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ABSTRACT 

 

Authors:  Van Long Ho, Ebuh Randy, Maxime Héaumé 

Tutor:    Roger Stokkedal 

Examiner:  Helena Forslund 

 

 

Title: A case study for LORAMAX on supply chain strategy & production 

efficiency. 

 

 

Limitations: Due to the sensitive nature of the information in this thesis, a non-

disclosure agreement was signed, and some data cannot be disclosed. 

 

 

Background: LORAMAX, the case company for this thesis produces differentiated 

products on the basis of quality. They are faced with the challenge of 

making a product that they recently launched, HERO, more competitive 

in the market. Even though they have chosen a differentiated strategy, 

the company understands that cost reduction could as well provide 

them a competitive advantage and is therefore crucial to the survival of 

the new product. 

 

Research questions:          How can the production cost and lead time be reduced for HERO? 

How would the choice to either buy pre-assembled modules or 

manufacture them in-house influence the profit margin of HERO? 

 

Purpose: The purpose of this thesis is to use relevant theories and practical tools 

in order to help the company identify potential opportunities and areas 

where to reduce assembly costs and lead-times. 

 

Method: The empirical data used to draw conclusions was collected through a 

mixed research method (both qualitative and quantitative) carried out 

on site at LORAMAX with the help of the purchasing and production 

manager, through interviews, questionnaires and observations. This 

thesis is written from a positivistic perspective with a deductive 

approach. 

 

 

Conclusions: Value Stream Mapping (VSM) and Total Cost of Ownership (TCO) are 

effective tools for cost and lead time reduction and can be used to 

support a make-or-buy decision. In this thesis, we arrive at the 

conclusion that LORAMAX will improve its profit margins on HERO if it 

buys already assembled modules. 
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ABREVIATIONS 

This section will highlight all the abbreviations and difficult terms that are used in this thesis, 

and where necessary, the page where you can find more information about the term is 

indicated. 

 

ABC: Activity Based Costing. 

BCG: Boston Consulting Group.  

BOM: Bill Of Material. See p.47 

C/O: Change Over time. See p. 55 

C/T: Cycle Time. See p. 55 

HERO: The product name in this thesis. The real product name cannot be disclosed. See p. 14 “LIMITATIONS” 

Johan: Alias for the production and purchasing Manager at LORAMAX in this thesis. 

LORAMAX: The Company name in this thesis. The real company cannot be disclosed in this thesis. See p. 14 

“LIMITATIONS” 

MRP: Materials Requirement Planning. 

Muda: Japanese term for “waste”. Used in the context of Value Stream Mapping. See p.32  

NVA: Non Value Adding (operations). Used in the context of Value Stream Mapping. See p.31 

NNVA: Necessary but Non Value Adding (operations). Used in the context of Value Stream Mapping. See p. 31 

SEK or Kr: Kronor, the Swedish currency. 

Takt (time): German term for pace (production time). Used in the context of Value Stream Mapping. See p.39 

TCO: Total Cost of Ownership 

TPC: Total Production Cost 

S.I: Strategic Importance. See APPENDIXES 8. 

S.R: Supply Risk. See APPENDIXES 8. 

VA: Value Adding (operations). Used in the context of Value Stream Mapping. See p. 31 

VSM: Value Stream Mapping 

WIP: Work in Progress. Used in the context of Value Stream Mapping. 
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CHAPTER 1. INTRODUCTION 

The first chapter of this thesis presents a general background of the area of research and 

discusses the problem that is sought to be addressed. Based on the problem discussion, two 

research questions are formulated, after which the purpose of the thesis is presented. This 

is followed by an overview of how the thesis is going to be carried out and the limitations 

before ending with a presentation of the case company.  

1.1 BACKGROUND 

Global competition today requires that companies stay responsive and flexible to their 

customers’ needs. Increases in market competition have made customers demand for higher 

quality, faster delivery, customized products and services at lower costs (Monczka et al., 

2009). Customers also expect companies to be flexible in complying with any changes that 

they may want to make to their orders. Companies therefore lose competitive advantage in 

the event that they fail to meet customer requirements. Every department within a 

company has a role to play in sustaining the competitiveness of the company but ultimately 

companies’ survival depends on the strengths of their competitive strategy. Traditionally 

firms may choose to adopt one of two competitive dimensions, namely; low cost or product 

differentiation. However, Nahmias (2009) suggests four other dimensions along which 

companies may choose to compete and these range from quality, time and reliability to 

flexibility. For new products entering the market, competition may prove to be troublesome 

because they may have to compete not only with already established brands, but also with a 

range of products from different competing firms.  

LORAMAX, the case company for this thesis produces differentiated equipments but they 

consider quality, time, reliability and flexibility to customer needs important. They are faced 

with the challenge of rendering a product that they recently launched, HERO, more 

competitive in the market. Even though they have chosen a differentiated strategy (quality), 

the company understands that cost, which to some customers is an order qualifier, is crucial 

to the survival of the new product. 

Cost reduction has become an increasingly critical issue over the past few years. It is no 

longer the sole responsibility for the finance and accounting function, but it has gained 
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acceptance as part of the purchasing function because expenditure made on purchases 

alone accounts for a greater share of the final cost of the product (Jonsson, 2008). Ellram 

and Siferd (1998) point out that many organizations have shifted the ultimate responsibility 

for cost control from the finance and accounting function to the purchasing function and 

according to Hill (2000), seeking to reduce cost in areas that accounts for the greatest cost 

yields the best productive results for organizations. According to Zsidisin et al. (2003) the 

Total cost of Ownership (TCO) could prove useful to a company in order to effectively 

manage its expenditures on material. It can also serve as a decision support tool for 

acquisitions and when deciding whether to make or to buy, or in other words, manufacture 

themselves or outsource this activity (Ellram and Siferd, 1998). Such decisions may regard 

buying or making a component, module, subassembly or even the final product. 

Heilala et al. (2006) describe modular assembly as the architecture of the assembly system. 

They advance some arguments for having a modular structure and these include that they 

facilitate standardization and that it is a cost efficient solution for assembling the final 

product. For a company such as LORAMAX, which assembles the final customer product, 

buying some modules that are already assembled may strengthen their competitive 

strategy. The company is currently considering two different production strategies for HERO, 

either producing in-house or buying pre assembled modules and is therefore faced with the 

“make or buy” decision 

1.2 ABOUT THE PRODUCT HERO 

HERO is a newly launched product with high specifications and top quality requirements. It is 

considered as one of the red flag in the products portfolio of LORAMAX. It is built up from 

eight different modules and it is now facing issues on high cost of production and lead time 

to fulfill increasing customers’ demand.  As it will be explained in the “limitations” part, 

detailed information about the product may not be disclosed, due to the non-disclosure 

agreement with the company. 
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1.3 PROBLEM DISCUSSION 

Theoretical problem discussion 

Newly launched products are usually faced with high production and marketing cost and 

they have to get through the challenge of reducing these costs in order to gain acceptance in 

the market (Nahmias, 2009). As a product goes through the different phases of its life cycle, 

cost becomes an important order winner and this requires companies to be able to produce 

at lower cost (Hill, 2000). Therefore cost reduction becomes a crucial function as the product 

approaches the saturation stage in the market. Critical areas for cost reduction are 

principally overheads costs and material. According to Hill (2000), these two cost items alone 

account for 85-90 per cent of the total cost. The largest source of expenditure for firms is 

incurred on purchases made from suppliers (Nelson et al., 2001) as cited by Zsidisin et al. 

(2003) and according to Jonsson (2008), this accounts for the largest share of the final cost of 

a product. It is therefore important to effectively manage the expenditure on materials and 

components. According to Zsidisin et al. (2003) the increasing expenditures on materials 

require that companies effectively manage their purchasing cost, and Nelson et al. (2001) as 

cited by Zsidisin et al. (2003) state that the ability to effectively managing and reducing costs 

is a source for competitive advantage because it is valuable, non-transferable and a non-

imitable human knowledge. 

The TCO is a practical purchasing tool that can be helpful to reducing cost and to support 

make-or-buy decisions. However, its use has been limited because many organizations have 

not yet accepted purchase as a strategic activity within the company (Ellram and Sifer, 1998). 

Assembly modularization is also argued to be a technique to achieve cost-efficiency in 

assembling companies (Heilala et al., 2006) and also a tool for managing production time 

through the postponement strategy (Jonsson, 2008). 

One important change in the manufacturing environment over the years has been increased 

customization, enabled by assemble-to-order systems (Rao et al., 2005) which allow no 

finished goods inventory (Browne et al., 1996). The lead time to delivery (Browne et al., 

1996) and the availability of component parts and subassemblies (Jonsson, 2008) are critical 

success factors of such a system. Long lead times would mean that customers would have to 

wait a long while before their orders are fulfilled, and while high component availability will 

increase inventory service levels, it will result in high inventory carrying cost. As suggested by 
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Jonsson (2008), an appropriate strategy to adopt in order to resolve this dilemma would be 

for companies to purchase ready-made modules instead of buying single components. For 

companies that purchase individual components, the decision about whether to start buying 

modules or semi-assemble products should be considered carefully as they may have serious 

implications on lead time, cost of manufacturing/assembly and on the overall strategy of the 

company. 

Practical/Case problem discussion 

LORAMAX has recently launched a new product called HERO. This product is right now at the 

introduction or start-up phase of its life cycle. In this phase, the product tries to gain grounds 

in the market while production (assembly) and distribution cost are high (Nahmias, 2009). 

The target cost for assembling this new product is set at 8,850kr/unit but the actual cost 

stands at 13.024kr/unit while assembly lead time is set to be 2.50hrs/unit but the actual 

time is 3.50hrs/unit. This implies that the assembly line is operating below target and for 

such products that face stiff competition from low cost countries such as china, Korea, 

Japan, and countries such as the USA, Germany and Australia, who are constantly 

innovating, LORAM faces survival threats. Due to the high cost of production, bids for this 

new product have not been retained by customers. The company assembles following 

customers’ orders on a first-come first serve basis. However some customer orders are more 

urgent and this puts pressure on the assembly line especially as they are unable to assemble 

within targets. The product therefore, in order to stand a chance in the market has to get 

over the challenge of reducing cost and assembly lead time. 

One option that the company is considering is to buy pre assembled modules in order to 

possibly reduce costs and assembly lead-times as well as helping LORAMAX improve its 

productivity and profit margin. The make or buy decision, however is not an easy task to 

carry without careful consideration, a strategic procurement choice for which LORAMAX has 

asked our support in the form of this thesis.  
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1.4 PROBLEM STATEMENT 

In the light of the above problem discussion the problem that this thesis seeks to address is 

as follows: 

• How can the production cost and lead time be reduced for HERO? 

• How would the choice to either buy pre-assembled modules or manufacture them in-house 

influence the profit margin of HERO? 

 

1.5 PURPOSE 

The purpose of this thesis is to use relevant theories and practical tools in order to help the 

company identify potential opportunities and areas to reduce lead-times and assembly 

costs. 

1.6 THESIS DISPOSITION 

 

FIGURE 1. THESIS DISPOSITION 

Source: Own creation 
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1.7 LIMITATIONS 

In planning this thesis, we wanted to do some sensitivity analysis to understand the effect 

that the different options would have on the company’s logistics system. We also wanted to 

carry out a consequence analysis using Dupont’s model in order to understand the effect of 

the available options on profitability. However, since time was a luxury we could not afford, 

both from our part and from the company, we could not gather all the material, nor 

investigate everything that we would have wanted to. As a result of this our second research 

question was modified to include the effect of the various options on profit margins rather 

than on profits. 

As the company expressed the wish to remain anonymous due to the sensitive nature of the 

information used in this thesis (production insights, information on lead times, costs and 

suppliers...), the real name of the company was removed and replaced by LORAMAX. The 

product being another way of recognizing the company, it will be called HERO. Some 

information will be impossible to disclose without “giving away” the identity of the company 

as a result of this initiative, and therefore will be missing from this thesis. Any data that was 

possible to disclose in this thesis was, therefore hopefully not impeding the understanding of 

the reader. 

1.8 COMPANY PRESENTATION 

LORAMAX is one of the world´s leading manufacturers of vision magnifying equipments. The 

company’s head office is located in Växjö, Sweden, where all development and 

manufacturing take place. They are also well represented worldwide through subsidiaries in 

Belgium, Denmark, Finland, Norway, and Switzerland and other distributors around the 

world. The company offers a wide range of products and solutions for its target customers. 

New products are developed in close co-operation with users and professionals within the 

field. LORAMAX designs and develops products with high standards for reliability, simplicity 

and serviceability. The products are sold under a registered trademark.  

With over 30 years of experience, the company is amongst the leading innovators in its field. 

With a wide product range and strength both nationally and internationally, LORAMAX 

works towards even more innovative solutions. All developments take place at the company 
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headquarters in Växjö, from concept to complete product. A new product concept or an 

update of an existing product is discussed at regular product councils attended by 

representatives from Design, Production and Marketing. It is a process that allows the 

company to keep pace with technological developments, but LORAMAX makes sure that it 

takes customer feedback and needs into account. 

1.9 A GLANCE AT LORAMAX 

� HISTORY 

• In the 70’s, the founder of LORAMAX developed the first ever Swedish made 

product of the category in which HERO falls in. 

• In the beginning of the 90’s, LORAMAX developed the first color system, called 

HERO XXX.  

 

� FACTS 

• Subsidiaries:  Belgium, Denmark, Finland, Norway, Switzerland 

• Distributors: Over 50 distributors worldwide 

• Employees: 45 

• Certifications: ISO 9001, ISO 14001 

 

� BUSINESS CONCEPT 

• LORAMAX develops, manufactures and markets, at the lowest total cost, user-

friendly and reliable equipment for disabled people. 

• LORAMAX shall be the complete “solution house” for users with a certain kind of 

disability. 

 

� VISION 

• LORAMAX makes every day life easier for disabled people. 

• Innovation, relationship-building and engagement are keywords in the 

organization. 
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CHAPTER 2. RESEARCH METHODOLOGY 

This chapter presents the methodology used in this thesis. It outlines the perspective, the 

scientific approach, research methodology and method of analysis used by the writers. 

2.1 SCIENTIFIC PERSPECTIVES 

There are two common views amongst researchers on how a research should be studied: 

From a natural science epistemological position - Positivism or from a social science 

epistemological position - Hermeneutics (Remenyi et al., 1998). 

According to Bryman and Bell (2007), Positivism is a scientific research method that endorses 

the usage of natural sciences to the study of social reality and other events. It also entails 

the following principles: 

- Only phenomena and hence knowledge confirmed by the senses can genuinely be 

warranted as knowledge (principle of phenomenalism) 

- The hypotheses generated from the existing theories can be tested, thus allow 

explanations of laws to be assessed (principle of deductivism) 

- Knowledge is arrived at through the gathering of facts that provide the basis for laws 

(principle of inductivism) 

-  Science must be conducted in a way that is value free (it means – objective) 

- Scientific statements and normative statements and the belief that the former are 

the true domain of the scientist should be clearly distinct 

So if the research takes the stance of Positivism then it means “working with an observable 

social reality and that the end of such research can be law-like generalizations similar to 

those produced by the physical and natural scientists” (Remenyi et al., 1998, p.32).  

The other concept of research is Hermeneutics, as defined by Bryman and Bell (2007, p.728), 

it is “a term drawn from theology, which, when imported into the social sciences, is 

concerned with the theory and method of the interpretation of human action. It emphasizes 

the need to understand from the perspective of the social actor”.  According to Saunders et 

al. (2009), this philosophy advocates that the researchers needs to understand the 

differences between human in our role as social actors. Conducting researches from this 



March - 2011 

17 

 

stance point of view are highly appreciated in business and management, especially in the 

fields like organizational behavior, marketing and human resource management, due to the 

complexity and uniqueness in business situations. They are a function of a particular set of 

circumstances and individuals coming together at a specific time. 

Scientific perspective of this thesis 

This thesis adopts the Positivistism perspective since we use various existing theories in the 

field of supply chain management, logistics management, cost management and operational 

management to create the framework for our analysis and empirical findings at the later 

stages. Lead time and cost reduction strategies are explored based on the theoretical 

framework with appropriate empirical data and findings to answer our research questions 

and generate recommendations that the company can exploit to achieve required targets in 

launching its new product line. 

According to Saunders et al. (2009, p.119), this thesis scientific perspective can also be 

described as Pragmatism, it means that “either or both observable phenomena and 

subjective meanings can provide acceptable knowledge dependent on the research 

question. Focus on practical applied research, integrating different perspectives to help 

interpret the data.”     

2.2 SCIENTIFIC APPROACH 

In the research practices, there are two main distinctive research approaches. These are 

deduction - testing theory and induction - building theory (Bonoma, 1985); (Parkhe, 1993); 

(Romano, 1989).  

Deduction – testing theory 

According to Saunders et al (2009), deductive research can be seen as scientific research, it 

involves the usage of theories applied into a certain context and situation for a rigorous test. 

