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Sammanfattning 
Detta examensarbete har genomförts i samarbete med det schweiziska företaget MB Wafertec, 
en del av Meyer Burger Group. Det är ett företag som är aktivt inom solcellsbranschen där de 
utvecklar och producerar sågmaskiner för kunder som tillverkar solceller. Syftet med 
examensarbetet var att göra ett Cost of Ownership (COO)-verktyg som simulerar deras kunders 
olika kostnader under kiselskiv-produktion med en av två tillgängliga processtyper, den äldre 
Slurry. Resultaten från dessa simuleringar skulle sedan jämföras med motsvarande resultat för 
den andra nyare processtypen, Diamond Wire (DW), ur ett kostnads och miljöperspektiv. 
Parallellt med detta skulle även produktutvecklingsarbetet på företaget utvärderas ur ett COO 
perspektiv med närliggande teorier, där möjliga fördelar och nackdelar kunde identifieras. Som 
bas för att uppnå båda dessa syften genomfördes en litteraturstudie inom COO och 
livscykelteorier.  
 
För att utveckla COO-verktyget genomfördes möten och informella diskussioner med personal 
av varierande befattningar på MB Wafertec samtidigt som data insamlades från företagets 
databas. Detta resulterade i ett Excel-baserat verktyg där resultaten från simuleringarna av tre 
olika produktionsstorlekar presenterades i diagram som på ett klart sätt visade en fördel i både 
COO och energiförbrukning för den nyare DW-processen. Utvärderdering av 
produktutvecklingsprocessen gjordes parallellt med framtagandet av COO-verktyget via semi-
strukturerade intevjuer som genomfördes med nyckelpersoner på företaget. Resultatet från 
intevjuerna ställdes sedan mot PLM (Product Life Cycle Management) teori och även metoden 
Value Oriented Life Cycling Cost (VOLCC). Detta visade flera goda korrelationer samtidigt som 
en del som kan förbättras. De viktigaste förbättringspunkterna är det nuvarnade PDM-systemet 
tillsammans med avsaknaden av konsekvent struktur i COO-användandet i utvecklingsarbetet.  
 
Den huvudsakliga rekommendationen utifrån COO-verktygets slutsatser är att fortsatt arbete 
inom detta område bör fokuseras på att försöka förututspå framtida prisnivåer vad det gäller 
slurry-blandning och diamanttråd, vilka påverkar COO-resultatet relativt mycket. Det bör göras 
för att förutse hur framtidens COO kommer se ut och utifrån detta se hur produktutvecklingen 
bör inriktas. De huvudsakliga rekommendationerna gällande produktutvecklingsarbetet är att 
utvärdera företagets specifika PDM-behov och införa det, samtidigt som man även bör 
implementera en COO-integrerad VOLCC metod.  
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Abstract 
This Master Thesis has been carried out in collaboration with the Swiss-based company MB 
Wafertec, a part of the Meyer Burger Group. It is a company active in the photovoltaic business 
where they develop and produce cutting machines. The purpose of the thesis was to make a Cost 
of ownership (COO) tool that simulates their customers’ different costs when producing silicon 
wafers with one of two process types available, the older Slurry. The results of these simulations 
were then intended to be compared to the same results of the other process type, the newer DW 
(Diamond Wire), from a cost and environmental view. Alongside this, the product development 
process of the company was intended to be evaluated from a COO-approachable point of view. 
As a base for fulfilling both the purposes of the thesis a literature study within COO and 
surrounding lifecycle theories was made.  
  
In order to develop a COO-tool, meetings and informal discussions with personnel at the 
company were made together with gathering data from the company database, all made in an 
iterative fashion. This resulted in an Excel based tool where the results of simulations of three 
different sizes of production were presented in figures which indicated a clear advantage in costs 
and energy consumption in favor of the newer process. The parallel evaluation of the product 
development process was made by conducting semi-structured interviews with key persons at 
MB Wafertec. The results of the interviews were then compared PLM theory and the method 
Value Oriented Life Cycle Costing (VOLCC). This displayed several positive correlation points 
as well as others that can be improved. The most important improvement points are the current 
PDM system together with the lack of consistent structure in the usage of COO in a function 
evaluation level. 
  
The main recommendations are that the continued work in this area should be focused on trying 
to predict future prices and cost drivers of particularly the slurry-mix and DW (the wire itself) 
which affect the COO relatively much. This should be done in order to foresee how a future 
COO looks and out of this see where the product development should be focused.  Another 
recommendation is to evaluate the company’s specific needs of a PDM system and then start the 
work of implementing it, alongside with implementing a COO-integrated VOLCC method. 
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1 Introduction 
1.1 Background 
MB Wafertec is a company based in Thun, Switzerland that develops and produces cutting 
machines for the photovoltaic, semi-conductor and sapphire/optoelectronic industries. The 
company is a part of the Meyer Burger Group (MB) which offers complete solutions for 
producers in these areas. For example the solar industries have products in solar wafer, solar 
cells, solar modules and solar systems. These are steps from raw material to end-user. 
  
As in more or less all businesses there are of course competitors also in the industries MB 
delivers products to. They all want to look attractive in the eyes of the customers and therefore 
get chosen over the other competing companies. There are several ways to look attractive 
depending on who is watching, but in most cases money has the biggest influence on the 
customer’s decisions. At least as long as other factors such as for example quality, time and 
environmental issues are met. Therefore MB has formulated a vision which is also published on 
the homepage of Meyer Burger Group (2010): 
 
“The Meyer Burger Group is technology leader along the entire value chain in photovoltaics. 
Each group member focuses on its core competencies and offers our customers highest quality at 
lowest Cost of Ownership.  
Together, the group offers the solar industry and the consumers advanced technologies and cost 
sensitive solutions for clean energy.” 
 
After reading the vision it is quite obvious that MB considers Cost of Ownership (COO) as an 
important guideline throughout the group. Something that is not mentioned above is the 
environmental aspects of the products. Since the photovoltaic industry is in the renewable energy 
field the end-users are possibly interested in the environmental impact of producing solar cells, 
not just the “green” end product. Therefore, a clear improvement concerning waste and energy 
consumption during production could affect the end-users product choice and indirect also the 
MB customers. 
 
MB Wafertec is, as mentioned above, developing and producing machines for the photovoltaic 
industry. More precisely they produce solutions to the early stage of the solar cell production or 
in other words the stages of production from having raw silicon chunks to sliced, cleaned and 
inspected (quality checked) silicon wafers. The heart of this solar cell production stage is the 
wire saw. There are currently two technologies available for wire saws where the older, Slurry-
technology, provides a lapping process. The slurry is the carrier for the abrasive silicon-carbide 
particles (SiC). The wire is just the transporting mean for the abrasive grains. The more recent, 
fixed abrasive based Diamond Wire-technology (DW), provides a grinding process. There the 
abrasive industrial diamonds are bonded to the wire.  
 
When MB Wafertec’s customers choose between having the older technology (Slurry) and the 
newer (DW) they of course have to consider different costs. It is not just the direct investment of 
the specific machines but also ownership costs of the other production stations that are affected 
by this choice. That is why MB Wafertec is interested in having a more accurate understanding 
of what costs the customers have to face before making their investment decisions in Slurry or 
DW-technology. Through this better perspective of the customer’s choices, MB hopes to be able 
to make the right decisions in future product development.  
 
There is already a COO-tool for simulation in use at MB Wafertec. This is however more for 
sales purposes and not for Research and Development (R&D). The tool is considered not to be 
flexible and user friendly in enough extends for R&D, but is still used for some of its purposes. 
With not being user friendly and flexible means that the creator of the tool is the only person that 
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fully understands it and can change parameters in it in order to simulate different development 
opportunities. This is why a new tool is sought for, which can satisfy these needs.  
 
Having a COO-tool in use in the product development also raises the question of how and when 
it should be used to be most beneficial to the company. If a tool is used in the wrong way it does 
not serve the user well, and can even risk pushing the work in the wrong direction. This is why 
an evaluation of the product development work connected to the COO-tool also is needed in 
order to find out the best use of the tool.  
 

 
1.2 Purpose 
The purpose of this thesis was to make a COO-tool for a Slurry based process and then compare 
the result of it to a corresponding one for the DW based process. These later results came from a 
COO-tool for the DW-process which was developed alongside the Slurry-tool. The simulated 
processes differ in sense of which process stations are used in them and hence also in the COO-
tools. Parallel to this was also the product development at MB Wafertec evaluated from a COO 
approachable view. In the end these two following questions was aimed to be answered: 
 

 What does a COO comparison between DW-process and Slurry-process look like today 
and what are the environmental differences in it? 

 What are the possibilities of making improvements in the product development at MB 
Wafertec in regard of COO-tools and its surrounding theories? 

 
1.3 Delimitations 
The COO-tool was only made for a mono crystalline process and not a multi crystalline process. 
In this case mono and multi refer to the two types of silicon used in producing the silicon wafers 
and affect which process stations should be used. Mono process has the highest quality of the 
two. 
 
The COO-tool was only made for Asian market and not the European/USA markets. This also 
affects in which process stations are used since the Asian production in general uses more 
manual labor than the others. This is also the clearly biggest market for MB Wafertec. 
  
The COO-tool was going to be an Excel based tool since that is a company request. The reason is 
that the development department wants a simple, flexible and intuitive COO-tool and Excel is a 
program most people are familiar with.  
 
Because of time limitations the literature study used to evaluate the improvement possibilities in 
the product development work at MB Wafertec focuses on two chosen theories. Of these two is 
one concerning the product development work and lifecycle thinking in general and one with a 
more direct connection to usage of COO.  
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2 Method 
A literature study in the areas COO and “lifecycle theories within product development” is the 
base for this paper. This also dictates the structure of the paper to a large extent since sections 4 
to 8 are being divided into two parts where the first always has a direct connection to COO and 
the second a more indirect through the lifecycle theories and product development work at MB 
Wafertec. This structure also corresponds to the two purposes/questions this thesis is based on.   
 
The literature study of COO was partly implemented in the making of a COO-tool for a Slurry-
process as well as the analysis of the resulting tool. The tool was also made according to the 
desires of the company. This meant close contact and discussions with the responsible person at 
the company throughout the work. Data, calculations and other relevant information for it was 
also put together with help from key persons with knowledge of the different process stations the 
Slurry-process consists of. This was done in an iterative fashion, where repeating contact and 
verification of the information collected were done. Most common was short meetings with the 
Product Managers (PM) in charge of the different process stations, but sometimes also mail 
conversations with them occurred. Sometimes specific data was also collected from Project 
Leaders (PL) when needed, also most commonly through short meetings. The resulting tool is 
presented in the report (section 5.1.1) and then analyzed through a comparison to the findings in 
the literature study to see the potential advantages or/and disadvantages of it. Another option in 
the creation of a COO-tool could have been to do a tool separately from the company and base it 
only on the existing theories involved. This was however not the company’s request and instead 
recommendations are presented from the view of the theoretical framework. 
 
In making an Excel based tool no vast additional knowledge of the program itself was needed to 
be collected. Information for some minor functions was instead acquired through internet 
searches or through the help-function of the program.  
 
In order to compare and find out the COO-differences of the Slurry and DW-process three 
simulations of the finished Slurry-tool was made. These are three different sizes of a customer 
production which then are compared to the corresponding DW-process results. This is presented 
in section 5.1.2. The three different simulations are done in order to ensure that the production 
sizes do not affect the COO-results in a big fashion. More simulations of different production 
sizes could be argued to be better in getting more secured results. This is however enough for 
receiving an indication of the differences between the processes and not the exact data for every 
possible production size.  
 
