
 

 

 

 

Strategic Maintenance Management in 

Lean Environment 

 

Master Thesis 

30 credits, advanced level 

 

Ali Rastegari 

Product and Process Development and Logistics – Production and Logistics 

 

2012-10-20 

 

 

 

Tutor (university): Antti Salonen 

Tutor (company): Stefan Köhler 

                              Daniel Lindh 

Examiner: Sabah Audo 

 

 

School of Innovation, Design and Engineering 



 

I 

Abstract 

In recent decades, by introducing the concept of lean production within manufacturing companies 

the vulnerability to system disturbances has increased and so, the demand for dependable 

production equipment. The need for having high production equipment availability causes 

companies to have a more effective and efficient maintenance strategy in order to reach a 

competitive production system. 

Despite the increasing demand on reliable production equipment, few manufacturing companies 

work with strategic maintenance development and a large part of the manufacturing industry lack 

clear maintenance strategies. One reason for that may be that the existing methods and concepts 

for maintenance development are quite resource demanding. It is therefore difficult to develop 

the maintenance work in accordance with the strategic goals of the manufacturing companies. 

The main objective of this project is to define a process of formulating maintenance strategy as a 

tool for the maintenance managers in order to formulate and have further development of 

maintenance strategy in a strategic way. 

The problem has been solved by literature review and through case study at the manufacturing 

company to investigate the company’s view on strategic maintenance development. As a result, 

formulated maintenance strategy has been provided and presented. 
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1. Introduction 

This chapter is intended to introduce the purpose of this thesis. The background is discussed in 

detail. Based on the background, a research problem is formulated and research questions are 

defined. Also, project directives and limitation are presented. 

1.1 Background 

In recent decades, production maintenance has evolved to be one of the most important areas in 

the business environment. The growth of global competition caused remarkable changes in the 

way of manufacturing companies operation. These changes have affected maintenance and made 

its role even more crucial in business success. Implementing lean concept is one of the significant 

changes in manufacturing companies. By introducing Lean concept within manufacturing 

industry, many of companies started to apply lean tools such as Just-In-Time production and 

Demand-Flow-Technology, in order to be successful in this competitive market. Consequently, 

the demand for dependable production equipment increases. The need for having high production 

equipment availability causes companies to have a more effective and efficient maintenance 

strategy in order to reach a competitive production system. In consequence, optimizing the 

maintenance of production equipment can act as one key aspect to continuously improvement of 

the company. In order to achieve world-class performance, more and more companies are 

replacing their reactive, fire-fighting strategies for maintenance with proactive strategies like 

preventive and predictive maintenance and aggressive strategies like total productive 

maintenance (TPM), (Swanson, 2001). 

Many authors have pointed that maintenance is a major contributor to the performance and 

profitability of manufacturing systems. According to Tsang (2002) the strategic importance of 

the maintenance function in organizations has significant investment in physical assets. With 

asset availability and reliability becoming critical issues in capital-intensive operations, the 

strategic importance of maintenance in such business should be recognized, (Tsang, 2002). 

Although, production maintenance as all production support functions is considered to be a cost 

center, by identifying the proper strategic goals of maintenance and implementing a well-

formulated strategy, industrial companies can enhance the return on investment of their 

maintenance expenses.  Salonen (2011) expresses industrial maintenance is a substantial financial 

post. But, if strategically managed, the maintenance of manufacturing equipment contributes to 

the competitiveness of a company, (Salonen, 2011). He also argues that as much as one third of 

the maintenance cost is unnecessarily spent due to bad planning, overtime costs, bad use of 

preventive maintenance, etc. Tsang (1998) states that considering maintenance a purely tactical 

matter is myopic. It also has a strategic dimension covering issues such as design of facilities and 

their maintenance programs, upgrading the knowledge and skills of the workforce, and 
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deployment of tools and manpower to perform maintenance work. These decisions have lasting 

effects on the future operation and maintenance (O&M) of physical assets, (Tsang 1998). 

However, a large part of the manufacturing industry lacks clear maintenance strategy today. 

Previous researches have shown that less than half of industry uses formulated maintenance 

strategy. It is therefore difficult to develop the maintenance work in accordance with the strategic 

goals of the manufacturing companies. A valid maintenance strategy must be developed by the 

maintenance manager. But, in many cases the maintenance managers lack the necessary tools to 

formulate a feasible maintenance strategy. Perhaps, some of existed proposals for formulating 

maintenance strategies are resource demanding and companies lack competence to use them. 

Also, in some cases the management lack of insight in the financial impact of good maintenance 

strategy. 

1.2 Problem statement 

Maintenance strategy is not clearly formulated and structured at the manufacturing company 

(Volvo GTO Köping). In addition to this, there is no obvious image indicating what areas should 

or could have a maintenance strategy. This means that there is no clear link between maintenance 

activities and company’s strategic goals. Based on the described introduction, the project 

presented in this thesis work is focused on how to formulate maintenance strategy in 

manufacturing organization that can be linked to the company’s business strategy. 

