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The importance of industrial maintenance has been emphasized during the last decades; 
it is no longer a mere cost item, but one of the mainstays of business. Market conditions 
have worsened lately, investments in production assets have decreased, and at the same 
time competition has changed from taking place between companies to competition 
between networks. Companies have focused on their core functions and outsourced 
support services, like maintenance, above all to decrease costs. This new phenomenon 
has led to increasing formation of business networks. As a result, a growing need for new 
kinds of tools for managing these networks effectively has arisen.  

Maintenance costs are usually a notable part of the life-cycle costs of an item, and it is 
important to be able to plan the future maintenance operations for the strategic period of 
the company or for the whole life-cycle period of the item. This thesis introduces an item-
level life-cycle model (LCM) for industrial maintenance networks. The term item is used 
as a common definition for a part, a component, a piece of equipment etc. The constructed 
LCM is a working tool for a maintenance network (consisting of customer companies that 
buy maintenance services and various supplier companies). Each network member is able 
to input their own cost and profit data related to the maintenance services of one item. As 
a result, the model calculates the net present values of maintenance costs and profits and 
presents them from the points of view of all the network members.  

The thesis indicates that previous LCMs for calculating maintenance costs have often 
been very case-specific, suitable only for the item in question, and they have also been 
constructed for the needs of a single company, without the network perspective. The 
developed LCM is a proper tool for the decision making of maintenance services in the 
network environment; it enables analysing the past and making scenarios for the future, 
and offers choices between alternative maintenance operations. The LCM is also suitable 



for small companies in building active networks to offer outsourcing services for large 
companies. 

The research introduces also a five-step constructing process for designing a life-cycle 
costing model in the network environment. This five-step designing process defines 
model components and structure throughout the iteration and exploitation of user 
feedback. The same method can be followed to develop other models. 

The thesis contributes to the literature of value and value elements of maintenance 
services. It examines the value of maintenance services from the perspective of different 
maintenance network members and presents established value element lists for the 
customer and the service provider. These value element lists enable making value visible 
in the maintenance operations of a networked business. 

The LCM added with value thinking promotes the notion of maintenance from a “cost 
maker” towards a “value creator”. 

 

Keywords: life-cycle model, maintenance, maintenance costs, modelling, customer, 
service provider, industrial network, value, value element 

 
 
  
 
 
 



Acknowledgements 
Many years have passed, I will not bother to even mention how many, since I started my 
postgraduate studies for the doctor’s degree at Lappeenranta University of Technology. 
Many things have happened after that in my personal life as well as in the university 
environment. Finally, I have reached the goal and the work is done. 

I would not have been able to finish the thesis without the help of several persons, and 
therefore I am using the opportunity to express my gratitude to everyone who supported 
me along this journey. First, I would like to thank my advisor at LUT School of Business, 
Professor  Timo  Kärri,  who  was  my  guide  throughout  the  writing  process.  I  am  very  
grateful to my reviewers Professor Petri Suomala, Doctor Maria Holgado and my 
opponent Doctor Kari Komonen, who have given their time and consideration to my work 
and helped me to improve my thesis with their valuable comments.  

I thank all the members of the C3M-team, who have made this possible by taking care of 
my teaching tasks and giving me enough time to finish this research. Special thanks to 
co-authors Salla and Antti, whose ideas helped me a lot when I was in a dead end with 
my writing process, as well as Leena, whose support has been valuable to me in many 
ways. I thank also my co-author and former co-worker Harri for his great contribution to 
my thesis.  

I am grateful for the financial support received from the Finnish Funding Agency for 
Innovation (Tekes) and all the Finnish companies which participated in the research 
project MaiSeMa, for their co-operation and enthusiasm during the research. 

I am deeply indebted to my parents, who have always been there when needed, and my 
friends, who have given me something else to think about during this project. Finally, I 
wish to express my deepest and warmest thanks to my dearest ones, my husband Jari and 
our four children Jarkko, Juho, Jenny and Joonas, without forgetting our first grandchild 
Niklas, who has made sure that granny has  forgotten her thesis every now and then. You 
all mean so much to me. Thank you. 
 
 
Lappeenranta, November 2015 
 

 
Tiina Sinkkonen 
 





 
 
 
 
 
 
 
 
 
 
 
 

To 
 

Jarkko, Juho, Jenny, Joonas and Niklas 
 

 
 
 
 
 





Contents 

List of publications 11 

List of abbreviations 13 

List of figures 15 

List of tables 16 

1 Introduction 17 

1.1 Background and motivation .................................................................. 17 
1.2 Research questions ............................................................................... 18 
1.3 Positioning the research ........................................................................ 20 
1.4 Design science research ........................................................................ 21 
1.5 Structure of the thesis ........................................................................... 23 

2 Theoretical background 27 

2.1 Physical asset management and maintenance ........................................ 27 
2.2 Life-cycle method in maintenance management ................................... 28 
2.3 Collaboration and value sharing in maintenance networks .................... 32 

3 Designing process of the life-cycle model 35 

3.1 Five-step process of the constructed life-cycle model ........................... 35 
3.2 Definitions and options of the components of the life-cycle model ....... 40 
3.3 Research data and methods ................................................................... 47 

4 Results connected to the designing process 53 

4.1 Summary of the results of individual publications ................................ 53 
4.2 Contribution to the research questions .................................................. 65 

5 Conclusions 71 

5.1 Theoretical implications ....................................................................... 71 
5.2 Managerial implications ....................................................................... 72 
5.3 Limitations ........................................................................................... 73 
5.4 Suggestions for further research ........................................................... 75 

References 77 

Appendix A: Mathematical derivation of equation CNPV 89 

Publications  





11 

List of publications 
This thesis is based on the following papers. Rights have been granted by the publishers 
to include the papers in the thesis. 

Publication 1 

Sinkkonen, T., Marttonen, S., Tynninen, L. & Kärri, T. (2013), ‘Modelling costs in 
maintenance networks’, Journal of Quality in Maintenance Engineering, Vol. 19, No.3, 
pp. 330-344 

The author participated in the development process of the model introduced in the paper 
together with the co-authors. The author was responsible for designing the research, 
conducting the analyses and revising the paper during the journal review process. 

Publication 2 

Tynninen, L., Sinkkonen, T., Marttonen, S. & Ojanen, V. (2012), ‘Framework for the 
value elements of maintenance services’, The 2nd International Conference on 
Maintenance Performance Measurement and Management, September 12-13, 
Sunderland, UK. 

The author participated in the development process of the framework introduced in the 
paper together with the co-authors. The author was mainly responsible for the structure 
of the framework, for analysing the results and for reviewing the existing literature.  

Publication 3 

Sinkkonen, T., Kivimäki, H., Marttonen, S. & Kärri, T. (2013), ‘A value-based life-cycle 
framework for networks of industrial maintenance services’, Jantunen, E., Komonen, K., 
Heljo, A., Kuosmanen, P. & Rao, B.K.N. (Eds.), Congress Proceedings of International 
Congress of Condition Monitoring and Diagnostic Engineering Management 11-13 June, 
Helsinki, KP-Media Oy, ISBN 978-952-67981-0-3, s. 255-267. 

The author participated in the development process of the framework introduced in the 
paper together with the co-authors. The research was jointly designed, and the author was 
mainly responsible for reviewing the existing literature, analysing the results of the data 
collected in the workshop and writing the paper.  

  



List of publications 12

Publication 4 

Sinkkonen T., Kivimäki H., Marttonen S. Galar D., Villarejo R., Kärri T., ‘Using the life-
cycle model with value thinking for managing an industrial maintenance network’ 
Accepted for publication. To be published in 2016 in International Journal of Industrial 
and Systems Engineering.  

The author participated in the development process of the model introduced in the paper 
together with the co-authors. The author was mainly responsible for reviewing the 
existing literature, analysing the results of the collected data and writing the paper. The 
author was also responsible for revising the paper during the journal review process.  

Publication 5 

Sinkkonen  T.,  Ylä-Kujala  A.,  Marttonen  S.  &  Kärri  T.  (2014)  ’Better  maintenance  
decision making in business networks with a LCC model’, Proceedings of the 
Maintenance Performance Measurement and Management (MPMM), Conference 4th - 
5th September, 2014, Coimbra, Portugal, ISBN 978-972-8954-42-0, 2014. The paper has 
been accepted for publication under the name ‘Network-level LCM: a tool for improving 
maintenance decision making’ in the international Journal of Strategic Engineering Asset 
Management. 

The author was responsible for designing the research and describing the structure of the 
model introduced in the paper. The research was jointly designed, and the author was 
mainly responsible for reviewing the existing literature and writing the publication. The 
author was responsible for revising the paper during the journal review process. 

 



13 

List of abbreviations 
APS      Average production speed 

B/C      Benefit-cost ratio 

C1      Annual operational maintenance costs 

C2      Annual quality costs 

C3      Annual costs of outsourcing and logistics 

C4      Annual environmental costs 

C5      Annual asset management costs 

C6      Annual other costs 

Ctotal      Annual maintenance costs in total 

CBP      Contract-based profits 

CNPV      Cumulative net present value  

CPVC      Cumulative present value of maintenance total costs 

CPVMRPL      Cumulative present value of maintenance related total profits or losses 

CPVS      Cumulative present value of maintenance total cost savings 

CPVSCBP      Cumulative present value of service or equipment provider’s total profits 

EBB      Equipment-based bonuses 

EBP      Equipment sales -based profits 

i      discount rate / interest rate 

INR%      Discount rate 

k      Length of the planning period 

LCC      Life-cycle costs / costing 

LCL      Life-cycle losses 

LCM      Life-cycle model 

LCP      Life-cycle profits 

M%      Share of total maintenance of maximum operating time 

MDM%      Share of maintenance performed during manufacturing  

MDU%      Share of maintenance performed during underutilization 



List of abbreviations 14

Mh      Annual maintenance hours in total 

MRPL      Maintenance-related profit or loss (annual change in loss of production) 

PLh      Profit losses caused by one hour stoppage in production 

PM%      Profit margin ratio 

PVC       Present value of maintenance total costs 

PVMRPL      Present value of maintenance related total profits or losses 

PVS      Present value of maintenance total cost savings 

PVSCBP      Present value of service or equipment provider’s total profits 

S1      Annual cost savings of operational maintenance costs 

S2      Annual cost savings of quality costs 

S3      Annual cost savings of outsourcing and logistic costs  

S4      Annual cost savings of environmental costs 

S5      Annual cost savings of asset management costs 

S6      Annual cost savings of other costs  

Stotal      Annual maintenance cost savings in total 

SCBP      Service or equipment provider’s annual total profits 

TCO      Total cost of ownership 

TMOT      Theoretical maximum operating time 

UPC      Unit production costs  

 



15 

List of figures 
Figure 1.  Contribution of the publications to the thesis……………………………. 19 

Figure 2.  Focus of the thesis………………………………………………………. 20 

Figure 3. Structure of the thesis…………………………………………………… 25 

Figure 4. Development of the nature of maintenance (Pintelon & Parodi-Herz, 
2008)………………………………………………………………… …. 28 

Figure 5. Schematic illustration of LCP [adapted from Gokiene, 2010]……….…. 30 

Figure 6.  Five steps of LCC [adapted from Kawauchi and Rausand (1999) and 
Woodward (1997)]……………………………………………………… 31 

Figure 7.  Designing process of the LCM…………………..……………………... 37 

Figure 8.  Definition of the term life cycle used in the model [adapted from IEC 
60300-3-3, 2004].…………………………………………………….…. 41 

Figure 9. Development of the cost model………………………………………… 54 

Figure 10.  Value elements for a high-criticality item (top) and for a low-criticality 
item (bottom)………………………………………………………..….. 56 

Figure 11. Value-based life-cycle framework……………………………………… 58 

Figure 12. Logic of the LCM………………………………………………………. 59 

Figure 13. Cumulative net present values of maintenance from the customer's and 
service provider's point of view………………………………………… 61 

Figure 14.  Benefit-cost ratio of maintenance from the customer's and service 
provider's points of view…..………………………………………….… 62 

Figure 15. DuPont chart of LCM…………………………………………………... 63 

 

 



16 

List of tables 
Table 1. Established accounting research approaches [adapted from Kasanen et al., 

1993]…………………………………………………………..….……. 22 

Table 2. A four-phase framework for design science [adapted from Holmströn et al., 
2009]…………………………………………………………………… 23 

Table 3 Main and sub cost categories for the customer and the service or equipment 
provider…………………………………………………………...…….. 43 

Table 4.  Comparison of the characteristic of previous LCMs and the created  
model……………………………………………………………………. 47 

Table 5.  Research data and methods used in the publications…………………….. 50 

Table 6.  Value elements of industrial maintenance services……………………… 55 

Table 7. Summary of the publications of the thesis…………..………………….. 67 

 

 



17 

1 Introduction 

1.1 Background and motivation  

Changes in demand, technology and competition have led to the situation where 
companies  are  facing  new kinds  of  challenges.  The  pressure  for  higher  and  short-term 
profitability has forced companies to decrease their operating costs. These changes have 
caused restructuring, especially outsourcing, of maintenance in industrial companies 
(Kumar & Markeset, 2007; Gómez et al., 2008; Komonen, 2012). As the asset fleet 
owners keep outsourcing maintenance, the collaboration between the customer and the 
service provider increases networking. These company networks can vary from bilateral 
partnerships to a large combination of customers (who buy maintenance services), service 
providers (who provide maintenance services for the customer) and equipment providers 
(who supply equipment and some related maintenance services for the customer). 

Several studies have indicated that companies strive for cost savings, resource 
optimization, increased safety, and superior quality by outsourcing (Al-kaabi et al., 2007; 
Al-Turki, 2011; Anderson, 1997; Campbell, 1995; Garg & Deshmukh, 2006; Kakabadse 
& Kakabadse, 2002; Yoon & Naadimuthu, 1994). In order to achieve these benefits out 
of outsourcing for example maintenance operations, company networks have to be 
managed actively. From the asset management point of view the problem is often the 
information gap between different functions in the company, but also between the 
network members (Komonen, 2012). The decisions in maintenance operations regarding 
physical assets can no longer be based on the tacit knowledge of individual maintenance 
experts, as has often been the case in in-house maintenance. Instead, a new kind of 
transparency is required from companies operating in maintenance networks.  

The continuous demand for short-term profitability by decreasing the operational costs 
has in many cases led to inefficient and poor long-term decisions (Komonen, 2012). In 
maintenance the planning period is still very short, because demonstration of the benefits 
in the long run is difficult in most cases. For example, what is the right relationship 
between preventive and corrective maintenance? Preventive maintenance decreases 
corrective maintenance in many cases, but it may also increase the costs of shutdowns 
(Woodward, 1997). Maintenance decision making often has to do with the future, 
especially in the case of preventive maintenance: resources are used to improve the 
functioning of items, not just  at  the moment but also in times to come. Some of these 
effects are very likely non-monetary, such as reputation and safety. Thus maintenance 
should be approached from the perspective of investment appraisal, and the impacts of 
the decisions on the whole life cycle of the item should be considered. Takata et al. (2004) 



1 Introduction 18

use the term “life-cycle maintenance” to highlight the importance of maintenance as a 
part of life-cycle management. They conclude that maintenance management should be 
flexible enough to adapt to the changes in the operating environment, the operating 
conditions, and the maintainability of the item itself. This life-cycle management or life-
cycle maintenance increases cost and profit awareness and integration of maintenance 
information throughout the life cycle of the item (see Komonen & Despujols, 2013; 
Takata et al.,2004).  

There is a need for new kinds of tools and methods for managing maintenance networks 
successfully (Levery, 1998; Reinarzt & Ulaga, 2008). Most of the existing tools for 
maintenance management have been designed for individual companies from their 
perspective and for their specific use. The majority of management accounting practices 
have limited their scope to the boundaries of the company (Kulmala et al., 2002), and 
they  are  therefore  not  suitable  for  the  needs  of  networks  as  such.  The  lack  of  shared  
planning and calculation tools makes it difficult to increase the essential co-operation 
between the customer and the service provider.  

This thesis integrates the research gaps described above and introduces the life-cycle 
model as a tool to support decision making and enable better co-operation between the 
network members in the field of maintenance.   

1.2 Research questions 

The objective of this thesis is to develop a life-cycle model (LCM) for industrial 
maintenance networks to help the members of the network to plan the maintenance 
operations together better and to gain benefit for each member by increasing the value of 
the whole network in the long run.   

The increased outsourcing of maintenance services has led to a situation where new kinds 
of tools are required to achieve the best benefits out of networking by managing them 
effectively. The idea in this study is to develop a simple item-level LCM for daily use, 
especially for maintenance managers, not only for the managers at the top level of 
organizational hierarchy, to manage maintenance operations. The term item is used as a 
common definition for a part,  a component,  a device,  a subsystem, a functional unit,  a 
piece of equipment, or a system that can be individually described and considered (SFS-
EN 13306, 2010). The item level instead of company level has been chosen especially 
because the maintenance function can be outsourced partially and there can be several 
service providers at the same time responsible for different items. The criticality of the 
item has also a great impact on the selected maintenance type at the operational level. The 
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failure of the critical item may stop the whole process at once, while a non-critical item 
has a minor or no impact on the process. Although the model is primarily directed to the 
item level, it can be used at the company level as well, but it must be observed that the 
complexity of the production and maintenance operations influences the results of the 
model; they are more accurate at the item level than at the company level.  

The research questions of the thesis are the following: 

1) What  kind  of  a  structure  is  essential  for  the  LCM  in  the  maintenance  network  
environment?  

2) What kind of phases are included in the construction process of the LCM for 
maintenance services in the network environment?  

3) What are the benefits and challenges of the designed LCM? 

 

 

Figure 1. Contribution of the publications in the thesis 

Figure 1 illustrates how the publications forming this thesis are linked to the research 
questions. Research question 1 is discussed in publications 1-4. Each of the publications 
has its own approach to question 1. Publication 1 concentrates on the cost structure and 
publication 2 defines value elements. The framework for the LCM is introduced in 
publication 3 and the actual model in publication 4. Publication 5 is related to question 2 
by aggregating the results of publications 1-4 to represent a process to construct the LCM. 
Publications 1, 2, 4 and 5 are related to question 3 by introducing the benefits and 
challenges of using the model. This is essential for the usability of the developed model 
at the moment, and they also lay the foundation for further development of the model.  
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1.3 Positioning the research 

Three research areas; asset management, cost management, and management of a 
company network comprise the focus of the thesis in the research field of maintenance, 
which forms the background and context for the thesis. The research has been carried out 
in close collaboration with maintenance companies and networks, and also the theory of 
the thesis has been studied from the perspective of industrial maintenance business. This 
configuration is illustrated in Figure 2. 

 

Figure 2 Focus of the thesis  

PAS 55-1 (2008) identifies the following types of asset within organizations: financial, 
physical, human, information and intangible. The thesis concentrates on the physical 
asset, which is defined in standard SFS-EN 16646 (2015) as “an item that has potential 
or actual value to an organization; for example component, machines, plant, construction 
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work, and building”. The task of physical asset management is to realize value from 
physical assets by coordinating the activities of an organization (SFS-EN 16646, 2015).   

Approaching the research from the point of view of the management of the company 
network, collaboration between the network members and value sharing are in focus. 
Value is created more and more through collaborative relationships, not just by delivering 
products and services (Smals and Smits, 2012; Ulaga, 2003). This increased company 
networking has aroused a need for a tool to identify and share the perceived network value 
to each network member. 

Life-cycle costing (LCC) as a part of cost management forms the foundation to this thesis 
together with life-cycle modelling. LCC is defined in standard IEC 60300-3-3 as the 
process of economic analysis to assess the total cost of acquisition, ownership and 
disposal of a product. It can be applied either to the whole life cycle of the product or to 
parts or combinations of different life-cycle phases (concept and definition, design and 
development, manufacturing, installation, operation and management, and disposal). 
Some researchers consider only these direct monetary costs of the product or service (see 
e.g. Jun & Kim, 2007; Lad & Kulkarni, 2012; Seif & Rabbani, 2014), whereas others 
include the lifetime environmental impact of a product or service in the calculations (life-
cycle assessment approach) (see e.g. Laestadius & Karlson, 2001; Steen, 2005; Buceti, 
2014). In this thesis, life-cycle costing is studied without the environmental impact.   

To  summarize  the  above,  the  focus  of  the  thesis  is  on  modelling  life-cycle  costs  of  
maintenance services at the item level, which has not been studied in the network 
environment before. Defining the value elements of maintenance services from the 
perspective of the customer and the service provider is also a new research subject. 

1.4 Design science research 

This thesis represents design science research. Design science is according to Holmström 
et al. (2009) conducted under many different rubrics: action science, action research, 
action innovation research, participatory action research, participatory case study etc. The 
common goal for all these is to develop valid and reliable knowledge, an artefact, to solve 
a problem (van Aken, 2004; Holmström et al., 2009). Kasanen et al. (1993) talk about a 
constructive approach (see Table 1), which is located in the normative and empirical area. 
A constructive study produces an innovative solution to a real-world problem, 
demonstrates its specific usability and theoretical connections, and examines its potential 
for more general adequacy (Kasanen et al., 1993). According to Piirainen and Gontzalez, 
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(2013) design science means quite a similar approach to research in management science 
as the constructive approach.  

Table 1. Established accounting research approaches [adapted from Kasanen et al., 1993] 

 

 
When scientific disciplines are categorised as follows (van Aken, 2004): 

1) formal sciences, such as philosophy and mathematics   
2) explanatory sciences, such as natural sciences and major sections of social 

sciences 
3) design sciences, such as engineering sciences, medical science and modern 

psychotherapy,  
the difference between design science and other sciences can be seen. The mission of 
formal sciences is to build systems for propositions with internal logical consistency. 
Explanatory sciences describe, explain and possibly predict observable phenomena in 
their  fields,  whereas  the  mission  of  design  science  is  to  develop  new  solutions  to  
problems, explain the process and improve the problem-solving process generally (van 
Aken, 2004; Holmström et al., 2009).  

Van Aken and Romme (2009) list the following characteristics for design science 
research: 1) the research questions are driven by field problems, 2) the research aims at 
solution-oriented knowledge to solve field problems, and 3) the justification of research 
results is based on pragmatic validity. These features are included in this thesis: 1) the 
maintenance field has a need for a management tool at the network level, 2) this problem 
is solved with the designed LCM, and 3) the modelling process, testing and iteration have 
been done in close co-operation with maintenance practitioners.  
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It has been said that the challenge of design science research is the theoretical 
contribution, because it relies strongly on practical relevance. Holmström et al. (2009) 
have solved this problem by introducing a four-phase framework to combine exploratory 
design science with explanatory theoretical science (see Table 2). According to their idea, 
design science research should contain at least phases 1-3. In this thesis publications 1, 2, 
and 3 are related to the solution incubation phase. Publication 4 introduces problem 
solving  with  the  LCM  and  publication  5  discusses  the  theoretical  relevance  of  the  
designed LCM.  
  
Table 2. A four-phase framework for design science [adapted from Holmströn et al., 2009] 

Exploratory phases 
(design science) 

Explanatory phases 
(theoretical science) 

1. 
Solution 

incubation 

2. 
Solution 

refinement 

3. 
Explanation 1 

4. 
Explanation 2 

Development of 
an initial solution 

design 

Refinement of 
the initial 

solution design; 
solving the 

problem 

Development of 
substantive 

theory; 
establishing 
theoretical 
relevance 

Development of 
formal theory; 
strengthening 
theoretical and 

statistical 
generalizability 

 
The research methods and the data used in the study are discussed briefly in this section, 
and a detailed description can be found in chapter 3.3, p. 47. During the research literature 
reviews were made to get to know the recent studies related to costs, value elements and 
life-cycle modelling in the field of maintenance. The empirical data was based on 
information of the case companies. The case study –method, together with interviews of 
maintenance experts and workshops arranged to the representatives of the case 
companies, was used to design the LCM. The focus was on modelling; constructing the 
model, testing the developed model with users, and improving the tested version based 
on the feedback from the users. This iteration process was repeated several times. 

1.5 Structure of the thesis 

The thesis consists of five chapters, which provide an overview of the work, and five 
individual publications describing the conducted research in detail. Figure 3 illustrates 
the structure of the thesis showing the inputs and outputs of each chapter. Chapter 1 
includes an introduction to the research, sheds light on the background and motivation 
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for the research and introduces the research questions and methodology. Theoretical 
background is presented in chapter 2 by integrating recent academic literature to the 
research gap introduced in the thesis. Chapter 3 concentrates on the designing process of 
the life-cycle model. The purpose of this chapter is to compare previous models with the 
designed one and to explain the definitions and choices made for the model. In chapter 4 
the results of each individual publication are summarized and connected to the research 
questions. Finally, the theoretical and managerial conclusions of the thesis are presented 
in the chapter 5, which includes discussion on the reliability and validity of the LCM, 
some observations of the research methodology and suggestions for further research. 
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Figure 3 Structure of the thesis  
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1. Introduction

2. Theoretical 
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3. Modelling

4. Results
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Publications
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Reseach questions

Methodology 
Scope and objectives  

Designing process of 
the life-cycle model

Summary of the 
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Answers to the 
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Managerial implications

Limitations
Suggestions for 
further reseach

Previous literature

Previous models
Definitions and choices 

made for the model

Main findings of 
the individual publications

Reseach results 

Background of the research 
Overview on the thesis

Current academic 
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2 Theoretical background 

2.1 Physical asset management and maintenance  

Asset management is defined in PAS 55-1 (2008) as “systematic and coordinated 
activities and practices through which an organization optimally and sustainably manages 
its assets and asset systems, their associated performance, risks and expenditures over 
their life cycles for the purpose of achieving its organizational strategic plan.” This means 
managing the five broad categories of asset types; physical, human, information, financial 
and intangible assets (reputation, morale, intellectual property, goodwill etc.) (PAS 55-1, 
2008). This thesis concentrates on physical asset management and its effect on a 
company’s strategic goals. 

Komonen (2012) and Ojanen et al. (2012) emphasize that capital-intensive industry has 
already faced and will in the future face many challenges; e.g. overcapacity, low 
profitability of investments and great variation of demand. Especially in Europe the 
physical assets are relatively aged and new investments are directed to countries of low 
cost, which increases the maintenance backlog in Europe. From the point of view of 
physical assets, these requirements mean lower operating costs, like maintenance costs of 
the production equipment, which in turn may increase the maintenance backlog further 
(Komonen, 2012). 

As indicated above, maintenance has a very important role in managing physical assets. 
During the last few decades, attitudes towards maintenance have changed from a 
necessary evil to a significant part of strategic business (see Figure 4). At first 
maintenance actions (repairs and replacements) were executed when needed. Until the 
1970s maintenance actions were planned beforehand to avoid machine failures (Pintelon 
& Parodi-Herz, 2008; Laine, 2010). In the technical matter –stage maintenance included 
optimization and attention to the organization of maintenance work. Companies’ goals to 
achieve better productivity with lower resources have had a significant effect on the role 
of maintenance. Automation, technical development and dynamic business environment 
require new skills from maintenance experts and challenges maintenance management. It 
has been noticed that having a well-thought maintenance strategy with careful 
implementation could actually have a remarkable financial impact (Pintelon & Parodi-
Herz, 2008).  

Pintelon and Parodi-Herz (2008) emphasize that maintenance could be seen as “co-
operative partnership” in the future, due to the changing role of maintenance from an 
inevitable part of production to an essential strategic element. According to them, the 
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simplest form of partnership (i.e. a relationship between a customer and a supplier) is a 
sell-buy situation, which has limited impact on the internal organization of the customer. 
On the next level the customer shares management responsibility partly with the supplier, 
and on the final level the maintenance department of the customer has moved to the 
supplier, who has full responsibility for the customer’s maintenance activities (Pintelon 
& Parodi-Hertz, 2008). Mutual trust, openness and management tools are needed to 
achieve this final level.   

Figure 4. Development of the nature of maintenance (Pintelon & Parodi-Herz, 2008) 

Effective  physical  asset  management  solutions  are  connected  to  the  future  demand  of  
products (Komonen et al., 2012). For example preventive maintenance is usually 
considered cheaper than corrective maintenance (e.g. Woodward, 1997; Knights et al., 
2004), but this does not always mean that it is the right way to execute maintenance. If 
the market situation is good, i.e. demand is growing, there is a good reason to keep critical 
production equipment in good shape (Komonen et al. 2012). It is crucial to maximize the 
availability of the critical items in their process by investing in preventive maintenance. 
In the opposite case deferred corrective maintenance can be used, as availability is no 
longer the priority. Pourjavad et al. (2013) and Rashidi and Jenab, (2013) have noticed 
that the optimal ratio between preventive and corrective maintenance is highly dependent 
on the item in question, its maintenance strategy and the market situation.  

2.2 Life-cycle method in maintenance management  

Standard IEC 60300-3-3 (2004) defines life cycle as “a time interval between a product’s 
conception and its disposal” and life-cycle costs as “cumulative cost of a product over its 
life cycle”. According to these definitions total life-cycle costs consist of acquisition, 
ownership and disposal costs. These costs include besides the acquisition costs of an item 
(e.g. product, equipment, line of factory), different kinds of service costs like 
maintenance, repairing, recycling and disposal costs (Dorf, 2004). Although the starting 
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point of life-cycle thinking is in product-specific decision making, from the maintenance 
point of view the most relevant objects to design are machinery, equipment, buildings, 
and infrastructural networks. In this thesis the focus is on life-cycle of the maintenance 
costs of an item. 

The method life-cycle costing (LCC) goes back to the 1960s when the United States Army 
started to use it to estimate their acquisition costs (White and Ostwald, 1976). Typical 
applications of LCC have been the construction industry and government investments. 
Despite of its quite long history, it is still not very familiar in the field of industrial 
companies (Korpi & Ala-Risku, 2008). Conventionally LCC has been seen as a tool for 
calculating the investment costs of the whole life-cycle period of an item. Only in recent 
years have different kinds of life-cycle models (LCM) been developed for companies to 
plan the future and organize their operations in the long term, meaning better transparency 
of costs, activities, and their interaction (Blanchard & Fabrycky, 1998; Lindholm & 
Suomala, 2007). Recent academic studies discussing maintenance costs and LCMs still 
focus on different kinds of new or replacement investments, like the model of Navarro-
Galera and Ortúzar Maturana (2011). There is also increased interest towards models 
connecting maintenance costs and life-cycle thinking (see e.g. Jun & Kim, 2007; Lad & 
Kulkarni, 2012; Waghmode & Sahasrabudhe, 2012), but the focus is often on life-cycle 
cost assessment, whereas life-cycle profits (LCP), e.g. minimizing downtime and failures, 
are mainly neglected in the models. However, the maintenance costs become justified 
through aspects like shortened idle time or improved dependability (Kärri et al., 2011). 