The other part of the literature study concerning “lifecycle theories within product development” 
was compared to information received in three recorded semi-structured interviews about the 
existing working methods surrounding the COO usage and product development at MB 
Wafertec. In doing these interviews an interview guide (Appendix B) was used. The guide was 
followed from question to question but also surrounding areas were discussed when needed. The 
results of the interviews are presented in section 5.2. The transcriptions of the interviews from 
the recorded data to the results in section 5.2 were made soon after the interviews and were also 
approved by the respondents. The reason for choosing a semi-structured approach in the 
interviews was that more thorough information within the investigated area was sought for. The 
persons interviewed are key persons in the product development process and the usage of COO-
tool. One person is Manager of Project Managers and the other two are Project Managers. 
Follow-up interviews were also made in order to verify or clarify answers when needed. The 
selection of respondents in the interview could be bigger in order to get a full and more precise 
view of the product development at MB Wafertec. Then personnel with other functions and other 
point of view of the work can give their possibly different opinion in the matter. The area 
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examined in the interviews is however considered to be more on the level which corresponds to 
the current selection of respondents.  
 
2.1 Credibility 
In order to verify the data collected for the COO-tool key persons, with knowledge about the 
different process stations, were consulted. They could then confirm that the data and calculations 
in the tool were correct. There is still a risk that some of the data and/or calculations are wrong 
due to human errors, but the risk is reduced through this effort. The data that were confirmed for 
this report might however also change with time since small changes in the existing products and 
processes are made continuously. This part is hard to control when dealing with so much data 
that the COO-tool deals with and needs to be updated with frequent intervals. This should also be 
considered when viewing the conclusions of this report.  
 
The reliability of the information collected in the semi-structured interviews was verified 
through a confirmation of the interview result, made by the respondents. This excludes the 
possible errors that can occur in any type of communications where the recipient interprets 
something in a fashion the sender does not intend. As mentioned above, there is still a risk that 
the confirmed information received is just the view of the three people and not the “true” one. 
This is however considered to be of sufficient level since the respondents chosen have the full 
view needed for the purpose of the thesis.  
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3 About Meyer Burger Group 
Meyer Burger Ltd. was according to the homepage of Meyer Burger Group (2010) found in 1953 
with its focus on watch jewel manufacturing machines. Nearly 60 years later the Swiss based 
company is one of the world’s leading providers of innovative systems and production lines for 
photovoltaic in the solar industries. In Meyer Burger Group (2012) it is stated that the turnover 
of the group in 2011 was CHF 1.315 billion after an increase of 59% from 2010. Asia is the 
biggest market with contributing 80% to the turnover 2011. The group currently employs more 
than 2,500 people across three continents. This is an increase of more than 2000 employees in 5 
years. The group consists of 14 different companies at the moment. Together they develop and 
support pioneering system solutions in its 3 business areas:  

 Photovoltaic 
 Semiconductor  
 Sapphire & Optoelectronics 
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4 Theoretical framework 
In this section of the thesis some COO related literature theories are presented. These involve a 
part which is specifically about COO and then also a part regarding lifecycle theories which in 
this view is related to COO. 
 
4.1 Cost of ownership 
COO (sometimes called Total Cost of Ownership or TCO) is a tool used mainly by 
customer/users of developing firms according to Ellram (1995) and Wouters, Anderson and 
Wynstra (2005). The tool regards the cost the users have during a product’s or service’s lifecycle 
from first expense to last. COO have however also different links to the developing firms and 
their processes. Kahn (2005) helps in making one of these connections. He writes about superior 
products compared to ‘‘me-too,’’ copycat, reactive, and ho-hum products. The latter examples 
are not as successful as the first but despite this the latter are more common in new development. 
The superior products have among four characteristics the following, it should “feature good 
value for money for the customer, reduce the customer’s total costs (high value-in-use), and 
boast excellent price/performance characteristics” Kahn (2005 p. 5). This point is quite clearly 
connected to COO and all four of them have a strong focus on customer involvement in product 
development.  
 
Carlson and Wilmot (2006) write about a method for new innovations which has a focus on 
customer value. They write “Innovation is the process of creating and delivering new customer 
value in the marketplace” (Carlson and Wilmot 2006, p 6). Customer value is according to the 
writers defined as “a product`s or service`s benefits minus its costs”. Both Carlson and Wilmot 
M (2006) and Kahn (2005) have made the conclusion that customer value is a very central part in 
the successful product development. That means also that customer costs are a central part since 
it is directly connected to the customer value and hence also to COO.  
 
COO or TCO is, as mentioned, a tool or way of thinking that is, according to Ellram (1995) and 
Wouters, Anderson and Wynstra (2005), used for understanding the actual costs when buying a 
good or service. The purpose of COO is thus not commonly and directly used as a tool in product 
development processes. This is true when developer and user/buyer are not the same, which 
otherwise would change this assumption. However it is often used as an indirect tool in product 
development since customers/users almost always have a close relationship with the developing 
company which Johnsen, Phillips, Caldwell and Lewis (2006) concludes. Ellram (1995) also 
writes about potential usage of a TCO after her survey of eleven buying firms. These usages 
were among others to drive supplier improvements and identify priorities, drive major process 
changes, plan or anticipate future supplier performance, measure ongoing supplier performance 
and forecast new item performance based on historical data. TCO is thus a tool that can be 
closely linked with the developing firms and their processes no matter if it is indirect through 
customer demands or direct through own estimations.  
 
4.1.1 Standards 
There are no set standards in COO calculations that producers of silicon wafers have to follow. 
There is however standards in the general semiconductor industry which the producers in the 
more specific silicon wafer industry are also urged to follow. The central one is the SEMI E35 
(2007) which is also supported by other documents such as SEMI E10 (2004) and SEMI E79 
(2006). One of the purposes of this central document is that it “…establishes a procedure to 
facilitate an understanding of equipment-related costs, including costs related to environmental, 
health and safety (EHS) factors, by providing definitions, classifications, algorithms, methods, 
and default values necessary to build a comprehensive, constrained, or monitor cost of ownership 
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(COO) calculator” (SEMI E35 2007, p. 1). The other purpose is, as with all standards, to provide 
corresponding definitions and terms.  
 
The basic formula for calculating COO according to SEMI E35 (2007) is formed in equation 1, 
where COO is Cost of ownership, CEO is Cost of equipment ownership and CYL is Cost of 
yield loss. The costs in a COO-calculation are usually annual. 
 
  (1) 
 
CEO consists of all costs not related to yield loss and CYL consists of equipment yield (EY), 
defect limited yield (DLY) and parametric limited yield (PLY). In constrained versions of COO-
calculations CYL can be put as equivalent to EY but when more accurate calculations are needed 
it should consist all three. An overview of the COO is also shown in Figure 4.1 where costs are 
added in the different process steps. The picture also displays the basic idea of the total cost 
accumulating when moving forward in the factory flow.  

 
Figure 4.1: Shows the costs in a factory flow (SEMI 35 (2007, p. 6)) 

 

4.1.1.1 COSTS 
According to SEMI E35 (2007) CEO should include fixed and recurring costs and CYL 
recurring scrap costs. The different costs are specified and presented next. 
 
CEO - fixed costs: 
Equipment 

 Acquisition (including regulatory requirements) 
 Installation (including regulatory requirements) 
 Training (initial training for all personnel - including regulatory requirements and safety 

training) 
 Qualification (qualifying equipment for production - including regulatory requirements, 

inspection and safety review) 
 Decommissioning (removing equipment - including decommissioning, decontamination, 

removal cost and similar) 
Facilities 

 Moves and rearrangements (displacing existing equipment for new) 
 Floor space (including safety equipment) 

CEO - recurring costs: 
Consumable 
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 Consumable parts (parts that need to be exchanged within a year of operation - including 
decontamination and disposal, reuse or refurbishment) 

 Monitor units (test and filler units - including disposal, reuse or reclaim) 
 Utilities (cost for electricity, city water, ultrapure water and similar - including disposal, 

reuse or recycle) 
 Supplies (for instance bulk gases, specialty gases and specialty chemicals - including 

disposal, reuse or recycle) 
 Waste disposal (removing and treating waste - including disposal, reuse or recycle) 

Maintenance  
 Labor (repair and maintenance labor to maintain equipment - including EHS oversight) 
 Spare parts (spare parts inventory)  
 Repair parts (repair parts charged to user - including decontamination and disposal, reuse 

or refurbishment) 
 Service contract (service contract charged to user - including regulatory and site EHS-

related requirements) 
Labor 

 Operation 
 Supervision 
 Engineering 
 Support services (including EHS oversight) 

CYL - scrap costs: 
 EY (units lost, broken or misprocessed by equipment - including disposal, reuse or 

recycle) 
 DLY (units lost due to electrical or inspection rejects caused by equipment - including 

disposal, reuse or recycle) 
 PLY (unit lost due to electrical or inspection rejects caused by parameters being out of 

range by equipment - including disposal, reuse or recycle) 
 

4.1.1.2 EQUIPMENT STATES 
SEMI E10 (2004) is a document that focuses on the definition and measurement of availability 
and maintainability in the semiconductor industry. That means that it tries to “establish a 
common basis for communication” in the industry. A central part in this is of course the 
terminology but also to define the different equipment states and what should be included in 
them. These are shown in Figure 4.2. This is helpful for when trying to define what should be 
included in for instance the productive time of a process station and what should not.   
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Figure 4.2: Equipment states (SEMI E10 (2004, p. 4)) 

 
The document also defines what is included in these states in a more precise manner in the 
document. In a COO-calculation this is helpful in defining the capacity of different 
equipment/machines and indirect it affects the cost in several areas.  
 
4.2 Lifecycle theories with focus on product development 
Product Lifecycle Management (PLM) was chosen as the theory of which the MB Wafertec 
product development process will be compared to instead of others, like for instance Total 
Quality Management (TQM), Concurrent Engineering, Design for Six Sigma (DFSS) and Lean 
Product Development (LPD). This choice of PLM was based on its focus on managing the 
products lifecycles and COO having a clear connection to it. Since MB Wafertec values the 
customers COO high, the managing of the products lifecycles should be as well. Even though the 
other mentioned theories incorporate some of the PLM ideas in their strategies, it is not the only 
focus. A lot of the focus is at the same time put on making the development work more efficient 
with different approaches, which Oppenheim, Murman and Secor (2011) write about.  
 
Value Oriented Life Cycle Costing (VOLCC) by Janz and Westkämper (in Takata and Umeda 
2007) is the second theory presented in this section of the thesis. It was chosen over the decision 
supporting tool Dimache A, Dimache L, Zoldi and Roche (in Takata and Umeda 2007) suggest 
because of the possibility of easily combining it with a COO-tool. It is more a structure of 
working rather than anything else since it uses several present methods which together form the 
theory, which is supposed to help making fast and precise financial estimates of design 
decisions. As one of these methods a COO-tool could be implemented.  
 
4.2.1 PLM 
According to Stark (2005) PLM can be described as the “…activity of managing a company’s 
products all the way across their lifecycles in the most effective way” (Stark 2005, p. 17). That 
means having control of all information concerning the products and their connecting services 
during their whole lifecycle, from starting as an idea to the disposal of the product. That includes 
the different costs that occur surrounding the products. A company that uses the PLM way of 
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thinking and structuring gets better products faster to the market and improves at the support of 
the same products as well. It also reduces the cost of a product. These are all some of the general 
benefits according to Stark (2005). He argues that if you do not have a low cost product and 
good support of it you have to stand the risk of losing customers to competitors which are better 
in these areas. This is of course closely linked to the creating of customer value Carlson and 
Wilmot (2006) are advocating. 
 
Controlling all the information or data concerning several products throughout their lifecycles is 
the central part in the PLM structure. Marchetta, Mayer and Forradellas (2011) write that 
Product Data Management (PDM) was something of a first step of this since it handled product 
data surrounding product development in companies. They argue that since PDM only regarded 
the product development data and not data throughout the whole product lifecycle, PDM 
eventually developed into PLM which has a broader input. Control of data/information in a 
database is therefore essential and a key part according to Stark (2005). Other than this he 
describes PLM and its parts as a mindset of the management and people working in the 
companies. 
 
PLM is an overall strategy which regards the whole company and not just the product 
development. On the other hand some parts of it are more direct or indirect linked to product 
development. In this section these are more in focus than other parts.  
 