Thus it is the dominant research approach in the natural sciences, where the explanation of 

the phenomena based on laws in order to deduce the results, predict the occurrences and 

hence allowed them to be controlled and understood (Collis and Hussey, 2003) 

There are five sequential stages that deductive research will need to follow (Robson, 2002): 
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� Deducing a hypothesis from the theory 

� Expressing the hypothesis in operational terms, which propose a relationship 

between two specific concepts or variables 

� Testing this operational hypothesis 

� Examine the specific outcome of the inquiry 

� If necessary, modifying the theory in the light of findings 

 

Induction – building theory 

Bryman and Bell (2007) define inductive research as a research approach in which the theory 

is generated from the research findings and results. Thus from the inductive stance, theory is 

the outcome of the research. Hence the inductive approach is more commonly used in 

explorative research, where data are collected and a theory developed as a result of the data 

analysis. According to Saunders et al. (2009), we can summarize the main differences 

between deductive and inductive approaches to research as shown in table 1. 

 

TABLE 1. DEDUCTION VS. INDUCTION 

Deduction Emphasis Induction Emphasis 

• Scientific principles • Gaining an understanding of the meanings 

humans attach to events  

• Moving from theory to data • A close understanding of the research 

context 

• The need to explain causal relationships 

between variables 

• The collection of qualitative data 

• The collection of quantitative data • A more flexible structure to permit changes 

of research emphasis as the research 

progresses 

• The application of controls to ensure validity 

of data 

• A realization that the researcher is part of 

the research process 

• The operationalisation of concepts to ensure 

clarity of definition 

• Less concern with the need to generalize 

• A highly structured approach  

• Researcher independence of what is being 

researched 

 

• The necessity to select samples of sufficient 

size in order to generalize conclusions 

 

Source: Saunders et al. (2009) 
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Scientific approach for this thesis 

Since the theory framework is built around the company problem and research questions, 

our scientific approach for this thesis is of a deductive research nature. We had to go 

through a highly structured way of conducting this thesis with various relevant theories in 

the field of supply chain management, cost management and lead time reduction etc. in 

order to define the most appropriate methodologies/recommendations to improve 

assembly efficiency, specifically with respect to HERO – the company’s newly launched 

product. Collecting data will be mainly by emails, information provided in spreadsheet, 

quantitative figures, observations from production processes, interviews and questionnaires 

may also be conducted. 

 

2.3 CASE STUDY 

Case study can be defined as an approach to conduct a research which included the detailed 

and intensive analysis of a specific case. It can also be extended to a research of more than 

one case for comparison purpose (Bryman and Bell, 2007).  As Stake (1995) states, case 

study research is conducted by exploring/describing the complexity and particular nature of 

the case. It is quite common in business and management research to use case study. A case 

can be: 

- A single organization, like IBM Inc. to be researched. 

- A single location, like a factory, production site, or office building for conducting a 

research. 

- A person, like a study of women managers where each woman is a separate case for 

interviewing.  

- A single event, such as the recent Fukushima nuclear crisis following the strong 

earthquake in Japan will become a very high concerned case study for researchers 

around the world.   

 

Robson (2002) defines case study as “a strategy for doing research which involves an 

empirical investigation of a particular contemporary phenomenon within its real life context 

using multiple sources of evidence”. The case study strategy will provide researchers the 
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capability to answer questions like “why?” as well as the “what?” and “how?”. Yin (2003) 

distinguishes between case study strategies based on two distinct dimensions: 

- Single Case vs. Multiple Cases 

- Holistic Case vs. Embedded Case 

The first dimension is about the selection of a single case or multiple cases. A case study 

strategy can include multiple cases, since the findings in a single case could also occur in 

other cases and thus create the need for generalizing/synthesizing from these findings.  

 

The second dimension, Holistic vs. Embedded, is about the unit of analysis. If the research is 

taking an organization as a whole, then the case study will be considered as a holistic 

approach. Conversely, if the research is also involves other logical sub-units within an 

organization, such as departments or workgroups, then it means more than unit of analysis 

are concerned, the research would be called an embedded case study. According to Yin 

(2003), there are four main types of case study: Descriptive, Illustrative, Explorative, 

Cumulative and Critical Case Studies. Amongst them the most two common types are 

Descriptive and Explorative. 

 

Descriptive research can be used to depict a precise picture of persons, events or situations 

to gain the knowledge about that. Meanwhile explorative research can be described as a 

case study in which, fieldwork and data collection are executed prior to the final conclusion 

to answer the research questions with the emphasis to explain the cause and effect 

relationships between variables (Robson, 2002) 

 

Case study of this thesis 

Our research aimed at answering the ‘how’ questions which have been generated in order to 

investigate the causes and improvement possibilities in the production and assembly process 

for the company’s new product. In addition, the issues of how to maintain and improve the 

production cost life cycle and efficiency in the context of make or buy decision were 

investigated. The research we conducted to solve these questions thus tends to be more of 

the explorative type, though the descriptive type of research will also be used in the 

beginning when the current situation is reflected upon. In order to present reliable results, 
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we think it was best to combine the two of these approaches in our research, where and 

when it was relevant, either descriptive or explorative type of study were used to ensure the 

best possible and realistic outcomes. 

2.4 RESEARCH METHODS 

Quantitative research: The quantitative method uses numerical data in order to research its 

topic. Therefore, the result must be quantifiable in a target measurement unit such as 

numbers, time, length, or weight, and is therefore often used in scientific fields such as 

biology, mathematics, physics, etc. 

It is in general very detailed, and surveys and mathematical models are examples of data 

collection models used when conducting a quantitative research. The researchers have 

complete control over the research, since it is based on a one-way data collection system. 

Qualitative research: The qualitative method is a process of inquiries to understand a social 

or human problem, based on a complex built of holistic pictures, depicted in words with 

detail information and reports which is executed in a natural setting (Sogunro, 2001). As 

Neville (2005) states, qualitative studies involve examination and reflection on the less 

tangible aspects of a research field, and are therefore more subjective than quantitative 

researches, where the focus is placed on collecting, analyzing and measuring numerical data. 

The qualitative approach leaves the researcher with a large degree of liberty when realizing 

his project. The theoretical framework is not finalized before the field study as research 

questions may arise through the interaction between theorization and empirical realism 

Wacheux (1996). Therefore, qualitative studies are adapted to research questions that 

cannot be resolved through numerical analysis.  

TABLE 2. QUALITATIVE VS. QUANTITATIVE 

Qualitative Research Quantitative Research 

The aim is a complete, detailed description. The aim is to classify features, count them, and 

construct statistical models in an attempt to 

explain what is observed. 

Researcher may only know roughly in advance 

what he/she is looking for. 

Researcher knows clearly in advance what 

he/she is looking for. 

Recommended during earlier phases of 

research projects. 

Recommended during latter phases of research 

projects. 
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The design emerges as the study unfolds. All aspects of the study are carefully designed 

before data is collected. 

Researcher is the data gathering instrument. Researcher uses tools, such as questionnaires or 

equipment to collect numerical data. 

Data is in the form of words, pictures or 

objects. 

Data is in the form of numbers and statistics. 

Subjective - interpretation of events is 

important ,e.g., uses participant observation, 

in-depth interviews etc. 

Objective - seeks precise measurement & 

analysis of target concepts, e.g., uses surveys, 

questionnaires etc. 

Qualitative data is more 'rich', time consuming, 

and less able to be generalized.  

Quantitative data is more efficient, able to test 

hypotheses, but may miss contextual detail. 

Researcher tends to become subjectively 

immersed in the subject matter. 

Researcher tends to remain objectively 

separated from the subject matter. 

Source: Neill (2007, accessed 28
th

 March 2011).  

 

Mixed methods research: This is a type of research that combines the use of both 

quantitative and qualitative research methods. Normally they are the two distinguished 

research methods with their own strengths and weaknesses, but when combined, such a 

strategy would allow researchers to exploit the strengths of one method to offset for the 

weaknesses of another method (Bryman and Bell, 2007). 

 

Hammersley (1996) has claimed that there are three approaches for conducting mixed 

methods research. 

- Triangulation: This refers to substantiate the findings/results of a qualitative research 

by exploiting quantitative research methods and vice versa. 

- Facilitation: This means that using one research strategy to aid research which uses 

other research strategy. 

- Complementary: This means that the two research strategies are employed in order 

to dovetail/unite different aspects of the study. 

 

Research Methods for this thesis 

As shown in the above discussion, the research method adopted for use in thesis is the 

mixed methods. The analysis and arguments are based on the company’s experience, 

archival data/documents, actions and personnel as well as relevant literature framework. 

The data concerning the company’s production and assembly processes was collected from 
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frequent visits at the company and discussions with the production and purchasing manager 

referred to as Johan later on in this thesis), in collaboration with whom the necessary 

improvement and underlined strategies were elaborated. The research questions and 

structure of this thesis, as well as the choice of literature and theories are all based on these 

meetings. Johan also provided the quantitative data that is used such as the cost statements 

and production and assembly lead-times. The topics and discussions of the meetings were 

based on the information that was needed from the company at the time, as well as the 

company’s reflection on the thesis. Since the contact person at the company, Johan, was 

also working on the same topic at the time, these discussions were very useful for both 

parties. Semi structured interviews, observations and questionnaires are used in order to 

collect both quantitative and qualitative information, since the aim was to obtain a deep 

knowledge of the company’s processes with measurable evidences as well as its culture and 

strategy in order to design the best and most suitable solutions for the company. The 

objective was to work structurally, flexibly and together with our contact to improve the 

company’s key processes with quantifiable results; the structure and freedom that would 

allow both quantitative and qualitative research methods to combine in order to provide the 

desired research outcomes and insight eventually.  

2.5 DATA COLLECTION 

Two types of data are considered when writing a paper such as this master thesis, primary 

and secondary data sources (Nicholson and Bennett, 2009). 

Primary data includes all information gathered by the researchers for the purpose of the 

study, thus, in this case, all the data provided by and gathered at the company. Primary data 

can be collected through company material, databases, procedures reports, on-site visits, 

interviews (direct, over the phone, via email…) and any other type of source or mean. There 

are different types of interviews to be found. A structured interview lists specific questions 

to be asked in a certain order. A semi-structured interview only has the topics 

predetermined, while an unstructured interview only has a general subject, if at all, and can 

be understood more as a conversation. The two latter types are more widely used in 

qualitative studies such as this one, and are usually conducted with a small amount of 

people. 
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When conducting a case study, secondary data is constituted from any material that does 

not originate from the company that is being studied. The purpose for searching and using 

secondary data is to increase the knowledge about the subject that will be covered, as well 

as to provide a scientific background thus rendering the study trustful. The wider the range 

of secondary data sources, the better, as it provides a wider view and ensures the validity of 

the study by supporting the assumption that the researchers considered all the options they 

had at hand, since as Björklund and Paulsson (2003) point out, secondary data choice are 

subject to subjectivity. Books, scientific articles and peer reviewed journals fall under this 

category, and, as Yin (2003) suggests, complete each other. 

Data collection for this thesis 

The necessary data for this thesis was collected directly from the company. A first visit at the 

company included a meeting with Johan at LORAMAX. At the time the thesis was written, 

Johan was working on the very same topic. He provided all the necessary information about 

the product and the company, as well as the processes. Other necessary elements and 

further information was collected through questions that were asked directly to Johan, or 

the person in charge of this matter in the company, during the weekly meetings. The weekly 

meetings at the company were set up and used in order to determine if the thesis was on 

the right track, evaluate the feasibility of the suggested strategies, as well as discuss the next 

steps and collect more data to be used until the next meeting. General information about 

the company and its products was also collected from the company’s and its subsidiaries’ 

websites, as well as the documentation provided by LORAMAX International. 

Secondary data, such as theoretical frameworks and literature was obtained from reference 

books, scientific books, scientific articles and peer reviewed journals. All were encountered 

in Linnaeus University’s library, or using LNU’s article database (LibHub) or other search 

engines, such as Emerald, Business Source Premier, JSTOR or Google Scholar. The keywords 

for these enquiries included fields such as production management, operation management, 

production planning and production control systems. 

 

 



March - 2011 

25 

 

2.6 DATA ANALYSIS 

 

Data analysis is the part of a thesis that comes after collecting the data, and in which the 

researchers try to outline usable information out of the mountain of data they collected. 

Saunders et al. (2009) note that it is the part that may present the most risks of assumptions 

and leaps in analysis, although is usually also the most creative and interesting process. 

In order to process the information correctly, they recommend the use of a framework 

against which to analyze the data as well as the use of a hybrid method, since it is according 

to them unlikely that the researchers will work entirely inductively. In any case, the 

researchers will be making assumptions, as small as they could be, and these assumptions 

should be weighed carefully. Theory should also be weighed, and in both cases the 

researchers should ask themselves “why this assumption/theory, and not another?” in order 

to make a reasonable decision so as to which one is the most appropriate (Saunders et al., 

2009) 

Ghauri and GrØnhaug (2005) recommend the use of a framework developed by Miles and 

Huberman (1994) in order to analyze data and get the useful information from it. This 

framework is divided into three main “components”: data reduction, data display and 

conclusions drawing/verification. (See Figure 2) 

The first components, data reduction refers to the process of transcripting field collected 

data into usable data through selection, focus, simplification, abstraction and 

transformation. The researchers are to generate categories and identify patterns in this 

phase, in order to gain understanding. Ghauri and GrØnhaug (2005) also note that the 

researchers should be cautious in this phase, and considered all possible explanations for a 

phenomenon, for the sake of validity. 

Data display is the organization of the data after it went through data reduction. This 

organization should allow study and conclusion drawing, though the use of what Miles and 

Huberman (1994) refer to as “analytical activities”: 
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• Categorization 

• Abstraction 

• Comparison 

• Dimensionalization 

• Integration 

• Iteration 

• Refutation 

 

 

Source: Miles and Huberman (1994), as cited by Ghauri and Grønhaug (2005) 

 

Data analysis for this thesis 

The data analysis for this thesis will therefore also be conducted based on the process and 

steps as described above. That means the data will be collected at the site, then it will be 

filtered down to what is really needed, categorized into sections of data which would refer 

to the relevant theories that we wanted to use. The analysis will be conducted base on the 

collected data and then those data can be displayed and visualized as results. Eventually 

from the analysis of the collected data, conclusions and recommendations can be made. 

  

FIGURE 2: COMPONENTS OF DATA ANALYSIS: INTERACTIVE MODEL 
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2.7 VALIDITY AND RELIABILITY 

2.7.1 VALIDITY 

The validity of a thesis is measured by the relevance of the research method and the study in 

general to the point that is being made by is authors. Validity ensures that the authors of a 

thesis considered all the elements at their disposition, and did not pick a point of view and 

use only arguments in the favor of their conclusions. Svensson and Starrin (1996) state that, 

in general qualitative studies have a broader range of elements in the consideration of 

validity than quantitative studies. Ekwall (2009) consolidates this statement, and explains 

that this phenomenon is due to the proximity of the two parties, and their interactions, since 

they can influence each other. 

Three main kinds of validity can be found in the literature: internal validity and external 

validity. While construct validity has been described previously, internal and external validity 

are yet to be described. External validity is described by Yin (2003) as how much 

generalization can be made out from the empirical findings into broader theory. In other 

words, it has to do with the extent to which the findings can be applied to another case. 

Internal validity reviews the cause and effect relationship, and the level of assumption of the 

thesis. All arguments should be documented and all possible explanations considered before 

coming to a final judgment. Yin (2003) suggests avoiding a validity problem by addressing all 

explanations and by the use of pattern-matching. 

Validity of this thesis 

Despite being a qualitative study conducted closely with the company, the validity of this 

thesis is high. 

- Construct validity: The research question aims at solving a problem faced by the 

company, on which the company is also working. Therefore, all the information given 

by the company can be considered accurate, since it is in their best interest that the 

problem is solved correctly. The anonymous nature of this thesis should be 

considered as another proof of its validity, the company being wary of key 

information leaking out. A broad range of literature was used when necessary, 

ranging from both books and articles, to peer reviewed journals. 
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In addition to these three factors, this thesis has been followed closely by both our contacts 

at the company, and at Linnaeus University, including our tutor, teacher and opposing group. 

- Internal validity: All assumptions were avoided while writing this thesis. The validity 

of the material was verified when collecting data and receiving answers from the 

company, and different explanations and causes were considered before use. A large 

number of literature works was used to avoid the use of a one-sided opinion for the 

theory, and all solutions and applications were considered before choosing the 

appropriate one to apply. 

 

- External validity: This thesis is based on the observation of one company, and 

written in collaboration with the same company, to solve one of its problems. 

Therefore, unless being faced with the same problem, and having a relatively similar 

situation and structure, it cannot be guaranteed that this study can be put use. 

However, the theory as well as the general ideas and solutions can still be 

generalized, depending on how similar the target company is to the company in this 

thesis. 

 2.7.2 RELIABILITY 

Reliability ensures that another researcher conducting the same study will come to the same 

findings (Gummesson, 2000). Yin (2003) suggests the use of a procedure, or a database, in 

order to make sure that another researcher would be able to recreate the results. 

Reliability of this thesis 

The information was collected from the person responsible for the field that we were 

studying within the company. A researcher would have to make sure to speak with the same 

person in order to obtain the same information. However, all the information we received 

when writing the thesis, such as sales number, costs, lead-time, and a lot more factors were 

relevant when writing the thesis, but might not be at another time. Nonetheless, most of 

this data will probably be encountered in the company database if necessary. The data 

concerning the processes would have to be obtained from the employees responsible for 

them at the time we were writing the thesis if they were to change. All the members of the 
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FIGURE 3. SUMMARY OF RESEARCH METHODOLOGY 

Source: Own creation 
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group were taking notes during the meetings, and the notes were cross-matched, to verify 

our understanding. In the event of a disagreement, the matter would be enquired about 

either via email or at the next meeting. 