Even today, the customer evaluates the maintenance services all too often only from the 
cost point of view (Barringer, 2003; Dorf, 2004; Idhammar 2009; Knights et al., 2004). 
It  is  typical  for  maintenance  to  create  significant  costs  for  a  company,  but  it  can  also  
enable reaching large profit. The LCP can be improved by cutting the costs, intensifying 
the working of items and reducing the losses of maintenance (Gokiene, 2010). Idhammar 
(2009) mentions three ways of decreasing the costs of maintenance. The first is cutting 
the budget when the company must concentrate more on optimizing and allocating the 
resources right. The second way is to reduce maintenance, which is based on adequate 
planning of maintenance by improving the reliability of the item and removing the causes 
of problems. The third chance is to intensify residual maintenance, which in its part makes 
the dependability of the item better. Although cutting the costs of maintenance is one of 
the fields of getting profit from an item, it is also possible to gain profit in other ways. 
Figure  5  shows the  life-cycle  losses  (LCL)  which  can  be  seen  as  a  potential  source  of  
profit (Gokiene, 2010).  
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Laine (2010) and Gokiene (2010) have listed the six most significant factors which reduce 
the LCP of an item (see Figure 5).  These factors are planned downtime, breakdown time, 
material loss, reduced output quality, switch-over time and start-up time. Due to these 
factors, the turnover of the company decreases, and thereupon also the profit. One of the 
noticeable factors contributing to the LCP is the role of the user. Hagberg et al. (1996) 
state that the users are one of the important factors affecting quality. Their actions are 
directly proportional to losses related to damages, bad quality and materials. These losses 
should be reduced by improving the users’ knowhow. Also the motivation and attitude of 
the users affect the losses. 

Figure 5. Schematic illustration of LCP (adapted from Gokiene, 2010) 

LCC is not the only approach to decision making in long-term cost management contexts. 
The total cost of ownership (TCO) is a purchasing tool and philosophy which is aimed at 
understanding the true cost of buying a particular good or service from a particular 
supplier (Elram, 1995). Elram emphasizes that LCC focuses primarily on understanding 
the purchase price of the asset and on determining the actual costs of using, maintaining 
and disposing that asset during its lifetime. Pre-transaction costs tend to be de-
emphasized. TCO is broader in scope and includes the prepurchase costs in the 
calculations (see eg. Elram, 1995; Elram & Siferd, 1998; Hurkens et al., 2006). Elram 
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and Siferd (1998) found in their case-studies among companies applying the TCO concept 
that it was used for supplier selection, communication and ongoing supplier management. 
On the practical level, LCC and TCO are quite similar; the main goal of both is to obtain 
comprehensive long-term cost information about particular products or activities 
(Lindholm & Suomala, 2005).  

Many models and methods for describing LCC have been developed.  The standards for 
LCC divide the calculation processes into four to seven main stages (EN ISO 15663-1; 
2000, IEC 60300-3-3, 2004; NORSOK O-CR-002, 1996). For example standard EN ISO 
15663-1 starts the LCC process with diagnosis and scoping, and continues with data 
collection and structured breakdown of the costs. After that comes analysis and modelling 
and the final stage is reporting and decision making. Besides the standards, several 
methods for executing the LCC process can be found in the literature. Kawauchi and 
Rausand (1999) have six stages in their LCC process; 1) problems definition, 2) cost 
elements definition, 3) system modelling, 4) data collection, 5)  cost profile development 
and 6) evaluation. Kaufman includes eight stages in his model (Woodward, 1997) and 
Barringer and Weber (1996) even have a detailed version with eleven stages. For example 
in Kaufman’s model there are separate stages for the operating profile, which indicates 
when  the  equipment  will  or  will  not  be  working,  and  the  utilization  factors,  which  
describe the way the equipment will be functioning within each mode of the operating 
profile (Woodward, 1997). Barringer and Weber (1996) have added stages for detailed 
cost estimations, determination of critical cost parameters, and sensitivity analyses for 
high costs.  

Although there are many models and methods to carry out the LCC process several 
common features can be found in them. Figure 6 shows a summary of the ideas adapted 
from different models (Barringer & Weber, 1996; Woodward, 1997; Kawauchi & 
Rausand, 1999; EN ISO 15663-1, 2000). 
 

 
 

Figure 6. Five steps of LCC [adapted from Kawauchi & Rausand (1999) and Woodward (1997)] 
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Seven recent academic studies regarding LCMs and including maintenance from years 
2006-2012 were studied for the thesis (Lapašinskait  & Boguslauskas, 2006; Jun & Kim, 
2007; Wang & Xu, 2009; Kayrbekoya et al., 2011; Navarro-Galera & Ortúzar Maturana, 
2011; Lad & Kulkarni, 2012; Waghmode & Sahasrabudhe, 2012). These models were 
used to find out what kind of structure they had and what kind of situations they would 
be suitable for. A detailed analysis and comparison of the structural choices made in the 
existing models with our model can be found in chapter 3.2, pp. 40-47.    

2.3 Collaboration and value sharing in maintenance networks  

Companies are facing new kind of challenges due to the ever-changing business 
environment. The intensifying competition, demand for production efficiency and 
flexibility, technological development, outsourcing and poor profitability have led to 
increasing co-operation between companies. This networking gives the members many 
benefits like economies of scale, cost reduction, better competitiveness, increased 
information flow, a possibility to risk and resource sharing, an opportunity to establish 
one’s own core competence etc. (Walter et al.,2001; Kulmala, 2002; Tenhunen 2006; 
Ahonen et al., 2010). On the other hand, this grown need for co-operation is not a totally 
new phenomenon in the field of maintenance, because wide supplier networks have 
existed also before.  

Industrial services are nowadays an important part of everyday business. Companies 
which previously focused completely on manufacturing and selling products, are now 
transferring at least some part of their business to the production of services. The reasons 
for this include for example better predictability of company sales and cash flows, 
reaching new markets, protecting the company’s actual core product, and improved 
customer satisfaction and co-operation (see e.g. Johansson & Olhager, 2004; 
Weissenberger-Eibl & Koch, 2007; Lönnqvist et al., 2010).  

Moving towards the service business means also long-term relationships between 
customers and service providers (Weissenberger-Eibl & Koch, 2007; Barry & Terry, 
2008). When companies are working together, the idea is to achieve a so called win-win 
situation, where each member (customer, service provider or equipment provider) 
benefits. This intended increased benefit is not axiomatic. An efficient and competitive 
network  needs  close  co-operation,  openness  and  mutual  trust  between  the  network  
members (see e.g. Levery, 1998; Kumar et al., 2004; Ahonen et al., 2010). Openness and 
trust mean handing of internal information (e.g. costs, productivity and efficiency) over 
to  the  other  members  of  the  network  (the  open  books  practice).  Cost  information  has  
traditionally been regarded as highly confidential information, which can cause damage 
to the company if revealed to others. In competitive situations this holds true, but in 
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business networks things should be quite different. Open books can quantitatively ensure 
the objective sharing of costs, benefits, and risks in a business network. In addition, the 
cost effectiveness of the network can be improved through the open books practice 
(Kulmala, 2002; Tenhunen, 2006). Suomala et al. (2010) remind that there are also 
problems in using open books. It should not be connected to partnering only, but also to 
even quite opposite control strategies like price negotiations, communicating the 
objectives to the supplier or keeping the suppliers “alert”. 

Also manufacturing companies’ focus on their core competence and increased 
outsourcing of support activities, like maintenance to outside suppliers, have led towards 
networking. According to the European Federation of National Maintenance Societies 
(2011), 24% of the surveyed companies had outsourced their maintenance activities. The 
reasons for outsourcing maintenance are usually reduced costs, increased quality, and 
increased focus on strategic asset management (Campbell, 1995; Kakabadse & 
Kakabadse, 2002; Cooper & Slagmulder, 2004; Al-kaabi et al., 2007; Al-Turki, 2011). 
Leavy (2001) emphasizes that this kind of collaboration with long-term service contracts 
between the customer and the service providers underline the importance of benefit 
sharing in networks. 

The definition of value varies a lot. Woodruff (1997) and Dumond (2000) use the term 
customer value or customer perceived value, while Möller and Törrönen (2003) have 
studied value from the suppliers’ perspective. In an exchange relationship there is always 
a supplier in addition to a customer and they both benefit from the exchange. Chicksand 
et al. (2011, p. 83) define supplier value as “the net benefits that a supplier receives in 
exchange for the product or service it produces and supplies to the market”. Ulaga and 
Chacour (2011) take the network perspective and mention relationship value, which 
connects the perspectives of the customer and the supplier. They think that value is more 
and more created in collaborative relationships, not only in products or services. Some 
studies define value primarily in monetary terms, while some use definitions that include 
also  nonmonetary  sacrifices  and  benefits,  like  managerial  time  spent  and  social  
relationships (Möller & Törrönen, 2003; Simpson et al., 2001). Chicksand et al. (2011) 
have explored the sharing of value in business transactions and use the term total value. 
Walter et al. (2001) emphasize that the essential reason for business relationships to exist 
is value creation. When value creation is considered from the customer´s point of view, 
it means that maintenance profits during the life cycle of an item should be higher than 
the sacrificed costs. On the other hand, from the equipment provider’s point of view, 
value creation would mean selling maintenance services in addition to equipment. In the 
title of this thesis the term “added value” (mainly economic but also non-monetary 
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aspects) means the perceived value of each network member, which is or at least should 
be higher than what they can create alone.  

How is this co-created value shared in these relationships? Chicksand et al. (2011) 
propose, that the way in which value is shared depends on many factors, including the 
following, which can vary both within and across industries:  

1) Pricing models; the way in which suppliers present their offers 
2) Purchasing evaluation models; the way in which customers evaluate offers from 

suppliers  
3) The power relationship between the buyer and the seller  
4) The amount of customer value the supplier is able to present in its sales offering 

and the amount of supplier value the customer is able to present in its purchasing 
offering. 

According to Chicksand et al. (2011), in a situation where only one partner of the business 
relationship is dependent on the other, the non-dependent party has likely predominance 
of the value sharing (this refers to the power relationship between the supplier and the 
customer). But if the power between the supplier and the customer is somewhat equally 
balanced, the core resources (money, product or service) and the accessory features (e.g. 
behaviours and commitments) each party has to offer become much more important.  

In a network it is usual that the achieved profits are divided in an unfair manner among 
the network members (Chicksand et al., 2011; Cox et al., 2003). According to Cox (2004), 
an “ideal” win-win situation, where both the customer and the supplier fully achieve their 
“ideal” outcomes, is not possible in real business relationships, because if one party 
achieves the “ideal” outcome, it inevitably means that the other party does not. Therefore, 
possible win-win situations in business relationships are a) both the customer and the 
supplier win partially, b) the customer wins but the supplier wins only partially, and c) 
the supplier wins but the customer wins only partially. In many situations, the customer 
company receives most of the increased value, whereas the service provider usually gets 
nothing (i.e. choice b). In some cases it may be only appropriate for one party to get a bigger 
share of the co-created value. Therefore, instead of sharing the co-created value equally, it is 
important to share the co-created value equitably between the members in order to keep the 
whole relationship competitive.  
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3 Designing process of the life-cycle model   

3.1 Five-step process of the constructed life-cycle model  

The practical interests and needs of industrial maintenance services regarding cost 
modelling came up on the basis of master’s theses concerning real life research problems 
in different companies. A list of the selected theses is presented in publication 1, 
Appendix A. From these theses it can be concluded that the service providers are 
interested in tools with which they can show their customers the financial benefit gained 
by subcontracting (Hallila, 2007; Olli, 2007). The need to examine the costs of 
subcontracting also exists in the customer companies (Eronen, 2004; Kangasmuukko, 
2003). In the thesis of Olli (2007) the costs of both the customer and the service provider 
were considered when constructing a pricing model. The theses of Karjalainen (2005) and 
Ali-Löytty (2002) underline the life cycle approach in cost modelling, whereas Nikkanen 
(2010) and Selenius (2010) define the different cost categories of the industrial 
maintenance business. 

The existing LCMs including maintenance (Lapašinskait  & Boguslauskas, 2006; Jun & 
Kim, 2007; Wang & Xu, 2009; Kayrbekoya et al., 2011; Navarro-Galera & Ortúzar 
Maturana, 2011; Lad & Kulkarni, 2012; Waghmode & Sahasrabudhe, 2012) focus on the 
perspective of either the service provider or the customer, but not on both perspectives at 
the same time. Most of the models are designed for new or replacement investments (e.g. 
Navarro-Galera & Ortúzar Maturana, 2011). They are very case-specific and difficult to 
implement because of complicated mathematical solutions. Value thinking is integrated 
into very few models (Wang & Xu, 2009). Also LCPs like minimizing downtime and 
failures are not included in the models.   

When discussing the maintenance services required by a single item there are three main 
alternatives: the customer produces the services by itself, the customer and the equipment 
provider produce the services together, or an independent maintenance service company 
acts as an integrator and produces the services (see Figure 1 in publication 4). In practice, 
the solution is usually a combination of these three. This is not necessarily the most 
optimal way of creating value, because usually each member of the maintenance network 
examines the created value, i.e. the combination of costs, profits and non-monetary 
factors (e.g. safety, reliability and reputation), from they own point of view.  

From the discussion above it can be concluded that there is a need for a practical network-
level tool which connects quantitative (costs, savings and profits) and qualitative (values) 
aspects (Levery, 1998; Reinarzt & Ulaga, 2008; Hochchorner & Noring, 2011) and it 
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should be developed together with companies (Garg & Deshmukh, 2006; Sharma et al., 
2011). 

Asiedu and Gu (1998) describe three different approaches to developing cost models for 
LCC: conceptual, analytical and heuristic. Conceptual models introduce a qualitative 
framework, which consists of a set of hypothesized relationships. They are generally very 
flexible macro-level models. Analytical models, like our LCM, are based on 
mathematical relationships describing certain aspect of a product or a system under 
certain conditions. Heuristic models are usually developed by using computer simulation. 
They produce solutions, which are feasible and sufficing, but not necessarily optimal. 
Heuristic models are suitable only for the specific situation for which they are designed, 
because they are not as general as analytical models.  

The previous methods for calculating LCC presented in the academic literature (see e.g. 
Barringer & Weber, 1996; Woodward, 1997; Kawauchi & Rausand, 1999), took account 
of  the  life-cycle  costs  of  an  item  from  acquisition  to  disposal,  and  maintenance  is  
considered  only  as  one  cost  element.  Our  interest  was  to  create  an  item-level  LCM to  
analyse particularly only maintenance operations and their influence on the costs and 
benefits. Our designing process differed from previous ones by concentrating on actual 
modelling; defining the model components and structure through iteration and user 
feedback. Another limitation of the earlier methods was the lack of the network 
perspective. We have connected the perspectives of the customer, the service provider 
and the equipment provider into the same model. The model also connects the quantitative 
and qualitative components in a novel way. It was also noticed during the modelling 
process that there was a lack of mutual terminology when speaking about the costs or 
values of maintenance operations. The designed LCM provides mutual terminology for 
calculating and managing the maintenance operations. Our model uses the present value 
method like most of the previous ones, but the benefit-cost ratio is a new figure.  

The designing process of our network-level LCM, shown in Figure 7, is presented briefly 
by describing what was done in each step and what was ready after each step. The 
definitions and choices made for the model are described more detailed and compared 
with previous models and the existing literature in chapter 3.2.  
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Figure 7. Designing process of the LCM 
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Step 1: Model components 

The development process started with the definition of cost categories. It was noticed that 
cost terms were not established in the maintenance business; companies understood the 
cost categories in a different way, and cost allocation methods varied e.g. terms like direct 
and indirect costs, variable and fixed costs or activity-based costing were not understood 
in the same way.  

The other component of the model was value, i.e. how the equipment-level value of a 
maintenance service can be identified and evidenced to the business network members 
(customers and maintenance service companies). During the research it was found out 
that there was rather little literature about the value and value elements of maintenance 
services, even though the discussion about it in the field of maintenance has increased in 
recent years. Because a comprehensive list of the value elements of industrial 
maintenance services was not available, a preliminary list of value elements was made 
for the customer and the service provider on the basis of previous studies.  

The development work for cost categories and value elements is presented in chapter 4.1, 
where the results of publications 1 and 2 are discussed. In the end of step 1 there were 8 
cost categories and 16 value elements (12 for the customer and 12 for the service provider) 
to be used in the model. 

Step 2: Conceptual structure  

After defining the cost categories and value elements, a conceptual framework for LCM 
was constructed. The basic idea was to develop a value-based life-cycle framework to 
show how maintenance services in different cases create value for each partner and how 
this  value  can  be  shared  between each  member  of  the  network.  The  framework  of  the  
model examined the balance between the costs and benefits of maintenance services. The 
benefits of maintenance were the consequences of reducing maintenance losses like 
breakdown times, material loss, and switch-over and start-up times. Value element lists 
for the customer and the service provider were attached to the model to show which 
elements might be important to each member of the network in different maintenance 
services,  or  which  effect  for  example  changes  in  demand or  in  the  economic  situation  
may have to value element lists.  

Step 3: Spreadsheet model 

The first version of the LCM, presented in publication 4, was developed with a 
spreadsheet software after some iteration rounds made for the ideas of the framework. 
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The cost categories were specified and the preliminary value element lists were revised 
by maintenance experts of the case network to be better for the perspectives of the 
customer and the service provider. There were now seven main cost categories; 
operational costs, quality costs, costs of outsourcing and logistics, environmental costs, 
asset management costs, research and development costs and other costs.  

The present value method was chosen for the LCC method, because the cost elements 
will occur at different times throughout the life of the item. It is essential to consider the 
whole life cycle of the item when analysing the influence of maintenance decisions on 
the costs and benefits of maintenance operations. The main results of the model were the 
cumulative net present value, CNPV, and the benefit-cost ratio, B/C-ratio. CNPV 
illustrates the economical value of maintenance actions during a designated life-cycle and 
B/C-ratio describes the annual difference between maintenance profits and costs.   

When discussing with maintenance experts some new value elements rose, some were 
left out, and some were merged into a new term (the detailed development process of the 
value elements is presented in publication 3). All in all there were 18 value elements (12 
for the customer and 14 for the service provider) in the model at this stage. LCM 
calculated a numerical value for the chosen value element list of each network member 
by using the percentage factors and the added value of the whole network (equals CNPV). 

Step 4: Feedback and comments from users 

The first version of the model was designed by using two separate maintenance cases in 
the process industry. The developed LCM did not take account of different ways of 
production, such as batch or serial production at this stage. Some minor specifications for 
the cost categories were made; the number of the categories was six for the customer and 
seven for the service or equipment provider (the cost categories are listed in Table 3, p. 
43).  The next step was to test  the presented LCM with other cases in different lines of 
business. This further development of the LCM included several iteration processes using 
information from workshops, testing and users’ feedback.  

Step 5: Tested and improved version 

As a result of the development work done in step 4 (for more, see in publications 4 and 
5), the following improvements were made to the model: 

 the instructions of the model were clarified 
 the calculation logic of the model was improved 
 the charts were made more visual 
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 sensitivity analyses were added into the model, and 
 individual value elements were left out. 

Sensitivity analyses for the main results were added into the model. These analyses are 
not typical input data-based analyses as they are usually understood, but more likely they 
should be seen as a rough scenario tool. The user can make scenarios (realistic or 
optimistic) for CNPV and B/C-ratio by changing the annual total  costs or profits  ±X% 
from the original. There is also another way of doing sensitivity analysis in the model, by 
defining the perceptual minimum and maximum levels for CNPV or B/C-ratio. These can 
be then seen as limiting lines in the charts of CNPV or B/C-ratio.   

During the designing process it was noticed that the value and value elements were 
experienced very important. However, it was also discovered that to exploit the value 
distribution in a better way, much more research and further development would be 
needed. The current value distribution by the percentage of weighted value elements was 
considered quite artificial in the user’s feedback. Also some challenging research 
problems like how to set the price for safety or how to calculate the indirect effects of 
flexibility or reliability came up. That is why it was decided to leave this part of research 
(i.e. connecting individual value elements to the model) out of the thesis for further 
research and speak only about the total value of the network. In fact this research is 
already ongoing and some preliminary results have been achieved (see Ali-Marttila et al. 
2014; 2015A; 2015B). The idea is to realize this value distribution with another tool, 
called Value Profiler, which will be attached to the LCM later. 

3.2 Definitions and options of the components of the life-cycle model 

In this chapter the definitions and choices made for the LCM are explained, and the 
designed model is compared with existing ones. In the end of the chapter, Table 4 
summarizes the characteristics of previous LCMs and the created model. 

Network perspective 

The main shortcoming of previous models was lack of the network perspective 
(Lapašinskait  & Boguslauskas, 2006; Jun & Kim, 2007; Wang & Xu, 2009; Kayrbekoya 
et al., 2011; Navarro-Galera & Ortúzar Maturana, 2011; Lad & Kulkarni, 2012; 
Waghmode & Sahasrabudhe, 2012). A network is defined in this thesis as any structure 
that exceeds inter-organizational boundaries, and accordingly, also a dyadic relationship 
is called a network. Although the introduced LCM has been designed for the use of 
networks (customer, service provider and equipment provider) it can be used at the 
company level as well. In practice this means that companies can use the model together 
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by sharing all input information and calculations (i.e. costs, profits, production figures 
etc.) openly, or if they are not prepared for this kind of openness, each company can use 
its own input data and calculation sheet independently to analyse the effects of 
maintenance operations, and after that the companies may compare the results by hiding 
the detailed input information.  

Individual item life cycle  

The designed LCM is based on the idea of life-cycle costing. The life cycle of an item is 
the time interval between conception and disposal (IEC 60300-3-3, 2004). The meaning 
of the life cycle can vary depending on the role of the network member (see Figure 8). 
The life cycle of an item for the equipment provider usually includes the phases before 
sale (e.g. concept and definition, design and production), and the phases after sale (e.g. 
installation and maintenance), at least to the end of guarantee. The customer’s part in the 
life cycle of an item begins from installation and ends in disposal, whereas the service 
provider participates in the phase of maintenance, depending of the length of the 
maintenance contract. Levrat et al. (2008) and Takata et al. (2004) underline that 
maintenance should be considered also at the early phase of the designing process to 
improve the maintainability of the item in the future. Life cycle in the designed model 
means the life cycle of an item based on maintenance and maintenance contracts in the 
phase of operation and maintenance. 

Figure 8.  Definition of the term life cycle used in the model [adapted from IEC 60300-3-3, 2004]   

Lapašinskait  and Boguslauskas, (2006) include acquisition and operating and 
maintenance phases in their life cycle model. Jun and Kim (2007) define the life cycle as 
the expected operating time of the product, whereas and Lad and Kulkarni (2012) talk 
about the effective life of the machine. In addition to these phases, Waghmode and 
Sahasrabudhe, (2012) add disposal into their life cycle model.  
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Costs, cost savings and maintenance-related profits or losses 

The cost categories vary a lot in the existing models. Jun and Kim (2007) have only three 
main cost categories in their LCM; investment, annual operation and maintenance, and 
disposal costs. Waghmode and Sahasrabudhe (2012) include 25 different cost elements 
in their LCM, whereas Lapašinskait  and Boguslauskas (2006) pay attention to 
operational and maintenance costs only.   

In the beginning of the designing process there were more cost categories, and they 
differed from the final categories. Because our aim was to keep the model simple and 
practical to use, the cost categories were stabilized into six after certain iteration and 
testing of the model. The cost categories and subcategories included in the model for the 
customer and the service or equipment provider are listed in Table 3. For the service 
provider or equipment provider there is one extra cost category; research and 
development costs, which has been added on the basis of user feedback. Our LCM has 
two new cost categories, quality and environmental costs, which differ from the cost list 
of standard SFS-EN 15341 (2007). These two categories were considered significant by 
the maintenance experts in case of failures. 

Another reason for the fewer main cost categories was a consequence of research 
observations which indicated that cost information was not on detailed enough level for 
the model in the case companies. The main cost categories were further divided to 
subcategories (see Table 3). Although the model contains a number of subcategories for 
costs,  using  them  is  optional,  which  increases  the  generalization  of  the  tool.  If  the  
accumulated cost data is not specific enough, or if the company feels that breaking down 
the costs will not bring any specific additional value to them, they are able to use even 
one cost category only. 

Maintenance cost savings are based directly on the entered cost information. Modelling 
the annual cost savings is based on the comparison of the average costs of the life-cycle 
so far to the annual costs of the present year. Thus occasional large variation in yearly 
costs can be eliminated and they do not have too much influence on planning the future 
operations. 
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Table 3. Main and sub cost categories for the customer and the service or equipment provider 

MAIN COST 
CATEGORIES 

CUSTOMER’S 
SUBCATEGORIES 

SERVICE / EGUIPMENT 
PROVIDER’S 

SUBCATEGORIES 

Operational 
maintenance costs 

Labour costs 
Energy costs 

Material costs 

Labour costs 
Energy costs 

Material costs 

Quality costs 
Quality control costs 

Costs of low-grade products 
Warranty costs 

Costs of outsourcing 
and logistics 

Outsourcing costs 
Logistics costs (procurement) 

Outsourcing costs 
Logistics costs (procurement) 

Environmental costs 
Cleaning costs 

Processing costs 
Supervision costs 

Cleaning costs 
Processing costs 
Supervision costs 

Asset management 
costs 

Costs of current assets 
Costs of fixed assets 

Costs of current assets 
Costs of fixed assets 

Research and 
development costs 

 Designing costs 
Data acquisition costs 

Other costs 

Costs of tools and instruments 
Research and development costs 
Cost of safety and accidents 
Training and negotiation costs 
Rest of the costs 

Costs of tools and instruments 
 
Cost of safety and accidents 
Training and negotiation costs 
Rest of the costs 

 

Maintenance-related profits and losses illustrate the financial effects of maintenance 
changes. They can be calculated by the profit losses due to one hour stoppage in 
production and maintenance hour. Maintenance-related profit and losses is a term for the 
customer, whereas the profit of the service provider or equipment provider consists of 
contract-based profits, equipment-based bonuses, and equipment sales -based profits.  
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Data 

The initial data must be reliable and as relevant as possible, because it has the greatest 
impact on the final results (Kawauchi & Rausand, 1999; Woodward, 1997). Data 
collection was a very challenging stage, because the maintenance cost data of the item at 
the operational level was not always adequate. Some assumptions and estimates had to 
be done by maintenance experts to divide the total costs into different cost categories at 
least at some level of accuracy. Sometimes the companies themselves first believed that 
they had accurate item-level data, until discovered otherwise. There are lots of cost data 
in companies’ cost systems, but the information is not detailed enough on the item level. 
It should be available at least in the case of critical items. Production-related information, 
such as capacity, operating time, production speed etc. is well known, and also 
maintenance-related information like maintenance hours and the share of corrective or 
preventive maintenance can be found quite easily. However, product-related information 
can be problematic, because the item in question may not produce finished products but 
semi-finished ones or parts of the finished product. In these situations it is challenging to 
define for example the unit production cost or profit margin. This problem will disappear 
when the perspective is expanded to the production line or even the plant. The challenges 
in data collection influenced also the number of cost categories in the model as discussed 
above.    

The  network-level  view is  beneficial  also  from the  perspective  of  data  collection.  The  
life-cycle data of the item can be fragmented between different network partners, and 
pooling the data with a joint decision making tool can result in valuable information for 
each company. It was also discovered in many occasions during the research that the 
terminology (e.g. costs and values) were not considered and understood in a same way in 
different companies. This complicates communication between network members and at 
worst it may lead to misunderstandings. One purpose of LCM is to decrease this 
incoherence of terminology and improve co-operation within the network.   

Present value method 

Cost elements will occur at different times throughout the life of an item and because the 
LCM  has  been  developed  to  model  these  costs  during  a  time  series,  it  is  essential  to  
calculate the present value of the life-cycle costs (Oehmke, 2000; Baily et al., 2005; 
Horngren et al., 2006; Hochschorner & Noring, 2011). For example Lapašinskait  and 
Boguslauskas (2006), Jun and Kim (2007), Lad and Kulkarni (2012), and Waghmode and 
Sahasrabudhe (2012) use the present value method to calculate LCC. Kayrbekova et al. 
(2011) have an activity-based method to calculate LCC in their model. Emblemsvåg 
(2001) suggests also activity-based costing to be used in life cycle cost analysis. This 
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method observes the overhead costs and allocates them more accurately than 
conventional  cash  flow  -oriented  costing.  It  also  highlights  the  cause-and-effect-  
relationships of the costs. However, using the activity-based method requires an extensive 
activity-cost database (Korpi & Ala-Risku, 2008).  

The developed LCM is based on the conventional cash flow -oriented model by using the 
present value method to calculate LCC. This choice has made it possible to keep the 
model simple to implement and easy to use. The decision of not applying activity-based 
LCC was based on the observation that the companies in the case networks and in general 
did not have the needed activity-based data available. According to Innes and Kouhy 
(2011), who have studied the activity-based approach, the level of its implementation is 
still relatively low. Hyvärinen (2015) has noticed the same fact in a large survey on 
management accounting systems (over 1500 respondents in Finnish companies).  

As  the  life-cycle  costs  are  discounted  to  their  present  value,  the  discount  rate  weighs  
heavily on the results. A high discount rate favours low capital costs, short lifetime and 
high recurring costs, while a low discount rate will have the opposite effect (Woodward, 
1997). The used discount rate should at least be on the level of the company’s weighted 
average cost of capital.   

Benefit-cost ratio 

The other key figure of the LCM is the benefit-cost ratio (B/C-ratio). Canada et al. (1996, 
p.193) define the B/C-ratio “as the ratio of equivalent worth of benefits to equivalent 
worth of costs”. The B/C-ratio is often used in measuring economic effectiveness in 
public investments. Commonly, the B/C-ratio is calculated as follows (Canada et 
al.,1996): 

= + ( + ) (1), 

where 

B  = annual worth of benefits to user 
CR  = capital recovery cost or the equivalent annual cost of the initial investment 
O  = uniform annual operating cost 
M = uniform annual maintenance cost 
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The modified form of the formula is  

=
( + )

 (2), 

where the worth of net benefits, operating and maintenance costs is divided by investment 
costs (Canada et al., 1996; Mott, 1997). Our model uses the common version of the 
formula in other words compares maintenance profits (i.e. received cost savings and 
reduced losses) to maintenance costs. In the model the B/C-ratio can be calculated 
through the whole life-cycle, not only at the annual-level.   

The B/C-ratio is a comprehensible, concrete and intelligible indicator even to non-experts 
to show the balance between benefits and costs. Although the indicator may seem to be 
simple, defining its components is usually challenging, which influences on the result. If 
the B/C-ratio gets a value of over 1, the profits overrun the costs. 

Sensitivity analyses 

The developed LCM has been designed above all for planning future maintenance actions 
and  analysing  their  impact  on  the  costs  and  profits  in  the  long  term.  There  are  certain  
assumptions of cost and profit trends and type of maintenance actions (e.g. preventive 
and corrective maintenance) that are made under uncertainty. Sensitivity analysis 
highlights the effect of changes in the input data to the results (Kawauchi & Rausand, 
1999; IEC 60300 3-3, 2004). Jun and Kim (2007) emphasize the importance of sensitivity 
analysis when there are uncertainties in the input data. To improve the given information 
of the LCM, sensitivity analyses have been added to the model. 