4.2.1.1 PDM 
As already mentioned is PDM considered to be a key part of the PLM system by Stark (2005). 
This is especially important for big companies with a lot of information distributed over a lot of 
employees with totally different tasks and possibly spread over a big geographical area. Because 
of this more data is created and therefore more data will also be needed for different purposes 
after being created.  
 
According to Stark (2005) a PDM system should consist of data vault where the storage of 
information takes place. This should then have some management routines which secure for 
instance storage, access, version control, retrieval and traceability. In other words how the PDM 
“laws” are structured. A user friendly interface should also be a part of it in order to secure the 
acceptance of the system among the users.  
 
The system should support the different formats the data can have throughout the lifecycle. 
Drawings and text documents should for instance be possible to bring into the system alongside 
each other. The structure of the database should also be a support of the workflow of the 
company. The needed documents for different stages of a products lifecycle can for instance be 
available in a certain order in an effort to secure the correct workflow. Also having a structured 
version control is a part of this since it determines the right order of documentation. The 
structure of the data management should be the same over the lifecycle or the workflow. This 
secures a consistency off the documentation which is another factor in making it user friendly 
and accepted.  
 
The main benefits of having a well-planned PDM-system is, according to Stark (2005) that the 
efficiency and quality of the work increases, while costs are reduced. Reducing time of searching 
information for the personnel and also enforcing a structured workflow through the system 
contributes to this.  
 

4.2.1.2 GOALS/AIMS 
Value creators could be described as the areas in which the product developing companies create 
their values to compete with each other. The values or the competing grounds can be in many 
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different areas such as for instance a low cost of the product which means value for the 
customer. But where this value and other are created, differ. In the traditional view Stark (2005) 
suggests that the assembly and manufacturing were the value creators. A more efficient 
manufacturing and assembly were then aimed for. This could of course mean lower cost for the 
developed product and good value for the customer. But in PLM the other values like the 
products being environmental friendly, having customized products, service after delivery that 
should be aimed for. In other words the lifecycle view consists of more possible value creators 
than just the own process. The environmental view and value is especially important since PLM 
should take the whole lifecycle of a product in mind. Having both profit and environmental goals 
is the PLM-way according to Stark (2005). 
 
In a general view of product development processes the customer often has the central role. It is 
after all the customers that hopefully buy the products. Because of this they have a lot influence 
in what type of products, or technologies are in the pipeline of development. This is however not 
as outspoken in PLM, the product itself has the main focus and then the customers come. If a 
good product is developed, the customers will in the end buy it, as Stark (2005) writes. Even if 
the customers’ view of a new developed product is that it is not the way they thought it would 
be, they still buy it if it is better than the competing ones. Customers are still important also in 
PLM but here the product has a more central role. Except of the basic demands/requirements of a 
new product the aim is in other words first and foremost that the quality of the product is high, 
within its purpose, then that the customer’s expectations are met.  
 

4.2.1.3 DEVELOPMENT ORGANIZATION AND STANDARDS 
Product development in general always benefits from having cross functional teams which can 
give different input in that phase. In PLM it is the same but with an extra focus on having 
collaboration with people from different parts of the products lifecycles according to Stark 
(2005). That means having personnel from sale, production, service etc. involved in the 
development work. This does not just mean during development activities but also as a recurring 
communication that should be stimulated. This also results in the information surrounding the 
product flowing easier back and forth over the lifecycle. Even if people from other functions 
physically cannot participate in development work, this should not mean that the information 
from later in the product lifecycle stops from reaching the development work. This input, 
regardless if it is direct from people or not, is essential in developing new products.  
 
The actual development work should, according to Stark (2005), be organized in a top-down 
fashion with the usage of product portfolios. In these you work down from having product 
families, platforms, modules, products and then parts. This is then supposed to make it easier to 
control the information surrounding the new products. Working bottom-up makes it harder 
because there is an uncertainty on what will come out of the development work.  
 
In order to support the development, PLM recommends using standard component, processes, 
systems etc. This since it, according to Stark (2005), clearly reduces costs from spending less 
money and time trying to translate information, “building bridges” between components and so 
on. This gets of course more important the more interactions there are with other suppliers, 
customers and other partners.  
 

4.2.1.4 CUSTOMER RELATIONSHIPS 
As already mentioned the goal or aim with developing a new product in PLM is the quality of 
the product. But the customers are still important in PLM. The feedbacks the customers give to 
the supplier are always important. In PLM Stark (2005) stresses the importance of that the 
feedbacks have to be direct. This means that it should not come after the customer has used the 
product, but while using it. This makes it certain that the information the developer gets, is up to 
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date. It is the customers’ perception of the developed product and it should not be neglected. The 
other even more imperative feedback the developing company can get is the direct feedback 
from the product. With this Stark (2005) means that the data from usage at the customers’ hands 
are recorded and collected. This data is then a helpful tool for the current or future development 
work. In a sense this information is immense since it gives a subjective view of the usage. The 
two sources of feedback are still important but in different manners.  
 
4.2.2 Value Oriented Life Cycle Costing in product development 
Janz and Westkämper (in Takata and Umeda 2007) present an instrument for designing with 
regarding of the VOLCC. It was, as they put it, developed since “Designers are in a position to 
substantially reduce the life cycle cost of the product they design by giving due consideration to 
life cycle cost implications of the design decision they make” , (Janz and Westkämper (in Takata 
and Umeda 2007, p. 461)). With this method they want to use lifecycle cost as an evaluation 
criterion in the development of new products. They also want to combine this with the more 
traditional evaluation of functions and value of the products, where Quality Function 
Deployment (QFD) is used. According to Hauser and Clausing (1988) QFD has been important 
in product development companies a long time. It has been used for cost reduction since the 
introduction in 1972. In QFD the customer demands and needs are transformed into technical or 
product characteristics and then into related technical functions while being evaluated. In 
VOLCC Janz and Westkämper (in Takata and Umeda 2007) also suggest that it could be used in 
steps from customer needs/requirements-technical characters to technical characters-part 
characters to part characters-processes to processes-quality criteria, shown in Figure 4.3. The two 
last steps in it are used when already having a planned and chosen concept from the first two 
steps.  
 

 
Figure 4.3: Possible steps for QFD (Janz and Westkämper (in Takata and Umeda 2007, p. 465)). 

 
The QFD structure shown in Figure 4.3 is one of three modules in the method with the other two 
being Value Analysis and Life Cycle Costing (LCC). Value Analysis is a method where a team 
of personnel from different areas of expertise works together, analyzing the functional units in a 
critical manner. This method is trying to benefit from the cross-functional team and is integrated 
into the QFD. The functional units they analyze are the ones that carry the product functions. 
The team assigns values to the functional units and tries to optimize these to the lowest total cost 
that still fulfills the will of the customer. This can be both old functions and new ones that are 
needed to fulfill the requirements. The most important functions are in focus when the team 
evaluates, always with the lowest lifecycle cost as an evaluation reference. This is where the 
third module LCC is integrated. 
 
Janz and Westkämper (in Takata and Umeda 2007) write about the cost issues that are 
considered when designing to life cycle concept. The total cost throughout a products lifecycle 
consists of manufacturing, user and society costs according to them. This method leaves out 
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some management related costs and instead focuses on the ones that are affected by design 
decisions. These costs are: 
 

 Production and construction – Manufacturing costs, facility construction, process 
development, production operations, quality control and initial logistic requirements.  

 Usage – The consumer’s operation cost and the cost for supporting it. 
 Disposal – Both disposal of products in the end of lifecycles and waste disposal are 

considered. 
 
In the production and construction part the focus is to optimize the design of the product and the 
production process with assembly. Here environmental issues should also be considered. The 
usage costs are the biggest but also hardest to predict. The operating costs are also often much 
higher than the initial purchases. Here focus should be to design reliable, easy maintainable and 
with low support cost in aim. In the last part it should be to design for customers’ demands 
which often can be “green” and also consider waste disposal costs which are rising. Janz and 
Westkämper (in Takata and Umeda 2007, p. 464) have summarized the VOLCC, a six-step 
schedule: 
 

 Evaluate customer needs, wants and requirements in a pairwise comparison. 
 Matching the most important requirements to product functions and prioritizing them. 
 Determination of functional units that carry the product functions and evaluations with 

regard of their functional contribution. 
 Calculation of historical product life cycle costs at functional unit level.  
 Calculation of function costs and identification of cost optimizing potentials. 
 Development of proposals for optimization of functions and functional units based on the 

target: Minimization of life cycle costs.  
 
This integrated way of approaching the function evaluations is also shown in Figure 4.4 which 
graphically displays the relationship between relative cost and relative weight of functions. 
Using this makes it easier to compare the functions to each other. The figure makes it possible to 
see if the function is important enough in relationship to its cost.  
 

 
Figure 4.4: VOLCC Chart (Janz and Westkämper (in Takata and Umeda 2007, p. 465)). 
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5 Results 
In this section of the thesis the results of the conducted activities are presented. The first part 
shows the created COO-tool and the second the results of the interviews concerning the product 
development at MB Wafertec.  
 
In the first part of the COO-tool section in the results, the functions of the different sheets are 
explained just in written form. Since the tool is big, all pictures of the Slurry COO-tool are 
placed in Appendix A. The data of which the calculations and result in the DW COO-tool are 
based on are confidential and therefore these pictures are not shown. However the data of which 
the result comparison between the DW and Slurry-process are made is presented in Appendix C. 
The comparison results themself are presented in section 5.1.2 in figures. 
 
All data needed for making a fully covered COO-tool was not available or could not be collected 
through the meetings and from the database. For instance the details of waste treatment in the 
Wafering station in the Slurry-process were not available due to the external company’s 
protection of data. The details would be needed to examine the environmental impact of it. In the 
tool it is instead represented by a price for the Slurry-mix which covers both the purchase and 
also waste treatment, which also is the interesting part for a COO-tool. Other data which were 
not available are the costs for Decommissioning, Moves and rearrangements and Monitor units.  
 
The main differences between the DW and Slurry-processes in the two COO-tools are that the 
Wire saw process stations are calculated differently (not the same machines) and the DW-
process uses a Filtration station which the Slurry-process does not. This affect input data directly 
in these calculations and also the other process station calculations indirectly since output/input 
depends on following/preceding stations. Other than this the two COO-tools consists of the same 
type of data.  
 
The results in the second part, concerning the product development work at MB Wafertec 
(section 5.2), are as mentioned in the Method part (section 2), based on the formal interviews and 
follow-up interviews. These interview sessions in turn are based on the interview guide 
presented in Appendix B. This information was also validated by the respondents of the 
interviews.  
 
5.1 Cost of Ownership tool result 
5.1.1 Tool appearance 
The COO-tool, fully shown in Appendix A, is best described as consisting of three layers. The 
first and central layer is the Overview sheet seen in Figures A1 to A6 in Appendix A but also 
partly in Figure 5.2 in section 5.1.1.1 (all influencing factors sections are visible in this figure, 
but just one of the process stations). In this layer the user of the tool has a chance to influence the 
calculations and then see the summarized results. This sheet also shows all the process stations 
and their individual costs. The second layer is the sheets which correspond to each process 
station. In these the individual calculations are made and then transferred to the Overview sheet 
for summarization. These are shown in Figures A12 to A44 in Appendix A. The third layer 
consists of all the prices which are used to calculate the costs. These prices are collected from a 
global data base used by MB Group. The Price Transfer sheet, seen in Figures A7 to A11 in 
Appendix A, is a way to systematically transfer these prices from the data base to the 
calculations in the other sheets of the tool. The prices in the Price Transfer sheet have to be 
compared to the prices in the global data base and updated manually.  
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All sheets except the Price Transfer sheet have a color code to keep track on which type of data it 
is. They are divided in the groups seen in Figure 5.1. If no color is used in a cell that means it is a 
calculation of some sort.  
 

 
Figure 5.1: Color codes used in the COO-tool. 