As long as the company is organized enough to use advanced technologies and methods for 

developing the dependability of their production equipments, having a clear maintenance strategy 

can make it easier to develop maintenance in accordance with the strategic goals of the company. 

1.3 Aim of project 

The aim of this project is to reflect the company’s view on strategic maintenance management 

development as well as formulate the current maintenance strategy at the company. Also, the 

process of formulating maintenance strategy is presenting to the company as a tool for the 

maintenance managers to further develop the maintenance in a strategically sound direction. 

In order to fulfil the research objective, the following research questions have been formulated: 

 RQ1 - How to formulate maintenance strategy that supports company’s business strategy? 

As described, in manufacturing industry strategic development of production maintenance is 

essential in order to fulfill the company’s overall goals. There must be a clear direction that 

shows the way to achieve strategic objectives. Consequently, a process of formulating 

maintenance strategy is required to make a clear linkage between maintenance and business. 

Also, the strategy must be presented in a framework that structuralizes maintenance activities in 

strategic, tactical and operational levels. It is obvious, the result from tactical and operational 
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level activities reflects in strategic level and they are also part of the strategy to achieve the 

company’s overall goals. 

RQ2 - What aspects or components must be included in the maintenance strategy? 

There is no unanimous view in academia that shows which aspects must be included in the 

maintenance strategy. Perhaps, there is not a general definition that suits all companies. 

Therefore, different companies may have different factors to consider while formulating 

maintenance strategy depending on the company’s size, product type, competitive environment, 

and the company’s business strategy.  

1.4 Project directives and limitation 

This thesis has been conducted by a master student in the field of “Product and process 

development - production and logistics” at Mälardalen University in Eskilstuna, Sweden. And 

one supervisor coached the student from the university. Moreover, the case study performed in an 

international manufacturing company (Volvo GTO Powertrain Production) in Köping, Sweden. 

During the thesis period, the student has been working full time at the company. The company 

provided facilities needed such as office, network access and other resources for the student. 

Moreover, two supervisors including the head of technical support and one engineer consultant 

coached the student at the company. 

The thesis project estimated to be done in approximately four months. The project focused on 

maintenance of production equipments within the manufacturing company. Type of solutions is 

in the form of “method” by providing a process of formulating maintenance strategy and a 

relevant framework that can present this strategy to the company. 
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2. Research Methodology 

This chapter presents scientific view of the author to conduct this research. It indicates the 

research methodology used in this thesis. Here, the research approach is explained and a research 

strategy is formulated followed by information on data collection and data analysis. Further, the 

research process is discussed to show how the research is conducted. Finally, issues regarding 

quality of the research are discussed. 

2.1 Research approach 

According to Dhawan (2010), there are two basic approaches to research, qualitative approach 

and the quantitative approach. The former involves the generation of data in quantitative form 

which can be subjected to rigorous qualitative analysis in a formal and rigid fashion. This 

approach can be further sub-classified into inferential, experimental and simulation approaches to 

research. 

Dhawan (2010) also states, qualitative approach to research is concerned with subjective 

assessment of attitudes, opinions and behavior. Research in such a situation is function of 

researcher’s insights and impressions.  Glenn (2010) argues qualitative research is a field of 

inquiry that crosscuts disciplines and subject matters. Qualitative researchers aim to gather an in-

depth understanding of human behavior and the reasons that govern such behavior. 

One way of differentiating qualitative research from quantitative research is that largely 

qualitative research is exploratory, while quantitative research is more focused and aims to test 

hypotheses (Glenn, 2010). A combination of these two approaches has been used in the research 

performed. 

2.2 Research strategy 

There are different research strategies in literature. Andersson and Borgbrant (1998) state 

research studies can be grouped into four categories; transformatory, exploratory, theory and 

model development, and experimental depending on the nature of the research to be undertaken. 

The choice of research is determined upon the scope of the study, the main objectives, and also in 

what manner one intend to conduct the study. 

The research type applied in this thesis especially for answering RQ1 was theory and model. For 

answering both research questions, an extensive literature review performed to create a 

foundation for creating the criteria used in the model. 

A tranformatory research type then applied to answer RQ2 and test the model created in a case 

study at Volvo GTO. 
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2.3 Data collection 

According to Sachdeva (2009), data refers to a collection of natural phenomena descriptors, 

including the results of experience, observation or experiment. Blaxter (2010) presents data 

sources as research techniques and divides them to documents, interviews, observations, 

questionnaires, mixed methodologies. The empirical data collected in the case study and 

presented in this thesis has been collected through documents, interviews and direct observations. 

Documents 

Blaxter (2010) states all, or virtually all, research projects involve, to a greater or lesser extent, 

the use and analysis of documents. Researchers are expected to read, understand and critically 

analyze the writings of others, whether fellow researchers, practitioners or policy-makers. In the 

research performed, different documents such as maintenance strategies, maintenance audits, 

maintenance organization charts, maintenance activities and others have been studied. Relevant 

documents provide reliable data in order to reach the real outcome. 