Comparison of the characteristics of previous LCMs (Lapašinskait  & Boguslauskas, 
2006; Jun & Kim, 2007; Wang & Xu, 2009; Kayrbekoya et al., 2011; Navarro-Galera & 
Ortúzar Maturana, 2011; Lad & Kulkarni, 2012; Waghmode & Sahasrabudhe, 2012) and 
the created one discussed above is presented in Table 4.  

  



3.3 Research data and methods 47

Table 4. Comparison of the characteristic of previous LCMs and the created model. 

PREVIOUS MODELS CREATED MODEL 

Case-specific Flexible applications  

The perspective of one company The perspective of a company network 
or one company 

Typically lack of life-cycle profits Life-cycle profits are included and 
customized for each network member 

Various sets of cost categories, depending 
on the case and the model 

Various cost categories in the same 
model, the user can decide how to apply 

them 

Data collection poses challenges for each 
user individually 

Collaboration in data collection is 
enabled through a joint tool 

LCC methods depend on the case  
Conventional cash flow and present 

value chosen as LCC methods to 
increase applicability 

Sensitivity analyses and economically 
justified results are used 

Sensitivity analyses, economically 
justified results and the possibility for 

network-level performance management 

3.3 Research data and methods 

In this subchapter the main aspects of research data for the publications is discussed. A 
summary of the data and the methods used in the research are presented in Table 5, p. 50. 
Also which designing steps of LCM the publication is connected to is presented (these 
steps were introduced in chapter 3.1, pp. 38-40). 

Publication 1 

In publication 1 a literature review was done first to get to know the recent studies in the 
field of cost models in maintenance. Several quantitative and qualitative cost models for 
maintenance were found in the academic literature. Then the information of academic 
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cost  models  were  combined  with  the  eight  master’s  theses  information  of  real-life  
problems in companies in order to design the framework for the model.  

The empirical part of the study was based on the maintenance processes of three 
equipment cases in the studied maintenance network of forest industry (customer 
company, service provider company and equipment provider company). These 
companies were chosen as the context because the companies had been working together 
for many years and they were also willing to take a close look at the maintenance costs 
on the equipment level. The equipment cases called chipper (Case 1), DD-washer (Case 
2) and drying machine (Case 3) were selected in close collaboration with the network 
companies. The selected cases represented different phases in the pulp manufacturing 
process, which enabled us to gain a holistic view of the maintenance costs. The cost data, 
which covered one-year data, was collected by the interviewees with the help of a 
spreadsheet. Because the companies in the studied network wanted to hide their real 
monetary costs from each other, the costs in the model were presented as percentage 
values. The final results of the cost model (i.e. percentual results) were then analysed in 
workshops with representatives of the case companies.  

Publication 2  

The data for publication 2 was generated through a review of existing articles related to 
the  value  elements  of  service  and  products,  found  in  the  Web  of  Science  and  Scopus  
databases. The total number of articles, containing the keywords value element or value 
driver and services was 18, published during the years 1998-2012. These 18 articles were 
then classified according to whether the perspective of the article was that of the 
customer’s or the service provider’s. The customer perspective was taken in most of the 
articles concerning the value of goods and services (14 articles in 1998-2012). The service 
provider’s perspective was taken into consideration only recently (4 articles in 2005-
2011). These  articles  were  exploited  when  the  value  element  lists  for  industrial  
maintenance were constructed.   

Publication 3 

In publication 3 the researchers tested the value element lists which were introduced in 
publication 2. This was done through a written pre-assignment, in which the respondents 
from seven case companies analysed the value elements of various maintenance services.  
Altogether 91 answers from seven companies were received; 30 answers from customers 
and 61 from service providers. The respondents were working with planning and 
managing maintenance operations. The answers of the pre-assignment and preliminary 
lists of value elements were then discussed by group work in a workshop arranged for 
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representatives of the case networks. In the workshop there were four participants from 
customer companies and five from service providing companies. The introduced 
framework for the LCM is based on the results of publications 1, 2 and 3. 

Publication 4 

In publication 4 the framework for LCM presented in publication 3 was tested with real 
data in case studies with two companies (a customer and a service provider) operating in 
a mining network. The production equipment of the chosen network had a long life cycle, 
which made it possible to get enough cost data and experiences of the maintenance 
services of the item to conduct the research. The customer and the service provider also 
had a long relationship in maintenance operation, which enabled gathering experiences 
from both sides. The customer company in the case network of forests (in publication 1) 
had outsourced maintenance comprehensively to a single service provider, whereas in the 
case network of mining there were many maintenance companies with smaller areas of 
responsibility. These two different network cases of organizing maintenance completed 
each other perfectly.  

The model was tested in two separate cases: a jaw crusher (Case 1) and a rod mill in the 
grinding and flotation phase of the process (Case 2). These cases were chosen because 
the  idea  was  to  study  also  the  differences  between  the  maintenance  of  critical  and  
noncritical items. The jaw crusher represents a critical item in the mining process and the 
rod mill is not so critical.  

The two cases were studied through several personal interviews with the maintenance 
manager, head of the mining department and foreman of maintenance. The maintenance 
costs were collected by the interviewed persons using the same cost structure as in the 
cost model presented in publication 1. The received cost data covered from three to five 
history years of the preventive and corrective maintenance cost data of these two case 
machines. The results of the LCM were analysed together with the maintenance experts 
of the two case companies. 

Publication 5 

In publication 5 a mathematical structure equation by equation of LCM was introduced. 
The designed LCM and the choices made in the designing process were compared with 
eight maintenance LCMs found in the academic literature. 
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Table 5. Research data and methods used in the publications 

Publication Research data description Method Step 

Publication 1 

Recent academic studies in the field of 
cost models in maintenance combined 
with empirical observations of eight 
master´s theses formed the basis for a 
cost model 

Cost information of the three case 
companies with relation to three different 
maintenance processes of the item was 
used to design the cost model. 

Five interviews and two workshops were 
held with representatives of the case 
companies. 

Literature review, 
case study, 
modelling 

1, 2 

Publication 2 

18 articles related to the value elements 
of service and products found in the Web 
of Science and Scopus databases during 
the years 1998-2012. 

Literature review 1, 2 

Publication 3 

91 answers from 7 companies for written 
pre-assignment. 

Workshop arranged for nine 
representatives of the case networks 
(both customers and service providers). 

Constructive 
framework 2 

Publication 4 
Data from two case companies 
concerning item level cost information. 

Modelling, focus on 
user experience of 

the LCM 
3, (4) 

Publication 5 

Eight LCMs for different kind of 
products, equipment, machines or 
systems found in the literature, used to 
compare with our model. 

Modelling, focus on 
the mathematical 
basis of the LCM 

(4), 5 

  

Peffers et al. (2008) introduce a synthesis of process elements for designed science 
research based on the work of various researchers (e.g. Archer, 1984; Nunamaker et al., 
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1990; Takeda et al., 1990; Hevner et al., 2004). This six-step research process includes 
the following activities: 

1) Problem identification and motivation 
2) Defining the objectives for a solution 
3) Design and development 
4) Demonstration 
5) Evaluation 
6) Communication 

After the literature review of cost and value terms and existing models (publications 1, 2, 
4 and 5) in the field of maintenance, the problem was defined as a lack of practical tool 
for everyday use to manage maintenance operations together in the network. Publication 
3 introduces the framework for the model and describes how this new model would solve 
the problem better than the previous ones. The design and development -phase is 
presented in publication 4, which concentrates on modelling with focus on the user 
experience  of  LCM.  Case  study  is  used  to  design  the  LCM,  which  is  typical  for  
technological solutions (van Aken, 2004). In publication 4 the case-study method is also 
applied to demonstrate the results of LCM at the network level. Publication 5 introduces 
an extended and improved model of publication 4. Feedback and comments from users 
were in a significant role in evaluating the model.  
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4 Results connected to the designing process  

4.1 Summary of the results of individual publications 

This chapter concentrates on the main research results of the whole thesis from the 
perspective of the research questions introduced in chapter 1.2. and the designing process 
of the LCM presented in chapter 3.1. First, each of the five publications is summarized 
briefly.  

Publication 1 

The main objective of publication 1 was to create a cost model for industrial maintenance 
services at a general level. The idea was to design a decision making and performance 
measurement tool for situations where the goal is to influence the maintenance costs 
caused by either the maintenance provider (i.e. service or equipment) or the customer. 
The model was designed for the network environment, because one important approach 
was to show how maintenance services affect the customer’s business from the point of 
view of the maintenance costs of the item.  

The first version of the created cost model included five cost categories: operating costs, 
machines and tools, spare parts, logistics, and quality. Even though only five major cost 
categories were used in the model, it was complex enough for describing how costs 
behave in the mutual relationship. For example if the service provider has promised 
certain uptime for the machine and is carrying most of the risks, the provider pays the 
warranty  costs  and  the  customer  pays  the  price  related  to  the  uptime.  The  cost  model  
enables the optimization and transferring of income statements and balance sheet items 
from the customer’s side to the service provider’s side of the model or vice versa. For 
example, who owns the spare part stock or maintenance tools?     

Figure 9 shows the basic structure of the first version of the cost model on the left with 
the extended version of the model on the right. While testing the model with three 
different equipment maintenance cases, it was discovered that some new cost categories, 
subcontracting, environmental and other costs must be added to the model to make it 
easier to control the typical costs of maintenance services. 
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Figure 9. Development of the cost model 

It was also discovered that the cost terms were not established in the maintenance 
business. The companies in this network understood the cost categories in a different way, 
and this incurred problems in using the model. It was also noticed that the so-called open 
books idea was not yet common in this network. In the beginning of the research it was 
supposed that the companies would open their costs in single cases to each other. On the 
contrary, the companies wanted to hide the real monetary costs, and therefore the costs in 
the model were presented as percentage values. It seems that the win-win and open books 
are not easily realized even in long-term customer relationships.  

Despite the problems described above, the cost model can be used in various performance 
measurement and decision making situations, like maintenance service pricing, contract 
negotiations, outsourcing decisions, and life cycle cost management.  

Publication 2 

Analysing long term profitability (especially in the case of preventive maintenance) also 
factors, which are difficult to measure in monetary terms need to be taken into account. 
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These qualitative aspects like reliability, reputation or operator knowledge, should be 
connected to model together with quantitative aspects like costs, savings and profits 
(Levery, 1998; Reinarzt & Ulaga, 2008; Hochchorner & Noring, 2011). 

In publication 2 the focus was on developing a conceptual framework, based on previous 
literature, for the main value elements of maintenance services from the perspective of 
the customer and the service provider. During the literature research it was found out that 
value and value elements had been studied in hotel, banking and restaurant services, but 
there was not a single article addressing the value elements of industrial maintenance. 
Because a comprehensive list of value elements was not available, it was constructed on 
the basis of previous studies (discussed in chapter 3.3, p. 48). The most common value 
elements were included in the list, some elements were classified in a new way and some 
elements not relevant for industrial maintenance were dropped out. The generated lists of 
value elements for the customer and the service provider are presented in Table 6. 

Table 6. Value elements of industrial maintenance services 

VALUE ELEMENTS 

CUSTOMER SERVICE PROVIDER 

Price 
Technical quality 

Dependability 
Contracts 

Relationship 
Reliability 
Flexibility 

Reputation of service provider 
Accessibility 

Asset management factors 
Total solutions 
Sustainability 

Price 
Flexibility  
Reliability 
Contracts 

Relationship 
Total solutions 

Operator knowhow 
Availability 

Asset management factors 
Access to market 

Reputation of customer 
Development, R&D 

 

The created value element lists and the main attributes of maintenance (i.e. preventive 
and corrective) added with item criticality where merged into a framework (Figure 10). 
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Figure 10. Value elements for a high-criticality item (top) and for a low-criticality item (bottom) 
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In Figure 10 it is demonstrated how the conceptual framework can be applied to analyse 
maintenance services. It should be noted that the chosen value elements presented in 
Figure 10 are exemplary and not based on any data. For high-criticality items, condition-
based and immediate corrective maintenance are the major types of the maintenance 
whereas for the low-criticality items the main types of maintenance are predetermined 
and deferred corrective maintenance. 

As illustrated in Figure 10 in a case of high-critical item the importance of the service 
price is decreased but the value elements like dependability and flexibility are emphasized 
from the customer’s point of view, whereas the price has remarkable importance for the 
service provider. On the other hand, in a maintenance case of low-criticality items the 
customer values above all the price, but it has not so important meaning for the service 
provider as it had in the case of the high-criticality items.   

Although this framework is theoretical, it shows that the value elements in maintenance 
services differ according to the item criticality. This theoretical framework was the 
starting point for developing the life-cycle model for industrial network.  

Publication 3 

In publication 3 the constructed lists of value elements for the customer and the service 
provider (introduced in publication 2) were tested with a written pre-assignment and a 
workshop to find out if these literature-based lists be valid for analysing real-life 
maintenance services. We also wanted to know if there were differences between the lists 
of the customer and the service provider concerning the same maintenance case or 
whether the lists would vary if their (i.e. customer’s or service provider’s) core or support 
services were taken into account. The results of the workshop were refined and clarified 
value element lists for the customer and the service provider.  

The main objective of publication 3 was to create a framework for the value-based life 
cycle presented in Figure 11. In the middle of the framework there is a time axis which 
describes the life-cycle of the item; in this example from the year 1990 to 2013. This life-
cycle consists of three different maintenance service periods: during the first period 
maintenance was managed by the customer company itself (in-house maintenance). Then 
some of the operations were outsourced to a single service provider, and the final step 
was to outsource the whole maintenance service of the item. 
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Figure 11. Value-based life-cycle framework 

The  costs  of  maintenance  are  described  below  the  time  axis  and  the  benefits  of  the  
maintenance above it. The costs of maintenance consist of i.e. the workforce, spare parts 
and tools. The benefits of maintenance are the consequences of reducing maintenance 
losses like breakdown times, material loss, and switch-over and start-up times. The value 
element lists in Figure 11 are based on interpretations of the researchers. The purpose is 
to show how each maintenance service period may have its own list of value elements, 
and how these lists may vary during the life-cycle of the item, as changes in demand or 
the economic situation cause changes in the criticality of the item. When the market price 
is high, it is crucial for a company to maximize the availability of the critical equipment 
in their process. However, when the market price is low and there is not much demand, 
deferred corrective maintenance can be used, as availability is no longer the priority. 

Publication 4 

In publication 4 the framework for the value-based life-cycle model introduced in 
publication 3 was developed further. The groundwork for the model had been done in 
publication 1 (cost structure) and publication 2 (value elements for customer and service 
provider).  Most  of  the  work  had  so  far  been  done  with  qualitative  data,  but  the  model  
introduced in this paper was tested with quantitative data, in other words with actual and 
estimated costs and profits.  

The value-based LCM has been developed to support future planning and decision 
making in a maintenance network (customer, service provider and equipment provider). 
Although the model has been designed for the network as a mutual tool, it can be used 
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also separately in each company. The main logic of the network-level model is presented 
in the Figure 12. 

 

Figure 12. Logic of the LCM  

The first two boxes represent sheets in the spreadsheet program that are common for all 
users; introductions and initial data. On the instruction sheet the user can explore the 
content and structure of the model. The initial data –sheet is for the identification 
information of the item and the names of its maintenance operators. In this sheet, the user 
can also decide on the length of planning periods for the input data.  

The customer, service provider and equipment provider have their own sheets for 
calculation. The suppliers input the maintenance costs (according to the cost categories) 
and sales-related information. The customer inputs the maintenance costs as well as 
product and production-related information (such as utilization rate and product margin). 
The user chooses a discounting rate (based on the company´s own targets) which is used 
to calculate the net present value of the costs, savings and profits. 
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The model was developed and tested with two independent equipment cases; a rod mill 
and a jaw crusher operating in the grinding and flotation phase of the mining process. The 
results presented here are based on the rod mill case, because the cost data of the rod mill 
case was more comprehensive and clearer than that of the jaw crusher case, and in 
addition, the maintenance processes of the rod mill consisted of both preventive and 
corrective maintenance actions. The testing was carried out with real cost data and 
numbers, but as requested by the case companies, the numerical results are not presented 
in public. That is why the following figures present simplified results without numerical 
values. The input data included cost information, operations-related information and data 
of preventive and corrective maintenance actions from the past five years. The future 
scenario (for the next five years) concentrates on preventive maintenance actions. This 
way, the company may be able to improve the utilization of the device and to reach cost 
savings, because preventive maintenance is usually cheaper than corrective maintenance 
(Knights et al., 2004; Woodward, 1997). For example if the market situation is bad, it is 
not usually worthwhile to use money for preventive maintenance, because there may not 
be any lost profits if the machine breaks down. In these kinds of situations the financial 
losses may be greater if preventive maintenance is used instead of corrective maintenance. 

The cumulative net present values of maintenance from both the customer's and service 
provider's points of view can be seen in Figure 13. The past five years have been 
unprofitable because the operation of the item has not improved from maintenance point 
of view. In addition, the share of maintenance of the maximal production time has been 
10 per cent each year. In the planning period it is assumed that the investments in 
preventive maintenance will increase the effectiveness and utilization of the device. This 
may enable the customer to reach better profits in the upcoming five years (see Figure 
13), even though there will be two big maintenance stoppages: in 2014 and 2016. 
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Figure 13. Cumulative net present values of maintenance from the customer's and service 
provider's point of view 

Better profits are possible not only for the customer but also for the service provider 
company. The service provider will benefit from the decreasing amount of corrective 
maintenance, because they will then be able to plan their maintenance actions better and 
use their resources more efficiently. To reach more profits, the customer and the service 
provider must co-operate. The plans for maintenance actions need to be done together, at 
least for two or three years forward. In long-range planning it is possible to define the 
needed maintenance actions for the upcoming years, and this way better reliability, and 
furthermore cost savings can be guaranteed.  

The benefit-cost ratio is a suitable indicator for analysing the balance between costs and 
profits. Focusing too much on optimizing the maintenance actions may lead to a situation 
where the costs of item maintenance are bigger than the received profits. That is why the 
benefit-cost ratio is a rational indicator for planning and controlling the total costs and 
profits of maintenance operations. In Figure 14 it can be seen that the benefit-cost ratio 
values have been at a low level in the history period from both the customer's and service 
provider's point of view. The scenario included an assumption that the investments in 
preventive maintenance would increase the profits of equipment in the future. Therefore, 
the costs of maintenance would decrease or at least stay at the current level. Based on 
this, the benefit-cost ratio would increase in years 2013-2017 (Figure 14). In some years 
(like 2014 and 2016) the benefit-cost ratio may decrease considerably, because big 
maintenance actions will be carried out in these years. In Figure 14 the service provider 
seems to have done better than the customer during the planning period because the 
benefit-cost ratio compares profit with costs, which are considerably smaller for the 
service provider than the customer. 
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Figure 14. Benefit-cost ratio of maintenance from the customer's and service provider's points of 
view 

In the value elements -sheet the user chooses one to five value elements from the element 
list and weights the elements by using percentage factors based on his perspectives and 
thoughts. The model gives a numerical value to all the chosen and weighted value 
elements by using the percentage factors and the added value of the whole network. The 
results can be seen in the distribution of the network value -sheet. In the rod mill case the 
customer’s added value (i.e. cumulative net present value of the customer) has been 
divided into four weighted value elements, reliability, safety at work, flexibility and 
availability, whereas the service provider values are orderliness, safety at work, flexibility 
and reliability. These results can be used to analyse how the gained profits and increased 
value can be distributed fairly to all network members. 

Publication 5 

In publication 5, the principles of the LCM model are introduced. The LCM is defined as 
the summation of three cost components; maintenance costs, maintenance cost savings 
and maintenance-related profit loss or gain. In addition, the maintenance profit loss or 
gain, originating from the annual changes in lost production, is substituted with certain 
profit categories, such as contract-based profits, in the case of the service provider or 
equipment provider, as the equipment is owned by the customer. 

Depending on the data entered (e.g. maintenance costs, product-related data, production-
related data etc.), LCM calculates a variety of results and figures, of which the cumulative 
net present value of maintenance CPNV, and the benefit-cost ratio, B/C-ratio are the most 
important ones. Both CNPV and B/C-ratio are presented individually for each network 
partner on an annual basis. The components and calculation logic of these two indicators 
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are represented in Figure 15 (explanation of the abbreviations can be found in the list of 
abbreviations on p.13 or in appendix A).  

The CNPV comprises the cumulative present value of maintenance cost savings, CPVS, 
added with the cumulative present value of maintenance-related profits or losses, 
CPVMRPL, and reduced by the cumulative present value of maintenance costs, CPVC (3).  

= ( + )      (3) 

The mathematical derivation of equation CNPV can be found in Appendix A.  

CPVMRPL is used to calculate the customer’s CNPV. When calculating the service 
provider’s or equipment provider’s CNPV, this component of equation (3) is substituted 
with CPVSCBP, which consists of contract-based profits, equipment-based bonuses, and 
equipment sales -based profits.  

 

Figure 15. DuPont chart of LCM 

The CNPV expresses the maintenance surplus, or deficit over the chosen planning period 
in the model. The CNPV is an indicator that clarifies the point where the maintenance 
profits exceed the maintenance costs within the life-cycle of the item. Naturally, the 
profits do not always overrun the costs, but the CNPV can then be used for finding and 
maintaining an acceptable level of deficit. 
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The second key figure of the LCM is the benefit-cost ratio, B/C-ratio (4). The annual 
proportion of maintenance profits in relation to maintenance costs can be seen from it. 
The benefit-cost ratio should always get a value of over 1, as then the profits overrun the 
costs. 

=
( + )

     (4) 

The benefit-cost ratio is an indicator for analysing the balance between costs and profits. 
It is important to find the optimal balance between maintenance costs and maintenance 
profits (i.e. received cost savings and reduced losses), but it is also important not to focus 
too much on optimizing the maintenance actions, because this may lead to a situation 
where the sacrificed costs are bigger than the received profits. For example preventive 
maintenance is usually considered cheaper than corrective maintenance and companies 
should invest in preventive instead of corrective maintenance. However, in a poor market 
situation it may be cheaper to use corrective maintenance, because a breakdown of the 
item does not necessarily mean lost profit. 

Our model has been designed first of all to help the planning of future maintenance 
operations, and therefore we have added sensitivity analyses into the model to make it 
possible to analyse potential changes in the results (cumulative net present value and 
benefit-cost ratio). These sensitivity analyses are not input data-based analyses as they 
are usually understood, but more likely they should be seen as a rough scenario tool. The 
user can make scenarios (realistic or optimistic) for the CNPV and B/C-ratio by changing 
the annual total costs or profits ±X% from the original. There is also another way of doing 
sensitivity analysis in the model, by defining the perceptual minimum and maximum 
levels for the CNPV or B/C-ratio. These can be then seen as limiting lines in the charts of 
the CNPV or B/C-ratio.  

In the first version of the LCM the idea was to add various (quantitative and qualitative) 
value elements to the model. The user could choose one to five important value elements 
and weight the elements based on his perspective and thoughts in the maintenance service 
case under discussion. The model gave numerical values to the value elements, which 
could be then used as a basis for contracts and bonus systems between the network 
members. 

At the moment we have decided to speak only about increased total value of the network 
(equals the CNPV). Value distribution to single elements has been left out of the LCM, 
because the current division of value by weighted value elements is quite artificial and 
should be developed further before adopting it in modelling. However, the value elements 
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are  still  useful  to  discuss  in  negotiations  and  contracting  between  the  members  of  the  
maintenance network.  

4.2 Contribution to the research questions 

A summary of the main points of the five publications in the thesis presented above is 
shown in Table 7, p. 67. The objective of this thesis was to develop a life-cycle model for 
industrial maintenance networks to help the members of the network to plan maintenance 
operations together better and to gain benefit for each member by increasing the value of 
the whole network in the long run.  

The objective of the thesis was divided into three research questions: The first one was: 
What kind of a structure is essential for the LCM in the maintenance network 
environment? Because the goal was to design an easy-to-use and simple-to-implement 
item-level tool for managing maintenance operations in a network, the following 
structural features can be listed as a summary:  

 The developed LCM is a discounted cash flow -oriented model, which 
concentrates on calculating the maintenance costs and profits of the item in the 
operation and maintenance –phase. This is a new approach compared to previous 
maintenance models.  

 The input data consists of production-related data (e.g. average production speed 
and theoretical maximum operating time), product-related data (e.g. profit margin 
ratio and unit production costs), cost data, and time usage data of operations (e.g. 
annual maintenance hours and share of maintenance in the maximum operating 
time)  

 Implementation has been kept simple by designing the model as easy to start with. 
The user needs very little obligatory information for the start. For example there 
are six or seven main cost categories, depending on the role of the user, which are 
further divided to subcategories, but the user needs to apply only one if there is no 
need for detailed information. 

 The structure of the LCM enables the members of the network to use the model 
together by sharing all information (costs, profits, production figures, etc.) openly, 
or if they are not prepared for this kind of openness, each company can use its 
own part of the model independently to calculate and analyse the effects of 
maintenance operations, and after that the companies may compare the results.  
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 The results of the model are the following: the cumulative net present value 
(CNPV), which illustrates the economic value of maintenance actions during a 
designated life-cycle, and the benefit-cost ratio (B/C-ratio), which describes the 
annual difference between maintenance profits and costs. These figures are 
calculated for each network member separately and for the whole network.  

 The qualitative part (i.e. value distribution to individual elements) was left out of 
the final version of the LCM for the time being, because it was noticed that this 
part would need much more extensive research. However, the total value of 
maintenance operations for each network member and the whole network is still 
in the model. This idea of value and value distribution to individual elements will 
be realized with an additional tool called Value Profiler, which will be attached to 
the LCM later on. 

The second research question was: What kind of phases are included in the construction 
process of the LCM for maintenance services in the network environment? The thesis 
presents a five-step constructing process of the LCM including the following steps: 

1) Definition of model components 
2) Conceptual structure of the model 
3) Spreadsheet model (first version) 
4) Feedback and comments from users (iteration rounds) 
5) Tested and improved model 

The previously presented methods have been designed for calculating product costs over 
the life cycle of the product from the acquisition to disposal, and maintenance has been 
considered only as one cost element. The introduced constructing process has been 
designed for modelling the LCC of maintenance operations in the operation and 
maintenance phase of the life cycle of an item. The five-step constructing process differs 
from previous ones by concentrating particularly on modelling; defining the model 
components and structure throughout the iteration and user feedback in a network 
environment.  
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Table 7. Summary of the publications of the thesis 

 Publication 1 Publication 2 Publication 3 Publication 4 Publication 5 

Title 
Modelling costs 
in maintenance 

networks 

Framework for 
the value 

elements of 
maintenance 

services 

A value-based 
life-cycle 

framework for 
networks of 
industrial 

maintenance 
services 

Using the life-
cycle model with 

value thinking 
for managing an 

industrial 
maintenance 

network 

Better 
maintenance 

decision making 
in business 

networks with a 
LCC model 

Objective 

Creating a cost 
model at the 

general 
equipment level 

for industrial 
maintenance 

services. 

Developing a 
conceptual 

framework for 
the main value 

elements of 
maintenance 

services from the 
perspective of 

the customer and 
the service 
provider. 

Identifying the 
equipment level 

value of a 
maintenance 
service and 

evidence it to the 
business 
network 
members 

Creating a 
general life-

cycle model for 
maintenance 

decision making 
in different 

industries at the 
item level. 

Describing the 
design and 

costing 
principles used 
in constructing 

the general item-
level LCC tool 

and comparing it 
to existing 

models. 

Research 
question 1,3 1,3 1 1,3 2,3 

Research 
methods 

Literature 
review, case 

study, modelling 
Literature review Constructive 

framework 

Modelling, focus 
on user 

experience of the 
LCM 

Modelling, focus 
on the 

mathematical 
basis 

Research 
data 

Cost information 
of three case 
companies 

Literature 
sample of 18 

journal articles 
during the years 

1998-2012 

Pre-assignment 
(91 answers) 
Workshop 

(9 participants) 

Cost information 
of two 

companies 

Literature 
sample of 8 

journal articles 
of LCM 

Main results 

The findings 
concern the cost 
items that should 
be considered in 
the model, the 
structure of the 
model, and how 
the general cost 

model is 
constructed. 

The general 
value elements 

in industrial 
maintenance 

services based 
on previous 

literature, are 
identified in 

order to 
understand better 
the definitions of 

value, the 
structure of 

value and the 
value creation 

process in 
maintenance. 

The theoretical 
lists of value 

elements (VMs) 
are specified and 
definitions of the 
VMs clarified. 

At the item level 
the VM lists of 
customer and 

service provider 
are different. At 

the company 
level the lists are 

quite similar. 

General LCM 
for maintenance 
decision making 

in different 
industries at the 
item level. LCM 

connects the 
different 

perspectives of 
maintenance 

network 
members 

(customer, 
service provider 
and equipment 

provider) 
together 

The construction 
process of a 

general LCM for 
maintenance 

planning at the 
network level is 

introduced. 
Comparison of 

the characteristic 
of previous 

LCMs and the 
created model is 

listed. 
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The third and the final research question was: What are the benefits and challenges of the 
designed LCM? As a conclusion of the designing process, and on the basis of user 
feedback and observations made during the research, the following lists were formed.  

Benefits: 

 Common tool for customer and service or equipment provider. The common tool 
makes it possible to plan maintenance operations together and to manage them 
effectively.  The  goal  is  to  receive  higher  profits,  which  are  possible  with  co-
operation not only for the customer but also for the service provider company. 

 Common terminology for cost categories and value elements. The LCM decreases 
the incoherency of the terminology and makes the communication between 
customers and suppliers easier. 

 Possibility to make scenarios. The user can make scenarios (realistic or optimistic) 
to visualize how different kinds of maintenance operations affect the costs and 
benefits and to decrease the uncertainty of the results concerning the future 

 Follow-up of the impact of previous maintenance operations. The LCM can be 
used also for analysing the impact of the occurred maintenance operations by 
using actual information.  

 Flexibility of the model. The LCM can be used in a network environment or at the 
company level. The target of planning and analysing can also vary; a piece of 
equipment, a part of equipment, a production line or even a whole production 
plant.  

 Easy to use and implement. The LCM is not a theoretical tool with complicated 
mathematical solutions - on the contrary, it is quite easy to implement and it does 
not require special skills from the user. 

 Promotes the value thinking of maintenance. The LCM changes the impression 
of maintenance from a “cost maker” to a “value creator”. 

Challenges: 

 Data for the model. The initial data must be reliable, accurate, adequate, and as 
relevant as possible, because it has the greatest impact on the final results. There 
are lots of information in companies’ data systems, but it is not always available 
or in the right form for the model. 
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 Open books. To use the model in a network, open books are needed. However, it 
seems that the required openness is not easily realized even in long-term customer 
relationships. In fact, this may be quite a barrier to implementing the model.  

