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D E F I N I T I O N   O F   K E Y   T E R M S  
 
Capability: Is the ability of the organization to organize the resources and other capabilities to 
achieve an organizational objective (Feng et al., 2006). 
 
Cost Breakdown Structure: Is a tool that identifies all the cost categories within the 
product/service life cycle, it is divided into four main categories: research and development cost 
production and construction cost, operation and maintenance cost, and disposal cost (Blanchard, 
2004). 
 
Decision of outsourcing: Is the “act of moving some of a firm’s internal activities and decision 
responsibilities to outside providers” (Schniederjans and Zuckweiler, 2004).  
 
Direct Maintenance Costs: Is the maintenance costs factors which are directly related to the 
maintenance activities such as direct labor, direct materials i.e. spare parts, tools, instruments, 
training, administration, and other maintenance-related expenses (Al-Najjar and Alsyouf, 2004).  
 
Indirect Maintenance Costs: Is the maintenance costs factors that are indirectly associated with 
the maintenance, such as the profit losses due to production losses within the planned and 
unplanned stoppages time, customer's losses, reputation losses and consequently market share 
losses (Al-Najjar and Alsyouf, 2004).  
 
Life Cycle Cost: Is the “total cost of all the activities that occur within the whole life cycle of a 
product/service” (Berliner and Brimson, 1988). 
 
Life Cycle Cost Analysis: Is an economic evaluation tool used to define and decide the preferred 
decision among other alternative for investments or service approaches (Anon, 1991).  
 
Logistics: Is the “aspect of military operations that deals with the procurement, distribution, 
maintenance, and replacement of material and personal” (Blanchard, 2004).  
 
Maintenance: Is the required and essential actions needed for keeping a system or a product in a 
useful and operative conditions within its life cycle, or restoring it to a state in by which it can 
perform the required function (Blanchard, 2004).  
  
Maintenance Costs: Is the total costs which are associated with in-house and outsourcing 
maintenance activates, it is classified into direct and indirect costs (Waeyenbergh and Pintelon, 
2002). 
 
Multiple Criteria Decision Making: Is a decision making tool and a weight evaluation method 
required to evaluate several alternatives according to set of evaluation criteria (Önut et al., 2008).  
 
Maintenance Performance Measures: Are  “measures for measuring the value created by the 
maintenance, and justifying the organization’s investment made in maintenance organization 
such as mean time to repair ” ( Parida and Kumar, 2006). 
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Negotiation Tactics: Is “the scope of work, pricing mechanism, contract changes and 
termination, as well as the negotiating and transition team structure” (Campbell, 1995). 
 
Outsourcing: Is the process that allows external suppliers and vendors to design, manage and 
maintain the manufacturing process (Feng et al., 2006). 
 
Outsourcing Triggers: Is the driving forces that influence on outsourcing decision such as cost 
reduction, lack of capacity, skills shortage, focusing on internal competence, and utilizing 
external competence (Fransson, 2005).  
 
Risk Benefits Analysis: Is the process of identify the risks and the benefits factors, which 
associate with any process.  
 
Substitutability factor: Is an important factor when competitors outsource the same supplier 
which causes the substitutability of the products provided by each (Xiao et al., 2007).  
 
Supply Chain Management: Is the “integration of the supplier, distributor, and customer 
logistics requirements into one cohesive process to include demand planning, forecasting, 
materials requisition, order processing, inventory allocation, order fulfillment, transportation 
services, receiving, invoicing, and payment” (Coyle et al., 2003). 
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T A B L E   O F   A B B R E V I A T I O N S 
 

CBS  : Cost Breakdown Structure  
CSM : Coor Service Management  
CD : Retirement and Disposal Cost  
CO : Operation and Maintenance Cost 
CP : Production and Construction Cost 
CR : Research and Development Cost 
ELIN : Electronic Library Information Navigator 
KI : Kalmar Industries  
LCC : Life Cycle Cost 
LCCA : Life Cycle Cost Analysis 
MCDM : Multiple Criteria Decision Making  
MSEK : Million Swedish Kronor  
MPM : Maintenance Performance Measures   
R & D : Research and Development  
SCM  : Supply Chain Management  
SEK : Swedish Kronor 
WIP : Work In Progress  
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 M E  N T  O F   T E R O T  E C H N O L O G Y D E P A R T

 
I N T R O D U C T I O N 
This chapter is carried out to develop a preliminary understanding of the issue discussed 
in this paper, for which, the related background will be briefly described, the problem of 
will be discussed and formulated, and the essentiality of which will be explained through 

the purpose, relevance, and the limitations encountered.  
interest 
1
 
 
1.1 Background 
Nowadays, due to the market expansion and growth, companies have to distinguish themselves 
among other competitors to achieve more profit and better competitive position in the business 
(Al-Najjar, 2006). In the same context, Jenster et al. (2005) asserts that companies need to 
understand fully their core competencies and capabilities to successfully utilize and develop their 
resources to achieve business excellence. For which, companies are forced to execute unique 
activities of the right kind and make the right decisions for different aspect in the business. 
 
Consequently, many international companies are trying to concentrate the organisation’s 
resources and investments on what they do best while outsource all other activities for which the 
company has neither a strategic need nor a special capability, adopting outsourcing strategies on 
different organisational levels and activities (Fink and Shoeib, 2003). The importance of 
outsourcing arises not only because it is a cost-saving strategy, but also, because it is part of the 
overall management strategy to focus on core competitiveness (cited by Fill and Visser, 2000)  
 
Traditionally, outsourcing decision has been made based on the best price; however, there are 
other essential factors to be considered, such as; delivery reliability, technical capabilities, and 
the financial stability of the supplier (McIvor and Humphreys, 2000). Therefore, making 
outsourcing decisions requires deeper analysis than most companies realize (Bertolini et al., 
2004).  
 
Parida and Kumar (2006) traced the evolution of maintenance through the last century and 
divided it for: early 1990s; maintenance was well thought-out as the necessary evil. Through 
1950-2000; maintenance was considered as an important support function. And in the last few 
years; maintenance had came and integral part of business process. 
 
What is not mentioned in this evolution is; how maintenance is being currently transferred from 
internal to external part of business process, this change of concept and application carries deeply 
hidden risks that needs to be studied and examined. Greater than before, reports are being 
delivered about increased maintenance outsourcing activities all over the world; for example: 
Alsyouf (2004) mentioned that, a survey conducted on 540 Swedish manufacturing companies 
showed that about 19% of the maintenance budget is spent on outsourcing.  
 
Also, many reports show how dissatisfying the results of outsourcing can be through in 
appropriate adoption of the strategy, such; majority of 70% of US industry has had a negative 
experience with outsourcing experience (Sarder et al., 2006).  
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1.2 Problem discussion 
Before any serious steps are taken towards outsourcing, it is important to develop an overall 
approach or plan. Which involve complete support from management and full participation of the 
people most affected by it (Campbell, 1995). Where much work was done discussing the 
outsourcing process from several different perspectives, such as, driving forces, advantages and 
disadvantages, few practical and systematic outsourcing decision making models involves 
management commitment and the participation of all the people involved are available (Boer, 
2006). And little to no coverage on the outsourcing’s organizational risks and long-term 
performance impacts (Shi, 2007). As cited by Fransson (2005), outsourcing might be an attractive 
tool to enhance company’s financial performance; but usually, the decisions involved lacks to 
strategic view and motivated by cost and financial arguments, this have limitations and may 
affect the long term desirable outcomes.  
 
Kotabe et al. (2008) stress on the fact that, companies must consider not only manufacturing 
costs, but also, the costs of various resources, and exchange rate fluctuations, availability of 
infrastructure, industrial and cultural environments, and so on. If the price of transaction is only 
considered in the process of outsourcing, long term goals will not be achieved. This might be 
referred to the act that usually the emphasis is on the transaction costs of the purchase and not on 
the costs incurring in the operational phase of a product, which are often in the focus when 
applying life cycle cost (LCC). 
 
Here it is important to employ concepts such as life cycle cost analysis (LCCA) to optimize the 
total costs on the long run, this requires considering the trade-offs between different cost 
elements during the life phases of the outsourcing process. This process involves estimation of 
costs on a whole life basis before making a choice from the various alternatives available 
(Woodward, 1997). 
 
The idea of this project arise from the previous argument, toward the need for a consistent 
decision making model that guide and help management through decisions taking, over the life 
time of the outsourcing process, and involves people in the organization deferent levels. In this 
project, efforts are aimed to develop life cycle costing based model for assisting decision makers 
in rationalizing their maintenance sourcing decisions to reach the right sourcing strategies, i.e. the 
sourcing strategies that fulfill business objectives in the long-term as well as in the near-term.    
 

1.3 Problem formulation 

 How to employ LCCA in the process of maintenance outsourcing to achieve strategic 
model valid for decisions taking over the life length of the process? 

 
1.4 Purpose 
The purpose of this thesis is to develop a model that can be used to help the decision maker to 
make the right outsourcing decisions based on LCCA, assessing whether outsourcing is the right 
policy to be adapted, selecting the preferred supplier, maintaining good relations with the supplier 
and monitoring the process and supplier performance. The developed model should be able to 
assist all types of business to make the right outsourcing process. 
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1.5 Relevance 
Many companies are now outsourcing traditionally in-house components or services, including 
plant maintenance. In this field it is essential to make the right decisions regarding the 
maintenance, keeping in mind that the first responsibility of the utility is to control the process in 
such a way that the demanded performance is obtained in the most cost-effective way (Wester et 
al., 2001). Shi (2007), resembles outsourcing risk management as a puzzle; a difficult challenge 
of balancing between the short-term and long-run goals. 
 
By revising the literature within maintenance outsourcing (see Ch. 4), it was found there is a need 
for a practical and systematic model which considers LCC in the outsourcing decision. All kind 
of companies can gain benefit from taking the right outsourcing decision for the maintenance 
process, it is important to consider the economic point of view in the long term in the outsourcing 
decision. 
 

1.6 Limitations  
Despite that fact that the model developed here is applicable in all business types, due to the time 
limitation for this work, the model will be tested only in one case company and on service level 
outsourcing.  Due to the fact that the model developed is a continuous improvement tool, the last 
two phases; Monitoring and Reviewing, will not be applied till the outsourcing decision takes 
place.  
 
IT outsourcing, software outsourcing and EBSCOhost electronic data hits (see chapter 4), when 
the research of the published literature was done, were excluded from this work, due to 
irrelevance and time limitation. Moreover, the meetings with the case company were limited, 
which caused some problems with the access to data needed. The importance of the outsourcing 
process within the company and the willingness for changes were the main factors for choosing 
the case company for this work. 
 
1.7 Time Frame 
Due to limited time assigned to this work and due to huge amount of publication associated, a 

loped at the begging of week 12, in order to follow up with submission dates 
 2nd of May, and the 26th of June) and to accomplish this work. 

time plan was deve
(the 9th of April, the
Table 1.1 Time frame 

 

Submission 
of chapters 

1‐3  3 
 

Submission 
of chapters 

1‐5 

Submission of 
full Thesis 
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M E T H O D O L O G Y 
This chapter presents different; research approaches; scientific perspectives; data 
collection methods; and results evaluation. As well as, methodology adopted for 
lishing this report. accomp

 

2
 
2.1 Research approaches  
The researchers can use different types of research approach to introduce the true or the false, and 
obtains the conclusion that relate to the theory and empirical findings. The research approaches 
are induction, deduction and abduction (Ghauri and Grønhaug, 2005). 
 
The induction approach involves study and revises the empirical data through observations to 
build up theoretical background i.e. “building theory” (Saunders et al., 2007). According to 
Ghauri and Grønhaug   (2005), it is an organized process to establish the general scheme and 
proposal for the theory based on facts observation.  

The deduction approach utilizes the research strategy to analyze and examine facts and 
theoretical background, followed by generating the conclusion i.e. “testing theory” (Saunders et 
al., 2007). It is a valid process for generating the conclusion based on known ideas or something 
identified as true (Ghauri and Grønhaug, 2005). 
 
