (2014) mentioned 
concerns of conduction the research in a rigorous way. It also allows the reader to follow 
through this thesis on a red thread knowing that the result will try to answer the problem 
formulation. The literature search (see chapter 1.7) functions as the foundation for the theory 
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and supports together with information gained through internal expert interviews and data 
mining the model development process. In addition, quantitative and qualitative data from 
external expert interviews and customer data are used as the basis for the empirical findings. 
This data is then carefully analyzed and used to refine the model and to create an operational 
template for TCO calculations of industrial robots.  
 

 
                                   Figure 3 Research structure of this thesis 

When comparing the problem formulation stated in chapter 1.4 with a case study´s main 
research questions of “how” and “why” , it becomes obvious that those are fitting. The 
problem formulation is stated as “how can a total cost of ownership/total value of ownership 
model…” and “how can this model be the basis…” which are both “how” questions that can 
conveniently be answered with the research method of a case study. In addition, those 
research questions are also focused on contemporary events (Yin, 2014) and as such, the 
TCO/TVO model building for industrial robots can be classified.  
 
Since the time frame for this research is very limited, a case study is the preferred method of 
choice because it allows planning and selecting of what should be researched in order to keep 
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the time line. It can also be argued that the case study has a comparative advantage over other 
research methods such as experiments because it can be conducted with already available data 
and information, saving a lot of time and money.  
 
The data and information acquired in this study comes mainly from interviews and some from 
data mining of internal documents. The interviews in the supplier’s company were conducted 
in a completely unstructured way with expert personnel for the right subject. Those interviews 
where mainly discussion with different experts about why and how certain aspects influence 
an industrial robot. They were unstructured because the discussions were not openly and 
could lead into different directions, which then would be investigated further. The interviews 
at the two customer’s companies were conducted in a semistructured way. On basis of the 
developed model (see chapter 4), questions to the variables have been asked. Questions 
regarding qualitative variables were recorded and follow up questions asked. However, the 
quantitative data necessary for evaluating the TCO/TVO model relies only on data, which the 
two companies provide. The companies often do not measure all the required quantitative 
variables and therefore will take time to measure or have even to be estimated. A further 
problem can be that industrial robots not work on their own, but in a so-called robot cells, i.e. 
together with other automation equipment. Therefore, data, e.g. energy consumption is often 
measured for the whole cell and not only for the robot itself.  
 
Keeping this in mind one has to reflect critically on the validity and reliability of this study. 
Assuming that the companies provide the correct numbers for the variables, one has to be 
clear about the fact that there are no standardized ways of measuring some of the variables. 
This can actually change the results of this study.  
 
According to Yin (2014), the validity of a study can be guaranteed when the study is based on 
relevant literature or documented expert knowledge. In this study, both those cases are 
covered. As described in chapter 1.7, the literature review is undertaken on appropriate 
databases and the scholarly articles chosen are peer-reviewed, which means they uphold a 
high scientific standard. The expert knowledge is gained through interviews or discussions 
and the results of those interviews are continuously reviewed in weekly supervision meetings 
at the supplier´s company. The interviews conducted at the customer companies have been 
summarized and send back to their experts for a feedback and possible correction. Moreover, 
as already described above in figure 3, the entire process of this study is meticulously planned 
and structured to uphold a correct way of conducting this study.  
 
Moreover, the sources of information have to observed critically as well and checked for their 
reliability. Although the qualitative data gathered through expert interviews is valid, it may be 
less reliable since it is based on personal knowledge and objectivity. For instance, the 
objectivity can be influenced by the company´s culture or industrial sector it is located in as 
well as the experts’ background. The quantitative data gained through internal data mining or 
provided by the customers has a very high reliability when it is gathered from the companies´ 
enterprise resource planning (ERP) systems. This is the case for data gained from the supplier 
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and one of the customers. The other customer was only able to estimate its data, afraid of, and 
therefore this data has not been considered (see also chapter 5).  
 
Although this study is (only) conducted at one supplier of industrial robots and two 
customers, the results of the study are generalizable to all industrial robots on the market, i.e. 
not only those of the suppliers. This is on the one hand because both customers provided 
qualitative and quantitative data from different kinds of industrial robots. On the other hand, 
the model developed in chapter 4 is based on scientific literature and not only empirical data 
which would lead to a subjective and context depending model. Therefore, the model 
development process upholds the objectivity necessary for thorough scientific research.   
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3 Theoretical Review 
In this chapter, the theory needed to understand the content of this study is presented. It 
covers the terms of live cycle costing, live cycle analyzing techniques, total cost and value of 
ownership, and a brief introduction to industrial robots.  
 

3.1 Life Cycle Costing   
What does it cost? This is an ordinary question often asked when one want to purchase 
something. Usually, this is meant for the purchasing price. However, those are not the only 
costs a product will cause. For instance, a product will cause costs for a manufacturer during 
its design and development phase and then, it will cause costs for the customer when using it 
(Dhillon, 1989). All those costs combined are called life cycle costs (LCC). Emblemsvåg 
(2003) adds that this is not only meant in monetary terms, but that costs are also connected to 
risks and uncertainties.  
 
3.1.1 Definition of the Term Life Cycle Costing and its Purpose 
Throughout literature, several definitions of life cycle costs exist. Sullivan, et al. (2012, p. 47) 
defines LCC as the “summation of all costs related to a product, structure, system, or service 
during its life span”. An older definition by White & Oswald (1976, p. 39) is stated as “the 
life cycle cost of an item is the sum of all funds expended in support of the item from its 
conception and fabrication through its operation to the end of its useful life”. Blanchard 
(2004) states that a life cycle can be divided into six phases. Those six phases are depicted in 
figure 4.  
 

 
Figure 4 Life cycle phases (Blanchard, 2004) 

 
Considering the six phases, the first three from conceptual design to detail design and 
development belong to the acquisition stage, the last three from production and/or 
construction to retirement and disposal to the operational phase (Sullivan, et al., 2012). Figure 
5 shows clearly the correlation between the accumulated life cycle costs for each phase. It can 
be seen that the life cycle costs for a product increase the longer it proceeds to the end of the 
life cycle. In addition, the potential to save costs through changes in a product decreases the 
more the product moves through the life cycle. Hagberg & Henriksson (2010) describe that 
changes in the design late in the life cycle, i.e. after the acquisition stage, are 100-1000 times 
more expensive than in the first phase.  
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                   Figure 5 Phases of the life cycle and their relative costs (Sullivan, et al., 2012) 

 
The concept of life cycle costing has evolved over time and nowadays it serves three main 
purposes: as an engineering tool, as a decision support tool for management and as a tool in 
environmental assessments (Emblemsvåg, 2003).  
 
Life cycle costing as an engineering tool, which was also its original intent, provides decision 
support in design and purchase decisions for big systems or infrastructures (Emblemsvåg, 
2003). As a decision support tool in management, it gives valuable information about future 
costs, something that traditional cost accounting methods often cannot comprehend. During 
the last couple of years life cycle costing has also be used as a tool for life cycle assessment. 
Here, it is used to reevaluate the costs of a product in regards to its environmental impact, e.g. 
energy consumption.  
 
3.1.2 Cost Breakdown structure 

The Cost Breakdown Structure (CBS) is a method to classify all categories of costs during the 
products entire life cycle (Blanchard, 2004). Fabrycky & Blanchard (1991) state that a CBS 
intends to provide total cost visibility, i.e. also show the costs, which are under the surface 
(see figure 1). It combines fixed with variable costs, but also direct with indirect costs.  
 
A CBS is tailor-made for every system, which is under investigation (Blanchard, 2008). Here, 
the functions and future activities of the system are broken down into subfunctions to a level 
where they secure that costs are not double listed. Figure 6 illustrates an example for a CBS. 
Evidently, it shows the hierarchical structure of the CBS which allows for initial allocation of 
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costs and then further in-depth analysis of functions or activities (Blanchard, 2008). The first 
two “main” parts can be related to the acquisition stage and the last two to the operational 
stage. A CBS is also a step in the life cycle cost analysis (LCCA; see next chapter). 
 

 
Figure 6 Cost breakdown structure (Fabrycky & Blanchard, 1991) 

 
3.1.3 Life Cycle Cost Analysis 

The objective of a LCCA is to solve a LCC related problem in a structured way (Fabrycky & 
Blanchard, 1991). A LCCA can consist of several different methods, even so the CBS. 
However, it is not necessary to follow through all the steps of a LCCA to come to a proper 
result. Figure 7 depicts briefly the eleven steps that are usually used when conducting a 
LCCA.  
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Definition of a problem

Identification of feasible 

alternatives

Development of CBS

Selection of a cost model for 

analysis

Development of cost estimates

Development of cost profiles

Accomplishment of Break-Even 

analysis

Identification of high-cost 

contributors

Accomplishing of a sensitivity 

analysis

Accomplishing of a risk analysis

Recommendation of a preferred 

approach

 
                             Figure 7 Basic steps in a life cycle cost analysis (Fabrycky & Blanchard, 1991) 

 
3.1.4 Life Cycle Cost Economics 

The strength of life cycle costing lies within its possibilities to calculate and estimate costs of 
a system for future years and not only at a distinct point, e.g. when purchasing the system 
(Blanchard, 2008). However, this strength is at the same time its weakness because some of 
the cost factors involved in a LCC model are uncertain. This can lead to falsified results. A 
typical example for a LCC model is: 
 
 ��� = �������	�
� +	���������� +	�����
��� (Jun & Kim, 2007) 

 
Some common concepts and formulas for LCC economics such as depreciation methods, Net 
Present Value (NPV) and Present Worth (PW) calculations (Sullivan, et al., 2012) are stated 
below.  
 
Depreciation methods  
Sullivan, et al. (2012, p. 311) defines depreciation as “the decrease in value of physical 
properties with the passage of time and use”. It is mainly used in accounting for deduction of 
an annual sum for assets in order to improve the organization´s financial statement, i.e. a 
better tax situation. Common depreciation methods are the Straight-Line (SL) method and the 
Declining-Balance (DB) method (Sullivan, et al., 2012). In mathematical terms, deprecation 
methods can be defined in general as (Dhillon, 1989):  
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 ����	������ = � !�"#� 	$�"#	%�"&" −	∑ ( �*+�$&�#&�,	 � �$#&�,)���./  
 
The SL is in mathematical terms defined as (Dhillon, 1989):  
 

  �01� = 2� − �	 ∗ 	 [�567879 ]  
With 

 �0;� =  book value of the property at the end of year k 
 k =  number of years in actual service 
 2�  = acquisition cost of the property 

SV = salvage value at the end of its service life 
SL = service life of the property in years 

 
The DL is mathematically defined as (Dhillon, 1989):  
 

  �01� = 2� ∗	(78�5)
( <=>)  

 
With 

 �0;� =  book value of the property at the end of year k 
 k =  number of years in actual service 
 2�  = acquisition cost of the property 

SV = salvage value at the end of its service life 
SL = service life of the property in years 

 
With the SL method, a constant amount is depreciated every year whilst with the DB method 
a constant-percentage amount is depreciated very year (Sullivan, et al., 2012).  
 
