
 

 

J Ö N K Ö P I N G  I N T E R N A T I O N A L  B U S I N E S S  S C H O O L  
JÖNKÖPING UNIVERSITY 

 

Managing of Core Competences 
A Case Study of SP Technical Research Institute, Sweden 

Master Thesis in Innovation and Business Creation  

Author: Khizran Zehra & Stephanie Wong 

Tutor: Mike Danilovic 

Jönköping  May 2009 



 

 
i 

Acknowledgements 
 

 
The study of “Managing of Core Competences” could not have been completed without 

the successful guidance of many key people, who have contributed in this research. We, 

as authors would like to take this opportunity to pay our gratitude to each one of them 

for their time, knowledge and for the shared work experience.  

  

To begin with, we would like to thank Mike Danilovic, Professor at Jönköping Interna-

tional Business School (JIBS), expert in DSM/DMM field and our supervisor for this 

research. As a supervisor, he provided us a platform of learning and market experience, 

in collaboration with Swedish Technical Research Institute (SP). Danilovic high expec-

tations from us and his useful suggestions have made this challenge an interesting and 

valuable one. 

 

We owe our gratitude to Peter Leisner, Professor of School of Engineering at Jönköping 

University and Head of Department of SP Electronics. Leisner cooperation has helped 

us to gain many practical and educational insights, in the field of innovation and busi-

ness creation. We are grateful for his time and cooperation.  

 

SP respondents are the next team of people that we would like to acknowledge. We 

thank them for their support and time for the gathering of empirical data. Their contri-

bution has made a great difference to our research with regard to quality and validity.  

 

Personally, we would like to thank God for the strength, opportunities and ability to 

complete this thesis. In addition, we would also like to thank our parents and family, 

whose consistent support and faith has encouraged us to work harder and made this 

journey, in our opinion a successful one. 

 

We share the credit of this study with all of you. We hope to contribute new know-

ledge and a quality research work: valuable of each readers time! 

 

 

Khizran Zehra and Stephanie Wong 

Jönköping International Business School (JIBS) 

 

 

2009 

 

 

 

 

 

 

 

 

 



 

 
ii 

 

 
Master’s Thesis in Innovation and Business Creation 
______________________________________________________ 
 
 

Title: Managing of Core Competences: A case study of SP Technical Research 

Institute 

 

Authors: Khizran Zehra & Stephanie Wong 

Supervisor: Mike Danilovic 

Date: May 2009 

  

     

Key Words: Core Competences, Technological Changes, Sustainable Development, Sus-

tained Competitive Advantage and Organizational Learning. 

_______________________________________________________________ 

 

Abstract 

 
Problem: To compete in this hypercompetitive market, technological platform or port-

folio of core competences is required. Our thesis points out the challenges for manage-

ment to identify the market demands, the related technological changes and the devel-

opment of new competences to match with new technologies. The major challenges for  

SP Technical Research Institute is to integrate the two domains i.e. technological 

changes and new competences to form the sustained competitive advantage and to find 

what process should be followed to adapt to this continuous technological development 
for the present and for the future.  

Purpose: Our thesis purpose is divided into two parts; the first is to develop a metho-

dology that will provide a systematic approach to integrate product and technologies 

with processes and competences. The second is to apply this methodology to identify 

core competences at SP, regarding hybrid and electrical vehicles and their technologies 

in the future.  

 

Method: In order, to fulfill our purpose, we worked closely and intensively with SP in 

a case study. Further, to answer the research questions, we followed the deductive re-

search approach and qualitative research method. Interviews and workshops were our 

primary sources of information.  

 

Results: Our thesis results shows that by following an Information Driven Manage-

ment (IDM) approach and by using the methodology to integrate the technology i.e the 

market demands with the organizational competences, organizations can sustain and as-

sess their competitiveness. This is done by building a portfolio of competences and core 

competences to make a strategic analysis that will help in attaining a sustained competi-

tive advantage. Through managing of the portfolio of competences and core compe-

tences, management can specifically find the market niches that they would consider to 

invest in or not to invest in for the future. 
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1 Introduction 
________________________________________________________ 

The aim of the introductory chapter, is to present the background that familiarizes the 

reader to the subject, it provides a general overview and an outline of the study under-

taken. The thesis research problem is formulated and introduced, along with the pur-

pose to define the area of the study.  

_____________________________________________________________________ 

Wymans (2000, p.4) best describes the present world as “Stagnation means regression”, 

this means that continuous change and improvements are the key means to survival in a 

dynamic environment. Our environment is comprised of the pressing continuous chal-

lenges of globalization, the increasing demands of the individual and the complexity of 

technological change.  The trend as observed by (Mogensen 2006, p.20) is that consum-

ers are becoming more tilted from “material” to “emotional needs” and due to their pre-

ference to  products that integrate greater number of functions at a lower price; conti-

nuous innovation has become the means to survive (Gourville 2006). However, even 

innovative industries like the automotive industries are in a situation, where ways to 

look for making a profitable margin seems bleak (Wymans 2001). Ironically, the Japa-

nese companies were able to gain competitive advantages of creativity, speed, quality 

and cost deliverance through their innovative products (Hamel & Prahalad 1994). By in-

troducing Toyota Prius and Lexus (hybrid electric vehicle), they were able to answer the 

problem of earning profit margin in the automotive industry. Hybrid Electric Vehicle 

(HEV), is the potential market for automakers, which serves the consumer needs of in-

creasing safety requirements and voluntary environmental commitments (Wyman 

2001). The quest for searching less polluting cars with improved performance and low 

cost is continuing to grow, in most parts of the world. Automotive sectors of most Eu-

ropean countries are researching improved batteries for electric vehicles not only to save 

environment but also to get first mover advantage and to have sustained competitive ad-

vantages through core competence.  

Following their competitors, the Western organizations initially developed strategic 

business units and applied different strategies (Hamel & Prahalad 1990) This led them 

to a confusion of questioning why organizations belonging to the same industry as Toy-

ota continued to perform differently. Later, the resource-based view (RBV), an “inside-

out” approach explained it was due to the various ways organizations internal resources 

were exploited (Henry 2007, p.126). When organization further specializes some of 
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these resources, they form into core competences. Core competence is the know-how of 

the organization, what they are good at (Hatten & Rosenthal 2001). It does not provide a 

short-term solution, but one that is long-term and provides a sustained competitive ad-

vantage. The Japanese organizations „strategic management‟ can be defined as „manag-

ing of core competences‟, which aligns the individual competence (knowledge and skill) 

along the organizational core competence. By investing in their core competence, they 

are able to adapt in advance to the technological change. That‟s how they gain long term 

benefit from the present and future HEV market. „Managing of core competences‟ has 

become a valuable concept, because it provides a solution to save cost for the automo-

tive industry and is a long term strategy. As technology is expensive and with the in-

creasing updated changes in it, a single organization can not afford to develop all the 

knowledge and skills required for it. Therefore, what is not core competence; it is either 

outsourced or is merged with another company. 

„Managing of core competences‟ can be described as a broad umbrella that integrates 

aspects from all disciplinary terms like knowledge management, innovation manage-

ment, human resource management and project management. Since, contemporary 

thinking on strategy emphasizes the ability to respond to environmental changes quickly 

at all levels rather than planning in a controlled environment: the role of a competence 

manager is then defined as the person, who from time to time evaluates the organiza-

tion‟s competences to make a better decision of what strategic resources to invest in. 

Therefore, to handle the complexity in product development and for an automotive in-

dustry, where there are a huge number of tier suppliers, competence managers then need 

to develop dynamic methodologies that can integrate the product (market demands) 

with their processes (competences) to gain sustained competitive advantage. By dynam-

ic methodology, we mean a methodology that can integrate the two domains but also 

through which we can build a portfolio of competences and core competences. The me-

thodology for our thesis, is the Domain Mapping Matrix (DMM); which has been used 

by (Danilovic 2001) for handling complex systems and which fulfill our thesis require-

ments. In this study, we use competences to refer to the processes. 
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1.1 Background 
 

Automotive industry is central to Europe's prosperity (http://www.ec.europa.eu 2009). 

The EU is the world's largest producer of motor vehicles, producing over 18 million ve-

hicles a year and almost a third of the world's passenger cars. Sweden is one of the 

Scandinavian countries in Europe, which is most dependent on its automotive industry. 

The reason is the automotive manufacturing is of immense importance for employment, 

export, investments, Research and Development (R&D) and spread of knowledge. Pre-

sently, the industry contributes approximately 15% of the total export of goods and is 

the largest source of export for the country (http://www.ec.europa.eu 2009).  

Generally, Sweden offers a good market for high-quality and technically sophisticated 

automotive equipment. The best sales prospects exist for products within the "safety" 

and "environment" sectors (http://www.vinnova.se). Swedes are very safety conscious 

and the automotive manufacturers are known to follow high safety standards. The aim 

of automotive industries R&D is to promote the development of more environmentally 

friendly technology in vehicle and vehicle component in Sweden. This shows the ability 

of the Swedish automotive industry to grow and to compete for the long term 

(http://www.vinnova.se). 

Therefore, with the Hybrid Electric Vehicle (HEV) gaining importance, it has now 

made the Swedish government and the Swedish automotive industry more involved in 

environment friendly automotive engineering and for this, they are committed to work 

for Electric/Hybrid cars to comply with directives from European Union and also main-

tain and sustain its competitiveness. Sweden‟s effort in taking technological change and 

sustainable development via HEV was evident with the introduction of FIAT on 22
nd

 

April 2009. FIAT is Swedish own electric vehicle factory, which provides manufactur-

ers like Alelion and Auto Adapt with the land chassis and the car body. Provided with 

this, as Sandberg from Alelion, states that only “an advanced battery systems based on 

the latest generation of lithium ion batteries” is only needed to be placed in it to be a 

complete electric vehicle (Karlberg 2009). So, although Toyota is the lead manufacturer 

for hybrid cars but with the introduction of FIAT, Sweden is building a foundation for 

future hybrid electric vehicles by focusing first on the electric vehicle. Presently, the 

Swedish automotive manufacturers are working on the electrical energy storage system 

also known as „advanced battery system‟ (Karlberg 2009). 
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1.2 Problem Discussion 
 

As new competitive situation has important ramifications on how firms operate and are 

managed (Shapiro 1999). New organizational forms, pressures from new kinds of em-

ployees, fierce competition, and discontinuous technological changes are just some of 

the forces that are pushing strategy to evolve further for long term (Drejer 2000). Hence 

Hamel & Prahalad (1994), gave expanded views on competitions and its forms. They 

offered views on product/market competition along with competition for leadership and 

competition for foreshorten paths. Drejer (2000), further elaborates the thinking of Ha-

mel & Prahalad that to survive in this competitive environment continuous innovation is 

important, which can only be achieved through exploitation of technologies and know-

ledge. In other words competing in hypercompetitive environment, competitive advan-

tages must be based on what has been termed as “technological platforms” (Kim  & 

Kogut 1996, p.287) or “portfolio of core competences” (Hinterhuber et.al 1996, p.231). 

To develop a portfolio of core competences is the last stage; the main problem is which 

is the specific potential market demand (technological changes) and what are the current 

organizational competences to match them. Our thesis points out the challenges for 

management to identify the market demands, the related technological changes and the 

development of new competences to match with new technologies. The major chal-

lenges for  SP Technical Research Institute is to integrate the two domains i.e. technol-

ogical changes and new competences to form the sustained competitive advantage and 

to find what process should be followed to adapt to this continuous technological devel-

opment for the present and for the future. 

 

1.3 Purpose  

Our thesis purpose is divided into two parts; the first is to develop a methodology that 

will provide a systematic approach to integrate product and technologies with processes 

and competences. The second is to apply this methodology to identify core competences 

at SP, regarding hybrid and electrical vehicles and their technologies in the future. This 

is done by building a portfolio of competences and core competences to make a strateg-

ic analysis that will help in attaining a sustained competitive advantage and to focus on 

which competences and core competence to be invested in, merged or outsourced. 
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1.4 Perspective 

Since, we are both students of innovation and business creation; our main motive was to 

explore how innovative organizations manage their strategies to adapt to the changing 

nature of their business. We wished to learn a practical tool for managing complex sys-

tem in the automotive manufacturing industry. As we aspire to be managers one day, a 

practical insight with working with a company and by learning about their way of deal-

ing with challenges and how they align their organizational competences to the market 

is what we considered as a key learning for our future careers. Therefore, the thesis has 

been written from a management‟s perspective.  

Keeping that in mind, in our opinion an effective manager is one that will continuously 

keep updated with the market needs and trends. By keeping updated will he/she only be 

able to create value for the future prospects of its organization (IBM Business Consult-

ing 2005). This can be done, according to Hinterhuber et al. (1996, p.229) by “acquir-

ing, developing and using core competences create values for all „stakeholders‟.” Short-

term strategies can only help to gain competitive advantage for a short time period, 

while core competence is a buzz word and an actual proven long-term strategy that is 

being continuously practiced, researched as documented by authors like Hamel & Pra-

halad (1990), Rumelt (1984), Barney (1991), Grant (1996), and Peteraf (1993). This is 

one of the main reasons why we chose to study managing of core competences.  

There are many competence models to identify the core competence but for our thesis, 

we used a matrix-based tool DMM (Domain Mapping Matrix) as a methodology. Key 

managerial insights, different interpretations and usage of the DMM and most impor-

tantly, how to combine clusters to achieve market niches; altogether they make our the-

sis a useful contribution to the academic and practical world. Each of these concepts 

(managing of core competences, DMM and Hybrid electric vehicle) are relatively new 

and with their increasing importance in market, there is a high potential for further re-

search to be conducted.  

 

1.5 Research Questions 

In order, to give direction to the study and to explore the nature of the problem, we have 

designed three research questions, these are as follow: 

1. How does innovative organizations adapt to their changing environment?  
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2. How was the methodology developed to provide a systematic way to deal with 

the thesis problem? What benefits are attained through this methodology and 

how does it aid in making a strategic analysis of managing of core compe-

tences? 

3. What are the contributions to the methodology as a tool and as concept? What 

are the results obtained from the methodology and how can we state it as being 

sustained competitive advantage? 

1.6 Outline of Thesis 

To give an overview of the structure of the thesis, the framework of thesis is as follow: 

Chapter 1, “Introduction”: This chapter familiarizes the reader with the background 

and the problem. It gives the overview of study taken.  

Chapter 2, “Frame of reference”: Beginning from this chapter to end chapter of con-

clusions, they all served to answer the purpose of the thesis. This chapter states the theo-

ries related to the formulated questions, and also presents the structured results from 

previous similar studies. The frame of reference is used for the final analysis (Chapter 

6).  

Chapter 3, “Hybrid electric Vehicles”: This chapter is dedicated to explain the trend 

of HEV. Its designed to provide an understanding to the new technology by explaining 

the different types of hybrid electric vehicles and degree of hybridization. In addition, 

definitions of the product architecture is also provided; which is further used in our 

analysis section. 

Chapter 4, “Methodology”:  In this chapter, we explained how the different steps of 

the research study was designed and how the empirical investigation and empirical 

analysis has been conducted. We gave our motivations and argued different point of 

views, along with the research methods applied. 

Chapter 5 “Empirical Investigations”: This chapter is where we have illustrated our 

findings and have tested both the methodology and frame of reference.  

Chapter 6, “Analysis”: Using the findings from chapter 5, the portfolio of compe-

tences and core competences was extracted. This is done by analyzing it with the frame 

of reference i.e. the working model and IDM. 

Chapter 7 “Conclusions”: This chapter presents the results of this study and also 

presents recommendations and critical analysis of the research with managerial implica-

tions. 
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2 Methodological Considerations 
______________________________________________________________________ 

In this chapter, the structure of the research methodology is discussed. The methodolo-

gy presented here has been designed to serve the thesis purpose. To answer the re-

search questions in the most suitable way, research methods and their motivations are 

provided. The chapter discusses the research approach, method, data gathering tech-

niques, data analysis and research process. These are followed in-detail along with ar-

guments and reasoning for selecting specific choice of method. 

______________________________________________________________________ 

The structure of the research methodology begins with the research purpose and re-

search questions as the starting point and basis for defining and considering research de-

sign and methodology. Patton (1990), supported the same idea that purpose and re-

search problem should determine what kind of approach should be used. As suggested 

by Slife & Williams (1995), most appropriate research approach is the one that best fits 

the question or the problem at hand.  

2.1 Research Approach 

For a research approach, reasoning to support and strengthen overall purpose is crucial 

and required for any study. For this study, the main themes to approach for reasoning 

were deductive and inductive. Saunders, Lewis & Thornhill (2003), suggested that de-

ductive reasoning supports the testing of existing theories. While inductive reasoning is 

based on building theories (Hyde 2000). For a sound inductive reasoning, the researcher 

needs to find theories in order to approve or reject the hypothesis and he/she must be 

able to support and defend it (Cooper & Schindler 2001). 

As previous literature served as a base and since we are not building any new theories, 

thus our study is more deductive in nature. The reason for using existing knowledge and 

theories was to validate and authenticate its relevance. To make use of existing know-

ledge the funnel approach was followed. Therefore, the thesis framework is presented 

initially with the general problem and theories related to managing of core competences. 

All the theories presented were tested, based on the organization under study, hence, 

making the deductive research approach justified for our thesis purpose. 
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2.2 Research Method 

According to Williamson (2002), research method gives shape and design to the re-

search. Two main approaches: qualitative and quantitative were observed, for the design 

of undertaking the study and for providing theoretical clarifications. As (Creswell 

2002), also concluded that there are many research methods but mainly there are two, 

qualitative and quantitative. Qualitative research produces non-standardized data and 

quantitative generates standardized data (Saunders, Lewis & Thornhill 2007). As 

Kwortnik (2003), said that quantitative measures are very important when you have to 

answer questions like „how much‟ or „how many‟. 