Abduction approach combines the induction and deduction approaches. The first step is to 
prepare the theoretical background inductively, which clarify and explain the case, and the next 
step is test the new theory on other cases (Saunders et al., 2007).  
 
 
2.2 Scientific perspective 
There are different scientific perspectives present different behaviors for how to conduct the 
research, examine the facts, and generate the conclusions. Two of which are the positivism and 
the hermeneutics perspective.  
 
The positivism perspective was built up within the 19th century; it has a logical position that 
believes of working with a visible and clear truth and data to carry out any research. Its 
importance appears in high structured methodology while accomplish the research. Positivism 
perspective utilizes the philosophical ideas of the science, uses the exiting theory to develop new 
hypothesis, and tests the developed hypothesis that can be used for further research, the results 
can be generalized similar to those generated from the physical and natural scientists. The 
positivism researcher uses scientific and logical observations to collect the data then utilize them 
in the statistical analysis (Saunders et al., 2007). According to Kvale (1989) positivism 
perspective believes of “the truth as a mirror of reality, knowledge is a representation of an 
objective world, and true knowledge corresponds with the world of objective and quantitative 
facts”. 
 
Hermeneutics perspective has an important role in three fields, in the historical and philological 
sciences, in theology, and in jurisprudence. The importance of this perspective was studied and 
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organized in the academic Italian works, where the conclusion was: hermeneutics perspective has 
to be understood in so comprehensive sense as to hold the whole sphere of the literature and its 
complex questions, therefore this gives it complete understandings for the literature which exceed 
the aesthetic understanding. The historical evaluation and analysis for the positivism perspective 
gives new importance to the hermeneutics perspective, hence it could be considered as a 
complement for the positivism perspective (Gadamer, 1994).  
 
 
2.3 Data collection 
Data collection is defined as an approach used in collecting the needed data for analysis. The data 
could be facts, opinions and statistics. Mainly there are two methods for collecting the data: 
qualitative and quantitative approach. The quantitative approach used to collect and generate 
numerical data such as questioners, or to analyze the numerical data such as graphs or statistics. 
While, the qualitative approach used to collect or generate non-numerical data such as an 
interview or pictures, and could be explained in words and actions.  
 
Each approach has its own strength and weakness (Saunders et al., 2007), but the main difference 
between them is the procedure, that is, the quantitative researchers utilize measurement while the 
qualitative researchers not (Ghauri and Grønhaug, 2005). 
 
According to Yin (2002), there are six major tools and methods to collect the data; 
documentation, archival records, interviews, direct observations, participant observation, and 
physical artifacts. 
 
 
2.4 Results evaluation 
Judging the quality of the research results can be evaluated according to the set of logical tests 
such as validity and reliability. The honesty, constancy, conformability, and data dependability 
are some of the criteria that are used for making the judgment. Validity measures to what extend 
the results can be generalized, while reliability measures the consistency and stability of the 
results (Yin, 2002).  
  
 
2.4.1 Validity 
Validity is concerned with "whether the findings are really about what they appear to be about”. 
It can be divided into two categories: “the extent to which data collection method accurately 
measure what they were intended to measure and the extent to which research findings are really 
about what they profess to be about” (Saunders et al., 2007). For example, the observed scores 
have to be equivalent or close to the true score, to get a valid measures (Ghauri and Grønhaug,   
2005). Validity can be divided into the following types: 
 
Construct validity: 
Construct validity measures the accuracy and truth of the results and the findings (Denzin and 
Lincoln, 1998), it creates certain measures for the concept being studied and analyzed in the 
study. However, in order to meet the requirement of this test, an investigator must be aware to 
fulfill two steps: first, choose specific categories of the changes that are to be studied and relate 
them to the main objectives of the study. Second, shows clearly the relation between the selected 
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measures of the changes and the specific types of change that have been selected (Yin, 2002). 
Construct validity is a necessary test for important and interpretable research findings (Ghauri 
and Grønhaug, 2005). On the other hand, this test has a difficulty to apply in a case study 
research (Yin, 2002).    
 
Internal validity:  
Internal validity institutes a fundamental connection between the conditions, where certain 
conditions are shown to lead to other conditions, mainly this test applicable for the explanatory or 
causal studies and not for descriptive or exploratory studies (Yin, 2002). Internal validity could 
measure the extent where the researchers can suppose there are causal relationships existing 
between two or more conditions (Ghauri and Grønhaug, 2005). Saunders et al. (2007) shows the 
internal validity refers to the ability of the results to measure what the researchers intend it to 
measure.  
 
External validity:  
External validity institutes and measures the extent to which a study’s findings from a particular 
study can be generalized to other relevant studies (Yin, 2002) and (Saunders et al., 2007). It 
answers the questions of: to what population, situations, treatment variables, can the result be 
generalized? (Kvale, 1989) 
 
Face validity:  
Face validity tells the researchers to what extent the measures looks to be a reasonable according 
to what it claims to measure. A simple test for face validity is to ask for other opinions that are 
familiar with the real topic (Ghauri and Grønhaug, 2005). Saunders et al. (2007) defines face 
validity as the argument that reflects accurately what it suppose to measure, it could be a 
question, scale, or measure.  
 
 
2.4.2 Reliability  
Reliability is defined as" the extent to which data collection technique or analysis procedure will 
yield consistent findings; it can be assessed by posing the following three questions: Does the 
measures yield the same results on other occasions? Will similar observations be reached by 
other observers? Is there transparency in how sense was made from the raw data?”  (Saunders et 
al., 2007). Moreover, if other researchers will follow the same research methodology that 
described by earlier researchers such as the data collection, research approach, and adapt the 
research in the same case, the findings and the conclusion will be the same.  
 
The aim of this test is to reduce the errors and biases in a study (Yin, 2002), so this will improve 
the stability of the research approach and the findings (Denzin and Lincoln, 1998). 
   
 
2.4.3 Generalization of results 
It is defined as “the extent to which the findings of a research study are applicable to other 
settings and making more widely applicable proposition based upon the process of deduction 
from specific cases”. It answers the question: can the results be generalized and the findings will 
be applicable to other cases. Generalization sometimes interrelated to the external validity where 
the theory, results, and conclusion can be generalized (Saunders et al., 2007). 
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There are two argument developed to explain the ability of the qualitative and quantitative 
research to be generalized. The first argument speaks about the situation of the case study, where 
it is important to unstructured nature of the research. The second argument relates with the 
required approach where the ability of generalization is related to the type of the research or the 
theoretical proposal (Saunders et al., 2007).  
 
 
2.5 Pre-understanding  
Pre-understanding is a planned structure of the feelings, thoughts and opinion, it is activated 
when the persons are concerning about something. It has an obvious effect upon understanding 
the issues during any research, both quantitative and qualitative. Pre-understanding effects on 
how the researchers will collect and analyse the data, then how will generate the conclusion 
(Nyström, 2001). Different factors effects on the researchers pre-understanding such as the five 
senses, the experience, the society and the social environment.  
 
 
2.6 Thesis research methods  
This section presents the research methodology of this thesis and makes primarily understanding 
of how the thesis is constructed according to its contents. The thesis will start with state of the art 
for the main topic; this includes a literature survey within textbooks, journals and scientific 
articles. Hence, improve the understanding for the topic. The suitable research methodology and 
theoretical background will be selected to let the developed framework easy to understand and 
follow. Then the required empirical data will be gathered and analyzed to validate the framework, 
and finally make the results and conclusions.  
 
The positivistic perspective will be used while working in the thesis i.e. in studying the exiting 
theory to develop a new model, then tests the developed model in the case study.  Furthermore, 
this report is only focusing on testing and evaluating the framework in one case company, 
therefore, the research approach is a qualitative case study.     
 
The abduction research approach will be used; abduction research combines between the 
deduction and induction approaches. The deduction approach will be used for the literature study 
and the framework generalization, while the induction will be used for verification the framework 
in the case company i.e. identifying the cost factors associated with outsourcing and selecting the 
proper provider.     
  
To gather the required empirical data from the case company, both quantitative and qualitative 
data will be used such as interviews, observations, archival documents. While the literature 
survey, scientific articles, and books will be used to generate the framework.   
 
The validity and reliability tests will be used to judge the quality of the report. Most of the terms 
will be discussed and explained with the company personal, hence make the report more reliable. 
The authors’ pre-understanding of this thesis is based on personal experience while studying in 
Industrial Engineering programs for four years, as well as the authors main five sense.   
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T H E O R Y 
In this chapter all necessary theory for conducting this research is gathered, in specific; 
Outsourcing, Driving Forces and Risk-Benefits Associated; Life Cycle Cost Analysis and 
ak Down Structure; Maintenance and Maintenance Costs; and MCDM. cost Bre

 

3
 
3.1 Outsourcing 
According to Wasner (1999), Outsourcing was first mentioned in literature in the year 1982, 
where it referred to “the practice of subcontracting manufacturing work outside, especially 
foreign companies”. Through over the years, the concept of subcontracting changed rapidly not 
only in context but also in volume and character along with extent.  
 
Wanser (1999) and Jenster et al. (2005) traced back the origin of outsourcing and tried to follow 
up these changes. Further, they divided it into 1980’s outsourcing where outsourcing meant make 
or buy cost driven decisions. In the 1990 the concept of core business has been assisted by the 
increased opportunities to manage the value chain through outsourcing.  Moreover, Wanser 
(1999) divided the existing definition of outsourcing into two perspective; purchasing perspective 
summarized by a buyer seller relationship and changing sourcing conditions, where the second 
perspective is the transferring of an internal activity to an external activity. Jumah and Wood 
(2000), assert this division but in other simple words, where they defined outsourcing, in general, 
as the practices of transferring out activities earlier performed in-house, whereby non-core 
activities (or core activities that provide less benefits for resources engaged than alternative uses) 
are transferred to a third party.  
 
Sarder et al. (2006), distinguished between several numbers of different ways to outsource; as 
follows; Single Source Outsourcing, Multiple Source Outsourcing, Selective Outsourcing (only 
parts of functions), Business Process Outsourcing (BPO) (full function outsourcing).  
 
This rapid change in context is associated with a change in volume of usage, further, outsourcing 
is becoming more popular as a fashionable way of solving some business problems and there are 
numerous reports of its increasing use. For example, a global outsourcing growth of 20 percent 
per annum is reported Beaumont and Sohal (2004).  
 
Moreover, Power et al. (2004) mentioned that by the end of 2004, one out of every ten jobs in 
American Software industry is moved to inexpensive emerging markets like India, Russia and 
China, as US companies rush to cut costs.  Also, the Swedish industry during recent years 
showed a strong trend towards outsourcing of manufacturing and resources supporting 
manufacturing.  The character of outsourcing is defined by the factors affecting the decisions to 
outsource or not these factors are stimulated by various drivers such as cost reductions and 
strategic needs.  
 
 
3.1.1 Driving forces influencing the Outsourcing decision  
What power such high demand on outsourcing may be referred to what Jenster et al. (2005) 
called “pressure to outsource” such as: competition in a global atmosphere is increasing, 
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customer is demanding more, technological obsolescence is accelerating and pressure to deliver 
shareholder values increasing. Fransson (2005) mentioned more sensible driving forces to 
outsource decision: Cost reduction, Financial motivates, Concentrate on internal competence, 
Capacity outsourcing, and Utilizing and accessing competence from external source. 
 
Cánez et al. (2000) defined the following as triggers for the outsourcing process: Lack of 
capacity; New Production introduction; Skills shortage; Increase quality; Focus investment; 
Balance capabilities; and Reduce time to market. Where other authors assert that the outsourcing 
process should be considered when the business suffers for financial; quality and costs problems. 
Fill and Visser (2000) considered Quality, Cost, Finance, Core business, Cooperation, as drivers 
for outsourcing. 
 
Where Yanget al. (2007), on the other hand, stated that outsourcing may be considered not only 
as a solution for the presented problems above, but also, whenever a need for flexibility; cost 
savings; and the focus on core competence takes a place. 
 