Present Value (for single payments) 
With help of the present value (PV), the total net present value (NPV) over a time series of 
cash flows can be calculated (Sullivan, et al., 2012). The NPV allows the comparison of 
initial costs with the present value of return. If the result of the NPV is positive, it indicates 
that the investment would be beneficial. According to Sullivan, et al. (2012) it can be 
calculated by the following formula: 
  	

10 = 	?� ∗ 	(1 + &)6� 
 
The formula for the present value for a single payment is often denoted as (P/F, i%, k). The 
NPV is the sum of all terms and therefore it can be defined as (Sullivan, et al., 2012):  
 

A10 = 	B?� ∗ 	(1 + &)6�
C

�.D
 

 
 With 
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 i  =  effective interest rate; 
 k =  index for each compounding period (0 ≤ k ≤ N); 
 ?�  = future cash flow at the end of period k; 
 N = number of computing periods in the study period 
 
Present Worth (for periodic, uniform payments) 
The PW of a uniform series returns the present equivalent value at the beginning of the period 
of a uniform series of end-of-period annuities (Sullivan, et al., 2012). According to Sullivan, 
et al. (2012) the PW is denoted as (P/A, i%, k) and can be calculated by the following 
formula: 
 

1E = 	2 ∗ [(1 + &)� − 1
& ] 

 
 With 
 i  =  effective interest rate; 
 k =  index for each compounding period (0 ≤ k ≤ N); 
 2  = equal payment (annuity) for each period k  
  
 
When applying the formulas for NPV and PW to the LCC model described by Jun & Kim 
(2007) above, the model can be expressed in the following term:   
 

���� =	∑ �������	�
� ∗ 	(1 + &)6�C�.D +	���������� ∗ [(/F�)
<6/
� ] +	�����
��� ∗ [(/F�)

<6/
� ]  

 

3.2 Total Cost and Value of Ownership 
3.2.1 Total Cost of Ownership 
Garfamy (2006, p. 663) defines TCO with the fact that it “focuses on the true costs associated 
with the entire purchasing cycle, thus it considers all costs related to the acquisition, usage, 
maintenance and follow-up of purchased goods or service as well as purchasing price”. This 
means that TCO considers the life cycle cost of a system after it is purchased by an 
organization (Ferrin & Plank, 2002). In comparison to the life cycle cost of the entire system, 
TCO stands only for the costs, which concern the customer and not the supplier. It does not 
stand for research and development or production costs. Figure 8 depicts this circumstance. It 
becomes clear, that TCO does only cover the costs starting from the acquisition by a customer 
to the disposal of the product. Its calculations provide clear insight into all costs, which the 
system will cause as long as it is in one’s possession (Zachariassen & Arlbjørn, 2011). 
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                                Figure 8 Total cost of ownership vs. life cycle cost (Ferrin & Plank, 2002) 

 
Chen & Keys (2009) describe in their model, illustrated in figure 9, how the different costs 
affect suppliers (here manufactures) and customers throughout a life cycle. PMC stands for 
Product Manufacturing Cost and PMPC for Post-Manufacturing Product Cost. The supplier 
has mainly to bear the costs during the acquisition phase. Only warrantee cost fall under the 
utilization phase. For a customer, all costs start with the purchase. This initial price is (mostly) 
based on the research and development and production costs as well as a win margin for the 
manufacturer.   
 

 
               Figure 9 System life cycle curves (Chen & Keys, 2009) 

 
When analyzing a system for its TCO, it is important to identify all cost drivers. The cost 
drivers are among others the functions and activities in a CBS. Ferrin & Plank (2002) list 
thirteen categories for cost drivers (see table 4). The complete list is given in Appendix B.  
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               Table 4 Overview of cost drivers in a CBS (Ferrin & Plank, 2002) 

Cost driver 
Operations cost 
Quality 
Logistics 
Technological advantage 
Maintenance 
Supplier reliability and capability 
Inventory cost 
Transaction cost 
Life cycle 
Initial price 
Customer-related 
Opportunity-cost 
Miscellaneous 

 
According to Uyar (2014), TCO presents an organization a positive way for a better 
understanding and calculation of future costs and with that even its profitability. TCO helps to 
improve the company’s cost structure and allows better cost projections for future periods.  
 
3.2.2 Total Value of Ownership 

Wynstra & Hurkens (2005, p. 479) state, “that price is not the only factor in purchasing 
decisions anymore”. On the one hand, there are the qualitative and quantitative cost drivers, 
but on the other, there are factors, which are possibly “revenue-enhancing” when buying. 
Figure 10 illustrates the development from only purchasing decisions based only on the price 
to considerations of the TVO. According to Strömsten (2013) TVO calculations are a new 
type of method for suppliers to help their customer understand all the involved costs and to 
convince them of their products’ or services’ value. 
 

 
               Figure 10 Price to TVO (Hurkens & Wynstra, 2003, p. 54)  

Hurkens & Wynstra (2003) describe that there are three ways, i.e. factors of generating value 
of an offering. The first is that an offering can reduce the operating cost (i.e. the TCO) for the 
customer resulting in a value increase for the customer. The second is that the value for the 
customer’s customer rises, which also means that the customer’s value increases. A third way 
is a revenue enhancement because of a superior value of the offering leading to e.g. increases 
in sales or higher margins for the customer. Sheth, et al. (1999) mention that efficiency and 
effectiveness are the two dimensions of delivering value to the customer. Whilst efficiency 
relates to value receiving at the minimal possible total cost, effectiveness refers to delivering 
superior value with a product or service to the customers. A typical measurer for efficiency is 
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TCO and for effectiveness, the overall equipment effectiveness (OEE), which is further 
described in detail in chapter 3.3.2.  
 
According to Hurkens & Wynstra (2003) lies the difficulty of TVO frameworks or models on 
the fact that values factors cannot always be measured monetarily. For instance, purchasing 
managers can make decision based on the relationship with the supplier who they value or 
trust more or the decision is based on resources already present at the customer’s company. In 
their field studies, Hurkens & Wynstra (2003) where not able to show how those values are 
weighed by the purchasing managers or which qualitative factors are most crucial for them.  
 

3.3 Maintenance and important Key Figures 
3.3.1 Maintenance Concepts  
Maintenance on production systems can mainly be divided into two different types, corrective 
and preventive maintenance (Bengtsson, 2007). Corrective maintenance is carried out when 
the entire equipment or a part of the machinery fails and it needs to be repaired so that it is 
functioning again. Preventive maintenance on the other hand is the type of maintenance, 
which is carried out in advance to ensure that the equipment is running as it should. This is of 
course, if the maintenance is done in a proper way.  
Figure 11 shows an adapted overview of the International Standard SS-EN 13306 (SIS - 
Industriteknik, 2001) by Bengtsson (2007) which depicts how the different kinds of 
maintenance relate to each other.   
 

 
Figure 11 Overview of different maintenance types (Bengtsson, 2007, adapted from SIS – Industriteknik (2001, p. 23) 

Both, corrective and preventive maintenance are cost factors that are usually considered when 
implementing a CBS (Blanchard, 2004).  
 
Carrying out maintenance in a company requires planning and dividing the available 
resources of personnel and the financial budget in a proper way (Hagberg & Henriksson, 
2010). For this reason, organizations develop a maintenance plan in order to have a structured 
model of how maintenance should be carried out. A maintenance plan describes in accordance 
with the maintenance strategy how maintenance is executed on an operational level to secure 
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machine drive. For instance, it schedules the intervals for preventive maintenance or how the 
budget for spare parts shall be drawn (Hagberg & Henriksson, 2010). 
 
The maintenance plan is often supported by a so-called Computerized Maintenance 
Management System (CMMS) (Raouf, et al., 1993). A CMMS is software that manages 
among other maintenance personnel, spare parts and the schedule for the preventive 
maintenance. Maintenance personnel use it to document maintenance actions of what is 
carried out and how long it takes to repair something, for instance. A CMMS can also be used 
to control condition monitoring equipment. Condition monitoring equipment is technical 
equipment, which is used to measure and control machines and other automation equipment 
in order to minimize the consequences of machine failures and to utilize existing maintenance 
resources in a better way (Barron, 1999). According to Bengtsson (2007), condition 
monitoring equipment measures among other the vibration of the equipment, the level and 
composition of lubrication or the sound a machines makes during its runtime.  
 
3.3.2 Overall Equipment Effectiveness  
The OEE allows the performance measurement of a system, i.e. a single machine, an entire 
cell or an assembling line (Blanchard, 2004). The product of the three factors availability, 
performance rate and quality rate calculates the OEE, which is usually measured in the unit 
percentage. Kumar Sharma, et al. (2006) state that the three factors consist each of two types 
of losses. Those losses are depicted in figure 12.  
 

 
Figure 12 Overall equipment effectiveness (Kumar Sharma, et al., 2006) 

 
The availability of the equipment measures the real production time in comparison to the 
theoretical possible production time (Kumar Sharma, et al., 2006). The performance 
efficiency measures the real production speed in comparison to the theoretical possible 
capacity. The quality rate measures the number of approved manufactured products compared 
to the total number of manufactured products. Those three can be calculated as follows. 
 

���&��%&�&#G = ��� &,H	#&I� −  �J,#&I�
��� &,H	#&I�  
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*�+K�+I�,$�	+�#� = *+�$�""� 	�I��,# −	�$#���	$G$��	#&I��*�+�#&,H	#&I�  

 

L���&#G	+�#� = *+�$�""� 	�I��,# −	  �K�$#&��	�I��,#*+�$�""� 	�I��,# 
 
The OEE can then be calculated as: 
 

MNN = ���&��%&�&#G ∗ *�+K�+I�,$�	+�#� ∗ L���&#G	+�#� 
 

3.4 Industrial Robots 
Industrial robots are one of the main factors and key components for a greater 
competitiveness in the manufacturing industry (Elfving, G. Ed., 1998). With help of industrial 
robots the product quality can be improved, the productivity increased and the total cycle time 
reduced. Another advantage is the work environment of robots. Industrial robots can operate 
in environments, which are hazardous for humans, and they, evidently, do not need a (lunch) 
breaks.  
 
3.4.1 Robot Components 

An industrial robot is “not just”  just one single piece of equipment. An investment in an 
industrial robot means also an investment in a lot of additional equipment. Usually, this is 
offered together as a package solution by the supplier to guarantee a perfect functioning unit 
(Elfving, G. Ed., 1998) 
 
Purchasing one means that one mostly needs a complete surrounding package. Table 5 gives 
an overview of which parts an industrial robot can consist of.  
 