2.8 SUMMARY OF RESEARCH METHODOLOGY  

The following figure 3 presents a summary overview of our thesis research methodology.  
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CHAPTER 3. LITERATURE REVIEW 

In this chapter, all theories that are relevant to answering the research questions are 

introduced. The section begins with Value stream mapping (VSM) concepts, followed by 

Total Cost of Ownership (TCO). In order to understand the production strategy used by 

LORAMAX for the production of HERO, some production concepts are also presented.  This 

section ends with a presentation of two decision support models. In order to answer to both 

research questions, we use Value Stream Mapping (VSM) to deal with lead time reduction 

while the total Cost of Ownership (TCO) is used specifically to deal with cost reduction. The 

second question regards making or buying; and to answer this question, the Kraljic matrix 

and the make-or-buy model are used.    

  

FIGURE 4. FRAMEWORK OF THE LITERATURE 

Source: Own creation 
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RQ.1: 

How can the production cost and lead 

time be reduced for LORAM? 

 

RQ.2: 

How would the choice to either buy 

pre-assembled modules or 

manufacture them in-house influence 

the profit margin of LORAM? 



March - 2011 

31 

 

3.1 VALUE STREAM CONCEPT 

According to Pyzdek and Keller (2010), a value stream must depict all the activities, both 

value-adding and non-value adding, which are needed to convert raw materials into a 

finished product and deliver it to the end customer as well as the customer requirement 

from order to delivery, and the product design from concept to launch. It also can consist of 

a product, service and information flows, and lean principles are applied to analyze the 

value stream.  

3.1.1 VALUE ADDED, NON-VALUE ADDED AND NON-VALUE ADDED ACTIVITIES 

BUT REQUIRED 

Liker (2004) stated that all the company activities, operations, works and transactions can be 

grouped into three main categories: value-adding, non-value adding, and non-value adding 

but required. Monden (1998) also categorizes the company operations into three types of 

activity and work such as non-value adding (NVA), necessary but non-value adding (NNVA) 

and value-adding (VA). 

When raw materials, the assembly components, or any other essentials materials, services 

and information that is expected by the customer, go through the production process, they 

accumulate what could be called value-added. And activities that do not provide any 

contribution to meet customer expectation, and can be removed without any harm to the 

product or service functionality and the business, could be called non-value added 

(Harrington, 1991).  Thus value should be considered as a product or service that customers 

want or need and which they are willing to pay to have it. Non-added value activities in this 

case can be defined as any activity that consumes resources but create no value to the 

customer expectation, so can be considered as waste within the lean concept (Pyzdek and 

Keller, 2010). 

There is still another type of non-added value activities/operations but must be done under 

the present work conditions and operating procedures simply because it is needed to 

complete the product/service processes. For example activities like walking long distance to 

other places to pick up parts or components, open and close package/parcel from suppliers, 

controlling the control panel to lift up spare parts etc. (Monden, 1998). According to Ohno 
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(1988), these activities are needed to be changed in order to improve the work flow 

efficiency and eliminate muda. 

Figure 5 depicts the overall picture about the above mentioned activities and its 

categorizations. 

 

 

 

 

 

 

 

 

 

3.1.2 TYPES OF WASTE  

According to Ohno (1988), the following types of waste or so called “muda” can be found in 

the value stream. 

 

1. Defect: This refers to the poor quality of products which causes extra costs for repairing 

and replacing the defective parts  

2. Overproduction: This refers to producing more than current customer’s needs, which 

causes extra inventory, materials handling and others related unnecessary costs as well as 

creates excessive lead time.  

3. Inventories (in process or finished goods): Unnecessary stock of goods and related 

inventory activities which is not demanded immediately.  

FIGURE 5. UNDERSTANDING THE MANUFACTURING FUNCTION 

Source: Ohno (1988) 
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4. Unnecessary processing: This refers to the inappropriate usage of tools and equipment 

which causes over-processing on certain parts of the product than required by customer.  

5. Unnecessary movement of people: This refers to waste in motion such as double handling, 

reaching for parts and stacking parts etc. 

6. Unnecessary transport of goods: This refers to the fact that transportation activities do 

not add value to transforming the product. 

7. Waiting: This refers to the time waiting created when material, information, people or 

machine is not ready. Whenever the goods are not in transport or being processed, they 

create this type of waste.  

8. Designing goods and services that do not meet customers’ needs (added later by Womack 

and Jones, 2003) 

 

Those wastes (muda) are non-added value activities for the business and need to be 

eliminated when it is appropriate to change. The company or organization needs to apply 

the below five basic principles of Lean manufacturing in order to reduce cost by eliminating 

waste, since they consist of all activities that do not add value to the end customer (Womack 

and Jones, 2003). The five principles are described as following: 

1. Specifying value by determining what the customer values in a product or services.  

2. Defining the value stream for a specific product or product family along a value stream 

and eliminating non-value-added activities (NVA) as perceived by the customer so that the 

product or service is delivered to the customer in the most efficient way.  

3. Getting the product or service to flow by creating continuous flow for the value-added 

activities (VA), and replacing “batch and queue” with single-piece flow.  

4. Creating a pull mechanism from the customer by making what the customer wants and 

when they want it by establishing TAKT time, and regulating inventories.  

5. Striving for perfection through continuous lean journey.  

 

One of the most useful and appreciated tools by Lean management practitioners nowadays 

is to use Value Stream Mapping (VSM) in order to identify and help organizations eliminate 

all the above mentioned non-added value activities or waste (muda in Japanese), (Womack 

and Jones, 2003). 
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3.1.3 VALUE STREAM MAPPING (VSM)  

According to Womack and Jones (2003, p.353), Value Stream Mapping (VSM) can be defined 

as follow: “Value Stream Mapping is the identification of all the specific activities occurring 

along a value stream for a product or product family.” Rother and Shook (2003, p.2), defined 

that “Value Stream Mapping is a pencil and paper tool that helps you to see and understand 

the flow of material and information as a product makes its way through the value stream”. 

Martin (2008) stated that VSM is a very productive and useful process improvement method 

which is used widely in modern operations management. It is a very handy in identifying the 

non-added value work tasks and activities, and the information gained through the analysis 

can be used to eliminate certain percentage of none-added value activities. According to 

Evans and Linsay (2005), VSM highlight value-added versus non-value added activities with 

the time measurement for each of the activity. This allows people to measure the impact of 

those activities on the total lead time of the process, and compare the result with TAKT time 

(the pace of production needed to meet customer demand).  VSM will help to increase the 

percentage of value-added activities (VA) compare to the non-value added (NVA) time in the 

work flow, which can lead to the higher throughput of materials or information when the 

processes can be simplified, standardized, and mistake-proofed. The overall cycle time and 

inventory can be reduced and have positive impact on the throughput time. Eventually the 

company can have some key benefits when using VSM as follow (Martin, 2008): 

 

1. Higher customer on-time delivery (schedule attainment) 

2. Higher value added time/total time 

3. Higher throughput of materials or information 

4. Faster machine or job changeover (especially at bottleneck resource) 

5. Higher machine uptime (available time) 

6. Higher quality of work (scrap/rework/warranty/returns) 

7. Less floor space utilized 

8. Lower system inventory 

9. Higher supplier on-time delivery 

10. Lower overall system/operation cost 
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Figure 6 depicts some of the most common icons and symbols used in VSM 

  

FIGURE 6. VSM COMMON ICONS & SYMBOLS 

Source: Woehrle and Abou-Shady (2010) 
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3.1.4 THE FOUR STEPS OF CREATING VALUE STREAM MAPPING  

The purpose of VSM is to assist the management team to visualize and communicate about 

not only the current activities of the business flow reflecting today but also how the 

company should change in the future to influence the cost, service, and quality of its 

products and services. The VSM is an essential lean tool which enables and stimulates the 

stream value management, it also helps the company to continuously improve and manage 

new value streams (Keyte and Locher, 2004). 

In order to start implementing VSM, one must follow the defined four steps approach 

proposed by Rother and Shook (2003). They are respectively steps as follows: 

 

1. Select a product family 

2. Current State Drawing (Mapping) 

3. Future State Drawing (Mapping) 

4. Work Plan and Implementation 

 

Figure 7 shows the four steps to draw a VSM. 

 

FIGURE 7. STEPS FOR VSM 

Source: Rother and Shook (2003) 
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Besides, to implement the value-stream mapping effectively the following issues must be 

take into account (Baggaley, 2003): 

 

1. In VSM method, activities should be reported by value-stream and not by departments. 

2. There should not be overlap or just little of personnel responsibility in the value stream. 

3. Few or no shared services department. 

4. Low variability in production process and the control is needed. 

5. “Out of control” situation except scrap and rework should be tracked and controlled. 

6. Inventory should be under control, keeping level is low and consistent. 

 

Step 1. Select a Product Family    

To start the VSM process, the first step is an important step to follow. The product family 

needs to be defined; they can be identified as a group of products that have similar activities 

and resources required in their production process. In order to do this, one must really start  

from the end of the downstream part in the value stream which closest to the customer. 

A product family has been defined as “a group of products that pass through similar 

processing steps and over common equipment in your downstream processes” (Rother and 

Shook, 2003, p.4). The products family represents all the work and transactions that the 

company seeks to change with the use of VSM. At this step, one must be able to determine 

the practical limits of the mapping activity (Keyte and Locher, 2004). 

 

Step 2. Current State Drawing 

When the products family has been identified, the mapping of current state can be drawn 

(Rother and Shook, 2003).  Firstly the list of all involved activities to create products must be 

composed as shown in Figure 8 to reveal the differences and similarities. The total cycle time 

of each of the activity must also be included along with the total product cycle time, which is 

the sum of all the time from all those activities to create the product. The information 

gathered will be used later on to define the added-value and non-added value steps in the 

value stream (Womack and Jones, 2003). 
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FIGURE 8. TEMPLATE FOR LIST OF ACTIONS 

Source: Womack and Jones (2003) 

 

The map can be drawn along with data boxes which contain information related to these 

activities such as cycle time, setup time, availability, uptime, number of operators and WIP 

(work in progress) etc. (Tapping et al., 2002). It is important to “take a walk” along the entire 

value stream, document and record all the activities, facilities, equipments, transport links, 

information data, and the time required performed to complete the product. At this stage, 

one should understand how things are currently operate, and it will serve as a base line for 

the future state (Rother and Shook, 2003). 

 

 

 

Step 3. Future State Drawing 

The future state mapping is supposed to show the direction of a new design value stream, 

after eliminating all of the defined wastes, this map should give the answers to most of the 

eight designed questions of the future state proposed by Rother and Shook (2003) as shown 

in Table 3. Due to the fact that it is not always possible to implement and draw all the 

changes and improvements in the future state map, the managers who conduct the VSM will 

have to plan for the implementation and divide that into incremetal steps. Value-stream 
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TABLE 3. DESIGN QUESTIONS FOR FUTURE STATE MAP 

Source: Rother and Shook (2003) 

 

future plan is a compact document with guidances and recommendations to achieve the 

future state which requires a future state map, detailed processes map of all levels, and also 

a yearly value-stream map. Value-stream plan should contain measurable goals, identified 

checkpoints, and need to have auditors/controllers as well as supervisors assigned. At this 

stage, managers should aim to design a lean flow (Rother and Shook, 2003). 

 

 

Takt time 

“Takt” is a German word for pace, the rate of which a company can produce a product to 

satisfy customer demands (Cudney, 2009). It also can help to match the pace of one process 

to another; the takt time can be calculated by dividing available working time, with the 

customer demand rate per day.  In case if the value stream is faster than Takt time, it means 

that there would be waste because of overproduction, otherwise if it is less than Takt time, it 

means that the company is lacking of capacity and hence will not be able to satisfy customer 

demand (Evans and Lindsay, 2005). 

 

Step 4. Work Plan and Implementation 

This is the final and most important step, at this stage; the detailed work plan for the 

company to implement the recommended changes is created.  The VSM is just an effort to 

visualize the work flow, identify waste and design the desire future state, but implementing 

the work plan is the main goal to achieve (Rother and Shook, 2003).The work plan should 

include the recommended improvements actions in details that can help the company to 

achieve the desired future state. It is referred to the Japanese term as Kaizen, which means 

continuous incremental improvements to help the organization to creating more value and 
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achieve the lean goal; this process would never end to inspire the perfection (Womack and 

Jones, 2003). This detailed work plan is the critical success factor for Value Stream 

Management since it provides the detailed information needed for management to monitor, 

control and response to the implementation progress (Keyte and Locher, 2004). 

 

  



March - 2011 

41 

 

3.2 TOTAL COST OF OWNERSHIP (TCO) 

The largest source of expenditure for firms are incurred on purchases made from suppliers 

Nelson et al. (2001) as cited by Zsidisin et al. (2003) and according to Jonsson (2008), this 

accounts for the largest share of the final cost of a product. It is therefore important to 

effectively manage the expenditure on materials and components. It is understandable, as 

Ellram and Siferd (1998) point out, that many organizations have shifted the ultimate 

responsibility for cost control from the finance and accounting function to the purchasing 

function. According to Zsidisin et al. (2003) the increasing expenditures on materials require 

that companies effectively manage their purchasing cost, and Nelson et al (2001) as cited by 

Zsidisin et al. (2003) say that the ability to effectively management and reduce cost is a 

source for competitive advantage because it is valuable, non-transferable and a non-imitable 

human knowledge. One of such cost management tools is Total Cost of Ownership (TCO) 

(Zsidisin et al., 2003), however despite its importance; its use is limited in most organizations 

because it serves more the purchasing function which in most organizations is not 

recognized as a strategic activity (Ellram and Siferd, 1998).  

Ellram and Siferd (1998) describe TCO as a tool and as a philosophy that is important to 

understanding the relevant costs of buying a particular good or service from a particular 

supplier. Monczka el al. (2009) define it as the present value of the overall cost incurred 

during the life time of a product, service or capital equipment. This tool help organizations 

gain a long-term and a system oriented understanding of the true cost of doing business 

(Zsidisin et al., 2003). Total Cost of Ownership is a tool used to purchase materials at the 

lowest possible cost. It serves as a support for supplier selection and evaluation and it is 

different from traditional procurement where supplier selection and evaluation was based 

on price alone (Ellram and Siferd, 1998). The TCO seeks to minimize purchase cost and this 

requires that all activities that generate cost and which do not add values to the final 

product are minimized as well (Jonsson, 2008). The TCO can be seen as an application of 

activity based costing (ABC) concept to support sourcing decisions (Wouters et al., 2005) 

Bobler and Burt (1996) warn that the purchase price of a product is only one element of 

TCO. In addition to the purchase price, TCO elements include; ordering cost, research and 

supplier qualification, transportation, receiving and inspection, rejection, storage and 
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disposal cost (Ellram and Siferd, 1998). Other TCO cost elements include; administrative cost, 

material defect costs such as; cost for rework, lost productivity cost (Bobler and Burt, 1996), 

long term preventive cost for supplier evaluation, supplier development and quality systems 

(Jonsson, 2008), and he points out that it is possible for indirect procurement cost to exceed 

direct procurement cost. There is a wide disparity of what cost elements to be included in 

total cost analysis, but typical elements could be grouped into the following four categories 

(Monczka et al., 2009): 

� Purchase price: this is the amount paid to the supplier for the product, service or 

capital equipment. 

� Acquisition costs: This includes all costs that are connected with bringing the product, 

service or equipment to the customer’s location and these may include sourcing, 

administration freight and taxes. 

� Usage costs: this is includes all cost involved with the conversion of the materials 

purchased into the final product and supporting it through its usable life. Examples of 

such costs include inventory, conversion, scrap, warranty, installation, training, 

downtime, and opportunity cost. 

� End-of-life costs: These are cost incurred when a product, service or capital 

equipment gets to the end of its useful life, net of its salvage value. Examples include; 

obsolescence, disposal, clean-up and terminal costs.  

Figure 9 below summarizes cost elements for TCO under the heading as proposed by 

Monczka et al. (2009) 
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FIGURE 9. TOTAL COST OF OWNERSHIP 

Source: Adapted from Monczka et al. (2009) 

 

3.2.1 TCO ANALYSIS STEPS 

In order to capture all the relevant costs correctly, Monczka et al. (2009) outlines a six steps 

model for carrying out TCO analysis. 

 

� Step 1: This step involves process mapping to identify all activities involved in order 

to develop the TCO cost categories. 

� Step 2: In this stage cost elements and sub elements for each category are 

determined 

� Step 3: This step is critical because it involves determining how to measure each cost 

element. 

� Step 4: At this point data is gathered and cost is quantified 

� Step 5: Develop a time line and place each cost element in the appropriate time line, 

then determine the totals for each time period. 

� Step 6: In order to take account of the time value for money, it is important to bring 

all cost to their present value and compare cost in present terms. The argument for 
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this step is that, one unit of money spent now is worth more than a unit spent one 

year later.   

There is inherent risk in using TCO when there is lack of understanding, because as a decision 

support tool, improper use of the tool may be costly to the organization and may ruin the 

company’s competitive strategy, profitability, pricing decisions and product mix (Ellram and 

Siferd, 1998). TCO therefore provides an important support to an organizations cost 

management strategy and according to Shank and Govindarajan (1992) as cited by Ellram 

and Siferd (1998) should blend value chain analysis, strategic positioning analysis and cost 

driver analysis. 