The extent of changing from internal to external provision of a functional activity makes the 
outsourcing decisions strategic in nature and they are likely to have a great impact on the 
organization. In addition, outsourcing decisions are many times more or less irreversible since 
they involve a takeover of personal and physical assets (Lindskog, 2005).  Further, The decision 
to outsource or not depends on a balance between the associated benefits and risks, follow is a 
brief summary of risks and benefits extracted from the literature reviewed. 
 
 
3.1.2 Benefits and Risks Associated with Outsourcing 
There are a number of benefits and risks associated with outsourcing. Some benefits that motivate 
outsourcing decision include drivers such as potential cost savings, access to technological 
innovations and strategic considerations concerned with scale and scope economies and possible 
growth expectations, (Jumah and Wood, 2000). Furthermore, Campbell (1995) illustrate that 
outsourcing allows companies to maximise the return on their internal resources, and develop 
core competences as a way of providing barriers to protect against present and future 
competitors; make full use of external capabilities, innovation and investment; and finally, 
provide better service, quality and cost to the customer. Furthermore, according to Schniederjans 
and Zuckweiler (2004) outsourcing decrease the investment in new technology, let the company 
focuses on its core activities and tactical goals, and share the risks.    
 
However, outsourcing does encounter some downfalls and problems. Such as, it may reduce a 
company’s control over how certain services are delivered, which in turn may raise the 
company’s liability exposures. Campbell (1995) showed that management main concern can be 
summarised in three points: Firstly, loss of critical skills or developing the wrong skills, secondly, 
loss of cross functional communications, and thirdly, loss of control over a supplier.  
 
Furthermore, outsourcing also involves a set of drawbacks that must be taken into account by the 
customer, such as: loss of control and loss of a learning source because an internal activity is 
externalized; loss of knowledge of the plant; possible dependencies on the supplier; variations in 
the quality of the product given to the customer; poor supplier management; problems with 
confidentiality and opportunist exploitation by supplier; the difficulty of bringing the activity 
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(service) back in-house should circumstances change; and problems among personnel since they 
lose their functions, etc.  According to Feng et el. (2006), outsourcing could associate with 
negative consequences on efficiency, performance and service quality. However, the magnitude 
of the benefits and risks depend on the supplier qualification and experience (Polo et al., 2002).   
 
 
3.2 Life Cycle Cost Analysis (LCCA) 
Berliner and Brimson (1988) defines LCC as “the total cost of all the activities that occur within 
the whole life cycle of a product/service”, it includes all the costs related to research, and 
development (CR), production and construction cost (CP), operation and maintenance cost (CO), 
and retirement and disposal cost (CD), Equation 3.1: 

 
………………………… Equation (3.1) 

 
Blanchard (2004) defines each cost category as the following:  
CR: is the cost of the research studies, systems analysis, details design and development, 
fabrication, assembly, and evaluation of associated documents.   
 
CP:  is the cost of investment in the production facilities, machines, tools, equipment, training, 
and test of the operational system. 
 
CO: is the cost of operating and maintaining the machines or equipments, personal training, 
maintenance support activities, spare parts and related inventories, test the machines or 
equipment, transportation, and modifications. 
 
CD: is the cost of throwing away of the machines or equipments, which could be scrapping or 
returns from selling the machines.     
 
The innovation of LCC that it considers the cost related to the system operation and support. 
Moreover, LCCA is an economic evaluation tool used to define and decide the preferred decision 
among other alternatives for investments or service approaches such as select the preferred 
facility designs; upcoming plans for operations; maintenance, repair, and renewal programs. Each 
alternative is classified into a set of cost factors that sustain during a given time period. Then by 
analyzing and assessing the alternatives, the preferred alternative could be selected (Anon, 1991).  
 
Moreover, according to Blanchard (2004) LCCA is a helpful tool to assess whether the operating 
and supporting activities within the system going in an effective and efficient behavior, it 
considers the effects of inflation and learning curves during a given time period. Using LCCA, it 
is possible for the organization to assess the total costs with respect to the budgeted life cycle 
cost, hence take the worth decisions and understand the product/service life cycle within 
development through manufacture, distribution, customer use, and disposal cycles (Dunk, 2004). 
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3.2.1 Cost Breakdown Structure (CBS) 
CBS identify all the cost categories within the product/service life cycle, it divided into four main 
categories: CR, CP, CO and CD, see Figure 3.1. CBS is an essential step before performing LCCA, 
it shows all the cost categories which are combined to provide the total cost, it may vary from one 
case to another (Blanchard, 2004). 

 
According to Blanchard (2004), CBS structure has to consider the entire cost element associated 
with the product/service, identify its functions, and code each category in a manner to allow the 
analyst to evaluate certain specific areas of interest (e.g., system operation, energy consumption, 
equipment design, spares, and maintenance personal and support) while ignore other areas that 
are out of interest.  

Figure 3.1 Main categories within CBS (Blanchard, 2004)

 
3.3 Maintenance 
Maintenance is defined as all the required and essential actions needed for keeping the system or 
a product in a useful and operative condition within its life cycle, or restoring it to a state in 
which it can perform the required function. Maintenance actions require a set of important inputs 
such as manpower, management, tools, equipment, information, and spares. While the 
maintenance concept represents a set of statements covering maintenance levels i.e. two levels of 
maintenance or three levels of maintenance (Blanchard, 2004).   
 
The importance of maintenance function increased by time because of its role and impact on 
other working areas such as production, quality, production cost, and working environment; i.e. it 
improve the availability, and product quality. On the other hand it costs a company a big finance 
(Al-Najjar, 2006).   
 
According to Blanchard (2004), maintenance is classified into corrective maintenance or 
preventive maintenance, corrective maintenance includes all the unplanned maintenance actions 
to identify the failure, localize and isolate. While, preventive maintenance includes the planned 
maintenance actions such as the periodic inspections, condition monitoring, item replacements 
and calibration activities.   
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3.3.1 Maintenance Outsourcing 
A survey conducted on 540 Swedish manufacturing companies showed that about 19% of the 
maintenance budget is spent on outsourcing (Alsyouf, 2004). Any organization when chooses to 
outsource its maintenance service, it has to go through a tendering process or a specified list of 
venders (Rao and Sarda, 2002). 
 
A detailed list of reasons for using maintenance contractors was drawn during a survey conducted 
by the Plant Maintenance Resource Center (2001) and is reported below (cited by Bertolini et al., 
2004): 

• Increase labor productivity; Improve equipment uptime/performance Improve work 
quality; Level fluctuations in workload; 

• Reduce maintenance costs; Reduce management effort; Keep pace with rapidly changing 
technology. 

• Obtain specialist skills not available in-house; Increase access to specialist equipment; 
• Improve environmental performance; Reduce risk; and Reduce influence of trade unions. 
 

Furthermore, according to Polo et al. (2002) by outsourcing maintenance service, the 
maintenance activities will be planned, and the corrective maintenance will be decreased through 
the outsourcing period. Therefore, this allows the company to control overall the process. Within 
the contracted period, the supplier has to offer the necessary level of corrective maintenance.  
 
3.3.2 Maintenance costs 
In general, the maintenance costs are separated into two categories: direct and indirect costs. 
Direct and indirect costs contain the cost associated with in-house and outsourcing maintenance 
activities (Waeyenbergh and Pintelon, 2002). Direct maintenance costs are costs directly related 
to the maintenance activities, it includes the internal costs needed to perform the maintenance 
function such as direct labour, direct materials such as spare parts, and overhauls such as tools, 
instruments, training, administration and other maintenance-related expenses. Moreover, direct 
maintenance costs could include any other outside capacity offered by the original tools 
manufacturers i.e. outsourcing. Maintenance investment cost is considered as a direct cost, since 
it includes all the costs spent in developing the maintenance department such as new facilities, 
tools, software, and training (Al-Najjar and Alsyouf, 2004).    
 
Indirect costs includes all the costs factors that are indirectly associated with the maintenance, 
such as the profit losses due to the production losses within the planned and unplanned stoppages 
time, customer's losses, reputation losses and consequently market share losses, that resulting due 
to the maintenance-related factors (ibid).  
 
Furthermore, indirect maintenance costs includes; the performance inefficiency costs due to short 
stoppages and reduced speed, poor quality costs due to maintenance deficiency, idle fixed cost 
resources such as idle machines and idle worker costs during stop working times, delivery delay 
penalty costs due to unexpected downtime, guarantee claims from dissatisfied customers due to 
maintenance-related poor quality. Moreover, it includes the accelerated wear due to lack of or 
inefficient maintenance, extreme spare parts, buffer and work-in-progress (WIP) (ibid).  
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Inventory costs to stay away from the effect of unplanned stoppages on fulfilling delivery 
schedules, unneeded equipment redundancy costs to avoid waiting time because of equipment 
failure, extra costs due to the lack of professional labour, and penalties for environmental 
pollution caused by poor equipment situation or accidents resulted from inefficient maintenance 
activities. The indirect maintenance costs are difficult to estimates and hardly to be obtained 
without being confused with other costs (ibid). 
 
Moreover, maintenance concept has be done in a structured way because of high direct and 
indirect maintenance cost that involved within in-house as well as outsourcing maintenance 
activities (Waeyenbergh and Pintelon, 2002). 
 
3.3.3 Maintenance LCC 
According to Nilsson and Bertling (2007), the total LCC of the technical system during its life 
time is the summation of investment cost, corrective maintenance cost, preventive maintenance 
cost, production loss cost, and the remainder value. Corrective maintenance cost includes the cost 
of replacing major components, while preventive maintenance costs includes the scheduled 
maintenance cost and condition monitoring system cost. Furthermore, Pascuala and Ortega 
(2006) developed a new model to minimize the total maintenance costs based on calculating the 
optimal life cycle duration and interval between overhauls. This model has a set of conditions, 
but two interesting definitions were the overall cost of overhaul is including the material, 
tradesmen, and downtime costs. Also, the overall cost of a replacement is the investment, labor, 
material, and downtime costs.  
 
Lee et al. (2006) mentioned that the “LCC functions considered in the LCC optimization is 
consisting of initial cost, expected life-cycle maintenance cost and expected life-cycle 
rehabilitation costs including repair/replacement costs, loss of contents or fatality and injury 
losses, transportation costs, and indirect economic losses”. Moreover, LCC factors are 
influenced by the support cost factors i.e. maintenance cost. For example, some maintenance cost 
factors such as labor, and spare parts costs related to the maintenance activates. While, other 
indirect maintenance cost factors such as losses in the market share and reputation are hardly to 
assessed and measured (Al-Najjar and Alsyouf, 2004).  
 
 
3.4 Multiple Criteria Decision Making (MCDM) 
MCDM is a decision making tool and a weight evaluation method required to evaluates several 
alternatives according to a set of evaluation criteria. MCDM applied in different areas such as 
selection, evaluation, planning and development, decision making, forecasting, and so on (Wang 
and Elhag, 2007), it considers a human judgment to establish evaluation criteria and alternatives 
to select the proper alternative (Önut et al., 2008). 
 
According to (Wu and Lee, 2007) the procedure for MCDM technique has mainly four steps: 
define the decision goals and collect relative information, establish evaluation criteria, utilize 
MCDM method to select the proper alternative, and compare between all the alternatives and 
make priorities between of them. 
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M O D E L   D E V E L O P M E N T 
In this chapter; development of a general model for assessing the process of outsourcing 
based on life cycle cost analysis, through the relevant theories is made and step by step 
h is explained.  approac

 

4
 
4.1 Literature survey 
The first step in developing any model, never the less for its purpose, is to see what other 
researchers have done, and use their conclusions to go beyond their results. For this sake an 
extensive search for up-to-date knowledge took place, this search was carried out in two distinct 
direction, search books and publication of relevant literature, and search scientific journals 
papers. 
 
Search for books and publications resulted of three relevant books and two doctoral dissertation, 
these results were utilized to build a solid background to go from (since none of the results 
founded covered the topic discussed in this paper). The hits covered mainly: the nature of 
outsourcing; the impact of outsourcing on organizational structure; general models for what to 
consider when thinking about outsourcing; managing buyers/ supplier relationships; factors 
influencing outsourcing; the risks associated with outsourcing; driving forces for outsourcing; 
transaction cost theory; and resource based theory. Table 1 Appendix A summarize the five hits. 
Notice that, none of the five hits dealt with outsourcing as a process and none of which 
mentioned the life cycle cost and how it may be utilized in long term decisions rationalizing.  
 