                        Table 5 Overview of industrial robot components (Elfving, G. Ed., 1998) 

Robot components 
Industrial robot(s) 
Positioner 
Manipulator 
Controller unit 
Rotating press brake 
Energy transformer 
Additives, e.g. lubricant, gas or wire (depending on the type of robot 
Different cable packages 

 
40 years ago, when the first industrial robots came onto the market, they were quite limited in 
their abilities to “work” and handle problems. Nowadays, industrial robots cover a wide range 
of applications and some examples are listed in table 6 (Elfving, G. Ed., 1998) 
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                         Table 6 Overview of application possibilities for industrial robots (Elfving, G. Ed., 1998) 

Applications of robots 
Arc welding 
Spot welding 
Gluing 
Sealing 
Machine feeding and handling (tending) 
Assembling 
Surface treatment 
Cutting 

 
Brogårdh (2007) states that the zenith for industrial robots has not arrived in a long time and 
that the development of industrial robots has to be focused on new flexible automation 
concepts.  
 
3.4.2 Industrial Robot vs. Robot Cell  

One has to understand that an industrial robot does not equal an industrial robot cell. Not only 
do they differ very much in their functionality, but also in their fields of application (Yaskawa 
Nordic AB, 2015). Some of the industrial robots are just “single” robots at certain position 
where they carry out work. A single robot can tend another machine or clue together parts, 
without external human help. Others on the other hand are fully integrated in so-called 
industrial cells. Those cells consist often of an industrial robot with different tools, one or 
more machines the robots tends, short conveyor belts, a gantry where the robot is installed, 
safety equipment, e.g. fences, etc…  Figure 13 illustrates an example of a robot cell with two 
industrial robots that weld on an object, which is hold by a third robot. In the background, one 
can see the safety blinds, the energy transformers and a short conveyor belt. Robot cells are 
the standard in the industry and one can hardly find a single robot without supporting 
equipment anywhere in the Swedish industry.  
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                          Figure 13 Example of a robot cell (Yaskawa Nordic AB, 2015)  
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4 Development of a TCO/TVO Model 
In this chapter, the model for solving the purpose of this thesis is developed and presented.  
 

4.1 The Total Cost of Ownership Model 
The TCO model for this thesis is based on two sources of information. At first, the literature 
research (see chapter 1.7) produced valuable insight into TCO models for other applications. 
Secondly, through expert interviews in the suppliers company, additional information about 
the specialty of industrial robots was gained and those factors have been added to the model.   
 
The importance for developing a working model for TCO of industrial robots is to create a 
functioning CBS. This CBS has to encompass all of the qualitative and quantitative cost 
factors, which might occur for an industrial robot throughout its operational phase.  
 
4.1.1 TCO Models from Literature  
A first approach can be gained by Chen & Keys’ (2009) model for heavy equipment. They 
describe in their model (see figure 14) that the total cost of ownership for heavy equipment is 
mainly based on the initial purchasing price (here: DEPR) and the cost of the deprecation 
(here: FCCM), which changes on a yearly basis. The biggest part of the operating costs is 
caused by maintenance of such heavy machinery.  
 

 
Figure 14 Total cost structure and elements (Chen & Keys, 2009) 

 
Industrial robots combine both, the technical functioning of (heavy) machinery equipment and 
the software intensive usage of computer systems. Another CBS, which covers both hardware 
and software related factors, is the stated by Ahmed (1995) and the model is depicted in 
figure 15.  
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                    Figure 15 Cost breakdown structure for computer systems 

 
Dietz, et al. (2013) describe which variables are considered in a cost model for robot systems 
based on activity-based costing. In such a model, all the costs are activity-driven and event-
driven costs for a robot system from its design and development phase to its operational 
phase. However, it does not consider costs for disposal or retirement causes. The following 
costs in regards to TCO are identified and presented in table 7 (Dietz, et al., 2013). 
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                                              Table 7 Cost parameters for robot systems (Dietz, et al., 2013) 

Cost parameters  
Equipment cost 
Installation and initial price 
Training cost 
Lost production capacity 
Consumption of energy and utilities 
Tool wear 
Labor cost for operator 
Labor cost for retooling personnel 
Maintenance 
Repair of Machine 
Cost of space 
Cost of capital 

 
4.1.2 Cost Drivers gained through Expert Interviews 
Although scientific literature gives valuable information about TCO parameters in general 
and provides insight about how a CBS can look like, robot specific information is still 
missing. However, this information is gained by expert interviews within the supplier’s 
organization. Those interviews were conducted unstructured with personnel from different 
departments, e.g. sales, service and engineering. The focus of those interviews was to identify 
critical cost drivers and value drivers for the robot systems. Some of the variables, which are 
mentioned by those experts, were already known due to the literature search, others could be 
added during the discussions. The following cost drivers and valuable factors were identified 
and they are summarized in three major groups: Ownership, operations and disposal. The 
results are presented in table 8.  
 
The third column of table 8 states if the factor is recognized as a quantitative or qualitative 
factor. The fourth column states the source of the cost driver. It can either be experts from the 
supplier’s company or gained through literature. The literature is mainly based on the three 
articles stated above by Ahmed (1995) Chen & Keys (2009) and Dietz, et al. (2013). They are 
marked L-A, L-CK and L-D in the source column. If other literature is used, it is only referred 
to as other literature, L-O.    
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      Table 8 Cost drivers according to internal experts at YNR and literature sources  

Cost group Cost driver 
Quantitative or 

qualitative factors 
Source 

Ownership 

Initial price (purchase price, project costs, etc…) Quantitative L-A, L-CK, L-
D/experts 

Cost of space (area and volume Qualitative Experts 
Tax advantage Quantitative L_CK/experts 
Payment alternative (e.g. operative leasing, direct 
payment, etc…) 

Qualitative Experts 

Cost of documentation Quantitative L-CK/experts 
Trust in the supplier Qualitative Experts 
Depreciation methods Quantitative L-CK/experts 
Warranty conditions and validity Quantitative L-CK/experts 
Results of the pilot study (e.g. welding tests, cycle time, 
etc…) 

Qualitative L-A/Experts 

Operations 
 

Cost of cleaning (e.g. manual or automatic) Quantitative Experts 
Maintenance cost (e.g. electric, mechanical, lubrication, 
etc…) 

Quantitative L-CK, L-D/experts 

Cost for spare parts (availability, lead time, etc…) Quantitative L-CK, L-D/experts 
Support Quantitative L-CK, L-O/experts 
Cost of tool wear (e.g. when welding) Quantitative L-CK, L-D/experts 
Cost for utilities (e.g. welding rod, gas, etc…) Quantitative L-CK, L-D /experts 
Cost for consumer goods (e.g. lubricant) Quantitative L-CK, L-D e/experts 
Training cost Quantitative L-A, L-D/experts 
Possibility to change layout/application  Qualitative Experts 
Labor costs for the operator Quantitative L-CK, L-O/experts 
OEE Quantitative Experts 
Energy consumption Quantitative L-CK, L-D e/experts 
Cost for production loss due to warm-up Quantitative L-CK/experts 
Cost or production loss due to calibrations/adjustments 
(e.g. after a crash) 

Quantitative Experts 

Out of service revenue loss Quantitative L-CK, L-D e/experts 
Lack of proper material quality (in regards to design for 
manufacturing) 

Qualitative Experts 

Disposal 
Expected life length (life cycle) of the robot Quantitative L-D/experts 
Possibility and price to resale (second-hand value) Quantitative L-CK/experts 
Cost for disposal Quantitative L-A, L-CK/experts 

 
4.1.3 Deriving a Model for Industrial Robots 
Figure 16 exemplifies how the proposed TCO model (see chapter 4.2) is derived from 
literature research, the CBS and the cost drivers identified by internal expert knowledge. The 
knowledge gained through experts and the literature sources is structured in a proper way with 
help of already existing CBSs (see figures 14 and 15). This is symbolized by the yellow 
triangle in figure 16.  
 
The TCO model will be developed based on the cost drivers stated by the experts (see table 8) 
as well as the cost parameters described by Dietz, et al. (2013) (see table 7). The cost 
parameters stated in table 7 can be used to validate the identified cost drivers in table 8 due to 
the fact that they come from a reliable peer-reviewed source. Successively, those cost 
parameters are filled into the CBS according to three major groups and by using the total cost 
structure defined by Chen & Keys (2009) in figure 14 as a standard. The cost drivers are 
distinguished if they are quantitative or qualitative by the fact if they “easily” measureable. 
Measurable means in this case if there usually exist empirical data of it in an ERP or if it can 
be measured in a certain dimension, e.g. costs, run time, etc…Only quantitative cost 
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parameters that cause costs and not value are added to the TCO. The result of the developed 
model can be found in table 9.  
 

 
                                   Figure 16 Process of deriving of the proposed TCO model  

 

4.2 A Total Cost of Ownership Model for Industrial Robots 
4.2.1 The Cost Breakdown Structure of the TCO Model 
As already stated, some of the factors are quantifiable and some are only of qualitative value. 
Nevertheless, they build the fundament for a TCO model for industrial robots. The model has 
the same major groups as stated above and an overview is depicted in figure 17.  
 

 
Figure 17 TCO model with three major groups 

In mathematical terms expressed, the TCO model can be defined as: 
 

 O�M = ∑	���������� +	∑	������	��P +	∑�����
���  
 
Figure 18 illustrates the components of the ownership costs group for industrial robots. The 
variables are added systematically to their respective sub-group in order to create a good 
overview of the model. The facility capital cost of money (FCCM) stands for the cost caused 
by depreciation.  
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Figure 18 Ownership costs group 

Again, expressed in mathematical terms, the ownership cost group is defined as: 
 

∑	���������� = ∑�Q��	���	���R� +	∑�S55T +	∑�T��R������
�� +	∑�U�����	V 
 
In figure 19, the operating costs group for industrial robots is depicted. Yet again, the 
variables have been added systematically in order to create a good overview.  
 

 

Figure 19 Operation costs group 

The mathematical term for the operating cost group is expressed as: 
∑	������	��P = ∑�WX���R�		
����	��P	R
�	 +	∑�QY���R�		
����	��P	R
�	 
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In figure 20 the last of the three major groups, the disposal cost group is depicted.  

Disposal 

Disposal Cost

 
Figure 20 Disposal costs group 

Obviously, the mathematical expression for the disposal cost group is:  
 

∑	�����
��� = ∑�����
��� 
 
The model described above is based on proven, scientific literature and on expert knowledge. 
Therefore, it can be assumed to be a valid TCO model for industrial robots. The complete 
terminology with its first subgroups is stated below and the complete graphical model can be 
found in appendix C.  
 

O�M = ∑�Q��	���	���R� +	∑�S55T +	∑�T��R������
�� +	∑�U�����	V
+	∑�WX���R�		
����	��P	R
�	 +	∑�QY���R�		
����	��P	R
�	 +	∑�����
��� 

 
4.2.2 The mathematical Background of the TCO Model 
The mathematical foundation for the TCO model can be found in table 9. The time value for 
each cost driver depends on the fact if it is expected to be a single payment, i.e. the time value 
can be calculated as the NPV, or if it is expected to be reoccurring costs. In this case, the time 
value can be calculated with the PW.  
 