 

5.1.1.1 OVERVIEW 
The Overview sheet is, as already mentioned, the central layer and displays the most important 
influencing factors. These are visible in Figure 5.2 below where the sections follow the color 
code of Figure 5.1. The result of the calculation depends for instance on where the customers are 
geographically located and distinguished between Asia and Europe/USA. This input can be 
chosen in the Overview sheet on the top seen in Figure 5.2. Other important inputs the user can 
change are put as Variables and placed far up and left in this sheet. Also the amounts of every 
process station are variables and changed manually by the user. These fields are placed under 
each stations picture and colored blue as a variable.  
 
In the Overview sheet the results of the whole process are summarized and presented. Here are 
also the most important assumptions together with data from the General Data Pool and the 
Global Parameters displayed for the user. Under the Assumptions section the goal value of the 
production process is specified as “Line capacity, target” in Watt-peak (Wp), where Wp is the 
cells producing capacity when sun shine with 1000 W/m2, or in other words under “peak” 
conditions. This target is what the cost calculations are based on, or in other words it is based on 
fulfilling that goal with sufficient equipment. The process stations and their calculations are 
made “backwards” from this goal. The Wp goal gives an amount of wafers needed to fulfill this 
through the efficiency and geometry of the wafers. This number of wafers specified in the 
Assumptions section is then increased in the backward calculation through the process stations 
and their yield. In other words the output of the whole process is specified and by using the yield 
of the last station the input to it is known, which is equivalent to the output of the station before, 
and so on backwards to the first station.  
 
The load factor for every process station is calculated and displayed in the Overview sheet. This 
is depending on the input of the user which decides on how many pieces of equipment there 
should be and the maximum capacity of them. Since it is manually changed a warning function is 
added so the user sees when the load factor of any process station is above 95%. A red field will 
then appear above the Assumptions section with a text urging the user to add equipment amount 
in the process line. The corresponding load factor field under that process station will turn red 
and also the field next to the input, making it easier to find said station. A similar function is 
added if there is a possibility to decrease any of the equipment quantities. Then a green field with 
an urging text to decrease quantity will appear also above the Assumptions section. The same 
fields which can turn red if an increase is needed will in this case then turn green instead.  
 
Since there are two different wafer formats (156x156 and 125x125 mm) commonly used, an 
option for this is put under the “Wafer format” field in the Assumptions section. This is however 
connected to the ingot size and more specific to the “Ingot diameter” in the Global Parameters 
section. When the wafer format is changed in a production usually the ingot size should also be 
altered to suit the new format. In this case the “Ingot diameter” is not automatically changed with 
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the format because MB Wafertec would like some freedom of experimenting with this 
parameter.  
 

 
 

Figure 5.2: The different sections of the Overview sheet which  
follow the color codes of Figure 5.1. 
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5.1.1.2 PRICE TRANSFER 
In this sheet prices are collected from a global database and divided into an Asian column and an 
European column. The prices sometimes depend on the geographical location of the customer’s 
production. In this list of prices there are general data and prices, consumables, wear parts, 
exchange rates and machines. The prices are given in different currencies and then recalculated 
into US dollars according to the exchange rates. The Price Transfer sheet and its data have to be 
manually compared to the General Data Pool and updated.  
 

5.1.1.3 PROCESS STATIONS 
In all the sheets representing the individual process stations there are similar calculations. In the 
first section the maximum capacity of the stations is calculated. Then the depreciation and 
interest costs follow in the second part. In the third and fourth section different running costs are 
calculated. After the running costs the operator and maintenance costs follow.  
 
In all the process station sheets the costs for the usage of one piece of equipment per year are 
calculated. These costs are then used in the Overview sheet where they are added up for the 
whole process station and possibly more than one piece.  
 
The data input in the calculations is sometimes more precise than other. For instance are the 
Cropping, Manual Gluing, Squaring, Gluing, Wafering and Inspection & Sorting process stations 
MB Wafertec products. These have data which MB Wafertec knows for sure are tested and also 
under which circumstances it has been done. In the other stations there are uncertainties and also 
sometimes a generalized number is given rather than several more precise. This can be because 
of an unwillingness to share that information or that only the general figure is known.   
 
When looking at the process stations the Slurry process differs from the DW process in two 
features. One feature is that the Wafering station has different calculations depending on the 
different cutting technology. This is affected mainly by the usage of different wires and other 
consumables like the grit (abrasive particles used in the cutting process, usually silicon carbide) 
and PEG (Polyethylenglycol – a mix used to carry the grit in the cutting process) in the Slurry 
method. The other feature is the Filtration system used in the DW process, as a supportive 
system. This is needed in order to filter the kerf losses from the cutting fluid. In the Slurry 
process on the other hand there is an external supplier which delivers the contents of the Slurry-
mix (fluid for the wire saw station) and also takes care of the used fluid afterwards.  
 
5.1.2 Result comparison between DW-process and Slurry-process 
In this section the results of simulations of the two processes DW and Slurry are presented. This 
is done by showing figures from the results of three different sizes of productions. The sizes of 
these are defined in the goal output of each simulation, in other words how many Watt-peaks 
(Wp) per year are wanted. The three sizes are 100 MWp, 150 MWp and 200 MWp which all are 
within the common size of a production. The data used for these figures are presented in 
Appendix C. The first figure (5.2) of the simulation results shows how the costs are distributed 
over the different cost items on an annual basis (a).  
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Figure 5.2: Showing the cost distribution in USD/a (Y-label) for the different simulations. 

 
Figure 5.2 above shows the total COO in USD. This is the most interesting value when 
evaluating which of the processes are the most beneficial one. The next figure (5.3) however 
shows the same result but in percentage instead of USD. This figure makes it easier to compare 
the distribution between the processes. In other words it makes it easier to see where the biggest 
cost items of the whole process are located, and also to compare these between the processes. 
 

 
Figure 5.3: Showing the cost distribution in percentage for the different simulations. 

 
The next figure (5.4) displays the cost per Wp which is a common unit to compare with in the 
photovoltaic business. This makes it easier to compare different sizes of the wafers to each other, 
without this being a factor fort the result. The size of the wafers might be a factor for the process 
calculations though, and then it will indirect affect the result. In the results in Figure 5.4 the 
feedstock is added. This also can be left out in the USD/Wp cost presentation. However, since 
the feedstock is affecting the producing costs for the customer, and it is not in the figures above 
(5.2 and 5.3) it is interesting to compare one result containing it.  
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Figure 5.4: Showing the cost per Wp in USD (Y-label) for the different simulations. 

 
In Figure 5.5 the total costs of the Wafering stations are compared to the total COO. When doing 
this the costs of the filtration station were added to the Wafering costs in the DW simulations. 
This was done since this is a supporting station for the Wafering. These figures are interesting 
since then the cost impact of the “heart” on the processes are displayed.  
 

 
Figure 5.5: Showing the Wafering station cost in percentage of the total COO. 

 
Figure 5.6 shows the distribution of costs within the Wafering stations. Also in this figure the 
filtration costs are added to the DW simulations. This figure can be used for identifying the cost 
drivers of the stations. This could be valuable for narrower pinpointing of the future development 
projects. Areas which are big cost drivers are then more appealing for development work. 
 

 
Figure 5.6: Showing the distribution of costs within the Wafering station. 
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Figures 5.7 and 5.8 are showing the consumables cost distribution in the Wafering station of the 
DW-process first and then the Slurry-process for the three simulations. This is once again an 
effort in pinpointing even narrower towards the areas of appealing development work in 
consideration of the COO. Pulleys and Wire Guide Rollers (WGR) seen as consumables in 
Figure 5.7 and 5.8 are consumable parts used in managing the wire during the cutting process.  
 

 
Figure 5.7 & 5.8: Figure 5.7 is showing the distribution of costs within the Consumables costs in 

the Wafering station in the DW-process. Figure 5.8 shows the same but in the Slurry-process 
 

The last figure (5.9) of the simulation results shows the consumption of electricity in kWh 
annual basis (a). This is the total consumption of the process line simulations. It is presented as 
the environmental part of the COO-calculations and shows the energy differences of the two 
processes.  
 

 
Figure 5.9: Showing the electricity consumption for the different simulations. 

 
5.2 Interview results – Product development at MB Wafertec 
The product development process in MB Wafertec consists really of two separate processes. The 
first one is the pre-development or technology-development called Produkt Innovation Prozess 
(Project Innovation Process - PIP). In this phase smaller projects with aims to develop new 
solutions or technologies are carried through. The main product development process is called 
Produktentwicklungprozess (Product Development Process - PEP) and focuses on the bigger 
picture in putting together a new machine on time. In this phase all the new technologies or parts 
needed should already be available and it is more a matter of getting all these parts in place for a 
complex new product. These two processes work parallel to each other. The PIP-development is 
considered to work better outside the tight scheduled PEP-process which always has high 
demands in delivery on time.  
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5.2.1 PIP 
In the PIP, seen in Figure 5.10, the potential development subjects called “themes” and the 
evaluation of them are the central part. Some of them will be subjects for new projects and some 
will be archived for possibly being brought up for evaluation again later. The themes can come 
from many different areas. They can for instance come from the roadmap of the PM who is 
responsible for an existing or future machine. The PM gets the input to his/her roadmap from 
customers, competitor analysis and surrounding markets for instance. Other areas which themes 
can come from are the service organization, field visits, Technology Process Innovation (TPI), 
Research and Development (R&D) and other possible separate working groups. These are then 
evaluated by a working group on a monthly basis and decisions are made on which will be 
treated as PIP-projects. As it is today the PIP process step in-between theme and project are 
actually moved into the projects, giving the PL the task of generating different ideas within a 
theme and evaluating them as he/she sees fit. If the Management approves the projects as the PL 
wants to go through with them, they move to the realization phase. Depending on the projects 
sizes there are different amount of people involved in them. Some projects are very small and 
have only a couple of people participating and others are bigger. When a project is finished the 
technology developed is placed in the technology roadmap where it is usually picked-up for 
future product development by the R&D-Management.  
 
PIP is also where the company looks at IP (Intellectual Properties) topics for new inventions 
made here. MB Wafertec would like to integrate an IP-management into the PIP in the future. 
This meaning with a more structured approach rather than how it is today when each project 
makes its own IP investigation. 
 

 
Figure 5.10: The PIP-process which to most parts is used in MB Wafertec today (Database MB 

Wafertec, 01-05-2012). 
 
5.2.2 PEP 
When the management of MB Wafertec wants to introduce a new product on the market they 
need a roadmap with specifications of it and available technology for it. The technology has been 
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prior developed within a PIP-project. At this point when the components and modules for the 
new product are known a precise planning of the PEP-process is made by the PL and his/her 
team together with the PM. This includes clarifying a Business Case, the system requirements 
(from roadmap of PM) and the project budget. If then the management approves the project the 
PEP can be initiated. The PM hands at this point over the responsibility of the product to the PL 
which then takes the project through the phases seen in Figure 5.11 and also the full view of it in 
Appendix D. After the approval in the concept phase the task is made more defined with the help 
of various activities. Different concepts are evaluated with the best one being chosen and in the 
end of the phase also approved for market introduction. In the specification phase the detail 
requirements are specified, documented and compared to the original system requirements from 
the PM. It is not certain that all requirements are fulfilled but the projects can proceed to the 
realization phase if the differences are acceptable. The first step in the realization phase is the 
development of the design. In this part individual functions of the product are presented and 
proven. The second step is construction/implementation where all the engineering data should be 
put together which later will be used for assembling. In this step, material for a prototype is also 
ordered. The last step of the realization phase is the assembly and commissioning. This means 
that the prototype will be assembled, prepared and put into test sequences. In the end of this 
phase a first test under real conditions will be carried out. In the test phase that follows the 
performance of the product is evaluated. Mostly the reliability of the product is proven under the 
real producing conditions, also with pilot customers. During this phase the sales readiness is 
proven. In the clearing up phase all the product documentation should be finished. Also a 
documentation of the project itself is made, with the “lessons learned” included. The first 
delivery of the product occurs in this phase before the ending of the phase which also marks the 
ending of the project. 
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Figure 5.11: The phases of the PEP-process (Database MB Wafertec, 01-05-2012). 
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5.2.3 Life cycle view on the product development 
5.2.3.1 PDM 
There is a PDM system in use at MB Wafertec from SAP (Systems, Applications and Products in 
data processing). This is however not a complete PDM system since it only regards the product 
data of the completed products. These are in other words the products that have left the product 
development. For this purpose the system functions well with storage of documents, version 
control and security, recalling and traceability. It is easy for the personnel to search documents 
through either a direct document and product number or name.  
 