Value chain analysis 

Value chain analysis is a way of increasing customer satisfaction and managing cost more 

effectively Drury (2000). This analysis requires that firms consider all activities in which they 

are involved and which are required for production of goods and services and deliver to the 

ultimate consumer (Ellram and Siferd, 1998). This therefore considers internal operating cost 

and external cost in dealing with suppliers and customers. 

3.2.2 STRATEGIC POSITIONING 

According to Shank and Govindarajan (1992) as cited by Ellram and Siferd (1998), the 

orientation of the cost management will depend on whether the company is pursuing a cost 

leadership or differentiation strategy. According to them, companies that pursue the cost 

leadership strategy would place more emphasis on cost management and would report on 

items such as product cost because they want to send the cheapest product to the market. 

Product differentiation strategy on the other hand will place emphasis on marketing cost 

because they want to communicate to customers how different their products are therefore, 

the emphasis would be to control marketing cost. 

3.2.3 COST DRIVER ANALYSIS 

A cost driver is any product, activity, function or department within an organization that 

causes cost to be incurred. Traditionally, cost has been assign to production volumes but the 

TCO realizes that supplier cost are not only driven by purchase quantities, but rather by all 

aspects of supplier performance including activities such as; accurate invoicing, timely 
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delivery, and product or service performance as well as response to inquiries (Ellram and 

Siferd, 1998). In the light, the TCO is similar to Activity Based costing (ABC), which seek to 

assign cost to activities on a cost-and-effect basis first, then later to the final product. 

According to Wouters et al. (2005), the TCO is an application of ABC and a tool for 

supporting sourcing decision. The main difference however between TCO and ABC is that the 

application of ABC requires that cost be captured in greater detail both by supplier and by 

item purchased (Ellram, 1995, as cited by Wouters et al., 2005). Another difference is that 

the TCO is used on a firm’s interface with supplier to improve sourcing decisions, while ABC 

is more for internal use (Wouters et al., 2005). 

3.2.4 TCO AS A TOOL 

TCO involves a consideration only of all the costs for relevant activities. In other words, it 

considers only the cost of activities that add value to the final product which is delivered to 

the customer. By considering only the relevant cost, there is an opportunity to identifying all 

non-value adding activities which consume resource and scraping them off the product’s 

cost structure. As a decision making tool, it can be used to rule out whether to product in 

house or to outsource production to a supplier (Ellram and Siferd, 1998). By considering all 

the costs that are relevant to the “in house production” alternative and comparing the total 

of these costs with those of the “outsource” alternative, this decision is made simple. 

Everything being equal, the best decision would be to go for the least expensive alternative.  
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3.3 PRODUCTION STRATEGY 

In this part, we will present theories about production strategies that are relevant with the 

ones used at LORAMAX. The purpose of this part is to introduce and explain concepts and 

aspects of the production strategy that we will be studying during the empirical part of the 

thesis. Underlying concepts such as postponement and modularization are also covered in 

this part in order to explain our reasoning and present the prerequisites to other key concepts 

such as product structure and bill of material. 

Although not the main tool for this thesis, the production strategy part, and more specifically 

the bill of material theory is presented, since it is used as an important supportive tool for 

both the Value Stream Mapping and Total Cost of Ownership concepts. 

3.3.1 POSTPONEMENT  

The progresses made in supply chain management in the past few decades highlight and 

advocate the production strategy known as postponement, as opposed to forecasting, for 

certain types of products (essentially when customization is involved). The principle of 

postponement is to avoid producing to stock, but rather stock the components and 

manufacture the final product only when a customer order is received, since the product 

specifications and characteristics will then be known by the company (Jonsson, 2008).  

Nahmias (2005) refers to this production strategies as postponing the configuration of the 

final product as long as possible, while Chopra and Meindl (2007) talk about delaying 

product differentiation as long as possible. 

 

Benefits of the postponement strategy include improved matching of supply and demand, 

increase in profits, improved handling efficiency, as well as reductions in inventories, risks 

and lead-times. This strategy does not however apply to all types of products and supply 

chains, and can be costly, even though the benefits usually outweigh the costs Jonsson 

(2008); Nahmias (2005); Chopra and Meindl (2007). The main pre-requisites to applying this 

strategy lay in the nature of the demand for each type, since it has to be independent and 

comparable in size, and should not be positively correlated (Chopra and Meindl, 2007), in 

order to justify and change in production strategy. Jonsson (2008) also mentions that when 
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applying this strategy, two main routes open up: the “basic version with accessories” route, 

or the “modularization route”. 

3.3.2 MODULARIZATION  

As described in the previous section, there are two means of dealing with a product available 

in many variants, the basic version with accessories, and the modularization (Jonsson, 2008). 

Both names are rather self explanatory, however since modularization is used by LORAMAX, 

we will be explaining it more in details. 

Modularization means the product is divided into different modules (standardized parts) 

during the design phase. These standardized parts can then be assembled and replaced 

more or less at will, in order to create a product in accordance with the customers wishes 

(hence the need for a postponement strategy). Jonsson (2008) notes that for modularization 

to be most effective, there should be the least possible dependencies and mutual 

restrictions between the different modules. Slack et al. (2009) also highlight the reduction in 

costs for companies using modularization strategy when manufacturing, since the 

interchangeable components can be produced at a higher volume. 

3.3.3 PRODUCT STRUCTURE & BILL-OF-MATERIAL (BOM)  

Manufacturing a product demands a lot of planning from the company’s part. Materials and 

components have to be available, different parts have to be manufactured in a specific 

order, some of them have to be available at the same moment for the purpose of assembly, 

even though they may have different lead-times. In order to coordinates all these processes, 

companies use documents referred to as Product Structure, or Bill-of-Materials (Jonsson, 

2008). According to Jacobs et al. (2009), the BOM file (also known as product tree) contains 

the complete product description, listing materials, parts, components and sequence in 

which the product is created. They also explain that parts are often listed with the use of an 

intended structure, in order to clearly identify the number of components needed, as well as 

their own specifications and identification numbers. 

 

Another similar diagram is the explosion calculus, or Bill-of-Material explosion. This diagram 

is essentially the same as the product tree, although it also lists the lead time necessary for 

each component. This diagram involves properly coordinating lead times and requirements, 
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and is usually used for the purpose of Materials Requirement Planning (MRP), with or 

without the use of a software, although a software is usually used since the diagram can be 

extremely complex, with as much as fifteen levels in some industries Nahmias (2005). 

Nahmias (2005) also specifies that companies can use a modular BOM for items that can be 

produced and stocked as subassembly, since some items (and it is the case in this thesis) are 

better controlled as modules. Modular BOMs are used in order to plan every combination 

and option that the product can be combined into, therefore making it easier for the 

company to forecast, schedule and control.  

 

FIGURE 10. GENERIC BILL OF MATERIAL WITH LEAD TIME EXAMPLE 
Source: SAS Institute Inc. (2011) 

 

Jonsson (2008) mentions that a product complexity from a logistical point of view can be 

determined from the product structure tree and BOM. There are two factors to consider 

according to him, the BOM breadth, and the BOM depth. Every node in the product 

structure represents a planning point. Therefore, the “deeper” the structure, the more 

planning and procurement is necessary. The breadth of the BOM relates to the number of 

items that will be required in order to manufacture the final output, and therefore, the 

“broader” the product tree, the more difficulties may arise for the manufacturing company, 

since many components need to be available at the same moment in time and this may 

create coordination problem. 
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3.4 PORTFOLIO ANALYSIS (KRALJIC MATRIX) 

Portfolio analysis is a support tool to assist with strategic decisions such as where to invest 

scarce resources and also to segment suppliers and product in order of importance (Lysons 

and Farrington, 2006). The most famous popular portfolio matrix is the BCG portfolio 

developed by the Boston Consulting Group to assist in strategy formulation and for deciding 

on business opportunities based on market growth rates and shares. The first portfolio 

matrix for use by purchasing and supply management was developed in 1983 by Kraljic 

(Lysons and Farrington, 2006). In some cases, this matrix is referred to as Kraljic matrix, 

(Jonsson, 2008). The Kraljic matrix as cited by Lysons and Farrington (2006) is based on two 

premises:  

• That volume purchased, the percentage of total cost and the impact of a particular 

item on the final product’s quality or business growth have an impact on profits. 

 

• The supply risk for that particular item is determined by its availability (Number of 

suppliers, Make-or-buy opportunities, storage risk and substitution opportunities) 

 

The Kraljic matrix or product portfolio matrix is represented by four quadrants representing 

either; leverage, strategic, non-critical or bottleneck items as shown below. The vertical axis 

indicates the product’s importance in terms of cost and profit contribution while the 

horizontal measures the product’s availability or risk in the market. The horizontal axis will 

measure availability, ranging from high to low, while the vertical axis will measure the risk, 

ranging from low to high. The logic here is that when availability is high, supply risk is low but 

when availability low, supply risk is high. 
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FIGURE 11. PURCHASING PRODUCT PORTFOLIO 

Source: Weele (2010) 

3.4.1 LEVERAGE ITEMS  

Such items enjoy high market availability/low risk and contribute significantly to company 

growth. The company should make sure their stocks for leverage items never run out, since 

their consumption of these will be very high (Handfield et al., 2009). They represent a 

significant portion of total purchase spending for the buying company, and because these 

market conditions empower the buyers more, it is called the buyers’ market (Jonsson, 2008). 

3.4.2 NON-CRITICAL ITEMS  

These items are less significant to the company but they are widely available in the market. 

Examples of such items are screws, washers, janitorial services, facility management and 

office supplies (Jonsson, 2008). The transaction cost for such items may be significant 

relative the purchase price (Jonsson, 2008). The goal for non-critical items should include; 

reducing the number of items in this category, eliminating small volumes spending, 

rationalize the number of units in order to control cost (Handfield et al., 2009). 
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3.4.3 BOTTLENECK ITEMS  

Bottleneck items are vulnerable with respect to their supplies and they contribute very little 

to profitability and growth of the company (Weele, 2010). Such items tend to be expensive 

because there are few available suppliers in the market.  The primary strategy for such items 

is to avoid delivery shortages (Jonsson, 2008; Handfield et al, 2009) because shortages in 

these items are able to stop production which may result to sale losses. 

3.4.4 CRITICAL ITEMS  

Critical items are of great significance to the company but they face a supply risk because of 

low market availability. These items are of strategic importance because they are usually 

supplied at customer specification, and for these kinds of items, only one source of supply is 

available and this cannot be changed in the short run without incurring considerable cost 

Weele (2010). Example s for such items include high-tech and high-volume customer-specific 

product. Expenditures on such items are high and they help to support not only the overall 

strategy of the company but also to support the core competences of suppliers. The 

appropriate strategy for such items therefore is to build partnership because the company is 

operating in a seller market (Jonsson, 2008). 
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3.5 MAKE-OR-BUY 

 Organizations are usually faced with the challenge of deciding whether to make or to buy 

component and or modules for their manufacturing process. According to Dobler and Burt 

(1996) every job or purchase request implies a make-or-buy decision. Such decisions are 

critical because they may have serious implication on company strategy. For instance, 

choosing to buy instead of making may reduce cost but this may not favor a differentiated 

strategy, just like a make decision may increase quality, but may not be in line with a cost 

leadership strategy (Hansen and Mowen, 2006). Such decisions could be essential for growth 

and success and according to Hill (2000) are crucial for survival. 

 

 

FIGURE 12: DECISION PROCESSES FOR THE MAKE OR BUY DECISION 

Source:  The Society of British Aerospace Companies, cited by Lysson and Farington (2006) 
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CHAPTER 4. EMPIRICAL FINDINGS 

The empirical part of the thesis will be dedicated to explaining LORAMAX ‘s current 

production strategy and the research we have conducted about it in order to improve it. 

• After discussing the matter and explaining our train of thoughts to Johan at 

LORAMAX for more insights and suggestions, we came up with the following plan for 

the empirical and analysis chapters: Value Chain Mapping to analyze the processes 

lead-times in depth, and Total Cost of Ownership to fill in the gaps about cost, at 

which point we will be able to answer our first research question, which was How can 

the production cost and lead time be reduced for HERO?. Once this first question is 

dealt with, we will use the Kraljic Matrix so as to select a module on which our second 

research question, How would the choice to either buy pre-assembled modules or 

manufacture them in-house influence the profit margin of HERO?, is based. The Value 

Stream Mapping and the Total Cost of Ownership findings will help us give an answer 

for the Make or Buy decision on the modules selected with the Kraljic Matrix.  

Although the Bill of Material comes after VSM and TCO for academic format reasons, 

in practice it was realized first, as the information is needed to build both the VSM 

and the TCO. It is however just a supportive tool.                               

                  

4.1 VALUE STREAM MAPPING (VSM) 

In order to answer the research question one on reducing production lead time cost for 

HERO, we used the VSM and TCO as tools to conduct the research. The empirical findings 

from the VSM are presented and later on used to do the TCO analysis. By using VSM we 

believe that all the production processes will be captured and presented in a way that it 

would help the company and the management to define points for improvements and 

reduce lead time in the future  (Woehrle and Abou-Shady, 2010).  The VSM is especially 

helpful in drawing the time line for the whole production processes as well as each and 

every of them by using quantifiable data and visualization for both the information and 

material flow. (Cudney, 2009). 
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We decided to put the first (define product family) and second step (draw current state map) 

out of four steps to create VSM as discussed above in section 3.4.1, into the empirical part 

instead of the analysis section. That is because of the nature of the steps itself. They actually 

only reflect the current status of the company and its assembly processes for HERO, which 

we considered as empirical findings and this will be used as base information and data for 

the analysis purpose (define waste and Kaizen, lead time calculation and comparison etc.) 

for the later steps (draw future state map and implementation plan) of VSM, found in the 

analysis section.   

We will describe how we collect the empirical data and conduct the VSM here; following the 

steps described in the theoretical chapter under the VSM section 3.4.1. As defined by Rother 

and Shook (2003), those are respectively: 1. Select the product family; 2. Current state 

mapping; 3. Future state mapping and 4. Work Plan and implementation. At the current 

stage of empirical findings, we had been able to depict the current state mapping of 

LORAMAX from two different levels.  

 

1. The single-plant (door to door) level (Rother and Shook, 2003) which depicts the holistic 

view of HERO’s production process, from the point of materials are supplied from suppliers 

to the point of customers receiving the HERO finished product.   

 

2. The assembly process level mapping which depicts the whole picture of the assembling 

process HERO, from the point of getting the raw materials moving through all the main 

assembling processes at the work floor to the point of shipping it to the customers. This can 

be referred to as process level mapping when drawing a VSM (Rother and Shook, 2003). 

 

The reason we chose to make the VSM for both levels, is because we want to give the 

management two different pictures of the current state of HERO’s production processes: 

The big picture of HERO’s production process, and the picture of the specific assembling 

process at the work floor. Base on these two current state mappings, we then can discuss 

and define the spots for Kaizen burst, or points for improvement in the production processes 

of HERO. From these Kaizen points defined at the later stage, we will then be able to draw a 

future state mapping, which is actually the desirable state of the production processes of the 
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future for HERO. Eventually a work plan or action plan can be created in order to support the 

company in achieving its desired state of the VSM. 

According to Rother and Shook (2003), in VSM, there are two main flows of the value 

stream, the information flow and the material flow. These flows will be presented in the 

map as follows: the information flow is drawn from right to left in the top half of the map 

space and the materials flow is drawn from the left to right in the bottom left of the map 

space. The map is built up with a number of process boxes, which is used to draw the 

processes of activities throughout the value stream. The inventory is drawn as a triangle, 

which implies that there are inventory activities involved. The arrows pointing to the right 

depict the movements of materials across the value stream from process to process, and 

underneath the process boxes we can see some of the data boxes, which contain all the 

needed data such as Cycle time (C/T), Change-over time (C/O), number of operators, number 

of shift, reliability of completion etc. 

The timeline is drawn at the bottom of the map, which depicts the lead time and process 

time of each individual process and the waiting time between them. Eventually the total lead 

time and the value added time (process time) can be calculated and shown at the bottom 

right corner of the map. (Rother and Shook, 2003) 

To understand the symbols used in the VSM maps, please refer to the Appendix 12 for the 

legend. 

4.1.1 CURRENT STATE MAPPING – SINGLE PLANT LEVEL 

Before we could draw the current state map, the data was collected by visiting the company 

and measuring the lead times and process times of the assembly line. According to the four 

steps of VSM creation (Rother and Shook, 2003), we had defined our product family or the 

boundary of the product line that we are going to draw the map specifically for as a first 

step, that is HERO. This activity is done by using the Bill of Material of HERO (see figure 15) 

to define the product family, and therefore, the product lines with the most number of 

modules, were chosen to conduct the VSM. During the visit at the company, we interviewed 

the employees and the managers about the processes of producing/assembling HERO. At 

the high level process mapping, we interviewed Johan for the information that helps us to 
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depict the value stream from the point of customer ordering to the point of which the 

product is shipped.  In addition, we conducted the time check exercise for each of the 

process in the assembly line of HERO and recorded the time; this was used in our VSM to 

draw the time line. 

From the information collected from Johan and employees on the assembly work floor, we 

have the data set for current state VSM – Single plant level of HERO’s product family at 

LORAMAX as follows: 

Production Processes 

1. LORAMAX’s processes for this product family involve production planning and 

assembling the components supplied by suppliers and subsequent quality check. The 

product is then packed and shipped to the customer with an estimated lead time of 

3-5 days. 