According to Walker, Cooke & McAllister (2008), qualitative research seeks to discov-

er and describe the complex nature of human experience. For our study, it was impor-

tant for us to observe how the respondents at SP use all these theories in reality. Our re-

search approach was then designed to find out a practical approach for management and 

decision making in complex situations. This meant we needed to observe the view 

points and logics of respondents. To get the logical flow of the information the respon-

dents were the main instrument for interpretations. According to (Walker, Cooke & 

McAllister 2008) opinion that qualitative research is important for understanding the 

situation holistically. Our research method is then of a qualitative nature, as we explored  

the behavior of the SP respondents for managing process of core competences at SP 

Technical Research Institute. We analyzed their opinions to understand the trends of the 

automotive industry, their approach for adapting to the technological change and their 

estimations and expectations from the methodology to be developed. 

The qualitative research method is then suitable because we are not answering to ques-

tions of „how much‟ or „how many‟, but how is the process carried out.  

 

2.3 Case Study  

Chetty (1996), considered the case study to be a very suitable strategy for exploration of 

any issue. For present study, the choice of case study approach comes naturally to an-

swer the research questions in relation to practicality and reality. As Saunders, Lewis & 

Thornhill (2007), also support the idea that case study strategy has considerable ability 

to generate answers to the research questions. To have the case study approach, a single 
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case was selected. For analyzing a case, SP Technical Research Institute in Böras was 

selected.  

2.3.1 Brief Overview of SP 

SP Technical Research Institute of Sweden was formerly known as Statens Provning-

sanstalt (Government Testing Institute). It is reputed as being a leading international in-

stitute for promoting interdisciplinary innovation of importance to industry and society. 

According to (Hinterhuber et al. 1996, p. 224), reality must be invented and not found, 

this is what defines SP Technical Research institute. SP serves a very different role in 

the automotive industry, there are known to be a neutral body, which means they are 

neither a supplier nor a manufacturer. SP main consumers are B2B market and not the 

ones that purchase the car, SP serve the automotive industry by selling their knowledge 

in three areas of specialization: testing, R&D and product development. Being the only 

one for testing the automotive products of international companies in Sweden, SP have 

two competitive advantages. One is they have governmental support and the second is 

they don‟t have any competitors currently in Sweden. However, being the only one and 

the top doesn‟t make SP any less competitive. Being in the fore-front of technology, SP 

wants to maintain this competitive advantage on a market that is becoming more globa-

lized and that is the reason why they are focusing on creating the reality and not finding 

it  (P. Lisener 2009,pers.comm., 22 April). 

SP is entirely run by the Swedish government; it has a unique national role as “the na-

tional metrology institute, with responsibility for maintaining and developing the prima-

ry measurement standards, measurement methods and techniques of estimating uncer-

tainty measurement in order to ensure quality-assured measurement in all sectors.” SP 

has more than 850 employees and they are  involved in projects in the area of Measure-

ment with Human Interpretation which  include: (i) indoor environment and mould; (ii) 

thermal comfort; (iii) ease of package opening; (iv) visual assessment of different mate-

rials and photometry; (v) assessment of sound quality etc. While SP Measurement 

Technology ensures that measurement quality are at all laboratory and industrial levels. 

Their other departments are working to develop new methodologies for the estimation 

of measurement uncertainty in multivariate situations, for instance in the food and 

pharmaceutical industries. They are also pioneers in the new optimized uncertainty me-

thodologies defining a „fit for purpose‟ level of measurement, which provides SP clients 
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with an objective basis for making decisions of conformity even when only qualitative 

inspection is made in panel testing of product. To date, SP is also working on HEV to 

reduce emission and to develop a sustainable development in the Mechanical engineer-

ing and automotive industry. This requires developing tests and research in areas like 

electrical safety, fire risks, battery technology and electromagnetic compatibility 

(http://www.sp.se/eng/ & http://minet.wordpress.com/consortium/sp/). 

 

2.4 Data Collection  

The data collection was designed to gather as relevant data as possible. This was not on-

ly important to make maximum possible use of available time and knowledge of the re-

searchers, SP and supervisor, but also to produce quality result. In order to gather quali-

ty data, one needs to design the information need that has to be collected. This provides 

a direction of finding data that is of relevance. The research questions were designed to 

be simple and concise, but made with intention to gather in-depth knowledge. To satisfy 

this requirement, their content was more exploratory in nature. For maximum data col-

lection, the suitable gathering methods were both primary and secondary sources. Inter-

views and workshops were primary sources and previous studies, documents, literature 

were the main secondary sources for data extraction.  

 

2.4.1 Literature Review 

As mentioned earlier, existing knowledge is very important to understand the problem 

and then come to the specific situation. We agree to Routio (2004), opinion that main 

aim of literature search is to clarify the problem so, for our study, we had to search pre-

vious knowledge and literature: secondary sources to support and build the general 

problem. This attempt of researching for existing knowledge and literature helped us to 

shape our study framework and to discuss the main problem of thesis in relation to the 

previous studies. The insight into existing researches also motivated us to contribute 

something new to the literature of managing of core competences, but it also paved the 

way for future research. The literature was extracted from books, articles, researches, 

periodicals and from internet as well.  
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2.4.1.1 Unstructured In-Depth Interviews 

For our thesis, we selected the unstructured in-depth interviews with respondents. As 

Darlington & Scott (2002), suggested it‟s a good technique when people are specialists. 

Since, our main focus was to study managing of core competences of the Swedish au-

tomotive industry, it was important to understand the technical aspects and components 

to be used in the matrix. We had three interviews, one took place during the workshop 

and the other two were held with Leisner. The first interview was to understand the con-

tents, logical flow of information and definitions from respondents regarding the tech-

nical aspects of HEV electric energy storage system. These interviews helped in under-

standing the HEV concept and helped us to gain a comprehensive understanding of the 

variables and components of matrix i.e. product components x competences used for the 

HEV. The second interview was on 22
nd

 April, 2009; it was constructed to discuss the 

workshop and  the matrix product components and competences in detail. In addition, 

the importance of the trend of FIAT and the objectives and requirements that was to be 

obtained from the matrix was also confirmed. 

The third interview was on 8
th

 May, 2009. It was arranged to discuss the third iteration 

and to find out whether it meets the requirement of the organization, the possible inter-

pretations and how the third iteration could be constructed. A more in-depth interpreta-

tion of the matrix was made and objectives of the thesis and requirements of SP, were 

cross checked to make sure the data gathered was in the right direction, in terms of re-

levance and novelty of the content. 

From this experience, we can conclude that unstructured in-depth interview promotes a 

friendly process between interviewer and interviewee by avoiding any rigid relation. If 

the interview was structured and formal based, this could never helped us to get minute 

details and insights that would be available only through open discussions. The main 

purpose of keeping it unstructured and friendly was to learn more and thus be able to 

contribute quality work for our readers and SP. This motivated us, to avail the opportu-

nity for getting more knowledge on technical aspects of HEV (electrical energy storage 

system) components and competences required to develop them.  

 

2.4.1.2 Workshop 

In the present study, a workshop was conducted. This workshop was conducted on April 

3, 2009, which prolonged from 9:00 am to 2:00pm. Issues to be discussed were planned 
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in advance and the respondents were SP engineers invited from different fields. In our 

opinion, this workshop differed from traditional workshops; as conventional discussions 

are held more formally through presentations and lectures, which was not in this case. 

Introductions between the participants were made, the matrix was introduced and the 

process for the workshop was explained and influenced by the researchers and the res-

pondents. We influenced the workshop by designing it to begin with a friendly process 

with interviewer and interviewee, to gather and validate data from automotive field ex-

perts for empirical data and to enhance maximum learning. Therefore, an environment 

was created, where dialogs took place. This is important, as a dialog allows you to feel 

relaxed, share your comments and ideas with each other. As quoted by (Hamel & Praha-

lad 1990, p. 58), that to develop the core competence you need to respect the field of 

others. Thence, when respect was established and opinions were shared to build the core 

competence, this environment is the organizational culture, which is regulated through a 

“self regulatory” manner (Krehbiel & Erekson 2001).  

2.4.1.3 Brief Profile of Respondents in the workshop 

The respondents included: Peter Leisner: Professor of School of Engineering at 

Jönköping University and Head of Department of SP Electronics, Jan Welinder: Deputy 

Head of Department at SP Electronics, Jan Jacobson: Head of SP Electronics, Jens Tu-

nare: senior official at SP Electronics and Petra Andersson: Senior Research Scientist at 

SP Fire Technology Department. Authors were part of the workshop as observers. This 

workshop was the idea of Mike Danilovic, Professor at Jönköping International Busi-

ness School and expert in DSM/DMM field. His academic contribution is apparent in 

the literature of project management. Together, with Leisner; they  were  moderators for 

the workshop. 

2.5 Data Analysis 

The data analysis forms an important component of the thesis, as it is the main contribu-

tion of the authors. Hardy (2004), suggested that it is important to plan initial steps of 

analyzing the data, otherwise one could have long term consequences. Miles & Huber-

man (1984, p. 3), identified three main steps for data analysis. These steps are data re-

duction, data display and conclusion. All the data collected helped us in narrowing the 

focus of the overall study. This could only be done after data reduction. As mentioned 
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by the researchers that to analyze the data it is very important to organize data (Miles & 

Huberman  1984). To make data more understandable, it can be presented or displayed 

in a more innovative manner like in tabular form, matrices, figures, models etc. To or-

ganize our thesis, the matrix used was DMM. DMM stands for Domain Mapping Matrix 

(http://www.dsmweb.org).The thesis conclusion are based on the findings achieved with 

frame of reference, theories, data presented, interviews and observations of authors.  

 

2.5.1 Qualitative Data Analysis 

Miles & Huberman (1984), states that responses collected from interviews are not ready 

for analysis, unless these responses are related to the purpose and research questions. 

Further these responses are elaborated by merging and reusing the frame of reference. 

The qualitative data gathered was used in the analysis, where the use of theories was not 

general as in frame of reference. They were related more to the specific situation of SP 

and responses from the respondents. For this purpose, the knowledge in the analysis 

moved from general to specific in the context of managing of core competences. Ac-

cording to Danilovic (2004, p. 198), information sharing needs among projects are 

stressed, which is our study emphasis. To manage the process of competence and core 

competence in complex situations, it is imperative to have a close coordination and 

communication flow between managers and engineers. This is further discussed in the 

sections below. 

 

2.5.1.1 Matrix Based Mapping and Complexity 

Different scholars (Buckley 1967; Simon 1957; Scott 1992) as (cited in Danilovic 2001) 

explained different aspects of complexities as complex relations, nature of work, rela-

tionships between people and tasks, technology chosen, product architecture.  As cited 

in Danilovic and Sandkull (2004, p.194) a key approach identified to handle a complex 

problem is breaking it down into smaller problems. In doing so the set of smaller prob-

lems are simpler, easier to handle and can be quickly solved. However, the main chal-

lenge that they considered as difficult is the integration of the smaller solutions to form 

the completed whole. This breaking down and arrangement of functional elements of a 

product into physical blocks was given the name of chunks by Pimmler & Eppinger 

(1994, p.343), and prdoduct architecture Pimmler and Eppinger (1994, p. 349). Com-

http://www.dsmweb.org/
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plexity in products can be understood by variations in components of products and by 

decomposing the products into different blocks or chunks (Danilovic & Sandkull 2004, 

p.1; Danilovic, 2006, p. 246 ). Matrix based mapping is way that is found in literature to 

reduce uncertainty and complexities through division of products into components and 

tasks. Examples of these matrix based mapping are Quality function deployment (Akao 

1990), incidence matrix (Kusiak 1993), Dependence Structure Matrix: DSM (Steward 

2003), Domain Mapping Matrix: DMM (Danilovic 2001). Others who also emphasized 

matrix mapping are suh (1990), O‟Donovan (2002), Carley & Krackhardt (1999), Dani-

lovic & Börjesson (2001), Danilovic & Sigemyr (2003) as (cited in Danilovic & Brown-

ing 2007). DSM and DMM approaches are one of the better ways to increase efficacy in 

a multi-project environment as (cited in Danilovic & Browning 2007). Therefore it‟s 

important to discuss their difference which is provided below. 

 

2.5.1.2 Design Structure Matrix (DSM) Vs. Domain Mapping Ma-

trix (DMM) 

DSM stands for Dependence Structure Matrix, also known as design structure matrix, 

problem solving matrix and design precedence matrix (www.dsmweb.org). ). As cited 

in  Bloomberg, Eriksson and Svensson (2005), a “ DSM examines domains by deter-

mining the relationships among the elements within that domain (Danilovic & Sigemyr 

2003). Different researchers (Browning 1998; McCormick, Schweitzer & White 1970; 

Merwe 1997) as cited in (Danilovic & Sandkull 2004), support that DSM matrix will 

minimize the number of these iterations by restructuring of the process design. Or to 

more correctly provide a new process design with fewer and faster iterations.  

According to (Danilovic & Browning 2007), depending on the integration analysis a 

DSM can be a time-based or static- based dependencies. This means if it follows a par-

tioning analysis, it will be time-based because the goal will be to cluster the elements 

into modules. This procedure is called block diagonalization and it cluster elements with 

relatively high internal interactions. Nonetheless, if the DSM is following a sequencing 

analysis, where the goal is to lower-triangularize i.e. to minimize the number and scope 

of feedbacks in a temporal process, then this DSM is static based DSM.  

The DMM follows the static based DSM, with respect to clustering, which is done by 

moving rows and cols into one cluster with high interactions. Clustering is useful when 

dealing with representation of design components or in shaping project development 
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teams (http://www.dsmweb.org). Areas between clusters may also contain dependen-

cies. These areas are referred to as the interface between clusters. Dependencies in the 

interface share information to at least two clusters and must be carefully coordinated 

(Danilovic 2001). Some items such as components or people that can be part of at least 

two clusters are known as “linking pins” and thereby function as a link between the 

teams (Danilovic & Browning 2007, p. 304). The main difference between DSM and 

DMM is that the DSM focuses on single domains and DMM focuses on dual domains 

(Danilovic & Sandkull 2004). Danilovic & Sandkull (2004, p.197), further explores the 

difference by exemplifying DMM as two different sets of elements plotted on x-axis 

and y-axis. While, DSM would be using the same domains e.g. N x N, but DMM has 

the ability to analyze two different domains e.g. N x P (Danilovic & Sandkull 2004, p. 

197). Bloomberg, Eriksson and Svensson (2005) state that  DSM is a too (Danilovic & 

Börjesson 2001) for visualizing relations and dependencies within a certain activity. 

While DMM handles the complexity and uncertainty related to product development. 

This is done by presenting a visual insight of separate subunits of the complex problem 

and also integrating them together through intractions (Pimmler & Eppinger 1994, 

p.347). Below, figure 1-0 provides you with listed comparison of between DSM and 

DMM. 

 

2.5.1.3 Domain Mapping Matrix (DMM) 

Based on the benefits of DMM as listed above, we were motivated to use the tool for 

handling the complexity and uncertainty of the product architecture of the HEV elec-
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trical energy storage system. To summarize those benefits, a DMM is a dynamic tool, 

capable of handling different dimension, individually and integrating as a whole. It is 

used in complex environment and helps in information sharing. DMM transparency be-

tween domains and of the overall problem structure helps managers to make better deci-

sions and to provide “superior predictors of overall system performance”, while provid-

ing engineers with a visibility of their situation (Danilovic and Sandkull 2004, pg.201). 

The strength of our empirical study is the application of DMM in a newer way. The new 

way is in the application of aligning products x processes, which has not been done by 

previous researches on DMM. The first DMM showed product x architecture (Danilovic 

2001) and other constructed DMM were Systems vs. Organization, Product require-

ments vs. Functional requirement, Functional requirement vs. Product architecture, 

Product requirement vs. Product specifications, and Functional requirement vs. Product 

specifications, and Product specifications vs. Product architecture (Danilovic & Sand-

kull 2004). Through our study, we had the opportunity of analyzing the product compo-

nent vs competences process for the first time in DMM. The competences were aligned 

on Y-axis and Product components on X-axis.  

 

2.5.2 Complex Problem Solver 

Complex Problem Solver (CPS) is computer software that is used to analyze the DSM 

sequencing analysis and DSM clustering analysis, while also provides the same com-

puter analysis for DMM. CPS is a software, when installed integrates with the MS Ex-

cel, thence taking less space since its user interface is much alike. However, the differ-

ence from MS Excel is in the analysis option, which generates the computer generated 

optimal solution. The CPS allows you to manually make iterations and helps in recon-

structing the matrix many times, if the results are not satisfactory. 

 

2.5.4 Information Driven Management to Construct DMM 

An „„Information Driven Management‟‟ (IDM) is a process that helps managers and en-

gineers to work together (more explained later). For managing of core competences, this 

process can take the following steps of IDM except for the sixth one as it is not the 

scope of our thesis (Danilovic 2009): 

1. Identify the structure of the core problem 
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2. Represent the structure of the problem in a matrix 

3. Explore the assumptions of the problem 

4. Analyze the structure of the problem 

5. Identify potential solutions 

6. Implement solutions 

 

1. Identify the structure of the core problem 

In this stage, the core problem was studied from all aspects, gaining knowledge about 

the HEV from internet, books, articles etc. Conventional vehicles product architecture 

and the different hybrid electric vehicle‟s product architecture was studied. This re-

quired a detailed analysis of separate product architecture for hybrid, electric and plug-

in vehicles. Once the problem was understood, the next step followed. 

  

2. Represent the structure of the problem in a matrix1 

Pimmler & Eppinger (1994, p.345), further elaborates the concept of handling complex-

ity, by decomposing or breaking down components to levels, so that they could be clus-

tered at different levels and subsystems. In automotive industry, these decomposition of 

product architecture and task architecture are called Work Breakdown Structure (WBS) 

and this integration of components into chunks is known as Work Package (WP) (Dani-

lovic 2006, p. 246).  The major issue and challenge in this process is the logic and the 

fineness of the elements divided (Danilovic 2006; Eppinger 1994). Danilovic (2006), 

states that careful planning is required for product decomposition and integration, such 

careful and enhanced approach is important to meet changing demands and environ-

ments, which is desirable to gain competitive advantages in terms of shorter lead-time, 

better quality and lower cost (Danilovic & Börjesson 2001). The crucial issue in this 

process is that how well the dependencies are identified, relations are understood and 

assumptions are explored into reasonable facts to reduce uncertainty (Danilovic & 

Sandkull 2004).This process of decomposition and integration for managing complexity 

was depicted by Danilovic (2006) as follow: 

                                                
1 Working of listing product components for different hybrid vehicle in appendix 



 

 
18 

 

 Managing complexity-The Process of Decomposition and Integration (Danilovic  2006) 

 

Having said that, we followed the same approach to construct the DMM. Different 

product architecture for different hybrid electric vehicles made the process more com-

plex. Hence, it was important to decompose the product level into functional level and 

then construct the DMM. After that an analysis was done to integrate it from the func-

tional level to form product level again.  

