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ABSTRACT 

Life Cycle Cost (LCC) typically is specified as the total cost that arises 

during the mission life of a product. Life cycle cost analysis has been used as a 

strong tool to estimate the cost of various product life cycle stages and to provide 

cost trade of between these stages. This thesis intends to develop a generic 

mathematical model to estimate the life cycle cost of systems with repairable 

components. In addition the proposed model has the capability of providing cost 

trade-off between product validation and corrective maintenance by selecting the 

best target reliability level and confidence level and between preventive maintenance 

and corrective maintenance cost through finding the suitable preventive maintenance 

interval and improvement factor, the most advantage of preparing cost trade-off is 

reducing the total cost during mission life. Two sets of data were employed in order 

to evaluate the proposed model by using MathWork Matlab 2012. The first is the 

extension of a previous case study in the field of cost optimization and the other is 

data collected from a case study performed in an automotive industry company. Final 

results illustrate the capability of the proposed model to cost estimation and cost 

management. 
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ABSTRAK 

Kos Kitaran Hayat (LCC) biasanya dinyatakan sebagai jumlah kos yang 

timbul semasa hayat misi produk. Analisis kos kitaran hayat telah digunakan sebagai 

alat yang kuat untuk menganggar kos peringkat kitaran hayat produk pelbagai dan 

untuk menyediakan kos perdagangan antara peringkat ini. Tesis ini bertujuan untuk 

membangunkan model generik matematik untuk menganggarkan kos kitaran hayat 

sistem dengan komponen dibaiki. Di samping itu, model yang dicadangkan 

mempunyai keupayaan untuk menyediakan kos perdagangan antara pengesahan 

produk dan penyelenggaraan pembetulan dengan memilih sasaran tahap 

kebolehpercayaan terbaik dan tahap keyakinan dan antara penyelenggaraan 

pencegahan dan kos penyelenggaraan pembetulan melalui mencari selang 

penyelenggaraan pencegahan dan faktor penambahbaikan yang sesuai, yang paling 

kesempatan menyediakan perdagangan kos mengurangkan jumlah kos sepanjang 

hayat misi. Dua set data telah digunakan untuk menilai model yang dicadangkan 

dengan menggunakan Mathwork Matlab 2012. Data pertama adalah lanjutan 

daripada kajian kes terdahulu dalam bidang pengoptimuman kos dan kedua ialah 

data yang dikumpul daripada kajian kes yang dilakukan keatas industri automotif 

syarikat. Keputusan akhir menunjukkan keupayaan model yang dicadangkan untuk 

kos anggaran dan pengurusan kos. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Increasing global competition has changed the traditional attitude towards 

manufacturer responsibility from merely designing, producing and selling a product 

to offering integrated industrial product service and warranty systems. This new 

arrangement has significant effect on how to evaluate and select a product among 

many alternatives. From a cost point of view, traditional methods in which customers 

considered only the initial and investment costs while selecting a product are 

changed to life cycle cost methods in which, customers consider not only initial costs 

but also after sale service and support that the manufacturer can provide until product 

disposal. 

Market pressure has forced manufacturer to take responsibility for after sale 

costs in addition to manufacturing costs. This resulted in a considerable shift in the 

business environment leading to the implementation of the life cycle cost concepts 

by the manufacturing companies. Life cycle costing analysis is a powerful technique, 

which helps manufacturer consider total cost of the product during the product life 

cycle and even reduce the cost during this period and finally help them preserve their 

profitability in long term.  
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This study intends to develop a generic model for estimating life cycle cost 

for systems with repairable components. 

1.2 Background of the Study 

Life Cycle Cost (LCC) is defined as the total cost incurred in the product life 

time, the main categories of LCC are design and development cost, construction or 

manufacturing cost, operation cost, maintenance cost, after sale and disposal cost 

(Du et al., 2009). First U.S. military proposed the life cycle cost method for the 

military equipment selection and procurement, later the life cycle cost method 

extended to the civilian and other areas as well (Zhang and Wang, 2012).  

Life cycle costing aims to estimate the total costs of products and to compare 

costs of alternative products in their life cycle. Based on the cost estimation, it is 

possible to control and minimize the future costs by either planning the use of an 

asset or by improving the product or asset itself, which is a basis for life cycle 

costing (Markeset and Kumar, 2004). The anticipated life cycle cost can be used as 

an important source for decision making in product procurement, design 

optimization, maintenance scheduling and revamp planning.  