2. First of all the customer place an order via the production control system, the 

controller will then register the order into the system and then incorporate the order 

into weekly production plans. The weekly plan information is communicated with all 

the processes involved electronically via the MRP system, operator at each of the 

process can review the order data in the system when needed, as well as the product 

specifications and any other requirements. All the drawings of the product can be 

printed out from the system to support the assembling activities. 

3. From the production control system and Johan, the requests for new 

materials/components is generated and send to the suppliers base on 90 days or 12 

months prognosis, this is varied based on the number of available items in the stock. 

Some components may require 90 days of prognosis and others may require 12 

months prognosis depends on the characteristics of the components/items. 

4. The suppliers then will deliver the purchasing order; it may take 4 – 24 weeks in 

order to deliver the requested components/items. The lead time is varied due to the 

fact that some components will take more time for delivery and ordering for certain 

items are difficult to have small quantity ordering. For instance the monitors may 

take 6 months to complete the order since LORAMAX cannot order larger quantity to 
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gain priority from suppliers; the company has to order the parts from an 

intermediary instead, as explained by Johan. 

 

5. The components will be stored in the ware house temporarily; the inventory is kept 

at the stock level that enough for one month of production. Since the ware house is 

also located within the range of the assembly line, it implied almost no lead time for 

taking the parts out for production. This is also thanks to the fact that HERO is a new 

product and hence number of units produced is limited (see customer requirements, 

p.54) 

6. The components/items is then moved from the inventory to the production 

queue/planning process. At this step, all the orders will be prioritized based on 

customers information, some customers are more of important than others to the 

company hence those customers will be given a priority in the queue/production 

plan, as explained by Johan. 

7. The components/items is then moved to the picking and assembling process, in this 

process the product is built up by assembling the parts into one, the picking activities 

are executed at the same time.  

8. After the product is assembled, it will be moved to the next process that is quality 

control. In this process the product will be examined by turning on for 12 hours 

continuously. Any defect products found will be returned to production control 

department. The defect ratio is estimated at 2%. 

9. Following the quality checking, the product is now ready for packing. This process is 

normally would take only 10 min to complete per unit. 

10. When the packing is done, the product is now ready for shipping; the third party 

logistics provider will handle the process from this point forward. Normally it would 

take 3-5 working days before it can reach the customers. 

Customer Requirements 

� 1200 units per year (demand) or about 100 units per month or 5 units per day 

� Delivery within 3 weeks from the date of order 

� Product have variations to serve different markets/segments 

� Various prices for different customers 
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Work Time 

� 20 days a month 

� One shift operation in all production departments 

� Eight (8) hours every shift, with overtime if necessary 

� 30 minutes break for lunch 

� Manual processes stop during breaks, unpaid lunch 

LORAMAX’s Production Control 

� Receive prognosis of 90 days or 12 months from purchasing managers and taking 

orders from customers. 

� Issues purchasing orders electronically (fax, email) 

� Generate weekly production plan based up on customers order. 

� Generate weekly schedule to all production processes 

� Issue shipping schedule to third party logistic provider 

After collecting all the above data and information, we have created now a current state 

mapping of HERO – Plant level as you can see in the figure 13 below.  

4.1.2 CURRENT STATE MAPPING – ASSEMBLING PROCESS LEVEL 

As mentioned earlier in the previous section, we have conducted two current state maps. 

The first one – current state map at single plant level is conducted earlier. In this section we 

will present the current state mapping of HERO – assembling processes level, the map will 

then depict the steps of assembling HERO, from the point of receiving materials to the point 

of the product is shipped.  

 

Since the information flows of this level current state map are actually similar with the 

previous map, so we will not repeat the description of those steps. Instead we will start from 

step 1 as a point from which the materials/components are moved into the assembly line 

Based on the collected data, observations, information and our own lead time 

measurements on the assembly processes, the assembly processes at the work floor are 

described as follows: 
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1. Materials/Components are moved from inventory to assembly line, before moving to 

the assembly line it has the waiting time of about 6 days for production 

queue/planning process. 

2. First of all the reading table is assembled, the reading table although is a low value 

component, but it takes an important value of the product on the touch and feel of 

the customers. The table have so many small parts to be assembled together and 

required lots of checking time, so it takes about 48 minutes to complete this module. 

3. After that the circuit board will be mounted, this is one of the key components of 

HERO, since it takes the role as a heart of the product. The circuit board contains 

chips that can be programmed to utilize all the functionalities that the product may 

have. The process to mount this part will take about 10 minutes to complete. 

4. In this process, the camera will be mounted, this is one of the most important parts 

of the product, since it requires high precision and excellent quality, so the part is 

indeed very expensive and need to be handled with care. The process will take about 

12 minutes to complete. 

5. The next component to be assembled is the panel; this process will take 10 minutes 

to complete. 

6. After that the LED lamps will be assembled, the lamps are required to light up the 

object on the reading table and it supports the quality of the picture appeared on the 

screen. For the regular HERO product type with the conventional camera, the 2 LED 

lamps will be installed, for the premium quality version of HERO with HD camera is 

used, the 4 LED lamps will be installed. This process takes 48 minutes to complete. 

7. The next step is to assemble the monitor; this is probably one of the most expensive 

parts of HERO.  There are two types of monitors, the 18,5 inches and the 23 inches. 

The process of assembling the monitor will take about 43 minutes to complete. 

8. The last step in assembling HERO is so called final assembly. In this process, all the 

miscellaneous parts such as the bracket and the stand will be assembled and 

finalized. The process will take about 57 minutes to complete.  

9. The last step is shipping, when the finished product is transferred to the shipping 

company, which will then take about 3-5 working days for delivery. 
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From all the above described information and data, we have created the current state 

mapping for the assembling processes of HERO, see figure 14.  

 

So far we had completed the first two steps out of four on how to create the VSM (Rother 

and Shook, 2003), based on these two current state maps, we will then use them to discuss 

with the company and the managers for the next steps. That is to create the future state 

mapping and the working plan in order to help the company to achieve the desired 

outcomes at the later stages (Cudney, 2009). 

 

We also notice that the mapping process would need also verifications from the 

management, and hence in the next stage of doing our thesis, our VSM maps can be 

changed due to the verifications and more information that we may have. In addition, VSM 

is a processes flow reflecting tool, one of the lean manufacturing techniques for eliminating 

waste and achieving continuous improvement (Woehrle and Abou-Shady, 2010), so it is 

certain that this is not a one-time effort and after some time, the company may need to 

revise the maps in order to update it accordingly.   
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FIGURE 13. CURRENT STATE MAPPING OF HERO - SINGLE PLANT LEVEL 

SOURCE: OWN CREATION  
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FIGURE 14. CURRENT STATE MAPPING OF HERO - ASSEMBLING PROCESS LEVEL 

SOURCE: OWN CREATION  
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4.2 TOTAL COST OF OWNERSHIP (TCO) 

At present LORAMAX’s product are sold only to organizations that deal with visually 

impaired people such as councils, hospitals etc. They assemble following orders from such 

organizations and they do not accept orders from individuals yet. Cost reduction is a major 

challenge for LORAMAX regarding its new product HERO. As we were told by Johan, HERO 

faces stiff competition from cheaper countries such as china, South Korea, Japan, USA, 

Germany and Australia. The final product has eight modules and the total assembly cost for 

each module was extracted from the cost report for the respective modules. All purchases 

are handled by the purchase department and the cost elements involved for purchasing are 

principally the invoice price, freight cost, material price variance cost and ordering cost. 

Appendix 1 lists the cost elements that make up total assembly cost for each module. It also 

gives the source and the basis for calculating the different costs. 

The purchase price and assembly labor cost are directly assigned to the final module while 

overheads are assigned on the basis of either material cost or labor cost. The direct costs 

associated to materials and labor for each module is summarized on appendix 2. For all the 

modules that have different models, the average costs for all the variant models are 

considered. Such modules include monitor, panel and lamp. 

Some modules such as the bracket, the support and the package are purchased already 

assembled and therefore do not have any assembly cost. Apart from these three modules, 

every other module is assembled in house. The cost structures for the different modules are 

presented in the appendix 3.  

For TCO analysis, the cost elements are classified under purchase price, acquisition cost and 

usage cost. There is no end-of-life cost involved since we are not dealing with capital 

equipments that will be disposed off at the end of their useful life. Appendix 4 gives a 

summary of all the relevant TCO elements considered for each module. 

The assembly line of HERO is quite streamlined with few processes and activities involved. 

These activities include; getting orders from production queue, collecting the bill of material, 

picking up material required for the assembly, actual assembly and finally quality control. 
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The lead times for assembling the different modules and their lead times are presented in 

the section value stream and bill of material. 

4.3 BILL OF MATERIAL 

The first step is to find out about the actual costs and lead-times for manufacturing. 

LORAMAX knows the cost of materials, but does not dispose of a lot of information on lead-

times apart from estimations. In order to know the exact cost of manufacturing for each 

product, it is thus necessary to find out the exact lead-times for each item, so as to be able 

to calculate the labor cost for each module. Once this step is completed, the labor cost for 

the final assembly also needs to be added to the material cost and labor cost of the 

complete product variant. As of today, since the lead-times for every module and especially 

for the final assembly are unknown, LORAMAX’s estimation of actual costs is not entirely 

precise. 

The lead-times assessment was conducted the following way:  together with the responsible 

employee as well as Johan, we discussed what should be included in the measurement, 

based on the activities the employee would normally perform. It was decided to include the 

recovery of the order information, comprising mainly the bill-of-material for the module, an 

assembly guide and data on the lead-time for the order. The second step to be performed is 

picking of the necessary material for the assembly, which as we found out, is carried on 

before every assembly. The third step in the assembly process is the actual assembly of all 

the pieces of the module. Quality control and / or adjustments are the fourth step, although 

it is not required for all items. It was thus included when relevant. No set-up time is required 

for any of the modules, thus this variable was left out. 

The choice of the employee that was to assemble the module was conducted by Johan, who 

normally does it. This choice was made accordingly to which employee would normally 

assemble the module, in order not to temper with the lead-time results. All employees were 

informed about the process; however we took care, along with Johan, to inform them that it 

was not a performance appraisal process, but merely an informative step for information 

and planning purposes. This seemed necessary at the time in order to avoid stressing the 

employees, and to obtain the actual lead-times, rather than impaired lead-times due to an 
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employee working faster than usual. As mentioned before in this thesis, quality is a very 

crucial matter at LORAMAX, and the quality control and adjustments step was performed as 

usual, and as many times as necessary. 

The selected employees would therefore tell us before starting the order recovery, and 

perform all previously mentioned tasks as normally, before letting us know when they were 

done. We used a stopwatch in order to obtain lead-times as accurate as possible, and stayed 

clear of the employee that was manufacturing the measured item, so as to avoid stressing 

them out or getting in their way. 

Once the assembly lead times were known, we used a simple cross multiplication to find out 

the exact amount that was to be paid in labor cost, based on the information we received 

from Johan that one hour (60 minutes) of labor was paid 230SEK. 

The results were combined along with material costs, lead-time and targets that were 

provided by Johan into a modular bill-of-material, to serve as reference for the company 

whenever they need to know about the costs for each of their module and their situation so 

as to their targets. It will also serve as a base for the next steps of our empirical part: Value 

Chain Mapping, Total Cost of Ownership as well as for the Kraljic matric used for the make or 

buy decision. 

Separates tables were created for each and every module combination made available by 

LORAMAX. Examples of the general Bill of Material (figure 15) as well as from the modular 

BOM (figure 16) can be found below. 
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FIGURE 15: GENERAL BILL OF MATERIAL FOR LORAMAX WITH COST AND LEAD TIME 

INFORMATION 

Source: Own Creation 

 

 

FIGURE 16: EXAMPLE TAKEN FROM THE MODULAR BILL OF MATERIAL FOR LORAMAX 

Source: Own Creation 

  

Module Lead Time (Single) Lead Time (Target) Purchase price Labor Cost (Single) Total Cost Cost (Target)

Circuit Board 0.17 0.3 706 38 744 450

7541304 10min 18min

HR Camera 0.23 0.3 1,731 54 1,785 1,150

7541305 14min 18min

HD Camera 0.20 0.3 3,529 46 3,575 2,750

7541315 12min 18min

Lamp 2 0.17 0.1 122 38 160 100

7541287 10min 6min

Lamp 4 0.40 0.1 188 92 280 200

7541288 24min 6min

Bracket 200 200 200

7541323

Monitor 18.5" 0.67 0.3 1,315 153 1,468 1,100

7541344 40min 18min

Monitor 23" 0.72 0.3 1,810 165 1,975 1,300

7541345 43min 18min

Panel 3-T (Basic) 0.10 0.1 131 23 154 200

7541342 6min 6min

Panel 5-T (Standard) 0.10 0.1 137 23 160 200

7541343 6min 6min

Panel 2-V (Advanced) 0.17 0.19 380 38 418 400

7541397 10min 12min

Reading Table 0.80 0.3 605 184 789 300

7541346 48min 18min

Support 152 152 350

7541267

Assembly 0.95 219 219

7541517 57min

Packing 191 191 150

7541521

Article HR-Camera Lighting 2-LED Monitor 18,5"Panel 3-P Electronics Bracket Reading Table Stand Final assemblyPackning

MLV-01 7541305 7541287 7541344 7541342 7541304 7541323 7541346 7541267 7541517 7541521

Number 1 2 1 1 1 1 1 1 1 1
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4.4 KRALJIC MATRIX 

In this thesis, the Kraljic matrix tool will be used as a tool to define all the modules that 

required for producing/assembling product HERO and categorize them into the four groups 

of product portfolios as leverage, strategic, non-critical or bottleneck items. Since the 

empirical findings about the Kraljic matrix are hard to present without at the same time 

carrying out analysis, we present the data in the excel tables in the appendix (see 

APPENDIXES 7-11)  

The questionnaire provided in the Krajlic Matrix excel file is provided  by an IT data 

management consultancy company named Yellow River in the form of an Excel sheet which 

is publicly available on their website (http://www.yriver.it/proekti/matritsa-

kralchika_en.html). We modified the form to fit our purpose and used it accordingly to fit 

the product structure for HERO.  

Eight modules were identified and used to develop the matrix. These include; reading table, 

stand, bracket, circuit board, panel, monitor, lamps and a camera (see appendix 7). 

4.5 MAKE OR BUY 

Outsourcing the assembly of some modules to cheaper countries/suppliers is an option 

seriously being considered by LORAMAX for the product HERO. However not all modules are 

being considered to be outsourced. This is because the company would have to start paying 

custom duties if they chose to import already assembled modules which have higher value. 

For such modules, it is cheaper to import components and assemble them in-house. The 

screen, as we were told by Johan is one of those modules which is preferably assembled in-

house in order to avoid cost for importing it already assembled. Another module which the 

company thinks they should not outsource is the camera. The camera is a strategic module 

in HERO. It contributes the greatest in the quality of the product and as such, the company 

believes that they have control on the assembly of the module in order to maintain its 

strategic position in the market. 
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CHAPTER 5. ANALYSIS 

In the chapter 5, the analysis based on the empirical findings information and data is 

conducted. The chapter presents respectively the analysis parts for Value Stream Mapping, 

Total Cost of Ownership, Bill of Materials and the Kraljic Matrix in order to reflect the 

analytical view on the company production processes of HERO, its costs and lead time as well 

as points for improvements will be defined base on the analysis.  

5.1 VALUE STREAM MAPPING ANALYSIS 

From the previous section of the empirical findings – VSM current state mapping, we had 

already depicted the two current state maps at different levels. In this section of the analysis 

chapter, we will analyze the current state maps and define waste/points for improvements 

or also can be called Kaizen burst in VSM, after which the third step of VSM can be 

conducted; it is to draw the future state map. (Rother and Shook, 2003). 

5.1.1 TAKT TIME CALCULATION FOR ASSEMBLING HERO 

Takt time: As mentioned in section 3.1.4 about the four steps of creating VSM, takt time is 

one of the questions to be answered and therefore we will calculate the Takt time for HERO 

as follows: 

Takt time =  

Current information about HERO: 

Demand = 1200 units/year  

                  ~ 100  units/month 

                  ~ 5 units/day 

8 hours =            480 minutes (based on the standard work shift) 

    -30 minutes (break time) 

Total      450 minutes available per shift 

450 minutes available x 60 = 27.000 seconds per shift 

So we have: 

Takt time =                       = 5400 seconds or equal to 90 minutes. 

Available Working Time 

Customer Demand 

27.000 

      5 
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However the result of this takt time calculation is applicable only to the working processes to 

produce one unit at the assembly process level. Therefore this will be used as a base to 

compare with all the operational processes at the work floor level and its lead time. The takt 

time is a reference number which is created from customer demand and hence cannot be 

changed by the company. (Rother and Shook, 2003). 

The current operation lead time of the process picking and assembly is estimated at 270 

minutes. The result shows a gap between the current production/assembly process pace for 

HERO (270 minutes) with the takt time it should be able to produce (in 90 minutes), in order 

to satisfy the current demand rate of 5 units/day. It means the company does have some 

opportunities for improvement to reduce the lead time and subsequently reduce the 

production costs. 