For this purpose, all relevant products and related competences for the different type of 

hybrid vehicles were listed. After having decomposed the separate architectures for each 

hybrid, the common product components were identified and combined to make com-

mon product architecture to serve the different type of hybrids.
 
The product architecture 

was constructed with product components divided into two levels to make the category 

more specific. While the competences were divided into three levels, for analysis pur-

pose. These products components and the competences were scaled against a listed 

number of priorities.  

 

3. Explore the assumptions of the problem 

Since, a DMM uses a manual input, it is essential that the information is relevant and 

correctly represented. Incorrect information will render the matrix obsolete. The quality 

of the result provided by the matrix is to a large extent dependent on the information 

provided by individuals involved in a project (Danilovic & Börjesson 2001b) cited in 

Bloomberg, Eriksson and Svensson (2005).  

Before the respondents started to fill the blank boxes in the matrix, all the competences 

and components were defined and discussed among the experts to add trustworthiness 
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and reliability to the data. After that, the moderators of the workshop, Danilovic and 

Leisner explained the process of filling out the matrix in detail (via examples) and the 

possible approaches to be followed for completion of data. The top-down approach was 

preferred by the experts to fill out the matrix, which means that one by one every prod-

uct was discussed for each competence and then next component was followed. This al-

so provided each respondent to validate and finalize these estimates. Once the matrix 

was filled after the workshop, the Complex Problem Solver was used to analyze and 

produce the computer generated solution.  

 

4. Analyze the structure of the problem 

According to (Browning 1998, p. 3), there are two types of iteration- intentional and un-

intentional iteration. Intentional iteration is meant to improve performance, it is more 

creative and discipline, while unintentional iteration results due to late information for 

construction of the matrix. Since the software can only provide you with one type of so-

lution, two intentional iterations were made to enhance performance or in other words 

provide a more optimal solution. The first iteration was the computer generated output. 

The second iteration was done manually by moving cols and rows. The main priority was 

to group as many red marks and cluster them together. Components and competences that 

have high iterations were clustered with the help of a calculated method: we termed as 

“absolute total”. The third iteration was made after analysing and discussing the inter-

pretation of the second iteration. The second interpretation was discussed at length with 

SP respondent, to confirm that such presented clusters could exist and to also cross 

check whether some important interactions were not left or not considered. 

 

5. Identify potential solutions: Interpretation of DMM  

The third iteration met all the requirements and was the final optimal output. It was 

studied and interpreted in detail to find a strategic analysis and to build SP portfolio of 

competences and core competences.  

 

2.6 Research Process 

The whole research process started in March 2009 and came to an end after three 

months i.e. May 2009. It began with the identification of the problem, then the thesis 
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purpose and the research questions were developed. Later, the research questions were 

answered through the IDM approach and the working model (figure 1-3).  

 

2.7 Limitations 

There were three limitations for carrying out our study. The first one is regarding the 

choice of a single case study. SP is the only testing source for automakers in Sweden 

and since we are focusing only in the Swedish automotive industry, we are limited in 

that regard. The second limitation was the missing input for the future product compo-

nents for e.g. fuel cells etc. This limitation was due to the shortage of time. Lastly, 

another factor can be considered as a limitation is the absence of respondents from the 

industries in the workshop conducted. Besides SP respondents, if industries respondents 

e.g. of suppliers, manufacturers, experts from automotives were present, the conse-

quences for the DMM, perhaps could have been interpreted differently.  
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3 Frames of Reference 
______________________________________________________________________ 

This chapter focuses on literature and theories that helps in understanding the process 

of managing of core competences. The purpose of these theories is to be used as eyeg-

lass for Chapter 6, where we attempt to analyze the empirical facts. 

 

In analyzing the current trends of business environment, two main trends play crucial 

role in recent business environment: technological change and sustainable development. 

3.1 Technological Changes  

Today, technology has become an important source of competitiveness. It is different 

from competence; technology can be defined as the way to do certain things and so it 

can stand alone. It does not necessarily need to be learned or embedded at all organiza-

tional level; but on the other hand, competences are embedded in whole organizations 

(Hamel & Prahalad 1994). According to (Jaffe 2002, p.2), innovation and diffusion of 

technology are two of the main process that describes the technological change. Innova-

tion can only occur, when there will be technological development and only by its diffu-

sion to members of a social system can it create new markets, new companies and 

processes (Christensen 2002, p. 6). This can also be seen in the automotive industry, 

where innovation has been the building block of the automotive industry for the past 

100+ years (IBM Global Services 2006). Below, we discuss how technological change 

drive innovation and diffusion of innovation in the automotive industry in depth. 

In the automotive industry, product innovation has been the trademark since 1806, when 

the internal combustion engine (ICE) was invented, which later led to engine-powered 

vehicles. Along the years, other forms of innovation contributed to the success of the 

industry. For instance, the assembly line was one of the first significant examples of 

process innovation, another example of how innovation in a company‟s business model 

drove significant enterprise value in the past is vertical integration. Nowadays, due to 

the economic crisis, the changing demands of consumer shifts and the aforementioned 

challenges e.g. globalization have made staying ahead of the innovation curve or simply 

to survive a key issue for global automotive CEOs (IBM Global Services 2006). Study 

of Wymans (2001), has provided a ray of light at the end of this tunnel of decreasing 

profits and high cost. This ray of light is the potential market of hybrid electric vehicles 

(HEV). With the rising prices of fuels and the ever prevalent pollution emitted by the 
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conventional vehicle (adding to the Greenhouse effect), hybrid vehicles is the next in-

novation curve. According to (Giliberti 2008), the market diffusion of the hybrid car, 

was launched seven years ago and forms a nearly perfect S-curve when graphed. Raskin 

& Shah (2006), forecasted that by 2010, the market share will rise to 10.6% for new 

HEV sales, while the IAE contradicts this and state that it will rise to 0.3%.  Raskin & 

Shah (2006), base their opinion on the present target audience of hybrid vehicles, who 

from their study have found to be particularly concerned about fuel efficiency and envi-

ronmental impact. For instance, in England they gathered that diesel was not cheaper 

than gasoline at the pump, so the conversion to the diesel from gasoline was mainly due 

to the fuel-efficiency benefit and not the tax incentives. 

According to (Giliberti 2008, p. 3), at present, the premium price, the lower expected re-

sale value and the decreased fuel efficiency advantage gives hybrids a weak competitive 

position, with reference to overall cost per km driven. However, (Giliberti 2008; Raskin 

& Shah 2006), predict that this can change to a better prospect in the future. If the target 

price and fuel efficiency are achieved and through scaled production; trust and visibility is 

gained in the eyes of early adopters and enthusiasts; by 2010 hybrids are likely to have 

the same competitive advantages as diesel regarding cost and urban driving.  Then, hy-

brids will also make sense in terms of carbon dioxide (CO2) reduction cost-

effectiveness, since the cost difference with a comparable gasoline car will correspond 

to about approximately 871 SEK/t CO2. In 2009 or 2010, (Giliberti 2008; Raskin & 

Shah 2006), states that the next iteration in the S-curve is the plug-in hybrid technology. 

This is an extension of the conventional hybrid and though not commercially available- 

many prototypes and continued investment is being made by GM and Toyota.  

Wymans (2001, p. 4), claims that “Hybrid technology is very versatile” and can be used 

with all sorts of combustion engines – gasoline, diesel, natural gas and alternative fuels. 

They further add that these hybrid developments will position companies well in the po-

tentially vital fuel-cell market of the future. As Raskin & Shah (2006), research further 

forecasts that in 2020, the hybrid market share for new vehicle sales will rise to 64.5 % 

and by 2030, it will reach to 85.0 % with 72% of the global vehicle fleet will be hybrids, 

traveling more than 11,000 miles on average and accounting for over 80% of total miles 

driven and 70% of the gallons consumed. After the price shocks in 1970s and 1980s, 

different countries governments have made many policies to reduce oil dependency; 
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these policies can be expected to accelerate the adoption process of hybrid vehicles. 

Two policies examples are purchase incentives and standards. 

 

3.2 Sustainable Development  

According to Porter & van der Linde (1995), discussed that innovation, in response to 

environmental pressure can lead to competitiveness. Smith & Gareth (1998), refers this 

to as “sustainable development”. Sustainable Development has changed the concept of 

competitiveness, which means that now businesses are trying to differentiate themselves 

from their competitors by being socially responsible.  Stigson (2002, p. 13), termed it as 

“CSR” (Corporate Social Responsibility). CSR are business strategies, which are em-

ployed to reduce risks and to obtain competitive advantage over competitors.  

In global market fuel efficient cars are available that consume less petrol and they have 

added advantage of cleaner cars (http://www.vv.se). With each passing day, the trend 

for sustainable development is receiving growing awareness and importance. For 

Sweden, which is located in Northern Europe between Finland and Norway in the past 

few decades; environmental issues have long been at the “forefront of Sweden‟s 

agenda” (http://www.oecd.org).  

The “Swedish Strategy for Sustainable Economic, Social and Environmental 

development” is a revised version of the national strategy for sustainable development 

presented in 2002 (A Swedish Strategy for Sustainable Development 2003). Sweden‟s 

policies place a great deal of emphasis on sustainable development. Environmental 

concerns began in Sweden with nature protection in the first half of the twentieth 

century, and dealing with local effects of industrial emissions had already become 

important in the 1960s. Sweden hosted the first UN Environment and Development 

Conference in 1972 and has been active in promoting international agreements for 

addressing cross-border environmental problems (Roseveare 2001, p. 4).  Asnafi et al. 

(2008, p. 7), states that the “creation of innovative environmentally friendly and safe 

products is essential to preserve and strengthen competitiveness”.  

To ensure the sustainable practices by Sweden and its goals by 2015. the automotive 

automotive companies of Sweden Volvo cars, Scania, Saab Automobile, Volvo and 

FKG in 2008, worked together on a research project to secure competitive vehicle in 

Sweden. It stresses on the right strategy for utilization of resources to develop new 
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competences not just focusing on existing ones (Asnafi et al. 2008). In Sweden subsidy 

has been introduced for “Eco car" of SEK 10 000 (~ USD 1.600) (The Program Board for 

Automotive Research 2004.).  

 

3.3 Competence and Core Competence 

The changing trends, demands and the consumer perceptions all contributes to the ex-

tended competitiveness. For managing the competences and for sustaining the competi-

tiveness, the internal organization strategy and resources are not enough. The conti-

nuously changing technology, consumer learning and awareness, international stan-

dards, environmental pressures have changed the process of achieving the competences. 

Now, to be able to survive and strive the firms have to scan both the internal and exter-

nal environments. In addition, the present highly competitive business environment 

pushes the industry and firms to be proactive.  As Hinterhuber et al. (1996, p.3), state 

that  to gain competitive advantage, organizations must be  faster and better than com-

petitors and develop the capabilities to forecast the changing trends and plan to handle 

these pressures and changes .    

The concept of competence has been used in literature so many times; this shows it is 

not relatively new. Various authors have contributed to the literature of competence like 

Marshall (1925), Schumpeter (1934), Selznick (1957), Penrose (1959), Ansoff (1965), 

Andrews (1971), Richardson (1972), Nelson & Winter (1982), Porter (1980), and Ha-

mel & Prahalad (1994). The researchers referred „competence‟ to functional areas and 

„competency‟ to behavioral areas, which concept of competence dominated the man-

agement strategy literature of the 1990s, which emphasized „core competence‟ as a key 

organizational resource that enables  a company to satisfy consumers demand and needs 

and could be exploited to gain competitive advantage (Hamel & Prahald 1994; Camp-

bell & Luchs 1997; Mitrani et al. 1992; Nadler & Tushman 1999) means functional 

competence are the competences related to products and behavioral competency are the 

competencies related to human skills and behaviors. Since, our study deals with prod-

ucts, we have focused on competence and competences. A company‟s core competences 

(Hamel & Prahalad 1990) are the areas in which it has competitive strength and thus 

form a platform for its strategic thrusts. Core competences are the “cognitive characte-

ristics of an organization, its know-how” (Hatten & Rosenthal 2001). It‟s the knowledge 

that a company has to make things do uniquely well, one that competitors can not im-
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itate quickly enough to affect competition (Hamel & Prahalad 1990). Hamel & Prahalad 

(1994, p. 82) define core competence as “a bundle of skills and technologies” that 

enables an organization to provide particular benefits to customers. 

A core competence should address the customer satisfaction, it should be different from 

what the competitors are doing and it should be one step ahead than the competitors 

(Kak & Anjana 2002, p. 13). Managers ability to identify, cultivate, and exploit the core 

competences is important as it makes growth possible (Hamel & Prahalad 1990). Hamel 

& Prahalad (1990) compared the star performers (NEC, Honda, etc) with those who did 

not perform well. The reason they provided for the success of these star performers was 

that, these companies reinforced their core competences and switched their efforts and 

investments from the weak areas to their strengthen areas to become market leaders. 

Their core competence was incorporated into their end products, hence leading to ac-

complishing the customer value, non imitation and rareness; which are the criteria to 

identify core competence and are similar to the sustained competitive advantage charac-

teristics (Barney 2002). 

3.4 Managing of Core Competences 

Managing of core competence is well recognized as being extremely important for the 

achievement of company goals, complementary to, for instance, core business 

processes, customer relationships, financial issues and so on ( Hamel & Prahalad 1994). 

As (Hamel & Prahalad 1990, p. 91) stated that: “In the 1990s managers will be judged 

on their ability to identify, cultivate, and exploit the core competences that make growth 

possible - indeed, they'll have to rethink the concept of the corporation itself ”. This in-

troduces us to a relatively new term called “core competence management” also known 

as “competence-oriented organization” by (Hinterhuber et al. 1996, p.10) or competence 

based management development by (Currie, G. & Darby, R 1995). Although these 

terms are relatively new, the idea behind it is much the same as core competence 

framework. 

In practice, managing of core competences is much the same as core competence man-

agement. However, the term „management‟ has a close relation to decisions handed 

down directly from the top management, which is not the case here.  Earlier, we cited 

before from Danilovic (2001), on information sharing, where we stated that communi-
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cation between managers and engineers is important. Our reason of doing is to discuss 

in detail the management process of innovative organizations. Being proactive is one 

aspect of how innovative organization competes, but the other is through the acquisition 

of competence. This was highlighted by (Hinterhuber et al. 1996). Successful innova-

tive organizations acquire their competence differently and this is done through the ap-

plication of an „Information Driven Management‟ (IDM). IDM is an approach for help-

ing construct the DMM, but its also a process where decisions are taken in collaboration 

with managers and engineers and not solely based on by top management (Danilovic, 

2009). Also, core competence alone can not be achieved without competence. Only by 

investing into current competences can organizations build its core competences or port-

folio of  competences and core competences. 

As Leisner (P. Lisener 2009,pers.comm., 22 April), mentions that in order to control the 

output, one must control the input, this means that the quality of the core competence is 

determined by the quality of competences. This implies that a competence manager 

would be responsible for converting new knowledge within the company or gain it from 

outside. This would require him/her to make use of this knowledge by clustering it to-

gether and translating it into core competences. Thence, managing of core competences 

can be defined as a process that differs in acquiring competences by creating organiza-

tion learning, where managers and engineers work in a “self regulatory” manner (Kreh-

biel & Erekson 2001, p.1).  By “self regulatory” manner, we mean empowering manag-

ers and engineers with the freedom to work with the competence and core competence. 

It‟s an environment that makes them aware of their surrounding and invites them to ex-

periment and offer new solutions to satisfy stakeholders and this also promotes the self 

organizing culture in organizations. As Thomke (2003), emphasizes that experimenta-

tion is required to unlock innovative potential and to master innovation. Also by com-

bining the customer‟s perspective with employee‟s and manager‟s perspective, organi-

zations are able to increase in value from both of these strategies in creating new prod-

uct and process innovation. By being aware of the environment, employees  and  man-

agers are able to grasp the customer needs but by also concentrating on what one excels 

in and not only on what is useful to another helps them to create innovative products  

(Hinterhuber et al. 1996) . 
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According to (Berio & Hazrallah 2005, pg.1), managing of core competences is com-

prised of four main processes; these are competence identification, competence assess-

ment, competence acquisition and competence knowledge usage. Berio & Hazrallah 

(2005, p.1) further elaborate on these four processes. The first is the identification of 

competence, the aim of this step is to define the number, kind and significance of 

present organization‟s competences. According to Hinterhuber et al. (1996, p.6), identi-

fication of competence needs a certain training, as they opines that it‟s an important 

ability to focus on the knowledge underlying the procedure and products. It‟s an analy-

sis that identifies „which‟ competences are required, this means that the manager must 

list the product (components) and then find the competences (processes)  related to that 

product or a product group. In other words “which” competences are required for 

“what” product? It‟s considered as an important ability because interdependencies in the 

relationship and information by suppliers and affiliated companies need to be taken into 

account. In addition, the manager also must know who and what department is respon-

sible for the competence, this as (Hinterhuber et al. 1996), points out is necessary for fu-

ture implementation of core competence. The virtue of the competence approach as rec-

ognized by (Scarborough 1998) is to sort out the complexities of interactions among 

people, technologies and skills. This not only helps in performance achievement but al-

so in organizational learning (Scarborough 1998). This means in general, each compe-

tence representative must have their own idea of the level of competence for a certain 

product, but when managers and engineers collaborate, underlying knowledge is ex-

plored. What is not a visible competence is then discussed and accurately defined, hence 

increasing the awareness of the problem at hand. This was achieved through the work-

shop, which resulted in collectively organizational learning. 