Table 9 Mathematical foundation of the TCO model 

Cost group First subgroup 
Smallest 
function 

Quantitative/
qualitative 

value 
Source Mathematical expression 

Time 
value 

Ownership 

Initial Price 

Acquisition cost 
Quantitative L-A, L-CK, 

L-D/experts 
∑�������	�
� NPV 

Project cost 
Quantitative L-A, L-CK, 

L-D/experts 
∑�Z�
[�R	 NPV 

Documentation 
cost 

Quantitative L-
CK/experts 

∑��
R�Y��	�	�
� NPV 

Delivery cost 
Quantitative L-CK 

,/experts 
∑�����\��V NPV 

Hardware cost Quantitative L-A/experts ∑�]��^���� NPV 

Software cost Quantitative L-A/experts ∑�7
_	���� PW 

FCCM FCCM Quantitative L-CK �01� SL or DB 
Miscellaneous 

cost 
Taxes 

Quantitative L-O/experts 
Tax factor * ∑�Q��	���	���R� NPV 

Warranty Warranty 
Quantitative L-CK, L-O 

/experts 
∑�U�����	V NPV 

Operations 
 

Explicit 
operating cost 

Change costs Quantitative Experts ∑�5���P�	 PW 

Calibration 
costs 

Quantitative Experts 
∑�5���`��	�
� PW 

Energy 
consumption 

Quantitative L-CK, L-D 
e/experts 

∑�W���PV PW 

Consumer Quantitative L-CK, L-D ∑�5
���Y��	P

^� PW 
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goods 
consumption 

e/experts 

Additive 
consumption 

Quantitative L-CK, L-D 
/experts 

∑��^^�	�\�� PW 

Operator’s 
wage 

Quantitative L-CK, L-
O/experts 

∑������	
� PW 

Implicit 
operating cost 

Training cost 
Quantitative L-A, L-

D/experts 
∑�a������P PW 

Support cost 
Quantitative L-CK, L-

O/experts 
∑�7���
�	 PW 

Out of service 
lot revenue 

Quantitative L-CK, L-D 
e/experts 

∑���		
_	���\�R� PW 

Cleaning cost Quantitative Experts ∑�5������P PW 

Wearing parts 
cost 

Quantitative L-CK, L-
D/experts 

∑�U���	���	� PW 

Maintenance 
crew cost for 
service 

Quantitative L-CK, L-
D/experts ∑�T���	����R�	R���	���\�R� PW 

Spare part cost 
Quantitative L-CK, L-

D/experts 
∑�7����	���	� PW 

Maintenance 
crew cost for 
repair 

Quantitative L-CK, L-
D/experts ∑�T���	����R�	R
�		������ PW 

Disposal Disposal cost Disposal cost 
Quantitative L-A, L-

CK/experts 
∑�����
��� NPV 

 

4.3 The Total Value of Ownership Model 
It is obvious that industrial robots like every other piece of equipment causes costs. However, 
industrial robots create also value. Like laborers in a manufacturing line, they add value to a 
product and therefore to the organization. Therefore, it is very important to not only consider 
the TCO of industrial robots, but also the TVO. This is especially important in regards to a 
sales argument, because the customer has to understand that the procurement of an industrial 
robot cell will not only cause costs, but also create value (Snelgrove, 2012).  
 
For this reason, the TCO model described in chapter 4.2.1 is added with value adding factors, 
both quantitative and qualitative. The result of this process is described in table 10. The 
qualitative value adding factors are added, because they can influence a customer in a positive 
way, i.e. increasing the value of the offering. The process of the model development follows 
the same logic and technique as used in the previous chapter.  
 
Table 10 Mathematical foundation of the TVO model 

Cost group First subgroup 
Smallest 
function 

Quantitative/
qualitative 

value 
Source Mathematical expression 

Cost or 
value 
factor 

Ownership Initial Price 

Acquisition cost 
Quantitative L-A, L-CK, 

L-D/experts 
∑�������	�
� 

Cost 
factor 

Project cost 
Quantitative L-A, L-CK, 

L-D/experts 
∑�Z�
[�R	 Cost 

factor 
Documentation 
cost 

Quantitative L-
CK/experts 

∑��
R�Y��	�	�
� Cost 
factor 

Delivery cost 
Quantitative L-CK 

,/experts 
∑�����\��V Cost 

factor 
Hardware cost Quantitative L-A/experts 

∑�]��^���� Cost 
factor 

Software cost Quantitative L-A/experts ∑�7
_	���� Cost 
factor 

Availability of Qualitative L-D/experts - Value 
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space factor 
Trust in supplier Qualitative Experts - Value 

factor 
Results of 
feasibility study 

Qualitative L-
A/Experts 

- 
Value 
factor 

Payment 
Possibilities 

Qualitative Experts 
- 

Value 
factor 

FCCM 

FCCM Quantitative L-CK �01� Cost 
factor 

Adjustment of 
depreciation 
method 

Qualitative Experts 
- Value 

factor 

Miscellaneous 
cost 

Taxes 
Quantitative L-O/experts 

Tax factor * ∑�Q��	���	���R� Cost 
factor 

Warranty Warranty 
Quantitative L-CK, L-O 

/experts 
∑�U�����	V Cost 

factor 

Operations 
 

OEE 

Breakdown 
losses 

Quantitative L-O 
∏02b����^
�� 

Value 
factor 

Set-up and 
adjustment 

Quantitative L-O 
∏027�	6�� 

Value 
factor 

Reduced speed 
losses 

Quantitative L-O 
∏027���^	�
���� Value 

factor 
Defects Quantitative L-O ∑02��_�R	� Value 

factor 
Reduced yield 
losses 

Quantitative L-O 
∏02V���^	�
���� Value 

factor 

Explicit 
operating cost 

Change costs Quantitative Experts ∑�5���P�	 Cost 
factor 

Calibration 
costs 

Quantitative Experts 
∑�5���`��	�
� Cost 

factor 
Energy 
consumption 

Quantitative L-CK, L-D 
e/experts 

∑�W���PV Cost 
factor 

Consumer 
goods 
consumption 

Quantitative L-CK, L-D 
e/experts ∑�5
���Y��	P

^� 

Cost 
factor 

Additive 
consumption 

Quantitative L-CK, L-D 
/experts 

∑��^^�	�\�� Cost 
factor 

Operator’s 
wage 

Quantitative L-CK, L-
O/experts 

∑������	
� Cost 
factor 

Possibility to 
adept 

Qualitative Experts 
- Value 

factor 

Implicit 
operating cost 

Training cost 
Quantitative L-A, L-

D/experts 
∑�a������P Cost 

factor 
Support cost 

Quantitative L-CK, L-
O/experts 

∑�7���
�	 Cost 
factor 

Out of service 
lot revenue 

Quantitative L-CK, L-D 
e/experts 

∑���		
_	���\�R� Cost 
factor 

Cleaning cost Quantitative Experts ∑�5������P Cost 
factor 

Wearing parts 
cost 

Quantitative L-CK, L-
D/experts 

∑�U���	���	� 
Cost 
factor 

Maintenance 
crew cost for 
service 

Quantitative L-CK, L-
D/experts ∑�T���	����R�	R���	���\�R� Cost 

factor 

Spare part cost 
Quantitative L-CK, L-

D/experts 
∑�7����	���	� Cost 

factor 
Maintenance 
crew cost for 
repair 

Quantitative L-CK, L-
D/experts ∑�T���	����R�	R
�		������ 

Cost 
factor 

Disposal 
Disposal cost Disposal cost 

Quantitative L-A, L-CK 
/experts 

∑�����
��� Cost 
factor 

Salvage Value Salvage value Quantitative L-A, L-CK ∑027��\�P� Value 
factor 

 
 



 
Development of a TCO/TVO Model

 

40 
Steffen Landscheidt 

Figure 21 gives an overview about how the TVO model is illustrated. To create a better 
distinction between the TCO and the TVO factors, the TVO variables are in red and the cost 
drivers are still in green.  
 

 
                                    Figure 21 Total value of ownership model 

 
The TVO model is mathematical expressed as: 
 

O0M =B0����	�  &,H	K�$#�+"
Q�^��	����	�
`
		R���

− O�M 

 
Figure 22 shows how the value creating factors are included systematically in the ownership 
costs group of the TVO model. All the factors added are qualitative factors (see table 10). 
Therefore, the mathematical expression stays unchanged. 
 

∑	02��������� =	∑	����������
= ∑�Q��	���	���R� +	∑�S55T +	∑�T��R������
�� +	∑�U�����	V 

 

 

Figure 22 Ownership group with value adding factors 
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In the same way as in the ownership costs group of the TVO model, the new value adding 
factors are added to the operations costs group, which is depicted in figure 23. Observe, that 
also the OEE is listed here as a value adding factor. Here, the performance losses of 
minor/idling losses are not included. According to the definition of the OEE (see chapter 
3.2.2), the minor/idling losses consider the fact that those losses are caused because the 
machine is idle (Chan, et al., 2005). However, if the robot is idle, it is caused due to external 
reasons and is therefore independent from its functionality. Consequently, this loss factor is 
excluded as a parameter in the TVO model.  
 

 

Figure 23 Operations cost group with value adding factors 

 
To express the value side of the operating cost mathematical, the OEE (without the 
minor/idling losses has to be added. However, for simplicity reasons the entire OEE is 
considered. This is due to the fact that OEE calculations are already very complicated and the 
model has to usable. Calculating the OEE for certain equipment is a complex and time-
consuming process for organizations and it would be far too complex to differ between three 
factors of the OEE and six (compare chapter 3.3.2).  
 

B0����	�  &,H
�����	��P

= MNN ∗	Bc�� " −	∑�WX���R�		
����	��P	R
�	 +	∑�QY���R�		
����	��P	R
�	 
 
Figure 24 depicts the disposal cost group for the TVO model. Here, the salvage value or the 
resale price are added.  
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Disposal 

Disposal Cost
Salvage Value/

Resale

 
Figure 24 Disposal cost group with value adding factors 

B0����	�  &,H
����
���

= ∑d����H�	���������
��� −	∑�����
��� 
 
The two quantitative factors, which are added to the model, are expressed in table 11.  
 
Table 11 Quantitative value adding factors for the TVO model 

Cost group First subgroup 
Smallest 
function 

Quantitative/
qualitative 

value 
Source Mathematical expression 

Time 
value 

Operations 
 

OEE OEE 
Quantitative L-A, L-CK 

/experts 
MNN ∗	Bc�� " PW 

Disposal Salvage value Salvage value Quantitative L-A, L-CK ∑d����H�	�����e&"*�"�� NPV 

 
The complete mathematical model for the TVO model can be expressed as: 
 

O0M = 	−	∑�Q��	���	���R� −	∑�S55T −	∑�T��R������
�� −	∑�U�����	V + 	MNN
∗	Bc�� " −	∑�WX���R�		
����	��P	R
�	 −	∑�QY���R�		
����	��P	R
�	
+	∑d����H�	���������
��� −	∑�����
��� 

 
An overview of the entire TVO model can be found in Appendix D.  
 