Life cycle costing has obvious long term benefits, nevertheless its adoption 

pace has been quite slow (Lindholm and Suomala, 2004). Possible reasons for such a 

slow adoption rate could be dearth of standards and formal guidelines as well as 

dearth of reliable past data (Korpi and Ala-Risku, 2008). In addition, there is lack of 

cross-case studies in life cycle cost field; existing ones are limited in terms of 

studying a single industry (Sterner, 2000) and covering some superficial features of 

LCC such as adoption rate (Hyvönen, 2003). 



3 

Normally, the ownership cost during the life time of the product is 

substantially greater than the initial cost of acquisition. Depending on the system 

type, the ownership cost during the life time may vary from 10 to 100 times the 

initial cost of acquisition. Therefore, creating a cost effective maintenance policy to 

minimize the life cycle cost is a critical task. The reliability level of a system has a 

significant effect on systems’ life cycle costs and maintenance costs, selecting an 

appropriate reliability level can reduce ownership cost and total cost of the product 

during the life time (Justino et al., 2012).  

In the light of the important role of life cycle costing in decision making this 

research aims to develop a generic life cycle cost model by considering all the cost 

elements during a service cycle time. 

1.3 Problem Statement 

Usually, design and economic justifications have been undertaken as separate 

projects due to the intrinsic contrary goals. Although they share the aim of producing 

a competitive product, designing the best possible product is naturally opposite to 

minimizing costs. Life cycle costing techniques can be used as an effective method 

to overcome this problem and assist the decision maker and designer to consider 

economic aspects. 

Operation and maintenance costs are among the most important elements of 

any system life cycle cost analysis. Researches in office building service systems 

have shown that life cost ratio covers expenses associated with initial capital costs, 

business operating and maintenance and building operating costs. Furthermore 

according to these researches during the life of a building, business maintenance and 

operating costs is possibly up to five times more than capital costs (Wu et al., 2006). 

Life cycle costing techniques that consider validation costs as one of the cost 
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elements are also useful in reducing the maintenance and operation costs and 

minimizing total cost during the life cycle of the system. 

Increasing reliability level has a significant effect on reducing the cost of 

corrective maintenance, but at the same time will increase the cost of product 

validation, so it seems to be necessary to find a target reliability level that minimize 

the total expected life cycle cost (Kleyner et al., 2004). To reach a high reliability 

level, it is necessary to perform a large amount of investment in the system. 

Therefore, the challenge of the system is to find the effect of this additional 

investment on the other life cycle costs (Justino et al., 2012).  

Developing a life cycle costing model which considers all the costs related to 

the system and their relationship can define the effect of changing in one cost 

element on other cost elements which can minimize the total life cycle cost of a 

product or system. Figure 1.1 compares acquisition and operational costs in two 

systems: the first does not use reliability program and the later uses reliability 

program. 

 

Figure 1.1 Acquisition and operational costs in different reliability policies 

Source: Dhudsia, 1997 
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Most of the product life cycle models investigate in cost of design without 

considering the product validation cost which is an important cost element and also 

ignore preventive maintenance cost (Kleyner et al., 2004). This thesis aims to add 

cost of preventive maintenance to the life cycle cost model which is proposed by 

Kleyner and Sandborn, (2008). In addition this research intends to use parametric 

estimation method for predicting validation cost, preventive maintenance cost and 

corrective maintenance cost. 

1.4 Objective of the Study 

In order to carry out this project within the scope that is introduced in section 

1.5, the objective of the study is: 

To develop a generic model for expected life cycle cost for systems with 

repairable components. 

1.5 Scope of the Study 

The main focus of this research is on the use of cost breakdown structure and 

estimation techniques to project all the cost elements of a system with repairable 

components during its life cycle. Generic mathematical model to find the expected 

life cycle cost for systems with repairable components is considered by the research. 

In order to achieve the objective of the study, it involves adaption of a model by 

Kleyner and Sandborn (2008) by adding cost elements that was not considered in the 

model and the utilization of MathWorks Matlab R2012 and ReliaSoft Weibull ++8 to 

solve the mathematical model and to provide sensitivity analysis to overcome the 
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uncertainty related to the random cost elements. An automotive industry factory is 

selected for the case study. 

1.6 Significance of the Study 

This study develops a mathematical model based on the cost elements related 

to systems with repairable components. This model will be used to identify and 

estimate all the cost elements of a system with repairable components during its life 

cycle. Furthermore, this model can be used by designer and decision maker in order 

to make the appropriate decision that can simultaneously minimize the cost during 

the system life cycle.  