The search for scientific journal papers was performed through Electronic Library Information 
Navigator (ELIN) database, utilizing the fact that this database covers many other electronic 
publishers such as Business Source Premier, Science direct, and IEEE. Information about ELIN 
might be found in Appendix B. The research conducted covered the following keywords: 
outsourcing; outsourcing model; outsourcing framework; strategic outsourcing; maintenance 
outsourcing; outsourcing and LCC; outsourcing and LCCA; outsourcing and MCDM 
maintenance and LCC/LCCA; and maintenance costs. To minimize number of hits, results 
including IT outsourcing, software outsourcing, and EBSCOhost (magazine articles) where 
excluded.   
 
Where among large numbers of hits investigated, it was found that many researchers discussed 
outsourcing process and developed models for outsourcing decision-making. However, none of 
the model considered outsourcing as a whole and comprehensive process, starting with the 
strategic evaluation and ending with monitoring the process and supplier performance. Moreover, 
all the revised models considered the transaction cost or the production cost in the outsourcing 
decision; while none of them considered LCC in evaluating outsourcing vs. in-house decision. 
Many researchers investigated how to select the proper supplier, but none considered LCC as a 
criterion in supplier selection decision. In addition, none of the models suggested continuous 
monitoring for the supplier performance and risk assessment for the whole process. Table 2 
Appendix A presents the key words and the result of the literature survey performed by ELIN.   
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On the other hand what these articles covered was essential to build the model. Moreover, seven 
of the investigated hits contributed majorly in building the model providing the authors with the 
ideas integrated in each phase in the model. Key points in these articles are summarized in Table 
3 Appendix A.  
 
After revising the literature the core concept of the model was developed and the issues discussed 
in each hit were taken into consideration when creating the model.  
 
 
4.2 Step by step model 
Before the development of the model, the development of the core function should take place, the 
concept behind the intended core function was developed after thorough review of the related 
literature; here by, the model core function might be formulated as:  
 

 
 

While assisting refers to: providing a step by step, uncomplicated, easy to adopt, and 
straightforward procedure. The outsourcing process in the context of this model refers to: 
ongoing process which starts when a management based on the organization needs and 
circumstances consider the alternative of transferring out activities earlier performed in-house to 
a third party as a potential business advantage, passing through strategic evaluation and costs 
calculations, selection of the third party, and monitoring the performance of which along with the 
intended outcomes for which the consideration was in the first place, and ends with continues 
monitoring and reviewing of the outcomes of this consideration. 
 
When taking into account outsourcing as a problem solution (e.g. need for cost savings) or as 
business solution (e.g. growth potential), see section 3.1.1, the process of validation of this 
consideration should be investigated from two perspectives; strategic evaluation and costs 
associated, further and after a deep investigation, if the results believed to have positive impact 
and costs savings; the process of supplier selection and reviewing when needed should take place. 
Figure 4.1, below, presents the outsourcing process model, where the overall goal is to build 
outsourcing process valid for short-long term decision making considering the process as ongoing 
continues improvement process. Follows, you may find each step that should be conducted to 
reach the right outsourcing decisions                 
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Figure 4.1: Step by step model
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Pre Evaluation: Investigate organization needs and circumstances: 
This step aims to investigate the organization needs and its circumstances; it answers a set of 
questions, such as: is the organization ready, are the objectives available, what are the 
outsourcing alternative, and how the request for the outsourcing proposal is structured? 
(Campbell, 1995). Furthermore, what are the competitive advantages, competitive environment, 
capability, supply environment and technology? (Cánez et al., 2000). And what are the internal 
technical capabilities compared to external capabilities? (Mclvor and Humphreys, 2000). The 
authors suggest a set of questions seen as most important to be answered: 
 Why to consider outsourcing? 
 Does the service of interest suffer from problems, which are difficult to fix internally?  
 Does outsourcing make sense?  
 Will it add value to their customer? 
 What are the objectives intended, are they achievable?  
 What are the outsourcing alternatives?  
 Compare the internal technical capabilities against external capabilities? 

 
 
Phase 1: Evaluation and Calculation  
The Purpose of this phase is to investigate whether outsourcing is the right policy to be adopted 
potential competitive advantage (problem solution or as business solution). The investigation is 
done from two perspectives; the strategic evaluation of the outsourcing decision (in-house vs. 
Outsource), and the cost savings through the life time of the outsourcing process. See second 
block Figure 4.1, this investigation consists of a set of steps, as follows: 
 
1.1 Define the activity to be considered:  
Definition of the activity that to be involved in the outsourcing decision, enable the decision 
makers to confine the gathering process of necessary data about the activity and have the holistic 
view over the process.   
While this point was not fully covered, the authors assert the essentiality of which, simple set of 
questions may help in this definition; as follows: 
 Is it a core function or not?  
 How essential the activity is? 
 How frequent is carried out/ How much is required?  
 What are the resources involved? 

 
Whereas for the first question, some decision makers do not recommend outsourcing of core 
activity, the authors here do think that due to unordinary circumstances, such as high demand, a 
core activity may be outsourced. 
 
1.2 Identify capable potential suppliers:  
It is important to make sure that a set of capable suppliers are available, this step gives an 
indication whether the identified activity in previously might be transferred externally or not. The 
output of this step is; identifying number of capable suppliers along with detailed information 
related to each of which. On the other hand, if no suppliers are available, the process of 
outsourcing should not be considered.  
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The authors recommend companies of interest to build their own supplier data base and exchange 
information with other partner companies, Mclvor and Humphreys (2000), pointed to the 
outcomes of using supplier's assessment system, where certain set of data should be available and 
stored, such as: records of best-in-class suppliers and detailed information related to suppliers 
performance, records of cost related.  
 
1.3 Analyze Risk and Benefits associated: 
This step aims to identify the context of risks and benefits related to the selected service. Such 
thorough identification may play a vital role in the outsourcing decision. Majority of general risks 
and benefits associated with the process of outsourcing are listed in section 3.1.2. The results of 
this step along with step will further be used to strategically evaluate the adequacy of adopting 
outsourcing as a potential advantage.  
 
1.4 Identify cost factors using CBS:  
This step is considered the most important among other steps, due to its essentiality in fulfilling 
the purpose of the model. This step aims to define all the cost categories and factors that are 
involved in the outsourcing process, in order to compare with in-house involved cost factors on 
LCCA bases.  
 
The identification of cost categories may be easily found by breaking down all the costs involve 
into one of the following main four categories: CR, CP, CO and CD. While it easy to break down 
the cost factors involved with in-house decision, it is more difficult to perform that over the 
outsourcing decision.  
In order to achieve such structure, a step back to the definition of these categories should be taken 
and interpret them on the outsourcing process model proposed in this paper. As a result it was 
found that meaning of the costs involved in CR may be projected on the cost involved in the first 
phase, as for CO, CP, and CD, they do match phase 2, three and four. For that, the LCC for the 
process of outsoaring may be expressed as in Table 4, Appendix A suggests a CBS for both in-

ies. house and outsourcing cost categor
 
Tab ourcing vs. in‐house LCC le 4.1 Outs
LCC  CR  CP  CO  CD 
In house  R & D  Production and

construction 
Operation and 
maintenance 

Disposable

Outsourcing  Evaluation and 
calculation 

Supplier selection Maintain and monitor  Review

 
1.5 Assess the economic side of the decision using LCCA: 
After defining the cost factors involved in each and every choice involved, the assessment 
process should take place, to choose among the available choices. Here it is important to evaluate 
all the suppliers on the long run and compare them to each other and to in-house decision. 
If the result of the assessment shows that outsourcing a certain activity involve more cost than the 
keeping it internally “in-house”, that means based on long run cost involved, outsourcing may not 
involve the potential competitive advantage intended. While if the  outsourcing do prove cost 
saving in the long run, it should be considered and a comparison in the same manner should place 
between all available suppliers. 
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1.6 Identify performance categories and expectations: 
This step aims to identify the expectation of the outsourcing process, and monitor the process 
through a set of parameters because what cannot be measured cannot be managed. The authors 
had divided the measurement system into two categories, regarding to what to be measured. The 
first is performance measurement related to the outsourcing process, such as, cost, flexibility, and 
focus on core competence. The second is to the parameter related to supplier performance; this 
step is further discussed in step 3.3. The defined parameter should reflect the organization 
circumstances and should be directly connected to the triggers mentioned earlier See (Mclvor and 
Humphreys, 2000) and (Yanget al., 2007). The parameters selected in this step along with step 
2.3 shall be used in phase four to monitor the outcomes of the process in general along with the 
supplier performance in specific. 
 
 
Phase 2: Suppliers Selection  
The purpose of this phase is to select the preferred supplier using MCDM, as well as identifies 
performance measures to monitor supplier performance. See third block Figure 4.1, this phase 
consist of a set of steps as the following: 
 
2.1Identify criteria for supplier selection: 
In order to select the supplier, a consistent tool of evaluation is needed to rank the suppliers 
according to the case company needs, further; each supplier should be investigated from two 
perspectives, LCC and strategic perspectives. A set of evaluation criteria can be used to evaluate 
the suppliers such as quality and delivery accuracy. These evaluation criteria shall be used in the 
next step. 
 
2.2 Supplier selection based on MCDM:  
Evaluate all suppliers and select the most preferable supplier using MCDM.  
 
2.3 Identify performance categories, and make contract: 
For the most preferable supplier, make the contract and identify the negotiation tactics such as the 
ability to break the contract because of poor performance.  
 
Phase 3: Maintain and Monitor phase  
Since what cannot be measured cannot be managed, this phase is essential, with this phase it is 
possible to keep the process and the supplier under continuous revision and assessment. This 
phase aims to maintain good relations with suppliers, manage the contract, and monitor the 
performance of the supplier, further, monitor the performance categories specified in step 1.5 to 
assure the outsourcing processes success over time. See third block Figure 4.1, this phase consist 
of a set of steps as follows: 
 
3.1 SCM and logistic: 
This step aims to check and continuously manage the whole supply chain, starting by select the 
proper supplier and check its performance, measure the cost reduction, and partnership associated 
with each supplier. Further, monitor all the production and maintenance activities to produce the 
right products at the right time, and finally ending by deliver the final products to the customers 
and manage the warehouses (Cánez et al., 2000).       
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3.2 Performance measures-process: 
This step aims to monitor the performance measures of the outsourcing process through the 
parameter defined in step1.6, such as; cost savings; capacity utilization; quality, flexibility, 
economical and environmental elements, and improvement in service levels, in addition to 
monitor if the outsourced component/service meets organizational and management objectives. In 
this step the monitoring process has to link the performance measures directly with the 
outsourcing triggers. For example, if the trigger is cost reduction, therefore, cost savings has to be 
the main performance measure to be monitoring (Cánez et al., 2000; Brandes et al., 1997).  
 
3.3 Continuous risk assessment: 
This step aims to monitor the risk associated with the final decision continuously such as the 
information security, loss of management control, labor union, and moral problem. This step is 
the ongoing process for step 1.5. The alarm level for the risk is defined by the severity of the risk 
along with management policy (Yanget al. 2006). 
 
3.4 Manage the contract 
This step aims to manage the relationship between the supplier and the organization; it should be 
fair for both parties. Furthermore, it maintains to keep a good relation with the supplier by 
discussing the service price, the business requirements, the service level, and the contract period 
(Shoeib and Fink, 2003). 
 
3.5 Performance measures -supplier: 
This step aims to monitor the supplier performance through the performance measures which 
identified in step 2.3. Measures like; accuracy in delivery; the quality of the activity performed by 
the supplier. The alarm levels for these measures are defined by the management and the 
customer. Therefore, the output of this step is either to re-new the contract again with the supplier 
if the performance measures are good enough, or change the supplier and select new one.     
 