Competence assessment is the assessment of the available competences, to figure out 

the relevant ones. According to Hinterhuber et al. (1996), its relevance can be seen from 

the competitive point of view meaning the chosen competence should reflect the organi-

zations internal potential to develop to the market product. It answers questions like 

“which” competence is relevant and “when” is it needed.  

Competence acquisition is a phenomenon of “how” the competences will be achieved 

and through which strategy should the competence be outsourced or merged. The last 

step of knowledge usage is very important, as it is the practical implication of the first 
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two. It can be defined as the filling of the identified gaps by applying and using the 

knowledge.   

3.4.1 The Portfolio of Competences 

The portfolio of competences by Hinterhuber et al. (1996, p.231), is a comprehensive 

and a managerial instrument designed to serve the analysis. The portfolio of compe-

tences shows the organizations strengths and weaknesses by highlighting the compe-

tences and core competences. Within the portfolio, one can position the competences in 

four quadrants using the worked out relative competence strength and customer value, 

as shown in the figure 1-1, where „Customer Value‟ addresses the Y-axis and the „Rela-

tive Competence Strength‟ addresses the X-axis (Hinterhuber et al. 1996).  

 

Figure 1-1 Original Protfolio of Competence Method (Hinterhuber et al. 1996, p. ) 

 

Quadrant I ( Competence Standards): In an organization, where the competences 

with low customer value and relatively low competence strengths; they are placed in 

quadrant I, these are called competence standards (Hinterhuber et al. 1996, p.231 ).  

 

Quadrant 11 (Competence Gaps): In this quadrant, customer‟s value or customer 

need is high with significance to competences. These are called competence gaps, be-

cause there is a gap between what the market demands (competence requirement) and 

what the enterprise is able to do (existing in-house competence) (Hinterhuber et al. 

1996, p.231). 
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Quadrant III (Competence Potential): These are organization‟s existing in-house 

competence, those in which the organization excels in. It is superior to other compe-

tences, yet these are not attributed as high customer value, therefore they are considered 

as potential competence (Hinterhuber et al. 1996, p.231).  

 

Quadrant IV (Core Competences Real competences): This quadrant determines the 

corporate profile only in the following cases:  

- If the competence strength of a company is high in relation to that of its competitors. 

-If the competences attributes a high present and future customer value (Hinterhuber et 

al. 1996, p.231).  

The need for the present study was to identify existing and future competences and core 

competences. So the portfolio of competences by (Hinterhuber et al. 1996) was taken as 

a platform and modified to suit the need for the present study as illustrated in the fol-

lowing figure 1-2. 

We refer to it as estimated portfolio of competences and core competences to make the 

model more clearer, which also reflects the need of our study. 

The „Customer Value‟ is modified to „Future competences on the Y-axis and the „Rela-

tive Competence Strength‟ are modified to „Current Competences‟ on X-axis. The qua-

drants are named the same way as in the original grid.  
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3.5 Gaining Competitive Advantage  

Managing of core competences is the process of managing and aligning the organiza-

tion‟s competences and translating them to core competences. This is done with the 

purpose of not only managing but also maintaining and sustaining these competences 

and core competences to gain competitive advantage. This can be achieved and sus-

tained by identifying the gaps between the acquired and required competences and core 

competences. The link between managing of core competences approach and competi-

tive advantage has also been stressed by (Currie, G. & Darby, R 1995, p.11) in these 

words, “the rationale for the competence-based approach being adopted at organiza-

tional and national level comes from the desire to gain competitive advantage” .  

Barney has the view that a firm gains competitive advantage (CA), when the actions of 

firms are creating superior market value and also few firms are involved in same kind of 

activities (Barney 2002). This view point clarifies one thing that for gaining and sustain-

ing CA, it is very important to be unique. For uniqueness, Petraf (1993) states that im-

perfectly mobile resources specialized by organizations can be a source of competitive 

advantage.   

For Kay (1993), CA is about gaining distinctive capabilities which can be derived from 

the characteristics that others lack. Competitive advantage, thence means having low 

costs, differentiation advantage, or a successful focus strategy (Porter 1980). To achieve 

a sustained competitive advantage, core competence should be valuable, rare, hard to 

imitate or non-substitutable, and ideally will confer a dominating ability in their area 

(Barney 1991). These all distinctive capabilities and differentiated characteristics took 

the form of core competence in the literature of competence contributed by (Hamel & 

Prahald 1990). For Hamel & Prahald (1994) core competences are the main source of 

CA.  

3.6 Role of Knowledge Management (KM) in Building Core 
Competence 

Knowledge Management is part of strategic management. Core competences are essen-

tially the part of knowledge strategy: competences cannot be achieved without the prop-

er application and usage of knowledge. Whether it is about aligning the existing compe-

tences or acquiring new, the gap can only be filled when the knowledge about „which‟, 
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„what‟, „when‟ and „how‟ questions are answered. Smith (1993), has viewed knowledge 

as a strategic asset and referred to the concept of collective knowledge. McElroy defines 

KM emergence as two generations of systematizing and controlling existing knowledge 

and knowledge sharing within an organization and then shift of knowledge management 

towards enhancing the conditions for innovation and knowledge creation (McElroy 

2000).  

As stressed by researchers, KM strategies can help in sharing valuable organizational 

insights, to reduce redundant work, avoid re-doing and to adapt to changing scenarios 

and trends (Thompson & Walsham, 2004; McAdam & McCreedy 2000). This discus-

sion above suggests the shift to the individual knowledge to the collective knowledge 

through sharing, creating information systems, reducing boundaries of organizations 

etc. These activities need to be understood at organizational level, so gathering know-

ledge is not enough, but to share and use it is more important. The sharing of informa-

tion benefits the creation of knowledge and specifically organizational and collective 

knowledge. This collective knowledge introduces the concept of organizational learn-

ing.  

 

3.7 Organizational Learning and Core Competence 

Hamel & Prahalad (1990), after analyzing the practices of Japanese companies to the 

Western companies found that the ability to learn continuously is the reason behind the 

tremendous success of Japanese organization‟s innovativeness and effectiveness. Argy-

ris & Schon (1978, p.1) defined organizational learning as "the detection and correction 

of error". Organizations learn through purposefully constructing structures and strate-

gies (Dodgson 1993). Senge (1990), states that company's ability to gather, analyze, and 

use information is a necessary requirement for business success in the information age. 

The reason (given in support) of organizational learning by (Dodgson 1993), is to im-

prove the adaptability and efficiency during times of change. Huber (1991), stated that 

organizational learning occurs when organizations are involved in information interpre-

tation activities. Grantham, & Mackinnon (1994), suggests that organizational learning 

is crucial in dynamic and complex environments. Stata (1989), states that initially, 

learning takes time, but later once the process gets in speed, it feeds on itself making the 
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organization efficient. For Brown & Duguid (1991), organizational learning is essential 

for innovation. Nonaka & Takeuchi (1995), explains the concept of organizational 

learning through the concept of "tacit knowledge" and “explicit knowledge“. Tacit 

knowledge is personal where explicit is codified. Tacit can be made explicit through the 

process of externalization but the reverse process will be of internalization i.e. from ex-

plicit to tacit. Socialization is sharing of knowledge and combination is dissemination of 

codified knowledge. (Nonaka & Takeuchi 1995).  

 

3.8 Working Model  

 

Figure 1-3: Working Model: Core Competence Management Process 
2
 

In the light of previous researches, managing of core competences is the process of 

identifying the portfolio of competences and core competences. By identifying how to 

attain and sustain these competences over time through the use of knowledge, informa-

tion and organizational learning, these competences outcome can be integrated to form 

core competences. Taking inspiration from (Berio & Hazrallah 2005, p.1) and the above 

discussed concepts, we designed a working model that complements the IDM and col-

laborates with the analysis to interpret the methodology. This working model, as illu-

strated from figure 1-3 shows three steps that will help to manage core competences. 

These are defining competences, then assessing competences and lastly identifying gaps 

between current and future needs.  
                                                
2 Modified from the work of (Berio & Hazrallah 2005, p.1) 

http://en.wikipedia.org/wiki/Tacit_knowledge
http://en.wikipedia.org/wiki/Explicit_knowledge
http://en.wikipedia.org/wiki/Organizational_learning#CITEREFNonakaTakeuchi1995#CITEREFNonakaTakeuchi1995
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4 Hybrid Electric Vehicles (HEV) 
______________________________________________________________ 

This chapter introduces the concept of the HEV and presents product architecture to 

have a sound understanding for construction of DMM Matrix and framework for re-

search. A general description of the important parts of such system is given, with focus 

on the HEV electrical energy storage system. In the empirical investigations, you will 

find the specific list of the product components and competences used for SP. This sec-

tion explains what differentiates a hybrid car from the conventional car, the different 

types of hybrid and the degree of hybridization. Automotive terms not defined in this 

chapter can be found in the appendix. 

_____________________________________________________________________ 

4.1 Conventional Cars and Hybrid Electric Vehicles 

The figure 1-4, represents the four vehicle „powertrains‟. A powertrain is a combination 

of an engine and a transmission that can also include the drive shaft and drive axle
3
 

(Dictionary of Automotive Terms 2009). The powertrain of a conventional gasoline ve-

hicle works by using the gasoline in the fuel tanks to turn the internal combustion en-

gine (ICE). This helps in turning transmission and then the wheels. The electric vehicle 

provides the electricity with batteries, instead of using fuel tank and this helps in trans-

mission and turning of wheels (Nice & Layton 2008). 

 

Figure 1-4: Power Trains of Conventional and Hybrid Cars 

                                                
 

http://auto.howstuffworks.com/author-nice.htm
http://auto.howstuffworks.com/about-author.htm#layton
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The Hybrid Electric Vehicle (HEV) comprises the best features of the two vehicles 

(conventional gasoline vehicle and electric vehicle), making a combination of internal 

combustion engine (ICE) with a generator, battery, and one or more electric motor(s).  

On the other hand, the plug-in hybrid vehicle (PHEVs) is a regular hybrid vehicle with a 

large high-capacity battery bank, which can be re-charged by plugging in to normal 

household current or on-board charging capabilities of normal hybrids. (Gable & Gable 

2009) states that a PHEVs differentiates from standard hybrids in its internal combus-

tion engine backup, which unlike the standard hybrids does not require a combination of 

regenerative braking and energy from the engine to recharge the batteries and to propel 

the vehicle. The biggest limitation on PHEVs currently is the cost of lithium batteries, 

which is used to run PHEVs. 

Since the conventional ICE looses over 62% of their fuel‟s energy in combustion; 

(Raskin & Shah 2006), with HEV combination design: the electric motor and batteries 

helps the conventional engine operate more efficiently and overcome this fuel loss. 

While, in turn the power delivered by the ICE overcomes the limited driving range that 

characterizes the electric vehicle. Thus, hybridization gives the chance to use less fuel 

and no need for plug in to recharge with ability to drive 500 miles (Nice & Layton 

2008). Hybrid vehicles also offer several other benefits, like maximum mileage and 

production of lower emissions. Hybrids achieve lower emissions from the use of small-

er, more efficient engines and from the use of the electric motor for start-up. Emissions 

from hybrid vehicles are virtually zero when the car is being driven by the motor alone. 

The electrical systems have a longer life than conventional mechanical systems, typical-

ly cost less per mile travelled and also helps to reduce the cold start when starting an 

engine. According to (Raskin & Shah 2006; InMotion 2007), defines a number of im-

portant ways to achieve fuel efficiency, these are listed below: 

 Regenerative Breaking and Electric Motor Drive: In a hybrid car, on applying 

the brakes kinetic energy is produced and is dissipated in the form of heat. 

Through "regenerative braking", hybrid cars capture this lost kinetic energy and 

stores it in the battery for later use. Also, instead of just using the brakes to stop 

the car, the electric motor slows the car and acts as a generator to charge the 

batteries while the car is slowing down. 

http://auto.howstuffworks.com/author-nice.htm
http://auto.howstuffworks.com/about-author.htm#layton
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 Start/Stop: Instead of wasting energy from idling during a stop, the hybrid 

system automatically shuts off the engine and for a clean restart; it uses its al-

ternative energy, the motor and battery.  

 Use low-rolling resistance tires: Tires can provide a smooth ride, minimize 

noise, and provide good traction in a variety of weather conditions. Hybrid cars 

use special tires that causes about half the drag of regular tires and are stiffer 

and inflated to a higher pressure than conventional tires.   

 Use lightweight materials: Lighter vehicle use less energy each time it accele-

rates or drive up a hill; so hybrid cars increase their mileage by reducing the 

overall weight of a car. Composite materials like carbon fiber or lightweight 

metals like aluminum and magnesium are used as options to reduce the ve-

hicle‟s weight. 

 Transmission Optimization: In a conventional vehicle, the function of trans-

mission is to deliver power from the engine to the wheels for a wide range of 

loads and output speeds. According to Raskin & Shah (2006), this should be 

done by an automobile engine at a certain range of revolutions per minute 

(rpm). This means that the transmission manages the speed ratio between the 

engine and the wheels of an automobile. It achieves this through the use of sev-

eral gears and a limited set of gear combinations. With the absence of a trans-

mission, automobiles would effectively have only one gear. As driving condi-

tions change, the transmission makes better use of the engine‟s power by 

changing the gear ratio. Nonetheless, the ability to shift smoothly and seamless-

ly for efficiency and performance is still limited with the fixed number of gear 

ratios, along with the mechanical parts and the low level of computing power in 

a conventional vehicle‟s transmission. Hybrids seek to overcome this limitation 

to varying degrees, depending on the type of transmission (or substitute) they 

employ, primarily by expanding the set of gear combinations. For obtaining 

greater fuel efficiency and performance, the hybrids increase the variability be-

tween the highest and lowest gears with as few discrete steps or shifts as possi-

ble. According to (Raskin & Shah 2006), there are four types of transmission 

that optimizes fuel efficiency and performance: Electronically controlled 

Transmission (e-CVT), Continuous variable transmissions (CVTs), Dual clutch 

transmissions and the conventional transmission: 
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 Electronically Controlled Transmission (e-CVT) uses a power- split device, 

e- CVT is known to be a robust transmission system that can vary engine 

and motor speeds in infinite combinations quickly and reliably (Raskin & 

Shah 2006).  

 Continuous variable transmissions (CVTs) provide a wide, but not infinite 

range of gear ratios. Due to the inability of the CVT belt to handle high tor-

que and horsepower, they are considered as unreliable to some extent 

(Raskin & Shah 2006).  

 Dual clutch transmissions are not commercially available but they are 

known to be more reliable than the CVT. Their number of gear ratios is 

greater than an automatic transmission, but less than a CVT (Raskin & Shah 

2006).  

 The conventional transmission: As these better technologies listed above, 

that deliver great performance and fuel savings are being developed, present 

hybrids are currently using conventional transmission (Raskin & Shah 

2006).  

 

4.2 Hybrid Variations 

According to (Raskin & Shah 2006), various arrangement of hybrid-vehicle components 

can be made to serve different objectives: like for construction purposes (e.g. a hybrid 

pick-up truck) would require an arrangement of greater fuel efficiency, increased power, 

lower emissions or portable power generation. Presently three variations are available, 

these are series, parallel and series parallel hybrid (Raskin & Shah 2006).  

In a series hybrid, the gasoline engine is not directly connected to the drive train. The 

drive train is the degree to which the electric motor propels the vehicle to produce the 

level of electric power in the vehicle (Raskin & Shah 2006; Kamper & Wang 2008). 

Therefore, the power flows to the wheels in a series; first the engine drives the electric 

generator, which then provides electricity to the electric motor and that further moves 

the wheels. Although, the engine can charge the battery when necessary via the genera-

tor to enhance the fuel efficiency, the series hybrid is considered to offer inferior per-

formance, since only the motor drives the wheels (Raskin & Shah 2006). 

In a parallel hybrid, the power flows to the wheels in parallel, both the engine and the 

electric motor theoretically can drive the wheels independently or concurrently. Accord-
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ing to (Raskin & Shah 2006), the parallel hybrids performance is satisfactory, because 

its battery does not automatically recharge whenever the engine is running, thence lead-

ing to a decrease in the fuel efficiency. 

A series-parallel or power-split hybrid combines both the two systems to maximize fuel 

efficiency and performance. By incorporating this design, it allows both the engine and 

the motor to drive the vehicle enhancing mechanical or electrical performance. The en-

gine can also charge the battery when the motor is driving the vehicle, which is good for 

fuel efficiency (Raskin & Shah 2006).  

 

4.3 Degree of Hybridization 

Along with the variation in the hybrid vehicles, another key difference among hybrids is 

the drive train
4
. Full hybrid or strong hybrid vehicles have the capability of powering 

the vehicle fully solely by the electric motor, gasoline engine or a combination of both. 

The Toyota Prius, Ford Escape Hybrid, and Nissan Altima Hybrid are examples of full 

hybrids (Raskin & Shah, 2006; Richard 2008). 

Power Assist hybrids cannot run on electric power alone, they primarily rely on their 

gasoline engines with a torque-boosting electric motor that only supplies supplemental 

power and allows regenerative braking and stop-start capabilities. Honda Civic Hybr-

id, Saturn Aura Hybrid are examples of power assist hybrids (Raskin & Shah 2006; Ri-

chard 2008).Mild hybrids are essentially conventional vehicles with oversized starter 

motors, that allows the engine to be turned off (when the car is coasting, braking or 

stopped) and restart quickly and cleanly. While the engine is off, accessories can con-

tinue to run on electrical power and the motor can be used for regenerative braking to 

recapture energy. The larger motor is used to spin up the engine to operating rpm speeds 

before injecting any fuel. An example of this car is Chevy Silverado Hybrid (Raskin & 

Shah 2006; Richard 2008).  