 Complexity of maintenance operations. Maintenance services are multiform, and 
therefore all possible alternatives have not been included in the model. This may 
also have increased the complexity of the model and its practicality.  
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5 Conclusions 
This chapter summarizes and discusses the main findings of the thesis. First, the findings 
are presented as theoretical and managerial implications. Then the validity and reliability 
of the designed LCM is analysed and some observations of the research methodology are 
made, and finally some suggestions for further research are presented. 

5.1 Theoretical implications 

In this chapter the contribution of this thesis is discussed from the theoretical perspective. 

From product view modelling to process view modelling. The first theoretical contribution 
provided by the thesis is the introduced five-step constructing process for life-cycle 
modelling. The previously presented methods (see e.g. Barringer & Weber, 1996; 
Woodward, 1997; Kawauchi & Rausand, 1999; EN ISO 15663-1; 2000; IEC 60300-3-3, 
2004) have been designed for calculating product costs over its life-cycle (i.e. between 
conception and disposal), and maintenance has been treated as one cost element, whereas 
the created designing process concentrates above all on modelling the economical effects 
of maintenance operations. The five-step constructing process defines model components 
and structure throughout the iteration and exploitation of user feedback. The same method 
can be followed to develop other models.  

From different kinds of LCMs in a single enterprise to one kind of LCM in the network 
environment. The second theoretical contribution is the designed life-cycle model (LCM), 
which provides a new insight into modelling maintenance costs especially in a network 
environment. The literature review of previous LCMs for calculating maintenance costs 
showed that a number of models for different kinds of products, equipment, machines or 
systems could be found in the literature (see e.g. Lapašinskait  and Boguslauskas, 2006; 
Jun and Kim, 2007; Wang and Xu, 2009; Kayrbekoya et al.2011; Navarro-Galera and 
Ortúzar Maturana, 2011; Lad and Kulkarni, 2012; Waghmode and Sahasrabudhe, 2012). 
Although the demand for LCMs has been commonly identified (see e.g. Korpi and Ala-
Risku, 2008; Hochchorner and Noring, 2011), there is not a single LCM that has been 
widely used and accepted as a standard (Waghmode and Sahasrabudhe, 2012). The 
created LCM serves as a basis for many possible applications of LCC, due to the 
flexibility and versatility of the model. 

From general value elements to specific value element list of maintenance services. The 
third theoretical contribution of the thesis is the value element lists established for the 
customer and the service provider. The literature review concerning value and value 
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elements in maintenance services uncovered the fact that there is relatively little literature 
about the value or value elements of maintenance service. Value and value elements have 
been studied in hotel, banking and restaurant services, but not a single article was found 
that would address the value elements of industrial maintenance. Ojanen et al. (2012) 
support this view by mentioning that there is a lack of practical, comprehensive 
approaches to formulate and assess the value of maintenance business based on customer 
collaboration. 

5.2 Managerial implications  

LCM makes the financial view of maintenance visible and understandable for co-
operation partners in a network. 

The designed LCM provides a new insight into managing maintenance operations in the 
network environment and promotes the conception of maintenance as an important part 
of business strategy. For years the academic discussion on maintenance has emphasized 
the fact that in order to convince the decision makers, the results of maintenance analysis 
should be translated into economic values. The LCM offers maintenance managers a tool 
for validating their decisions to the managers at the top level of the organizational 
hierarchy. 

The LCM is suitable for item-level decision making, by analysing the real costs and profit 
from the past and planning the future with the help of scenarios, mutually on the network 
level or separately in each individual company. The key figures of the model are the 
cumulative net present value (CNPV), which illustrates the economic value of 
maintenance actions during the designated life-cycle of an item, and the benefit-cost ratio 
(B/C-ratio), which describes the annual difference between maintenance profits (benefits) 
and costs. I conclude that one way to improve maintenance planning and decision making 
especially in the network environment, is monitoring the CNPV with our LCM. In 
addition, the results of our model enable network-level performance measurement and 
management. Although the LCM has been designed for the item level, the calculation 
target  may be  extended  to  a  production  line  or  even  to  a  whole  production  plant.  The  
LCM is also a suitable tool for small companies for building active networks to offer 
outsourcing services for large companies. 

Each network member has their own conception of value creation in maintenance 
services. All these different conceptions must be taken into consideration in maintenance 
service collaboration to achieve a win-win situation, where each member of the network 
benefits. The formed value element lists of maintenance operations for the customer and 
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the service provider offer a way to find out what the different partners value in industrial 
maintenance services. Above all, this would improve the communication between the 
customer  and  the  service  provider  and  could  be  used  as  a  basis  for contracts or bonus 
systems between the network members. 

The LCM is not only a tool for calculating the network value of maintenance, it can also 
decrease the incoherency of the terminology (e.g. costs and values) in the field of 
maintenance. Mutual terminology is essential to avoid misunderstandings and enhance 
communication between the network members.   

5.3 Limitations 

In this chapter I discuss first the reliability and validity of the LCM. Firstly, the LCM was 
mainly designed in one maintenance network by using two maintenance cases. This 
challenges the validity of the generalization of the model. Although the development 
process was done with two maintenance cases, the constructed model was tested 
afterwards with maintenance experts representing several lines of business. Interestingly, 
the received feedback was quite similar despite the variety of the users’ maintenance 
operations. According to the feedback, the users were satisfied with the basic principle of 
the model and the results, but each one of them wanted some addition to the model, typical 
for their own business.  

The second point of validity of the model is its “simplicity”. Some compromises in the 
structure of the LCM were made to avoid complexity; e.g. the model does not take 
account of all the kinds of special characteristics of maintenance operations and input 
data that the feedback required. Despite of these structural choices, the LCM can easily 
be changed, for example the number of cost categories or the names of the cost categories 
can be changed when necessary in order to meet the user’s needs, which will increase the 
flexibility and versatility of the LCM.  

The third point  of  validity  of  the  LCM  is  related  to  the  reliability  of  the  data.  It  was  
challenging  to  get  correct  and  detailed  maintenance  cost  data  of  an  item  from  the  
companies. It was typical that maintenance costs were not available at the item level, in 
different cost categories, or in preventive and corrective costs separately. Therefore some 
estimates and rough guesses were made to the data to be able to test all the functions of 
the model. The used scenarios were based on assumptions of future, and the effects of the 
chosen maintenance operations were overemphasized intentionally to show the possible 
benefits for all network members. To find out the real benefits of item maintenance for 
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each network member, the LCM should have been tested with the cases for a longer time 
of period and with genuine cost data instead of fictitious numbers.   

The fourth point of validity of the LCM concerns the used discounted life-cycle costing 
method. The greatest challenges were related to evaluating the future costs and dealing 
with uncertainties of the future affecting the life-cycle costs. Sensitivity analysis included 
in the LCM is a means to reduce the impact of these uncertainties. Adequate costing data 
will improve also the reliability of the results. As the life-cycle costs are discounted to 
their present values, a discount rate weighs heavily on the results. Therefore the discount 
rate should be at least on the level of the discount rate used by the company, e.g. weighted 
average cost of capital. Because of the uncertainties, the user must analyse the results by 
observing the input data and the current situation of the company rather than have blind 
faith on the results. 

The final point of validity of the LCM is related to the open books. To use the model in a 
network, open books -principles are needed. However, it seems that the required openness 
is not easily realized even in long-term customer relationships. It is much easier to 
maximize the company’s own profit than to share the benefit with another company. The 
open books -approach requires trust between the network members, but it would lead to 
greater benefits mutually. Protecting the confidential and most sensitive pieces of 
information throughout the worksheets of the LCM would certainly facilitate the 
integrated use of the model. At the moment all input data is shown to all network 
members.  

Finally, I present some observations concerning the used research methodology, design 
science. Design science improves the environment by introducing new and innovative 
artefacts and processes to build these artefacts (Hevner, 2007). The challenge of design 
science research is the theoretical contribution, because it relies strongly on practical 
relevance. However, according to Holmström et al. (2009) the design science -approach 
and the pragmatic foundation can be seen to bridge the gap between theory and practice. 
The contribution of this research has a strong practical focus; it connects the cap in the 
literature and real word problems in maintenance management.  

The research has features of exploratory (initial solution design and solving the problem) 
and explanatory (establishing theoretical relevance) approaches. In the exploratory part 
of research, the solution for the life-cycle model for managing maintenance networks was 
developed. Hevner (2007) emphasizes that the output from design science research must 
be submitted to field testing. To cite Kasanen et al. (1993, p. 253) “the actual usefulness 
of a managerial construction is never proved before a practical test is passed”. Even 
though the testing of the LCM was conducted with two separate cases and maintenance 
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experts, it is still in an early stage. Van Aken (2004) suggests -test, which tests a solution 
in its original context and the -test, which makes observations of the solution in another 
context. Kasanen et al. (1993) discuss the spectrum of validation through a market test 
from a weak through semi-strong to strong market test. It can be concluded that the testing 
of the LCM is in the -phase and just in the middle of the weak market test. The testing 
of the model will continue. 

5.4 Suggestions for further research 

During  the  research,  some  suggestions  for  further  research  came  up.  In  this  chapter  I  
introduce the four most important ones. The first two are related to the generality of the 
model and the last two to the value elements of maintenance operations. Firstly, the 
designed LCM should be implemented and tested as a planning tool in cases where the 
maintenance costs and operations-related data can be gathered for a longer period of time, 
e.g. for a period of three to five years, to find out real benefits of network co-operation. 
Now the results are based on estimates and assumptions of future, and the effects of the 
chosen maintenance operations have been overemphasized intentionally. This long-term 
perspective would also highlight the effects of the chosen maintenance operations for the 
network value; for example the benefits of preventive maintenance can usually be reached 
after a long time.  

Secondly, the designed LCM should also be tested in larger networks including more 
network members, to find out how the model would work in a complex network, instead 
of the tested bilateral cases so far. This would also give more information about whether 
the members of the network are transparent enough to use the model and if not which are 
the major obstacles. It would also be interesting to know how the value of maintenance 
operations is composed and distributed for each member in the long run.  

Thirdly, the analysis of the value elements could be extended to the equipment providers, 
when the application is done in a wider network with more than two members. From the 
network perspective, it would of course be important to find ways to utilize the similarities 
between the most important value elements of the customer and the service or equipment 
provider. Likewise, the differences between the value elements of the customer and the 
service or equipment provider can cause additional costs, and should thus be managed 
actively 

Finally, the defined individual value elements (both tangible and intangible) for the 
customer and the service provider should be attached to the model. The decision making 
of maintenance operations should not be based only on costs, but also non-monetary 
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factors should be taken into account. The current idea is to connect these value elements 
to the LCM with the Value Profiler –tool under development These two tools would 
complement each other in such a way that the LCM would present the hard side of value 
thinking, including numerical information, and the Value Profiler would present the soft 
side, i.e. other decision making criteria.   
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Appendix A: Mathematical derivation of equation CNPV 
The cumulative present value of maintenance, CNPV is  

= ( + )     (1), 

where 
CPVS  = cumulative present value of maintenance total cost savings 
CPVMRPL  = cumulative present value of maintenance related total profits or losses 
CPVC  = cumulative present value of maintenance total costs 

To calculate CPVC, the following formula may be used:  

=
1

(1 + )     (2), 

where 
Ctotal  = annual maintenance costs in total 
k  = length of the planning period 
i = discount rate/interest rate  

Ctotal can be calculated by summing up the six subcategories of the costs: 

= + + + + +   (3), 

where 
C1  = annual operational maintenance costs  
C2  = annual quality costs  
C3  = annual costs of outsourcing and logistics  
C4  = annual environmental costs  
C5  = annual asset management costs  
C6  = annual other costs  

The operational maintenance costs, C1, consist of labour, energy and material costs. The 
quality costs, C2, include quality control costs and disposal and processing costs of low-
grade products. The costs related to outsourcing and logistics are marked as C3. The 
environmental costs, C4,  are  the  sum  of  cleaning,  processing  and  supervision  costs  to  
decrease environmental burdens. The costs of current assets and the costs of fixed assets 
form asset management costs, C5. The other costs, C6, are composed of costs like tools 
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and instruments, research and development, training and negotiations, as well as the costs 
of occupational safety and accidents.  

CPVS is calculated as shown below.  

=
1

(1 + )     (4), 

where 
Stotal  = annual maintenance cost savings in total 

Stotal consist of six sub components which are based directly on the cost information 
entered by the user. For example S1 is the annual cost savings of operational maintenance 
costs.    

= + + + + +  (5), 

where 
S1 = annual cost savings of operational maintenance costs 
S2 = annual cost savings of quality costs 
S3 = annual cost savings of outsourcing and logistic costs  
S4 = annual cost savings of environmental costs 
S5 = annual cost savings of asset management costs 
S6 = annual cost savings of other costs 

The modelling of the annual cost savings is based on a comparison of the average costs 
of the life-cycle so far to the annual costs of the present year. This way large occasional 
variation in yearly costs can be eliminated and they do not have too much influence on 
the planning of future operations. For example the annual cost savings of operational 
maintenance costs can be calculated as shown below. 

=   (6) 

The other five annual cost saving subcategories from S2 to S6 are calculated the same way 
as S1 above.  
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CPVMRPL is calculated by discounting MRPLtotal  

=
1

(1 + )      (7), 

where 
MRPLtotal  = maintenance-related profit or loss (annual change in loss of production) 

To calculate MRPL, the following formula may be used: 

= [ ( % + % )]   (8), 

 where 
Mh = annual maintenance hours in total 
MDM% = share of maintenance performed during manufacturing (of total 

maintenance) 
MDU% = share of maintenance performed during underutilization (of total 

maintenance) 
PLh = profit losses caused by one-hour stoppage in production 

The  lost  profits  caused  by  maintenance  operations  are  constructed  in  a  way  that  only  
maintenance-related stoppages are taken into the calculations. Maintenance operations 
executed during manufacturing without a stoppage and maintenance carried out during 
other stoppages than maintenance-related ones, are not included either, because they do 
not add to the losses from maintenance.  

Mh, is calculated as shown below  

= %    (9), 

where 
TMOT = theoretical maximum operating time 
M% = share of total maintenance of maximum operating time 

PLh, is calculated by  

= %   (10), 
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where 
UPC  = unit production costs 
PM% = profit margin ratio 
APS = average production speed 

CPVMRPL is used to calculate the customer’s CNPV. When calculating the service 
provider’s or equipment provider’s CNPV this component of equation (1) is substituted 
with CPVSCBP. 

=
1

(1 + )    (11), 

where 

SCBPtotal   = service or equipment provider’s annual total profits 

SCBP can be calculated by summing up the profit components of the service provider or 
the equipment provider. 

= + +  (12), 

where, 
CBP  = contract-based profits 
EBB  = equipment-based bonuses 
EBP  = equipment sales -based profits 

Contract-based profits, CBP,  are  all  those  payments/profits  that  belong  to  the  service  
provider based on maintenance contracts. The equipment-based bonuses, EBB, are extra 
profits/incentives that the service provider or equipment provider gets only under certain 
circumstances, such as when meeting key performance indicators. For example, a bonus 
is granted when the utilization rate goes over 90 percent. This potential bonus can also be 
dependent on certain steps (90 percent = bonus amount, 95 percent = 2 x bonus amount) 
in order to give extra motivation to the one taking care of equipment maintenance. The 
equipment sales-based profits, EBP, include only those profits that originate directly from 
equipment sales to the customer. Thus, this category is only available for the equipment 
provider. The contract-based profits should not be entered here.  
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Abstract  

Purpose – The purpose of the study is to create a cost model at the general equipment level for industrial 
maintenance services. 

Design/methodology/approach – The study is divided into two main sections. In the first phase the idea 
is to create a framework for a cost model with a literature review. The second, empirical part of the study 
is based on costing information from interviews and information given by network companies: a pulp mill, 
a maintenance company and an equipment provider. The maintenance of three different equipment 
processes are examined in the network through a case study to get more specific information from real 
world situations to develop the model. 

Findings – Our findings concern the cost items that should be considered in the model, the structure of the 
model, and how the general cost model is constructed. During the research the model has been extended, 
and new cost categories included. 

Practical implications – The cost model can be used in various performance measurement and decision-
making situations, like maintenance service pricing, contract negotiations, outsourcing decisions, and life 
cycle cost management.  

Originality/value – The cost model differs from traditional cost models. Earlier models have focused on 
the perspective of either the service provider or the customer, but not on both perspectives at the same time. 
However, in order to achieve a win-win situation in a business network, open books practice is expected 
from each member of the network. 

Keywords Maintenance services, Cost model, Industrial network, Win-win situation, Open books 

Paper type Research paper 

 

1. Introduction 

This article sheds light on the networks of industrial maintenance services. The focus is on cost modelling 
for managing maintenance costs objectively. The existing models and tools for maintenance cost 
management only consider the perspective of one company. However, in order to achieve and manage a 
win-win situation in a network, the viewpoints of both the maintenance service provider and the customer 
must be considered. 

Industrial maintenance activities are outsourced more and more often to external service providers. Several 
studies indicate that companies strive for cost savings by outsourcing (Al-kaabi et al., 2007; Al-Turki, 2011; 
Anderson, 1997; Campbell, 1995; Garg and Deshmukh, 2006; Kakabadse and Kakabadse, 2002; Yoon and 
Naadimuthu, 1994). It must be remembered, however, that networks have to be managed actively in order 
to achieve the benefits. Open communication between the partners is a prerequisite for a win-win situation 
in a network (Kulmala, 2002; Levery, 1998; Reinartz and Ulaga, 2008; Tenhunen, 2006). 
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Both the cost categories of maintenance (El-Haram and Horner, 2002; Mirghani, 2001; Mirghani, 2003; 
Salonen and Deleryd, 2011), and the risks of maintenance and outsourcing (Al-Turki, 2011; Campbell; 
1995; Hui and Tsang, 2006; Leavy, 2001; Murthy et al., 2002), have been studied before, whereas the costs, 
benefits, and risks of maintenance have not been quantitatively integrated in the academic literature. 
Previous studies include numerous cost models for maintenance (Alsyouf, 2006; Hui and Tsang, 2006; 
Dekker, 1996; Garg and Deshmukh, 2006; Komonen, 2002; Oke, 2005; Sharma et al., 2011; Salonen and 
Deleryd, 2011; Tam and Price, 2008). There is still a need for pragmatic models which integrate the 
qualitative and quantitative perspectives, as well as the maintenance network point of view. The literature 
reviews about win-win situations, maintenance costing, and cost models of maintenance in this paper have 
been built on the basis of the ideas of Hatinen (2010).  

The main objective of the study is to create a cost model for industrial maintenance services at the general 
level. The purpose of the cost model is that it can be used in performance measurement and decision-making 
situations where the goal is to influence maintenance costs caused by either the maintenance provider or 
the customer. The research questions are: 

 What kind of costs should be considered in a general, mutual cost model for maintenance 
networks, and what is the structure of the model like?  

 How can the model be constructed in a network environment? 

The empirical part of the study was conducted in cooperation with a maintenance network consisting of 
three companies. A case study was carried out with three different maintenance processes in equipment 
level. The data was collected with interviews in the chosen network companies, as well as in the form of 
quantitative and qualitative written company data. 

2. Striving for win-win situations in maintenance networks 

As manufacturing companies focus on their core business, supportive activities like maintenance often get 
outsourced. For example, the Finnish Maintenance Society (2007) states that out of the 50 000 people 
employed in industrial maintenance in Finland, 15 000 are employed by maintenance service providers. 
According to this indicator, 30% of Finnish industrial maintenance has been outsourced. In an international 
survey conducted by the European Federation of National Maintenance Societies (2011), 24% of the 
surveyed companies had outsourced their maintenance activities. Companies usually outsource their 
functions in order to achieve competitive advantage and cost effectiveness through focusing on their core 
competences (Al-kaabi et al., 2007; Anderson, 1997; Garg and Deshmukh, 2006; Yoon and Naadimuthu, 
1994). Maintenance outsourcing can be beneficial through for example reduced costs, increased quality, 
and increased focus on strategic asset management (Al-kaabi et al., 2007; Al-Turki, 2011; Campbell,1995; 
Kakabadse and Kakabadse, 2002). In the literature, the maintenance outsourcing decision is often presented 
as a very black and white one. However, this is not always the case, because the maintenance function can 
also be outsourced partially. This emphasizes the role of selecting the level of research. In this paper, the 
level of research is the equipment level, which enables the application of our model also in partially 
outsourced maintenance situations.  

Outsourcing asset maintenance comprehensively to a single service provider has boosted long-term 
partnerships between customers and maintenance service providers. This calls for goal congruence between 
the customer and the service provider in order to reach mutual benefits. Some reasons for partnership and 
networking include global competition, the need for specific resources due to fast technological 
development, need for cost and risk sharing, and need for production flexibility (Tenhunen, 2006). 
Competition has started to move from being between companies into being between business networks. 
The benefits of networking tempt most companies, but it still remains somewhat unclear for decision 
makers that networks must be managed actively (Kulmala, 2003). Most of the existing management tools 
have been designed for individual companies, and they cannot be used as such in business networks. Thus 
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there is a need for new, network-level management tools. Our mutual cost model, introduced below, 
addresses business network cost management.  

In maintenance outsourcing it is crucial to define who is accountable for the success of the maintenance 
activities and for the availability of equipment (Hui and Tsang, 2006; Levery, 1998). The risks of 
outsourcing have been addressed in previous research (Al-Turki, 2011; Campbell, 1995; Hui and Tsang, 
2006; Leavy, 2001; Murthy et al. 2002). However, the perspective has concentrated on just one company, 
usually the customer. In addition, the risks have mostly been studied at the company level, and they have 
been strategic by nature. In this study, the risks are taken to the equipment level, so that they are more 
approachable and easier to value. Some previous research has included quantitative, equipment-level risk 
analysis in proactive maintenance planning (Khan and Haddara, 2003). However, the risks have not usually 
been linked to cost and benefit inspection. There is a definite need for objective, mutual risk assessment of 
maintenance outsourcing. This is how the objective sharing of benefits and risks in maintenance networks 
can be approached.  

As the asset fleet owners keep on outsourcing maintenance services, the collaboration between the customer 
and the service provider needs to be widened. From the collaboration point of view, the longer service 
contracts underline the importance of benefit sharing in networks (Leavy, 2001). Particularly when the 
customer operates in the process industry, not allocating enough resources into asset maintenance, or 
maintenance actions of poor quality, can incur major losses through lost production (Knapp and Mahajan, 
1998). In capital-intensive process industries the production is continuous, which emphasizes the role of 
successful proactive maintenance (Arts et al., 1998). Due to great risks of production losses, the 
maintenance costs of process industry companies have traditionally not been inspected much. However, the 
recent profitability problems of the forest industry have boosted maintenance outsourcing in Finland. Many 
companies of the process industries are now facing a new situation where maintenance costs should be 
known for contract negotiations and the maintenance service provider’s performance measurement. There 
is a need to manage the relationships between the customers and the service providers in a more objective 
way in order to reach a win-win situation. Thus the costs, benefits and risks from the perspective of both 
the customer and the service provider must be transparent. 

Varamäki et al. (2008) have constructed a framework for network-level performance measurement. This 
framework consists of six interactive perspectives of measurement: network culture, resources and 
competences, models of action, internal processes, customer perspective, and financial indicators of the 
network. The logic of our cost model coheres with this framework: in the network culture perspective, 
mutual trust is required for any further measurements. The model is a tool for network resource 
management. Maintenance risks and benefits will be quantified by measuring especially the internal 
processes and the customer perspective. Finally, we can use the cost model to measure the financial 
indicators of the network, to manage a win-win situation, and to divide the profit of the network objectively 
between the companies. 

Both the customer and the service provider reach for financial and non-financial benefits from maintenance 
collaboration. The win-win situation can emerge, because the outsourced function belongs to the core 
competence of the service provider. This means that the service providers can invest more in improving 
their performance in maintenance, compared to their customers. The service providers also have 
accumulated knowledge about maintenance, and they can achieve economies of scale with their extensive 
customer base. Thus outsourcing can lead to services of higher quality with a lower unit price (Anderson, 
1997). 

In order to improve the competitiveness of the whole business network, openness and mutual trust must be 
advanced (Levery, 1998). These include both the sharing of benefits (the win-win principle), and the 
handing of internal information about e.g. costs, productivity and efficiency over to the other members of 
the network (the open books practice). Cost information has traditionally been regarded as highly 
confidential information, which can cause damage to the company if revealed to others. In competitive 
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situations this holds true, but in business networks things are quite different. Open books can quantitatively 
ensure the objective sharing of costs, benefits, and risks in a business network. In addition, the cost 
effectiveness of the network can be improved through the open books practice (Kulmala, 2002; Tenhunen, 
2006). 

There is a real need to create tools and methods to improve communication between the customer and the 
service provider in maintenance service collaboration (Reinarzt and Ulaga, 2008). One important approach 
is to develop cost models to show how maintenance services affect the customer’s business from the point 
of view of costs, risks and benefits. This is vital particularly in maintenance business networks, due to the 
increasing role of proactive maintenance: when the service provider maintains the assets successfully, 
breakdowns are minor. If the customer is uncertain about what exactly it is that they are buying from the 
service provider, they can easily get the impression that the maintenance services are overpriced (Ala-
Risku, 2009; Levery, 1998). 

3. Maintenance costing  

The complexity of technology and the important role of maintenance in manufacturing industries have 
caused an increase in maintenance-related costs. Maintenance cost management is thus noteworthy and 
should not be neglected (Al-Turki, 2011, Parida and Kumar, 2006; Salonen and Deleryd, 2011; Simões et 
al., 2011). The maintenance costs and profits should be expressed in monetary terms in order to support the 
discussion with the decision makers of companies, and in order to enable quantitative maximization of 
maintenance-related net benefits (Dekker, 1996; Salonen and Deleryd, 2011; Sherwin, 2000). Dekker 
(1996) writes that maintenance benefits are nearly always specified as the cost savings induced by 
maintenance actions. The quality of the maintenance work affects the costs and benefits of the customer. If 
the equipment or processes go down, a loss of production will occur (Ben-Daya and Duffuaa, 1995). Also, 
if rejects are increased due to incorrect or inefficient maintenance, the costs will increase because of higher 
material usage. All aspects that affect the costs and benefits should be taken into account in the maintenance 
collaboration, so that it can be examined who is carrying the risks in the network. The costs and benefits 
should then be proportioned to the risks of each member of the network. 

El-Haram and Horner (2002) have categorized the costs of maintenance into direct labour, direct materials 
and spare parts, direct equipment and tools, administration and management, overheads, and loss of 
revenue. Salonen and Deleryd (2011) have categorized the direct maintenance costs into costs of labour, 
spare parts, and other direct maintenance costs, whereas the indirect costs include for example production 
losses and inadequate quality of maintenance. Mirghani (2001; 2003) on the other hand, has developed a 
framework for the costing of planned maintenance. He has categorized the maintenance costs into direct 
materials, direct labour, and support services. The costs of support services must be allocated to the cost 
objects using either a single basis of allocation or turn to activity-based costing, ABC. Also Emblemsvåg 
(2001) underlines ABC in managing the resources behind maintenance costs. The basic idea of cost 
allocation in ABC is that companies need resources to carry out activities, whereas cost objects consume 
activities (Cooper, 1990; Horngren et al., 2006). ABC is a more equitable way to allocate indirect costs of 
delivering services compared to traditional methods. To adapt ABC to maintenance, a general framework 
of maintenance is needed (see Figure 1).  

Maintenance uses different resources, e.g. tools, workforce and spare parts, and the use of resources can be 
either planned or unplanned. Unplanned i.e. unscheduled maintenance equals basically the reactive part of 
corrective maintenance, which is more costly than planned maintenance tasks (Gulati, 2009). Planned 
maintenance can be either preventive or corrective by nature. From the cost management point of view, 
planned and unplanned maintenance should be separated and the needed resources for both should be 
defined against service level agreements. These definitions should be based on the average reference data. 
After that the cost of each activity should be tracked down. The same activities can be either planned or 
unplanned, and e.g. planned spare change should be separated from the same but unplanned spare change 
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(e.g. overtime, longer downtime). Tracking down the service activities and costing them helps to bundle 
and modulate the services, which make them more open to the customers. 

 
Figure 1 A general maintenance framework (adapted from Crespo Marquez, 2007; Gulati, 2009) 

4. Previous cost models of maintenance 

There has not been much academic discussion about the cost models that work in maintenance business 
networks. There are both qualitative and quantitative models for maintenance optimization, though. The 
qualitative models include for example total productive maintenance and reliability centered maintenance, 
whereas the quantitative models are usually very mathematical and theoretical by nature (Dekker, 1996; 
Garg and Deshmukh, 2006; Sharma et al., 2011). The perspective of the qualitative models has been very 
extensive, while most of the quantitative models have been extremely specified. The practical implications 
of the quantitative maintenance optimization models have been rather limited thus far (Garg and Deshmukh, 
2006). In order to improve the practical applicability of the models, academics should combine both the 
qualitative and the quantitative aspect in maintenance modelling in the future, and the models should be 
developed in cooperation with case companies (Garg and Deshmukh, 2006; Sharma et al., 2011). This is 
exactly what we have done when developing our cost model. The quantitative maintenance optimization 
models aim at balancing the costs and benefits of maintenance (Dekker, 1996). The goal of our model, on 
the other hand, is to balance the costs, benefits, and risks of maintenance objectively between the members 
of a business network. 

Some previous maintenance models are described briefly below to illustrate the different perspectives 
already addressed in the doctrine. Salonen and Deleryd (2011) have modelled the costs of poor maintenance 
by studying the cost effects of quality in both preventive and corrective maintenance. Tam and Price (2008) 
have developed an investment model for maintenance, which minimizes the sum of three cost categories: 
the costs of maintenance resources, the costs of planned downtime, and the costs of quantified risks. Oke 
(2005), on the other hand, has developed a profitability model for internal maintenance departments of 
industrial companies. Thus the perspective of Oke’s model is that of a customer company. In addition, the 
cost categories are not specified in that model. The customer-service provider relationships management 
has been modelled for example by Hui and Tsang (2006). However, their model focuses solely on the 
perspective of the customer. Komonen (2002) has developed a cost model for industrial maintenance. This 
model is very academic by nature and focuses on finding economies of scale in industrial maintenance 
business by using regression analysis. Also in this case, the perspective is that of a customer company. 
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Models that integrate qualitative and quantitative perspectives exist in maintenance performance 
measurement. For example Alsyouf (2006) has developed a model which illustrates the impact of 
maintenance actions on the return on investment. 

Next, the practical interests and needs of industrial maintenance services regarding cost modelling are 
discussed on the basis of master’s theses concerning real life research problems in different companies. A 
list of the selected theses is presented in Appendix A. Together with the academic interests discussed above 
in the literature review, the practical demands revealed in the master’s theses form a basis for our objective 
cost model for maintenance networks. 