The % of value added time is calculated by dividing the added value time over the total non 

added value time defined in the map. It is equal to: 

1010 min./8645 min. = 11,7 % 

5.1.2 ANALYZING WASTE OF HERO – SINGLE PLANT LEVEL 

As shown in the figure 16 in the empirical findings section, we have used the map to discuss 

with Johan, and eventually defined the waste in the process as shown in the figure 17 below. 
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From the above map, we can see that there are two types of waste that we have identified, 

those are waste at: 

- Production queue/planning up to 6 days of waiting before the next order can be 

started to assemble. 

- Given that the takt time of 90 minutes, there are two main processes cannot be 

completed within this time: Production queue (6 days) and Picking/Assembling (270 

minutes) 

 

o The waste identified at Production queue can be referred to as waiting time 

type of waste, or non-added value activity in the value stream and it is not 

required (Liker, 2004). The reason could be that the slow fulfillment of 

previous orders from the production/assembly line that can stack up in the 

queue and forces the next order to be waiting before the production order 

can be released for the next batch/unit. 

 

o The waste identified at Picking/Assembling can be referred to as processing 

time type of waste (Ohno, 1988). Since probably that the company has spent 

more time to assembly some of the components with extra time than 

necessary, or lacking of capacity  or better tools to complete it within the 

required takt time. 

  

- Though from the map the quality control process is presented with highest number 

of processing time (720 minutes) compared to any other processes in the map, 

however this process is conducted during the night when there are no working shifts 

involved. Due to the practicality manner and to ensure the high quality of HERO, this 

process has to be tested like that and at the moment there is no better way to do the 

quality check without running the product for 12 hours continuously, hence this 

process can be also referred to as non-added value activities but required (Ohno, 

1988), as discussed in section 3.1.1, and will not be considered as waste.  

- The 30 days inventory time shows the stock of parts that enough to produce HERO 

for the next 30 days and is also excluded from the calculation, since there is actually 
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almost no lead time for moving parts from the warehouse to assembly line. The 

warehouse is located right inside the work floor and within 2 or 3 minutes of reaching 

those parts, as explained by Johan. 

5.1.3 FUTURE STATE MAPPING – SINGLE PLANT LEVEL 

From the above analysis of waste and possibilities for improvement with the calculated takt 

time of 90 minutes, we had discussed this with Johan and as a result step 3 for creating VSM 

- future state mapping at Single Plant level, is drawn as in figure 18 below. In addition, the 

questions as proposed by Rother and Shook (2003), before creating future mapping is also 

needed to be considered as discussed in section 3.1.4 

 

Question 1: What is the Takt time? The result as calculated in section 5.1.1 is 90 minutes 

 

Question 2: Will production produce, a finished goods supermarket or directly to shipping? 

As we can see from the current state maps at both levels, the production/assembly line of 

HERO will be produced directly to shipping due to the current set up of the assembly line at 

LORAMAX (discussed with Johan) 

 

Question 3: Where the continuous flow processing would be utilized? 

After discussion with Johan, we defined that the continuous flow can be applied in the 

assembly process. 

 

Question 4: Is there a need for super market pull system within the value stream? 

According to Rother and Shook (2003, p.93), the supermarket is “a controlled inventory of 

parts that used to schedule production at an upstream process.” Thanks to the current set 

up of the production/assembly line of LORAMAX, they have been already applied the pull 

system in the assembly line for HERO, no supermarket is required thanks to the limited 

number of parts/modules to assemble (see Appendix 7).   
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Question 5: What single point in the production chain will be used to schedule the 

production? 

According to our discussion with Johan, the final assembly process will be used as a single 

point in the production chain to schedule the next production. 

 

Question 6: How will the production mix be leveled at the pacemaker process? 

Since we only focus on one specific line of the product HERO in our case study, we will not 

consider production mix level for various types of HERO. 

 

Question 7: What increment of work will be released at the pacemaker process? 

Pacemaker process is the point in the value stream, where the production speed of that 

process can be used to control the production schedule and it will set the pace for all the 

upstream processes (Rother and Shook, 2003). At the pacemaker process (final assembly 

process in this case) as mentioned in question 5 above, the increment of work can be 

released is one unit for every 57 minutes (current setting) – see Figure 14. 

 

Question 8: What process improvement will be necessary? 

This question can be answered by looking at the Kaizen bursts in Figure 17 and Figure 22. 

 

After considering all the above questions as a preparation for designing future state map, 

the future state maps for both levels are ready to be created at the later stage. 
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FIGURE 18 FUTURE STATE MAPPING - SINGLE PLANT LEVEL 

Source: Own Creation 
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By creating the future state map for the Value Stream at the Single Plant level with all the 

processes involved in producing/assembling the product HERO, we can obtain a progress 

overview which the company future state can be achieved as shown in table 4 below. 

 

 

TABLE 4. LEAD TIME CURRENT VS. FUTURE – SINGLE PLANT LEVEL 

Source: Own Creation 

 

Table 4 is also illustrated in the chart (figure 19) below. 

 

 
        FIGURE 19. LEAD TIME CURRENT VS. FUTURE – SINGLE PLANT LEVEL 

          Source: Own Creation 

 

 

As we can see from the table 4 the future state of the Value Stream for HERO will help 

shorten the production queue lead time from 6 days to 3 days or 8640 minutes to 4320 

minutes (figure 20). 

ACTIVITIES
Production 

queue

Picking & 

Assembl

y

Quality 

Control
Packing Shipping

Total 

Leadtime

Total VA 

time

% VA 

time

Current State 6 days 270 minutes720 minutes10 minutes 0 8645 1010 11.7%

Future State 3 days 150 minutes720 minutes10 minutes 0 4325 890 20.6%

HERO production lead time improvement - Single Plant Level
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FIGURE 20. PRODUCTION QUEUE LEADTIME CURRENT VS. FUTURE – SINGLE PLANT LEVEL 

Source: Own Creation 

 

The Picking and Assembly process lead will be reduced from 270 minutes to 150 minutes 

(figure 21).  

 

FIGURE 21. PICKING & ASSEMBLY LEADTIME CURRENT VS. FUTURE – SINGLE PLANT LEVEL 

Source: Own Creation 

 

These reductions result in an increase of the added value time percentage from 11.7% to 

20.6%, which is actually quite a high level of lean practices compared to world class 

performers like Toyota; due to the fact that in general the companies who start the Lean 

journey typically achieve only about 3% to 5% of value added time, and the best in class 

(Toyota Production System) has a number of processes that can reach up to 35% of value 

added time (Cudney, 2009). However, these numbers for LORAMAX have to be handled with 
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care, since the quality control step is included, but considered as a non added value but 

required activity. (Ohno, 1988). 

 

The processes involved in the value stream mapping at this level will be remained as is; the 

improvement for the future state map is purely on the reduction of lead time and not about 

processes changing (as can be seen in Figure 18). Further analysis of the second map, 

assembly process level will reveal more details on how the company is going to change its 

current state to the desired state after identifying and eliminating all the defined waste and 

non-added value activities. At the assembly process level value stream mapping, some 

processes may have to be changed in order to achieve the desired future targets. 

5.1.4 ANALYZING WASTE OF HERO – ASSEMBLY PROCESS LEVEL 

Similar to the above analysis part of waste for the VSM - current state mapping. In this 

section we will identify the waste – Kaizen burst in order to create the future state mapping 

as a next step. The current state map of the assembly processes (Figure 14) has been used to 

discuss with Johan and with his comments, the map with waste is illustrated as in the figure 

22 below.  

FIGURE 22. CURRENT STATE MAPPING WITH WASTE – ASSEMBLY PROCESS LEVEL 
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At this level, more details information and a closer look at opportunities for improvement 

can be explored; this map and its information is indeed also aligned with what has been 

presented from the previous map at Single Plant level (Figure 17) they are somehow 

interconnected. 

 

From the above mapping with identified waste – Kaizen burst, we can see that similarly to 

the previous waste analysis from the Single Plant level map (Figure 18), for HERO 

production/assembly value stream, there are two main types of waste that we have 

identified so far, and those are waste as defined by Ohno (1988), which we have discussed 

previously in section 3.1.2: 

 

- Waiting time: Again we can see in this map (Figure 22), the production 

queue/planning waiting time as discussed earlier up to 6 days still exists. From the 

observation and processes mapping, we thought that the long lead time of the queue 

can be caused by lacking of production/assembly capacity and speed to match with 

the customer demand rate. As calculated before, in section 5.1.1, the Takt time for 

assembly line is 90 minutes, compared to the actual lead time of 228 minutes (Figure 

22), which shows that the company will have to make necessary improvements and 

changes in order to reduce its  current production/assembly lead time. Subsequently, 

the production queue lead time may also be reduced. This type of waste is identified 

as waiting time and considered as non-added value activity in the value stream 

(Rother and Shook, 2003). 

 

- Processing time: Another type of waste identified is processing time, which can be 

explained by the complexity of the product design or lacking of the right tools, or 

lacking of production capacity in general, that may cause extra or unnecessary 

processing activities to complete the assembly tasks (Ohno, 1988). For instance, the 

reading table is not the most important item to the total value of the product 

(purchase value at 605 KR/unit., APPENDIXES 2) compared to the camera (purchase 

value at 3529 Kr/unit, APPENDIXES 2), but it consumes most of the labor time in 

order to assemble it (48 minutes vs. 12 minutes, see Figure 22). This type of waste 
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can be found also in other processes of the value stream as defined in the map at: 

Reading table, circuit board, panel, lamps, and monitor assembly processes (see 

Figure 22).  

 

Processing Time Wastes analysis 

- Waste at reading table process: as discussed in the above section, processing time is 

considerably high (up to 48 minutes at the moment) compared to the most important 

item such as the camera which only takes 12 minutes for assembly. According to 

Johan, this is due to the complexity of the module design itself and requires more 

labor time and manual tasks than needed to assemble it.  The issue can be solved if 

the module can become simpler to assemble or some of the parts must be pre-

assembled from the suppliers. This will help to reduce number of unnecessary 

activities needed to complete the module. 

 

- Waste at Circuit board process: The circuit board is one of the key parts for the 

product; the current time to assemble the module is 10 minutes. However, this 

processing time can also be reduced by having a complete module ready and the 

operator will only need to execute tasks for software installation and configuration in 

the future, as explained by Johan. 

 

- Waste at Panel process: The current assembly time for the panel module is 10 

minutes, however, similarly to some other parts, its lead time can be reduced by 

eliminating the complexity in the panel design, and the simpler design with fewer 

parts to be assembled together can be used to increase the productivity. 

Furthermore, the panel can also be combined with the final assembly process to 

reduce number of processes from the value stream and materials movement, as 

explained by Johan. 

 

- Waste at Lamps process: At the moment the cycle time for assembly the 4 lamps (the 

model of HERO product that requires longest processing time for this module) takes 

48 minutes. This is over processing since the lamps part does not add much value to 

the total value demanded by customers and it consumes too much resource to be 
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assembled (see the Kraljic Matrix questionnaire answers by Johan, APPENDIXES 10, 

11).  This issue can be solved by combing the stand part with pre-assembled lamps 

for all products; it is possible to combine this process in the final assembly step as 

well. It will help to create a leaner value stream at the assembly process level for 

HERO by reducing number of processes involved. 

 

- Waste at Monitor process: Similarly to some of the above modules, the monitor can 

be better designed and pre-assembled with fewer parts to assemble at LORAMAX in 

the future, as explained by Johan. This will help to avoid unnecessary activities to 

complete the module. The current assemble time for the monitor is about 43 

minutes. 

 

In order to meet the desired future state, those wastes – muda will need to be reduced as 

much as possible or completely removed (Cudney, 2009). The next step, drawing the future 

state map will illustrate how the desired future state assembly processes should look like 

and base on that improvements plan and activities can be created. 

5.1.5 FUTURE STATE MAPPING – ASSEMBLY PROCESS LEVEL 

In this section, the future state mapping at assembly process level in assembling product 

HERO will be presented. The assembly process level future state VSM depicts in more details 

the value stream and its processes compare to the VSM at the single plant level, which is 

generically illustrated the holistic view on the production/assembly processes of HERO. In 

principle, these two VSM shared the same information about the processes, therefore 

though looks differently, they are used to described the same Value Stream but at different 

view point levels. The future state map at assembly process level is illustrated as in the figure 

23 below. 
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FIGURE 23. FUTURE STATE MAPPING – ASSEMBLY PROCESS LEVEL 

Source: Own Creation 



March - 2011 

By creating the future state map for the Value Stream at the assembly process level with all 

the processes involved in producing/assembling the product HERO, we can acquire a 

progress overview which the company future state can be achieved as shown in the table 

below (table 5). 

 

As we can see from the table 5 and the future state map (figure 23), the desired future state 

Value Stream of assembling HERO will be shortened. The table information is also illustrated 

in the chart below (figure 24). 

 

 

FIGURE 24.  LEADTIME CURRENT VS. FUTURE – ASSEBLY PROCESS LEVEL 

Source: Own Creation 

 

From table 5 we can see the following improvements:  

- The circuit board process is eliminated in the map, this process will be included into 

the final assembly, where the circuit board will be redesigned as a complete module 

and will require only 1 minute to assemble (installing the software and the 

configuration for the product) 

HERO production lead time improvement - Assembly Processes Level

ACTIVITIES
Production 

queue

Circuit 

Board
Camera Panel Lamps Monitor

Final 

Assembly

Total 

Leadtime

Total VA 

time

% VA 

time

Current State 6 days 10 min. 12 min. 10 min. 48 min. 43 min. 57 min. 8675 228 2.6%

Future State 3 days 0 12 min. 2 min. 0 20 min. 58 min. 4345 107 2.5%

TABLE 5. LEADTIME CURRENT VS FUTURE – ASSEMBLY PROCESS LEVEL 

Source: Own Creation 
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- The panel process lead time will be reduced from 10 minutes to 2 minutes. 

- The lamps process, like the circuit board, is eliminated in the map and combined in 

the final assembly process. The lamps will be pre-assembled at the suppliers’ site in 

the future, and hence will be delivered to the company as a complete module with 

the stand. So the 48 minutes processing time previously will become zero in the 

future. 

- The monitor process will be reduced from current 43 minutes to assemble down to 

20 minutes in the future. This can be achieved thanks to the new monitor with more 

pre-assembled parts purchased from the suppliers. 

- The final assembly process will have its lead time increased, but only about 1 minute. 

The company and management team expect that all the unimportant parts of the 

product will be assembled at this final step. This can be achieved thanks to the new 

strategy of ordering new modules and components with more complete and pre-

assembled set up, by doing this the company can reduce enormously its assembly 

lead time, subsequently it would help the company to reduce the bottle neck lead 

time of the waiting time in the queue of the production line.  

- The total lead time will be tremendously diminished, from 8.675 minutes down to 

4.345 minutes, and the production queue will be reduced from 6 days to 3 days or 

from 8640 minutes to 4320 minutes as can be seen from the chart below (figure 25): 

 

        FIGURE 25. TOTAL LEAD TIME & PRODUCTION QUEUE – CURRENT VS. FUTURE 

        SOURCE: OWN CREATION 
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- The percentage of value added time will not be changing a lot (2.6% vs. 2.5%, see 

table 5). The main issue of reducing overall lead time can be achieved as depicted in 

the future state mapping (Figure 23). According to Womack and Jones (2003), if the 

lead times and wastes in the value stream can be reduced or removed completely, 

the costs associated with waste – muda may also be reduced substantially. 

 

At this stage, we have completed the third step in creating VSM for HERO’s production 

processes. The final step of creating VSM is to make a plan that the company can use as a 

reference for keeping track and try to implement the planned actions to achieve their 

desired targets and future state (Rother and Shook, 2003). This step will be presented in the 

next section. 

5.1.6 THE VALUE STREAM PLAN 

As suggested by Rother and Shook (2003), the final step in creating the VSM for an 

organization is to create a yearly value stream plan or so called work plan and 

implementation. In this section, based on the analysis and all the previous steps that we 

went through for creating the VSM for HERO’s product assembly processes, we will create a 

work plan that would help the company to monitor, track and implement the improvement 

activities that may lead the company to achieve the desired future state. 

 

As mentioned previously, although we have two maps for different levels, but in principle 

they depict the same picture for HERO’s production/assembly processes, hence we would 

use the second future state map, as a basis for the Value Stream Plan since it contains most 

of the details information, processes and the desired changes needed for the company. See 

table 6 below for the Value Stream Plan for HERO – estimated to be implemented in 2012.  

 

The plan is somehow may not be an exact plan that the managers at LORAMAX should 

follow, due to the limitation in experiences and limited time working with the company, we 

think that the plan could provide the framework for future improvement activities which 

would be planned and considered by people who are really working closely with the 
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discussed processes. The plan should of course be changed according to the needs of the 

company and its relevancy to the time of use by LORAMAX. 