 

4.4 Product Architecture (Components of HEV) 

The main cost of HEV depends on its components; therefore it‟s important to know 

what they are and how much do they cost (Raskin & Shah 2006). These are described 

below: 

                                                
4 Definition mentioned in series hybrid and also added in appendix.  

http://www.treehugger.com/files/2005/11/2006_prius_pric.php
http://www.treehugger.com/files/2008/05/los-angeles-lifeguards-get-ford-escape-hybrid-vehicles.php
http://www.treehugger.com/files/2008/03/nissan-altima-hybrid-new-york-city-taxi.php
http://www.treehugger.com/files/2005/09/update_on_the_2.php
http://www.treehugger.com/files/2005/09/update_on_the_2.php
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4.4.1 Battery Systems and Related Electrical Systems  

According to  (Raskin & Shah, 2006, p.25), the energy storage system is the most ex-

pensive single hybrid component, which includes a battery pack (containing 100 to 250 

cells), a cooling system and a battery control unit. Together, these parts represent about 

30% to 50% of the total cost of a hybrid system today. By definition, batteries facilitate 

electrochemical reactions in which electrons flow from negative to positive materials to 

discharge energy in the form of direct electric current. There are three types of batteries, 

the nickel metal hydride (NiMH), the lead acid used in traditional auto batteries and the 

lithium batteries used in lap-top computers and cell phones. In today‟s hybrid-vehicle 

market, the nickel batteries are the dominant battery system, because compared to lead 

acid batteries; its environmentally benign, has twice the energy density (energy held rel-

ative to weight) and three times the power density (speed of energy release (Raskin & 

Shah 2006). Raskin & Shah (2006), state that the actual cost of Battery Systems and Re-

lated Electrical Systems depends on how it is assembled and integrated, this implies that 

if its outsourced, it could cost more than approximately 20000SEK. They also state that, 

the significant performance improvements and the decreasing cost of lithium-based bat-

teries will soon replace nickel-based batteries before the end of this decade. Their rea-

soning is based on lithium batteries many advantages of charging and discharging, ligh-

ter and smaller size batteries, fuel efficiency, its greater flexibility in design, energy 

density and two to three times the power density of nickel batteries. However, there are 

two main drawbacks of lithium batteries, these are safety and cost.  

4.4.2 Battery Management System (BMS) 

According to (Electropaedia 2005; Energy CS 2008), a BMS is a complex Energy Man-

agement System that must monitor high voltage (up to 1000V), temperature, electrical 

values and other critical parameters of the modules including balancing the charging 

and discharging between the cells in the battery. It has the following three main objec-

tives: protect the cells or the battery from damage, prolong the life of the battery and 

maintain the battery in a state, in which it can fulfill the functional requirements of the 

application for which it was specified. To achieve these objectives the BMS may incor-

porate one or more of the following functions: 
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 Battery Enclosure (Cell Protection):The battery enclosure protects the battery 

modules and the monitoring/controlling electronics from impact and environ-

mental influences. Normally, there is a battery temperature management system 

controlling the climate inside the battery enclosure to get maximum performance 

from the battery. The battery enclosure also act as a protection for the user in 

personal service from hazardous voltages. Furthermore, the battery enclosure 

protects the battery from being damaged in case of traffic accidents: accidents 

due to fire, high voltage or gas evolution caused by a damaged battery (P. Leisn-

er 2009,pers.comm., 22 April).  

  Battery Temperature Management (BTM):There are sensors in the battery 

enclosure that is monitored by the battery temperature management. The BTM 

makes sure the battery is maintained within a suitable temperature range (not too 

cold and not too hot) and is working in high efficiency and has long service life-

time (P. Leisner 2009,pers.comm., 22 April). 

 Safety Managements System:As the name suggests, its responsible for safety 

management of the battery. It  could be a part of the BMU, but also could be se-

parated for reliability or redundancy reasons. It also manages the temperature of 

the battery, along with the gas and pressure in the battery enclosure. In case of 

malfunction, it will switch off the battery and maybe even activate further pro-

tection systems, e.g. enhanced cooling and fire protection (P. Leisner 

2009,pers.comm., 22 April). 

 Communications: Most BMS systems,  incorporate some form of communica-

tions between the battery and the charger or test equipment. Some have links to 

other systems interfacing with the battery for monitoring its condition or its his-

tory. There are communications interfaces that allows the user access to the bat-

tery for modifying the BMS control parameters or for diagnostics and test (Elec-

tropaedia 2005). 

 

4.4.3 Charging System 
 The charging system consists of connectors, converters and the interconnecting wir-

ing. Its purpose is to maintain the charge in the vehicle's battery by an external 

source of electricity when the vehicle is not in use. The charging system should 

http://www.mpoweruk.com/protection.htm
http://www.mpoweruk.com/communications.htm
http://www.mpoweruk.com/chargers.htm
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function together with the battery management system to optimize the charging 

process. (Ofria 2006; P. Leisner 2009,pers.comm., 22 April). 

4.4.4 Maintenance Switch 

A switch that makes a physical disconnection of the battery pack from the electric pow-

er system of the vehicle (P. Leisner 2009,pers.comm., 22 April).  

4.4.5 Electric Motors and Generators 

According to Raskin & Shah (2006, p.27), these are the primary workhorses in a hybrid 

vehicle. The generators draw on the engine to create high power output by rotating at 

fast speeds to charge the batteries and operate the motors. The motors produce the tor-

que to drive the wheels. There are several types of motors and generators, these are: in-

duction, permanent magnet and switched reluctance. Each of these requires the presence 

of a magnetic field. Induction and reluctance motors use electronic circuits to create a 

magnetic field, while for the same purpose permanent magnet motors use permanent 

magnets. The critical factors for these components are efficiency, power, cost, control-

lability and durability. Permanent magnet motors are more expensive, more controllable 

and efficient, especially at lower speeds and lighter loads. Induction motors compara-

tively, are less efficient because they circulate an induced current over the motors to 

generate a magnetic field; this undermines the structural efficiency of the motor. 

Switched reluctance motors are less efficient and less controllable than permanent mag-

net motors, resulting in noise and oscillation problems.  

4.4.6 Electric Motor Control System 

 Previously in the past, the function of the motor controller was to provide the motor 

speed control and enable the motor to adapt to variations in the load. Today, they may 

incorporate both power electronics and microprocessors enabling the motor control box 

to take on many more tasks and to carry them out with greater precision. For instance 

these tasks may include controlling the dynamics of the machine and its response to ap-

plied loads (speed, torque and efficiency of the machine or the position of its moving 

elements) or providing electronic commutation or enabling self starting of the motor 

(Electropaedia 2005).  
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4.4.7 Power-Split Devices 

 Power-split devices replace the traditional transmission in gasoline cars that acts as a 

virtual gearbox between the engine, motor and generator. The gear system optimizes the 

transmission functions and this is for fuel efficiency and performance (Raskin & Shah 

2006; Nice,  & Layton 2008).  

From figure 1-5, it shows that the 

design allows the motor and engine 

to power the vehicle separately or 

jointly. The power-split device links 

the engine, generator, electric motor 

and drive shaft (which drives the 

wheels). By dividing the power of 

the engine into two paths: a me-

chanical route and electrical route is 

constructed. The mechanical route 

connects the engine to the wheels 

and to the generator (Raskin & Shah 

2006). On the other hand, the elec-

trical route connects the generator to the battery and the motor, which can also drive the 

wheels via the drive shaft. With the use of electrical controls, the power-split device can 

continuously vary the ratio of power going to the wheels and to the generator. As a re-

sult, it can change a vehicle‟s speed by either continuously varying the rpm of the en-

gine or the rpm of the generator and electric motor. The main value of this design is that 

engine speed can operate independently of vehicle speed.  

4.4.8 Electronics (Power, Control and Other) 

These components efficiently regulate the power within a hybrid system by managing 

the flow of voltage and current among components (Raskin & Shah 2006). These are 

listed as follows: 

 Electronic control unit: In addition to the conventional vehicle (which control 

airbags, batteries, brake systems, engines, locks, navigation systems, windows 

and other devices), hybrid vehicles uses electronic control unit . Electronic 

http://auto.howstuffworks.com/author-nice.htm
http://auto.howstuffworks.com/about-author.htm#layton
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control unit is called the “brain” of the hybrid because it manages the power 

flow among the battery, generator, motor and transmission or power-split 

device. It optimizes power and fuel consumption by constantly monitoring 

driving conditions and switching from motor to engine when required (Raskin & 

Shah 2006). 

 The inverter controls and delivers electric power from the direct-current battery 

to the alternating-current motor. The converter receives high-voltage direct 

current (typically up to 300 volts) from the main hybrid battery and produces 

low-voltage direct current (typically 12 volt) for the lead-acid battery to help 

power headlamps and other low-voltage equipment (Raskin & Shah 2006). 

 The insulated gate bi-polar transistor is a semiconductor- switching device that 

controls the highly variable electricity flow among the motor, generator and 

battery. The transistor also boosts the voltage from the battery and converts the 

boosted direct current into alternating current, supplying drive power to the 

motor. For instance, in the Prius, the transistors enables a voltage to increase 

from 204 to 500 volts, resulting in a substantial increase in motor output without 

an increase in battery output or motor size (Raskin & Shah 2006). 

 The wire harness and safety circuit make wiring smaller, lighter, safer and more 

compact. This is crucial for Hybrid cars as they have more than 1000 electrical 

wires, making a total of a mile in length and weighing more than several 

hundred pounds. Therefore, it needs to have many safety circuits to prevent 

potential damage from a short circuit (Raskin & Shah 2006). 

 

4.4.9 Super Capacitors 

A capacitor is simply a device that has the capacity to store electric energy. According 

to (NewEnergyandFuel 2007), capacitors improve the motor performance and helps it to 

start and run at various speeds. With an instant huge dose of electrons, the capacitor fills 

the gap that comes when a battery needs to perform its (relatively slow) chemical reac-

tion to get electrons flowing. Capacitors are positioned between a battery and a motor; 

while the battery reacts for running, the capacitor can run the start-up. The capacitor 

also can take a charge from regenerative braking and hold it for restarts. On the other 

hand, super capacitors offer even more. They take minutes or seconds to charge full 

with simple chargers, with very low impedance they can optimize the load handling 
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ability. They are designed with cycle lives, measured in the millions. Super capacitors 

have limitations as well. As fast as they charge themselves, they self discharge at the 

same rate, making it difficult to make use of the charge. They discharge in a linear fash-

ion, which means that the power can leak out to the level of the load‟s voltage leaving 

the charge below. Also the density of the energy contained is still very low, from about 

a fifth to a tenth of a battery by weight.  Super-capacitors needs to be operated at very 

high a voltage, which requires a set, wired in series to get a high voltage output (NewE-

nergyandFuel 2007).   

4.4.10 Cabling/Location 

This is the cabling from the battery to the motor drive system, which is carrying 

hazardous voltages and large currents. Therefore, these cables must be protected from 

damage and access. It should be positioned in such a way, that is not hazardous to the 

human health  through the electromagnetic rays and also making sure that there won‟t 

be any leak in case of accidents. Further more, the electromagnetic radiation should not 

interfere with the function of other electric systems in the vehicle (e.g electromagnetic 

compatibility) (P. Leisner 2009,pers.comm., 22 April). 

 

4.4.11 Connectors 

Connectors is a device which joins two items, it can be a battery connector, cell 

connector etc (Dictionary of Automotive Terms, 2009). 

 

4.4.17 Powertrain Integration (System) 

According to Powertrain Integration (2006), it is the automotive industry‟s first total 

system solution company for OEM engines and drivetrains. It is the integration of the 

power and power transfer to the chassis. 
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5 Empirical Investigations 

______________________________________________________________________ 

 

The empirical investigation i.e. the findings are presented in this chapter. The metho-

dology is tested here, along with the IDM approach. The key contents are the DMM ite-

rations with respect to SP problem, requirements and definitions of the competences ar-

chitecture. 

______________________________________________________________________ 

 

5.1 Identify the structure of the core problem: SP 

Previously, we mentioned that SP wanted to maintain their competitive advantage by 

being in the fore-front of technology; the problem was how and in which department? 

To create a niche in the market requires an understanding of the market trend and the 

market with organizational elements that has the potential for success. For instance, we 

understood that the next trend in the automotive industry was the hybrid electric ve-

hicle, but which type of hybrid electric vehicle and what product component was an un-

certain question. In our methodology, we explained that product level is decomposed in-

to functional level and later it is integrated from functional level to product level. If we 

apply this sequence to hybrid electric vehicle, we first have to understand which ele-

ment of hybrid electric vehicle does SP want to gain competitive advantage in.  

Since, SP clients are the B2B organization, the market trend is towards building sustain-

able knowledge for fuel efficiency. Based on this and the respondent‟s interactions in 

the workshop, it was deduced that Electrical Energy Storage System was the potential 

element for success, as illu-

strated in figure 1-6. Keep-

ing figure 1-6: Electrical 

Energy Storage System 

product architecture in 

mind, we decomposed the 

product level (the main 

problem) to sub-levels to 

product components: which 

is the functional level. The 

same decomposition was 
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done for SP competences. The trend of HEV opens new opportunity for SP, a HEV 

market will require R&D for making new regulations and that will be tested for HEV 

product development services. Testing, R&D and product development services are the 

main competences of SP which was decomposed in the matrix. The level of complexity 

was not handled as such, because the complexity of integrating of these sub components 

(levels) to form product level still remained. For this purpose, the methodology DMM 

was used that helped to integrate product architecture (components) and SP 

tences to make product group areas (product level) within the Electrical Energy Storage 

System. Using these group areas SP can enter all three types of hybrids, because they 

are common in all three.  

 

5.2 Represent the structure of the problem in a matrix: Product 

and Competences Architecture 

Once the core problem was understood, next was to list the decomposed product archi-

tecture (components) and the existing competence architecture of SP in the matrix, as 

shown in Figure1-7. From figure1-7, one can also see that there is a list of product com-

ponents that do not have competences input. The reason is because they are the next fu-

ture need of SP
5
. Due to the constraint of time and collective decision of SP respondents 

in the workshop, we limited our focus to the current product components. So, in the 

DMM iterations, one can see the exclusion of these future product components to in-

crease clarity in visual communication. 

However, we would like to point out that if we had the input for it, we could have made 

the same interpretations of the DMM for it. This would show the tools dynamic ability 

to forecast both for the future and the present need. 

 

                                                

5 Definition of future products in Appendix 
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5.2.1 Product Architecture6 

Table 1-1 Product (Components) 

Level 1 Level 2 

Electric drive Battery cell 

 

Battery pack 

 

Battery enclosure 

 

Battery management system 

 

Battery Temperature management 

 

Safety management system 

 

Powertrain integration system 

 

Electric motor/machine 

 

Electric motor control system 

 

Electric conversions, dcdc, dcac 

 

Charging system 

 

Cabling/ location 

 

Connectors 

 

Maintance switch 

 

Super Capacitor 

Figure1-7 shows the product architecture for the Electrical Energy Storage System on 

the horizontal axis of the matrix. Although, product architecture can be decomposed to 

many level, but it depends on what purpose those levels are required. For the analysis of 

                                                
6 Product Architecture is explained in Chapter 4 “Hybrid electric Vehicle”. 
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the product level, the product architecture was considered satisfactory to be decomposed 

at two levels as shown in table 1-1.  

5.2.2 Competence Architecture 

Figure1-7, shows the competence architecture of SP for the Electrical Energy Storage 

System on the horizontal axis of the matrix. Table 1-2 lists forty-eight competences 

which form the competence architecture. Like the product architecture, competences 

could have been divided at many sub-levels. To serve our purpose and analysis, decom-

posing it to three levels were satisfactory.  

 

Table 1-2  Competence Architecture 

Level 1 Level 2 Level 3 

EMC Design System simulation 

Cable positioning 

Design 

 

Test Measurement methods 

Standardization 

EMF Design System simulation 

Cable positioning 

 

Measurement methodology 

 

Safety Electric safety Design 

Design evaluation 
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Test 

 

Mechanical safety Design 

Design evaluation 

 

Explosion safety Design 

Design evaluation 

  

Test 

 

Fire protection Caused by battery/voltage 

  

Limitation of spreading of fire 

  

Protection against external fire 

  

Fire fighting 

  

Rescue at fire 

 

Impact accident Design/Modelling 

  

Test 

Software Dependable System Software analysis 

  

Functional tests 

  

Failure Mode and Effect Analysis  (FMEA) 

  

Functional Safety Assessment 

  

Functional Safety Calculation of Probability 

of failure (PFH,PFD) 

  

Functional Safety Fault injection /fault simula-

tion 

  

Risk analysis Fault Tree Analysis (FTA) 

  

Risk analysis Hazard Identification and Clas-
sification 

Environmental durability/ 

material 

Thermal design Modeling 
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Test 

 

Connectors 

 

 

Climatic durability Test 

 

Mechanical durability Modeling 

  

Test 

 

Encapsulation Design 

  

Test 

Energy Application Profile Analysis (requirement) 

 

 

Modelling/test of energy 

profile(verification)  

 

Material Science 

 

Product characterization Battery analysis 

 

Dependable Software Pro-

gramming   

Electronics Design Signal 

 

 

Power 

 

Project Management 

  

 

5.2.2.1 Definitions of Competences7 

With reference to the SP respondents, the definition of competences are given below: 

 

5.2.2.1.1 EMC – Electromagnetic Compatibility 

EMC handles the properties of an electric/electronic apparatus. A good EMC, means 

that it is not easily disturbed by mobile phones, lightning strikes, electrostatic dis-

charges etc. Further, it should not disturb radio and television receivers. It is often elec-

trical signals on cables that are the problem. Reducing the disturbing signals on the 

                                                
7 These definitions for competences were provided by SP engineers and  manager (3rd and 22nd April, 

2009) 



 

 
51 

cables or moving the cables may reduce disturbances to radio receivers in the vehicle. A 

strong radio transmitter might induce disturbances into the cable that make electronics 

to malfunction.   

 EMC Design System simulation: Simulation is modelling of a system in a 

computer program to investigate its properties. Changes can be made before the 

first prototype is built. 

 EMC Design Cable positioning: EMC problems are often related to cables as 

mentioned in the product components called “Cabling Location.”
 8

 

 EMC Design: It‟s the selection of electronic components, cables and construc-

tions that reduces the EMC problems. 

 EMC Test Measurement methods: These are tested methods to investigate if 

an apparatus disturbs radio receivers or is influenced by disturbances. The tests 

and measurements are carried out in special EMC laboratories. 