Those two TCO and TVO models for industrial robots will be basis for the interviews at the 
customer´s companies in order to identify the key factors. The key factors are necessary to 
create an operational template which than further can be used as a sales decision support tool.  
 
Both, the TCO and the TVO model presented here are the final models and have been 
reworked and refined several times due to new information, either gained by expert 
knowledge or scientific literature.  
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5 Evaluation of qualitative Factors 
In chapter five, the case company, Yaskawa Nordic AB, is briefly presented. In addition, the 
qualitative findings from both research tours at the customer´s companies are presented to 
the reader and they are evaluated in regards to their importance. 
 

5.1 The Case Company - Yaskawa Nordic AB 
Yaskawa Nordic AB (YNR) is situated in Torsås in Småland and has approximately 150 
employees (Yaskawa Nordic AB, 2015). About half of them are clerks employed in research 
and development, engineering, sales, finance, etc. and the other half is laborers working 
mostly in the production but also support. It is a subsidiary of Yaskawa Electric Corporation 
(YEC), an 100 years old enterprise from Japan with about 13,000 employees worldwide 
(Yaskawa Electric Corporation, 2015). It is one of the world market leaders in robotic 
automation and motion control. Since the first industrial robot came onto the market in 1977, 
YEC has delivered cumulatively more than 300,000 industrial robots.  
 
YNR manufactures among others controller units for industrial robots and configures and 
sells robot cells or solutions for the entire European market, except Germany (Yaskawa 
Nordic AB, 2015). The yearly turnover is about 500 million SEK.  
 

5.2 Qualitative Findings 
Both companies are typical customers of YNR, one customer uses exclusively welding robots 
cells (as referred to as customer A), the other one machine tending robot cells (customer B). 
Empirical data is mainly gathered by interviews with experts from the customers’ companies, 
statistical data from the customers’ ERP and internal data mining at the case company YNR.  
The empirical findings for qualitative factors are presented for both customer A and B 
together. They are called qualitative factors in this study because those factors are very hard 
to measure quantitatively. Naturally, some of those costs or values, e.g. the OEE, are more 
easily quantifiable for some customers. However, since other customers might not be able to 
do so, i.e. to calculate own values for comparison, those factors are mentioned here as 
qualitative factors. In addition, the cost for space of a robot cell is something that can be 
transferred into a quantifiable unit, for instance. However, such calculations are far too 
complex for the scope of this study and therefore those factors are only considered as 
qualitative factors, i.e. describing how customers estimate its importance in a business 
decision.  
Table 12 presents a summary of the qualitative findings from customer A and B.  
 
Table 12 Overview of the qualitative findings 

Qualitative factor Description 
Cost for space Both customers state that the footprint of the robot cell needs to be 

as small as possible. In addition, customer A states that a gantry 
solution, i.e. a robot hanging from the ceiling might be beneficial 
from a cost of space point of view. However, those costs are 
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estimated to be smaller than the cost it takes to maintain and clean 
such gantry equipment. Customer B mentions as well that the layout 
(footprint) must allow an operator to work and clean the robot cell 
without problems.  

Payment 
alternatives 
 

Customer A has no opinion to that. Customer B states that operative 
leasing together with a maintenance/service contract guaranteeing 
the customer e.g. a certain OEE, will be an attractive alternative in 
the future.  

Trust in the 
supplier 
 

Both customers do not consider trust as a big issue. This is due to 
the fact that they have worked together with the supplier since so 
many years and they know that the supplier is reliable. Costs 
(mostly maintenance) will increase with the number of different 
manufacturers of industrial robots. 

Depreciation  
 

Customer A has a recovery period of 10 years, customer B only one 
of three years. Both would not change their recovery period 
although they know that the life cycle of the industrial robot 
exceeds the recovery period with lengths.  

Warranty 
conditions and 
validity 

Customer A does not mention that warranty conditions are 
important. It has as minimum requirements 1 year, but many years 
of experience show, that in the first years nothing critically happens 
usually. Customer B requires already in the procurement process 
that the warranty is at least 2 years. More years are considered 
beneficial. 

Results of the 
pilot/feasibility 
study 

Both customers state that this is the most important variable here. 
They both mention if the supplier cannot deliver a certain quality 
for the welded object or it cannot uphold the required cycle time and 
repeatability, the industrial robot is already eliminated as a possible 
new piece of equipment in the feasibility phase. The more the 
industrial robot outperforms the requirements, the better it is, 
though.  

Resale possibilities  
 

Both customers state that they use the industrial robots to the point 
where they are more or less useless and have to be replaced. 
Customer B adds that the only value in this case is the value of the 
metal. Both do not resell. 

Lead time (when 
purchasing a new 
robot cell) 
 

Customer A states that it expects the product to be delivered on 
time. Since there is not the possibility of changing to another 
supplier due to standardized robot cells, penalties are evoked 
through the procurement contract. Customer B mentions that it 
expects that the industrial robot has a lead time of less than six 
month if it is a customized solution. The industrial robot has also to 
be delivered at the same time as the rest of the machine cell. If the 
new investment is a turnkey project, the faster the delivery can be 
realized, the better it is for the supplier.  

OEE Customer A states that the industrial robots´ maintenance related 
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OEE does exceed the other equipment’s OEE and is therefore not 
the first factor they look at. Customer B mentions as well that in a 
machine tending process, the robot is not the weak link in 
comparison to the other equipment involved.  

Possibility to 
adjustments of the 
layout/functionality 

Customer A states that this is important because they do changes to 
their products and therefore the robot cells need to be able to adjust 
and to be flexible. The faster this can be executed, the better it is, of 
course. Customer B only purchases industrial robots for one specific 
purpose. They do not consider this as important.   

Service and 
support 
 

Both customers state that support is important because their 
equipment has to work all the time. The industrial robots customer 
A owns, only pause when there is a tool setup or a change of the 
product. Both mention that the possibility of “in-house” service is 
very beneficial. Also the possibility for a 24/7 support on weekdays 
would be very welcomed.  

 

5.3 Evaluation of the qualitative Factors 
The analysis of the qualitative findings is presented in table 13. It gives a more detailed 
analysis in the second column whilst in the third column a short summary is stated of the 
qualitative factors that are considered relevant or not by customers A and B.  
 
Table 13 Analysis of the qualitative findings 

Qualitative factor Description Relevance 
Cost for space This cost factor can be completely rejected because its 

impact is insignificant. A customer will rather choose an 
alternative, which is larger in size if it is easier to clean. 
The effort regarding the cleaning and maintainability of 
the robot cell is more important than its “footprint”, 
because this will save time for the operator and therefore 
it causes lower costs.  

Not 
relevant 

Payment 
alternatives 
 

The payment alternative can be rejected as an importance 
factor as long as the robots cells are customized solutions. 
Here, the customer always pays the “full” price according 
to the contract, because those cells are only configured 
for a certain purpose and cannot be reused in other 
companies. However, if the robot cell is a standardized 
product (turn-key product) other options can be relevant. 
For instance, if operational leasing is an option, some of 
the cost factors, which concern the ownership and the 
disposal variables, are not necessary to calculate in a 
template and can be excluded.  

Not 
relevant 
today, but 
very 
relevant for 
future 
investment 
strategies. 

Trust in the 
supplier 

Since both customers trust in their supplier to support 
them and provide the service they require, trust is not an 

Not 
relevant for 
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 issue here. Nevertheless, when deriving this to new 
customers, it is important that the supplier of the 
industrial robots has the credentials, i.e. the references to 
prove to a new possible customer that it can manage the 
desired product (or function). 

existing 
customers, 
but very 
relevant for 
new 
customers. 

Depreciation  
 

The depreciation method does not play any role at all for 
both customers’ organizations. This is due to the fact that 
both companies calculate with an internal number (i.e. 
how many years till an investment is written off) for 
depreciation.  

Not 
relevant 

Warranty 
conditions and 
validity 

For both customers the warranty is unimportant. This is 
due to the fact that both companies are “large” ones and 
can allow themselves to have certain support and service 
contracts to cover occurring problems during the warranty 
period. However, in a possible template this factor cannot 
be rejected completely because small and midsized 
companies will put a lot of value to the coverage of the 
warranty because they do not possess the expertise to 
solve problems on their own, eventually.  

Not 
relevant 

Results of the 
pilot/feasibility 
study 

Both customers have explicitly stated the technical 
properties of the industrial robots triumph over all other 
cost factors. According to both experts from the 
customer´s companies and the supplier´s company, this 
factor does not need to be included in a TCO/TVO model. 
This is because costs of a robot are only considered when 
the industrial robot fulfills all desired technical 
requirements and specifications.  

Absolutely 
relevant (in 
a way that 
it exceeds 
the usage in 
the 
template).   

Resale 
possibilities  
 

The factor of reselling can be rejected according to the 
experts of the customers´. This is due to the fact that they 
both run their robots till the point where they either break 
down completely or the decision to procure a new robot 
cell is made. Neither disposal costs nor resale revenue are 
considered in the customers´ own financial planning 
horizon.  
On the one hand, it can be assumed that disposal costs 
and scrapping revenues are insignificant in comparison to 
the costs accumulated over the entire life cycle. And on 
the other hand it is known to the customers that industrial 
robots have a very long life cycle which exceeds usually 
every LCC calculations suitable for a company.  

Not 
relevant 

Lead time (when 
purchasing a new 
robot cell) 

As long as the robot cell is a customized product, the lead 
time does not play such an important role. This is because 
it is known to both the customer and the supplier that it 

Not 
relevant for 
customized 
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 will take time to find the optimal solution for the system. 
Often, a customized robot cell is configured, altered and 
tested by the supplier many times in order to create the 
desired solution. Long lead times are to be expected and 
they are already discussed in the procurement contract. 
However, if it is a standardized cell, one that can just be 
installed in a couple of hours, lead-time is of the essence. 
Such solutions are necessary when suddenly equipment 
trouble at a customer requires a spare machine in a matter 
of days or even hours. Of course, such cases happen very 
seldom.   

products, 
but relevant 
for 
standardize
d robots. 

OEE Both customers state that the OEE of the industrial robots 
is not important because the maintenance dependent OEE 
value is according to both their experts´ far higher than 
those of the rest of the equipment is. Even without a 
statistical analysis of the maintenance dependent OEE 
values provided by customer A, one can clearly see that 
all the values (see Appendix E) are over 96%. Hagberg & 
Henriksson (2010) describe that an OEE of 85% is 
categorized as a world class OEE. Although those 85% 
are not maintenance related, it can serve as a first 
reference value. It becomes obvious that availability, 
performance or quality rate of industrial robots will not 
become a problem for the companies. This is especially 
valid for availability and performance rate. However, the 
quality of an arc welding robot can still decrease because 
of utilities, e.g. bad welding rods. 
 
Conversely, the OEE should be an important factor in a 
TVO model and template for industrial robots. Although 
it will not cause “any costs”, it provides a value. In a 
possible template, a very high OEE might not be helpful 
in determining which industrial robot to choose, but it can 
be helpful for companies, which have not started the 
automation process, yet, and want to understand the value 
one can find in automation.  