From the theses it can be concluded that the service providers are interested in tools with which they can 
show their customers the financial benefit caused by subcontracting (Hallila, 2007; Olli, 2007). The need 
to examine the costs of subcontracting also exists in the customer companies (Eronen, 2004; 
Kangasmuukko, 2003). In the thesis of Olli (2007) the costs of both the customer and the service provider 
have been considered while constructing a pricing model. We transfer this approach into maintenance cost 
modelling in this paper. The theses of Karjalainen (2005) and Ali-Löytty (2002) underline the life cycle 
approach in cost modelling, whereas Nikkanen (2010) and Selenius (2010) define the different cost 
categories of the industrial maintenance business. 

Our cost model differs from the traditional viewpoint of previous maintenance cost models. The existing 
models focus on the perspective of either the service provider or the customer, but not on both perspectives 
at the same time.  To be able to be objective and to manage a win-win situation in the maintenance network, 
the costs of both perspectives should be noticed. This is why our cost model is designed as mutual. From 
the discussion above it can be concluded that the maintenance companies need comprehensive tools for 
their cost management. However, previous models have not often included the perspective of the 
maintenance benefits or that of the equipment life cycle. Our goal is to attach these aspects into the model, 
together with other features. In order to contrive practical implications, our approach consists of both 
quantitative and qualitative considerations. 

5. Research design 

The research presented in this article was started in the year 2009 and it has been a part of an ongoing 
research project called The Costs and Profitability of the Industrial Maintenance Services carried out by 
Lappeenranta University of Technology. The project focuses on the following areas: the profitability and 
investments of maintenance service providers, the structural change and outsourcing of the industrial 
maintenance sector, and cost and pricing models for industrial maintenance services. 

 
Figure 2 Customer-service provider relationships in the studied business network 
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The study is based on analyses of the previous studies on industrial maintenance shown in Appendix A, a 
literature review and real cases of a maintenance network with service providers and customers. The studied 
network, as presented in Fig. 2, consists of three companies operating in the forest industry: a Pulp Mill, a 
Maintenance Company and an Equipment Provider. The Pulp Mill has a long history in pulp manufacturing. 
The Maintenance Company has been founded in the end of the 20th century and the Equipment Provider is 
a worldwide known metal company which delivers machinery for paper and pulp companies. These 
companies were chosen as the context because the companies have been working together for many years 
and they were also willing to take a close look at the maintenance costs on the equipment level.   

The maintenance of equipment in the network was considered through a case study. The case method was 
used because the research focus was on a current phenomenon in a real-life context and because the case 
method is useful for theory development and testing (Ghauri and Gronhaug, 2010).  

In the empirical part of the study these three cases were described through written material, such as external 
and internal documents and several personal and group interviews. The respondents were involved in 
maintenance processes through production, material management, customer relationships and accounting. 
An interview schema was used and each interview was tape-recorded. Before the costing information was 
collected in euros, the cost items and cost categories of the cases were defined. A collection form of the 
cost data was made on the basis of previous studies on industrial maintenance for the cost model, case 
descriptions and interviews.  The cost data covered a one-year period and it was collected by the 
interviewees with the help of a spreadsheet. After testing, the structure of the model was presented and the 
results were analysed in workshops. The case study method made it possible to receive specific information 
about real maintenance situations. 

6. Development of a cost model for networks 

6.1. First version of the cost model 

In the first phase, the idea was to create framework for a cost model in the light of previous studied company 
practises (Appendix A).  To be able to be objective and to have a win-win situation in the maintenance 
network, costs from both perspectives (provider and customer) should be noticed. The first version of the 
model is presented in Figure 4, together with the second extended version of the model. In the first version, 
the total costs are divided into five subcategories: operating costs, machines and tools, spare parts, logistics 
and quality. Examples of cost items are given under each cost category.  

The idea is that the service provider uses the knowledge of the installed base or service history to minimize 
the maintenance costs. Offering these services causes costs to the provider, and this should decrease the 
needed maintenance resources from the customer’s side. This kind of mutual cost model enables the 
optimization and transferring of income statement and balance sheet items from the customer’s side to the 
service provider’s side of the cost model and vice versa. For example, who owns the spare part stock? 
Stocking needs different resources, e.g. a warehouse, handling, working capital, sourcing, etc. The 
resources should be used in most efficient way, which is one motive for outsourcing maintenance. 

Besides the use of resources, also the quality of the maintenance work affects the customer’s costs and 
value creation. If the machines or processes go down, loss of production will occur. Also, if rejects are 
increased due to incorrect or inefficient maintenance, the costs will rise. All aspects that affect the costs 
should be taken into account in maintenance collaboration. If the service provider has promised a certain 
uptime for the machine and is carrying most of the risks, the provider pays the warranty costs and the 
customer pays the price related to the uptime.   

Even though only five major cost categories are included in the model, it is complex enough for describing 
how the costs behave in a mutual relationship.  
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6.2. Second version of the cost model 

The first version of the cost model was tested by three different equipment cases called chipper (Case 1), 
DD-washer (Case 2) and drying machine (Case 3). These cases were selected in close collaboration with 
the network companies and they enabled us to gain a holistic view of the maintenance costs. The cases 
concerned different phases in the pulp manufacturing process (Figure 3). Also the terms of contracts varied 
significantly in the three cases. In the paper we concentrate on case three, a drying machine, because the 
other two cases, a chipper and a DD-washer, were not critical for the pulp manufacturing process. Another 
reason for the case selection was that the cost structure of the other two cases is simpler than the one of the 
drying machine. The accurate costs of the chipper and DD-washer were also difficult to collect at required 
level of the cost model. The maintenance service process of drying machine consists of preventive and 
corrective maintenance. This is one of the most critical machines in the pulp manufacturing process, 
because its breakdown will stop the whole process rapidly. 

 

Figure 3 Pulp manufacturing process including three cases 

As regards the drying machine, the biggest maintenance cost category for the Pulp Mill is quality costs 
(Table I). These quality costs (55.2%) are caused by lost production during a shutdown (40.9%) and due to 
operation failures (14.3%). The lost production cost is calculated by the lost sales margin. This lost 
production due to operation failures was surprisingly significant. It would be interesting to find out how 
increased training and know-how of the employees would reduce operation failures. The operating cost 
category of the Pulp Mill consists of subcontracting (31.7%) and equipment (7.3%) costs. The 
subcontracting costs are mainly comprised of the services of the Maintenance Company.  

On the other hand, the biggest cost category of the Maintenance Company (see service provider, Table I) 
is the operating cost (64.6%). This includes the work force (32.9%) and subcontracting (25.6%). The cost 
structure of the Maintenance Company is similar to companies operating in the same field (Nikkanen, 2010) 
according to the financial statements of fifteen Finnish maintenance companies.  

 

  



9 
 

This article (DOI 10.1108/JQME-05-2013-0022) is © Emerald Group Publishing and permission has been granted for this 
version to appear here (http://www.doria.fi/handle/10024/4000). Emerald does not grant permission for this article to be further 
copied/distributed or hosted elsewhere without the express permission from Emerald Group Publishing Limited. 

Table I. The cost structure of drying machine 

 

 

During the research it was discovered that the first version of the cost model was not wide enough. The 
original model was constructed for one service provider and one customer. However, the studied cases 
showed that the cost model can be used in a situation with several service providers and customers. The 
cost model was extended and three new cost categories, subcontracting, environment and other costs were 
included. The subcontracting costs were separated from the operating cost category so that it would be 
easier to control the typical costs of maintenance services. It should be noted that in case of failure, also the 
environmental costs might be significant in this industrial field. The third new cost category, other costs, 
includes among others training and negotiation expenses. A tested and expanded second version of the cost 
model is presented in Figure 4 
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Figure 4 Development of a cost model  

It was also discovered that the cost terms were not established in the maintenance business. This is a result 
of traditional maintenance moving towards service business. It would be easier to make the most of the 
model if the companies in network used the same cost terms. In each of the studied cases the companies 
understood the cost categories in a different way, and this incurred problems in using the model. The cost 
allocation methods also varied in the studied network companies, e.g. terms like direct and indirect costs, 
variable and fixed costs or ABC were not understood in the same way in the studied cases.   

It was also noticed that the so called open books idea was not yet common in this network. In the beginning 
of the research it was supposed that the companies would open their costs in single cases to each other. On 
the contrary, the companies wanted to hide the real monetary costs, and therefore the costs in the model are 
presented as percentage values. It seems that the win-win and open books-principles are not easily realized 
in long-term customer relationships. It is much easier to maximize the company’s own profit than to share 
the benefit with another company. However, the open books approach would lead to greater benefits 
mutually.  

Despite the problems described above, the cost model can be used in various performance measurement 
and decision-making situations, like maintenance service pricing, contract negotiations, outsourcing 
decisions, and life cycle cost management. Although the model seems to be usable in many situations, it 
must be considered critically, because the development work of the model continues. 
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7. Conclusions and further research 

The purpose of this study was to create an objective cost model at the general equipment level for industrial 
maintenance services in order to help the decision-making and performance measurement of the network. 
Our first research question aimed to uncover the costs and the structure of a mutual cost model for 
maintenance networks. The findings from the three network companies suggested that a mutual cost model 
for maintenance must include the following cost categories:  operating, subcontracting, machines and tools, 
spare parts, logistics, environmental, quality, and other costs. Due to the special characteristics of the forest 
industry, the quality costs caused by lost production play a significant role in maintenance. This cost 
category can be reduced by investing in preventive maintenance. However, it is also essential to pay 
attention to the total network cost of the maintenance service. During the research we also discovered that 
the cost model can be used in situations with several service providers and customers, unlike the original 
model suggested.  

Our second research question aimed to uncover the development process of a cost model in a network 
environment. Based on our findings we conclude that the companies must use the same cost terms and same 
cost allocation methods. This is a prerequisite also for mutual performance measurement. The companies 
must adapt the open books idea genuinely.  To be able to be objective and to manage a win-win situation 
in the maintenance network, all costs from both perspectives (provider and customer) should be noticed. 
All costs should be considered in the long run so that the cause and effect of the costs become visible and 
the real benefits for both sides are achieved. Although the theoretical framework of the model seems to be 
ready, the implementation of this tool still requires resources and cooperation from the network partners.  

The next step for further research is to add the risk and benefit components to the model. What kind of risks 
are the most essential, and how these risks can be quantified in the maintenance cost model? How should 
the benefits be divided between the partners in the network?  How can the model be used for performance 
measurement? The maintenance costs of the machine should also be studied in the long run, e.g. for a five-
year period. Then it would be interesting to analyze how investments in the preventive maintenance of the 
Maintenance Company contribute to the life-cycle maintenance costs of the Pulp Mill. Causal relationships 
should be tracked down to get a picture of the real benefits. To measure the value creation of the 
maintenance services, the total costs of the service should be divided to the output of the machine, process 
or installed base. 
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filter supplier 
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Metso Paper, 
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services for paper 
machines 

Karjalainen, M. 2005 Life cycle costing of process 
cranes in paper industry (in 
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Konecranes, Industrial 
lifting solutions 
provider 

Eronen, M. 2004 Activity-based costing model for 
a vendor-managed inventory 
service 

Metso Paper, Pump 
overhaul services for 
process industries 
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Cement producer 
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Abstract — The purpose of this paper is to develop a conceptual 
framework for the main value elements of maintenance services 
from the perspective of the customer and the service provider. 
The framework is based on previous literature. The paper 
provides an overview of published literature on value elements, 
categorizes the value elements, and suggests suitable elements for 
industrial maintenance at the item level. The paper contains an 
up-to-date listing of publications in the field of value elements 
that helps to identify the gaps in the literature  and highlights 
future research areas. In order to identify the value elements for 
industrial maintenance services, the types of maintenance and 
the item criticality are taken into account. Essential questions are 
how to define and measure value for industrial maintenance at 
the general level and how service value can be taken into 
consideration  from the perspective of both the customer and the 
service provider so that a win-win situation is  achieved. 
 
Keywords —    value, value elements, customer, supplier, service 
provider, industrial services, maintenance, corrective 
maintenance, preventive maintenance 

I. INTRODUCTION 
 In recent years, the terms of value, value-based 

management and shared value have been emphasized in 
business. At the same time, the need to explain the value of 
maintenance for various interest groups has increased. 
Especially the contribution of maintenance to the company's 
profit has to be proved to the top management, in other words 
usually other people than maintenance professionals. 
Maintenance  cannot be treated as  a mere cost center. Instead,  
the value-driven management concept (VDM)  emphasizes the 
contribution of maintenance to a company’s economic 
prosperity [1].  Many companies have currently outsourced 
their maintenance functions  wholly or partially [2]. The trend 
towards maintenance outsourcing underlines the need to 
estimate and decide the value of the outsourced maintenance 
services, so that the outsourcing contract can be made and 
measured between the contractor and the outsourcing 
organization. In collaborative relationships, the definition of 
the value as well as its meaning can vary. It should cater for 
the value elements, both from the customer's side and the 
service provider's side (Fig.1). Furthermore, the linkage 
between balanced or unbalanced value and the goals of total 
organizational performance should not be lost from sight. 

 

  
Fig. 1 Service value consists of value elements 

 
Garg and Deshmukh [3] have reviewed the literature on 

maintenance management and categorized the published 
literature during the years 1995-2006. A total of 142 papers in 
this field were collected, reviewed and classified into various 
areas and sub areas. The outcome of the literature survey was 
to suggest a classification of available literature in the field of 
maintenance management. The following six areas were found 
(the number of papers is in brackets): 

(A) maintenance optimization models (27) 
(B) maintenance techniques (58) 
(C) maintenance scheduling (9) 
(D) maintenance performance measurement (23) 
(E) maintenance information systems (6) 
(F) maintenance policies (19). 
 
 Maintenance performance measurement is defined as  a 

multidisciplinary process of measuring and justifying the 
value created by maintenance investment, and taking care of 
the organization’s stockholders’ requirements, viewed 
strategically from the overall business perspective [4]. An 
interesting finding in the literature survey was that the term 
value was not mentioned in the formed main or sub categories.  
Value was linked to the field of maintenance performance 
measurement, where the  value-based approach and systems 
audit approach, as well as data envelopment analysis were 
seen as earlier approaches in performance measurement, and 
the Balanced Scorecard and quality function deployment were  

Service
provider Service Customer

Types of 
maintenance

Value
elements

Value
elements



classified as emerging approaches.  
Due to the changing business environment, management 

accountants and top managers have tried to adapt a broader 
perspective of the information requirements of the value chain 
existing in a new ‘networked’ environment [5]. It is 
challenging to create, manage and measure value in each 
phase of the firm’s operations, but today it is even more 
demanding to make value visible in the collaborative or 
networked business operations. Due to the extensive value 
creation aspects, this paper focuses on current findings of 
value and value elements in services, as presented in Fig.1. 
The viewpoint of both the customer and the service provider 
viewpoints are taken into consideration. The specific 
objectives of this paper are: 

 
 To identify the general value elements in industrial 

maintenance services based on previous literature.  
 To suggest a framework for value elements in the 

service provider-customer context. 
 
First, some definitions of value are examined, including 

value for the customer and value for the service provider. 
Then some observations  of collected articles on value are 
made, and after that a general list for value elements is 
presented. Next, a conceptual framework of value elements 
for the customer and the provider of maintenance services is 
compiled and estimated. The paper ends with discussion and 
conclusions.  

II. DEFINITION OF VALUE  
The interpretations of exactly what is meant by the term 

value vary. The concept of value is not well differentiated 
from other related constructs, such as utility, price, quality, or 
satisfaction. Furthermore, these related constructs themselves 
are not well defined, at least in the sense that there is  no 
universally  accepted definition for each one [6]. For 
economists, value is simply the benefit gained from 
consuming a product or service [7].  

A majority of the definitions of value consider it from the 
perspective of marketing and are concerned with customer 
value [8], and customer perceived value (e.g. [8], [9]). 
Customer value is generally defined as the trade-off between 
the benefits (‘‘what you get’’) and the sacrifices (‘‘what you 
give’’) [10].  Further, benefits can be divided into core 
solutions and additional services, and sacrifices into prize and 
relationship costs [11]. Some definitions highlight quality. For 
example, according to Gale [12] value is quality offered at the 
right price. Another concept  is customer desired value, 
which means that customer value is conceptualized as a part 
of the customers’ value system. The focus of desired customer 
value is on abstract value dimensions, or consequences, 
derived from specific performance characteristics (e.g. [8], 
[13], [14]. Table 1 presents the diversity of value and 
describes the main features of three value types [15], which 
differ in their levels of abstraction, locus, relationship to use 
and permanence. Two of the customer value categories in the 
table, desired and perceived value, are not mutually exclusive; 

on the contrary, in many ways the two overlap, and several 
customer value approaches are a combination of both concepts 
[14].  

TABLE I 
THREE FORMS OF VALUE [15]  

 
 

An alternative way to define customer value is to split it in 
two components, named perceived value and exchange value 
[7]. Perceived customer value is determined by the customers, 
based on their individual priorities, as mentioned above. 
Exchange or total monetary value is the amount the 
customer is prepared to pay for the product or service. This is 
also the management accounting point of view for value, in 
which the challenge is to assess the customer in terms of 
money. “The true ‘customer value’ of the exchange requires a 
judgement which takes us significantly beyond merely 
quantifying the direct monetary benefits and sacrifices 
delivered by a product or service, by also considering the less 
tangible aspects of the exchange” (e.g. [7], [16]), (Fig. 2). A 
deep understanding of the sources of value has also been 
pointed out by Gupta et al. [17]. Customers derive value from 
three sources - an economic, functional or psychological 
source.  

 
Fig. 2 Seeing customer value as a complex investment decision [19] 
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Recently, it has been seen essential to link the firm value 
and customer value, as customers are seen as investments or 
assets.  It is important for companies to track, monitor and 
understand customer value trends over time and to make 
decisions focused upon maximising the creation of customer 
satisfaction, whilst optimising their own economic value 
added [18].  Seeing customer value as a complex investment 
decision is depicted in Fig. 2. 

Although customer-perceived value is discussed widely in 
the literature, only a few empirical studies have been 
conducted due to the absence of operational measures [20]. 
Lapierre has  tested two structures, called the domain and 
scope of the customer value construct in three industrial 
service sectors. Both the supplier side and the customer side 
were interviewed in the study. The study supports the theory 
that value drivers are  product-related, service-related and  
relationship-related.  An example of three customer value 
dimensions, called product, service or relationship, and value 
drivers related to product, service or relationship is shown in 
table 2. It seems that  this approach has not been adapted in 
the field of maintenance literature, so it would be interesting 
to find out the maintenance value drivers in each dimension.  

TABLE II 
TOTAL VALUE PROPOSITION [20]:  

 
 
Ulaga [21] takes the network perspective and has studied 

also relationship value, as value is more and more created in 
collaborative relationships, not only in products or services. In 
a business relationship, also the supplier perspective should be 
taken into account. Supplier value can be seen as the net 
benefits that a supplier receives in exchange for the product or 
service it produces and supplies to the customer [22]. 

Chicksand et al. [19] have explored the sharing of value in 
business transactions. They point out that there is a link 
between the relative power of buyers and suppliers and who 
appropriates more total value. Understanding the power 
dynamics between buyers and suppliers is the key,  probably 
in the majority of circumstances, to explaining how total value 
is shared in relationships. It is also essential to see 
collaborative relationships or ‘partnerships’ as something 
other than relationships based solely upon equal sharing of the 
benefits and risks of working together. Chicksand et al. (ibid.) 
argue that the total value created in a relationship is not 
automatically shared equally, and the current models do not  
address the following issues sifficiently: 

 What is value from both the buyer and the supplier 
perspective. 

 How to determine whether value is balanced or 
unbalanced. 
 

In summary, the definition and structure of value are vague. 
In this paper we use the terms value, value for the customer 
and value for the service provider, when discussing the value 
of industrial maintenance services. These terms are used 
broadly in order to find out how to model value and how to 
draw up a mutual value proposition in industrial maintenance 
services. Our aim is to highlight the drivers, called value 
elements here, that derive service value for the customer and 
on the other hand for the service provider in the  business-to-
business context (Fig.1).  

III. PREVIOUS LITERATURE ON VALUE ELEMENTS 
The data for the first phase of this study was generated 

through a review of existing articles related to the value 
elements of service and products, found in the Web of Science 
and Scopus databases. The total number of found articles 
concerning the subject was 18 during the years 1998-2012 
(Appendix A). In the second phase of the research process, 
articles from the perspective of the customer and  the service 
provider were reviewed. The customer perspective was taken 
in most of the articles concerning the value of goods and 
services (14 articles in 1998-2012). The service provider’s 
perspective has been taken into consideration only recently (4 
articles in 2005-2011).  

Different value elements have been considered more widely 
in B-to-C businesses, such as the hotel, restaurant and banking 
industries. In recent years, the discussion of value elements in 
industrial, B-to-B service business, such as industrial 
maintenance services, has increased. However, there is 
relatively little literature about the value or value elements of 
maintenance service. Ojanen et al.  [23] strengthen this view 
by mentioning that there is a lack of practical, comprehensive 
approaches to formulate and assess the value of  maintenance 
business based on customer collaboration. In the future, from 
the collaboration point of view, longer service contracts are  
pursued, and benefit sharing is becoming more important, 
such as value assessment in the asset management approach 
[23]. It seems that different life cycle methods, such as 
product, service, customer or asset life cycle costing and 
management will be in focus  of research. 

The research of value and value elements has been 
conducted with various research methods, from literature 
reviews to empirical surveys and from qualitative field studies 
to quantitative modelling.  Survey has been the most popular 
research method due to the need of asking about the views on 
value and value elements from both the customer and the 
supplier. Several different terms have been used to define the 
attributes of value. In this article we have adopted the 
approach of Ojanen et al. [23] and talk about value elements 
of maintenance services, as mentioned above.  

Noteworthy is also the right perspective to value when 
discussing and defining value. Same words have different 
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meanings for different sides in the collaborative relationship. 
There is still a need to define and relate to each other the 
terms value, value elements and benefits. Obviously the need 
to clarify these terms is emphasized when doing a large survey 
research with several participants. Supposedly value can be 
defined at a general level, but benefits and value elements are 
strongly industry-bound. The last observation concerns the 
classification of value elements. In the studied literature 
classification to measured or not-measured value elements or 
financial-not financial value elements was not used.  
Questions of the length, retention and type of (service) 
contract, such as new or old relationship, are interesting but 
usually neglected issues. 

Because a comprehensive list of the value elements of 
industrial maintenance services was not available, we made a 
preliminary list of value elements for the customer and service 
provider based on previous studies, shown in Appendix A. 
The most common value elements were  included in the list 
and some elements not relevant for industrial maintenance 
were dropped out. Some value   elements were classified in a 
new way, so that the listed elements were comparable to each 
other. The generated list is presented in table 3. The blurry 
value elements are explained below the table. 

TABLE III 
 VALUE ELEMENTS OF (INDUSTRIAL) MAINTENANCE SERVICES 

FOR CUSTOMER AND SERVICE PROVIDER 

 
 
Dependability means decreased quality costs and 

availability. Contracts include risks and guarantee and 
payment terms, whereas a relationship consists of trust, 
feedback, documentation and information sharing. Reliability 
means keeping promises, forecasted price and quality. 
Flexibility is a term for tailoring and customization. 
Accessibility implies the availability of spare parts, personnel 
of the service provider, and schedule. Spare part inventories, 
ownership, investments and working capital constitute asset 
management factors.  

Many of the value elements are the same from the 
customer’s and service provider’s point of view, but the 
content of the elements may vary. For example flexibility 
means less special work and more routine operation for the 
service provider. Operator knowledge consists of employees’ 

knowledge and experience, operator training and 
standardization. Item reliability, item maintainability and item 
recoverability constitute availability. Access to markets is a 
term for increase in the market share, new customers and 
reputation. Our main idea is to adapt the formed list as an 
example list of value elements in industrial maintenance. 

IV. ATTRIBUTES OF MAINTENANCE SERVICES AFFECTING THE 
VALUE ELEMENTS 

Johansson and Olhager [24] have identified three levels of 
services that a manufacturing company may produce, and two 
customer roles can be distinguished in service design: 
‘Customer as Informant’ and ‘Customer as Co-designer’. In 
the framework presented in Fig. 3, the first maturity level of 
service business means offering services like maintenance 
and spare parts that are often connected to the materials and 
equipment the company produces and sells.  The second 
maturity level means that the service production process has 
been given some thought, but mostly from the point of view of 
the service provider, and does not necessarily correspond to 
the actual needs of the customer. The services connected to 
the use of the customer’s machines and the service offer 
seldom extend beyond maintenance, leasing/rental and spare 
parts. The services on the third maturity level have a strong 
connection to the manufactured products and existing 
customers, but the companies strive to attract new customers 
with the service offering. These companies see themselves 
primarily as service providers. Many of their services are 
critical to the operation of the customers, and they are 
developed and productified systematically [24]. The 
framework presented below is based on the models of 
Kalliokoski et al. [25] and Oliva and Kallenberg [26] and it is 
modified by Ojasalo [27]. As we move from left to right in the 
figure, the manufactured product becomes “a part of the 
offering as opposed to Solutions provider and Performance 
partner [26]. 

Outsourcing maintenance comprehensively to a single 
service provider has boosted long-term partnerships between 
customers and maintenance service providers. In order to 
improve the competitiveness of the relationship, openness and 
mutual trust must be advanced [28]. Each partner has their 
own conception of value creation in maintenance services. 
These different conceptions must all be taken into 
consideration in maintenance service collaboration.  

 

CUSTOMER SERVICE PROVIDER
Price Price

Technical quality Flexibility
Dependability Reliability

Contracts Contracts
Relationship Relationship
Reliability Total solutions
Flexibility Operator knowledge

Reputation of service provider Availability
Accessibility Asset management factors

Asset management factors Access to markets
Total solutions Reputation of customer
Sustainability Development, R&D

VALUE ELEMENTS



 
 
Fig. 3 Competences and deepness of customer relationship in industrial  
services [25]-[27] 
 
There is a real need to create tools and methods to improve 

communication between the customer and the service provider 
in maintenance service collaboration [29]. One important 
approach is to develop a framework for value elements to 
show how maintenance services in different cases create value 
for each partner. 

In addition to the type of relationship in industrial service, 
showed in Fig. 3 above, the features of the specific industrial 
field must be taken into consideration. Maintenance services 
include many characteristic aspects which should be 
considered in decision making. We have identified 
maintenance types (Fig. 4) and item criticality to be included 
in these important aspects. In this paper, these aspects have 
been taken into account when creating the framework for 
value elements in maintenance services. Next, the 
maintenance types are discussed, and  then the item criticality 
is addressed.  

Maintenance work is commonly categorized on the basis of 
whether the work is preventive or corrective. These two main 
categories can be further divided into subcategories according 
to the following definitions and Fig. 4[30].   

Preventive maintenance – “maintenance carried out at 
predetermined intervals or according to prescribed criteria and 
intended to reduce the probability of failure or the degradation 
of the functioning of an item.”  

Corrective maintenance – “maintenance carried out after 
fault recognition and intended to put an item into a state in 
which it can perform a required function.” 

Condition- based maintenance – “preventive maintenance 
which includes a combination of condition monitoring and/or 
inspection and/or testing, analysis and the ensuing 
maintenance actions. The condition monitoring and/or 
inspection and/or testing may be scheduled, on request or 
continuous.” 

Predetermined maintenance – “preventive maintenance 
carried out in accordance with established intervals of time  

or number of units of use but without previous condition 
investigation.” 

Deferred corrective maintenance – “corrective maintenance  
which is not immediately carried out after a fault detection 

but is delayed in accordance with given rules.” 
Immediate corrective maintenance – “corrective 

maintenance that is carried out without delay after a fault has 
been detected to avoid unacceptable consequences.” 

 

 
 

Fig. 4 Maintenance types [30] 
 

These standardized maintenance types can also be seen as 
activities which have to be fulfilled and which can be 
classified either as value added activities or non-value added 
activities. The activity-based costing and management 
approach focuses on activities with time, cost and quality 
measures. It could be a powerful cost management tool also in 
industrial maintenance services. 

On the operational level, item criticality has a great impact 
on the maintenance type selected for the item. Item criticality 
depends on the failure frequency of the item, and on the 
severity of failure or fault [30].  These two dimensions can be 
integrated into a single measure through a criticality matrix. 
The value elements in maintenance services differ  according 
to the item criticality.  

V. FRAMEWORK FOR VALUE ELEMENTS IN MAINTENANCE 
SERVICES  

We have merged the previous research on value elements  
and the main attributes of maintenance services  into a 
framework (Fig. 5), which is presented for the first time  here. 
This conceptual framework includes separate columns for the 
maintenance customer and the service provider. Vertically, 
distinct types of preventive and corrective maintenance are 
addressed in different rows of the framework. Each cell of the 
framework includes an indicator of item criticality, ranging 
from low to high. In this paper, we apply this conceptual 
framework from the perspective of a single item. However, 
the perspective could also be broader, for example that of a 
division or a production unit. The choice of the optimal 
perspective depends on the decision making situation. 
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Fig. 5 Framework for value elements in maintenance services 

 
Next, we demonstrate how the conceptual framework can 

be applied to analyze maintenance services. In Fig. 6 and 7 the 
framework for value elements is applied to two different 
maintenance service cases. Fig. 6 presents an example of the 
value elements for a high-criticality item. On the other hand, 
Fig. 7 illustrates a case with a low- criticality item. For both 
cases, the most important maintenance types are highlighted 
with grey colour. These emphasize the result of the item 
criticality. For a high-criticality item, condition-based and 
immediate corrective maintenance are the major types of 
maintenance. Instead, for a low-criticality item the main types 
of maintenance are predetermined and deferred corrective 
maintenance.  

 

 
 
Fig. 6 Value elements for a high-criticality item 

 

It should be noted that our examples have been simplified 
to highlight the differences between items with low and high 
criticality. Thus our cases may lack some particularity, 
compared with real maintenance services. In addition, the 
validity of these cases has not yet been verified through 
empirical research. This verification should be done in future 
research.  

With high-criticality items, the importance of deferred 
corrective maintenance is usually trivial.  As illustrated in Fig. 
6, the importance of service price is decreased from the 
customer’s perspective. Instead, value elements like 
dependability and flexibility are emphasized. From the service 
provider’s point of view, the importance of price is 
remarkable. On the other hand, with low-criticality items the 
condition-based and immediate corrective maintenance types 
are infrequent. These items highlight the importance of price, 
at least from the perspective of the customer. Considering the 
service provider, the price still remains significant, but 
perhaps not as important as with items of high criticality. 

The maintenance service cases described above may vary 
due to changes in demand or the economic situation. For 
example an item of high criticality may lose its criticality if 
the demand decreases dramatically. Thus, the value elements 
in the framework are related to this situation.  