 EMC Standardisation: Development of commonly used test and measurement 

methods. To compare the EMC performance from different suppliers, it is im-

portant that all use the same methods. 

 

5.2.2.1.2   EMF- Electromagnetic Field 

According to Answers (2009), EMF stands for electro-magnetic field, it is a “ field of 

force associated with electric charge in motion, having both electric and magnetic com-

ponents and containing a definite amount of electromagnetic energy.”   

 EMF Design System simulation: Simulation is modelling of a system in a 

computer program to investigate its properties. Changes can be made before the 

first prototype is built. 

 EMF Design Cable positioning: EMC problems are often related to cables as 

mentioned in the product components called “Cabling Location.” 
9
  

 EMF (electromagnetic Field) Measurement methodology: This is composed 

of methods to investigate, if an apparatus disturbs radio receivers or is influ-

                                                
 

9 These definitions for competences were provided by SP engineers and  manager.   
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enced by disturbances. The tests and measurements are carried out in special 

EMF laboratories. 

 

5.2.2.1.3 Safety 

 Electric safety: It makes sure that the electric components will not be harmful 

(directly or indirectly) to people, e.g. by electric shock or spark.  

 Electric safety design, evaluation and test: These are the selection of electron-

ic components, cables and constructions that reduces the EMC problems. 

 Mechanical safety, design, evaluation: Mechanical safety according to SP, is 

not the same as “safety of machinery”. This competence is best needed at Pow-

ertrain integration (system) as indicated in the matrix. There may also be aspects 

of mechanical safety for the electric motor. 

 Explosion safety design, evaluation, and test: The electric components should 

not be able to ignite an explosion in a surrounding explosive atmosphere, e.g. by 

electric spark or heat, so this competence is responsible for the electric compo-

nents. 

 

5.2.2.1.4 Fire protection against fire   

 Caused by battery/voltage/friction: Prevention and mitigation of fires caused 

by the battery, voltage or the electrical motor. 

 Limitation of spreading fire: Mitigation of fire consequences. 

 Protection against external fire: Mitigation of consequences caused by exter-

nal fire. 

 Fire fighting : Extinguishment of fire. 

 Rescue at fire: Rescue of people trapped in a car. 

 

5.2.2.1.5 Impact Accident 

 Impact accident design/ modelling: This category is responsible for de-

signing how to make a real impact to test the reliability of the car. Design 

here, means to design situations of how such impacts can occur and then 
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modelling the impact by using software (CAD, CAM); to capture the design 

and the data of the impact.  

 Impact accident test: This basically tests the impact accident design/modelling.  

 

5.2.2.1.6 Software: Dependable systems 

Dependable systems have a similar application as functional safety, the name is given 

because these are systems that you depend on; they are important systems of the vehi-

cle. 

 Software analysis:  In a car, there are many software programmes that are used 

in different functional systems. This category makes sure that those programmes 

are tested to see if they function together under different application conditions.  

 Functional safety (This includes all the functional competences): Functional 

safety is based on the functions of the system and its complex components. 

Powertrain integration (system), management units and control systems are the 

main components for functional safety. 

 Risk analysis: Risk analysis techniques are best applied at system level, but can 

also be used for components in the system. Risk analysis is applicable for most 

of the components in the matrix. 

 

5.2.2.1.7 Environmental Durability Tests 

 Thermal design/modeling:  According to (Kim & Pesaran 2006), this category 

is critical in achieving performance and extended life of batteries and other 

components exposed to heat or own heat generation. This includes designing a 

range of methods in real driving conditions and modelling them with sophisti-

cated thermal and computational fluid dynamics models.  

 Connectors: Connectors is a device which joins two items, it can be a battery 

connector, cell connector etc (Dictionary of Automotive Terms 2009). 

 Climatic Durability Tests: This category is known for its application of the en-

vironment, it makes sure that the body parts (systems, equipments, apparatus 

and components) of the car can stand different temperature and humidity. This 
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involves different performance tests and evaluation of their climatic and me-

chanical environmental resistance.  

 Mechanical Durability modeling/test: According to Omron Industrial Automa-

tion (2007), Mechanical Durability modeling/test can be defined as the durabili-

ty of the components, i.e when the rated load is not applied to the contacts and 

when they are switched at a specified switching frequency. This is further mod-

eled and tested at SP. 

  Encapsulation Design/test: When components of high cost and main function 

require high protection, they are encapsulated, so in this case the whole energy 

storage system i.e. battery with BMU, safety system etc is protected against ex-

ternal environment by encapsulating it. 

 Material Science: This category deals with enhancing the durability of the ma-

terials used.  

5.2.2.1.8 Energy Application Profile 

This category enhances and maintains the energy application of a HEV.  The Analysis 

(requirement) makes sure of the specifications of the battery and the modelling/testing 

of energy profile (verification) makes usage of the application of the car, for instance a 

bus would require a different battery to manage the load and long distances. The same 

thing would be different for a sports car, which needs a light and high energy storage 

battery to have more speed.  

5.2.2.1.9 Product Characterization  

 Battery Analysis:  It deals with testing the battery by charging and de-charging 

to see whether the battery is capable of still continuing to work efficiently. This 

is to estimate the lifetime of the battery. This is closely related to the BMS and 

Battery Temperature Management, as the result will serve as input for the two 

product components. 
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5.2.2.2.0 Dependable software programming 

This competence in programming of dependable software will be needed at system 

level, at the design of management units and at the design of control units. It basically is 

a software that is programmed to test the dependable systems.  

5.2.2.2.1 Electronics (Design, Signal, and Power) 

This is the hardware design of electronics (layout of the circuit board, choice of elec-

tronic components, assembly).  

5.2.2.2.2 Project management 

According to Option Matrix (2008), Project management is a discipline that is planned, 

organized and resources are managed to make a project successful in achieving the 

goals and objectives. A R&D project in hybrid systems at SP is rather complex to man-

age, since it involves coordination of competences from different fields of technology 

and thereby different parts of the organization, and cooperation with different external 

partner, e.g. costumers, sub-suppliers and sponsors.  

5.3 Explore the assumptions of the problem 

Figure 1-7 illustrates the final version of the product components with respect to the SP 

competences. However, the process of IDM is not linear, as figure 1-8 illustrates. After 

decomposing the product components and competences into their respected levels, the 

assumptions needed to be explored and validated. 

Figure 1-8 shows a list created in excel sheet that illustrates the previous assumptions of 

product components and competences. As in the frame of reference (Huber 1991), 

stated that organizational learning occurs when organizations are involved in informa-

tion interpretation activities. So, as advised by (Dodgson 1993), the workshop was con-

ducted where data was gathered, analyzed and information used. This was done via or-

ganizational learning where the items for the products components and competences 

were changed, either by adding or altering the new ones or deleting the old ones and 

even the decision of not to work on the future product components e.g fuel cells etc was 

decided (figure 1-7). According to Senge (1990), this will help SP in its success in this 

information age. 
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Figure 1-8 previous product component and competences version 

5.4. Analyze the structure of the problem 

Once the matrix, with the product components and competences were filled and vali-

dated by the respondents, the software complex problem solver was then used to ana-

lyze the computer generated optimal solution. Further, the same software was used to 

make manual iterations.  
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5.4.1 First Iteration: DMM Original Computer Generated Output  

The DMM original computer generated output is illustrated in figure 1-9. Although the 

output does provide us with a very clear, strong cluster (upper left) with a good group-

ing of the systems of the electric drive, but it is not a satisfactory result.  
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By working with engineers and managers together, we were able to grasp the impor-

tance of the underlying phenomena of how successful organizations work with core 

competence. In our case, SP respondents guided us to explore the DMM, both as a con-

cept and as a tool. Engineers follow a scientific approach; each step is designed with a 

purpose (P. Leisner 2009,pers.comm., 22 April). One has to refer back to quantified 

values to producing accurate and objective results; otherwise it could lead to unfortunate 

consequences. This is with regard to cost and also to the use of knowledge and skills. 

This leads to two things, the importance given to product group areas. Product group 

area is referred to grouping of a set of product components that have some similarities 

of functions in common. Product group area is preferred for two reasons. The first rea-

son is due to the market and the second is due to cost. From the market point of view, 

the international automotive companies usually don‟t make use of single product com-

ponent, because if they do, it would require them to look for the other product compo-

nents inter-dependent on it from somewhere else. Therefore for SP and manufacturing 

companies, to reduce this problem and handle complexity of focusing on single product, 

they prefer to group them in a single product group area. 

The other reason i.e. from the cost point of view, by integrating more single product 

components, manufacturing cost is reduced. Also, with the introduction of FIAT, the 

aim of most automotive organization is to integrate the whole electrical energy storage 

system as one unit in the provided land chassis and vehicle body. This demand for inte-

gration has made the importance of product group area even of a greater importance 

(Karlberg 2009).Considering all these factors, clusters will help us to identify those 

product group areas that will serve SP as future niches. This is one of the main reasons 

why the first iteration is not satisfactory. The requirement was then to have product 

components clustered in product group areas in order to reduce cost and to identify 

market niche.  Iteration 1 or the computer generated output was not satisfactory as there 

was no clear product group area, clusters are overlapping and there are linking pins as 

shown in figure 1-9. Here, linking pins is being referred to the competence representa-

tive. In addition, important competences with high product component need was not 

part of the cluster, for instance these competences include “EMF Design System Simula-

tion”, “EMF Design Cable Positioning”, “EMF Design System Simulation” and “EMC 

Design Cable Positioning”. While on the other hand, competence: “EMC Standardiza-

tion” in cluster one is not important with regard to the low product need. Although, one 
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product group area: the red cluster on the upper right could be identified as an embed-

ded system, but the other two cluster could not be clearly categorized. Thence, a second 

iteration was done. 

5.4.2 Second Iteration 

From the first iteration, there were still many product components and competences not 

included in the clusters, while many with low scale as O and 1 was included. The DMM 

is designed to provide a visibility of the combination of the products and the compe-

tences. Therefore, it was important to make the visual representation very clear, in order 

to make it easier to understand and communicate. In the original computer generated 

output, this visual representation was lacking. The second iteration met the requirement 

of making it visually clearer by: a) moving the identified cluster to the left, the impor-

tant competences left in iteration 1, were now part of the cluster b) avoiding overlapping 

clusters, c) identifying three product group areas. These three product group area were 

identified in three clusters as identified in Table 1-3. These changes can be seen in fig-

ure1-10 below. 

 
Table 1- 3 Clusters (Product group areas) 

 

 Upper Left: Embedded 

Systems 

Centre: Battery Lower left : Power Transfer 

Battery Temperature Man-
agement  

Battery Cell Super Capacitor 

Safety Management System  Battery Pack Electric Drive dcdc dcac   

Battery Management Sys-
tem  

Battery Enclosure Electric Machine 

Powertrain Integration Sys-

tem  
Charging System  

Electric Motor Control sys-
tem  

Cabling /Location 

  
Maintance switch 
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Based on this second iteration, a final iteration was to be constructed, on which the final 

strategic analysis for managing of core competences was to be made. This could not be 

done without a deeper discussion and guidance from SP respondent. The second itera-

tion was analyzed from many aspects, taking into consideration the many interpretations 
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and strategic solutions provided by the DMM as a concept and as a practical applica-

tion. There were many highlights that had been considered with regard to the working 

of the DMM, these included the reason for a sub-cluster and its contradiction to making 

clusters without overlapping them. In addition, the discussion with SP Respondents for 

the third (last) iteration also comprised of a technique to cluster and to identify which 

cluster should be prioritized and what other managerial benefits could be gained. Also, 

competences out of the cluster that held high value for SP was also highlighted and was 

considered part to be of the cluster. This applied easily for competence, „EMC Design 

cable positioning’, which could be moved to the top to form part of cluster one: “Em-

bedded System”. What was much of a debate was the red cluster that is formed outside 

clusters one, which was not visually easy to make it part of cluster one (P. Leisner 2009, 

pers. comm., 8 May). 

5.4.3 Discussion on Strategy (based on the second iteration) 

Previous authors like (Danilovic 2001) and (Danilovic & Browning 2007), who had 

worked on the DMM, had mentioned that in clustering the high interactions should be 

prioritized, meaning clusters should have more red together. After red, then violet, then 

yellow and lastly white areas should be given priority. However, these authors did not 

explain what technique was used to make these clusters. Thence, the second iteration 

was done with the intention to group many red areas together in the cluster by develop-

ing a technique which we termed as „absolute total‟. „Absolute total‟ is the total number 

of the product components calculated for a certain product group area. Each product 

component in the „absolute total‟ should represent the highest level 3 of product com-

ponent. Once this is done, then competences that have total product components closer 

to the „absolute total‟ are considered part of the cluster, while those that are far from the 

„absolute total‟ are justified to be left outside the cluster.  

A question that might arise after making these clusters is, what interpretation does a 

high components and competences signify and what should a manager interpret for the 

number of zeroes in the product group. We will answer the latter question first. Refer-

ring back to our discussion on why make clusters that categorizes product group. In ite-

ration 2, in the “Embedded System”, the competence “Electronics design signal” has 

one zero, this signifies that a manager does not need to worry about this competence. 

The reason is when dealing and giving priority to product group, it means that one 
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product component with a low level is overlooked. However, that is also the reason why 

we have introduced the „absolute total‟, its helps us in estimating which competences 

have an acceptable number to be considered part of a certain cluster.  

Referring to the question about what significance of high components and competences 

indicate. The 3 on both the dimensions represents the core competence of the organiza-

tion, in this case the core competence of SP Technical Research Institute. 

 

5.4.3.1 Clustering 

Using the technique for clustering, each product group area cluster was redone for the 

third analysis, and the discussion on strategy above was implemented in the third itera-

tion. 

 

Cluster one: “Embedded Systems” 

To solve the problem of the red cluster outsider cluster one in figure 1-10, first the „ab-

solute total‟ of the “Embedded Systems” had to be calculated. For instance, in the case 

of the competence “Dependable software programming”; each product component is 3, 

making the absolute total 15. Now, If we focus back to the first cluster again, then for 

the competences that are making a total of 9/15, (these are “Electric Safety Design 

Evaluation, Electric Safety Test and Electric Safety Design”), they are considered in the 

cluster while there are others with the same number out of the cluster (these are “Explo-

sion Safety Design Evaluation, Explosion Safety Design and Explosion Safety Test”) are 

out of the cluster. Therefore, they should both be given the same priority and be part of 

the same cluster. Following this pattern, then it was understandable that competences 

like “Modeling/testing of energy profile (verification)” should be out of the cluster be-

cause it served a total of 6/15. The total of this competence is very less compared to 

9/15.  This is what made the iteration a lot easier to handle and to clearly see what com-

petence should be considered part of the cluster. 

 

Cluster three: “Power Transfer” 

To make the red cluster part of the first cluster is a good strategy; however, this is not 

true for cluster three: “Power Transfer”. The red portion had dependencies in cluster 

three with many zeroes in product components, so for “Power Transfer” a cluster with 
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many white areas was not a good option. Therefore, from the interview, it suggested 

that cluster one and two should be made, by ignoring cluster three temporarily. Another 

suggestion was made to group some competences of cluster 3 to the fourth cluster, the 

sub-cluster of cluster 3.  In this way, cluster one would be complete. Although, we are 

following the same rules of not to overlap the clusters, but a methodology should be tai-

lored to fit the organizations goals and not vice versa (P. Lisener 2009,pers.comm., 8 

May). Therefore, for cluster three, we considered it as an exception, since it was part of 

the same product group area: this strategy was reasonable to consider. In cluster three, 

the „absolute total‟ of the product group areas was 18 and the competences “Fire Fight-

ing” and “Fire protection against fire caused by battery/voltage/friction” make a total 

of 7/18, therefore the two competence were questioned as to whether should they be 

part of cluster. While competence “Climatic Durability Test” and “EMC Standardiza-

tion” with a total of 6 and 3 were considered to be low for being part of the cluster. 

Thence, for iteration three they were also taken into consideration. 

 

Cluster two: “Battery” 

Moving to cluster two, the same rule of giving priorities to product components whose 

total close to the „absolute total‟ was made. For instance, the „absolute total‟ for cluster 

two is 9. The competence “EMF Design System Simulation” made a total of 4/9, while 

Project Management” competence was 6/9, which was closer to the „absolute total‟. So, 

“EMF Design System Simulation” had to be moved out of the cluster.  

 

5.5  Identify potential solutions: Interpretation of DMM  

5.5.1 Third Iteration 

The third iteration was made to make the final results more accurate, feasible, easier for 

visual communication, for making the strategic analysis and for improvement purpose. 

This could not be done without a deeper discussion and guidance on the second iteration 

with SP respondent. Figure 1-11 represents the last third iteration. 

In the last iteration, we had identified three main clusters; the third cluster on the lower 

right is the one that is divided into two parts, so visually they are four. Adjustments 

were made for each cluster. Cluster one had a total of 15 competences, in which compe-

tences that were supposed to be part of the clusters were combined as shown in the fig-

ure 1-11. These were “Explosion Safety Design Evaluation, Explosion Safety Design 
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and Explosion Safety Test” and “EMF Design System Simulation”.  The objective was 

to get at least close to half of the „absolute total‟ and at least if it makes half of the prod-

uct component group area.  These are discussed in-detail below:  

 

 

 Figure 1-11: Third Iteration 

 

 

Cluster Three: 

Power Trans-
fer 

Sub-Cluster three: 

Power Transfer, 

important compe-

tences now part of 
the cluster 

Important compe-

tences now part of 

the cluster 

Common compe-

tences and core 

competences inte-

grated in all three 
clusters 

Important compe-

tences now part of 

the cluster 
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Cluster one: “Embedded System” 

For cluster one:” Embedded System”, the „absolute total‟ is 15, the minimum product 

group makes a total of 7/15 as shown for competence “Explosion Safety Design Evalua-

tion, Explosion Safety Design and Explosion Safety Test”; below these minimum crite-

ria, other competences were ignored.  

 

Cluster two: “Battery” 

For cluster two, the „absolute total‟ was 9. Therefore the minimum was 5/9, which was 

for the competence “Limitation of Spreading Fire”; below these minimum criteria, oth-

er competences were ignored.  