1.7 Study Outline  

This research is comprised of six chapters. Chapter 1 presents some concepts 

and background of the study. Moreover, it states the objectives, problem statement, 

significance of the study, and also summarizes the study outline. 

Chapter 2 reviews previous works on the existing methods of life cycle 

costing. The review starts with the life cycle costing approach and cost variables. 

Subsequently a brief description of reliability and warranty is presented. Afterwards 

life cycle cost for building industry is discussed. The existing models reviewed in 

this research include life cycle cost methodologies and frameworks, economic 

evaluation methods, cost estimation techniques, uncertainty reduction techniques. 

Finally a summary of the literature review is provided. 
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Chapter 3 presents the stages of this research. Furthermore, research 

methodologies and framework are discussed in this chapter. The overall research 

procedure is described in detail. 

Chapter 4 presents the description and assumption of mathematical model, 

which can support the research to reach its objective. Model formulation, relevant 

parameter and variables are discussed in this chapter.  

Chapter 5 presents the case example and the case study data for verifying and 

validating the formulated model. In addition, chapter five offers the results of solving 

the case example and case study and related discussions by using MathWorks Matlab 

R2012 software.  

Chapter 6 presents the conclusions, limitation of the study, and recommended 

future research of the present study. 



   105 

REFERENCES 

Ahmed, 1996. Modern approaches to product reliability improvement: International 

Journal of Quality & Reliability Management, 13(3): 27-41. 

Arja et al., 2009. External uncertainty factors and LCC: a case study: Building 

Research & Information, 37(3): 325-334. 

Asiedu and Gu, 1998. Product life cycle cost analysis: state of the art review: 

International journal of production research, 36(4): 883-908. 

Association, 2000. NS 3454: Life Cycle Costs for Building and Engineering Work: 

Principles and Classification. 

Aye et al., 2000. Environmentally sustainable development: a life-cycle costing 

approach for a commercial office building in Melbourne, Australia: 

Construction Management & Economics, 18(8): 927-934. 

Baines et al., 2007. State-of-the-art in product-service systems: Proceedings of the 

Institution of Mechanical Engineers, Part B: Journal of Engineering 

Manufacture, 221(10): 1543-1552. 

Barringer, 2003. A life cycle cost summary. 

Bescherer, 2005. Established Life cycle concepts in the Business Environment–

Introduction and terminology: Helsinki University of Technology, Laboratory 

of Industrial Management, Report 1. 

Bhutta and Huq, 2002. Supplier selection problem: a comparison of the total cost of 

ownership and analytic hierarchy process approaches: Supply Chain 

Management: An International Journal, 7(3): 126-135. 

Bogenstätter, 2000. Prediction and optimization of life-cycle costs in early design: 

Building Research & Information, 28(5-6): 376-386. 

Boussabaine and Kirkham, 2004. Whole life-cycle costing: Wiley Online Library. 

Bowman and Schmee, 2001. Pricing and managing a maintenance contract for a fleet 

of aircraft engines: Simulation, 76(2): 69-77. 



   106 

Cavalieri et al., 2004. Parametric vs. neural network models for the estimation of 

production costs: A case study in the automotive industry: International 

Journal of Production Economics, 91(2): 165-177. 

Chattopadhyay and Rahman, 2008. Development of lifetime warranty policies and 

models for estimating costs: Reliability Engineering & System Safety, 93(4): 

522-529. 

Christensen et al., 2005. A method-based survey of life cycle costing literature 

pertinent to infrastructure design and renewal: Canadian Journal of Civil 

Engineering, 32(1): 250-259. 

Cooper and Slagmulder, 2004. Achieving full-cycle cost management: MIT Sloan 

Management Review, 46(1): 45-52. 

Curran et al., 2004. Review of aerospace engineering cost modelling: The genetic 

causal approach: Progress in Aerospace Sciences, 40(8): 487-534. 

Datta and Roy, 2010. Cost modelling techniques for availability type service support 

contracts: A literature review and empirical study: CIRP Journal of 

Manufacturing Science and Technology, 3(2): 142-157. 

Dawei and Xuefeng, 2012. Research on the Application of Life Cycle Cost 

Management in the Civil Aircraft Assembly Line Project: Physics Procedia, 

25: 443-451. 

Dhudsia, 1997. Guidelines for Equipment Reliability: Technical Publication. 