 

 
Fig. 7 Value elements for a low-criticality item 
 

We have selected only the three elements we consider as 
the most important ones (not tested with actual data) from 
Table 3 to be included in each cell of Fig. 6 and 7. The 
elements in each cell are presented in random order. Our 
framework could also be used in a way that more value 
elements were included. This way, the same value elements 
might be presented in various cells of the framework. The 
value elements could then be weighted inside each cell. Thus, 
numerical research on the value elements could be conducted. 
This kind of analysis, however, is left for further research. 
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VI. DISCUSSION AND CONCLUSIONS 
In this paper we have identified the general value elements 

in industrial maintenance services based on previous literature, 
in order to understand better the definitions of value, the 
structure of value and the value creation process in 
maintenance. We have provided a conceptual framework for 
value elements in the service provider-customer context at the 
item level in the field of industrial maintenance.  

In the first phase of the study, the understanding of the 
value concept was  deepened. The main finding from the 
literature was that there are quite a few articles considering 
value in maintenance, in which both the customer and the 
service provider are taken into account at the same time.  One 
key question is whether the classification of value drivers into 
product-related, service-related and relationship-related ones 
is suitable for maintenance as well.  It is also essential to pay 
attention to the value in a network of maintenance services 
with several service providers and customers in the near future.  

In the second phase of the research process, we 
concentrated on three viewpoints: the service value consists of 
value elements, the value elements in maintenance services 
differ according to the item criticality, and criticality has great 
impact on the maintenance type selected for the item.   We  
built a conceptual framework of value elements in 
maintenance services to highlight the drivers (here called 
value elements) that derive service value for the customer and  
the service provider in the  business-to-business context. The 
proposed model was theoretically applied for a high- and a 
low-criticality item. We believe that this framework is a 
tenable starting point for empirical testing of the framework in 
the future. During the research, we also discovered that more 
research of value and value elements is needed, and the 
applicability to networks has to be studied.   

In the literature survey, the Balanced Scorecard (BSC) was 
seen as a potential area that needs further research [3]. The 
BSC combines financial and non-financial factors and 
provides a holistic approach to performance measurement, 
instead of single measures that depend on the perspective 
applied. The perceived value maintenance performance also 
depends on the perspective applied, i.e. accountants will think 
of maintenance in terms of costs, the top management is 
interested in budget performance, engineers will focus on 
techniques, production on equipment availability and support 
responsiveness [3]. In addition to these perspectives, 
marketing managers’ interest towards maintenance culminates 
in quality advantages leading to customer satisfaction, 
profitability and long-time customer value. A remarkable 
question is how these perspectives can be brought together, 
when defining, measuring and creating value. 

In a recent work, Stenström et al. [31], and previously 
Jonker and Haarman [1] have presented a fairly new 
maintenance management method called value -driven 
maintenance (VDM) based on the original model of the BSC 
created by Kaplan and Norton in the early 1990s [32]. In the 
developed VDM –model there are four maintenance drivers: 
asset utilization, resource allocation, cost control and HSE 
(health, safety and environment), which represent the core of 

the maintenance function in organizations. The amount and 
idea of these drivers are congruent with the four perspectives 
of the Balanced Scorecard.  

When comparing the original concept of BSC and the 
VDM- model, some observations can be made. The customer 
perspective does not clearly exist in VDM, despite the fact 
that value and value creation are typically combined into the 
BSC’s customer perspective. It seems also that the VDM is 
not strongly combined with the idea of the strategy map, the 
powerful insight of the BSC and the base of many BSC 
projects. Building a strategy map forces an organization to 
clarify the logic of how it will create value and for whom [32]. 
Lately BSC and the strategy map have been expanded to 
sustainability, that is, the balancing of short- and long-term 
goals in all three dimensions of the company’s performance 
(social, economic and environmental) [33].  Probably one key 
question is how to implement the scorecards of the different 
levels; at the network level, company level, department level, 
service process, or equipment level. The alignment of these 
strategic and operational level scorecards should be  
ascertained to ensure value creation in the whole organization. 
Our research on the value elements can offer insights helping 
the description of this alignment process from the bottom up.  

Finally, this study adds to the understanding of how vague 
a term value is, and highlights the need for tools modeling 
value in mutually beneficial relationships as well as in 
maintenance networks. Other future research areas related to 
value will be value-based life-cycle modeling and value 
sharing in the field of maintenance. 
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APPENDIX A:  
TABLE IV 

LITERATURE OF VALUE ELEMENTS: CUSTOMER AND SUPPLIER PERSPECTIVES 

 
CUSTOMER’S PERSPECTIVE 

Authors Year Research method Industry Value elements 
Matthyssens, and 
Vandenbempt.[34] 
 

1998 Qualitative field 
study 

--  Explicit service quality 
 Proactive-total solution 
 Timely, empathic design of new services 

Lapierre [20] 
 

2000 Survey IT 
Entertainment 
Finance 
Distribution 

 Product-related: alternative solutions 
quality, customization 

 Service-related: responsiveness, flexibility, 
reliability, technical competence, 

 Relationship-related: supplier's image, trust 
supplier's solidarity with customers 

 Sacrifices: price, time/effort/energy,  
conflict 

Parasuraman and 
Grewal [35] 
 

2000 Literature review --  Acquisition: monetary benefits  
 Transaction: pleasure of getting a good deal 
 In-use: utility derived from  

using product/service 
 Redemption: residual value 

Mathwick et 
al.[36] 
 

2001 Survey Internet  
shopping 

 Aesthetics 
 Playfulness 
 Service excellence 
 Customer return on investment (CROI) 

Petrick [37] 
 

2002 Survey Restaurant  Quality 
 Emotional response 
 Monetary price 
 Behavioural price 
 Reputation 

Heinonen [38] 
 

2004 Mixed method 
(qualitative and 
quantitative) 

Banking  Technical: possibility to choose services 
 Functional: customers input in the service 
 Temporal: possibility to choose delivery time 
 Spatial: possibility to choose the place of 

delivery 

Wang et al. [39]  2004 Survey Security  Emotional 
 Social 
 Functional: quality and performance 
 Perceived sacrifices: costs 

Ma et al. [40] 2005 Mixed method 
(qualitative and 
quantitative)  

Application  
service  
providers 

 Features 
 Availability  
 Reliability 
 Assurance 
 Empathy 
 Conformance 
 Security 

Malleret [41] 
 

2006 Case study Several  Pre-sale trials 
 Customization 
 Project management 
 Delivery, installation 
 Documentation, training 
 Maintenance, repairs 



Brito et al. [42] 
 

2007 Survey Car  
maintenance  

6 most important (from 30 attributes) 
 Keeping the original forecasted prize 
 Getting it right first time 
 Value for money service 
 Mechanisms’ trustworthiness 
 Keeping promises 
 Employees knowledge and experience 

Barry and Terry 
[43] 
 

2008 survey, quantitative 
modelling 

Aircraft 
 

 Economical 
 Relationship 

- Work performance 
- Service efficiency 
- Spatial: possibility to choose 
- Personal interaction 
- Supplier reliability 
- Flexibility 
- Business understanding 

Chang [44] 
 

2008 Survey Hotel  Functional 
 Social 
 Emotional 
 Epistemic: capacity to  

provide  novelty and knowledge 
  Conditional 

Xu, et al. [45] 
 

2010 Theoretical/ 
conceptual 

Hotel  Product 
 Service 
 Human 
 Image 

Ojanen et al. [23] 2012 Qualitative field 
research 

  Reliability 
 Quality 
 Financial factors 
 Development of knowledge 
 Flexibility 
 Information sharing 

                                                             SERVICE PROVIDER’S PERSPECTIVE 
Walter et al. [46] 2001 Survey Several  Profit 

 Volume 
 Safeguard 
 Innovation 
 Market 
 Access 

Biggemann and 
Buttle [47] 

2005 Qualitative  
field research 

Several  Personal value: retention, referrals 
 Financial: Efficiency, share of business,  

share of markets, pay more 
 Knowledge: Market intelligence, 

 idea generation, innovation 
 Strategic: Long-term planning,  

extended network 
Ramsey and 
Wagner [22] 

2009 Literature review --  Finance 
 Efficiency 
 Overall trading relations and communication 
 Ethical behavior 
 Risk and uncertainty 
 Technology 
 Market linkages 
 Corporate image 

Songailiene et al. 
[48] 

2011 Qualitative  
field research 

Logistics  Financial: volume, profit, risk reduction 
 Strategic:  growth, reputation 
 Knowledge: Market intelligence,  

understanding of service delivery process 
 Social: goodwill, trust, dialogue 
 Operational: routines, efficient communication 
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Abstract  
 
The main goal of this paper is to study how the 
equipment level value of a maintenance service 
can be identified and evidenced to the business 
network members (customers and maintenance 
service companies). We identify and assess the 
value of the whole maintenance network through 
different value elements, such as dependability, 
reliability, flexibility, and availability.  These value 
elements provide managers a more systematic 
way of managing the value inherent in 
maintenance services. Value has been previously 
studied from either the customer’s or the service 
provider’s point of view. In this research, these 
perspectives are integrated in a novel way.  
Life-cycle thinking is typically essential in 
decision-making situations like pricing, purchasing 
decisions, product design, and replacement of 
production equipment. The value-based life-cycle 
framework of maintenance services consists of 
long-term value consideration and controlling 
criteria, which take account of the benefits and 
costs of all network members at the equipment 
level. From the perspective of managing the 
whole network, it is a question of using life-cycle 
thinking to gain a better overall view of the 
creation of value and the distribution of value 
among the various network members. 
Traditionally, each network member has aspired 
to examine the created value only from their own 
point of view. However, the most interesting 
situation is the one in which all the network 
members try to create value collaboratively, using 
their potential know-how to improve the 
competitiveness of the whole network.  

1. Introduction  
The competition in international markets has led 
to a situation where industrial maintenance 
services are increasingly outsourced. Many 
regional clusters have fragmented into global 

value chains, in which geographically scattered 
companies specialise in particular activities. At the 
same time, competition has changed from taking 
place between companies to competition between 
networks. As a result, more attention has to be 
paid to sharing the value between all the 
maintenance network members and to the fact 
that the whole network has to stay competitive. 
Most of the existing management tools are not 
directly suitable for networks, because they have 
been designed for individual companies. 
Therefore, there is a need for practical tools for 
managing maintenance service networks in order 
to increase the value of the cooperation of the 
network members (Levery, 1998;Reinarzt & 
Ulaga, 2008). 
Maintenance outsourcing has increased  in recent 
years, creating a need to estimate the value of the 
outsourced maintenance services, and to be able 
to make and measure outsourcing contracts 
between the contractors and the outsourcing 
organisation. The definitions and meaning of 
value can vary according to the perspective of the 
customer and that of the service provider.  
Ramsay (2005) states that the definition of value 
may vary a lot in different business areas. The 
value elements have been studied in banking, 
hotel and restaurant services but not in the field of 
industrial maintenance (Tynninen et al., 2012). In 
addition, the elements that customers value in 
maintenance services may differ from other types 
of services (Ojanen et al., 2012). The elements 
also diverge in different stages of the life-cycle of 
an item. For example Jonker and Haarman (2006) 
highlight the importance of creating value in 
maintenance by using the life-cycle perspective. 
The main objective of the present study is to 
create a value-based framework for networks of 
industrial maintenance services. This paper sheds 
light on how industrial maintenance can be 
conducted in a way which maximises the value of 
the provided services for all network members. 
The aim is to optimise the maintenance service 
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function from the perspective of each network 
member, as well as from the perspective of the 
whole network. We have enhanced our 
understanding by testing our theoretical view in 
two case company networks. The testing has 
been conducted through a written assignment and 
through organising a workshop for representatives 
of the case companies. The research results can 
be used in planning network-based management 
of maintenance offerings, and in considering 
different ways of implementing maintenance and 
procurement strategies in a service network. 
The research questions are: 

 What are the value elements that 
increase the value of the network 
members in different maintenance 
services?  

 How can the main value elements of a 
maintenance service differ from the 
perspective of the customer and the 
service provider? 

 How can the life-cycle framework be used 
to increase the benefits and control the 
costs to augment the competitiveness of 
the whole business network? 

 
The paper begins with some definitions of value 
and a general list of value elements, which are 
presented in section two. In section three we 
concentrate on the life-cycle perspective and its 
usefulness in maintenance services. Research 
design is described in section four. Sections five 
and six focus on testing and developing a 
preliminary list of value elements for customers 
and service providers. Finally, a conceptual value-
based framework for networks of industrial 
maintenance services is introduced in section 
seven. The paper ends with conclusions. 

2. Value 
For the first, it is essential to define what the 
concept ”value” really means, because its 
definitions differ a lot, depending on the context. 
Value is not clearly differentiated from other 
related constructs, such as utility, price, quality, or 
satisfaction. The definitions of value also vary in 
different business areas (Lapierre et al., 1999; 
Ramsay, 2005). Customer value is generally 
defined as the trade-off between the benefits 
(‘‘what you get’’) and the sacrifices (‘‘what you 
give’’) (Zeithamlin, 1988).  The benefits for the 
customer can include for example good quality of 
the product or service, whereas price is perceived 
as a sacrifice (Dumond, 2000). Also in the area of 
maintenance, value can be seen as a combination 
of benefits and sacrifices (Tynninen et al., 2012).  

Figure 1 depicts the relationship between a 
service provider, a customer and the value 
elements. In order to achieve a win-win-situation, 
it is essential that both the customer and the 
service provider gain benefit in the maintenance 
network. For example Smith et al. (2012) highlight 
the importance of considering customer value not 
only from the stance of how much value can be 
derived by a company from its customers; the 
value delivered by the company to its customers 
needs to be considered as well. Maintenance 
services are multiform, which makes it difficult to 
measure their real value to the customer or the 
service provider.  
 

 
 
Figure 1 Service value consists of value elements 
(adapted from Tynninen et al., 2012) 
 
Tynninen et al. (2012) found out that value and 
value elements have been studied in hotel, 
banking and restaurant services, but they did not 
find a single article that would address the value 
elements of industrial maintenance. Because a 
comprehensive list of the value elements of 
industrial maintenance services was not available, 
Tynninen et al. (ibid.) constructed preliminary lists 
of value elements for customers and service 
providers on the basis of previous studies. The 
most common value elements which are also 
suitable for maintenance were included in the 
lists. These lists of elements are presented in 
table 1. However, the lists were not tested in 
actual maintenance service operations. 
Precursory definitions of the value elements are 
shown in appendix A.  
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CUSTOMER SERVICE PROVIDER
Price Price

Technical quality Flexibility
Dependability Reliability

Contracts Contracts
Relationship Relationship

Reliability Total solutions
Flexibility Operator knowledge

Reputation of service provider Availability
Accessibility Asset management factors

Asset management factors Access to markets
Total solutions Reputation of customer
Sustainability Development, R&D

VALUE ELEMENTS

 
 
Table 1 Value elements of maintenance services 
for the customer and the service provider 
(Tynninen et al., 2012) 
 
The lists in table 1 are based on the literature and 
the researchers’ opinion on which issues define 
the value of maintenance services. The value 
elements in the lists of customers and service 
providers are partly similar, partly different. It 
should be noticed that even when the terms in the 
two lists are similar, the meanings of the two can 
still differ. For example flexibility: for the customer 
flexibility can mean the readiness of the service 
provider to tailor the service, while for the service 
provider flexibility can create value through 
customers accepting standardised services, which 
are easy to resource and actualise.  
Tynninen et al. (2012) also think that some of 
these value elements are highlighted depending 
on the type of maintenance and item criticality. 
For example, when considering a critical item, 
availability can be the most important value 
element, while when considering a less critical 
item, price could be the most imperative value 
element.  

3. Life Cycle 
The term “life cycle” has been in extensive use 
recently. When the perspective of re-use required 
by environmental issues is emphasised, we can 
talk about a closed-loop life cycle. Although the 
starting point of life-cycle thinking is in product-
specific decision making, from the maintenance 
point of view the most relevant objects to design 
are machinery, equipment, buildings and 
networks. Life-cycle costs (LCC) include all the 
cost items of the object, considered from 
establishment to decommissioning. The focus is 
often on life cycle cost assessment, whereas life-
cycle profits (LCP) are sometimes even excluded 
from the calculations. However, the used 

maintenance costs become justified through 
aspects like shortened idle time or improved 
dependability (Kärri et al., 2011). Jonker and 
Haarman (2006) also emphasise the importance 
of creating value in maintenance using the life-
cycle perspective. The value elements vary in the 
different stages of the life cycle of an item, for 
example due to changes in demand or in the 
economic situation. For example an item of high 
criticality may lose its criticality if the demand 
decreases dramatically, changing also the value 
elements (Tynninen et al., 2012).  
It is typical for maintenance to create significant 
costs for a company, but it can also enable 
reaching large profit. Preventive maintenance is a 
prerequisite for the maximum availability of an 
item, which also means for example better 
productivity and reduced energy consumption 
(Idhammar, 2009).  Preventive maintenance aims 
at reducing the probability of failure. This is 
usually much cheaper than corrective 
maintenance (Knights et al., 2004). Preventive 
maintenance decreases corrective maintenance, 
but it also increases the costs of shutdowns. It is 
important for all network members to reach the 
optimum level of maintenance. In that case it is 
possible to reach a balance between direct 
maintenance costs and breakdown costs, which 
keeps the total costs of maintenance in control. 
(Woodward, 1997) 
The LCP can be improved by cutting the costs, 
intensifying the working of items and reducing the 
losses of maintenance (Gokiene, 2010). However, 
it is important to remember that cutting costs does 
not automatically mean higher profit. Idhammar 
(2009) mentions three ways of decreasing the 
costs of maintenance. The first is cutting the 
budget when the company must concentrate more 
on optimising and allocating the resources right. 
The second way is to reduce maintenance, which 
is based on adequate planning of maintenance by 
improving the reliability of the item and removing 
the causes of problems. The third chance is to 
intensify residual maintenance, which in its part 
makes the dependability of the item better. 
Although cutting the costs of maintenance is one 
of the fields of getting profit from an item, it is also 
possible to gain profit in other ways. Figure 2 
shows the life-cycle losses (LCL) which can be 
seen as a potential source of profit (Gokiene, 
2010). 
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Figure 2 Formula of LCP (adapted from Gokiene, 
2010)  
 
Laine (2010) and Gokiene (2010) have listed the 
six most significant factors which reduce the LCP 
of an item.  These factors are planned downtime, 
breakdown time, material loss, reduced output 
quality, switch-over time and start-up time. Due to 
these factors, the turnover of the company 
decreases, and thereupon also the profit. One of 
the noticeable factors contributing to the LCP is 
the role of the user. Hagberg et al. (1996) state 
that the users are one of the important factors 
affecting quality. Their actions are directly 
proportional to losses related to damages, bad 
quality and materials. These losses should be 
reduced by improving the users’ knowhow.  Also 
the motivation and attitude of the users affect the 
losses.  
Companies have to know the behaviour of the 
markets and their network partners to control and 
calculate the LCC.  It is essential to find out what 
the price of the product or service is in the 
markets and also what it costs to the customer 
when all LCCs are observed. In many cases 
equipment providers and service providers must 
point out to their customers the costs engaged for 
the product in different stages of the life cycle. 
(Järvenpää et al., 2001) 
Today, different kinds of total solutions have 
grown in favour. This means that service 
providers take care of all the maintenance 
services of the customer. Thus the customer 
moves a part of its risks to the service provider by 
paying a certain price for the maintenance 
contract.  
The pricing of maintenance services is not very 
easy, however, because the need of maintenance 
may change a lot annually. In addition, the various 
services and the content of the contract also 
contribute to the price of services. The 
maintenance contracts may vary from total 

solutions to a single maintenance service. Thus 
the price of the service may change significantly 
(Huber & Spinler, 2012). Because service is at 
least partly immaterial, the pricing does not follow 
the market-oriented pricing of a product. It is also 
difficult for customers to estimate the real costs of 
a service, when the conception of the price is 
based on experienced value (Huber & Spinler, 
2012; Laitinen, 2007).  

4. Research Design 
The creation of the value-based framework was 
executed with strong interaction and cooperation 
with maintenance companies. The research was 
conducted in two maintenance business networks 
(figure 3).  
 

 
Figure 3 Business networks of the research  
 
The first network operates in the mining industry, 
and the other network in the energy industry. 
Seven case companies participated in developing 
this framework. The case companies include 
customers, maintenance companies and 
equipment providers. Some of the equipment 
providers operate in both networks. These two 
networks are highly dependent on their 
maintenance operations; preventive maintenance 
has a great importance. This makes the networks 
suitable for research on the value of maintenance 
services. The customer company in the case 
network of energy industry has outsourced 
maintenance, including its management, 
comprehensively to a single service provider. In 
the case network of the mining industry, on the 
other hand, there are many maintenance 
companies with smaller areas of responsibility. 
Thus two highly different cases of organising 
maintenance were included in the research. 
These two case networks participate also in a 
large research project, a part of which this value-
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based life-cycle framework is. The realisation of 
the research can be seen in figure 4. 

Customer Service provider
30 answers 61 answers

Customer Service provider
4 participants 5 participants

Pre-assignment

Theoretical framework

Interpretation and categorization 

Workshop

Development 

 
Figure 4 Research design 
 
The theoretical framework, i.e. literature-based 
lists of value elements in maintenance services for 
customers and service providers, was first tested 
with the case companies. This was done through 
a written pre-assignment, in which the 
respondents analysed the value elements of 
various maintenance services. Altogether 91 
answers were received, each listing the most 
important value elements of a single maintenance 
service; 30 answers came from customers and 61 
from service providers. The value elements from 
the answers were then compared to the 
preliminary list. Section five describes the results 
of the pre-assignment and how they impacted the 
original theoretical framework that was solely 
based on the literature. Next, a workshop was 
arranged for representatives of the case networks. 
There were four participants from customer 
companies and five from service providing 
companies. Further development of the 
framework was done by group work in the 
workshop. The results of the workshop are 
presented in section six. The final framework was 
constructed on the basis of the workshop. Section 
seven brings together the results of the different 
stages of the research, introducing the value-
based life-cycle framework. 

5. Pre-assignment – Identifying Value 
The preliminary list of value elements shown in 
table 1 was tested and improved together with 
maintenance professionals from the case 
networks. The case companies were requested to 
ask several of their employers about the elements 

that determine the value of different maintenance 
services. This was done by sending a pre-
assignment to the companies. The pre-
assignment asked the respondents to analyse the 
maintenance services and their value from the 
perspective of either a customer or a service 
provider, and with respect to both their core and 
non-core services (see figure 5). In addition, the 
respondents were asked to identify a maintenance 
service regarding maintenance on item level, 
process level and mill level. The preliminary lists 
of value elements (shown in table 1) were not 
provided to the respondents in order to avoid 
guided answers. 
 

The BUYER of 
maintenance services 

sees the service in  
question as a part of 

their CORE SERVICES.

The PROVIDER of 
maintenance services 

sees the service in 
question as a part of 

their CORE SERVICES.

The BUYER of 
maintenance services 

sees the service in 
question as a part of 

their SUPPORT 
SERVICES.

The PROVIDER of 
maintenance services 

sees the service in 
question as a part of 

their SUPPORT 
SERVICES.

C
or

e 
S

er
vic

es
S

up
po

rt 
S

er
vic

es

Maintenance
Buyer

Maintenance
Provider

 
Figure 5 The framework forming the pre-
assignment 
 
In total, 91 maintenance services with their value 
elements were specified in the answers received 
to the pre-assignment. Out of these 91 services, 
30 were identified by the customer companies and 
61 by the service providers. As the questions 
were open-ended, the answers differed a lot from 
each other. This reflects well the diverse nature of 
the term “value”, as well as highlights the 
importance of methods in identifying and 
modelling value. The answers were interpreted 
from the viewpoint of the theoretical framework 
presented in section two, and categorised under 
the value elements presented in table 1. As a 
result, table 2 was constructed, presenting the 
value elements considered as the most important 
by the service providers and customers, regarding 
core services and support services. The number 
written after each value element indicates how 
many mentions of the element in question were 
found in the answers. It should be noted that a 
core service of a customer not necessarily equals 
a core service of a service provider. For example, 
cleaning services may be core services for a 
certain service provider, but a customer may see 
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them as support services. In addition to the value 
elements shown in table 2, the answers to the 
pre-assignment repeatedly mentioned safety, as 
well as orderliness and resourcing. The role of 

these new value elements was discussed with the 
representatives of the case companies during the 
workshop.  

 

Access to markets (0)

Total solutions (0) R&D (0)
Availability (0)

Access to markets (0)
R&D (0)

Availability (0)

Reputation (0)
Contracts (0)
Reputation (0)

Asset management factors (0) Total solutions (0)

Asset management factors (1)
Sustainability (1)

Dependability (0)
Contracts (0)

Dependability (1)
Sustainability (1)

Reputation (0)

Asset management factors (2)

Contracts (0)

Accessibility (1)

Accessibility (6)
Quality (5)
R&D (5)

Access to markets (4)
Contracts (2)

Total solutions (6)
Acces to markets (6)

Quality (1)
Reputation (1)

Accessibility (2)
Dependability (1)

Asset management factors (1)
Sustainability (1)

Accessibility (2)
Sustainability (2)

Price (4)
Relationship (3)

Relationship (4) Relationship (8) Price (6)
Reliability (8) Operator knowledge (6)

Quality (6)
Flexibility (8) Total solutions (13) Relationship (8)

Dependability (5)
Operator knowledge (7) Operator knowledge (10) Reliability (6)

Price (7) Price (10) Flexibility (6)

Reliability (10)
Quality (10) Flexibility (13) R&D (9)

Operator knowledge (8)
Reliability (9) Availability (13) Availability (9)

CUSTOMER                               
Core Service

CUSTOMER                    
Support Service

SERVICE PROVIDER                
Core Service

SERVICE PROVIDER       
Support Service

Flexibility (11)

 
Table 2 Summary of the results of the pre-assignment 
 
The four most important value elements in both 
core and support services for the maintenance 
customers were flexibility, reliability, quality, and 
operator knowledge. The service providers were 
not very unanimous with their value-element lists 
for core or support services. Flexibility, availability 
and total solutions constituted the three most 
common elements in core services, but in support 
services the votes spread between more 
elements.  There were also some significant 
differences between the customers’ and service 
providers’ values. For example, the service 
providers valued total solutions, but the customers 
did not give any votes for that element. Quality 
was also very high in the customers’ list, but the 
service providers did not value it. 

6. Workshop - Testing Value Elements 
The results shown in table 1 and table 2 were 
refined and tested in the workshop. The workshop 
contained various group work tasks in order to 
deepen the understanding of the value elements 
in maintenance services. In the group work the 

participants were asked to comment and revise, if 
need be, the lists and definitions of value 
elements according to their own view (customer or 
service provider). Finally the customers and 
service providers were asked to comment on each 
other’s revised lists. The next subsections 
summarise the results of these reflections. 
Even before the groups of service providers and 
customers started working, the participants stated 
unanimously that safety should be included in the 
lists as a separate value element, in addition to 
the suggested elements. The role of safety is 
already crucial, and it will increase in the future as 
a culture for safety is developing. According to the 
workshop attendants, safety at work includes the 
safety of the actual maintenance work, but also 
the safety of operating the assets after the 
maintenance work. Environmental safety, on the 
other hand, should be distinguished from safety at 
work. As a value element, safety creates 
additional challenges for researchers, as valuing 
safety is extremely complicate.  
Another comment received from the participants 
before the group work was that availability and 
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dependability should be merged. Although these 
terms differ in their theoretical definitions, in 
practice they are often used as synonyms. 

 
6.1. Value Elements of Maintenance Service 

Providers 
 
The maintenance service providers started their 
reflection by stating that all the companies 
consider value-related issues one way or another, 
but the thoughts are often not very organised. The 
group did not regard the term “quality” of high 
importance, as its meaning is also included in the 
term “availability”. Flexibility was integrated with 
procurability to form a new value element called 
“service ability”, which was seen as highly 
important for service providers. Also the 
accessibility of spare parts and services was 
considered to be included in service ability.  
Proper resourcing was considered to be a part of 
procurability, while orderliness was understood as 
for example planning down-state overhauls well 
enough to enable failure-free uptime for a certain 
time after the overhaul. The group also stated that 
the importance of orderliness has decreased, 
while the cost perspective has become 
emphasised. On the other hand, it can be said 

that the value of orderliness can be expressed 
also in monetary terms, as orderliness can 
decrease costs.  
The service providers thought that many of the 
presented value elements require a lot of time to 
be actually used in development work. However, 
they felt that they do not have such time, as 
timetables and deadlines are so hectic nowadays. 
The participants agreed on the fact that the role of 
preventive maintenance still remains significant, in 
order to avoid fault situations and corrective 
maintenance.  
The providers wished to have long-term contracts 
with their customers, but sustainability was still left 
out of the lists of the most important value 
elements. This was because they thought that 
sustainability was included in the term 
“orderliness”. Table 3 presents the list of the 
original value elements, which served as a 
starting point for the group work. The table also 
shows the most important value elements in the 
core and support services, revised by the service 
providers. The revised value elements are not in 
order of significance. For comparison with the 
original value elements, the novel elements have 
been italicized and bolded.  

 

Flexibility Service ability (Flexibility + Procurability) Service ability (Flexibility + Procurability)
Availability Safety at work Safety at work

Total solutions Orderliness Orderliness
Operator knowledge Reliability Reliability

Price Contracts Contracts
Relationship Availability Availability
Reliability Quality R&D

Accessibility Price Quality
Quality Operator knowledge Price
R&D Total solutions Operator knowledge

Access to markets Relationship Total solutions
Contracts Relationship

Asset management factors Access to markets
Dependability
Sustainability 

Reputation

Original Value Elements Revised Value Elements                   
(service providers, core service)

Revised Value Elements                     
(service providers, support services)

 
Table 3 Lists of value elements in maintenance core and support services revised by the service providers 
 
Some changes were made to the preliminary list 
by the service providers in the workshop. Three 
new value-elements, service ability (flexibility and 
procurability), safety at work and orderliness, were 
added. Two elements, dependability and 
availability, were merged into the term availability. 

There were also some elements left out of the list, 
like asset management factors, sustainability, 
dependability and reputation. The lists of core and 
support services were quite similar. It came out 
that it was difficult for the participants to 
understand the difference between these two 
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categories. The support services were seen as 
support to the maintenance of production, 
although they should have be seen as entirely 
unconnected operations of production, like 
gardening of outdoor areas or rebuilding of 
property. In that case these two lists would 
certainly differ from each other. All in all, the 
changes to the theoretical preliminary list were 
quite small and the list seemed to be functional.   
 