 

Cluster three: “Power Transfer” 

For cluster three, the suggestion for adding competences to the fourth sub-cluster 3 was 

implemented. The „absolute total‟ was 18 and the minimum criteria are 8/18 for the 

competences: “Thermal Test, Risk Analysis Hazard Identification and Classification” 

for the upper-right cluster and for the one in the lower half, the competence: “Thermal 

Design/Modelling” fitted in these criteria.  
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6 Empirical Analysis  

This chapter represents the empirical analysis; both the working model and the portfo-

lio of competences and core competences have been used on SP case. Based on the re-

sults, suggestions has been to SP, on which competences and core competences to invest 

in and which to prioritize. The prioritization has also been done for the product group 

area. 

______________________________________________________________________ 

6.1 Application of Working Model on SP 

Earlier, we mentioned that organizations need to continuously learn as emphasized by  

(Hamel & Prahalad 1990). The challenge is how to continuously learn, we proposed a 

systematic approach through the IDM and by applying the working model. By follow-

ing a systematic approach, which is a stepwise detailed analysis for managing of core 

competences for SP, continuously learning then becomes more easier and more efficient 

(Stata 1989). The whole process was divided into three broader steps which as accord-

ing to working model are: 

 Defining competences of SP: This part includes identifying of the competences 

and the level of competence need. 

 Assessing Competences of SP: The portfolio of SP competence is developed and 

strategies for managing them are identified. 

 Identifying competences gaps for managing of core competences: In this part, 

the priority of clusters with regard to competences is made and a strategic anal-

ysis is made to identify which competences and core competences, SP should 

prioritize and invest in.  

 

6.1.1 Defining Competences 

Defining competences is the first step, where the manager‟s ability to find the know-

ledge underlying the procedure and products is put to test (Hinterhuber et al. 1996, p.6). 

This involves identifying the kind and number of current competences involved and re-

quired in developing these HEV product group area. These competences are explained 

and illustrated in the DMM matrix construction i.e. product components x competences. 

Through the third iteration in figure 1-11, we have been able to identify the compe-

tences in three clusters, this is show in table 1-4. 



 

 
67 

Table 1-4: Competence in Clusters 

Upper Left Cluster 

Embedded Systems 

Middle Cluster: 

Battery 

Lower left: 

Power transfer 

1. EMC Design Cable po-

sitioning 

1. Electric safety Design 

evaluation 

Upper cluster 

2. Electronics Design Sig-

nal  

2. Electric safety Test 1. EMC Design  

3. Dependable Software 

Programming 

3. Electric safety Design 2. EMC Test Measure-

ment methods 

4. Risk analysis Fault Tree 

Analysis (FTA) Hazard 

Identification and Clas-

sification 

4. Project Management 3. Electric safety Design 

evaluation 

5. Functional Safety Fault 

injection, fault simula-

tion  

5. Mechanical durability 

Test  

4. Electric safety Test 

6. Functional Safety Cal-

culation of Probability 

of Failure (PFH,PHD) 

6. Risk Analysis Hazard 

Identification and Clas-

sification 

5. Electric safety Design 

7. Functional Safety As-

sessment 

7. Thermal Test 6. Project Management 

8. Dependable System 

Functional tests 

8. Fire Protection against 

fire caused by bat-

tery/voltage/friction 

7. Mechanical durability 

Test  

9. Dependable System sy-

stem Software analysis 

9. Climatic durability Test 8. Risk Analysis Hazard 

Identification and Clas-

sification 

10. Dependable System 

Failure Mode and Ef-

fects Analysis (FMEA) 

10. Explosion Safety Design 

Evaluation  

9. Thermal Test 

11. EMC Standardization 11. Explosion Safety Design  Lower sub-cluster 

12. EMC Design  12. Explosion Safety Test 1. Thermal de-

sign/Modelling 

13. EMC Test Measurement 

methods 

13. Encapsulation Design 2. Connectors 

14. Electric safety Design 

evaluation 

14. Encapsulation Test 3. EMF Design System 

simulation  
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15. Electric safety Test 15. Protection against exter-

nal fire 

4. EMF Design Cable po-

sitioning 

16. Electric safety Design 16. Fire Fighting  5. EMF Measurement 

methodology 

17. Project Management 17. Impact accident Test  6. EMC Design System 

methodology 

18. Mechanical durability 

Test  

18. Impact accident De-

sign/Modelling 

7. Rescue at fire 

19. Risk Analysis Hazard 

Identification and Clas-

sification 

19. Limitation of spreading 

fire  

 

20. Thermal Test 20. Mechanical durability 

Modelling 

 

21. Fire Protection against 

fire caused by bat-

tery/voltage/friction 

21. Materials Science  

22. Climatic durability Test 22. Product Characterization 

Battery Analysis  

 

 

23. Explosion Safety Design 

Evaluation  

23. Thermal de-

sign/Modelling 

 

24. Explosion Safety Design  24. Connectors  

25. Explosion Safety Test   

26. Encapsulation Design   

27. Encapsulation Test   

 

6.1.1.1 Product group area: Competence needed level 

Identifying and listing the competences are not enough to make a strategic analysis and 

for gaining a sustained competitive advantage in the future, as previously discussed in 

the frame of reference. For a sustained competitive advantage, competences should be 

identified, maintained and sustained, thence we identified competence areas that are low 

with respect to the needed level for the product group area.  

According to SP respondents, another key managerial insight was to only consider the 

scales that are 0, 1, and 3. The reason is those are the critical areas, the scale 2 are com-

petences, which will be improved in the product development and does not signify an 

alarming sign for managers. Therefore all clusters with a “low” competence (i.e.1) for a 
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high product component (i.e. 3) are listed in the table. What has been taken into consid-

eration is the needed level according to the scale. The product needed level is high, 

when each individual product component makes a high value= 3. When a product com-

ponent has a high value, then other needed level can be made in comparison and given 

values as “medium” or “low”.  

 

Cluster one: “Embedded System” 

In cluster one; the scale was built by adding the individual product components for that 

particular competence. For cluster one, the high need=15, while for medium= 9, 10 or 

12 and for low=7. These are illustrated from the table 1-5.  

Table 1-5 Competence in Embedded Systems 

Competence/skill Needed level 

1. Electronics Design Signal  Medium 

2. Dependable Software 

Programming 

High 

3. Electric Safety Design  Medium 

4. Explosion Safety Design Medium 

5. Encapsulation Design  Low 

 

Cluster two: “ Battery” 

For cluster two, the high need level= 9, the medium=7 or 8 and low= 6 as illustrated 

from table 1-6.  

Table 1-6 Competence in Battery 

Competence/skill Needed level 

1. Electric Safety Design  Medium 

2. Explosion Safety Design Medium 

3. Encapsulation Design Medium 

4. Impact Accident 

Design/Modelling 

Low 

5. Mechanical durability Modelling   Medium 

6. Product Characterization Battery Low 
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Analysis 

7. Thermal design/Modelling Low 

 

Cluster three: “ Power Transfer” 

For cluster three, the high need level=18, the medium= 13 and low = 8 or 9 as illu-

strated from table 1-7 

Table 1-7  Competence in Power Transfer 

Competence/skill Needed level 

Upper Cluster  

 

1. Electric Safety Design  High 

Lower sub-cluster 

 

2. Thermal design/Modelling Low 

3. EMF Design System 

simulation 

Medium 

4. Rescue at fire   Low 

 

6.1.2 Assessing Competences 

To assess the competences of SP was the second step. It is a very important step be-

cause it assesses all the data listed above to analyze and pinpoint future potential niches 

within the product group areas. According to  (Hinterhuber et al. 1996), it is identified 

from the competitive point of view by giving a scaled form 0-3, the engineers assessed 

these competences for a particular product component. The correct assessment leads to 

the third step of  identifying gaps within current and future competences of SP. Hinter-

huber et al. (1996) stated that questions like „which‟ competences mean for „what‟ 

product group area should be identified in this step. This was done by identifying which 

competences and product components should be included in the cluster, how to formu-

late a technique for constructing the cluster, so that other researchers may be able to 

achieve the same result, when it‟s applied again. This technique was introduced as „ab-

solute total‟ in the empirical investigation chapter. According to Whitney (1995), he 

considers the assessment process of competences very important as it may lead an or-
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ganization to core competence. Thence, in this step, the assessment of competences and 

core competence of SP was done, by making the portfolio of SP. 

 

6.1.2.1 Estimated Portfolio of Competences and Core Compe-

tences for SP 

In the light of all the data and analysis of SP, an effort was made to gather the portfolio 

of competences and core competences for SP. This kind of portfolio is an overall orga-

nized view of competences and core competences. We assume that there are several 

others factors that effects and contributes to the strategic direction and decision making 

of SP, so it can not be judged solely on the basis of this data. With this view point, the 

portfolio of competences is given the name of “estimated portfolio of competences and 

core competences”. 

 

 

Figure 1-12: Estimated Portfolio of  Competences and Core Competences of SP 

 

The quadrants are given respective colors, in association with the colors represented in 

the DMM. For instance, red areas in the DMM were highlighted in the iteration to be 

give the highest priority, the same priority and color is applied for core competence in 

the fourth quadrant. These colors were given the same interpretations as of DMM with 
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the level of importance. The description of colors and relation with the DMM is shown 

from table 1-8: 

 

Table 1-8  Description of colors and relation with the DMM 

 Estimated Portfolio of Compe-

tences and Core Competences 

Interpretation of DMM 

Colors  Scale Level of Impor-

tance 

Red Color High Future Need and High Cur-

rent Strength of SP 

3 High importance 

Violet Color High Future Need but Low 

Strength of SP (Negative Mis-

match) 

2 Medium Impor-

tance 

 

Yellow Color Low Future Need but High Current 

Strength of SP (Positive Mismatch) 

1 Low Importance 

White Color Low Future Need and Low Current 

Strength of SP 

0 No Importance 

 

 

6.1.2.1.1 Quadrant I: Competence Standards 

In the portfolio, the competences with the relatively low current need and the compe-

tences with the relatively low future need for a product group area are competence stan-

dards. These are those competences in which SP have the option to delay them for the 

time being. The keen focus on these competences may misdirect the strategic direction 

of SP. In our opinion, these competences can be deferred, as they do not seem to gener-

ate benefit for HEV at the moment. These competence standards are listed in table 1-9. 

 

Table 1-9  Competence standards 

Competence Standards :current competence low vs. low future need 

Product Group Area Competence 

Embedded System Encapsulation Design 
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Explosion Safety Design 

Battery Impact Accident Design/Modelling 

 

Product Characterization Battery Analysis 

 

Thermal Design Modelling 

Power Transfer Thermal Design Modelling 

 

Rescue at fire   

 

6.1.2.1.2 Quadrant II: Competence Gaps 

The competence gaps, are considered to be those which are highly needed for a product 

group area in future, but the strength of SP is relatively low at the moment. As manag-

ers are required to translate the competences to core competences, its imperative that 

they first manage the competence gaps that have the potential to become core compe-

tences. These gaps between the market future requirement and SP existing strengths in 

the area require particular improvement, as these are of high significance in the market.  

These competence gaps can also be called the negative mismatches for SP (P. Leisner 

2009,pers.comm., 22 April). These competence gaps are listed in table 1-10.  

 

Table 1-10 Competence Gaps 

Competence Gaps :current competence low vs high future needs 

Product Group Area Competence 

Embedded System Dependable Software Programming 

Battery Electric Safety Design 

 

Explosion Safety Design 

 

Encapsulation Design 

 

Mechanical Durability Modelling 

Power Transfer Electric Safety Design 
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6.1.2.1.3 Quadrant III: Competence Potentials 

SP‟s competence potential are those in which SP strength is high, but the market rela-

tive need for those product group area in future is not attributed to that high level. This 

may be due to the changing trends and technologies that make the existing strengths and 

competences obsolete. In times like these, there are some high level competences that 

have been established over time which are difficult to let go. As Hamel & Prahalad 

(1990, p. 91) stated that: “In the 1990s managers will be judged on their ability to iden-

tify, cultivate, and exploit the core competences that make growth possible …”, SP 

managers then have to identify these competence potentials as listed in table 1-10. 

These competences can be referred to as positive mismatches (P. Leisner 

2009,pers.comm., 22 April), because now SP can clearly identify the area of weakness 

where growth cannot further be enhanced. Table 1-11, provides SP with a clear list of 

high competences that do not match with the product need. This will further help SP in 

making their strategic decision about whether should they continue to invest efforts and 

resources in these competences for the future or not. 

 

Table 1-11  Competence Potentials 

Competence Potentials 3 (outside the cluster): High Current Competence vs low future needs 

Product Group Area Competences 

Embedded System Mechanical Safety Test 

 

Mechanical Safety Design Evaluation, 

Battery EMF Measurement Methdology  Battery 

Power Transfer EMC Design Cable Positioning 

 

  

 

6.1.2.1.4 Quadrant IV: Core Competences 

If core competence, as discussed in the frame of reference is the “know-how” of the or-

ganization (Hatten & Rosenthal 2001), on which it builds its strategic thrust (Hamel & 

Prahalad 1990). Then from the quadrant and the table we have build, we can see that SP 

have a “bundle of skills and technologies” as core competences (Hamel & Prahalad 
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1994, p. 82). Since, these  are SP strengths, they need a higher concentration in the fu-

ture. As the strategic focus on concentration should be on one‟s own strengths against  

competitors‟ weaknesses (Snyder & Ebeling 1992). These core competences will help 

SP to sustain the edge over the market for the present and for the future, if continued to 

be invested properly.  These core competences are listed in table 1-12. 

Table 1-12 Core Competence of SP 

Core competences of SP :High Current Competence vs high future needs 

Product Group Areas  Core Competences 

Embedded systems EMC Design Cable Positioning 

 Functional Safety Fault injection, fault simulation 

 Functional Safety Calculation of Probability of 

Failure (PFH,PHD) 

 Functional Safety Assessment 

 EMC Standardization 

 Electric Safety Test 

 Mechanical Durability Test 

 Climatic Durability Test 

 Explosion Safety Test 

Battery Electric Safety Test 

 Mechanical Durability Test 

 Climatic Durability Test 

 Explosion Safety Test 

 Encapsulation Test 

Power Transfer Upper cluster 

  

EMC Test Measurement methods  

 

 Electric Safety Test 

 Mechanical Durability Test 

 Lower cluster 

 EMC Measurement Methodology 

 EMC Design System simulation 
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6.1.3 Identifying Gaps between Current and Future Compe-
tences 

By identifying a competence gap helps SP to make strategic decisions, regarding the use 

of resources: as to whether should they buy in competence, outsource, merge or simply 

stop investing. Through the dynamic character of the DMM, these gaps were identified 

and further a strategic analysis was made, as shown from the estimated portfolio of 

competences and core competences. Only identifying gaps is not enough, because that 

only allows you to focus on how to solve the gap, which are the same routine steps that 

is to outsource, merge or develop. The main essence lies in which product group area 

and which competences and core competences should be prioritized first.  

This is our main thesis focus that is how the competences and core competences should 

be managed. As (Bessant & Tidd 2007, p.11), state that organizing and managing of re-

sources is critical to company‟s potential for innovation. Therefore, we further elabo-

rated the empirical analysis to prioritize these competences integrated in the product 

component as a product group area.  

 

6.1.3.1 Prioritization 

6.1.3.1.1 Clustering Priority 

Another managerial perspective that can be extracted from the DMM iteration is the 

prioritization of the clusters. Referring back to the section of 6.1.1.1 Product group 

area: Competence needed level, it shows that in the “Embedded System” and the “Pow-

er Transfer”, we have about 5 competences gap that needs to be developed, while in the   

“Battery”, we have 7 competences gap that needs to developed. In principal, this would 

mean that the “Embedded System” and the “Power Transfer” should be given a higher 

priority compared to the “Battery” product group area. The only difficulty would be 

how to prioritize between “Embedded System” and the “Power Transfer”.  Since “Em-

bedded System” visually represent stronger product group with high numbers in red, 

compared to “Power Transfer”, it can be given the first priority as reflected and dis-

cussed in interview (P. Lisener 2009, pers.comm., 8 May). Due to “Battery” greater 

number of competences gaps, it makes it a weaker product group, by default the “Power 

Transfer” is given the second priority.  
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6.1.3.1.2 Competence Priority 

In the methodology, we mentioned that the DMM also gives importance to individual 

domain, in our study we found this true. If one looks carefully at the DMM visual repre-

sentation, one can find competence potential, competence gaps and core competence 

that are integrated in all three product group areas. These are listed in table 1-13. 

 
Table 1-13: Common Competences and Core Competences integrated in all three Clusters 

Competence Competence Gaps Core Competence  

Project Management Electric Safety Design Electric Safety Test 

  

Mechanical Durability Test 

 

These competence, competence gaps and core competence are important to list for mak-

ing decisions on future investment and development. By giving them higher priority and 

investing in them first, SP can benefit for one competence in all three product group 

area. The reason why we listed the competence potential: Project Management and did 

not consider the rest of the competence potential was because its considered to be the 

basic element of managing of core competences. Project management competence is the 

competence that puts all the puzzle pieces together, from the first step of the IDM to the 

last step. Therefore, we recommend SP to focus on investing in it for the future, along 

with the rest of the prioritized listed competence gaps and core competences. 
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7. Conclusions 
______________________________________________________________ 

In this chapter, you will find the overall learning gained from the thesis in a nut shell.  

We attempt to illustrate our key contributions by answering the research questions pre-

sented in the methodology chapter. We also propose some recommendations  for SP and 
innovative organizations in general. 

 

 

In the modern world, rising competition has made survival difficult. To continuously 

innovate is a way to survive, but even continuously innovating is not providing organi-

zations with a sustained competitive advantage. This was apparent in the automotive in-

dustry, which has been known for innovation for the past 100+ years. The reason is the 

costly technological change; consumers want more integrated and new technologies for 

as low price as possible. Since, this cost differentiation is a short term strategy that will 

not provide the automakers a profitable margin for the future, management turned to 

theories of resource based view and then to core competence.  