Not 
relevant for 
customers 
which 
already 
existing 
industrial 
robots, but 
very 
relevant for 
new 
customers 
without 
prior 
experience 
of 
automation.   

Possibility to 
adjustments of 
the 
layout/functionali
ty 

In regards to layout or functionality adjustments, it 
becomes apparent that those two robot types differ. 
Machine tending robots do not really need a change in 
their functionality. It is often enough to change the 
manipulator or add a new tool. This is a very fast and 
easy process. Changing the design for a welding robot 
often needs new positioners and testing of the application. 
Regarding the model, it is suggest to include the 

Relevant or 
not depends 
on the type 
of robot.   
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possibilities of adjustment as a variable if the industrial 
robots belongs to the welding robots and to exclude it if 
the robot is a machine tending robot.  

Service and 
support 
 

When purchasing industrial robot cells, the customer 
expects them to work flawlessly. A standstill at a 
critically system point could lead to big financial losses. 
Both customers involved are big companies. Such 
companies often have a lot of own expertise and technical 
knowledge. Therefore, service and support are still 
critical, but not as critical as for small companies, which 
maybe only possess two or three robot cells. Such 
companies have no redundant systems and they will need 
support immediately at any given point to get a robot 
running again.  
This means, if a supplier can offer 24/7 support, for 
instance, it would be considered value adding by the 
customers.  

Absolutely 
relevant 
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6 Evaluation of the quantitative Factors 
In chapter six, the quantitative empirical findings from Customer A are analyzed in 
accordance with the model developed in chapter 4. The quantitative data is used to draw a 
conclusion about which factors are most crucial for the template.    
 

6.1 Quantitative Findings from Customer A 
Customer B was not able to provide suitable quantitative data for its industrial robots. This is 
because a lot of the required values for the TCO/TVO model are not measured by the 
customer for a single cell. However, it has the plan to do that in the near future because 
according to customer B it is important to plan in advance, which costs they have to expect, 
especially in regards to energy consumption and maintenance costs. All robot types of 
customer B belong to the machine tending type.  
 
Customer A was able to provide quantitative data for the types of cost or value presented in 
table 14 for their 14 industrial robot cells. Exact values can be found in Appendix E. Those 
robot cells are all of the arc welding type.  
 
Table 14 Quantitative cost and value factors of the empirical findings 

Type of cost/value Unit Time 
frame 
[years] 

Cost for spare parts SEK/year 2010-2014 
Operator time for corrective maintenance  Hours/year 2010-2014 
Scheduled operator time for preventive maintenance Hours/week 2010-2014 
Maintenance related OEE % 2010-2014 
Costs for service and support  SEK/year 2010-2014 
Operator time with the robot cell Hours/week 2010-2014 
Cost of energy consumption for the robot cells SEK/year 2010-2014 
Time for documentation of maintenance related work Hours/week 2010-2014 

 
Both customers did not want to reveal the operator’s wage per hour. However, this value can 
be estimated quite exact by using the collective labor agreement of the “Unionen/Sveriges 
Ingenjörer” (Teknikföretagen B, 2013) and “IF Metall” (Teknikföretagen A, 2013). 
According to their collective labor agreement, the average of the hourly wage is 105.5 SEK. 
A good estimation of what the employer has to pay is the wage multiplied with 1.5 in order to 
cover social insurance, taxes, etc. With the factor 1.5, the wage/hour can be calculated to 
158.6 SEK/hour. 
 
Quantitative data for training costs were gathered by data mining at the supplier for both 
customers. Those costs are depicted in table 15. Customer A uses 12 robots of the supplier 
and customer B 11 robots.  
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Table 15 Trainings costs for both customers 

 
 

6.2 Identifying the crucial quantitative Factors 
The analysis of the quantitative findings is only done for the values gathered from customer 
A. All values can be found in Appendix E. For calculations, the hourly wage of 158.6 
[SEK/hour] is taken. In addition, the assumption is made that robot cells of customer A are 
active 50 weeks/year.  
 
For each of the eight quantitative costs presented in table 14, first the yearly average of the 
fourteen robot cells is calculated. Then, the average of those years is calculated in order to get 
the average of what the costs of one robot cell per year would be. The robot cells are different 
types and come from different manufactures.  
Table 16 illustrates an example of how the yearly average per robot cell is calculated for spare 
parts. The other costs are calculated in the same way as the results for all seven quantitative 
costs illustrated in table 14.  
 
Table 16 Calculations for the costs of spare parts 

 
 
The yearly average per robot for training costs is presented in table 17.  
 
Table 17 Analysis of the training costs  

 
 

2010 2011 2012 2013 2014

Customer A 78480 65700 32800 119824 34000

Customer B 0 327400 0 42945 39103

Training costs [SEK/year]

Robot Cell 2010 2011 2012 2013 2014

1 50000 28814.76 25264 40289 6581

2 16000 58552.14 43112 61584 27824

3 17000 59406.92 11634 58546 10110

4 39000 81457.62 20370 15889 33264

5 138000 232206.3 62061 183497 108222

6 154000 118188.06 133115 292410 105466

7 48000 39732.07 93434 158174 37582

8 103000 120008.58 28185 304366 27938

9 90000 42736.92 21471 58483 40193

10 79000 135411.93 156014 55745 101802

11 27500 68833.82 9629 64030 31239

12 87500 28438 9182 35539 14917

13 47811 19686 9337

14 41934 2159 16035

Yearly Average 70750.0 84482.3 50229.7 96456.9 40750.7 68533.9

Yearly 

average/robot 

Cost for spare parts [SEK/year]

Average costs [SEK] Number of robots Average costs per robot [SEK/year]

2010 2011 2012 2013 2014

Customer A 78480 65700 32800 119824 34000 66160.8 12 5513.4

Customer B 0 327400 0 42945 39103 81889.6 11 7444.5

General Average 6479.0

Training costs [SEK/year]
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The results of each all eight quantitative cost factors are presented in table 18.  
 
Table 18 Results of the quantitative calculations 

 
 
Table 18 shows clearly that costs for operators are 61 % for each robot cell. The costs for 
spare parts accounts for more than 16% . The energy consumption causes 9.8% of all the costs 
involved. The other five costs, which are mainly maintenance related work stand for 
combined 12.8% of all the annual costs per robot cell. When setting the operational 
maintenance costs in relation to the average OEE of 98.6% it becomes clear why those cost 
drivers are so small.  
 
Adding up the cost for training and operating the industrial robot cell by humans, the costs 
will be about 62.5% or the total cost. This means, that human related work causes more than 
2/3 of the total cost. The other six quantifiable cost drivers are related costs, which are caused 
by e.g. faulty equipment and they are therefore independent of human interaction. 
 
Figure 25 shows the relation between the eight quantitative cost drivers and the total average 
costs. Evidently, not all operational maintenance costs have to be considered in the TCO and 
TVO model because they cause only very little costs.  
 

 
Figure 25 Total average cost vs accumulated relative cost average  

Operating Costs Robot related Time for preventive maintenance [hours/year] 2662.2 0.7% 0.7%

Operating Costs Operator related Training costs [SEK/year] 6479.0 1.6% 2.3%

Operating Costs Robot related Cumulative corrective maintenance time [hours/year] 8077.3 2.0% 4.3%

Operating Costs Robot related Maintenance related documentation time [hours/year] 15860.0 4.0% 8.3%

Operating Costs Robot related Cost for service and support [SEK/year] 18260.8 4.6% 12.8%

Operating Costs Robot related Energy Consumption [SEK/week] 39392.9 9.8% 22.6%

Operating Costs Robot related Cost for spare parts [SEK/year] 65403.1 16.3% 39.0%

Operating Costs Operator related Operator time [hours/year] 244697.1 61.0% 100.0%

Sum 400832.3 100.0%

Major Group Relation Cost type
Average cost 

[SEK/year]

Relative cost 

average [%]

Accumulated relative 

cost average [%]
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7 Results 
In this chapter, the results of the analysis are presented in regards to the problem formulation 
of this thesis in two parts, the assessment and the template.  
 

7.1 Assessment of a TCO/TVO Model for Industrial Robots 
The analysis for both the quantitative and qualitative cost and value factors show that it is 
possible to identify the most crucial cost factors. Both, customers´ and the supplier´s experts 
have a good insight about what is important and will cause costs, but also create value. The 
experts’ opinion supports the findings of the qualitative factors. Because of that, the number 
of variables in the model can be reduced due to the fact that some of them are not significant. 
Although welding and machine tending industrial robots have completely different tasks and 
require different environments, the customers ´experts differed only in one qualitative factor: 
The possibility and need for adjustments.  
The most crucial qualitative factors are illustrated in table 19. 
 
Table 19 Identified crucial qualitative factors 

Crucial qualitative factor Explanation 
OEE It shows clearly which value adding factor industrial robots 

can have for the production. 
Service and support Industrial robots have to work flawlessly and every minute 

they are not functional, the company suffers out of service lot 
revenue. 

Payment alternatives This will be important for future usage of robot cells, 
therefore it should be included in the refined model. 

 
The quantitative results from the analysis of the data provided by customer A allow 
identifying which of the cost factors are actually the most crucial (i.e. without the initial 
purchasing price and its related costs). They are depicted in table 20.  
 
                                                         Table 20 Identified crucial quantitative factors 

Crucial quantitative factor 
Operator’s wage 
Cost for spare parts 
Cost for energy consumption 

 
The simplified TCO model for industrial (welding) robots is expressed as:  
 

O�M = ∑�Q��	���	���R� +	∑�fghijkli’n	ojph +	∑�qgjih	gjikn +	∑�Wrhips	tlrnuvgkwlr 
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7.2 Template Prototype 
The results presented in chapter 7.1 allow it to break down the complexity of the general TCO 
model into a simple template with the goal to calculate the key cost drivers of an industrial 
robot cell in a couple of minutes.  
 
In figures 26 to 29, the TCO template for an industrial welding robot is illustrated. A 
screenshot of the entire prototype can be found in Appendix F. Successively, the data for the 
expected life time, the interest rate and the initial price are entered in the template depicted in 
figure 27. 
 

 
Figure 26 Part 1 of the TCO template 

In figure 28, one can either chose to use an stated average value for energy consumption cost 
or one can choose to enter an own value based on the customers information or knowledge. 
The average value chosen here is the average calculated with the data gathered from customer 
A. Entering own energy consumption costs would override the average value. 
 

 
Figure 27 Part 2 of the TCO template 

In figure 29, the same can be done for the costs of the spare parts. One can choose to either 
use a predetermined average value or enter costs due to own knowledge. Again, entering own 
values would override the average value.  
 