From the start of a new product in the early development phases in PIP until the end of the PEP 
the documentation of the work is instead relied on the PLs and other personnel for 
documentation. Each person has his/her own structure for doing this on servers accessed through 
a network. It is made through folder structures through Windows as interface. The document 
safety, regarding version control and similar, is in this case absent.  
 
In the database of the SAP-system there are different types of documents. There are for instance 
drawings of products, data from processing at customer production, data from own production 
and service records. These are all converted into a format which all users can work with.  
 

5.2.3.2 GOALS/AIMS 
The goals of the product development at MB Wafertec have a different meaning depending on 
which side it is seen from. For instance the milestones in the phases in PEP can be goals, and 
then some are more important than others. These important ones are manufacturing costs, 
efficiency, quality and robustness, time to market with a proved product and to meet all the 
deadlines.  
 
Compared to the competitors, there are different product requirements which the PM specifies in 
the roadmap. These are areas where it is important that MB Wafertec are ahead of their 
competition. They can be different from product to product and sometimes it is also very 
difficult to know. Since the photovoltaic industry is quite young most of the competitors are 
secretive about their products. This makes it difficult for MB Wafertec to evaluate them through 
benchmarking.  
 
The main general target for MB Wafertec is that the company shall be the technology leader of 
the business. This means that technologies which come out of the developing department should 
be cutting edge. In other words the business is based on the company being technology driven or 
pushed. This is the PIP part of the developing process.  
 
The technology components are the part that is the clear driver of development but they can also 
be linked to other goals like cost reduction, COO-reduction and yield going up. These are goals 
that come from the technology development. The technology development is not driven by the 
market since it does not know where the Photovoltaic business is going, the respondents stated 
quite clear.  
 
Every company is interested in knowing what happens during a products lifecycle, also MB 
Wafertec. The company has a sustainability agreement which regulates this. It consists of an 
understanding about how resource management, green topics in general, work management with 
social guidelines and similar other parts are handled. The agreement is authored with the 
company shareholders and specifies how MB should work. One example of this is that the 
current slurry process uses glycol and the agreement says that MB should move towards the 
greener water based DW process. This also affects the product development whereas it has to 
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develop products according to the sustainability agreement. The balance between cost reduction 
and green reduction is a difficult question since the shareholders and also customers of the 
products are focused on green issues. This comes with being in the Photovoltaic business, a 
green technology.  
 

5.2.3.3 DEVELOPMENT ORGANIZATION AND STANDARDS 
In the PIP when the PMs create roadmaps for innovations they consider needs and demands of 
the surroundings. But also the other parts within the company have also a chance of affecting the 
development work at MB Wafertec. It is considered as a very important tool for the company in 
predicting what should come in the future.  
 
Another effort which is seen as beneficial for MB Wafertec is involving people from the later 
stages of the products lifecycles in the developing process. Not just as creating themes for the 
PIP but also during the actual developing work. This makes it easier to give other points of view 
at an early stage. It can for instance be people from manufacturing, assembly, purchasing, sales 
and service.  
 
The cooperation between the departments is not always without friction. Disagreements occur 
and often under time pressure. This is however not just bad since the “battles” bring something 
constructive for the continued work. The disagreements come from having different views that 
are beneficial for the projects.  
 
The development work in MB Wafertec is neither only top-down nor bottom-up organized. 
Some work in the development is top-down and other bottom-up. Sensors for instance are small 
devices which are developed and could be said to be bottom-up development in the PIP, while a 
machine development in general could be called top-down development in the PEP. The 
development of a new wire saw begins for instance with the aim of cutting wafers in a desired 
quality, which then initiates the work of achieving it. This is then clearly a top-down approach. 
Bottom-up though, is needed for finding out solutions on particular problems and is done within 
the PIP. It is therefore generally considered more a bottom-up development since there are 
smaller more complex parts and PEP with a full machine view more top-down. In PEP there is 
also no time for bottom-up development since there always is a tight time schedule.  
 
MB Wafertec uses standards whenever possible. It is especially important when there are 
interfaces between parts from different companies. There are also “standards” within the 
company which can be used for different products when needed. For example is the wire 
management an essential part of the wire saw and can be used in different wire saws in the 
future. This goes for other technologies or modules used in products of MB Wafertec. In the 
software of the machines there are also standards. In the mechanical hardware in components of 
the machines MB Wafertec tries to use standards as well.  
 

5.2.3.4 CUSTOMER RELATIONSHIPS 
The customers of MB Wafertec are participating in the company’s work in two different ways, 
through the service and field tests. One example of the latter is that the company sends a new 
machine to a test customer (most times free of charge) which they work alongside with. The 
customer will then deliver his experience with this machine to MB Wafertec. That is the benefit 
of field tests like this for the company, to see how the machines perform in production. Since the 
company do not have an own production line this is essential. TPI is only a process development 
department which is a big difference from a regular production. The machines are made for 
being in production 24 hours per day. With some customers the feedback is not their own view 
of the performance but also direct data recorded from the machines. This is done when the 
customers have MB Wafertec’s monitoring system Process & Quality Management System 
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(PQMS) which records for example production, process and machine parameters. This is not 
always the case though since a lot of the customers are protective about their production process. 
Their production can be seen as individual recipes which they do not want competitors to find 
out. Therefore MB Wafertec is not always allowed to have a direct monitoring system in the test 
production. When it is this way the customers that try out a new machine have to follow an 
agreement with MB Wafertec to produce according to the process settings the company 
provides.  
 
The relationships between manufacturer and customer in this business are a bit different 
compared to more established or older industries. This is a young industry which implies the 
current relationships are not that strong. In addition to MB Wafertec’s customers having their 
own secret recipes, as already mentioned, they sometimes also use own devises to support and 
improve the production with MB Wafertec’s products. In this case the customers are not only 
customers but in a sense also competitors. These reasons and also the fact that MB Wafertec’s 
customers mostly are based in Asia makes the relationship even more difficult. The atmosphere 
between manufacturer and customer could in other words be put as “a little bit cold”.  
 
There are however customers which are very friendly and interested in helping MB Wafertec in 
developing better products for the future. They see the benefit of having a strong partner 
developing better products. These relationships are very interesting and beneficial for MB 
Wafertec. The company feels it gets enough feedback from both the friendlier but also the more 
secretive customers.  
 
Another important origin for customer feedback comes through the service department. They go 
to customers from time to time for service and then of course have a closer contact to them. This 
also means that they themselves see how the machines perform. MB Wafertec learns a lot from 
this, especially what is needed to improve for later development.  
 

5.2.3.5 PERCEIVED IMPROVEMENT POTENTIAL FOR MB 
WAFERTEC DEVELOPMENT PROCESS 

The main part of future development work for MB Wafertec is to integrate the PIP fully as a part 
of the work process. A big potential benefit of following all the parts of PIP is expected. Another 
area of improvement is one step above the product development. The management should try to 
break down the vision, the mission and the strategy down to a roadmap for the employers at the 
company. In other words increase the transparency. Even though it is difficult to do, there is a 
need for the employers to “feel” the market so that they understand what is happening at the 
moment and what comes in the future. It is always a challenge for the management to improve in 
this. This goes for the product development department as well as the rest of the company. The 
management should then be very clear in standing behind the roadmap when they have decided 
how it should look. The commitment of the management to the product development department 
is within this and should therefore be clear throughout the development. This is a challenge for 
the management to take on.   
 
The work process involved in improvement is an always ongoing process at the product 
development in MB Wafertec. In the PEP Process there is a monthly steering board meeting. In 
these meetings each project is tracked and also what has happened since the last meeting is 
checked. Topics like what is archived, what is open and what the next steps are, will be tracked. 
The goals are to increase the efficiency, the quality, the time to market and the robustness. It 
would be wrong not to think you can improve, the respondents conclude.   
 
MB Wafertec also has to get deeper theoretical and physical knowledge and firsthand experience 
in the process and products. There are a lot of parameters that have to be considered when 
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developing new machines and as it is today MB Wafertec maybe has deeper knowledge about 
half of them. This sometimes affects the developed product since “workarounds” might have to 
be used and that in second hand affects the robustness of the end product. These “workarounds” 
result in a bigger risk of getting problems later. Getting this knowledge is difficult, but needs to 
be done in order to develop even better products.  
 
5.2.4 Current and future usage of Cost of ownership tools in MB 

Wafertec 
5.2.4.1 CURRENT USAGE 
There is already a COO-tool in use in the company. It is mostly used for sales purposes but also 
in sensitivity analysis, as a tool for making decisions of which projects to do in PIP, and also 
within the PIP projects as a COO evaluation for some of the more specific functions. As a 
decision tool it helps understanding which kind of development work needs to be done and 
which should not. In a developing company there are always too many projects and it is crucial 
to know which projects are more important than others. Therefore the tool is used in this way. 
This is however a complicated tool which means not many people can use it themselves.  
 
MB Wafertec sees the benefits of using COO as a tool for more specific analysis within the PIP 
projects. The concepts are broken down into smaller parts and evaluated with COO. This is 
however not made in a structured way. Sometimes it is not fully made because time is an urgent 
factor in the projects. Then these evaluation parts of the projects could be rushed through with 
trusting more on people’s know-how of the functions’ impact on the COO, rather than having 
simulated it.  
 
The tool comes in use as early as possible in the development process. When a new process 
station is developed the parameters are imagined and entered in the COO-tool (e.g. wire speed, 
table feed and its effect on wire performance in a Wafering process station). Then the effects, in 
COO-gain, of these new parameters are shown in the result of the tool. If the effects are big 
enough it is an indication that it is worthwhile to start a project.  
 

5.2.4.2 FUTURE USAGE 
The existing COO-tool (prior to this thesis) at MB Wafertec does not give enough flexibility for 
R&D purpose. The speed of simulating different versions with a new tool is also essential. 
Decisions in sensitivity analysis always have to be made fast. Sometimes it can approximately be 
two-three versions needed per day, which implies that the tool should be simple. Fast and 
flexible are the keywords. Another important point is that even though it does not have to be 
100% precise it still needs to be quite precise. It should be possible to see when a mistake is 
made in input, or other words, right at first glance the probability of the result should be clear. 
This can only be achieved with a tool that is transparent. The user should understand how the 
values are calculated in a very short time.  
 
The tool should be for PLs and PMs and less for designers which have a more detailed view of 
the development work. PL and PM need to prepare data for making development decisions. 
These are the ones that find out proposals for the management’s decisions, based on facts like 
project length and costs but also COO-calculations. This then is the foundation for the decisions 
made by the management. The management itself should not need to use the COO-tool. It would 
be possible to have a simple overview that suits the management. 
 
COO as a tool is not combined with any other tools at the moment, but in the future it will 
probably be a combination of COO and Factory Data Capture (FDC). FDC is a tool for recording 
production data during production. Combining these two would help to maximize the customer’s 
expectation. As mentioned earlier, MB Wafertec wants to use the COO-tool as a sensitivity tool. 
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This means it will be used to help making the decisions of where an hour of development work 
within MB Wafertec is worth most for the customer. The company does not want to spend 
money on work that does not help the customer. This is why a combination with FDC is 
interesting. That means having accurate data from earlier projects saved and then compared with 
how they affected the COO. E.g. project A had X CHF in developing costs and reduced the COO 
with Y CHF. The investment of MB then has a corresponding effect on the COO for the 
customer. With more time and data saved the estimations (and decisions) made for future 
developments then will get more and more accurate.  
 

5.2.4.3 EXPERIENCED/EXPECTED PROBLEMS 
To avoid problems, the people that are working with a COO-tool should be familiar with it. It is 
important that they have a “feeling” of when the results are logical and correct and when they are 
not. They should have a sort of confidence level, which you get from knowing the tool.  
 