3.6 Monitor the substitutability factor: 
This step is important when competitors outsource the same supplier, this cause the 
substitutability of the products provided by each, since no value added among them, especially if 
the outsourced component is an essential part of the final product. 
 
Phase 4: Review  
The purpose of this phase is to identify why a specified monitored parameter is out of control or 
at critical levels. Therefore, this phase specify the problem and the suggested solutions to solve it. 
General speaking, the solution might be rechecking the supplier selection and the contract, or 
reevaluates if it is good strategy to complete with the outsourcing decision.  
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4.3 Model Applicability 
It is important to understand that the applicability of the model is not defined by how well each 
step is followed, as written by the authors, but it is defined by the fulfillment of each step 
purpose, that is, each step can be adapted and manipulated to match the business needs and 
objectives but it must fulfill the purpose intended in the first place.  
 
While it is believed that this model is applicable for all kinds of business, the nature of the 
activity selected to be outsourced is believed what arise the complexity of the model. Here, it is 
easier to adopt this model on component-level outsourcing, due to the fact that, the data required 
to carry out the model in the appropriate way are more attainable and sensible. For that, and for 
the difficulty of projecting all the steps on service-level outsourcing, the model will be validated 
and applied using real life case, where the interest is to outsource some of activities performed by 
a maintenance department within a global Swedish forklift provider. 
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E M P I R I C A L   F I N D I N G S 
In this chapter, a short description of the case company; Kalmar Industries (KI), may be 
found. Along with the data obtained through meetings and field visits to accomplish 
n of the model, in specific, Production performed, Maintenance viewed and outsourcing 

involved in the case company. 
validatio
5
 
 
5.1 Kalmar Group in brief 
Kalmar is a worldwide supplier of heavy duty material handling equipment, automation 
applications and related services. It is the world's leading supplier of cargo handling equipment to 
ports, terminals and intermodal facilities. The company also supplies a wide range of machines to 
demanding industrial customers for applications.  
Production plants “Assembly Units” are situated in Sweden, Finland, the Netherlands, Malaysia, 
China and the USA. Kalmar's net sales were EUR 1.343 billion in 2007 (KI Home page, 2008). 
 
The name Kalmar is a synonym for expensive high quality product, where the customer demand 
is the driving force. Kalmar considers partner with customers, where contracts to support may 
goes as long as four years after delivering the final product. Furthermore, reliability, 
professionalism and customer oriented production characterize Kalmar business. Make things 
easy are three words describing Kalmar approach to achieve excellent management, recruitment 
and competence improvement, by means for which making everything easier for customers, to 
keep the business as smooth and as unique as possible (Anon, 2008).  
 
Kalmar is a part of Cargotec Corporation, the world's leading provider of cargo handling 
solutions, which are used in local transportation, terminals, ports, distribution centers, and ships. 
In 2007, Cargotec's net sales were EUR 3.018 billion (KI Home page, 2008). 
 
 
5.2 Kalmar Industries in Sweden  
Kalmar Sweden consists of two production “assembly” units, Ljungby unit for small and 
medium trucks, and Lidhult unit for large trucks production. While these two units share the same 
strategic departments and resources, suppliers and customers; they are geographically a part. 
These two assembly units provide product and services for customers all over the world except 
the United State of America, Canada and Central America. 
 
Currently, approximate of 800 employees do work at Kalmar Sweden, with two shifts each is 
eight hours, these employees belong to, Production, Maintenance, RandD Controller, Product 
Quality Control, Product Support Business Support, Supply Chain Management And Global 
Purchasing departments. 
 
Where in this report and due to time and resources limitation, the issue of this paper, i.e. 
maintenance outsourcing process life cycle cost, will only be studied in Ljungby unit, moreover, 
all the information mentioned further only presents Kalmar Ljungby assembly unit. 
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5.2.1 Products Provided by Kalmar Ljungby 
Kalmar Ljungby provides the global market with different types of customer oriented products, 
each of which is unique design, work load and of course price. The products provided may be 
categorized as follows: 
Small trucks, with loading capacity up to nine tons and price vary around 1 MSEK, diesel or 
electrical power driven.  
 
Medium trucks, with loading capacity from nine to eighteen tons and price vary around 1.5 
MSEK, diesel power driven.  
 
Equipment Rental, Kalmar also yields to customers wishes in all possible manners, that is, if the 
customer does not want to buy a product and interested only in using it for period of time or just 
for a certain activity, with Kalmar it is possible. 
 
After market service, this include, service parts, on filed help, training, and other services, which 
as mentioned above, may go as long as four years after purchasing.  
 
 
5.3 Production at Kalmar Ljungby 
Production at Kalmar Ljungby is out the context of the usual man-machine interface; moreover, it 
is all the activities that are performed to produce a single truck or service. These activities that 
take place, in this customer oriented production plant, start with a custom ordered delivered to 
retailers all over the world, by which customer’s specifications and requirement are defined.  
 
After the order being confirmed to supply chain configuration department, the components 
required to fabricate the order (if a new design for a required a new component is needed, 
additional step takes place, i.e. design and specifications are being determined).  
 
In the same department, strategic buyers (employees whom are responsible for all activities 
related to Kalmar’s suppliers) receive the numbers, designs and specifications of all required 
components needed to fabricate the product, that when the buyers contact suppliers to place an 
order (if a new component is being designed a meeting with supplier comes to pass, see section 
5.4.1). At this point, production planning and scheduling depending on supplier delivery takes 
place. When the required component reaches the facility in Ljungby, building the customized 
product takes place where it is divided to: prefabrication and fabrication, as illustrated in Figure 
5.1 below.  
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As for the production processes performed, it consists of two major activities; prefabrication and 
assembly. Where the fabrication is the preparation of the components included. Assembly is the 
main production process, for this reason Kalmar may sometimes be called as assembly unit rather 
than a production facility. After that the product is being stored followed by delivery for the 
costumer. In Kalmar Ljungby, three assembly lines exist for each of the products, small and 
medium trucks, six assembly lines in total. 
 
 
5.4 Outsourcing process at Ljnugby Unit 
Outsourcing was selected as a business solution in the year 1998, to achieve 100% growth 
potential on a time frame of five years. At the begging’s, it started on small components based on 
production cost calculations, and year by year, it was believed by the management that 
outsourcing can be considered as a competitive advantage rather than a business solution, and 
further adoption occurred, due to the fact that outsourcing helped to achieve the customer 
oriented production, where each and every product is a fully customized customer order.  
 
Nowadays, Kalmar does outsource 100% of the components required to manufacture the final 
products. On activity level, Kalmar also does outsource some of which, such as, quality 
measurement, financial consulting and IT services. Suppliers complexity evolved from the fact 
that Kalmar, now days, has almost 400 suppliers distributed mainly in Europe and China. Such 
geographical displacement characterized the process of outsourcing with stochastic and uncertain 
service level. Problems such as variation in quality and delays in orders do exist at Kalmar 
Ljungby, see 5.4.2. 
 
 
5.4.1 Outsourcing Procedure 
The outsourcing procedure in Kalmar industries is presented by the model Figure 5.2, which 
consists of three main phases; the first one is the strategic resource perspectives. This phase 
evaluate component/activity from the core perspective i.e. if the component/activity is core 
competence then make it in-house, while if it is not a core competence, then move directly to the 
second phase. The second phase is the economic resource perspectives; it assess the purchasing 
cost for the components/ activity i.e. if the total cost associated with make it in-house is less than 
the purchasing cost then make it in-house, while if not move to the third phase. The third phase is 
the power/ depending perspective, this phase assess the risk associated with outsource the 
component/activity, if the risk is high then make it in-house, while if the risk is low outsource it. 
The risk associated with dependability on the supplier is just the factor that are considering in 
making the final decision.  
 
Never the less outsourcing is the back bone of Kalmar industries, this procedure does not take 
place in real life, according to (Anon, 2008), when choosing to outsource a service or not (notice 
that 100% of components are being outsourced), meetings with more than one supplier take place 
and depending on costs associated, specifically the Transaction Cost, the decision is made. 
 
When it comes to supplier selection there is no structured procedure or selection criteria for 
choosing the most appropriate supplier, the selection process is done after cost revision and how 
flexible the supplier is. While Kalmar does have a supplier data base, they also relay on 
information provided by partner companies. 
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Figure 5.2 Kalmar Outsourcing Model 
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As stated by (Anon, 2008), there are no measures or key performance indicators related to the 
outsourcing process, the reason for which the decision is being revised (decision here refers to 
supplier selection only and not the outsourcing decision), when there is a new design of a new 
customized component is required, or when a violation for pre-agreed contract happens. 
 
5.4.2 Problems Associated with Outsourcing 
When the contact person was asked to choose among common problems related to outsourcing; 
the result was unsurprisingly large, follows some of which, focusing only on the ones that may be 
solved with proposed model in chapter four: 
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 Loss of critical skills or developing 
the wrong skills.  

 Loss of knowledge of the plant.  
 Dependencies on the supplier. 

 Loss of cross functional 
communications. 

 Variations in the quality of the 
product given to the customer.  

 Loss of control over a supplier and 
Poor supplier management. 

 The difficulty of bringing the activity 
back in-house 

 Loss of learning sources. 
 
 
5.5 Maintenance at Kalmar Ljungby 
Even though there are no real machines or production system and processes other than assembly, 
maintenance at Kalmar Ljungby exists, and presented by maintenance department consisting of 
three maintenance technicians and maintenance manager. This department is responsible for 
maintaining all hand tools, equipment and material handling system in good conditions. Such 
activities are carried out on prescheduled bases leaving no presence for down time or stop due to 
urgent maintenance. Activities done by the department are as follow: 

• Facility maintenance (doors, 
electricity…) 

• Hand tools maintenance 
• Lubrication and modification  

• Paint shop maintenance • Fans and filters maintenance 
• Quality equipment maintenance • Lifting equipment maintenance 

(including overhead cranes) 
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5.5.1 Maintenance Outsourcing 
According to the production engineering manager; the maintenance department suffers from no 
problems. The maintenance department carries all activities internally, and not outsourcing any. 
There were some questions by the management if there are any possibilities of carrying out the 
less frequent-high cost activity externally, among the activities mentioned earlier, fans and filters 
maintenance were chosen to be tested. This activity is carried out each six months and involves 
checking and changing filters for exhausts and vacuums all over the factory and especially in the 
paint shop. This activity is supervised by authorities and presence of a third party to report the 
occurrence is mandatory. A potential cost savings in the short run is expected by the management 
if the activity is outsourced, moreover, there are some cost gains due to the possibilities to 
transfer the technicians who used to do this activity to the assembly line due to their high skills 
and experience and because they are not needed when this activity is carried out by outsourced 
supplier.  
 
There potential suppliers that can provide Kalmar with this maintenance activity are; ABB and 
Coor Service Management (CSM).  
ABB is a leader in power and automation technologies that enable utility and industry customers 
to improve their performance while lowering environmental impact. ABB Group of companies 
operates in around 100 countries and employs more than 110,000 people (ABB Homepage, 2008)  
 
CSM is the Nordic region’s leading player within service management. The company specializes 
in managing, developing and increasing the efficiency of service functions in offices, properties, 
production facilities and the public sector (CSM Homepage, 2008). It offer all types of service, 
from running staff canteens and instrument calibration, to leasing administration, technical safety 
solutions and optimization of premises. However, their core strength lies in developing and 
managing service functions in new and more efficient ways. This is what service management 
means is (ibid).  
The costs involved in both, outsourcing and in-house performing for this activity, are given in 
Table 5.1. 
 