Robot Cell A

Date 42169.0 Responsible YNR

person

Type of Robot Welding robot A

Expected life time 5.0

Interest rate 0.1

Initial price 100000.0

Initial price 100000.0

Average 

Energy consumption [SEK/year]

Cost for electricity [SEK/kWh]

Energy cost [SEK/year] 39392.9 Energy consumption [kWh/year]

Average

Maintenance costs [SEK/year ]



 
Results

 

54 
Steffen Landscheidt 

 
Figure 28 Part 3 of the TCO template 

In figure 30, the operator’s wage is chosen according to an average value, or one can enter 
own values. As a result, the TCO of the industrial will be returned.  
 

 
Figure 26 Part 4 of the TCO template 

All averages of the crucial cost types are calculated with the PW method. If the costs for the 
spare parts are entered manually, one can only do this up to ten years. This is because each 
year has to be calculated separately with the NPV method and it is not common to calculate a 
budget for more than ten years for spare parts.  
 
In addition, one can perform the same kind of calculations parallel for a different robot type or 
for the same robot with changed parameters such as expected lifetime or the reference rate. 
Then one can compare, which of the industrial welding robots has the lower TCO during the 
chosen period. 
 
The template allows calculating with a good precision the TCO for industrial welding robots. 
The calculation of the TCO of other types of robots with this template has to be done with 
caution, because it is unclear if other factor influence or not.  
 

   

Average

Maintenance costs [SEK/year ]

Costs of spare parts [SEK/year] 65403.1 Annual costs of spare parts

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10

Average 

Operator's wage [SEK/year]

Average 

Operator's wage [SEK/year]

Working hours [hours/year]

Operatore's wage [SEK/year] 244697.1 Wage per hour [SEK/hour]

Result TCO 1 377 537
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8 Conclusions  
In chapter eight, the conclusions concerning the results and the thesis are presented.  
 
This study describes how a TCO and TVO model for industrial robots can be created and 
implemented in an operational template. The research method and the approach of this study 
are sound and uphold a high reliability and validity. The literature research and the expert 
interviews from different sources focus mainly on the same qualitative and quantitative 
factors, both for the TCO and the TVO model. This guarantees that the models developed in 
chapter 4 uphold the necessary objectivity and can be generalized to all existing types of 
robots. Naturally, regardless the costs or the possible values, the most important fact for 
industrial robots are their functionality and their technical possibilities. If those are not 
fulfilled, the costs are completely uninteresting and the model or template will not be applied 
because the automation equipment will not create any value due to the fact that the industrial 
robot is unfeasible. When working with the generalized model on a broader perspective, e.g. 
when assessing a highly customized industrial robot cell, both models can be applied and the 
costs and values can be calculated systematically. In such a case, cooperation between the 
supplier and the customer can be helpful to assess all necessary data carefully and to gain 
correct values for calculation. The results of such a cooperative calculation would definitively 
be an advantage for both the supplier and the customer, because both parts know exactly 
which costs and values one can expect in a certain period.  
 
Nevertheless, the template has to be assessed critically in regards of its validity and reliability.  
Only two customers have been interviewed and only one of them was able to provide correct 
quantitative data (i.e. based on the customer’s ERP). The average values used for evaluation 
and refinement of the model can be wrong and therefore the results of the template can be 
incorrect if the average values provided are used and not cost values, which are based on the 
customer’s own experience and ERP data, for instance. One problem is that the template has 
to be specialized on the type of robot. The template is refined with data from welding and 
machine tending robots and an expert would automatically think that those two would have 
different crucial factors. Intuitively, one would expect that machine tending robots have even 
lower costs for spare parts and maintenance because the wear of them is lower. Although 
there is no reliable quantitative data available from customer B, the data estimated by their 
experts suggest that it would put other factors into focus. Here, the cost of energy 
consumption plays a more important role because machine tending robots do not need the 
amount of maintenance and supervision welding robots do. To summarize this, the problem 
with creating a template is to consider the (major) types of industrial robot’s unique 
prerequisites.  
 
Other problems with creating a valid and reliable template are that one has to draw a 
boundary between where the industrial robots cell starts and where it ends. For instance, it is 
not clear where the energy consumption should be measured. Only for the industrial robot 
itself, together with the positioner or the entire cell with possible other connected automation 
equipment. Moreover, since there is no standard for measuring, the fundament for identifying 
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key figures for other kind of robots than welding robots is not guaranteed. In addition, one has 
also to be conscious about the fact that companies measure key figures differently. The OEE 
measurement in company X can be very different from the one in company Y, for instance.   
 
For YNR, where welding robots are the focus, the template can be used because the data from 
customer A is very reliable and both external and internal experts had the same conclusions 
about which factors that are most crucial.  
 
Furthermore, one has to question the willingness of customers to work with LCC and 
TCO/TVO concepts and their interest and acceptance in applying such tools. The case study 
showed that both customers, well-established large companies, had a vast interest in a TCO or 
TVO model for industrial robots. However, Uyar (2014) states that especially small and 
medium sized companies are critically to new concepts such as LCC or TVO. Often, the 
corporate culture or the lack of education/training is a barrier to adapt to new evaluation 
techniques. Dunk (2004) adds that a good relationship between the two involved partners can 
decrease this barrier because of a higher level of trust. 
 
The importance for YNR will be to convince its customers of the relevance of LCC and 
TCO/TVO calculations in order to get a competitive advantage. For instance, being able to 
calculate the maintenance budget for the next five years would (possible) free up money, 
which can be used for research and development.  
 
Agarwal, et al. (2012) proposes the concept of partnering to decrease adversarial conflicts and 
to solve problems revolving around incorporation and change of culture. A change of culture 
can be the acceptance of LCC/TCO templates to forecast exact costs for the next periods. 
Successful partnering builds on trust, openness, cooperation and teamwork.  
 
Lastly, an alarming indication is raised in chapter 6.2. The human related costs for the 
industrial robot cells are more are almost 2/3 of the total cost (even without the acquisition 
cost). If automation really is used as an argument against outsourcing to low cost countries, 
what should stop Swedish companies from outsourcing to low cost countries and automate 
there, even cutting more costs? 
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9 Criticism and Future Research 
In the last chapter of this thesis, some critical reflections about the thesis and problems 
during its creation are stated. Furthermore, some valuable recommendations for future 
research are discussed. 
 
Although a lot of factors have been evaluated and researched, there is still the problem that 
data can hardly be obtained for the industrial robot itself, especially when operating in a robot 
cell. Most companies measure, if they actually measure, only the complete machine cell and 
not each piece of equipment separately. This is shown by the fact that customer B, a 
company, which has more than 100 machine cells tended by industrial robots, could not 
provide accurate data during this study and therefore the quality of this thesis is diminished, 
afraid of.  
 
In the future, data acquisition and processing technology will most likely be added to 
industrial robots and other machinery in context to “Industrie 4.0” (BMBF, 2014). This will 
allow a new refinement for the TCO/TVO template and generate appropriate average values 
for a fast calculation of LCC.  
 
In addition, average values for cost (and value) factors as used in the template prototype can 
be obtained by YNR when measuring data in test runs or feasibility studies. Those can on the 
one hand be test trails for representative robot cells with the goal of measuring exact all kinds 
of quantitative data, which is necessary to enlarge the template to other type of robots. On the 
other hand, all data gained through feasibility studies can be collected and evaluated in order 
to use it for the model and the template.  
 
Something, which has not been considered at all in this study, is the inflation rate. 
Calculations in the template for a longer period will lead to results that are more uncertain 
because the inflation rate is not included. When developing the template further, the inflation 
rate has to be added.  
 
The template is built to compare the TCO of two different welding robot cells with each other 
and return as a result which of the two products has the lower TCO during a certain period. 
An advantage would be to also include a comparison of an industrial robot cell with what it 
would cost to run the same operation manually. This means, to include the possibility to 
compare what it costs to automate or to continue with manual work.  
 
Moreover, the template is only based on average values and does not consider standard 
deviations. Of course, this is because the empirical data available is too few to calculate 
proper standard deviations. However, there are ways to simulate deviations of the costs and 
values. For instance, Emblemsvåg (2003) suggests Monte Carlo methods to better manage 
future costs and risks. Therefore, a simulation tool for risks and uncertainties should be 
included in the template to not only strengthen its quality when used as a sales tool, but also 
to improve the quality of the results.  
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Appendix 
Appendix A Literature Search Results of all four Databases 
 

 
 
  

Date Source Search phrase Limitations Hits Relevant hits Comments

Too many hits, further 

limitations needed

2015-03-12 Emerald Insight
Total cost of ownership 

AND Business Strategy

Articles - 

Abstract
15 1

Good search with relevant 

results

2015-03-12 Emerald Insight
Total cost of ownership 

AND Business Strategy

Articles - 

Anywhere
18313 -

Good search with relevant 

results
2015-03-12 Emerald Insight

Life-cycle cost AND Business 

Strategy

Articles - 

Abstract
33 2

Too many hits, further 

limitations needed
2015-03-12 Emerald Insight

Life-cycle cost AND Business 

Strategy

Articles - 

Anywhere
12197 -

Total cost of ownership 

AND Customer

Articles - 

Abstract
11 3

Good search with relevant 

results

2015-03-12 Emerald Insight
Total cost of ownership 

AND Customer

Articles - 

Anywhere
15254 -

Too many hits, further 

limitations needed

2015-03-12 Emerald Insight

Too many hits, further 

limitations needed

2015-03-12 Emerald Insight
Life-cycle cost AND 

Customer

Articles - 

Abstract
36 1

Good search with relevant 

results

Emerald Insight
Life-cycle cost AND 

Customer
10849 -2015-03-12

Articles - 

Anywhere

2015-03-04
Articles - 

Abstract
- - No search results at all

Too many hits, further 

limitations needed

2015-03-04 Emerald Insight Life-cycle cost AND Robot
Articles - 

Abstract
2 -

Search results manageable, 

however no relevant results

2015-03-04 Emerald Insight Life-cycle cost AND Robot
Articles - 

Anywhere
777 -

Too many hits, further 

limitations needed

Emerald Insight
Total cost of ownership 

AND Robot

2015-03-04 Emerald Insight
Total cost of ownership 

AND Robot

Articles - 

Anywhere
444 -

Too many hits, further 

limitations needed

2015-03-04 Emerald Insight
Total cost of ownership 

AND Automation

Articles - 

Abstract
2 1

Good search with same relevant 

hit as above

2015-03-04 Emerald Insight
Total cost of ownership 

AND Automation

Articles - 

Anywhere
3396 -

Too many hits, further 

limitations needed

2015-03-04 Emerald Insight
Life-cycle cost AND 

Automation 

Articles - 

Abstract
9 1

Good search with relevant 

results

Life-cycle cost AND 

Automation

Articles - 

Anywhere
Emerald Insight2015-03-04 3849 -
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Date Source Search phrase Limitations Hits Relevant hits Comments