One problem or limit is that a R&D COO-tool might not be accurate and detailed enough for 
customers if they need some data for a future production line. To get these more accurate data 
the customers have to get it from another tool.  
 
The basic data like material costs or energy costs used in the tool has to be updated with 
regularity since some of them change fast. Old data has to be avoided. One example of this is 
that the wire costs change rapidly at the moment.  



32 
 

 

6 Analysis  
In this section of the thesis the theories from the Theoretical framework section are compared to 
results in the Results section and also discussed. The first part focuses on the COO-tool and the 
second on the MB Wafertec product development process and the relationship to the presented 
lifecycle theories. 
 
6.1 Cost of ownership tool 
6.1.1 Tool appearance 
There are some functions or features of the tool and effects which the user should be aware of 
when using it. One is the option to choose if the calculations in the COO-tool should be made 
with Asian or European and USA numbers. The user should know that in many cases there are 
different process stations used following the geographical change. The Asian production sites 
tend to have more manual labor than the other sites in Europe and USA. The tool does not 
change the process stations when the geographic is changed, only the prices and data in the Price 
Transfer sheet. As a way to decrease misunderstanding of this the tools are saved with the 
geographical name in them.  
 
In the result of the COO-tool there is one summarization called “Total COO” which actually 
should be Total Cost of Equipment Ownership (CEO) according to the SEMI E35 (2007). This is 
however a request of the R&D of MB Wafertec. It is this way because this value (CEO) has been 
called COO in the past, and the company sees a risk of miscommunication if it is changed. As 
the SEMI E35 (2007) suggests in the theoretical framework COO should consist of CEO and 
Cost of Yield loss (CYL). The latter is presented as Total Cost of Yield Loss in the tool. The 
R&D at MB Wafertec sees it as important also to separate these results and not just have the 
summary of CEO with CYL. In the long run the goal for MB Wafertec should be to adapt and 
fully follow SEMI. This since there always is a risk when having external communication 
concerning this. It can be within the MB Group or also other collaborating companies. Going 
towards a common ground in hence of this should be a goal for MB Wafertec.   
 
The yield in the COO-tool is not divided into Equipment Yield (EY), Defect Limited Yield 
(DLY) and Darametric Limited Yield (PLY) which the SEMI E35 (2007) proposes. There is 
only a summarized yield in percentage which is used to calculate input/output and also the 
capacity of the individual stations. The material losses from each station’s processing are also 
indirect included, with the other summarized yield, in the calculation of the Total Yield Loss 
Cost since input/output in weight (kg) are considered. A more specific classification of the yield 
is according to SEMI E35 (2007) generally preferred. The negative in having it like it is in the 
implemented COO-tool is that it makes it harder to anticipate how future functions have an 
impact on the total yield, rather than the more specific DLY and PLY. This would however still 
be difficult to do and since the goal of this COO-tool is not to be perfectly accurate it is 
considered negligible.  
 
Some of the cost items that are listed in the SEMI documents in the theoretical framework are 
difficult to specify when making a general COO-tool. The cost items presented in the theoretical 
framework which are not in the COO-tool implemented here are Decommissioning, Moves and 
rearrangements and Monitor units. All other ones are specific cost items also in the COO-tool or 
otherwise included in other cost items. Decommissioning as a general cost item is hard to 
approximate. There are different agreements for different customers/suppliers. Another option 
that is not uncommon among customers is to sell the equipment on to a third part. In this case it 
is not a cost item any more. Moves and rearrangements are also a difficult item to approximate 
for someone looking from the outside, trying to generalize. In many cases there are for instance 
new production spaces where the machines are installed, reducing this cost item to zero. Monitor 
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units is a cost item that should be implemented in the future. The data of all equipment is not 
known in MB Wafertec today. An approximation after gathering input from the different 
suppliers and customers could be done, if exact data is not provided. This should then include 
how many test runs are made and how often in a year. Probably this will not be a big cost item 
and thus not affecting the current results much, but in order to have all possible cost items 
represented this is advised.  
 
The way the equipment states in the calculations in the COO-tool are calculated is not always 
exactly like SEMI E10 (2004) suggests, seen in the theoretical framework. It uses the same basic 
idea but in some cases, when not much deep knowledge of the stations is known, simplified 
calculations are made. For instance a machine (equipment) uptime percentage is used for stations 
which do not have specified maintenance and repair time. This is however the data available and 
there is no reason for believing the received information should be much wrong if it is at all.  
 
There are supportive systems available for a wafer production line. In the COO-tool there are 
four of them added in the Overview sheet. These are Handling, Filtration, WTS (Wafer Tracking 
System) and PQMS (Process & Quality Management System). Except for the Filtration they are 
nowhere but in the Overview sheet and also not used in the calculations. The reasons for them 
not being used are different. The Filtration supportive system is used in the DW-process and not 
in the Slurry-process. The other three supportive systems are mainly used in European and USA 
production lines which are more automatic than the Asian. The data of these should however be 
added to the corresponding European/USA COO-tool.  
 
There are a lot of data involved in the calculations of the result in the COO-tool. Some data are 
from within the company MB Wafertec and the MB Group and some data are from other 
companies which also are suppliers to MB Wafertec’s customers. There is always uncertainty 
when getting data from a second part where there is no real control over how the data was 
acquired or how their measurements are done and under which conditions or if it is rough 
approximations. This is however the data available and as long as the COO-tool is used with the 
knowledge of this uncertainty and that the results are not perfectly accurate, the tool can still 
serve its purpose as a sensitivity tool.  
 
The manual updating of the Price Transfer sheet is possible to avoid if the data and prices in the 
sheet have a direct connection to the Global Data Base. Then the data would be updated when it 
is opened. The benefit would of course be to reduce the risk of not having the latest data in the 
tool, which then affects the result of the simulations. This should however not risk the flexibility 
of the tool. It should still be possible for the user to make changes in the simulations without 
losing the connection to the Global Data Base. The tool is also supposed to be available to more 
than one individual at MB Wafertec and at the same time continuously updated when new 
equipment is available. The procedures around doing this should therefore be thought through 
carefully.  
 
6.1.2 Suggested future development of COO-tool 
Even though the COO-tool is quite simple for the personnel who are familiar to the production 
processes, some sort of instruction manual would be good. It should be sufficient with a short 
instruction, based on the information from this thesis.  
 
A suggestion for future versions of the COO-tool is to add an option for usage of different 
machines or equipment. Data for these new machines could be placed next to the existing ones in 
the current process stations sheets. Depending on which machines are chosen in the overview 
sheet, the corresponding data is then collected from the process stations sheets. This would 
create more options in simulating for different production lines and not just a general one as it is 
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today. It should then be adapted to also suit the different process line of Europe/USA. When 
adding this market option the calculations and costs for the supporting systems Handling, WTS 
and PQMS should also be added. Since they mostly are used in the European and USA 
production sites there should also be an option of leaving them out.  
 
In order to secure the latest data and prices the automatic updating of the Price Transfer sheet 
would be preferable. When doing this the access and version handling of the tool should be 
clearly defined to avoid incorrect tools. The suggested connection to FDC is also something that 
would be beneficial to the COO-tool and hence MB Wafertec. The strategies surrounding this 
should however also be examined in order to do it in a favorable way. 
 
6.1.3 Comparison of Slurry and DW-process 
From examination of the result presented in the Results section of this thesis the picture of which 
of the two processes is most beneficial to the customers is clear. For example in Figure 5.2 and 
5.4 where the COO in the first figure is shown and the cost per Wp in the other. The COO 
difference between the processes in the three simulations are ca 5 million USD, ca 8 million 
USD and ca 11 million USD in the favor of the DW-process. The cost per Wp difference in favor 
of the DW-process from around 0.08 USD/Wp in the 100 MWp simulation to 0.07 USD/Wp in 
the 200 MWp simulation. Adding the feedstock to the calculations in Figure 5.4 gives then also a 
slight increase in the percentage difference.  
 
Figure 5.3 in the Results section shows how the costs are distributed over the whole process line 
cost items. In this, it is interesting to see that the distribution is more or less equal when 
comparing the DW and Slurry-processes. The small differences that exist are that the “Running 
costs” other and “Total Yield loss costs” in the DW-process are slightly bigger than in the 
Slurry-process and the opposite in the “Maintenance” and “Operator costs”. The relative 
distribution does not change when comparing to the same process but with the different sizes. 
This means that the cost distribution seems to follow the production size, but a more thorough or 
narrow simulation interval might display other more optimized production sizes for the 
processes.  
 
The impact the Wafering process stations have on the complete process lines can be seen in 
Figure 5.5. The percentage of the total COO is displayed for the simulations. Slurry is then 
clearly more of a relative cost with about 42 and 43% while DW is about 35%. Together with the 
earlier results of the COO this gives a Slurry station which both have a higher process line cost 
and at the same time a higher relative impact. On the other hand it can be argued that the Slurry 
process station then has bigger cost optimizing potentials in the future. This can however not be 
evaluated just with these numbers which show the current situation. Also the technology, 
processes and prices behind the station should be regarded before conclusions are made.  
 
When looking at the more specific cost items of the Wafering stations and comparing them in 
Figure 5.6 there are differences. In all the DW simulations there are higher relative costs in the 
“Consumables” and “Total Yield loss costs” than in the Slurry simulations. The Slurry 
simulations have on the other hand higher costs in “Running cost other”, “Deprecation”, 
“Maintenance” and “Operator costs”. In both processes there are however a big part of the costs 
in the consumables. In the DW-process the Consumables represent 76.6 - 78.7% of the Wafering 
station costs and in the Slurry-process 70.4 - 68.9%. This would then clearly be an area to focus 
development resources in, no matter which types of processes are regarded. In Figure 5.7and 5.8 
the cost distributions within the consumables cost item are shown. Then it is clear that the DW in 
the DW-process is by far, the most important factor. With 89.4% of the costs it is significant 
higher than WGR which is the next on 6.6%. In the Slurry-process the Slurry cost is the biggest 
on 74.3 - 72.3% and the closest after is Wire cost on 21.5 - 23.2%. These cost items are 
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interesting to look into how they could be lowered in order to benefit the customer. Since the 
prices of either Slurry or DW are parameters which are out of the company’s control to 
influence, focus should be on optimizing the process involving these. Reduce the usage of them 
or enhance their lifetime by having more efficient processes should be the way to progress.  
 
The last figure of the simulation results (5.9) in the result section displays the only 
environmental factor the simulations can offer. In the figure it is clear that the energy usage in 
the DW-process is evidently lower than in the Slurry-process. The DW energy usage is just 
below 70% of the usage in the Slurry-process. This is of course an environmental but also an 
economic aspect that the customer will benefit from. Both of these reasons speak for the DW-
process alongside with the other cost saving reasons.  
 
An environmental difference or aspect that this COO-tool cannot simulate at this time is the 
slurry waste handling. From a customer’s COO point of view all Slurry waste handling are 
already included in the slurry price they pay when purchasing it. The companies in this business 
take responsibility for all the slurry transport, recycling and disposal. The data of these 
companies activities regarding slurry handling are not shared at this time. On the other hand, this 
data is not that interesting since the COO-tool should be from the customer’s view and here it is 
a part of the COO calculations. In the DW-process the waste costs are included in the Filtration 
costs. These are however estimated costs and have to be confirmed and specified through 
measurements in the future.  
 
6.2 Product development at MB Wafertec 
6.2.1 PLM 
Even if PLM as a system is not an outspoken strategy of a company like MB Wafertec it is still 
interesting to see if the ideas behind this strategy are followed. Managing the products and their 
information over the lifecycle is important no matter which other strategies are in use. In 
connection to COO as a general tool it is of course interesting to see if the company has a 
product development work strategy which supports this usage through the lifecycle thinking.  
 