Table 5.1: Cos  in outsourc volved ints in olved

In‐House 
v ing V.s cost in

Cos
‐house  

 
t

(SEK/year)
Outsourcing

 
ABB 

( SEK/year) 
Cost 

CSM

(SEK/year) 
Cost 

Operational facilities cost  200 000 Cost for teams involved 4  00 000 400 000
Material processing  
cost(material handling cost) 

20 000 Costs involved for 
meeting with suppliers  

4  0 000 48 000

Maintenance personal cost  360 000 Transaction cost 4 000  4 000
Test and support equipment  100 000 Operating personal cost 2  5 000 25 000
Storage and handling 
(including Inventory) 

10 000 Transportation and 
handling 

2 500  2 500

Spare/repair  parts f
maintenance  

or  20 000 Production losses due to 
termination the process 

40 000  40 000

Suppo
retire

rt equipment 
ment cost 

450 000  

Total  1 160 000 Total 471 500  479 500
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A N A L Y S I S  
This chapter presents the main analysis of this thesis i.e. evaluation for Kalmar 
outsourcing model and validation of the model developed in the case study. Here, the 
n of the new model will take place projecting the empirical findings on the theoretical 

framework. 
adaptio
6
 
 
6.1 Kalmar Industries Outsourcing Process  
This section evaluates Kalmar’s outsourcing model by identifying its strengths and weaknesses, 
as well as compare it against related literature. One main question has to be answered: does 
Kalmar outsourcing model neglect some aspects to think about while making outsourcing 
decision. To answer this question, it is necessary to match between the theoretical outsourcing 
background and Kalmar model that presented in Chapter 3 and Chapter 5 respectively.   
 
Kalmar outsourcing model has three main phases, strategic resource perspectives, economic 
resource perspectives, and power/ depending perspective. Strategic resource perspective 
considers one perspective in the evaluation i.e. the core competence, however, it was found by 
revising the literature, there are other important criteria could be considered in the strategic 
resource perspective such as the organization needs and circumstances, driving forces for 
outsourcing, internal capability, and supplier and organization capability. Considering more 
criteria within the strategic phase enable the decision maker to think about more aspects in the 
evaluation process and understand the holistic view of the outsourcing process. On the other hand 
considering one criterion in the strategic phase could reduce the opportunities to make the right 
decision from the first time.  
 
Furthermore, an economic resource perspective considers the lowest cost as the main distinguish 
between the outsourcing and in-house decision. In addition, lowest price is also the main criterion 
applicable to differentiate the suppliers and select the proper one, but there are other important 
criteria to consider while selecting the suppliers such as the quality of the service, and delivery 
accuracy.  
 
Power/ depending perspective considers the risk associated with outsourcing decision, in 
particular, the dependability on the supplier. However, according to the literature study, there are 
different kinds of the risks associated with outsourcing such as loss of critical skills or developing 
the wrong skills, loss of cross-functional communications, loss of knowledge of the plant, 
variations in the quality of the product given to the customer and poor supplier management. 
None considering all the risks factors which associated with the decision could cause 
unpredictable results which reduce the effectiveness of the decision.  
 
Consequently, Kalmar outsourcing model is missing some important criteria in each phase as 
mentioned beforehand. Meanwhile, it is considered as a friendly framework that includes three 
simple and logical steps to make the decision, and it allows the decision maker to understand it 
and follow the steps easily. 
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6.2 Model validation  
In this section, the validity of the model developed in chapter 4 shall be tested against real life 
case, where one of preventive maintenance activities in Kalmar Industries Ljungby is subjected to 
the question; should we outsource or not. The validity of the model will be judged through the 
applicability of each phase and the ease of the steps implementation. 
 
The model will be used to evaluate the opportunities of outsourcing preventive maintenance 
activity, in other words, weighting the outsourcing decision (third party vs. in-house) from LCC 
and strategic perspective, followed by selection of the most appropriate supplier, based on LCC 
and using MCDM. Finally, and in order to keep the process of maintenance outsourcing managed 
and in-control, the case company should go through performance measures and monitoring 
procedures. Follows, step by step approach is explained starting with pre evaluation and finishing 
with continuous review, see Figure 4.1. 
 
Pre Evaluation: Investigate organization needs and circumstances 
Why to consider outsourcing? Does the service of interest suffer from problems, which are 
difficult to fix internally? 
Does outsourcing make sense? 
 
It is believed by the management that outsourcing this service will have cost savings, along to 
focus on what they good with, i.e. assembly activities. The service selected, preventive 
maintenance activity, does not suffer from any problem, and the objectives seems to be 
reasonable and the outsourcing as a preliminary evaluation makes sense, as a comparison 
between internal and external capabilities; maintenance department consists of highly 
experienced staff and equipped with up to technology equipment. Further, due to high work 
experience for the maintenance personnel, they can be transferred to assembly lines, and there 
will be cost gains. 
 
As a pre evaluation maintenance outsourcing dose make sense and further qualitative and 
quantitative thorough analysis should take place  
 
 
Phase 1: Evaluation and Calculation 
This phase will evaluate outsourcing vs. in-house decision based on LCC and risks and benefits 
associated with outsourcing decision. 
 
1.1 Define the service to be considered, severity/essentiality, how frequent is carried out, 

resources involved? 
Services to be outsourced are: activities related to ventilation system maintenance. This process is 
essential since the performance of which is heavily monitored by authorities, this activity is 
carried twice a year. Resources involved are; all maintenance personnel, spare parts, and third 
party to monitor and report the process to authorities. 
 
1.2 Identify capable potential suppliers 
How many suppliers are available, identify each and the geographical displacement of each? 
And cost involved with each? 
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The capable potential suppliers who can provide Kalmar with the maintenance service are ABB 
and CSM, below are the main cost involved by the suppliers.    
 

  Transaction cost (SEK) Transpiration cost (SEK) 
ABB supplier  40 000 2 500 
CSM Supplier  48 000 2 500 

 
 
 

 
1.3 Analyze risk and benefits associated 
After revising the theory beforehand, important factors which to be considered in such case of 
outsourcing are used to assess the risk and benefits associated presented in the following Table 
where the management in the case company was asked to provide each with a weight. For which 
f there is high Risk associated and the risk benefits ratio is high the authors recommend to end 

g run cost savings process.      
i
the process, even if it is on the lon
 
Table 6.1: Risks and benefits analysis 

Risk factor  1  3  5  Benefits ratio  1  3  5 

Loss of critical skills or 
developing the wrong skills      5  Reduce the investment in the 

technology cost  1     

Loss of cross‐functional 
communication    3    Suppliers can have more p

depth and technical knowl
ersonnel 
edge     3   

Loss of control over a supplier  
1     

Suppliers may have more 
specialized equipment for 
performing the service.  

    5 

Dependences on the supplier 
  3   

Suppliers may have superior 
 quality practices than internal

suppliers 
  3   

loss of learning because of 
internal activity is externalized     3    Outsourcing may provide the 

organization with greater flexibility     3   

Problems among personn
since they lose their funct

el 
ions    3    Higher productivity can often be

achieved  
  1     

Variations in the quality   1      Allows the company to focus o
core activities 

n    3   

Poor supplier management 

1     

External resources have skills 
which some companies find 

s difficult to develop themselve
internally. 

  3   

Negative effect on efficiency and 
performance    3   

In the long term, the outside 
specialist's knowledge transfer will 
improve the quality of work 
performed  

1     

Reduce a company’s control 
over how certain services are 
delivered,     3   

The possibilities of gene
ideas and improvement po

rate new 
tentials,     3   

Ability to transform the 
nance personnel to 
bly lines 

mainte
assem

    5 

Total  26  Total   31 
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From Table 6.1, it seen that the benefits associated are higher than the risks, quantitatively the 
ratio equals 1.19, meaning the gains are higher from the losses if the process takes place. From 
the above analysis the process of outsourcing should take place, leading us to further 
investigation for supplier selection. Notice that if the ratio is on marginal threshold the analysis 
should be revised considering more details and numerical values. The benefits and risk will be 
roughly used in the development of the following step. 
 
1.4 Identify cost factors using CBS:  
In this step, the CBS is developed to identify LCC categories associated with the activity of 
interest, i.e. preventive maintenance activity. According to costs given by the case company, the 
cost categories and the breakdown of which are shown in Table 6.2. This CBS developed by 
revising the general CBS that presented in Table 4 Appendix A. Notice that the costs of R&D and 
construction are shaded, because these costs are already paid and the phases the service will 
experience are operation and termination.  
 
Table 6.2: Cost break down Maintenance activity performed in‐house 
Cost 
cat. 

Cost Break Down  Cost in 
SEK 

R
 &
 D
 

Co
st
  Management cost    

Planning cost     

Co
n
st
ru
ct
io
n
 

co
st
 

Investment cost in     Tooling/test and inspection equipment   
Material ( inventories)    
Labor cost (Training )   
Software    

Construction cost  Inventories  warehouses cost     
Maintenance facilities cost   

Quality control cost   

O
p
er
at
io
n
 a
n
d
 s
u
p
p
or
t  

co
st
 

 Operations cost  Operational facilities cost  200 000 
Operating cost   
Energy/utilities/ fuel cost   
Material processing (material handling cost)  20 000 

Distribution cost  Transportation and handling   
A
 
 

ctivity performed cost  Maintenance personal cost  3  60 000
Spare/repair parts for maintenance  1  00 000
Storage and handling (including Inventory)  10 000 
Packaging, transportation and distribution 
cost   

Technical data / Computer resources cost   
Test and support equipment  20 000 
Production cost losses due to planned and 

Penalty associated cost unplanned failure +   

D
is
p
os
al
 

co
st
 

System/product retirement   Support equipment  450 000 

Personnel   

Total Cost  1 160 
000 
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For calculating the LCC if the preventive maintenance activity is outsourced, the general CBS list 
developed in chapter 4 step 1.4 will be utilized, the result after acquiring the available cost are 
shown Table 6.3 below, keep in mind that the calculation of LCC of outsourcing option should be 
done for all suppliers.  
 
          Table 6.3: Cost break down Ma utsourced intenance activity O

Cost Break Down 

Cost 
cat. 

ABB 
Supplier 
Cost  

(SEK/year) 

CSM 
Supplier 
Cost  

(SEK/year ) 

R
 &
 D
 

Co
st
  

Management cost      
Planning cost   Cost for searching for 

suppliers,     

Cost for teams involved  4  00 000 4  00 000

Co
n
st
ru
ct
io
n
 

co
st
 

Investment cost in     Transaction cost  40 000  48 000 

Material ( inventories)     

Costs involved for meeting 
with suppliers  4 000  4 000 

O
p
er
at
io
n
 a
n
d
 s
u
p
p
or
t  

co
st
 

Cost for maintaining 
and monitoring the 
process 

Operational facilities cost     

Operating personal cost  25 000  2  5 000

Distribution cost  Transportation and handling  2 500  2 500 
A
 
 

ctivity performed  Energy/utilities/ fuel cost     

Inventory and  material 
d support and Storage an

handling 
   

Spare/repair parts f
maintenance 

or     

D
is
p
os
al
 

co
st
 

Contract termination   Premature contract 
termination (by the case 
company) 

   

Production losses due to 
termination the process  40 000  40 000 

Total  471 500  479 500 

 
 
1.5 Assess the economic side of the decision using LCCA 
From the previous steps, it was found that there are three alternatives available for Kalmar to 
select the preferred alternative from the following: in-house sourcing (A1), ABB supplier (A2), 
and CSM supplier (A3). Therefore, this step aims to assess the economic side of the four 
alternatives using LCCA. The study period is 10 years, and the interest rate i= 11%. Using Table 
C-13 in Engineering Economy book, (Sullivan, 2006), LCCA values are changed from the future 
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v
T
 

alues into the present worth (PW). The total cash flows for the four alternatives are presented in 
able 5 Appendix A, and the final values for the PW are presented in Table 6.4.  

As presented in Table 6.4, A2 got the lowest PW value 735 724 SEK, which means select 
alternative A2 is the preferred alternative based on LCCA. However, there are other criteria have 
to be considered in making selection decision. Phase two discuss the supplier selection not only 
from LCCA perspective but also from other criteria such as availability of high technical 
apability. Moreover, based on LCCA, outsourcing decision is the preferred alternative since A2 c

and A3 got less PW than A1. 
 