Diaz et al., 2010. Warranty cost models state-of-art: A practical review to the 

framework of warranty cost management: Boca Raton, Crc Press-Taylor & 

Francis Group. 

Doyen, 2012. Reliability analysis and joint assessment of Brown–Proschan 

preventive maintenance efficiency and intrinsic wear-out: Computational 

Statistics &amp; Data Analysis, 56(12): 4433-4449. 

Du et al., 2009. Life cycle cost analysis for design optimization under uncertainty, 

IEEE. 

Dunk, 2004. Product life cycle cost analysis: the impact of customer profiling, 

competitive advantage, and quality of IS information: Management 

Accounting Research, 15(4): 401-414. 

Eamon et al., 2012. Life-Cycle Cost Analysis of Alternative Reinforcement 

Materials for Bridge Superstructures Considering Cost and Maintenance 

Uncertainties: Journal of Materials in Civil Engineering, 24(4): 373-380. 



   107 

El-Haram et al., 2002. Development of a generic framework for collecting whole life 

cost data for the building industry: Journal of Quality in Maintenance 

Engineering, 8(2): 144-151. 

Ellingham and Fawcett, 2006. New generation whole-life costing: property and 

construction decision-making under uncertainty: Taylor & Francis Group. 

Emblemsvag, 2001. Activity-based life-cycle costing: Managerial Auditing Journal, 

16(1): 17-27. 

Eti et al., 2006. Reducing the cost of preventive maintenance (PM) through adopting 

a proactive reliability-focused culture: Applied Energy, 83(11): 1235-1248. 

Evans et al., 2006. Cost Estimation Method Selection: Matching User Requirements 

and Knowledge Availability to Methods: Systems Engineering and 

Estimation for Decision Support (SEEDS) Group, University of West of 

England, Bristol, UK. 

Fabrycky and Blanchard, 1991. Life-cycle cost and economic analysis: Prentice Hall 

Englewood Cliffs, NJ. 

Flanagan, 1989. Life cycle costing: theory and practice: BSP Profesional Books. 

Folgado et al., 2010. Life cycle cost for technology selection: A Case study in the 

manufacturing of injection moulds: International Journal of Production 

Economics, 128(1): 368-378. 

Garrison et al., 2003. Managerial accounting: McGraw-Hill/Irwin New York. 

Gluch and Baumann, 2004. The life cycle costing (LCC) approach: a conceptual 

discussion of its usefulness for environmental decision-making: Building and 

Environment, 39(5): 571-580. 

Goh et al., 2010. A framework for considering considering uncertainty in 

quantitative life cycle cost estimation: New York, Amer Soc Mechanical 

Engineers. 

Huang and Yen, 2009. A study of two-dimensional warranty policies with preventive 

maintenance: IIE Transactions, 41(4): 299-308. 

Hyvönen, 2003. Management accounting and information systems: ERP versus BoB: 

European Accounting Review, 12(1): 155-173. 

Jian and Hong-Fu, 2004. The predictive models of maintenance costs for a civil 

airplane: Proceedings of the Institution of Mechanical Engineers, Part G: 

Journal of Aerospace Engineering, 218(5): 347-351. 



   108 

Justino et al., 2012. Multi-area reliability evaluation including frequency and 

duration indices with multiple time varying load curves: International 

Journal of Electrical Power & Energy Systems, 42(1): 276-284. 

Kawauchi and Rausand, 1999. Life Cycle Cost (LCC) analysis in oil and chemical 

process industries: Toyo Engineering Corp, Chiba. 

Kayrbekova et al., 2011. Maintenance cost evaluation of a system to be used in 

Arctic conditions: a case study: Journal of Quality in Maintenance 

Engineering, 17(4): 320-336. 

Kayrbekova and Markeset, 2008. LCC analysis in design of oil and gas production 

facilities to be used in harsh: Remote and sensitive environments. 

Keys, 1990. System life cycle engineering and DFX': Components, Hybrids, and 

Manufacturing Technology, IEEE, 13(1): 83-93. 

Kim et al., 2004. Warranty and discrete preventive maintenance: Reliability 

Engineering & System Safety, 84(3): 301-309. 

Kishk et al., 2003. Whole life costing in construction-A state of the art review: RICS 

Foundation Research Papers, 4(18): 1-39. 

Kleyner and Sandborn, 2008. Minimizing life cycle cost by managing product 

reliability via validation plan and warranty return cost: International Journal 

of Production Economics, 112(2): 796-807. 