To compete in this hypercompetitive market, technological platform or portfolio of core 

competences is required, but like our thesis points out the problem for management is 

the identification of the potential market demand (technological changes) and the diffi-

culty in matching it with organizational competences. The thesis problem is then how to 

integrate the two domains i.e. technological changes and organizational competences to 

form the sustained competitive advantage and secondly, what process should be fol-

lowed to adapt to this continuous technological change. Which brings to our thesis pur-

pose that is to develop a methodology which provides a systematic approach to integrate 

the two important domains: product vs. process. In other words, the market demands vs. 

the organizational competences and secondly to use the methodology for managing of  

core competences via a portfolio of competences and core competences to gain sus-

tained competitive advantage. For this purpose, SP Technical Research Institute was 

taken as a case study and a qualitative research method was applied to gather data for 

our research. Having said that keeping the thesis problem and purpose in mind, our re-

search questions were then researched and answered. These are as follows: 
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1. How does innovative organizations adapt to their changing environment?  

Innovative organizations that are successful in adapting to their changing environment 

follow an Information Driven Management Approach (IDM) for acquiring compe-

tences. This is different when compared to the traditional way of managing of core 

competences. As traditional management means, strategic decisions come from top 

management. An IDM approach, encourages managers and engineers to work together 

and provide each other with feedbacks. In doing so, managers and engineers participate 

in collective learning and they are empowered to make strategic decisions for the organ-

izations. By empowering them, they feel more involved in and accountable for the 

project; thence, leading to finding solutions on their own and sharing with each other to 

solve the problem for the project. This self regulatory approach is what creates a self or-

ganizing environment, which when ideas are shared creates an organizational learning. 

And, according to our study, has shown that it‟s a basis for helping organization in 

adaptability and efficiency during times of change. 

2. How was the methodology developed to provide a systematic way to deal with the the-

sis problem? What benefits are attained through this methodology and how does it 

aid in making a strategic analysis of managing of core competences? 

Following the above approach of IDM, the matrix based tool called Domain Mapping 

Matrix (DMM) was systematically developed in six steps. That includes: Identify the 

structure of the core problem, represent the structure of the problem in a matrix, explore 

the assumptions of the problem, and analyze the structure of the problem. For strategic 

analysis, this methodology was then further explored through the introduction of the 

working model and the estimated portfolio of competences and core competences. 

These two modified models are: Working Model:  Managing of Core competences 

Process, based on (Berio & Hazrallah 2005, p.1) and Portfolio of  Competences and 

Core Competences, based on (Hinterhuber et al. 1996, p.9). Using the results of the 

DMM, we constructed an estimated portfolio of competences and core competences for 

SP, where we provided suggestions of which competences and core competences to in-

vest in or to outsource. The DMM was tested for its dynamic nature, by integrating the 

two domains i.e. product component vs. competences but also helped to focus on indi-

vidual competences within the product group area. This was shown when we prioritized 

the clusters, the competence potential, competence gaps and core competences,   
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As for the DMM benefits; according to the theories described in our thesis, DMM is 

known to be a dynamic tool for complex projects and it provides engineers the situation 

visibility and managers in making strategic decisions. This was tested to be true for our 

thesis. For the former, initially we had listed forty eight competences, which after the 

DMM analysis had helped us to specify the number of competences for each product 

group area, for instance in “Embedded System”, we have 27 competences and in “Bat-

tery”, we have 24 competences and for “Power Transfer”, we have 16 competences. In 

addition, the DMM was also tested to show the transparency between the domains, i.e. 

to see which competence representative is responsible for which competences. To know 

the competence representative (the person who is responsible) is important because 

once you have identified your competences and core competence; you can communicate 

the result and then implement the strategic analysis. Through the DMM, communication 

becomes easier, as visually the manager can show the representative the level of compe-

tence they require to achieve the product group area and the level they need to obtain.  

3. What are the contributions to the methodology as a tool and as concept? What are 

the results obtained from the methodology and how can we state it as being sustained 

competitive advantage? 

Our thesis contributes to the DMM tool and its concept, with the introduction of product 

group areas, the technique for clustering and more importantly in the application of 

DMM for product components and competences process for the first time. The results 

from integrating product components and competences helped in identifying three 

product group areas. In the automotive industry, product group area helps in handling 

complexity of looking for individual product component competences and in reducing 

cost. To integrate the concept of product group area into clusters in the DMM is for the 

first time, as it differed from the traditional way of overlapping clusters in the DMM. In 

order, to make the methodology valid and accurate, a technique of clustering termed as 

absolute total was introduced. Any researcher working with DMM can apply it and 

achieve the same results as proved by us. 

Sustained competitive advantage means it has to have characteristics like customer val-

ue, non imitation and rareness. The product group areas provide customer value both at 

the product level and individually as well. By combining all three, SP can invest in not 

only one hybrid vehicle but all types of hybrid electric vehicles: cars, busses etc. In ad-

dition, SP can also individually sell its competences for each product group areas to the 
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B2B automakers. As for the other two characteristics: non imitable and rare. These 

product group areas are rare and non – imitatable, because its integrated with SP organi-

zational competences and organizational culture. Both are rare, because every organiza-

tion have their own culture which is built with the interaction of the people working in 

it. Even if the employees move to another organization, the organization culture will not 

be the same. The same applies for organizational competences: these are what the or-

ganizations are good at, this means SP testing, R&D and product development services 

can not be imitated because they have been built over the years. Also, these compe-

tences are rare because they are acquired by an IDM approach, also explained in our 

first research question. This process of adapting to technological change can be docu-

mented but how it‟s conducted are key underlining only known to the organizations 

who have created it.   

7.1 Managerial Implications 

Earlier, in the perspective section, we mentioned that we aspired to be managers one 

day. In this section: we provide you with key managerial implications on managing of 

core competences, which is based on the process and results of the methodology. Our 

study has highlighted the importance of technological changes and its emphasis on 

management to match it with the organization‟s competences and core competences. A 

methodology was also developed to systematically adapt to it, but what role does a 

manager need to take to make it happen is still left to be discussed. Although, these ma-

nagerial implications can be applied to all innovative organizations, we will relate it to 

the automotive industry as it‟s our main area of focus. 

Complexity in the automotive industry was defined to be in the product architecture: 

which is comprised of inter-related tasks between the competences, the cost of manag-

ing these competences and also due to the uncertainty of the organizational culture. The 

role of management then, is to handle this complexity and to reduce this uncertainty by 

making the interpretation of the DMM easier to communicate in a systematic manner. 

For this to happen, managers need to enforce an organizational culture, earlier discussed 

in the first research question. Self organization, self regulatory environment and organi-

zational learning can not occur without the support, encouragement and vision from 

management. If management wants to be innovative and gain sustained competitive ad-
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vantage, workshops can be conducted and dialogs can be facilitated to encourage orga-

nizational learning.  

Also, developing a methodology is not enough; it needs the managers and engineers to 

be equally participatory, so that information sharing is enforced. A methodology can 

help you to communicate, but management needs to first communicate if the process of 

managing of core competences is accepted by the team. Their acceptance increases ac-

countability, but also promotes the self regulatory and self organizing environment to 

adapt to different changes from technology or sustained development etc.  

In addition, we also want to add the timeline it takes for such a methodology and its sys-

tematic process to be implemented. For us, as researchers with no previous knowledge 

of automotive technology and being an external to SP organization competences, it took 

us three months to grasp the whole concept of: the HEV, DMM, the automotive terms, 

SP organization and their core competences. For future, where managers would want to 

use this methodology, if they are using the DMM for the first time, it will take them one 

month. However, once it has been used and is successful in achieving its aim, managers 

like SP who have used it once before would take less than one month, approximately it 

would take them two weeks. Although, time consuming but with experience and know-

ledge, the timeline gets shorter and easier to implement for managing and sustaining of 

competences and core competences. 

 
 

8 Contribution and Discussions for Future Research 
 

This study has opened doors to further research on strategy by focusing on  managing of 

core competences. Previous studies showed that organizations followed different strate-

gies i.e Ansoff matrix, BCG models and resource based view. These strategies either 

focused on either on the market demand or solely on the internal resources to gain sus-

tained competitive advantage, on contrary: we introduced a practical and conceptual 

methodology that integrates both the market demand and internal needs. Hence, making 

this approach to strategy more reasonable, as it takes in both perspectives. We have 

shown that theories and methods exist but in reality, these theories and methods should 

be used to fit the organizations and their problem and not the other way around. So, 

perhaps future researches keeping this in mind can work in building on the contributions 

we have proposed from our thesis.   
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We have contributed to both the literature and the practical application of core compe-

tences and the DMM. In the past literatures, authors like Hamel and Prahalad (1990, 

1994), Hinterhuber et al. (1996) and Berrio & Harzallah (2005) explained their theoreti-

cal concepts of core competences, such as core competences framework, which was fo-

cused on the whole organizational level. However, a proper methodology to show prac-

tical results in a given innovative organizations at the product level was found lacking. 

As researches, we contributed to their concepts by exploring it through the development 

of a methodology and applying a systematic approach for managing of core compe-

tences. 

There are four main contributions to the study of the DMM: to begin with the DMM 

was used for the first time to assess product x processes. Secondly,  to visually 

represent, assess and analyze the competences and core competences of an organization 

with the product components. Thirdly, based on the DMM interpretations, an estimated 

portfolio of competences and core competences was developed to assess the dynamics 

of core competences, both in existing and future technology. The fourth contribution is 

in the interpretation of the DMM, we introduced the technique for clustering called the 

“absolute total” and also the association of colors used for prioritizing between the 

quadrants in the estimated portfolio of competences and core competences (based on its 

relation to the DMM). 

By contributing the systematic approach of managing of core competences, we also 

contributed to the process of organizational learning and knowledge management. We 

emphasized the organizational learning through conducting the workshop, where we  

verified the data gathered by the influence of the participants. While, for the knowledge 

management, with the help of the portfolio of competences and core competences, SP 

managers can easily identify the knowledge they require and do not require. Hence, it  

gives them the option to invest in, to outsource or to merge.  

 

8.1 Future Core Competences for SP 
 

In order, to remain in the fore-front of technology, SP can not afford not to be innova-

tive. As Grantham, & Mackinnon (1994), mentions that if innovation is ignored, it will 

result in loss of market share, loss of competitive edge, loss of intangibles such as repu-

tation and loss of the ability to attract only the best and brightest. Therefore, SP inno-

vates through its focus on managing of core competences and investing in its process of 
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identifying the areas needed for knowledge acquisition, information distribution, inter-

pretations of explicit and tacit knowledge. Earlier, in figure 1-1 the filling of DMM ma-

trix, we had listed the future product components. It illustrates the future product com-

ponent needs and the management vision of being proactive and keeping up-to-date 

with the market. At the moment, SP has done a strategic analysis for the current compe-

tences, by doing the strategic analysis for those product components: SP can forecast its 

next market niches. As to gain competitive advantage, organizations must be  faster and 

better than competitors and develop the capabilities to forecast the changing trends and 

plan to handle these pressures and changes (Hinterhuber et al. 1996, p.3). This can be 

achieved through the dynamic nature of the DMM tool that aids managers in decision 

making and helps engineers to have situational visibility.  
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10. Appendices 

 

10.1 Worksheet for product components and competences: 
product decomposition electric and electric hybrid driveines for 
automotive applications 

Product Components 

Level 1 Level 2 Comment  comment 

Electric drive Battery pack Batterymodule 

 

 

Battery Inclusive For optimal performance and safety 

 

Battery enclosure 

 

Protection for impact and electric chock. Needed for local cli-

matic control 

 

Battery management system BMU.  Supervising the battery. Sets pertformance and safety limits 

for: temperature charging and discharging. Communicate with  
the main control unit 

 

Electric motor 

  

 

Electric motor control system 

  

 

Electric conversions, dcdc, 
dcac  

Can be  reversable for use at charging at braking  

 

Charging system External charging 

from the mains 

network (part of 

BMU?) 

Can be integrated in battery pack but can probably also be a 
separate unit that communicate with BMU 

 

Communication 

  

 

Cabling/ location 

  

 

Connectors 

 

Higher voltage and current levels compared to regular ve-

hicles. Reliability and environmental endurance 

 

Maintance switch 

 

Physical disconnection of the battery pack from the electric 
power system of the vehicle. 

El-diesel/petrol 
hybride 

Battery pack Batterymodule 
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Battery Inclusive For optimal performance and safety 

 

Battery enclosure 

 

Protection for impact and electric chock. Needed for local cli-

matic control 

 

Battery management system BMU.  Supervising the battery. Sets pertformance and safety limits 

for: temperature charging and discharging.Communicate with  
the main control unit 

 

Electric motor 

  

 

Electric motor control system 

  

 

Electric conversions, dcdc, 
dcac  

Can be  reversable for use at charging at braking  

 

Charging system External charging 

from the mains 
network of BMU? 

Can be integrated in battery pack but can probably also be a 
separate unit that communicate with BMU 

 

Communication 

  

 

Cabling/ location 

  

 

Connectors 

 

Higher voltage and current levels compared to regular ve-
hicles. Reliability and environmental endurance 

 

Maintance switch 

 

Physical disconnection of the battery pack from the electric 
power system of the vehicle. 

 

Brake generator 

  

 

Generator 

  

 

Capacitor 

  

El-fuel cell hybride Battery pack Batterymodule 
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Battery Inklusive For optimal performance and safety 

 

Battery enclosure 

 

Protection for impact and electric chock. Needed for local cli-

matic control 

 

Battery management system BMU. Supervising the battery. Sets pertformance and safety limits 

for: temperature charging and discharging. 

Communicate with  the main control unit 

 

Electric motor 

  

 

Electric motor control system 

  

 

Electric conversions, dcdc, 

dcac  

Can be  reversable for use at charging at braking  

 

Charging system External charging 

from the mains 

network of BMU? 

Can be integrated in battery pack but can probably also be a 
separate unit that communicate with BMU 

 

Communication 

  

 

Cabling/ location 

  

 

Connectors 

 

Higher voltage and current levels compared to regular ve-
hicles. Reliability and environmental endurance 

 

Maintance switch 

 

Physical disconnection of the battery pack from the electric 

power system of the vehicle. 

 

Brake generator 

  

 

Generator 

  

 

Capacitor 

  

 

Fuel-hydrogen converter 

  

 

Fuel cell 

  

 

Fuel tank 

  

 

Exhaust system  

  

Other Solar cells 
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Relevant competences 

 

Level 1 Level 2 Level 3 comments 

EMC Design System simulation 

Cable positioning 

Filtrering 

Product realisation 

 

 

Protection components Filter 

Cables 

Shielding 

 

 

Switch components performance 

limitations 
 

 

Test Measurement methods 

Standardisation 
 

EMF Design System simulation 

Cable positioning 

System limitation 

 

 

Measurement methodology 

1.1.1   

Safety Electric safety Design evaluation 
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Test 

 

 

Machinery safety Design 

 

  

Test 

 

 

Explosion safety Design (misuse, environment, 

charging, accident, External fire)  

 

 Test 

 

    

 

Fire protection Caused by battery/voltage Evaluation, devel-

opment of test me-

thods, test, input to 

standardization 

 
  

Limitation of spreading of fire 

  

Protection against external fire 

  

Fire fighting 

  

Rescure  

 

Impact accident Design 

 

  

Test 

 

Software … 

  

Environmental durability/ material Thermal design Modeling 

 



 

 
99 

  

Test 

 

 

Connectors Test 

 

 

Climatic durability Test 

 

 

Mechanical durability Modeling 

 

  

Test 

 

 

Encapsulation Design 

 

  

Test 

 

Product characterization  Battery analysis 

  

 

10.2 Definition of Automotive terms 
 

10.2.1 Future Components Terms  

Air conditioning (electric heat): A traditional combustion engine produces a lot of 

excess heat that is used to heat the cabin when desired. This is not the case for an elec-

tric driven car. To keep the comfort in winter time an electric heating system is needed.  

Communication: General communication platform for automotive. Could be in addi-

tion to wires communication that includes wireless communication. 

Fuel-hydrogen converter: It is expected that fuel cells using hydrogen as fuel will be 

most common. In some cases the fuel will be a primary compound that is easier to 

transport and will be only converted to hydrogen in a chemical converter just when it is 

needed.  

Fuel cell: Electrochemical reactor that converts chemical energy to electricity. 

Exhaust system (Fuel cell) : In the ideal case the only waste product should be water, 

but by inefficiency in the system the exhaust could contain an explosive mixture of hy-

drogen and air. The exhaust system should maintain safety of the system. 
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Solar cells: It is possible that solar cells will be an add-on component to electric driven 

cars with the advantage of running functions like air condition of battery and cabin 

when the vehicle is parked.  

HMI (Human machine interface): It was previously known as "MMI" (man machine 

interface),it‟s a graphics-based visualization that helps that user to monitor and control 

the machine (www.pcmag.com).  

 

10.2.1 Other Automotive Terms  

Chassis: According to (Dictionary of Automotive Terms 2008), a chassis refers to the 

frame (i.e. a bridge-like structural load-carrying members of a vehicle that support the 

engine and body), steering system and the fuel tank. 

Combustion: the process in which chemical energy is converted to mechanical energy 

(Raskin & Shah 2006). 

Drive axle: According to (Dictionary of Automotive Terms 2008), they define it as any 

axle that carries power from the engine to the wheels that propel a vehicle  

Drive shaft: Its the shaft connecting the transmission output shaft to the DifferentialPi-

nion shaft. It transmits power from the transmission to the Differential (Dictionary of 

Automotive Terms 2008). 

Drive train: is the entire moving part of the car; it includes the engine, clutch, transmis-

sion, driveshaft, differential, axles, and sometimes the wheels (Dictionary of Automo-

tive Terms, 2008). It is the degree to which the electric motor propels the vehicle to 

produce the level of electric power in the vehicle (Raskin & Shah 2006; Kamper, & 

Wang 2008).  

 

10.3 Working Iteration 

The figure 1-13  represents the sample of the number of iteration we did before we ar-
rived to iteration 2. 

 

 

http://www.pcmag.com/
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Figure 1-13: Working Iteration 