Table 6.4: Final PW for the four alternatives 

Alternative P )W (SEK
A1 (In‐house) 1 01 655 75

A2 (ABB Supplier) 735 742
A3 (CSM  Supplier) 743 742

 
1.6 Identify performance categories and expectations 
It is important that always monitor the parameters that led to put the outsourcing decision in 
practice, we saw that the important parameter that played pivot role in taking the path of 
outsourcing are(according to appearance in steps) 

 LCC savings 
 Capacity utilization 
 Risk and benefits associate 

These parameters should be kept in mind in order to assure that outsourcing decision is valid; 
these parameters will be used in the phase of monitoring and maintaining of the outsourcing 
process. 
 
Phase 2: Supplier selection 
This phase is intended to select the most appropriate supplier. 
  
2.1 Identify suppliers evaluation criteria 
As mentioned before hand, there are other important criteria that must be considered in selecting 
the appropriate supplier beside LCC criterion. A set of evaluation criteria were suggested based 
on the company personal recommendations, as the following:  

• Large company and operators number  
• High technical capability 
• The ability to supply the same activity 
• Good future work 
• Best performance  

   
2.2 Supplier selection based on MCDM 
Perform MCDM to select the appropriate supplier based on the suggested criteria in step 2.1 and 
LCC criterion, and give a weight for each criterion. The first criterion PW was calculated based 
on the previous analysis, while the authors assessed the rest of the criteria with help from 
responsible personnel in the company. The suppliers were evaluated against each criterion using 
the following scale: 1 indicates that the supplier strongly fulfills the criterion, 3 indicate that the 
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supplier fulfills the criterion, and 5  indicate that the supplier lack to fulfill criterion. Table 6.5 
presents the results of the judgment, as well as the final LCC result.   
 
Table 6.5: Results of the judgment  

Criteria Weight  ABB Supplier CSM Supplier 
PW (LCC) 30  735 742  743 742 
Large company and 
operators number  

20
 

1 3 

High technical capability   20
 

1 3 

The ability to supply the 
same activity  

10
 

3 1 

Good future work   10  1 5 
Best performance   10  3 1 

 
Then the authors were normalized the scales, by dividing each scale in the previous table to the 
optimum value that is 5. Therefore, all the scales are between 0 and 1, 0 is the worst and 1 is the 
best. Then total score for each supplier was calculated by multiplying each rate by the criterion 
weight, the results of the suppliers evaluation presents in Table 6.6.  
 
Table 6.6: MCDM no n rmalizatio

Criteria  Weight 
(%) 

ABB Supplier  CSM Supplier  
Rate Score Rate Score 

PW  30  0.49  15 0 .3 0.51         1  4.70
Large company 
and operators 
number  

20 
 

0.20 
 

4  0.60 
 

12 

High technical
capability  

  20
 

0.20
 

4  0.60
 

12 

The ability to 
supply the same 
activity  

10 
 

0.60 
 

6  0.20 
 

2 

Good future work  10  0.20  2  1.00  10 
Best performance   10  0.60  6  0.20  2 
Total   100      36.70     53.30 

 
As presented in Table 6.6, ABB supplier has lowest score i.e. 36.70 %, consequently it has to be 
selected.    
 
2.3 Identify performance categories and make contract  
It is important that always monitor the parameters that led to put the outsourcing decision in 
practice, we saw that the important parameter that played pivot role in taking the path of 
outsourcing are, We suggest the following as important Key performance indicators to be 
considered, please add any relevant indicators you may see appropriate 

• Delivery accuracy 
• transaction cost 
• Quality 

• Flexibility 
 Maintenance performance measures 

(MPM)
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Phase 3: Maintain and Monitor  
This phase aims to maintain good relations with the supplier, manage the contract, and monitor 
the supplier performance. This phase is a recommendation chapter purely from theoretical 
background carried out previously.  
 
3.1 SCM and logistic  
This step aims to check if ABB supplier was the proper supplier and check the cost associated 
with selecting this supplier. Moreover, check if this supplier is able to provide the maintenance 
service on time with good quality performance, hence Kalmar deliver their products to their 
customers on time with damage free.   
   
3.2 Performance measures-process 
In this step, Kalmar has to monitor the performance of outsourcing process and monitor the 
expectations such as cost savings, capacity utilization, and risk/ benefits associated that identified 
in step 1.6, and measure what did maintenance outsourcing process achieve in the cost reduction 
and the capacity utilization.    
 
3.3 Continuous risk assessment   
In this step, Kalmar has to refill the checklist that identified in step 1.3 usually, hence it could be 
able to determine the growth in the risks associated with outsourcing decision, and quickly take 
the corrective actions to reduce the risks.    
 
3.4 Manage the contract  
In this step, Kalmar has to maintain good relation with ABB supplier i.e. always discuss the 
price, service, and the business requirement such as deliver the right spare parts and equipments 
on time, as well as hire skill and trained employees who will be able to do the maintenance tasks. 
Furthermore, Kalmar has to manage the contract period continuously with their supplier, check 
the conditions and update it.    
 
3.5 Performance measures -supplier 
In this step, Kalmar has to measure the supplier performance and monitor it through the certain 
performance measures such as the accuracy in delivery the personal and the spare parts. 
Furthermore, measure the quality of the maintenance service that provided by the supplier.   
 
3.6 Monitor the substitutability factor 
In this step, Kalmar has to monitor the substitutability factor continuously. 

Phase 4: Review 
The purpose of this phase is performed if the specified monitored parameters are out of control or 
at critical levels. Therefore, this phase specify the problem and the suggested solutions to solve it. 
The solution could be re-checking the supplier selection, or re-evaluating the process from the 
begging starting from the appropriate step depending of the parameter out of control.  
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R E S U L T S  
This chapter presents the final results of the thesis analysis, it is divided to: model related 
results, Maintenance LCC results, Kalmar industries outsourcing model evaluation 
and finally the results associated with first two phases in model validation. results, 

 

7
 
7.1 Model Development Result  
The model developed before hand, is the answer of the problem formulation and the main result 
of the thesis, the model developed employ life cycle cost analysis in the process of maintenance 
outsourcing, and helped in rationalizing all decisions related to the process of outsourcing. The 
model consists mainly of four main phases, as well as a pre-evaluating step which investigate the 
organization needs and circumstances. Phase 1 is evaluation and calculation, it aims to investigate 
whether outsourcing is the right policy to be adopted as a competitive advantage, the 
investigation is done from two perspectives; the strategic evaluation of the outsourcing decision, 
and the cost savings through the life time of the outsourcing process using LCC. Phase 2 is 
supplier's selection; it aims to select the preferred supplier using MCDM, as well as identifies 
performance measures to monitor supplier performance. Phase 3 is maintain and monitor phase, it 
aims to keep the process and the supplier under continuous revision and assessment by maintain 
good relations with suppliers, manage the contract, and monitor the performance of the supplier.  
Phase 4 is review, it aims to identify if a specified monitored parameters are out of control or at 
critical levels, and identify the causes.  
 
 
7.2 Kalmar Industries Model Evaluation Result 
The evaluation of Kalmar Industries outsourcing model assessed by revising relevant literature 
within this area, resulted as follows: it consists of three main phases; strategic resource 
perspectives, economic resource perspectives, and power/ depending perspective. Furthermore, it 
is friendly framework includes three simple and logical steps to make the decision easily, but it 
missed some important criteria in each phase. Strategic resource perspectives phase missed to 
consider the organization needs and circumstances, driving forces for outsourcing, internal 
capability, and supplier and organization capability criteria in the strategic evaluation. Economic 
resource perspectives missed to consider the quality of the service, and delivery accuracy in 
selecting the proper supplier. Power/ depending perspective missed to consider the risks 
associated with outsourcing due to the loss of critical skills or developing the wrong skills, loss of 
cross-functional communications, loss of knowledge of the plant, variations in the quality of the 
product given to the customer and poor supplier management.  
 
7.3 New Model Validations Result in Kalmar Industries  
The final results of the model validation in the case study presents as the following:  
 
Pre-evaluating step: Investigate organization needs and circumstances:  
In this step, the main result shows the driving forces for maintenance outsourcing in Kalmar 
Industries is the cost reduction.  The selected service is preventive maintenance; and it does not 
suffer from any problem, outsourcing is making a sense and it aims to achieve cost reduction.     
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Phase 1: Evaluation and Calculation  
The main result of this phase is to outsource maintenance activities related to ventilation system, 
these activates carried out twice a year and involves maintenance personnel, spare parts, and third 
party to report the process to authorities and monitor the process. The final decision is based on 
LCCA values, risk and benefits scales associated with in-house vs. outsourcing decision. The 
benefits risks ratio was found to be 1.19, meaning the benefits gained are more than risks 
associated. 
 
There are two capable suppliers could offer this service i.e. ABB supplier, and CSM supplier, the 

7.1. final result of LCCA presents in Table 
 
Table 7.1 Final PW for the four alternatives 

Alternative PW (SEK)
In‐house  11 0 655 75

ABB supplier 735 742
Supplier  743 742

 
Phase 2: Suppliers Selection  
In this phase, using MCDM as an evaluation tool to select the preferred supplier based on LCCA 
and other criteria, it was found that the  preferred supplier is ABB Supplier who got the lowest 
score i.e. 36.70 %. 
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C O N C L U S I O N S   A N D   R E C O M M E N D A T I O N S  
The answer to the problem formulation, recommendations for the case company, and the 

criticism to our thesis and suggestions for future researches are presented. 
 

8
 
8.1 Main Conclusion 
The final conclusion of this thesis is the answer of the problem formulation:  
   

• How to employ life cycle cost analysis in the process of maintenance outsourcing to 
achieve strategic model valid for decisions taking over the life length of the process? 

 
The answer of this problem is included within the development of the new model to help the 
decision maker to make the right outsourcing decisions based on LCC analysis, the model 
consists of four main phases and pre- evaluating step, each phase consists of a set of steps. Then, 
the model tested in the maintenance outsourcing service.   
 
 
8.2 Evaluation of the model  
The model developed as a general road map that may help in rationalizing decisions related to the 
process of outsourcing. This model is applicable for all kinds of business and organizations; it 
consists of four main phases. Each step within was explained within Ch.4 in details; hence the 
user should be able to follow the steps easily and collect the necessary data. And any researcher 
could follow the same steps in validate the model in another case company easily.  
 
The model was tested in one case company within maintenance department; the data was 
collected using the historical data that available in the database. Other sources of the data were 
collected through the interviews with the production manager in the case company. Most of the 
terms and questions were discussed and explained with the company personnel. Therefore, if 
other researchers will use the same data and follow the same steps, this will probably yield to the 
same results, and consequently will increase the data reliability.  
  
The main contribution in this model for literature and companies is it provides a comprehensive 
model covers all different aspect in outsourcing based on LCCA to evaluate the decision for the 
live length of the process, most of the literature discussed outsourcing with respect to the 
transaction or production cost, none of the literature discussed it based on LCC. Moreover, the 
model considers the process as continuous process starting by the strategic evaluation and ending 
with monitoring the process and supplier performance. Also, it considers LCC as a one criterion 
in selecting the proper supplier, and provides a monitoring tool to maintain and monitor the 
outsourcing process and supplier performance.  
 
The last two phases i.e. Maintain and Monitor phase and Review phase didn’t tested in the case 
company due to the time limitations, however, this could be test by the company personal after 
follow the first two phases.  
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8.3 Kalmar Industries Recommendations 
• Investigate the possibility of modify the available outsourcing model, based on the results 

obtained by evaluate each phase of the model.     
• Consider the organization needs and circumstances, driving forces for outsourcing, 

internal capability, and supplier and organization capability criteria in the strategic 
evaluation phase. 

• Consider the quality of the service, and delivery accuracy in selecting the proper supplier 
within the economic resource perspectives.  

• Consider the risks associated with outsourcing due to the loss of critical skills or 
developing the wrong skills, loss of cross-functional communications, loss of knowledge 
of the plant, variations in the quality of the product given to the customer and poor 
supplier management in the power/ depending evaluation phase. 

• Outsource all the maintenance activities related to ventilation system i.e. the maintenance 
personnel, spare parts, and third party to report the process to authorities and monitor the 
process. 