 

 

  

Date: 15/05/2011 Yearly Value Stream Plan for LORAMAX on LORAM product Plant manager xyz

Production Manager:Bob x Engineering yxy

Purchasing Manager:Carl Department abc

Product Family 

Business Objective
Process # Process Name VSM objective Target (measurable) Operators Supervisors

1 2 3 4 5 6 7 8 9 10 11 12 Reviewer Date

1 Reading table 

assemble

*Continuous flow from reading 

table assembly

*Kaizen to 15 minutes

*Fewer parts for assembled

*Zero work in 

progress (WIP)

*< 15 minutes

* Number of parts

2 Camera 

assemble

*Ensure reliability - zero defect

*Standardized lead time

*Reliability = 100%

*C/T = 12 minutes

3 Panel 

assemble

*Ensure reliability - zero defect

*Kaizen to 2 minutes

*Reliability = 100%

*C/T = 2 minutes

4 Monitor 

assemble

*Ensure reliability - zero defect

*Kaizen to 20 minutes

*Reliability = 100%

*C/T = 20 minutes

5 Final assemble 

(brackets, 

stand, cover 

sheet, circuit 

board and 

lamps)

*Combined processes from 

Lamps and Circuit board 

*Standardized work time 

*Number of complete 

modules with Lamps 

and Circuit board pre-

assembled

*C/T=58 minutes

5 Circuit board 

assemble

*Eliminating assemble 

activities

*Combined in final assembly

*C/T = 1

*Number of complete 

modules in final 

assembly

6 Lamps 

assemble

*Eliminating assemble 

activities

*Combined in final assembly

*C/T = 0

*Number of complete 

modules in final 

assembly

7 Production 

queue

*Reduce production queue *Max queue = 3 days

2012 monthly schedule Review Schedule

Reducing lead 

time and 

unnecessary costs

TABLE 6. VALUE STREAM WORK PLAN - 2012 FOR HERO 

Source: Own Creation 
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5.2 TOTAL COST OF OWNERSHIP 

 

In order to carry out TCO analysis, we employed the six steps model from Monczka et al. 

(2009). According to the model, TCO analysis incorporates the use of VSM. However, in this 

thesis, we make VSM outstanding because it could be a stand-alone tool that can be 

employed to gain efficiency. Since we are not dealing with capital the purchase of capital 

equipments, we do not carry out the fifth and sixth steps of the model. For all analysis on the 

TCO, every cost is in Swedish Krona (kr). 

The total cost for producing a single unit of HERO is 12,805Kr and average sale price is 

16.647Kr. Expenditures on purchase alone accounts for 9,946Kr, which is about 78% of total 

production cost. It also accounts for about 60% of the final price of the product. When 

conducting a TCO analysis, purchase expenditures do not only include the purchase price 

(Bobler and Burt, 1996; Ellram and Siferd, 1998). It also includes costs that are incurred as a 

result of owning and using the item purchased (Monczka et al., 2009). The relevant TCO 

costs for the company include the following; 

� Purchase price: This the direct cost of purchasing a particular module or components 

of the module. 

� Material price Variance: This is cost incurred to cover all risk related to price 

fluctuations of the different components. 

� Ordering cost: Ordering cost is cost for the time spent by the purchase department in 

raising purchase orders. 

� Freight cost involves expenditures on getting the modules to the company premises  

� Inventory cost: This is cost incurred as a result of holding inventory 

� Labor cost: The labor cost used in TCO in the direct cost for assembling each module 

� Development cost: this an apportionment of the cost incurred in developing the 

HERO, however for TCO development cost will only include cost for developing a 

particular module. Training is also included in this cost.  

A TCO analysis is done for every module in order to understand their impact on the total 

product cost and also on the sales price for the final product, see table 7 below. This 

analysis helps the company to understand the relevant cost of buying a particular 
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module (Ellram and Siferd, 1998). It also helps to understand the full cost of purchasing 

(Bobler and Burt, 1996) and of doing business (Zsidisin et al., 2003). 

TABLE 7. TCO COMPARED TO TPC AND MARGINS 

Source: Own Creation 

 

There are basically the same activities involved in assembling all the modules of the final 

product and the final assembly itself. These are; order picking, collecting the bill of material, 

picking components, actual assembly and quality control. These activities add value to the 

final product and are therefore necessary for the assembly line. However as pointed out in 

the Value Stream Map, some activities take considerably too long for some modules. The 

reading table and lamps for example take 48 minutes each to assemble, and they are both 

not strategic modules and are widely available in the market. These modules could simply be 

outsourced in order to save time and cost in terms of the time required to assemble them.  

 

The total lead time for assembling all modules into the final product is 8685 minutes, 

however only 228 minutes of this time is a value added time. While 35 minutes is non value 

adding but it is required in order to add value to the product. The time spent in non value 

adding activities and which is not required in assembling the products represents waste in 

the assembly line. Waiting time in the production queue and planning is a waste that was 

identified and needs to be reduced to the barest minimum. This activity takes 6 days to 

complete, and is already considered into the inventory carrying costs. 

The greatest source for cost reduction is principally the total assembling time. At the 

moment, it stands at approximately 3.5 hours per unit of the final product, but there is a 

possibility to reduce this time to 1.6 hours per unit. This implies that the direct assembling 

cost in the future will drop from 805kr per unit to 357 Kr per unit. 

Modules Total production cost (TPC) Total cost of ownership (TCO) Sales price Margin % of TCO on TPC % margin on total margin %TCO on Total sales

Reading Table 1,619 1,169 2,105 486 9 13 7.02

Stand 277 223 359 83 2 2 1.34

Circuit board 1,395 1,097 1,813 418 9 11 6.59

Brackets 364 294 473 109 2 3 1.76

Camera 4,927 3,941 6,406 1,478 31 38 23.67

Lamp 463 326 602 139 3 4 1.96

Screen 3,290 2,537 4,277 987 20 26 15.24

Panel 471 359 612 141 3 4 2.16

Total 12,805 9,946 16,647 3,842 78 100 60
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With the present assembling time (3.5 hours), the company can only produce five units of 

the final product per day instead of 16 units. This number is far below the available capacity, 

given that there are eight people working on the assembly line, 7.5 hours each day excluding 

30 minutes lunch break. With the present capacity, each assembly worker should be able to 

assemble two complete products every day. If the capacity were fully utilized, then the 

yearly demand/production could actually be completed in 75 working days. However, the 

company only assembles to order and can therefore not create stocks of the final product. 

Except for the manufacturing overhead and marketing costs every other cost presented in 

the cost statement of every module is considered in the TCO. As seen on the comparison 

table above, the TCO accounts for a big part of the Total production. This highlights the TCO 

as an important cost element that requires considerable attention from companies, 

especially those that have a huge part of their cost incurred as a result of purchasing 

activities. For such companies, TCO could be reported as a distinct cost element on the 

product cost statement as shown in the table 8 below.  

 

TABLE 8. TCO COSTING STRUCTURE 

Source: Own Creation 

 

The final assembly cost appears on the cost statement as a separate element because the 

final product is not treated as a separate a module, however the final assembly incurs some 

cost which has to be included in the cost statement. The TCO represents a significant portion 

of the total production cost and therefore deserves a keen attention from management in 

an effort to reduce cost. 

 

 

Cost Elements Reading Table Stand Circuit board Bracket Camera Lamp Screen Panel Total

TCO 1,169 223 1,097 294 3,941 326 2,537 359 9,946

Final Assembly cost 219

Manufacturing overhead 138 0 29 0 38 48 119 21 393

Marketing cost 312 53 269 70 949 89 633 91 2,466

TPC 1,619 277 1,395 364 4,927 463 3,290 471 13,024

Profit margin 486 83 418 109 1,478 139 987 141 3,907

Sales price 2,105 359 1,813 473 6,406 602 4,277 612 16,931
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5.3 THE KRALJIC MATRIX 

The Kraljic matrix was developed for the eight different modules that make up the final 

product (See appendix 7). This matrix was used to determine the strategic importance and 

the supply risk for each module. In order to fully develop this matrix, twenty four questions 

were developed and answered and out of these questions sixteen were aimed at 

determining the supply risk (see appendix 11) while eight were aimed at determining the 

strategic importance (see appendix 10) of each module to the company.  Every question 

under both; the strategic importance and the supply risk categories contained four possible 

answers which have all been assigned a weight that indicates their degree of importance to 

the respective category.  Each category is evaluated on a scale of 100 points with the 

minimum possible score of fifteen for strategic importance and eighteen for supply risk. The 

number indicating the weights were chosen arbitrarily and was motivated by the writers 

personal judgment about which question is more relevant to a given category. It was only 

possible to choose one answer among the possible options available for each question. After 

all the questions were answered for each module, the weights were added up to determine 

the total score for each module under the different categories. See appendix 4 and 5. Even 

though the answers to the questions are not numerical values, with the Microsoft Excel tool, 

it was possible to quantify the answers by their weights. Based on the totals for each 

module, the Kraljic matrix was developed.  

The Kraljic matrix has four quadrants representing leverage, bottleneck, critical and non 

critical modules (Weele, 2010). It is divided at the median points on each axis representing 

each category. Each module is assigned a quadrant depending on the intersection of the 

total supply risk score and total strategic importance score.  The matrix developed is a 

scattered chart (Microsoft Excel graph function) and each dot on the chart represents the 

intersection of the total score in each category. With the Microsoft excel assigned each 

module to its corresponding quadrant based on the intersection. 

The first question under the strategic importance of each module to the company involves a 

determination of the cost of each module. In doing so, we did not only consider the 

purchase price for each module but the TCO for the modules. The graph (figure 26) below 

illustrates the TCO value for each module, and was generated from table 7 above. 
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FIGURE 26: THE VALUE OF TCO PER MODULE IN SEK 

Source: Own Creation 

The reason behind the use of the TCO was to be able to consider all relevant cost associated 

with purchasing particular modules and to understand the real cost of each module (Zsidisin 

et al., 2003). The second question follows the same logic, and the TCO rather than the 

purchase price for each module and its impact on total product cost was determined.  

 

FIGURE 27: PERCENTAGE OF TCO ON TPC 

Source: Own Creation 

Reading Table 1,169

Stand 223
Circuit board 1,097

Brackets 294

Camera 3,941

Lamp 326

Monitor 2,537

Panel 359

Reading Table 9

Stand 2
Circuit board 9

Brackets 2

Camera 31

Lamp 3

Screen 20

Panel 3
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Apart from the above two questions that deviate from the normal application in the matrix, 

all the other questions were easily adopted from the original model. 

 

FIGURE 28: KRALJIC MATRIX 

Source: Adapted from Yellow River (2010) 

Leverage Modules 

Leverage products have low supply risk and are of strategic importance to the company 

(Jonsson, 2008). From the matrix, the circuit board, table and monitor are all leverage 

modules. The intersecting points for these modules were; circuit board (65, 50), reading 

table (85, 51) and monitor (89, 51). 

Non critical modules 

Non critical modules include lamps, brackets and panel, and their intersecting points are (33, 

34), (38, 32) and (37, 29) respectively. These modules have the lesser TCO and are widely 
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available in the market (Jonsson, 2008). They therefore face low supply risk and are less 

strategic importance to the company. 

Critical Modules 

The only critical module is the camera and its coordinate is (89, 61). There are very few 

suppliers of this module and it is the most strategic module on the final product. It bears the 

greatest TCO on the final product cost. This module also impacts the greatest on the quality 

of the final product. This module is very vulnerable to supply and very strategic to the 

company’s growth (Weele, 2010). 

Non critical/Bottle neck modules 

A special case on the matrix is the stand. This module has coordinates (43, 59) and lies on 

the boarder of non critical modules and bottle neck modules. Bottleneck item are vulnerable 

to supply and are less strategic to the company’s growth and profitability. In this situation 

the stand shares many features with non critical modules and as such would be considered 

as one. 

Except for the camera module which falls in the strategic quadrant, all other modules are 

either leverage or non critical modules. Since there is wide availability for these modules, it 

would be wise to buy them already assembled. This is because LORAMAX would have a 

greater bargaining power and could explore other opportunities for cost saving through 

lower purchase prices. Jonsson, (2008) describes this as a buyer’s market. 

5.4 MAKE OR BUY 

The company has designers who work on changes that they might possibly want to make on 

the product. They equally have assembly capacity which is presently under utilized. Even 

though LORAMAX is profitable, they are not competitive enough especially as they operating 

in a highly competitive sector which is plagued with a lot of technological changes. According 

The Society of British Aerospace Companies, cited by Lysson and Farington (2006), a make-

or-buy decision should be considered when a company has design and manufacturing 

capabilities. The company should buy when they are not competitive and make when they 

are competitive. Even though the company makes good margins, competitiveness is 

something they are a grappling with because of threats from cheaper countries. The make or 
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buy model cited by Lysson and Farington (2006) suggests that a consideration be made for 

the total cost of acquisition which in our case is called TCO and the in-house cost before a 

decision is made. The table below compares the TCO when the modules are assembled in-

house and the TCO when outsourced. 

 

TABLE 9. TCO IN-HOUSE VS. OUTSOURCED 

Source: Own Creation 

 

The cost reduction of 512kr comes from the time saved in assembling the modules in-house. 

This cost is further reduced on the table below because all costs that are calculated on the 

bases of assembly cost also reduce. These costs include; manufacturing overhead and 

marketing cost. There is therefore a total cost reduction of 1,014Kr per unit as shown on the 

table below (table 10). 

 

TABLE 10. TPC IN-HOUSE VS OUTSOURCE 

Source: Own Creation 

 

As mentioned earlier, the final assembly cost is left out from this section of the analysis 

because it is not an outsourcing option. However, there is an increase in the final assembly 

cost from 219Kr to 223Kr. This increase is due to the fact that assembly might take a few 

minutes longer if some modules should be outsourced (see appendixes number 5 and 6). 

 

  

Reading Table Stand Circuit board Bracket Camera Lamp Minitor Panel Total

In-house 1,169 223 1,097 294 3,941 326 2,537 359 9,946

Outsource 966 223 1,044 294 3,941 228 2,411 328 9,434

Cost Reduction 203 0 53 0 0 98 126 32 512

Reading Table Stand Circuit board Bracket Camera Lamp Minitor Panel Total

In-house 1,619 277 1,395 364 4,927 463 3,290 471 13,024

Outsource 1,243 277 1,297 364 4,927 282 3,057 412 12,009

Cost Reduction 376 0 97 0 0 181 233 58 1,014
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CHAPTER 6. ANSWERS TO THE RESEARCH QUESTIONS 

Given that the analysis part already answers the research questions in details and that 

large concepts such as Value Stream Mapping, Total Cost of Ownership, Kraljic Matrix and 

Make or Buy decision are required to explain and justify these answers, this section will 

only highlight clear and direct answers to the research questions, in short. 

6.1 ANSWER TO RESEARCH QUESTION 1 

• How can the production cost and lead time be reduced for HERO? 

The Value Stream Mapping analysis was used extensively to answer the part about lead-

time. As was explained in the analysis LORAMAX  wastes a lot of time, either through waiting 

time due to the production queue, or by over processing on low added value items. 

Therefore, the VSM provides a solution to reduce and / or eliminate the wastes by applying 

the future state map, since as demonstrated in the analysis, the lead time can be 

tremendously reduced: 

 

As for the cost reduction, outsourcing is the preferred way for the company and the TCO 

analysis shows that if the modules are outsourced, there would be a cost saving of 512Kr as 

shown on table 11 above. The details for cost reduction on each module are also shown on 

the table 10 per unit. 

  

HERO production lead time improvement - Assembly Processes Level

ACTIVITIES
Production 

queue

Circuit 

Board
Camera Panel Lamps Monitor

Final 

Assembly

Total 

Leadtime

Total VA 

time

% VA 

time

Current State 6 days 10 min. 12 min. 10 min. 48 min. 43 min. 57 min. 8675 228 2.6%

Future State 3 days 0 12 min. 2 min. 0 20 min. 58 min. 4345 107 2.5%

TABLE 11. LEAD TIME CURRENT VS. FUTURE 

Source: Own Creation 
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6.2 ANSWER TO RESEARCH QUESTION 2 

• How would the choice to either buy pre-assembled modules or manufacture them in-house 

influence the profit margin of HERO? 

 

As can be deduced from the Kraljic Matrix all the modules that HERO consists do not have 

the same strategic importance and risk. Therefore the make or buy decision has to not only 

consider the cost aspect of the modules, but also their position on the matrix. By 

outsourcing the modules that can be (the modules falling under the leverage and non-critical 

categories), the profit margin of LORAMAX with HERO could increase, as demonstrated in 

the analysis in table 10. 

There is a potential cost reduction of 1,014kr of the company should choose to outsource. It 

should be noted here that the total column on the table is not an addition of the rows. It is 

presented this way for convenience since the various modules do not include the cost for 

final assembly, which is also a part of total production cost. For more clarity on this point, 

see appendix 5 and 6. The reduction in assembling cost provides opportunities for greater 

profit margins (table 12), greater sales and greater market shares. Greater margins will only 

be possible if the final price is held constant. 

 

TABLE 12. PROFIT MARGINS COMPARED 

Source: Own Creation 

 

 However, if the company chooses to lower its sales price correspondingly, it stands a chance 

to increase its sales and market shares. Lowering the price would also mean that the 

company is implementing its intended strategy, which is to produce high quality products at 

affordable prices. 

  

Reading Table Stand Circuit board Bracket Camera Lamp Minitor Panel Total

In-house margin 486 83 418 109 1,478 139 987 141 3,907

Outsource Margin 862 83 516 109 1,478 320 1,220 200 4,922

Sales margin 376 0 97 0 0 181 233 58 1,014
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CHAPTER 7. CONCLUSION, CONTRIBUTION & 

RECOMMENDATIONS 

CONCLUSION 

From the beginning of this thesis, the aim was principally to answer two research questions. 

A search of the literature was carried to identify and to understand the relevant concepts 

and tools necessary to answering these questions. The tools identified are Value Stream 

Mapping (VSM) and the Total Cost of Ownership (TCO).  