Kleyner et al., 2004. Minimization of life cycle costs through optimization of the 

validation program-a test sample size and warranty cost approach: IEEE. 

Korpi and Ala-Risku, 2008. Life cycle costing: a review of published case studies: 

Managerial Auditing Journal, 23(3): 240-261. 

Leigh and Won, 2004. A case study for design decisions on building service system 

using LCC analysis: Journal of Asian Architecture and Building Engineering, 

3(1): 77-84. 

Lindholm and Suomala, 2004. The possibilities of life cycle costing in outsourcing 

decision making: Industrial Management, 2: 26.29. 

Lindholm and Suomala, 2007. Learning by costing: Sharpening cost image through 

life cycle costing?: International journal of productivity and performance 

management, 56(8): 651-672. 

Markeset and Kumar, 2004. Dimensioning of product support: issues, challenges, 

and opportunities: IEEE. 



   109 

Marszal and Heiselberg, 2011. Life cycle cost analysis of a multi-storey residential 

Net Zero Energy Building in Denmark: Energy. 

Modest, 2003. Chapter 20 - The Monte Carlo Method for Thermal Radiation. 

Radiative Heat Transfer (Second Edition): Burlington, Academic Press, 644-

679. 

Newnes et al., 2008. Predicting the whole-life cost of a product at the conceptual 

design stage: Journal of Engineering Design, 19(2): 99-112. 

Okasha and Frangopol, 2009. Lifetime-oriented multi-objective optimization of 

structural maintenance considering system reliability, redundancy and life-

cycle cost using GA: Structural Safety, 31(6): 460-474. 

Percoco, 2012. On the Sensitivity Analysis of the IIM: A Rejoinder: Risk Analysis, 

32(1): 7-8. 

Razek et al., 2002. Cost Accounting: A Managerial Emphasis: Journal article by 

Joseph R. Razek; Issues in Accounting Education 17. 

Reuter and Schirwitz, 2011. Cost-effectiveness fuzzy analysis for an efficient 

reduction of uncertainty: Structural Safety. 

Roy, 2003. Cost engineering: why, what and how?. 

Sheu and Chang, 2009. An extended periodic imperfect preventive maintenance 

model with age-dependent failure type: Reliability, IEEE , 58(2): 397-405. 

Simeu-Abazi and Sassine, 2001. Maintenance integration in manufacturing systems: 

from the modeling tool to evaluation: International Journal of Flexible 

Manufacturing Systems, 13(3): 267-285. 

Stabler et al., 2010. The economics of tourism: Taylor & Francis. 

Sterner, 2000. Life-cycle costing and its use in the Swedish building sector: Building 

Research & Information, 28(5-6): 387-393. 

Taylor III, 2007. Introduction to management science: Prentice-Hall, Inc. 

Tritthart et al., State of the art report-Use of Life cycle assessment Methods and 

tools. 

Tsai et al., 2001. Optimizing preventive maintenance for mechanical components 

using genetic algorithms: Reliability Engineering & System Safety, 74(1): 89-

97. 

Vorarat and Al-Hajj, 2004. Developing a model to suit life cycle costing analysis for 

assets in the oil and gas industry. SPE Asia Pacific Conference on Integrated 

Modelling for Asset Management, "Maximising Value Through Effective 



   110 

Asset Management", March 29, 2004 - March 30, 2004, Kuala Lumpur, 

Malaysia, Society of Petroleum Engineers (SPE). 

Wong et al., 2010. Goal directed life cycle costing as a method to evaluate the 

economic feasibility of office buildings with conventional and TI‐façades: 

Construction Management and Economics, 28(7): 715-735. 

Woodward, 1997. Life cycle costing-theory, information acquisition and application: 

International Journal of Project Management, 15(6): 335-344. 

Wu et al., 2006. Reliability in the whole life cycle of building systems: Engineering, 

Construction and Architectural Management, 13(2): 136-153. 

Wu and Zuo, 2010. Linear and nonlinear preventive maintenance models: Reliability, 

IEEE, 59(1): 242-249. 

Xu et al., 2006. Framework of a product lifecycle costing system: Journal of 

computing and information science in engineering, 6: 69. 

Zhang and Wang, 2012. The Research of Comprehensive Evaluation Model for 

Thermal Power Equipment Based on Life Cycle Cost: Systems Engineering 

Procedia, 4: 68-78. 

 