• Select ABB Supplier since this alternative has the lowest score in MCDM. 
• Consider other factors in making the outsourcing decision, not just a transaction or 

production cost, but the whole LCC.  
• Manage the contract probably with Kalmar suppliers and add more conditions such as the 

penalty associated with bad quality or deliver the service late.  
 
 
8.4 Future Researches  
One of the main interesting future researches could be, validating the model on another case 
company, on other kinds of services, and on components-level outsourcing. Further, it is the 
authors hopes that the last two phases of the model i.e. maintain and monitor phase and review 
phase to be implemented. Furthermore, evaluate the model by other researchers and investigate 
the strengths and weaknesses associated with this model.  
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8. A P P E N D I C E S 
Appendix A: Tables 
 
Table 1: Publications and books hits achieved summary  

Greaver and
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B
oo
k
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Book/Author 
 
  9

 
 

Barrar and 
Gervais (2006)  

 
 
 

Jenster et al. 
(20 5) 0

 
 
 

LCC related  ‐  ‐  ‐ 
Outsourcing decision  √  √  √ 
Supplier selection  √  ‐  ‐ 
Decision tool  ‐  √  √ 
Model Provided  √  ‐  ‐ 
Comprehensive model   ‐  ‐  ‐ 
Other aspects of the outsourcing process  ‐  √  √ 

Comments 

General 
model for 
what to 
consider 

when thinking 
about 

outsourcing 
 

Other aspects 
such as nature 
of outsourcing, 
and the impact 
of outsourcing 

on 
organizational 
structure 

Other aspects 
such as 
managing 
buyers/ 
supplier 

relationships 
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ti
on
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Publication/Authors 
 
 

Fransson
(20 5) 0

 

Wasner (1999)

LCC related  ‐ ‐ 
Outsourcing decision  √ √ 
Supplier selection  ‐ ‐ 
Decision tool  ‐ √ 
Model Provided  √ ‐ 
Comprehensive model existence  ‐ ‐ 
Other aspects of the outsourcing 
process 
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Comments 

Other aspects such as: 
driving forces for 

outsourcing, transaction 
cost theory, resource 
based theory, and 

summary of t e theoretical 
framework 

h

 
 

Other aspects such as 
factors influencing 

outsourcing, and the risks 
associated with outsourcing
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A
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le
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  outsourcing Outsourcing 

model 
Outsourcing  
fram ork e w

strategic 
outsourcing 

main ance 
outsourcing 

ten

Number of hits  13 4 2 76 21 87  37
Investigated Hits    30 21 4  5 15
Relevant hits    4 6 10  15
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Outsourcing decision    2 4 8  5
Supplier selection    ‐ 4 3  4
Decision tool    2 1 8  4
Model Provided    2 3 5  7
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Comments  ‐ 

3 out of 4 
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relevant to 
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analyze 

2 out of 6 
articles 
were 

relevant to 
study and 
analyze  

‐ 

The 
investigated 
and relevant 
hits included a 
software 

maintenance 
outsourcing 

     

key word  outsourcing 
and CC  L

Outsourcing 
and LCCA 

Outsourcing  
and MCDM 

main nce 
c  
tena
osts

Maint ance 
and LC /LCCA 

en
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Model Provided  ‐  ‐ ‐ ‐  ‐
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research 
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ble 3: Sc ific jo apers use
Authors  Year  Purpose  Key points 

Campbell   1
 
995  Describe a practical 

approach to follow 
in the outsourcing 
process approach  

The ra llowing main 
steps: 

 p ctical approach consists of the fo

 1. Does outsourcing make sen

 

se?  
   2. Are the company objectives achievable?

 
3. Is the organization ready?  
4. What are the outsourcing alternatives? 

 cing 5. How is the request for the outsour
roposal structured?  p

6. What are the negotiating tactics?  
 

Brandes et 
al.  

1997     Discus the driving forces for outsourcing and the 
outcome of outsourcing. It focuses on the outsourcing 
ecision, the outsourcing process, and the outsourcing d
unit.  
 

M
H
 

clvor and 
umphreys 

2000  Develop a 
framework for 
make/buy 
decision; it was 
built from the 
analysis of 
procurement 
manager's 
interviews and 
hrough revising 

tudy.  
t
literature s
 

The am  the 
follo in

 fr ework consists of five main steps as

 
w g: 

 
1. Identify the performance categories 
2. Analyze the technical capability categories 

 3. Compare between the internal and external 
capability profiles 

4. Analyze the supplier organization, and analyze 
 conjunction 
 

the various sourcing options in
with the business data option.

5. Analyze total acquisition cost 

F
V
 

ill and 
isser  

 
2000 

Develop a 
framework for 
make/buy decision 
that covers 
different criteria to 
consider in making 

n.  the decisio

The am fr ework consists of three main aspects:
1. Contextual factors that focus on the internal 

and external environment factors. It could be 
estment, revenues or 

.  
quantitative such as inv

 
qualitative such as the stability of employees

2. Strategy and structure 
 3. Production and coordination  or transaction

costs  
P
a
 

robert et 
l. 

2000  Develop a 
framework to help 
the manager to 
make the decisions; 
it captures relevant 
factors to be 
considered in the 
decision.  

The  m
follo in

fra ework consists of three main steps as the 
w g: 

 st 1. Identify the triggers to outsource such as co
reduction or lack of capacity. 

2. Identify factors to consider in the decision 
such as technology and manufacturing 
process, cost, supply chain management and 
logistics, and support systems. 

3. Identify performance measure to measure the 
outcomes of the decision such as cost savings 
and capacity utilization 
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S
F
 

hoeib and 
ink  

2003   Develop a 
framework for 
make/buy decision. 

The fr ork consists of five main phases as the
w g: 
1. Intelligence: it consider the organizations 

amew  
follo in

needs and circumstances, organization 
function and outsourcing phenomena  

2. Analysis and planning: it evaluates the 
efficiency and effectiveness of the organization 
with respect to the technical, economical, and 
operation criteria. Also, evaluate the supplier 

gs in against other factors such as cost savin
personal and service improvement.  

3. Strategy selection: it aims to select the 
y, outsourcing strategy i.e. outsource totall

partially, or to in source 
4. Action: it aims to select the outsourcing 

supplier and managing the outsourcing 
contracts 

5. Evaluation and monitoring: it aims to monitor 
the feedback and focus on the outcomes such 
s improvement in service level, quality of a
products, and cost reduction. 
 

Y
 
anget al.  2006  This article 

identifies relevant 
factors to consider 
which effects on 
the business 
process 
outsourcing 
decision. 

It identi  
dec on

fy the following factors to consider in the
isi : 

 1. Expectation: Cost savings, focus on core 
competence, and flexibility 

 2. Risk: Information security, less of management 
control, labor union, and morale problem 

3. Environment: Vendor's service quality, market 
maturity, and other firms' outsourcing decision
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ost categories  

l break down structure, Blanchard (2004) 
In‐house Cost

Research and development cost 
 

1. System/product management cost   
2. Product planning  

•
• Market analysis  

s  
g  

 Feasibility studie
• Program plannin

 
 
 
 

3. Product research    
4. Engineering design    
• System engineering  

n  
• gn  
• Conceptual desig

 desi
• ign  

Preliminary
Detailed des

• Design support 

 
 
 
 
 

• Design review    
5. Design documentation    
6. System/ product test and evaluation   

Production and construction cost
 

1. System/product management    
2. In ns analysis dustrial engineering and operatio

• ering  
• Plant engineering 

ne
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Manufacturing engi
Methods engineering 

• Production control 
• Sustaining engineering  

 

3. Manufacturin

• 

g‐ recurring  
• t  Tooling/test equipmen

• 
Fabrication 

s) 
• ly 
Material ( inventorie

• 
Subassembly/assemb
Inspection and test  

• Packing and shipping 
g rework • Manufacturin

 

4. Manufacturing‐nonrecurring    
5. Construction  

• 
• Manufacturing facilities 

• 
Test facilities 
Customer operational faci

acilities (Ac
s   
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quisition) • Maintenance f

• Inventories warehouse

 

6. Quality control   
7. Initial logistics support    
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Operation and maintenance support cost 
 

1. Sy ions stem/product operat

• 
• System operations 
Operational facilities 

• Operating personal 
• l Energy/utilities/ fue

 

2. System/product distribution 

ling 
• Marketing and sales 
• Transportation and hand
   ( traffic management)  
• duct) Warehousing ( pro

 

3. System/product maintenance  
• Customer service 

• 
• Field maintenance 
Factory maintenance 

• Test and support equipment 
• Maintenance facilities  

 

4. Inventory spares and material support
• aintenance Spare/repair parts for m
• Storage and handling 
• ment  Inventory manage

 

5. O nce trainingperator and maintena

• ing 
• Operator training 
Maintenance tr

ti
ain
es • Training facili

• Training data   

 

6. Technical data   
7. System/product modifications   

Disposal cost
 

1. D  non repairable syisposal of stem/product cost   
2. System/product retirement  
• Personal 

ent 
 and handling 

• Support equipm
• Transportation

 

3. Documentation   
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Table 5: Total cash flow in-house, ABB Supplier, and CSM Supplier respectively 
useIn-h  o            

  0 1 2 3 4 5 6 7 8 9 10 
R & D                       
                        
                        
Construction cost                       
                        
                        
Operation and support cost                        
Operational facilities cost  200000 220000 240000 260000 280000 300000 320000 340000 360000 380000 400000 
Material processing (material handling 
cost) 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 

Maintenance personal cost 360000 396000 432000 468000 504000 540000 576000 612000 648000 684000 720000 

Spare/repair parts for maintenance 100000 110000 120000 130000 140000 150000 160000 170000 180000 190000 200000 

Storage and handling (including 
Inventory) 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 

Disposal cost  
20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 

Support equipment  
                      

  
450000 495000 540000 585000 630000 675000 720000 765000 810000 855000 900000 

Total annual expenses  
 

                      

PW ( Total annual expenses) 
 

11655750  
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ABB Supplier             
  0 1 2 3 4 5 6 7 8 9 10 
R & D                       
Cost for teams involved 400 000   
                        
Construction cost                       
Transaction cost 40 000   
Costs involved for meeting with 
suppliers 4 000   
Operation and support cost                        
Operating personal cost 25000 27500 30000 32500 35000 37500 40000 42500 45000 47500 50000 
Transportation and handling 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 5000 
Disposal cost                        
Production losses due to termination the 
process   40000 
                        

Total annual expenses  
471500 30250 33000 35750 38500 41250 44000 46750 49500 52250 95000 

            
PW( Total annual expenses)  735742           
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CSM Sup  plier            
  1 2 3 4 5 6 7 8 9 10 10 
R & D                       
Cost for teams involved 400000  
             
Construction  cost            
Transaction cost 48000  
Costs involved for meeting with 
suppliers 4000  
Operation and support cost                        
Operating personal cost 25000 27500 30000 32500 35000 37500 40000 42500 45000 47500 50000 
Transportation and handling 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 5000 
Disposal cost                        
Production losses due to termination 
the process  40000 
                        

Total annual expenses  
479500 30250 33000 35750 38500 41250 44000 46750 49500 52250 95000 

            
PW( Total annual expenses)  743742           
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Appendix B: ELIN Data base 

 
About ELIN 
“ELIN: Electronic Library Information Navigator integrates data from several publishers, 
databases and e-print open archives. ELIN service allows students to search document using one 
single user-friendly interface from multiple sources. Journal names searchable in ELIN are:ACM 
Digital Library; ACS; AIP/Scitation; ASE/EBSCO; Blackwell; BSP/EBSCO; Cambridge 
journals; DOAJ; EBSCOhostEJS; EMERALD; IEEE; IOP; JSTOR; MUSE; Oxford journals; 
Sage; ScienceDirect; and Wiley” .(ELIN @ Växjö Home page, 2008)* 
 
 
 

 

 

 

*Copyright © 2008  
ELIN is a registered trademark of Lund University Libraries, Head office. 
ELIN@Växjö is provided by Växjö universitetsbibliotek.[Accessed 15-05-2008] 
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