When comparing the structure of the product development work at MB Wafertec, from the 
interview results in section 5.2, to the PLM structure of the theoretical framework section there 
are a lot of similarities. For instance looking at the value creators of the company it shows clear 
similarity. Cost reduction in the view of their customers is one important factor, together with 
having a support/service established for when the products are in use. This is a sign that the 
company is regarding the products lifecycles and creating value around it as Stark (2005) 
suggests, rather than just the own costs producing it. Of course the technology developments are 
the central part of all this in MB Wafertec as the interview outcome stresses, but the other values 
are the result and goals of these developed technologies. Green topics as a value creator come 
more or less automatic for MB Wafertec since they are working in the photovoltaic business. 
With this obvious environmental friendly demands from the surroundings follow, in this case 
also extra through a sustainability agreement with the shareholders. This aim, or mindset, seems 
to be more or less implied when talking to people at MB Wafertec. This value creator should of 
course be relative to the competitors which also have similar demands and not to other 
businesses which might have less.  
 
An involvement of the different departments in the product development work is something that 
the company uses, according to the interview results. It is quite clear that an integrated 
development is beneficial, even though MB Wafertec thinks that the collaboration is “not always 
without friction”. This because the people involved have different point of views. Having these 
different points of views are however the positive side of integrated product development and 
that is why it also is a part of PLM according to Stark (2005). As long as these “frictions” are not 
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destructive no measures are needed, and sometimes it could even bring something good out of it. 
An environment with too many similar people or at least similar thinking does not spark the 
creativity. The involvement of the different departments also gives a flow of information 
“backwards” in the products lifecycles. The people involved later in the lifecycles like for 
instance the service personnel then are able to contribute with their knowledge already in the 
product developing stage. Also individuals from other departments give the same type of input in 
the development process. 
 
The customer relationships also correspond to the wanted level in PLM. The products, or the 
technology as it was put in the interviews, are in focus and first then the customer comes which 
agree to Starks (2005) thoughts. This is shown in strategy of MB Wafertec where they more or 
less try to predict what the market will need and push the technology in that direction. In other 
words, give the customers what they did not know they could get or need. Just focusing on this 
would however probably be devastating and customer involvement is still considered positive, 
also in PLM. Here the direct contact between supplier and customer is recommended, direct in 
the sense of giving feedback when using the products rather than afterwards. MB Wafertec uses 
this method, and is more or less depending on it, when doing their tests of new products at their 
sites. This gives more “fresh” feedback and also improves the relationships with the customers. 
Getting them involved in the development in such a clear and decisive way should definitely 
have a positive impact on this. This seems to be needed in what according to the interviews 
seems to be a somewhat “young and cold” business.  
 
Another important thing in PLM according to Stark (2005), which MB Wafertec also does, is the 
direct feedback from the product itself. The company tries to record data from their products 
whenever possible. This is also a part of putting the product or technology before the customer. 
If data is recorded during production the information is more or less facts on a paper rather than 
possible perceptions of people. This approach on feedback data should of course not apply on all 
features, since all cannot be recorded in this way. Evaluations of user interface and operator 
accessibility and other similar features need people and should not be forgotten.  
 
The usage of standards is central for MB Wafertec according to the interviews. Whenever it is 
possible to have standard components or standard software this is preferred. Since the company 
is developing and producing complex products with a lot of different components from different 
suppliers it is an issue of parts functioning together. Then there is also a cost and time 
effectiveness of using standards which cannot be neglected when making complex and big 
machines. Within the company there are also own “standards” used, for instance modules of 
machines which can be used in different products.  
 
Some parts of the product development work at MB Wafertec do not correspond to the PLM 
strategy of Stark (2005) presented in this thesis. The most important difference is the PDM usage 
at the company. The company only has the structured PDM system for all the data after a 
product leaves the development. In the theory of PLM and PDM the whole lifecycle of the 
product is regarded and all the data of it should be documented in a way that ensures its quality. 
There is always a risk by not having secured data concerning version control and traceability and 
more. This also regards the product development data itself but also the workflow of the product 
development. In the interviews it became clear that the company is depending on its employees 
in securing the documentation during this phase. It seems to be working at the moment but the 
risk of future problems should encourage the company in implementing a full PDM-system that 
covers the whole lifecycle. The risks are for instance missing versions of documents, unsure data 
and untraceable data or processes. In the end, the control of the products is risked if the data is 
not secure. The efficiency, quality and cost reduction factors are also something that should 
indicate a value in having a functional PDM-system. There is no question that MB Wafertec 
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would benefit from having a structured PDM-system. Also the size of the company together with 
its global presence and complexity of products all points to a need for a full product data control, 
which is what PDM would give.  
 
The next thing that not fully corresponds is the top-down view which the PLM of Stark (2005) 
suggests. It is used in a long extend but not as explicit as in the theory. They have a mix of top-
down and bottom-up thinking in the development work. The general view when developing a 
new product is still top-down. The creation of a roadmap for a new product, which is supposed to 
fill the gaps of older products, should explain this. On the other hand the company has the PIP 
projects which sometimes are initiated from other sources than the roadmap of a new product. 
This should then be considered as bottom-up strategy. The company themself sees this part as 
very important since they want to be technology driven and see this as one big part in it. It is 
however only smaller projects in the PIP-process and not complete PEP-projects which can have 
the bottom-up strategy. This approach could be defended even though it partly contradicts the 
PLM strategy. Having the PIP-project pipeline open for developments which do not come from 
above in the own product portfolio keeps the company open for completely new ideas or 
innovations. These can have a big impact with changing features on future products. If only top-
down development is used these features might disappear in the work of optimizing current 
solutions. The risks of letting competitors take pieces of the market by having a strategy of 
copying successful solutions from them are also too high. It would take too much time before a 
new technology is analyzed and integrated in an own new product. This is why a small scale 
bottom-up strategy within the top-down can be seen as beneficial.  
 
The interviews with the personnel pointed out that there are some parts that can be improved in 
the product development. The effort of integrate the PIP-process fully is one clear subject. This 
also has a connection to the PLM-thinking regarding the PDM. Having a structure to work with 
before and throughout the PIP-projects will stimulate the data handling of concepts and IP-
properties. The feeling that the management should be clearer with the “vision, mission and 
strategy” and thus making the employers see “the roadmap” of the company is not an explicit 
PLM issue. This is nonetheless important for every company and should not be ignored. The last 
point brought up in the interviews regarding improvements of the product development process 
were the desire to extend the knowledge surrounding the products and processes. This is clearly 
something that PLM is encouraging. Having and managing a good knowledge and information 
about the products are the foundation of it. This is hence something that should be emphasized 
for the future. 
 
To summarize the management of the product lifecycles in MB Wafertec and especially how the 
development work relates to it, it could be described as partly established. Many of the 
characteristics of PLM are already seen in the company strategies, but the important PDM has 
distinct limits. One probable reason for this is that the company has grown relatively fast the last 
years. This could have resulted in that the development strategies and systems have not been 
keeping the same tempo. This should however be corrected for the future.   
 
6.2.2 Life cycle costs in product development  
COO as a tool in the product development is already in use in the R&D at MB Wafertec which 
the interviews made clear. It is used in two different situations. The first is as sensitivity tool in 
making the decision of which PIP-projects should be carried through. In this case the 
approximated parameters are entered and comparisons between the potentials of the projects are 
made. These calculations are based on a good ability to predict the influence of new inventions 
without knowing much details of the future work. It also displays the potentials of developing 
areas and set a general focus direction for the development work. Then it can use the actual 
parameters rather than future, similar to the Slurry-DW-process evaluation made in this thesis. 
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The other current usage of COO-tool in R&D is within the smaller PIP-projects when sometimes 
functions are evaluated.  
 
When comparing MB Wafertec’s usage of lifecycle costs to the VOLCC of Janz and 
Westkämper (in Takata and Umeda 2007) presented in the theoretical framework, the second 
usage of the tool in MB Wafertec could be claimed to be similar. In both are the functions 
evaluated at an early stage of projects, but in a slightly different way. In VOLCC it is not a 
COO-tool suggested for the cost analyzing, it is LCC. This also includes the production and 
construction costs which a COO-tool not directly does. Indirectly they are included though, 
through the purchasing price of the machines which goes up if the production and construction 
costs go up. If there is a clear correlation between these numbers within the company figures, it 
could easily be included in a COO-tool by altering this number. Another cost area mentioned in 
VOLCC is the disposal and waste costs. This part is also not completely within the COO-tools 
ability to calculate, as mentioned in the previous analysis part about the tool. Part of the waste is 
already in the tool but not the disposal costs. Those costs which are not in the COO-tool would 
then have to be calculated separately for function evaluations.  
 
The future usage of a new “fast and flexible” COO-tool, which is wanted in MB Wafertec, does 
not contradict with any of the theoretical frameworks strategies. Using FDC, which was 
suggested in the interviews, would mean having a direct link to more directly confirmed data. 
This is of course only beneficial to the COO-tool and its results. Every decision made on the 
most precise information available is preferred over less certain one. This is evidently something 
that every method would favor, also the VOLCC.  
 
The structured method for COO-evaluation could be a way to go for MB Wafertec. As it is 
today, according to the interviews, the methods for evaluating functions in a PIP project are not 
structured. Evaluations are, as already mentioned, made but not in the same fashion every time. 
One reason for this could be that the young business, which the photovoltaic industry is, also 
affects the developing work in creating time pressure for improvements. That in turn affects 
some activities in projects which are hurried and not done fully systematically. It could be that 
the industry all together maybe has to have some time to mature and find its methods. It seems 
that the time invested in implementing a structured method for these evaluations has not yet been 
found worth investing for MB Wafertec. In this case it could be claimed that having a structured 
method like VOLCC even could reduce the evaluation time, which is the reason for not having a 
similar working structure in the first place. The main goal of introducing VOLCC would 
however be to improve the quality of the development work. 
 
An implementation of VOLCC would favorably be done in the PIP-process. PIP is where the 
customer requirements and other requirements are put into the development work. More 
specifically it would be good to use it in the PIP-projects. This since the QFD might get too big 
if it is used from the top in a new complex product. The smaller PIP-projects should be a better 
match in this sense. There is of course the possibility of splitting up the QFD into several 
“houses” but the benefit of the VOLCC method is still bigger in the PIP-projects. Following the 
method this would mean that the “customer needs, wants and requirements” would come from 
the customers and surroundings through the roadmaps of the PMs or somewhere from within the 
company. This would not make a big difference since these should be in focus for fulfillment 
anyway, no matter from where they come. Matching these requirements with product functions 
and making a list of functional units should then be carried through. These functional units 
should then be evaluated from a lifecycle cost view, in which the COO-tool can be used. By 
using the COO-tool and altering the process parameters that would change when implementing a 
new or optimized functional unit the usage cost impact can be simulated. If there is a consistency 
in the connection between production/construction costs and the purchasing/selling price of the 
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products, these costs are also covered in the COO-simulations. By changing the purchase price 
according to the expected costs it will be a part of the COO results. This also helps in evaluating 
the function costs and seeing the optimizing potentials. At this last point of the method the 
development of proposals for optimization of functions and functional units should be in focus. 
This should be done with the lifecycle aim always in mind. During the last three steps Janz and 
Westkämper (in Takata and Umeda 2007) suggests using Value Analysis. It consists of a cross-
functional team that with the different background and knowledge together can evaluate the 
different characteristics of a product.  
 
Even though the VOLCC by Janz and Westkämper (in Takata and Umeda 2007) has a customer 
oriented focus it does not mean that it cannot be used in a company which has a PLM strategy, 
with the product as its first priority. The customer requirements that are the input in the VOLCC 
could also requirements set by the company itself. In the roadmaps of MB Wafertec there are for 
instance both requirements from customers as well as customers and surrounding markets which 
together contribute to the specification of a new product.  
 