6.2. Value Elements of Maintenance Customers  
 
The customers noted that value depends on the 
situation: even when considering a single device, 
the most important value elements can vary for 
example from flexibility to price, depending on the 
occasion. Value is also dependent on the 
department of the customer company. For 
example, the purchasing department would 
always value price the most, compared with the 
maintenance department, which often sees other 
elements as more important. On the other hand, 
the customers felt that changes in the most 
important value elements can be decreased 
through adopting life cycle thinking.  
The customers decided to add environmental 
safety to the list of the most important value 
elements, as its significance will increase in the 
future. Company safety was thought to be a part 
of confidentiality, which had already been 
mentioned in the original value elements. 
Considering core services, the customers chose 
to fill their revised list with value elements that can 
either keep the assets operational or fix them 
when they have failed. The term “accessibility” 
was abandoned, and the accessibility of spare 
parts and services was included in the term 
“flexibility”. Relationship was seen important, as 
the service providers which are considered to be 
partners are for example allowed to use the 
customer’s database.  
The customers chose to keep asset management 
factors in their lists, although they were partly 
seen to be included in other terms (e.g. reliability, 
quality, dependability, total solutions). However, 
unlike in the original definition (see appendix A), 
asset management factors were not seen as 
management of inventories and fixed assets, but 
rather as an ability of a service provider to take 
care of the customer’s possessions, when a 
certain part of maintenance is fully entrusted to 
the provider. From the customer’s perspective this 

ability is challenging to measure, and thus the 
cooperation is mainly based on trust in that the 
service provider takes care of the customer’s 
assets as agreed on. Contracts were left out of 
the most important value elements, as usually 
whenever a contract is needed, something has 
either gone wrong or is about to go wrong. When 
everything goes well, the contract does not always 
have to be even scrutinised.  
Access to markets was seen irrelevant from the 
customers’ perspective. It is unusual to realise an 
R&D project together with one’s service provider. 
Instead, it is the service provider’s responsibility to 
develop their services based on the customer’s 
needs. The customer may give hints or wishes, 
but their actual participation in the development 
work is usually not very active. This is why R&D 
was left out of the lists of the most important value 
elements, and it was seen as a part of operator 
knowledge. Likewise, reputation was seen to be 
covered by other elements (e.g. flexibility, safety, 
reliability), and it was left out of the lists.    
The customers regarded long-term contracts as of 
high value, because while they run, availability is 
not usually decreased for the sake of costs. In 
addition, long-term contracts can include risk-
sharing and performance-based pricing. In the 
customers’ opinion, measuring value elements is 
difficult: it is not clear how the elements can be 
measured, except through decreasing costs. 
Finally, the customers thought that orderliness is a 
part of reliability.  
Table 4 presents the original list of value 
elements, which served as starting point for the 
group work. The table also shows lists of the most 
important value elements of core and support 
services, revised by the customers. The revised 
value elements are not in order of significance. 
Compared with the original value elements, novel 
elements are italicized and bolded.  
Dependability and availability were substituted 
with availability like in the provider’s list. Safety at 
work, environmental safety and productivity 
upkeeping were added as new elements. Some 
value-elements like accessibility, R&D, 
dependability, access to markets and asset 
management were left out.  Customers had the 
same difficulties to understand the meanings of 
the value-elements, as described earlier as 
regards the service providers.  
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Flexibility Flexibility Quality
Reliability Reliability Reliability

Operator knowledge Operator knowledge Flexibility
Quality Quality Operator knowledge

Dependability Dependability / Availability Price
Price Price Relationship

Relationship Relationship Dependability / Availability
Accessibility Sustainability Asset management factors / Productivity 

upkeeping
Sustainability Asset management factors / Productivity 

upkeeping
Sustainability

Contracts Total solutions Total solutions
Reputation Safety at work Safety at work

Asset management factors Environmental safety Environmental safety
Total solutions

R&D
Availability

Access to markets

Original Value Elements Revised Value Elements               
(customer, core services)

Revised Value Elements                  
(customer, support services)

 
Table 4 Lists of value elements in maintenance core and support services revised by the customers 
 
6.3. Remarks on the Revised Value Elements  
 
After the groups of customers and service 
provides had each revised the lists of value 
elements in maintenance services, the revised 
lists were introduced to all workshop participants. 
Thus the representatives of customer companies 
familiarised themselves with the lists revised by 
the service providers, and vice versa. The most 
important remarks in the resulting discussion are 
presented in this subsection.   
When the lists revised by the service providers 
were presented to the customers, they thought it 
was a good idea to integrate flexibility and 
procurability into the term ”service ability”. The 
customers also liked the fact that the service 
providers had kept R&D on their list of the most 
important value elements of their support 
services. In the customers’ opinion, they 
themselves lack the resources and possibilities to 
develop operations, and this is why R&D is often 
required from outside service providers.  
The service providers also valued orderliness, 
which was thought to create some requirements 
for their customers as well, related to sharing their 
plans with the service providers well in advance. 
On the other hand, orderliness was thought to 
create flexibility and possibilities to earmark 
resources. The customers also noticed that the 
service providers had left reputation out of their 
lists. However, references were considered 
important, at least in some specific industries. 

The customers wondered why the service 
providers had kept contracts in their lists. The 
service providers then highlighted the importance 
of explicit delivery terms and the supporting role of 
a contract. Contracts express the courses of 
action which the parties have agreed on. 
However, it was mentioned that a contract itself 
does not create value. If other elements that 
create value do not exist, then a contract will not 
be agreed on, either. The customers also noticed 
that the service providers had not included 
sustainability in their lists. It was agreed that long-
term collaboration creates value for both partners, 
as developing other value elements would be 
difficult if the suppliers or customers were 
replaced at a fast pace. It was also discussed that 
access to markets was only valued when 
considering support services: through support 
services, the service providers can get a foot in 
the door to provide their core services to the 
customers. 
When the lists of value elements revised by the 
customers were presented to the service 
providers, the latter asked whether R&D should 
receive more attention. The service providers 
pointed out that the customer is not satisfied if the 
service provider does not develop their processes. 
It was noted that the specific role and value of 
R&D depends on the industry, company, and 
culture in question. It was also discussed why 
orderliness had not been included in the lists. The 
customers stated that the meaning of orderliness 
has decreased lately: There are no more 
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employees whose main or sole task is to plan out 
future work. Even down-state overhauls are not 
always thoroughly planned and scheduled 
nowadays.   
In addition, the service providers noticed that the 
customers had selected sustainability as one of 
the most important value elements in both their 
core services and support services. This was 
seen important as regards development work and 
trustworthy collaboration. The service providers 
thought it is a challenge for them to show their 
customers why it is profitable to buy the very 
services they are providing. In addition, the 
discussion addressed the importance of 
comprehensiveness: in order to decrease the 
optimisation of lower-level goals at the expense of 
higher-level goals, and the lost production caused 
by asset unavailability should perhaps be included 
in maintenance costs. Also, a main service, 
complemented by additional services, could be 
ordered from the service provider. 

7. Value-Based Life-Cycle Framework  
Outsourcing maintenance has created long-term 
partnerships between customers and 
maintenance service providers. Each partner has 
their own way of regarding value in maintenance 
services. It is important to take these different 
conceptions into consideration in order to increase 
the value of the cooperation of the network 
members. As the participants of the workshop 
highlighted, there is a real need to create tools 
and methods to improve communication between 
the customer and the service provider. One 
approach is to develop a value-based life-cycle 
framework to show how maintenance services in 
different cases create value for each partner and 
how this value can be shared between each 
member of the network. 
The results of the pre-assignment and the 
workshop were integrated with the previous, 
theory-based understanding of value elements. 
Consequently, a conceptual value-based life-cycle 
framework is introduced here. The framework is 
presented in figure 6. In the middle of the 
framework there is a time axis which describes 
the life-cycle of the item; in this example from the 
year 1990 to 2013. This life-cycle consists of three 
different maintenance service periods: during the 
first period maintenance was managed by the 
customer company itself (in-house maintenance). 
Then some of the operations were outsourced to 
a single service provider, and the final step was to 
outsource the whole maintenance service of the 
item.  
The costs of maintenance are described below 
the time axis and the benefits of the maintenance 

above it. The costs of maintenance consist of i.e. 
the workforce, spare parts and tools. The benefits 
of maintenance are the consequences of reducing 
maintenance losses like breakdown times, 
material loss, and switch-over and start-up times 
(see figure 2).  
Each maintenance service period has its own list 
of value elements. These lists may vary during the 
life-cycle of the item, as changes in demand or the 
economic situation cause changes in the criticality 
of the item. When the market price for calcite is 
high, it is crucial for a mining company to 
maximise the availability of the critical items in 
their process, for example a breaker. However, 
when the market price is low and there is not 
much demand, deferred corrective maintenance 
can be used, as availability is no longer the 
priority. Thus even though an item is critical, the 
criticality of the whole process can change. 
 

1990 2013

Outsourced
maintenance

In-house maintenance

Service provider
total solutions
safety at work
flexibility

Customer
price
flexibility
quality

Costs of
maintenance

Benefits of
maintenance

(profit)

Customer
flexibility
reliability
quality

 
Figure 6 Value-based life-cycle framework 
 
From the network perspective, it would of course 
be important to find ways to utilise the similarities 
between the most important value elements of the 
customer and the service provider. Likewise, the 
differences between the value elements of the 
customer and the service provider can cause 
additional costs, and should thus be managed 
actively. 
After the value-element lists have been 
constituted for the customer and the service 
provider, they can consider together how to 
highlight the facts important for both parties. For 
example a long-term relationship means reliability 
for the customer and total solutions for the 
provider. A long-term relationship also makes it 
possible for the provider to know the processes of 
the customer, and on the other hand it can 
improve the orderliness of maintenance for the 
customer. Due to this, the role of preventive 
maintenance may increase and that of corrective 
maintenance decrease, which usually reduces the 
total maintenance costs.  In the long term this 
should be seen as increased benefits for both 
parties.  
The value-based life-cycle framework can be used 
in various decision-making situations, like 
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maintenance service pricing, contract 
negotiations, outsourcing decisions, and LCC 
management. All costs should be considered in 
the long run, so that the cause-and-effect relations 
of the costs would become visible and the real 
benefits for both sides be achieved. Although the 
theoretical framework of the model seems to be 
ready, the implementation of this tool still requires 
resources and cooperation from the network 
partners. The next step in developing the 
framework is to include numerical data in it.   

8. Conclusions 
The purpose of this study was to create a value-
based life-cycle framework for industrial 
maintenance services in order to gain a better 
overall view of the creation of value and the 
distribution of value between various network 
members. Two of our research question aimed to 
uncover the value elements that increase the 
value of different maintenance services from the 
perspective of the customer and the service 
provider. The pre-assignment produced many 
different value-elements, not only price and 
quality, although a preliminary list was not given. 
The theoretical lists were specified and definitions 
of the value elements were clarified in the 
workshop. There were quite a few differences in 
the customers’ and service providers’ lists at 
company level, but those differences came up 
clearly by considering the maintenance of a 
specific item from the customer’s or the service 
provider’s point of view. 
Our third research question aimed to uncover the 
benefits and costs to augment the 
competitiveness of the whole business network by 
using a life-cycle framework. The value-element 
lists may change during the life cycle of the item. 
These lists may also vary in different alternatives 
to execute maintenance services. The long-term 
perspective for calculating the costs of 
maintenance is suitable because for example the 
benefits of preventive maintenance can usually be 
reached after a long time.    
Value and value elements have been previously 
studied in hotel, banking and restaurant services 
but not in the field of maintenance. The new 
approach in this study is also considering the 
value-elements from both sides (customer and 
provider) and to connect these views with life-
cycle thinking to improve the benefits of the whole 
network.  The value-based life-cycle framework 
can be used in various decision-making situations 
to manage the value of the customer, the service 
provider and the whole network.  

The sample of the study was not very wide. The 
companies participating in the development 
process of the framework represented only two 
lines of business. That is why the results cannot 
be generalised with certainty at the moment. The 
further research will concentrate on extending the 
data to get more information for the framework, 
although the variety of maintenance may still be 
challenging.  
The next step in developing the theoretical 
framework is to carry out a questionnaire survey 
among over 300 customers and service providers 
working in the area of maintenance. The focus will 
be on testing how the line on business, the size of 
the company or types of maintenance affect the 
value-element lists. It will be also interesting to 
find out the importance of the elements in different 
situations.  Another future research focus will be 
testing the framework by adding numerical data to 
it.   
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Appendix A. Precursory definitions of the value elements 

Availability The target of the maintenance work functions as expected; the users enhance the 
maintainability of the item.  

Dependability The operational reliability, repairability, maintainability, maintenance support performance 
and safety of the maintenance target are improved through the service.  

Quality The result of the service meets the expectations and lasts as long as agreed on.  

Flexibility The maintenance partner is flexible as regards their demands (for example delivery times 
or tailoring / standardization).  

Reliability Cooperation is conducted within the timetable and terms that were agreed on; cooperation 
is based on confidentiality.  

Operator 
knowledge 

The service provider has the knowhow to solve emerging problems; the workers executing 
the work are professional.   

Sustainability Maintenance contracts are long-lasting, and activities are developed in cooperation.  

Reputation The prevalent reputation of the maintenance partner is good; previous experiences of the 
partner are positive.  

Relationship Cooperation runs smoothly and fulfills the requirements of each partner. Information 
transfer between the partners is active.  

Contracts The terms of warranties and payments hold; the risks and responsibilities of maintenance 
services are shared between the customer and the service provider.  

Total 
solutions 

Maintenance cooperation includes different maintenance services comprehensively (for 
example, from maintenance management to operative work), or maintenance services 
along the whole lifecycle of the target of maintenance.  

R&D It is possible to advance the company's own R&D with the maintenance partner. The 
partner can provide the required information and knowhow for the development work.  

Price The price paid for the service is comparable to the received / provided service. The price 
has been negotiated in cooperation with the maintenance partner.  

Access to 
markets 

The cooperation enables accessing new customers or new business. 

Asset 
management 
factors 

The maintenance partner is responsible for warehousing and owning spare parts and fixed 
assets, so that they do not tie up the company's own resources.  

Accessibility The spare parts and services are accessible when needed.  
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Abstract: The objective of this article is to create a general life-cycle model for 
maintenance decision making in different industries at the item level. The need 
for network-level tools will increase, as inter-organisational collaboration is 
emphasised more and more. Previous life-cycle models have mostly viewed the 
matter from the perspective of just one company, but our model takes the 
different members of maintenance networks into account. We have also 
integrated value thinking with life-cycle accounting, as it is crucial for 
companies to perceive which elements increase the value of each member in 
their network. The value-based life-cycle model introduced in this article has 
been mainly developed to support the future planning of maintenance 
operations. In addition, it can be designed how additional value can be reached 
through future maintenance and how this value can be equitably shared 
between the network partners. 

Keywords: value; life cycle; maintenance; network; model. 
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1 Introduction 

The importance of industrial maintenance has been emphasised during the last decades: it 
is no longer a mere cost item, but one of the mainstays of business. Market conditions 
have worsened lately, investments in production assets have decreased, and companies 
have focused more on their core functions. These changes have caused increasing 
restructuring, especially outsourcing, of maintenance in industrial companies. The main 
benefits pursued through outsourcing include for example cost savings, resource 
optimisation, increased safety, and superior quality. However, despite the possible 
benefits of maintenance outsourcing, there are also some risks that can be increased when 
buying services from an outside service provider: for example losing the know-how of 
your personnel, facing general resistance to change, or high dependency on the service 
provider (Gómez et al., 2008; Kumar and Markeset, 2007). 

The high number of maintenance outsourcings has been followed by increased  
inter-organisational collaboration and new collaborative networks as regards industrial 
maintenance. Thus there is a growing need for network-level tools to support decision 
making and maintenance management. In addition, to promote advantageous 
collaboration, it is crucial for companies to know the preferences of their network 
partners: companies may think they know what elements in maintenance services are the 
most important for their partners, but they can be wrong. Thus this information on the 
most important value-creating elements should be made explicit to advance win-win 
situations in networks. 

We address the above-mentioned issues by introducing a novel tool for maintenance 
networks. Our objective is to create a general life-cycle model (LCM) to support decision 
making in company networks as regards item-level maintenance. The research questions 
of the paper are the following: 
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• What kind of structure is needed for a LCM that takes the perspectives of different 
maintenance network members into account? 

• How can the concept of value be integrated into the LCM? 

• How can the results generated by the model be used in decision making? 

Models of this kind have not been introduced in the academic literature before. Previous 
models (e.g., Jun and Kim, 2007; Waghmode and Sahasrabudhe, 2012) have mostly 
concerned the perspective of a single company. In our model the inspection is done from 
the perspectives of different members of a maintenance network: a maintenance customer 
(who buys maintenance services), a service provider (who provides maintenance services 
for the customer), and an equipment provider (who supplies equipment and some related 
maintenance services for the customer). The groundwork for the model has been done 
mostly with qualitative data (Sinkkonen et al., 2013b; Tynninen et al., 2012). Thus we 
consider it important that the model introduced in this paper can be tested with 
quantitative data, in other words with actual and estimated costs and profits. The model 
guides the user in decreasing the costs (see e.g., Idhammar, 2009) and increasing the 
profits (see e.g., Gokiene, 2010; Knights et al., 2004) of maintenance services during the 
life cycle of the item at issue. The model is suitable for different kinds of production 
equipment, as well as for various industries. 

After this introductory section, the theoretical framework for the model is discussed 
in Section 2. Next, Section 3 introduces the research design, including the modelling 
process and the research context. Section 4 addresses the value-based LCM for 
maintenance networks, and explicates how the model has been validated in cooperation 
with the mining industry. The article finishes with conclusions in Section 5. 

2 Theoretical framework of the model 

Life-cycle costing (LCC) hails from the 1960s when the US Army started to use it to 
estimate their acquisition costs. This method has typically been used in construction 
industry and government investments. However, it is still not very familiar in the field of 
industrial companies (Korpi and Ala-Risku, 2008). Conventionally LCC has been seen as 
a tool for calculating the investment costs of the whole life-cycle period of an item. 
During the last years, different kinds of LCMs have been developed for companies to 
plan the future and organise their operations in the long term, meaning better 
transparency of costs, activities, and their interaction (Lindholm and Suomala, 2007; 
Blanchard and Fabrycky, 1998). 

Table 1 presents seven recent academic studies which discuss maintenance costs and 
LCMs. These academic studies have similar features as our life-cycle framework, but 
there are also some major differences. Most of the models still focus on different kinds of 
new or replacement investments (e.g., Navarro-Galera and Ortúzar Maturana, 2011), 
being usually very case-specific and thus suitable only for the item in question 
(Hochschorner and Noring, 2011). However, there is also an increased interest towards 
models connecting maintenance costs and life-cycle thinking (see e.g., Jun and Kim, 
2007; Waghmode and Sahasrabudhe, 2012; Lad and Kulkarni, 2012). It should be noted 
that there are still very few models integrating value thinking with maintenance costs 
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(Wang and Xu, 2009). Also the life-cycle profits (LCP), e.g., minimising downtime and 
failures, are mainly neglected in the previous models. 
Table 1 List of the LCC articles reviewed for this paper 

Authors Year Title of the article Substance of the article 

Jun and Kim 2007 Life cycle cost modelling for 
railway vehicle 

• A model that uses net present 
value 

• Maintenance costs are one of 
the three cost categories 

Wang and Xu 2009 SVLC: service value life 
cycle model 

• An LCM for consumer 
services 

• Main focus is on the quality of 
the services  

Navarro-Galera 
and Ortúzar 
Maturana 

2011 Innovating in defence policy 
through spending efficiency: 
The life cycle costing model 

• An LCM for defence costs and 
economic growth 

• Empirical study 
Kayrbekova 
et al. 

2011 Activity-based life cycle cost 
analysis as an alternative to 
conventional LCC in 
engineering design 

• Activity-based life cycle cost 
analysis as an alternative to 
conventional LCC 

Hochschorner 
and Noring 

2011 Practitioners’ use of life cycle 
costing with environmental 
costs – a Swedish study 

• Using LCC as a part of 
decision making 

• Interview study 
Waghmode and 
Sahasrabudhe 

2012 Modelling maintenance and 
repair costs using stochastic 
point processes for life cycle 
costing of repairable systems 

• Modelling maintenance costs 
with LCC 

• Case study  

Lad and 
Kulkarni 

2012 Optimal maintenance 
schedule decisions for 
machine tools considering the 
user’s cost structure 

• LCC and present value are 
used for optimal maintenance 
schedule decisions  

Figure 1 presents the principle for our value-based LCM. The model consists of 
numerical value calculations and controlling criteria, which take into account the benefits 
and costs of all the network members (a customer, an equipment provider, and a 
maintenance company). All too often, the customer evaluates the maintenance services 
only from the cost point of view (Barringer, 2003; Dorf, 2004; Idhammar 2009; Knights 
et al., 2004). 

When discussing the maintenance services required by a single item (i.e., a piece of 
equipment, a part of equipment or a production line), there are three main options: the 
customer produces the services by itself (option I), the customer and the equipment 
provider produce the services together (option II), or an independent maintenance service 
company acts as an integrator and produces the services (option III). In practice, the 
solution is usually a combination of these options, which is not necessarily the most 
optimal way of creating value. Each member of the maintenance network examines the 
LCP and costs from their own viewpoint. From the customer’s point of view, the main 
issue is planning and simulating the life cycle of the item while considering the changing 
market situation (variations in demand) and risks (item criticality to the production 
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process). Thus, creating added value to the customer calls for maintenance profits during 
the item life cycle to be higher than the required costs. On the other hand, from the 
equipment provider’s point of view, selling maintenance services should create added 
value. 

Figure 1 Value-based LCM of maintenance services (see online version for colours) 
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Maintenance 
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Nowadays, the interest of equipment providers is directed not only to comprehensive 
maintenance services, but also to providing more and more operating services. Thus from 
the perspective of an equipment provider, the total present value of equipment and 
service sales should be positive. The independent maintenance company can be 
responsible for producing services on either the item level or on the level of the whole 
factory. The role of the maintenance company in the network is justified if the company, 
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as an integrator, is able to create additional value for the maintenance service packages 
(including planning, operating and managing the maintenance). The created value should 
be higher than what the customer and the equipment provider can create either alone or in 
cooperation. 

From the perspective of managing the whole network, it is a question of using  
life-cycle thinking to gain a better overall view of the creation of value and the 
distribution of the value between the various network members. Traditionally, each 
network member aspires to examine the created value only from their own point of view. 
If the customer works in close cooperation with the equipment provider, they can both 
create value through their own actions. However, the most interesting situation is the one 
in which all the network members try to create value collaboratively, using their potential 
know-how to improve the competitiveness of the whole network. 

3 Research design 

The group of researchers at Lappeenranta University of Technology started to develop 
their LCM already in 2010 (Figure 2), when they defined the cost structure of 
maintenance services together with a case network operating in the forest industry. The 
main goal of the research was to discover the most important cost categories of 
maintenance services from the perspective of either the service provider or the customer. 
These cost categories are: operating costs, subcontracting, machines and tools, spare 
parts, logistics, quality, environment, and other costs (Sinkkonen et al., 2013b). 

The next step was to get to know the definitions and structure of value and the value 
creation process in the field of maintenance. Value can be seen to comprise certain value 
elements, which are intended to be used as an input data for the LCM. Tynninen et al. 
(2012) found that a comprehensive list of the value elements of industrial maintenance 
was not available, and thus they constructed preliminary lists of value elements for 
maintenance customers and service providers on the basis of an extensive literature 
review. The preliminary list of value elements was tested and improved together with 
industrial maintenance professionals in a workshop. The theoretical lists were further 
tested through a survey among the representatives of customers and service providers 
working in the area of maintenance. These tested lists consist of sixteen different 
elements, such as flexibility, availability, price, reliability, quality, contracts and 
relationship, etc. (Sinkkonen et al., 2013a). 

The value-based LCM introduced in this paper was tested with real data in case 
studies with two companies (a customer and a service provider) operating in a mining 
network. Using this received feedback from testing the model, the researchers have 
already started to improve the model towards the second version. The future versions of 
the model will be further tested in an energy network, and internationally in Swedish 
companies. 

This study is a part of a large on-going project, and the case companies used in testing 
this model have been participating in the project closely. The companies have also their 
own interest in this kind of models because there is a clear need for long-term planning 
tools of maintenance services (Sinkkonen et al., 2013a). Preventive maintenance has a 
very important role in the mining industry, and thus the failure of critical items may stop 
the whole process rapidly. The production equipment of the mining industry has a long 
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life cycle, which makes it possible to get enough cost data and experiences of the 
maintenance services of the item to conduct research. In this case the customer and the 
service provider also have a long-term relationship in maintenance operations, which 
enables gathering experiences from both sides. In many occasions this kind of 
relationships does not exist, so our research environment was fruitful. 

Figure 2 Development process of the value-based LCM 

2010-2011

• Definition of the cost structure for maintenance services
• Creation of the cost model

2012

• Definion of the value-elements for maintenance services
• Creation of the value-element lists for the customer and the service provider

2013

• The first version of the value-based life-cycle model for maintenance services
• Definition of the modelling object (net present value, benefit-cost ratio)
• Definition of the parameters of the model and the relations between the 
parameters (maintenance costs, operations-related information, sales and 
profits)

• Construction of the model
• Testing the life-cycle model in a mining network

2013-2014

• Testing the life-cycle model in an energy network and in Sweden
• Updating and redeveloping the model on the basis of feedback

2015
• Implementation of the value-based life-cycle model in the corporate sector 

 

Note: The current phase is highlighted in darker grey. 

The maintenance processes in the case network were addressed through a case study, 
because it is a useful method for testing theoretical frameworks in real-life situations. 
This study contains two separate cases: a jaw crusher (Case 1) and a rod mill in the 
grinding and flotation phase of the process (Case 2). The relation of these two cases to 
the mining process can be seen in Figure 3. These machines were selected in close 
collaboration with the network companies. There were not many suitable machines in the 
mining process to be used for testing the model, because the idea was to study also the 
differences between the maintenance of critical and non-critical items. Also the 
availability of cost data limited the number of potential cases. The jaw crusher represents 
a critical item in the mining process. The rod mill is not so critical, because there are in 
total three mills to do the grinding and flotation. 
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Figure 3 Case studies in relation to the mining process 

 

The two cases were studied through several personal interviews with the maintenance 
manager, head of the mining department and foreman of maintenance. After that the 
maintenance costs were collected by the interviewed persons using the same cost 
structure as in the cost model (Sinkkonen et al., 2013b). The received cost data covered 
from three to five history years of the preventive and corrective maintenance cost data of 
these two case machines. After testing the model with this data, the results were analysed 
together with the maintenance experts of the companies. 

4 Value-based LCM 

4.1 Structure of the model 

The developed model is suitable for item-level decision-making situations between 
companies buying and selling maintenance services. The model can be used as a mutual 
tool on the network level or separately in each company. Practitioners will be able to use 
the model in planning the future, but also in monitoring the realised costs and profits 
from the past. This way the model can be used as a tool for both planning and 
monitoring. The first version of the model has been developed by using Microsoft® 
Excel, and it consists of eight sheets. Depending on the user, these sheets include two or 
three input sheets and two result sheets. 

The process of using the model is described in Figure 4. The first two boxes represent 
the sheets that are common for all users. On the front page and the instruction sheet the 
user can explore the content and structure of the model. In addition, the use of the model 
is described with elucidating figures on the front page and the instruction sheet. On the 
initial data-sheet the user can input the identification information of the item and the 
names of its maintenance operators. In this sheet, the user also can decide on the length of 
the history and planning periods for input data. In addition, the initial data-sheet allows 
the user to see what information is needed for the following calculation sheets and what 
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the formal logic of the model is like. On this sheet, the user can also test the logic of the 
model and see how it works. 

Figure 4 Structure and content of the value-based LCM (see online version for colours) 

 

The LCC sheets for calculation are called the customer, service provider and equipment 
provider. The suppliers (service providers and equipment providers) input the 
maintenance costs (according to the cost categories in Section 3) and sales related to the 
item. The customer inputs the maintenance costs as well as operations-related 
information (such as utilisation rate, product margin and maintenance-related 
information) of the item on the customer sheet. The user then chooses a discounting rate 
which is based on the company’s own targets. The discounting rate is used to calculate 
the net present value of past and future costs, savings and profits. 

The results sheet includes the main results from the customer, service provider and 
equipment provider-sheets. Net present values of maintenance costs, savings and profits 
are presented for all network members and for each year of the history and planning 
period. In addition, cumulative net present values of the net profits are calculated and 
presented in this sheet. Benefit-cost ratios describe the relationship between cumulative 
profits and costs from each year. On the whole, the numerical value of the benefit-cost 
ratio should remain greater than one. This would mean that the profits are greater than the 
costs, and that the maintenance actions have been carried out profitably. The model also 
presents the main results through elucidating figures. 

An important part of this model is connecting value thinking and LCC. In the value 
elements-sheet the user chooses one to five value elements from the element list  
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(Section 3). After that, the user weights the elements by using percentage factors based 
on his perspectives and thoughts. On the basis of the chosen value elements, the model 
divides the cumulative net profits to the weighted elements. Therefore, the model gives a 
numerical value to all the chosen and weighted value elements which can be seen in the 
distribution of the value of the network sheet. These results can be used to analyse how 
the gained profits and increased value can be distributed fairly to all network members. 

To utilise the model for planning the future, all the results provided by the model 
should be considered. The benefit-cost ratio highlights the relationships between 
cumulative net profits and costs, while the net present values describe the cumulative 
profits and costs while taking the time value of money into account. In addition, the 
distribution the value of the network-sheet connects the value thinking and LCC. 
Utilising all the above-mentioned results, the value-based LCM provides a useful tool for 
supporting contract negotiations and to analyse the distribution of the increased value of 
the network. 

4.2 Testing and results of the value-based LCM 

The value-based LCM has been mainly developed to support future planning in the 
maintenance network including a customer, service provider and equipment provider. 
However, the results presented in this paper concentrate on two players, the customer and 
the service provider, because the equipment provider did not have any role in the studied 
cases. It is also justified to test the model first with only two players for simplicity. 

The model has been developed and tested with two independent cases. In this 
subsection we concentrate on the rod mill, which is a part of the grinding and flotation 
process (Figure 3). The model has also been tested with a jaw crusher case, but this case 
is not presented in this paper. The reason for this choice is that the cost data of the rod 
mill case was more comprehensive and clearer. In addition, the maintenance processes of 
the rod mill consist of both preventive and corrective maintenance actions. Testing the 
model was carried out with real cost data and numbers, but as requested by the case 
companies, the numerical results are not presented here. That is why the following 
figures only present simplified results without specific numerical values. The input data 
included cost information, operations-related information and data of preventive and 
corrective maintenance actions from the past five years. The input data of the future 
includes the same information in the next five years. The information is based on 
estimates and views of the future by the maintenance manager of the rod mill. 

The cumulative net present values of customer maintenance costs can be seen in 
Figure 5. During the last five years, the maintenance costs of the rod mill have mainly 
consisted of corrective maintenance actions. Our scenario for the future in this market 
situation is that the company should concentrate more on preventive maintenance actions. 
This way, the company will be able to improve the utilisation of the device and to reach 
cost savings, because preventive maintenance is usually cheaper than corrective 
maintenance (Knights et al., 2004; Woodward, 1997). Therefore, increasing preventive 
maintenance in relation to corrective maintenance, the customer company will be able to 
increase the total profits of equipment. However, the company will have this possibility 
to reach better profits only if they can utilise all the stoppages and downtime to conduct 
preventive maintenance. It should also be noted that the optimal ratio between preventive 
and corrective maintenance is highly dependent on the item in question, its maintenance 
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strategy and the market situation (Pourjavad et al., 2013; Rashidi and Jenab, 2013). For 
example if the market situation is bad, it is not usually worthwhile to use money for 
preventive maintenance, because there may not be any lost profits if the machine breaks 
down. In these kinds of situations the financial losses might be greater if preventive 
maintenance is used instead of corrective maintenance. All in all, this scenario can be 
seen as a raising trend of preventive maintenance in Figure 5. 