A VSM was carried out to identify all the activities that are performed when assembling 

HERO in order to determine those that are value adding and those that are none value 

adding. A distinction was also made between none value adding activities but required and 

none value adding activities and not required.   

In order to carry out the TCO, the model proposed by (Monczka el al, 2009) was used. 

According to this model, information generated from the VSM on the various wastes that 

exist in the assembly line was used as inputs into the model. Two principal kinds of waste 

were identified in the value stream map, and these are, waiting time in the production 

queue and very long assembly lead time. However, only one of these wastes was considered 

as a potential source for cost reduction, and this is the assembly lead time. Waiting time in 

the production queue was not considered because there were no costs identified that were 

associated to this waste. Perhaps, if there was more time to investigate the costs related to 

this waste, we would identify some cost, but time was a constraint. 

The TCO analysis was carried out for two options; in-house assembly of modules and 

outsourcing the module. They were then compared to determine which of them would be 

cost effective if chosen. The analysis showed that there would be a potential 512Kr 

reduction in production cost per unit of HERO if the modules were outsourced. This cost 

reduction would be as a result of the shorter lead times required to work on the modules. 

Based on the TCO analysis, the Kraljic matrix and the British aerospace company’s decision 

support models, the right decision would be for the company to outsource the assembly of 

the various modules. 
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This thesis highlights the importance of purchasing as a strategic cost reduction activity. This 

activity in the past used to be considered to be primarily the function of the finance and 

accounting departments (Ellram and Siferd, 1998), but with the increase cost being incurred 

by, or as a result of purchasing activities (Zsidisin et al., 2003), its importance cannot be over 

emphasized. Managing and effectively reducing the purchase cost is therefore a source of 

competitive advantage. 

CONTRIBUTION 

This thesis has been a very practical exercise. We have used practical tools to solve a real 

company problem. The tools in themselves are not new, but the way they are combined 

creates a unique toolbox for companies to solve similar challenges. 

RECOMMENDATIONS 

In the light of the above analysis and conclusion, on the VSM practice, we would recommend 

the company tries to follow the future desired state mapping results as analyzed and 

presented previously, with the VSM work plan as a starting point for pursuing the Lean 

journey. The value stream manager needs to be assigned and a team who would follow the 

VSM practice and implement Kaizen would be formed in order to bring the future state 

mapping into reality in the future. Continuous improvement is the key to success when 

implementing VSM and hence, the VSM maps should be updated accordingly at due time. 

 

On the make or buy decision, we recommend LORAMAX to buy rather than assemble the 

modules in-house. These modules include: reading table, circuit board, panel, monitor and 

lamps. 

 

It may not be possible to outsource all the modules at the same time. It may take a few years 

to completely outsource all the modules. In the mean time therefore, for all modules that 

are waiting to be outsourced, we recommend the company to challenge all the workers to 

continuously carry out improvements on the various modules that will still be assembled in-

house. The challenge may entail that all assembly workers be able to come up with a 

number of improvement suggestions within a given period, say three month. Assembly 
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worker are in the best position to suggest and to carry out the necessary improvements, 

because they best understand it.  

 

Before outsourcing any module, a careful TCO analysis should be carried out for every 

potential supplier of a particular module. In this way, LORAMAX would be able to better 

understand the true cost of dealing with each supplier. This is very important because for 

each of the modules, there are many suppliers, and certainly, they all will have different 

costs involved. 

 

We would also suggest that further researches in the field of Lean Management with other 

various tools such as 5S, Poka-Yoke, and Fishbone diagram etc. that may help the business to 

improve their Lean concept implementation into the next level. 

 

CRITIQUE OF THE STUDY 

We regret not being able to disclose more information on the company, which would help 

the reader understand some of our theory and calculation choices. We understand that the 

fact that this thesis is anonymous will also impact the comparability of our work in a way. 

However, all the numbers given for costs and lead times are accurate at the time of the 

study. As was discussed before, this thesis is valid only for a definite period of time, since it 

represents the current state of the company, which is very likely to change in the future. 
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APPENDIXES 

APPENDIX 1: COST ELEMENTS AND BASIS FOR CALCULATION 

 

APPENDIX 2: COST SUMMARY FOR LABOUR AND PURCHASE PRICE

 

Cost Elements Basis of calculatioon

 Material cost/Purchase price Supplier invoice price

 Labour cost Labour rate/hour

  Material price variance/Risk 3% of material cost

 Freight cost 5% of material cost

  Administrative/ordering cost 5% of material cost

 Manufacturing overhead 75% of labour cost

  Inventory cost 3% of product cost

  Development cost 27% of product cost

  Marketing cost 31% of product cost

Modules Purchase price Assembly cost

circuit board 706 38

HR camara 1,731 54

HD camera 3,529 46

HR Lamp 2 122 38

HD Lamp 4 188 92

Bracket 200 0

Monitor 18.5' 1,315 153

Monitor 23' 1,810 165

Panel 3-T Basic 131 23

Panel 5-T standard 137 23

Panel 2-T Advanced 380 38

Reading Table 605 184

Support 152 0

Package 191 0
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APPENDIX 3: MODULE COST STRUCTURE 

 

 

APPENDIX 4: TCO SUMMARY 

 

 

APPENDIX 5: IN-HOUSE COST STATEMENT 

 

Cost Elements Table Stand Circuit board Bracket  Camera Lamp Screen Panel Total

Material cost 605 152 706 200 2,630 155 1,563 216 6,227

Material price variance/Risk 18 5 21 6 79 5 47 6 187

Administrative cost or purchase cost 30 8 35 10 132 8 78 11 311

Freight cost 30 8 35 10 132 8 78 11 311

Labour cost 184 0 39 0 51 64 159 28 524

Manufacturing overhead 138 0 29 0 38 48 119 21 393

0

Product cost 1,006 172 866 226 3,060 288 2,043 292 7,954

0 0 0 0 0 0 0 0

Inventory carryiing cost 30 5 26 7 92 9 61 9 239

Development cost 272 46 234 61 826 78 552 79 2,147

Marketing cost 312 53 269 70 949 89 633 91 2,466

Total production cost 1,619 277 1,395 364 4,927 463 3,290 471 12,805

Sales margin 486 83 418 109 1,478 139 987 141 3,842

Sales price 2,105 359 1,813 473 6,406 602 4,277 612 16,647

TCO cost elements Table Stand Circuit board Bracket Camera Lamp Screen Panel Total

Purchase price 605 152 706 200 2,630 155 1,563 216 6,227

Acquisition Cost:

Material price varience/Risk (3% of material cost) 18 5 21 6 79 5 47 6 187

Ordering cost (5% of material cost) 30 8 35 10 132 8 78 11 311

Freight cost (5% of material cost) 30 8 35 10 132 8 78 11 311

79 20 92 26 342 20 203 28

Usage cost

Inventory cost (3% of standard cost) 30 5 26 7 92 9 61 9 239

Labour cost 184 0 39 0 51 64 159 28 524

Development cost/training 272 46 234 61 826 78 552 79 2,147

486 52 299 68 969 151 772 115 2,910

TCO 1,169 223 1,097 294 3,941 326 2,537 359 9,946

Cost Elements Reading Table Stand Circuit board Bracket Camera Lamp Screen Panel Total

TCO 1,169 223 1,097 294 3,941 326 2,537 359 9,946

Final Assembly cost 219

Manufacturing overhead 138 0 29 0 38 48 119 21 393

Marketing cost 312 53 269 70 949 89 633 91 2,466

TPC 1,619 277 1,395 364 4,927 463 3,290 471 13,024

Profit margin 486 83 418 109 1,478 139 987 141 3,907

Sales price 2,105 359 1,813 473 6,406 602 4,277 612 16,931
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APPENDIX 6: OUTSOURCE COST STATEMENT 

 
 

APPENDIX 7: MODULES INVOLVED FOR THE KRALJIC MATRIX 

 

 

APPENDIX 8: SCALE OF WEIGHT FOR KRALJIC MATRIX QUESTIONAIRE  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost Elements Reading Table Stand Circuit board Bracket Camera Lamp Screen Panel Total

TCO 966 223 1,044 294 3,941 228 2,411 328 9,434

Final Assembly cost 223

Manufacturing overhead 38 0 3 0 38 0 57 5 141

Marketing cost 239 53 250 70 949 54 589 6 2,211

TPC 1,243 277 1,297 364 4,927 282 3,057 412 12,009

Profit margin 373 83 389 109 1,478 85 917 124 3,603

Sales price 1,616 359 1,687 473 6,406 367 3,973 536 15,612

Module # Module name

1 Reading Table

2 Stand

3 Bracket

4 Circuit Board

5 Panel

6 Monitor

7 Lighting

8 Camera

Minimum Maximum

S.I. 15 100

S.R. 18 100
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APPENDIX 9: KRALJIC QUESTIONAIRE-ANSWERS SET UP AND WEIGHTS 

 

 
# Questions
1 What is the TCO of the module? very low low high 2 6 11

2

To what degree does the TCO of the 

module impact the total cost of the 

product? very low low high

3 10 17

3

What is the impact of the module quality 

on the final product quality? little medium
2 5

4

Should the module be standardized and 

what is its current state?

it should 

be 

standardiz

ed and it is 

it should not be 

standardized 

and it is 

standardized

it should not 

be 

standardized 

and it is not 

1 3 5

5

Does the supplier belong to the best-in-

class supplier group of the company?

6

What is the level of collaboration between 

the company and the suppliers?

one-order 

contract

short-term 

contract
just-in-time 2 5 10

7

How relevant is the module in company’s 

achieving the competitive advantage?
irrelevant

commodity 

component
leverage 2 6 11

8

What kind of relationship with the 

suppliers of the module is preferable?

minimum 

number of 

suppliers 

with long-

term 

contracts

secure short 

and long term 

supply

short-term 

deal
1 3 6

1

How easily is the module available on the 

market?

available at 

any time

available, but 

only periodically

available only 

from the 

current 

supplier

1 3 6

2

Are there any difficulties in supply that can 

be expected in the near or long future?

an 

improveme

nt in 

supply 

potential is 

expected

no significant 

change in 

supply is 

expected

2 4

3

What is the number of potential suppliers 

of the module on the market?

many 

suppliers
few suppliers 2 6

4

What is the time to establish relationships 

with new suppliers?

suppliers 

are open 

for new 

customers 

it takes some 

time, but 

suppliers are 

easy to reach

it takes much 

time
1 2 4

5

Can we insource the module and is it 

worth it?

we can 

and it is 

worth it

we can but it is 

not worth it

we can not but 

it is worth it
1 3 8

6

Are there any substitutions available on the 

market?
many enough few 1 2 4

7

To what degree is the company dependent 

on the supplier?

independe

nt
limitedly strongly 1 2 4

8

What are the holding costs for the 

module?
very low low high 1 3 7

9

Does the module lose its properties during 

the storage period?

partially 

over long 

period of 

time

partially over 

short period of 

time

totally over 

long period of 

time

1 2 3

10

Does the module become obsolete with 

the technological progress?

very low 

speed 

obselosce

nce

low speed 

obsolescence

high speed 

obsolescence
1 2 4

11

What is the cost to switch from one 

supplier to another?

12
How deep are the suppliers specialized?

deep in few 

products
2

13

What is the level of the after sale service 

of the supplier?
highest medium limited 1 2 4

14

Is the variability of modules the suppliers 

can supply high?

15

What is the bargaining power of the 

supplier?
very low low high 1 2 4

16

What is the bargaining power of the 

company?
very high high low 1 2 4

S
T

R
A

T
E

G
IC

 I
M

P
O

R
T

A
N

C
E

S
U

P
P

L
Y

 R
IS

K

7

8

many difficulties are expected

10

mutual 

commitment

25

Possible answers

no yes

very high

very high

it should be 

standardized 

and it is 

standardized

totally over 

short period of 

time

very high

totally

no

it takes much 

time and 

financial 

efforts

not always 

available also 

from the 

current 

supplier

2

high

long-term 

contract
15

relevant

Weights
15

10

15

7

5

8

one supplier

we can not 

and it is not 

worth it

10

5

5

5

low

10

high

5

4

5

5

5

1
nothing 

special
5

1

1

very high 

speed 

obsolescence

low

high

deep in many products

5very low

very high

no after sale 

service

6
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APPENDIX 10. KRALJIC MATRIX ANSWERS TABLE FOR HERO PRODUCT – STRATEGIC IMPORTANCE 

 

APPENDIX 11. KRALJIC MATRIX ANSWERS TABLE FOR HERO PRODUCT – SUPPLY RISK 

  

Reading Table Stand Bracket Circuit Board Panel Monitor Lamps Camera

1 2 3 4 5 6 7 8

What is the TCO of the 

module? 1 high very low very low high low very high low very high

To what degree does 

the TCO of the module 

impact the total cost of 

the product? 2 high very low very low low very low very high very low very high

What is the impact of 

the module quality on 

the final product 

quality? 3 high medium little medium little high little high

Should the module be 

standardized and what 

is its current state?
4

it should be standardized 

and it is standardized

it should be 

standardized and it 

is standardized

it should be 

standardized and it 

is standardized

it should be 

standardized and it is 

standardized

it should not be 

standardized and it 

is not standardized

it should not be 

standardized and it is not 

standardized

it should be 

standardized 

and it is not 

standardized

it should not be 

standardized and it 

is not standardized

Does the supplier 

belong to the best-in-

class supplier group of 

the company? 5 no no yes yes no yes no yes

What is the level of 

collaboration between 

the company and the 

suppliers? 6

long-term contract long-term contract just-in-time long-term contract short-term contract long-term contract
short-term 

contract
long-term contract

How relevant is the 

module in company’s 

achieving the 

competitive advantage? 7

relevant
commodity 

component

commodity 

component
leverage leverage relevant leverage relevant

What kind of 

relationship with the 

suppliers of the module 

is preferable? 8

mutual commitment
secure short and 

long term supply

secure short and 

long term supply

minimum number of 

suppliers with long-

term contracts

secure short and 

long term supply

minimum number of 

suppliers with long-term 

contracts

secure short 

and long term 

supply

minimum number of 

suppliers with long-

term contracts

85 43 38 65 37 89 33 89Total

                    Component name             

Question

S
T

R
A

T
E

G
IC

 I
M

P
O

R
T

A
N

C
E

Reading Table Stand Bracket Circuit Board Panel Monitor Lamps Camera

1 2 3 4 5 6 7 8

How easily is the 

module available on the 

market? 1

available only from the 

current supplier

available only from 

the current supplier
available at any time

available only from 

the current supplier

available at any 

time

available, but only 

periodically

available at 

any time

available at any 

time

Are there any difficulties 

in supply that can be 

expected in the near or 

long future?
2

an improvement in supply 

potential is expected

no significant 

change in supply is 

expected

no significant change 

in supply is expected

an improvement in 

supply potential is 

expected

an improvement in 

supply potential is 

expected

an improvement in supply 

potential is expected

an 

improvement 

in supply 

potential is 

expected

no significant 

change in supply is 

expected

What is the number of 

potential suppliers of 

the module on the 

market? 3

many suppliers many suppliers many suppliers many suppliers many suppliers few suppliers few suppliers one supplier

What is the time to 

establish relationships 

with new suppliers?
4

it takes much time and 

financial efforts

it takes much time 

and financial efforts

it takes some time, 

but suppliers are 

easy to reach

it takes much time 

and financial efforts

it takes some time, 

but suppliers are 

easy to reach

it takes some time, but 

suppliers are easy to 

reach

it takes some 

time, but 

suppliers are 

easy to reach

it takes much time 

and financial efforts

Can we insource the 

module and is it worth 

it? 5

we can but it is not worth 

it

we can not and it 

is not worth it

we can but it is not 

worth it

we can but it is not 

worth it

we can but it is not 

worth it
we can and it is worth it

we can but it 

is not worth it

we can and it is 

worth it

Are there any 

substitutions available 

on the market? 6 no no many enough enough few few few

To what degree is the 

company dependent on 

the supplier? 7 strongly totally limitedly totally limitedly strongly limitedly totally

What are the holding 

costs for the module? 8 low very low very low low very low very high very low very high

Does the module lose 

its properties during the 

storage period? 9

partially over long period of 

time

partially over long 

period of time

partially over long 

period of time

partially over long 

period of time

partially over long 

period of time

partially over long period 

of time

partially over 

long period of 

time

partially over long 

period of time

Does the module 

become obsolete with 

the technological 

progress? 10

very low speed 

obseloscence

very low speed 

obseloscence

very low speed 

obseloscence

high speed 

obsolescence

low speed 

obsolescence

very high speed 

obsolescence

low speed 

obsolescence

low speed 

obsolescence

What is the cost to 

switch from one supplier 

to another? 11 high high low high low low low high

How deep are the 

suppliers specialized? 12
nothing special

deep in many 

products
nothing special

deep in many 

products

deep in many 

products
deep in few products

deep in many 

products

deep in many 

products

What is the level of the 

after sale service of the 

supplier? 13 medium limited limited limited limited highest limited highest

Is the variability of 

modules the suppliers 

can supply high? 14 high high high high high high high high

What is the bargaining 

power of the supplier? 15 high very high low high low very high low very high

What is the bargaining 

power of the company?
16 high high very high high high high very high low

51 59 32 50 29 51 34 61Total

S
U

P
P

L
Y
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K

                    Component name             

Question
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APPENDIX 12. VSM SYMBOLS AND LEGEND 

 

 

 