Still too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

TCO AND Business Strategy 

AND Automation
Abstract 1 1

Good search with relevant 

results

2015-03-12
Business Source 

Premier

Total cost of ownership 

AND Business Strategy
Abstract 60 -

Good search with relevant 

results

2015-03-12
Business Source 

Premier

Total cost of ownership 

AND Business Strategy
Anywhere 251 -

Too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

Life-cycle cost AND Business 

Strategy AND Concept
Abstract 12 2

Too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

Life-cycle cost AND Business 

Strategy
Abstract 65 -

Still too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

Life-cycle cost AND Business 

Strategy
Anywhere 682 -

Good search with relevant 

results
2015-03-12

Business Source 

Premier

Life-cycle cost AND 

Customer AND Perspective
Abstract 11 2

Too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

Total cost of ownership 

AND Customer
Abstract 228 -

Too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

Total cost of ownership 

AND Customer
Anywhere 301 -

Too many hits, further 

limitations needed

2015-03-12
Business Source 

Premier

Life-cycle cost AND 

Customer AND Perspective
Abstract 6 1

Good search with relevant 

results

2015-03-12
Business Source 

Premier

Life-cycle cost AND 

Customer
Abstract 212 -

2015-03-12
Business Source 

Premier

Life-cycle cost AND 

Customer
Anywhere 597 -

Too many hits, further 

limitations needed

Search results manageable, 

however no relevant results
2015-03-04

Business Source 

Premier

Total cost of ownership 

AND Robot
Anywhere 1 -

Search results manageable, 

however no relevant results
2015-03-04

Business Source 

Premier
Life-cycle cost AND Robot Anywhere 4 -

Too many hits, further 

limitations needed

2015-03-04
Business Source 

Premier

Total cost of ownership 

AND Automation
Abstract 28 1

Good search with same relevant 

hit as above

2015-03-04
Business Source 

Premier

Total cost of ownership 

AND Automation
Anywhere 52 -

173 -
Too many hits, further 

limitations needed

2015-03-04
Business Source 

Premier

Life-cycle cost AND 

Automation 
Abstract 33 2

Good search with relevant 

results

2015-03-04
Business Source 

Premier

Life-cycle cost AND 

Automation
Anywhere
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Date Source Search phrase Limitations Hits Relevant hits Comments

2015-03-12 ScienceDirect
Life-cycle cost AND 

Customer

Journals - Title 

AND Abstract
7 2

Good search with relevant 

results

Search results manageable, 

however no relevant results
2015-03-12 ScienceDirect

Total cost of ownership 

AND Business Strategy

Journals - 

Abstract
2 -

Good search with relevant 

results

2015-03-12 ScienceDirect
Total cost of ownership 

AND Business Strategy

Journals - All 

fields
32149 -

Too many hits, further 

limitations needed

2015-03-12 ScienceDirect
Life-cycle cost AND Business 

Strategy

Journals - 

Abstract
24 1

Good search with relevant 

results

2015-03-12 ScienceDirect
Life-cycle cost AND Business 

Strategy

Journals - All 

fields
45469 -

Too many hits, further 

limitations needed

2015-03-12 ScienceDirect
Total cost of ownership 

AND Customer

Journals - 

Abstract
12 3

Still too many hits, further 

limitations needed

2015-03-12 ScienceDirect
Total cost of ownership 

AND Customer

Journals - All 

fields
19693 -

Too many hits, further 

limitations needed

2015-03-12 ScienceDirect
Life-cycle cost AND 

Customer

Journals - 

Abstract
110 -

2015-03-12 ScienceDirect
Life-cycle cost AND 

Customer

Journals - All 

fields
34393 -

Too many hits, further 

limitations needed

Too many hits, further 

limitations needed

2015-03-12 ScienceDirect
Total cost of ownership 

AND Robot

Journals - 

Abstract
- - No search results at all

2015-03-12 ScienceDirect
Total cost of ownership 

AND Robot

Journals - All 

fields
779 -

Too many hits, further 

limitations needed

2015-03-04 ScienceDirect Life-cycle cost AND Robot
Journals - 

Abstract
3

Search results manageable, 

however no relevant results

2015-03-04 ScienceDirect Life-cycle cost AND Robot
Journals - All 

fields
5526 -

Too many hits, further 

limitations needed

2015-03-04 ScienceDirect
Total cost of ownership 

AND Automation

Journals - 

Abstract
1 1

Good search with same relevant 

hit as above

2015-03-04 ScienceDirect
Total cost of ownership 

AND Automation

Journals - All 

fields
2998 -

Too many hits, further 

limitations needed

2015-03-04 ScienceDirect
Life-cycle cost AND 

Automation 

Journals - 

Abstract
26 4

Good search with relevant 

results

2015-03-04 ScienceDirect
Life-cycle cost AND 

Automation

Journals - All 

fields
16759 -
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Date Source Search phrase Limitations Hits Relevant hits Comments

6 1
Good search with relevant 

results

Good search with relevant 

results

2015-03-12 IEEE

2015-03-12 IEEE
Total cost of ownership 

AND Business Strategy
Abstract 10 2

Good search with relevant 

results

2015-03-12 IEEE
Total cost of ownership 

AND Business Strategy

Full Text and 

Metadata
5729 -

Too many hits, further 

limitations needed

2015-03-12 IEEE
Life-cycle cost AND Business 

Strategy
Abstract 33 1

Good search with relevant 

results

2015-03-12 IEEE
Life-cycle cost AND Business 

Strategy

Full Text and 

Metadata
11991 -

Too many hits, further 

limitations needed

2015-03-12 IEEE
Total cost of ownership 

AND Customer
Abstract 39 1

Still too many hits, further 

limitations needed

2015-03-12 IEEE
Total cost of ownership 

AND Customer

Full Text and 

Metadata
7381 -

Too many hits, further 

limitations needed

Life-cycle cost AND 

Customer AND Automation
Abstract

2015-03-12 IEEE
Life-cycle cost AND 

Customer
Abstract 164 -

2015-03-12 IEEE
Life-cycle cost AND 

Customer

Full Text and 

Metadata
17193 -

Too many hits, further 

limitations needed

2015-03-04

2015-03-04

2015-03-04

2015-03-04

2015-03-04

2015-03-04

2015-03-04

2015-03-04

IEEE
Total cost of ownership 

AND Robot
Abstract - - No search results at all

IEEE
Total cost of ownership 

AND Robot

Full Text and 

Metadata
583 -

Too many hits, further 

limitations needed

IEEE Life-cycle cost AND Robot Abstract 5 1
Good search with relevant 

results

IEEE Life-cycle cost AND Robot
Full Text and 

Metadata
2158 -

Too many hits, further 

limitations needed

IEEE
Total cost of ownership 

AND Automation
Abstract 6 1

Good search with relevant 

results

IEEE
Total cost of ownership 

AND Automation

Full Text and 

Metadata
2833

Too many hits, further 

limitations needed

IEEE
Life-cycle cost AND 

Automation 
Abstract 44 1

Good search with relevant 

results

IEEE
Life-cycle cost AND 

Automation

Full Text and 

Metadata
10107 -

Too many hits, further 

limitations needed
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Appendix B Total Cost of Ownership Cost Drivers 
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Appendix C TCO Model  
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Appendix D TVO Model 
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Appendix E Quantitative empirical Findings of Customer A 
 

 
 

 
 

Robot Cell 2010 2011 2012 2013 2014

1 50000 28814,76 25264 40289 6581

2 16000 58552,14 43112 61584 27824

3 17000 59406,92 11634 58546 10110

4 39000 81457,62 20370 15889 33264

5 138000 232206,3 62061 183497 108222

6 154000 118188,06 133115 292410 105466

7 48000 39732,07 93434 158174 37582

8 103000 120008,58 28185 304366 27938

9 90000 42736,92 21471 58483 40193

10 79000 135411,93 156014 55745 101802

11 27500 68833,82 9629 64030 31239

12 87500 28438 9182 35539 14917

13 47811 19686 9337

14 41934 2159 16035

Cost for spare parts [SEK/year]

Robot Cell 2010 2011 2012 2013 2014

1 13 12 60 40 26

2 10 14 24.5 96.5 25

3 14 13 16.5 37.5 89

4 24 22 7.5 17 69.5

5 52 62 159.5 140 68.5

6 47 76 139.5 160 69.5

7 28 38 97.5 139.5 65.5

8 23 41 102.5 85 57

9 10 27 38 60 49

10 34 40 93 101 157.5

11 14 17 56 34 24

12 88.5 95 92.5 52 22

13 61 11 53

14 7.5 10 36

Cumulative corrective maintenance time [hours/year]
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Robot Cell 2010 2011 2012 2013 2014

1 Not available 0.997 0.986 0.991 0.992

2 Not available 0.997 0.994 0.978 0.993

3 Not available 0.997 0.996 0.991 0.974

4 Not available 0.995 0.998 0.996 0.982

5 Not available 0.988 0.97 0.968 0.98

6 Not available 0.986 0.974 0.963 0.98

7 Not available 0.991 0.977 0.968 0.981

8 Not available 0.991 0.976 0.98 0.983

9 Not available 0.994 0.999 0.986 0.986

10 Not available 0.991 0.979 0.977 0.954

11 Not available 0.996 0.987 0.992 0.993

12 Not available 0.978 0.979 0.988 0.994

13 Not available 0.997 0.985

14 Not available 0.998 0.99

OEE [%]

Robot Cell 2010 2011 2012 2013 2014

1 Not available 0 21465 0 12912

2 Not available 17255 21465 0 13092

3 Not available 0 4000 179151 17262

4 Not available 0 0 1945 20055

5 Not available 24272.8 17875 1879 20641

6 Not available 33664 44343 26674 14054

7 Not available 0 20937 44197 15652

8 Not available 18100 49500 15300 27320

9 Not available 0 9824 0 72

10 Not available 5692.4 9824 21203 29878

11 Not available 0 9824 29236 11532

12 Not available 0 3000 35392 11532

13 Not available 58140 25223

14 Not available 2158 25223

Cost for service and support [SEK/year]

Robot Cell

1 431 2 13 36

2 431 2 13 36

3 431 2 13 36

4 431 2 13 36

5 968 2 21 18

6 968 2 21 18

7 968 2 21 24

8 968 2 21 24

9 862 2 13 24

10 862 2 13 72

11 862 2 13 36

12 484 2 21 36

13 1549 2 21 18

14 815 2 18 18

Time for preventive 

maintenance [hours/year]

Operator time 

[hours/week]

Energy Consumption 

[SEK/week]

Maintenance related documentation 

time [hours/week]
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Appendix F Template Prototype 
 

 
 

Calculation of the total cost of ownership for industrial robot cells. 

Robot Cell A

Date 42169.0 Responsible YNR

person

Type of Robot Welding robot A

Expected life time 5.0

Interest rate 0.1

Initial price 100000.0

Average 

Energy consumption [SEK/year]

Cost for electricity [SEK/kWh]

Energy cost [SEK/year] 39392.9 Energy consumption [kWh/year]

Average

Maintenance costs [SEK/year ]

Costs of spare parts [SEK/year] 65403.1 Annual costs of spare parts

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10

Average 

Operator's wage [SEK/year]

Working hours [hours/year]

Operatore's wage [SEK/year] 244697.1 Wage per hour [SEK/hour]

Result TCO 1 377 537