Figure 5 Cumulative net present values of customer maintenance costs (see online version  
for colours) 

[€]

[year]

Cumulative net present 
value of corrective 
maintenance costs

Cumulative net present 
value of preventive 
maintenance costs

 

The cumulative net present values of maintenance net profits from both the customer’s 
and service provider’s point of view can be seen in Figure 6. The past five years have 
been unprofitable because the operation of the item has not improved from the 
maintenance point of view. In addition, the share of maintenance of the maximal 
production time has been ten percent each year. In the planning period it is assumed that 
the investments in preventive maintenance (Figure 5) will increase the effectiveness and 
utilisation of the device. This may enable the customer to reach better profits in the 
upcoming five years (Figure 6), even though there will be two big maintenance 
stoppages: in 2014 and 2016. 

The better profits are possible not only for the customer but also for the service 
provider company. The service provider will benefit from the decreasing amount of 
corrective maintenance, because they will then be able to plan their maintenance actions 
better. This way the service provider could get the better margins from maintenance 
operations. In addition, the maintenance operations planned in advance allow the service 
provider to use their resources more efficiently. To reach more profits, the customer and 
the service provider must cooperate. The plans for rod mill maintenance need to be done 
together, at least for two or three years forward. In long-range planning it is possible to 
define the needed maintenance actions for the upcoming years, and this way better 
reliability of the rod mill can be guaranteed. 
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Figure 6 Cumulative net present values of maintenance from the customer’s and service 
provider’s point of view (see online version for colours) 
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Figure 7 Benefit-cost ratio of maintenance from the customer’s and service provider’s point of 
view (see online version for colours) 
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In long-term planning, it is also important to find the optimal balance between 
maintenance costs and maintenance losses. Therefore, the benefit-cost ratio is a suitable 
indicator for analysing the balance between costs and profits. Focusing too much on 
optimising the maintenance actions may lead to a situation where the costs of item 
maintenance are bigger than the received profits. That is why the benefit-cost ratio is a 
rational indicator for planning and controlling the total costs and profits of maintenance 
operations. In Figure 7, it can be seen that the benefit-cost ratio values have been at a low 
level in the history period from both the customer’s and service provider’s point of view. 
As discussed before, it is assumed that the investments in preventive maintenance would 
increase the profits of equipment in the future. Therefore, the costs of maintenance would 
decrease or at least stay at the current level. Based on this, the benefit-cost ratio would 
increase in years 2013–2017 (Figure 7). In some years (like 2014 and 2016) the  
benefit-cost ratio may decrease considerably, because big maintenance actions will be 
carried out in these years. In Figure 7, the service provider seems to have done better than 
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the customer during the planning period because the benefit-cost ratio compares profit 
with costs, which are considerably smaller for the service provider than the customer. 

Working in a network, it is usual that the achieved profits are divided in an unfair 
manner among the network members. In many situations, the customer company receives 
most of the increased value, whereas the service provider usually gets nothing. That is 
why it is important to think how the increased value can be distributed fairly among all 
network members. For example, the customer would be able to pay some kind of a bonus 
to the service provider when the availability of the item stays at the agreed level. In the 
rod mill case, let us assume that the customer pays a ten percent bonus to the service 
provider each year during 2013–2017, which will increase the yearly profit of the service 
provider. However, the service provider company would still receive only 16% of the 
total increased value of the network, whereas the customer would get 84% of the 
increased value of the planning period (Figure 8). In this rod mill case the customer’s 
added value, 84%, has been divided into four weighted value elements, reliability, safety 
at work, flexibility and availability. The service provider values elements like orderliness, 
safety at work, flexibility and reliability. The model calculates a numerical value to each 
value of the elements by using the percentage factors and the added value of the whole 
network. This information could be useful for contracts or bonus systems between the 
network members. 

Figure 8 The growth of total value in the network 

84%

16%

Added value experienced 
by customer

Added value experienced 
by service provider 

 

In the future, these kinds of models could be useful not only to support decision-making 
situations but also to analyse the distribution of increased value among the network 
members. 

5 Conclusions 

The purpose of this study was to create a general LCM for maintenance decision making 
in different industries at the item level. Our first research question aimed at uncovering 
the structure for a model that takes the perspectives of different maintenance network 
members into account. Previous LCMs have mostly addressed the perspective of just one 
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company, but our model connects these perspectives of different maintenance network 
members (customer, service provider and equipment provider) together in a new way. 
Each network member is able to input their own cost and profit data related to the 
maintenance services of one item. As a result, the model calculates the net present values 
of maintenance costs and profits and presents them from the points of view of all network 
members. 

Our second research question aimed at uncovering the integration of value into the 
model. The user can choose one to five important value elements and weight the elements 
based on his perspective and thoughts in this particular maintenance service case. The 
model gives numerical values to the value elements, which can be then used as a basis for 
contracts and bonus systems between the network members. 

The third research question aimed at uncovering the results generated by the model to 
be used in decision making. The model can be used either as a tool at the network level or 
separately in each company. The users can use the model for planning the future or 
analysing the past. This model is also suitable for small companies for building active 
networks to offer outsourcing services for large companies. Traditionally, each network 
member has considered the created value only from their own point of view. The new 
approach in this study is examining the value from different maintenance network 
members and to connect these views to improve the benefits of the whole network. In this 
case study we have illustrated that by using the model for the better planning of 
preventive and corrective maintenance, both network members(customer and service 
provider) could increase their profits. 

Working together with the case companies convinced us that there is a real need for a 
long-term planning tool of maintenance services. Maintenance costs are usually a notable 
part of the life-cycle costs of an item, and it is important to be able to plan the future 
maintenance operations for the strategic period of the company or for the whole life-cycle 
period of the item. 

The presented LCM has been developed in process industry and it does not yet take 
into account different manners of production, such as batch or serial production. The 
model must also be tested in other lines of business than mining, before it can be called a 
general model. It was also noticed during the testing of the model that it was challenging 
to get correct and detailed cost data of the item from the companies. It was typical that 
maintenance costs were not available on item level, in different cost categories, or in 
preventive and corrective costs separately. The next step in further research will be to 
improve the presented model by using the feedback received from the tests. It is also 
important to widen the testing to cover all three network members, because the results 
presented in this paper concentrate on only two players, the customer and the service 
provider. The weight of the value elements are still based on the users’ own perspectives 
and thoughts, but in the future the idea is to improve this part of the model. A sensitivity 
analysis, where the most important maintenance cost components are evaluated, is 
intended to include in the model. This way, companies in the maintenance network can 
have a way of focusing on the most relevant components of the model. This improved 
and expanded version of the model will be further tested in an energy network and also 
together with the authors’ research partners in Sweden. It will be interesting to find out 
how the line of business, the size of the company or types of maintenance affects the 
value elements used in the model. It will also be interesting to find out the importance of 
the elements in different maintenance situations. 
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Abstract—Outsourcing of maintenance operations has created 
new kind of decision-making situations. These situations require 
above all increased cost-awareness. Our industrial research 
partners have noticed in several occasions that there is a need for 
a common network-level tool which would enable the planning of 
maintenance operations. Most planning is even today made by 
each partner's own simple calculations or is based on the 
empirical knowledge of maintenance experts. Co-operation 
between the customer and the service provider is still rather 
uncommon.  

This article  presents a life-cycle model that helps in planning 
maintenance operations better than  previous models. Most 
models are very case-specific, suitable only for the item or the 
purpose of use in question. In many cases the models are quite 
theoretical and include complicated mathematical solutions, 
requiring  special  skills  from  the  user.  Usually  the  models  have  
also been constructed for the needs of asingle company without a 
network perspective. Our general item level life-cycle model 
takes into account the point of view of all  maintenance network 
members, it makes planning the future scenarios of maintenance 
operations together possible, and it provides a practical tool for 
daily use to reach cost and time savings in the whole network.     

Keywords—life-cycle model, maintenance, customer, network, 
service provider, net present value, benefit-cost ratio 

I. INTRODUCTION

Industrial maintenance outsourcings have changed the basis 
of maintenance decision making in many companies. When 
multiple different organizations (e.g. a customer, a service 
provider and an equipment provider) must collaborate to 
ensure the availability of production equipment, the decisions 
cannot be based on the tacit knowledge of individual 
maintenance experts, as has often been the case in in-house 
maintenance. Instead, a new kind of transparency is required 
from the companies operating in maintenance networks, not to 
mention cost-awareness, which is an essential part of service 
pricing, contract formulation and maintenance performance 
measurement. 

Maintenance decision making often has to do with the 
future, especially as regards proactive maintenance: resources 
are sacrificed to improve the functioning of the items, not just 
at the moment but also in times to come. Thus maintenance 
should be approached from the perspective of investment 
appraisal, and the impacts of the decisions on the whole life 
cycle of the item should be considered.   

A number of life-cycle cost (LCC) models for different 
kind of products, equipment, machines or systems can be 
found in the literature [1]-[8]. Although the demand for LCC 
models is commonly admitted, these models are still often 
very case-specific, suitable only for the item or the purpose of 
use in question. There cannot be found a single LCC model 
that has been widely used and accepted as a standard [4].

Hochchorner and Noring [9] carried out an interview study 
in 2005-2006 and 2010 among Swedish companies regarding 
the use of LCC. They noticed that “even though many 
interviewees believed that LCC can be important for decision 
making, it was not always performed or used.” The reason for 
this was that LCC was experienced as difficult and 
complicated to use, and a time-consuming and expensive 
method to carry out. This result supports the argument of 
Korpi and Ala-Risku [10], according to whom there is no 
evidence that LCC models are commonly used. They have 
also observed that the LCC analysis is often affected by a lack 
of adequate information. Kayrbekova et al. [6] note that it may 
be impossible to perform a complete LCC model due to the 
enormous need of data and information.   

The interviewees in the study of Hochchorner and Noring 
[9]  pointed  out  that  there  was  a  real  need for  a  common and 
easy-to-use LCC model as a decision-making tool. Our 
industrial research partners, operating either as maintenance 
service buyers or providers, have noticed also in several 
occasions that there is a need for a common network-level tool 
which would enable the planning of maintenance operations.
We have created an LCC model to support maintenance 
decision making in business networks. 

The research questions of the paper are the following: 

- How does the created life-cycle model differ from or is 
better than the existing models?  

- What are the possible limitations of the model? 

 This paper contributes to the previous discussion through 
pointing out the general shortcomings of the existing LCC 
models in maintenance. We also describe the design and 
costing principles used in constructing our general item-level 
LCC tool for network-level maintenance decision making, and 
finally explicate the limitations and challenges that still remain 
unsettled and should thus evoke further research. 

After this introduction section, section II concentrates on the 
comparison between the existing models and our model by
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using the five-step method of LCC. Next, section III introduces 
the mathematical structure of our LCC model for an industrial
maintenance network. In section IV the limitations and
challenges of our LCC model are discussed. The article
finishes with conclusions in section V. 

II. LIFE-CYCLE COSTING PROCESS 

Originally, the LCC has been seen as a tool for estimating
the acquisition cost of a product from design to disposal.
Nowadays the LCC can be used in various situations, like
managing the costs, planning the future or organizing the
actions in the long run [11].

Life-cycle costs mean typically the costs which arise from
owning, utilization, maintenance and disposal of a product,
item, project or system [12], [13]. As the main focus in
analysing different kinds of LCC methods is usually on costs,
when speaking of comprehensive LCCs, the profits must also 
be included. The life-cycle profits (LCP) are the profits the
company gains during the whole life-cycle period of the
product, item or service [14]. Indounas [15] has pointed out
that the price is the only way to get profit. This is true when we 
think of the equipment provider or service provider, but the
customer on the other hand gets profit for example through
rationalization or better reliability [16]. 

Many models and methods for describing the LCC have
been developed.  For example the standards for life-cycle costs 
present calculation processes including four to seven main 
stages [17], [18]. Several alternatives for designing the LCC
process can be found in the literature [19] - [21]. Figure 1
shows a five-step method for the LCC, adapted from 
Woodward [19] and Kawauchi & Rausand [21]. 

Fig. 1. Five  steps  of  LCC (adapted from Woodward [19] and Kawauchi &
Rausand [21])

The following chapters concentrate on comparing the
existing models with our model by using the five-step method
of LCC presented in figure 1.  

A. Step 1: Definition of the problem and cost elements 

Step 1 defines the problem and the cost elements needed.
This means specifying the wideness and target of the model. It
also includes a description of the cash flow along the life cycle. 
This step is important for the success of the final accounting 
process, although it may be very challenging to identify the
cash flow in many cases [19], [21]. 

Seven recent academic studies from years 2006 – 2012
presenting LCC models including maintenance, have been 
mainly constructed to contain costs along the whole life cycle,
designed only for the item in question and from the perspective 
of one company [1] – [7]. Our general item-level life-cycle
model takes account of the point of view of all maintenance 

network members, i.e. the customer, service provider and
equipment provider.

Our model focuses on the life cycle of the item based on the 
maintenance contracts. This life cycle can vary depending on
the role of the network member. The length of the life-cycle
period of the item for the equipment provider may be for
example ten years, but at the same time the customer company 
may have two to three different contracts with the maintenance 
service provider. During the life cycle of the item, the cash
flows to be included in the model include e.g. the network
members' maintenance costs, revenues from equipment and
service sales, and performance-related bonuses and penalties. 

B. Step 2: Definition of the cost structure and modelling 
Step 2 is definition of the structure of the model and the

cost categories to be used.  There are many ways to classify the 
costs,  but  it  must  be  done  so  that  the  company  can  make  a
comparison between the selected products or services on a
sufficient level. The costs can be categorized for example by
design, research and development, production, implementation, 
and utilization [19], [21]. 

Jun and Kim [2] have only three main cost categories in
their LCC model; investment, annual operation and
maintenance, and disposal costs. Waghmode and Sahasrabudhe 
[4] have included 25 different cost elements in their LCC
model, whereas Lapašinskait  and Boguslauskas [3] have paid
most attention only to operational and maintenance costs.   

There are six cost categories in our model; operational
maintenance, quality, outsourcing and logistics, environmental,
asset management, and other costs. These main cost categories
(e.g. operational maintenance costs) are then further divided to 
subcategories like labour, material or energy. The original cost
structure was developed together with companies working in
the forest industry and it was then specified in co-operation
with maintenance experts [22] – [24].  Although our model
contains a number of subcategories for costs, using them is
optional in order to increase the generalization of the tool. If
the accumulated cost data is not specific enough, or if the
company feels that breaking down the costs will not bring any
specific additional value to them, they are free to use even one 
single cost category. 

All recent LCC models [1] – [7] consider the costs only
from the point of view of the user. Our model is made for a
maintenance network. It is a tool for planning the operations 
together with a customer (buyer of maintenance services), a
maintenance service provider and an equipment provider, who
supplies the equipment and maybe also equipment-related
services to the customer. 

C. Step 3: Data collection 
Step 3 is collecting all the data required. This step has the

great impact on the final results. The initial data must be 
reliable and as relevant as possible [19], [21].  This has been a
very challenging stage for us as well, because it is very difficult 
to acquire adequate maintenance cost data at the item or
operational level. There are a lot of cost data in companies’
cost systems, but the information is not detailed enough.
Production-related information such as capacity, operating
time, production speed etc. is well known, and also
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maintenance-related information like maintenance hours and
the share of corrective or preventive maintenance can be found 
easily. However, product-related information can be 
problematic, because the item in question may not produce
finished products but semi-finished products or parts of the
finished product. In these situations it is challenging to define
for example the unit production cost or profit margin. This 
problem will disappear when the perspective is expanded to the 
production line or even larger entities.

The network-level view is beneficial also from the
perspective of data collection. The life-cycle data of the item 
can be fragmented between different network partners, and
pooling the data with a joint decision-making tool can result in 
valuable information for each company. 

D. Step 4: Selection of the LCC method 
The method for life-cycle accounting is chosen in step 4.

The model must be suitable for analysing the costs of the
product or service in question. This stage includes also the
actual calculation.  

In life-cycle cost analysis, the cost elements will occur at
different times throughout the life of the item. Thus, it is
essential to calculate the present value of the life-cycle costs. 
The future costs can be discounted to the present value by 
using a specific discount rate [19].  The present value can be 
seen as a good evaluating method when discounted cash flows
are concerned [25] – [27]. For example Jun and Kim [2], 
Waghmode and Sahasrabudhe [4],  Lapašinskait  and
Boguslauskas [3], and Lad  and Kulkarni [1] use the present 
value to calculate the LCC.

Kayrbekova et al. [6] introduce activity-based LCCs in
their research. This technique observes the overhead costs and
allocates them more accurately than conventional cash flow -
oriented costing. It also highlights the cause-and-effect-
relationships of the costs. Korpi and Ala-Risku [10] remind
that using the activity-based method requires an extensive 
activity-cost database.  

We have developed our model based on the conventional 
cash flow -oriented model by using the present value to
calculate the LCC. These choices make it possible to keep the 
model simple to implement and easy to use. The decision of
not to apply the activity-based LCC is justified in terms of
model generalization, as a vast majority of companies do not
have the needed activity-related data available. 

E. Step 5: Evaluation 
Step 5 is for analysing the LCC results, estimating the

whole calculation process and sensitivity analyses.  It is
possible to analyse the changes of the important factors and 
their impact for the final results. It is also possible to move
back to step 1 and change the initial data if necessary [19],
[21].  Jun and Kim [2] emphasise the importance of sensitivity
analysis when there are uncertainties in the input data.

Our LCC model results in the cumulative net present value 
of maintenance as well as in the maintenance benefit-cost ratio 
for each network member. For years now the academic 
discussion on maintenance has emphasized the fact that in
order to convince the decision makers, the results of 
maintenance analysis should be translated into economic 
aspects. This is what we have done, trying to offer maintenance 
managers a tool for validating their decisions to the managers
at the top levels of organizational hierarchy. In addition, the
results of our model enable network-level performance
measurement and management. However, sharing the
economic results outside the company borders requires a 
considerable amount of trust and work from the partners, and is 
thus not often put into practice.  

III. OUR NETWORK LEVEL LCC MODEL 

In this section, the structure of our life-cycle cost model as
a planning tool for an industrial maintenance network is
presented. The developed model focuses on the maintenance 
operations and their costs and effects at the network level. The 
objective has been to create a common tool for planning to gain 
benefit for each member by increasing the value of the whole 
network. 

The life-cycle model is defined as the summation of three 
cost components; maintenance costs, maintenance cost savings 
and maintenance profit loss or gain. In addition, the
maintenance profit loss or gain, closely connected to the
maintenance of the equipment itself, is substituted with certain
profit categories, such as contract-based profits, in the case of
the service provider or equipment provider, as the equipment is 
owned by the customer. 

The model focuses on maintenance, because its costs, 
savings and profits dominate along the whole life-cycle of the
item in many cases [3], [4]. 

Figure 2 illustrates the design and costing principles of our
model. The input data is on the left of the figure, the costing
principles in the middle and the results on the right.
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Fig. 2 LCC model for a maintenance network (the abbreviations are explained in the sections below) 

A. Annual Maintenance Costs

The annual maintenance costs in total, Ctotal,  can  be
calculated by summing up the six subcategories of the costs
(1). 

= + + + + + (1)

where 

C1 = operational maintenance costs
C2 = quality costs  
C3 = costs of outsourcing and logistics  
C4 = environmental costs
C5 = asset management costs  
C6 = other costs

 These six subcomponents of the costs are based on the
definition of the cost structure for maintenance services
made by the researcher [22]. Some of the original cost 
categories have been left out during the development of the
model due to the reserved feedback of maintenance experts. 

   The operational maintenance costs, C1, consist of
labour, energy and material costs. The quality costs, C2,
include quality control costs and disposal and processing
costs of low-grade products. The costs related to outsourcing 
and logistics are marked as C3. The environmental costs, C4,
are the sum of cleaning, processing and supervision costs.
The costs of current assets and the costs of fixed assets form
asset management costs, C5. The other costs, C6, are

composed of costs like tools and instruments, research and
development, training and negotiation, as well as the costs of 
occupational safety and accidents. There  is,  however,  a
couple of exceptions to this categorization. First of all, the
quality costs include warranty costs instead of the above-
mentioned ones for the service providers and equipment
providers in the model. Also research and development form 
a  separate  cost  category  to  these  two actors,  including both  
designing costs and data acquisition costs. 

B. Annual Maintenance Cost Savings

Annual maintenance cost savings, Stotal, consist of six sub 
components (2) which are based directly on cost information 
entered by the user. For example S1 is the operational cost
savings.

= + + + + + (2)

Modelling  the  annual  cost  savings  is  based  on  the
comparison of the average costs of the life-cycle so far to the 
annual costs of the present year. Thus occasional large
variation in yearly costs can be eliminated and they do not
have too much influence on planning the future operations.
Equation (3) presents the annual subcomponent of
maintenance cost saving. 

= (3), 
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where 

S1 = operational maintenance cost savings based on input 
data of operational costs

k = length of the planning period, including both history
and future years

 The other five cost saving subcategories from S2 to S6 are 
calculated the same way as S1 above.  

C. Annual Maintenance Profit Loss or Gain 

Maintenance-related profits and losses illustrate the 
financial effects of maintenance changes. This can be 
calculated by the profit losses due to one hour stoppage in 
production, PLh, and maintenance hour, Mh. Profit losses
caused by one hour stoppage in production, PLh, is
calculated by multiplying the production costs per unit,
UPC, profit margin ratio, PM%, and production speed on 
average, APS (4).

= % (4)

The annual maintenance hours, Mh, consist of maintenance 
stoppages, maintenance performed during on-going
manufacturing and maintenance executed during other
production stoppages. This means stoppages during which
no actions are done with the machine. However, 
underutilization is not included in the number.  

 Equation (5) represents the annual maintenance hours, 
Mh.

= % (5),

 where 

TMOT = theoretical maximum operating time
M%  = share of maintenance of maximum operating

time

 The theoretical maximum operating time, TMOT,  is  the
absolute maximal number of hours in a year that the
equipment could be run in an ideal situation. For example,
when the equipment is continuously in use, the theoretical
maximum operating time is 24h  365 = 8760h. The share of 
total maintenance of maximum operating time, M%, is the 
percentage of different maintenance operations in relation to 
the annual operating time maximum. This percentage
includes both corrective and preventive maintenance.  

 The lost profits caused by maintenance operations are 
constructed in a way that only maintenance-related stoppages 
are taken into the calculations. Maintenance operations 
executed during manufacturing without a stoppage and
maintenance carried out during other stoppages than
maintenance-related ones, are not included either, because 
they do not add to losses from maintenance.  

 The annual maintenance profit loss or gain in relation to 
the life-cycle average, MRPL is 

= [ ( % + % )] (6)

 where 

MDM% = share of maintenance performed during
manufacturing 

MDU%  = share of maintenance performed during
underutilization 

MRPL is for the customer. The profit of the service
provider or equipment provider is called SCBP. SCBP is a 
sum of contract-based profits, CBP, equipment-based
bonuses, EBB, and equipment sales-based profits, EBP (7).

= + + (7)

The contract-based profits, CBP, are understood here widely, 
as all those payments/profits that belong to the service
provider are based on maintenance contracts. The 
equipment-based bonuses, EBB, are extra profits/incentives 
that the service provider or equipment provider gets only
under certain circumstances, such as meeting key indicators.
For example, a bonus is granted when the utilization rate 
goes over 90 percent. This potential bonus can also be
dependent on certain steps (90 percent = bonus amount, 95
percent = 2 x bonus amount) in order to give extra
motivation to the one taking care of maintaining the
equipment. The equipment sales-based profits, ESP, include
only those profits that originate directly from equipment
sales to the customer. Thus, this category is only available
for the equipment provider. The contract-based profits
should not be entered here.

D. Cumulative Net Present Value of Maintenance Profits 

The first key figure of the life-cycle model is the 
cumulative net present value. The cumulative net present 
value of maintenance profits, CNPV,  is  a  sum  of  the
cumulative present value of maintenance costs, CPVC, cost
savings, CPVS, and profit loss or gain, CPVMRPL.

Equation (8) presents the cumulative net present value of 
maintenance profits, CPNV

= ( + ) (8)

 The first part of the equation of the CNPV is a sum of the 
present values of the annual cost savings, CPVS , throughout 
the planning period (9).

=
1

(1 + )
(9)

 The second part of the equation of the CPNV is a sum of 
the present values of the annual profit loss or gain, CPVMRPL,
along the planning period (10).

=
1

(1 + )
(10)
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 The third factor of the equation of the CPNV is a sum of
the present value of the annual maintenance costs, CPVC,
throughout the planning period.  

=
1

(1 + )
(11)

 It is possible to estimate the maintenance profits of the
whole planning period by the cumulative net present value
with a specific discount rate.

The cumulative net present value expresses the 
maintenance surplus, or alternatively the maintenance deficit 
over the chosen planning period in the model. Therefore, the 
CNPV is an excellent indicator that ultimately clarifies the
point where the profits exceed the costs within the item’s
life-cycle. Naturally, it is possible that this kind of  a
“breaking point” does not exist and thus the CNPV can also 
be used to find an acceptable level for the deficit and 
maintain it. 

E. Benefit-Cost Ratio 
The second key figure of the life-cycle model is the 

benefit-cost ratio (12).  It can be seen annually what the
proportion of maintenance profits is in the maintenance
costs. The figure benefit-cost ratio describes in practice what 
the multiple maintenance profits are in comparison with the 
maintenance costs. The benefit-cost ratio should always get 
the value of over 1, because then the profits overrun the
costs.

=
( + )

(12)

The benefit-cost ratio is a suitable indicator for analysing
the balance between costs and profits. It is important to find 
the optimal balance between the maintenance costs and 
maintenance losses, but it is also important not to focus too
much on optimizing the maintenance actions, because it may 
lead to a situation where the costs of item maintenance are 
bigger than the received profits. 

F. Sensitivity analyses
In our model it is possible to analyse the changes of the

important factors and their impact on the final results
(cumulative net present value and benefit-cost ratio) by using 
sensitivity analysis. The user can decide which input factor -   
share of maintenance of maximum operating time, cost 
element, production speed on average or interest-rate, is 
critical and what are the effects to the calculation if this
factor changes for example ±10% from the planned. 

G. Value-elements 
 The user can choose one to five important value elements 
and weight the elements based on his perspective and 
thoughts in this particular maintenance service case. The 
model gives numerical values to the value elements, which
can be then used as a basis for contracts and bonus systems
between the network members. 

IV. LIMITATIONS OF OUR LCC MODEL 

The model has been developed in close cooperation with 
maintenance experts from eight different companies 
representing a customer, service provider and equipment
provider. These experts have tested the model and given us
useful information and feedback to improve the model so far, 
but there are still some shortcomings in the model. Some of 
these weaknesses, limitations and targets for further
development are listed below.

Existing market conditions should be acknowledged
in relation to the theoretically lost production that
causes lost profits in the model. At the moment all
stoppages are treated as a lost profit although the 
production cannot be sold.  This can be eliminated in 
the model by decreasing the theoretical maximum 
operating time.

Eliminating the present correlation of the increased
production speed and the increased profit losses by
taking gained revenues into account. The model 
works like that at the moment.

Taking alternative or reduplicate production options
and buffer stocks into account when determining the
maintenance costs in the model. The model does not 
take into account the effect of the sale on the 
maintenance. The errors of maintenance lead to lost 
production, but improved maintenance does not raise
the profits. This is already an option in the model, but 
it is not linked to the components of lost production.

Enabling the entering of start-up and shutdown times
of an item to the model, as the production speed may
be reduced in these cases. At the moment these are 
left  out,  because  the  idea  was  to  develop  a  general-
level model, and considering the costs along the 
whole life cycle, these are trivialities.   

Protecting confidential information throughout the
worksheets of the value-based life-cycle model
should be rigorously considered. At the moment all
input data is shown to all network members.

The entire value-thinking should be altered. At the
moment we have decided to speak only for increased
total value of the network (equals CNPV).  Value 
distribution into the single elements will be left out of 
our LCC model, because the current division of the
value by weighted value elements is quite artificial.
However, the value elements are still useful for
negotiations and contracts between the members of 
the maintenance network. .

 The first three improvements on the list, related to the
calculation of the maintenance-related profit losses will most 
likely be included in the third version of the model, as these
aspects have somewhat substantial influence on the main 
results. The aim is to develop the general-level and simple 
model, and therefore some facts for special lines of business 
must be left out. 
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 There are still some limitations in applying our model in
different industries and contexts. The network perspective
brings additional challenges related to information
confidentiality. In addition, the results of the model should
be integrated better to comprehensive maintenance 
performance measurement, taking intangible value elements 
into account. These limitations represent logical topics for 
further research. 

 The value elements and the distribution of value will be
realised with an additional model called value analyser,
which will probably be connected to the LCC model.  These 
two models together complement each other in such a way
that LCC model presents the hard side of the value thinking,
and the value analyser the soft side.

V. CONCLUSIONS 

In this paper we have shed light on the construction
process of a general LCC model for maintenance planning at 
the network level. Compared to the existing LCC models in 
maintenance, we have made the improvements described in
Table I. 
Table 1. Comparison of the characteristic of previous LCC models and the 
created model. 

Characteristics of previous 
models 

Characteristics of the created 
model 

Case-specific Pursuing generalization

The perspective of one company The perspective of a company 
network or one company 

Life-cycle profits are not always 
included 

Life-cycle profits are included and 
customized for each network 

member 
Various different sets of cost 

categories, depending on the case 
and on the model 

Various cost categories in the same 
model, the user can decide on how 

to apply them 
Data collection poses challenges 

for each user individually 
Collaboration in data collection is 

enabled through a joint tool 
LCC methods depend on the case; 
some could be generalized, some 

not

Conventional cash flow and present 
value chosen as LCC methods to 

increase applicability 

Sensitivity analyses and 
economically justified results are 

often used 

Sensitivity analyses, economically 
justified results and the possibility 

for network-level performance 
management 

  The theoretical contribution of the paper includes
pointing out the limitations of previous research on LCC
modelling in maintenance. We have suggested a model to 
overcome a number of these limitations, and we have 
presented the design and costing principles of our model in a 
transparent way to enable feedback, discussion and iteration.
Our model still has a number of shortcomings, which
indicate possible research gaps for the academia. Our 
managerial implications include discussion on the process
and mathematics of constructing a general model to support
decision making in maintenance. Hopefully this paper will
challenge companies to use LCC modelling in maintenance
planning, both at the company and network level. 
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