To summarize the analysis of the lifecycle costs in the product development of MB Wafertec 
there are for sure positive sides to it.  There is already an awareness of the lifecycle costs and its 
affect, even throughout the whole group. This is a good foundation for using a COO-tool in a 
qualitative way. However there are also rooms for improvements, mainly in introducing a 
structured way to use it in the developing projects. The whole evaluation at these stages of the 
projects seems to need some structure, from interpreting the interview results. This could once 
again be the result of the rapid growth of MB. Not having the settled routines when growing 
together with the time pressure of delivery makes it harder and harder to set them.   
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7 Conclusions 
In this section of the thesis the conclusions made from the analysis are summarized and 
presented. This is done in two parts where the first one focuses on the conclusions concerning 
the created COO-tool and its results, and the second one focuses on the conclusions regarding 
MB Wafertec’s product development process and their relationship to the presented lifecycle 
theories. Each of these two sections also has one summarized conclusion point corresponding to 
the initial purpose. 
 
7.1 Cost of ownership tool 
The DW-process is from a COO point of view more beneficial than the Slurry-process. The 
comparisons give for productions size of 100 MWp, 150 MWp and 200 MWp per year 
conclusions divided into one overall section, one more specific section for the wafering process 
station and one summarized section.  
 
7.1.1 Overall 

 Approximately 5, 8 and 11 million USD less costs for DW 
 The energy usage of the DW-process is 60-70% of the usage in the Slurry-process 

 
7.1.2 Wafering process station 

 7 - 8% less costs of total COO for DW (35% for DW compared to 42 - 43% for slurry) 
 “Consumables” are the big cost item for both process types (76.6 - 78.7% for DW and 

70.4 - 68.9% for Slurry) 
 89.4% of the costs in DW “Consumables” comes from the diamond wire and 74.3 - 

72.3% in Slurry comes from the slurry-mix 
 
7.1.3 Summary 

 From a COO point of view the DW process has lower costs and less environmental 
impact 

 
7.2 Product development at MB Wafertec 
The conclusions from analyzing the relationship between the product development work at MB 
Wafertec and the theoretical framework are presented in five sections here. The first two are 
about the relationship to PLM, where the first displays the positive factors and the second 
regards factors with room for improvement. The conclusions from analyzing the product 
development work with COO at MB Wafertec and its relationship to the VOLCC theory are 
presented in the same fashion in the following two sections. First the positive factors are 
presented and then the factors with room for improvement. The last section includes a 
summarized conclusion. 
 
7.2.1 Positive factors regarding PLM analysis 

 Value creators – low customer lifecycle costs, support and “green” image through 
sustainability agreements 

 Integrated personnel 
 Product in focus, then customer 
 Direct data feedback from products 
 Usage of standards 
 Good mix of top-down and bottom-up 

 
7.2.2 Factors with room for improvement regarding PLM analysis 

 PDM-implementation in the product development 
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 Increase the first-hand knowledge of products and processes 
 Integration of full structures of PIP 

 
7.2.3 Positive factors regarding the COO and VOLCC analysis 

 COO is already used evaluating functions and as a sensitivity tool in the development 
 COO should be easy to implement as a part in the VOLCC 
 Plans of combining COO with FDC exists 

 
7.2.4 Factors with room for improvement regarding the COO and 

VOLCC analysis: 
 No consistent and structured way of function evaluation exists 

 
7.2.5 Summary 

 Improvement areas in the product development for MB Waferec are mainly the within 
the PDM-system, the first-hand knowledge of the products, structuration of the PD-work 
in general and more specifically of functional evaluation with COO. 
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8 Discussion/Recommendation  
In this section the conclusions from previous section together with suggested future work are 
presented and discussed. It is divided into one about the COO section and one about the product 
development work at MB Wafertec.  
 
8.1 Cost of ownership tool 
Based on the conclusions from comparing of DW and Slurry-processes it is clear that the DW-
process has a clear “lead” over the Slurry-process. This is seen from both a cost view and a 
limited environmental view, focusing only on the energy consumption. In order to know for sure 
which of the two technologies focus should be on, regarding development and production, a 
continued research is suggested. This research should be aimed in evaluating the future prices. 
Since the Slurry-mix is the biggest cost driver in the Slurry-process and it is influenced by 
Slurry-mix prices this will have a heavy impact on the future COO. The DW-process has a 
similar situation with the DW cost as a heavy cost driver and with the DW price as a base in it. 
Knowing the expectations of the future market prices together with the simulations made here 
would give a clear indication of which of the two is more attractive for the customer in the 
future.  
 
From the environmental or energy point of view it is clear that the DW-process is more 
favorable. In order to lower this consumption the process would have to be optimized. A change 
in the energy price would affect both processes by lowering or increasing the total energy cost. 
In this perspective the actual situation, with the current technical solutions, is that the DW-
process is preferred. 
 
8.2 Product development at MB Wafertec 
The conclusions made from the PLM analysis show some areas where future work can be 
recommended. The positive conclusions should also be accounted but is not regarded to need 
improvement as of today. The main priority or goal should be to evaluate future PDM systems 
and implement the chosen one. As a start the own requirements should be specified and then an 
investigation of possible solutions can be done. Since the company already has a PDM system 
with focus on the later stages in the lifecycle, a complement of this could be one solution. A 
short survey has already shown that MB Wafertec’s PDM supplier has ready solutions in this 
area.  
 
Another action that should be carried out or at least implemented as a policy in the company is to 
care even more for the customer relationships in order to access the increased knowledge 
wanted. Since the company does not have an own production line, external help is needed in this 
area. A good management through a PDM-system will also stimulate the spreading of the gotten 
knowledge throughout the company.  
 
The conclusion that the PIP-process should be implemented fully is already known in the 
company. The added activities or strategies in this should however be specified exactly and 
documented and then put into use by informing the involved people. In order to support in this 
point the PDM-system implementation is once again suggested.  
 
The main recommendation concerning the work with COO in the product development is to find 
a consistent method in doing this. The thesis suggests the VOLCC method with the COO-tool 
integrated in it. The reason is that it is a clear and structured method which can be documented 
with a good overview of the evaluation process. The suggestion is to make it a part of the PIP-
process as a mandatory delivery.  
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9 Abbreviation list 
CEO  Cost of Equipment Ownership 
COO  Cost of Ownership 
CYL  Cost of Yield Loss 
DFSS  Design for Six Sigma 
DLY  Defect Limited Yield 
DW  Diamond Wire 
EHS  Environmental, Health and Safety 
EY  Equipment Yield 
FDC  Factory Data Capture 
LCC  Life Cycle Costing 
LPD  Lean Product Development 
MB    Meyer Burger Group 
PDM  Product Data Management 
PEG  Polyethylenglycol  
PEP  Produktentwicklungsprozess (Product Development Process) 
PIP  Produkt Innovation Prozess (Product Innovation Process) 
PL  Project Leader 
PLM  Product Lifecycle Management 
PM  Product Manager 
PQMS  Process & Quality Management System 
QFD  Quality Function Deployment 
R&D  Research and Development  
SAP  Systems, Applications and Product in data processing 
TCO  Total Cost of Ownership 
TPI  Technology Process Innovation 
TQM  Total Quality Management 
VOLCC Value Oriented Life Cycle Costing 
WGR  Wire Guide Roller 
WTS  Wafer Tracking System 
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Appendix A: COO-tool Slurry 

 
Figure A1: Whole Overview sheet of COO-tool. 
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Figure A2: First picture from left in Overview sheet of COO-tool. 
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Figure A3: Second picture from left in Overview sheet of COO-tool. 
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Figure A4: Third picture from left in Overview sheet of COO-tool. 
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Figure A5: Fourth picture from left in Overview sheet of COO-tool. 
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Figure A6: Fifth picture from left in Overview sheet of COO-tool. 
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Figure A7: First picture from above in Price Transfer sheet of COO-tool. 
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Figure A8: Second picture from above in Price Transfer sheet of COO-tool. 
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Figure A9: Third picture from above in Price Transfer sheet of COO-tool. 
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Figure A10: Fourth picture from above in Price Transfer sheet of COO-tool. 

 

 
Figure A11: Fifth picture from above in Price Transfer sheet of COO-tool. 
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Figure A12: First picture from above and left in Puller sheet of COO-tool. 
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Figure A13: Second picture from above in Puller sheet of COO-tool. 
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Figure A14: Second picture from left in Puller sheet of COO-tool. 
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Figure A15: First picture from above and left in Cropping sheet of COO-tool. 
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Figure A16: Second picture from above in Cropping sheet of COO-tool. 
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Figure A17: Second picture from left in Cropping sheet of COO-tool. 
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Figure A18: First picture from left in Manual Gluing sheet of COO-tool. 
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Figure A19: Second picture from left in Manual Gluing sheet of COO-tool. 
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Figure A20: First picture from above and left in Squaring sheet of COO-tool. 
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Figure A21: Second picture from above in Squaring sheet of COO-tool. 
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Figure A22: Second picture from left in Squaring sheet of COO-tool. 
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Figure A23: First picture from left in Grinding sheet of COO-tool. 
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Figure A24: Second picture from left in Grinding sheet of COO-tool. 
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Figure A25: First picture from above and left in Gluing sheet of COO-tool. 
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Figure A26: Second picture from above in Gluing sheet of COO-tool. 
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Figure A27: Second picture from left in Gluing sheet of COO-tool. 



72 
 

 
Figure A28: First picture from above and left in Wafering sheet of COO-tool. 
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Figure A29: Second picture from above in Wafering sheet of COO-tool. 
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Figure A30: Third picture from above in Wafering sheet of COO-tool. 
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Figure A31: Second picture from left in Wafering sheet of COO-tool. 
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Figure A32: First picture from above and left in Precleaning sheet of COO-tool. 
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Figure A33: Second picture from above in Precleaning sheet of COO-tool. 
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Figure A34: Second picture from left in Precleaning sheet of COO-tool. 
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Figure A35: First picture from above and left in Manual Separation sheet of COO-tool. 
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Figure A36: Second picture from above in Manual Separation sheet of COO-tool. 
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Figure A37: Second picture from left in Manual Separation sheet of COO-tool. 
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Figure A38: First picture from above and left in Final Cleaning sheet of COO-tool. 
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Figure A39: Second picture from above in Final Cleaning sheet of COO-tool. 
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Figure A40: Second picture from left in Final Cleaning sheet of COO-tool. 
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Figure A41: First picture from left in Inspection & Sorting sheet of COO-tool. 
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Figure A42: Second picture from left in Inspection & Sorting sheet of COO-tool. 



87 
 

 
Figure A43: First picture from left in Filtration sheet of COO-tool. 
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Figure A44: Second picture from left in Filtration sheet of COO-tool. 
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Appendix B: Interview guide 
Questions part 1: 

1. What are the aims/goals when you develop a new product? In what ways do you compete 
with the competitors? Several different goals? 

2. Are later “issues” regarded when a new product is being developed? For example how it 
will be manufactured, recycled and disassembled? 

3. Would you say the product development is integrated with the other parts of the 
company? If so, how? 

4. How are the customers integrated in the product development?  
5. Do you record data of your product’s performance when it is in use, and does feedback in 

general come back to the product development from “later” in the product lifecycle? 
How? 

6. Do you work top-down or bottom-up with your products when new ones are developed? 
How would you describe the process? 

7. Are “green” and social issues considered already in the product development? If so, in 
what way? 

8. Are standards used? Processes, Data, Systems? 
9. Have you experienced any areas in which you feel MB Wafertec has to improve 

concerning the work process around developing and managing new products?  
10. How does your PDM system function? Structure? Archive? Routines? 

Questions part 2: 
1. Do you already use some sort of Cost of Ownership (COO) tool (or similar) in the 

product development? If so, how does that tool work? If not, do you still use the 
customer’s costs as a factor in any other way?  

2. Why do you want a (new) COO tool? What are the benefits from your point of view? 
3. How do you intend to use it? In what way will it fit into the product development 

process?  
4. Which persons (positions) will use it? 
5. Do you (intend to) combine COO with any other tools?  
6. Are there any problems or difficulties in working with COO/cost analysis as you see it? 
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Appendix C: Result from simlulations 

 

 

 
Figure B1: Results from DW simulations which were summarized in Excel. 

 

 

 

 
Figure B1: Results from Slurry simulations which were summarized in Excel.
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Appendix D: PEP-Process 

 
Figure C1: PEP-process and its different phases. 

 