Interviews 

The interview method of collecting data involves presentation of oral-verbal stimuli reply in 

terms of oral-verbal responses. This method can be used through personal interviews and, if 

possible, through telephone interviews (Dhawan, 2010). The performed interviews have mainly 

been through personal interviews and he respondents have been maintenance managers. 

Observations 

The observation method involves the researcher in watching, recording and analyzing events of 

interest (Blaxter, 2010). The observations have mainly been performed by observing the status of 

the company’s workshop. When possible, direct observation of maintenance-related meetings as 

well as participating in internal and external audits at the company. 

Literature review 

In order to clarify map and obtain a clear image of the existing states in chosen research area, a 

literature review has been performed. The selection of literature for the review has mainly been 

from e-books available on the library website or on internet through books and academic papers 

published in conference proceedings and journals. Databases used for finding relevant literatures 

and also the main terms or topics to search that have been used are presented in table 1. 
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Database Search terms 

Google Scholar Maintenance  

ebrary Maintenance performance 

Sciencedirect Maintenance management 

Scopus Maintenance strategy 

 Maintenance strategy formulation 

 Lean production 

Table 1 - Database and search terms used in the study 

 

2.4 Data analysis 

The data collected must be processed and analyzed in order to draw conclusions. There are many 

approaches described in literature to analyze the data. Pattern-matching logic and clustering 

method have been used for data analysis in this research. Pattern-matching logic is a technique 

that is essentially about comparing empirically observed patterns with predicted ones. In 

clustering method, the researcher groups similar data in specific categories and then 

conceptualizes them to illustrate similar patterns or characteristics. 

However, all techniques for data analysis are dependent on pre-understanding of the researcher. 

Some previous working experiences of the researcher in research area have also had impact on 

the conducted research. 

2.5 Research work-process 

The study was initiated by analyzing the current status of maintenance at Volvo GTO in Köping, 

which the research problem was constructed in the research proposal. Later, the research 

extended to literature review and gathering empirical data from the company. Finally, the 

practical research implemented and the reference model created and tested at Volvo GTO and 

comes to research findings, conclusions and recommendations.  Figure 1 illustrates the process of 

conducted research. 
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Figure 1 - Research work-process 
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2.6 Validity and reliability of the research 

Glenn (2010) claims that research outcomes are of no value if the methods from which they are 

derived have no legitimacy. The methods must justify our confidence. Those who read and rely 

on research outcomes must be satisfied that the studies are valid, that they lead to truthful 

outcomes.  To strengthen the validity of the research, notes were taken during observation on 

maintenance department of the company. Moreover, a number of documentation related to 

business strategy, maintenance strategy, maintenance activities and performance gathered and 

used in the analysis. 

According to Glenn (2010), in quantitative research, reliability in data collection is assured in 

three ways: measuring internal consistency, applying test-retest correlation coefficients, and 

using equivalent forms of the instrument. In order to strengthen the reliability of the research, 

structured interview schedule derived and the same questionnaire was used with the same 

respondents, it is reasonable that similar results would be achieved. If reliability is not assured, 

then the scientific assumption of accuracy of measurement is violated (Glenn, 2010). 
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3. Theoretical Background 

This chapter covers theories and definitions in the fields of production systems, production 

maintenance and maintenance strategy. 

3.1 Production systems 

3.1.1 Production system definition 

A number of definitions of production systems and manufacturing systems are existed. In this 

thesis production systems defined as “the people, equipment, and procedures that are organized 

for the combination of materials and processes that comprise a company’s manufacturing 

operations. Production systems include not only the groups of machines and workstations in the 

factory but also support procedures that make them work.” (Groover, 2001). However, 

manufacturing systems defines as “a collection of integrated equipment and human resources, 

whose function is to perform one or more processing and/or assembly operations on a starting 

raw material, part, or set of parts.” (Groover, 2001). This view expresses that the manufacturing 

is as a part in the factory and smaller than production system. And production system includes 

everything needed to produce and distribute the products. 

3.1.2 Failure and faults in production systems 

According to the Swedish Standard (2001), a failure is defined as “Termination of the ability of 

an item to perform a required function.” (SS-EN 13306, 2001). Nevertheless, a fault is defined as: 

“State of an item characterized by inability to perform a required function, excluding the inability 

during preventive maintenance or other planned actions, or due to lack of external resources.” 

(SS-EN 13306, 2001). Hence, a failure is an occurrence and a fault is a condition. 

3.1.3 Lean production 

The book ‘The machine that changed the World’ introduced the term ‘lean production’ in 1990 

which become one of the most widely cited references in operations management over the last 

decades. Such examples of lean concerns are eliminating waste and continuous improvement as 

well as concept of Just in Time (JIT). According to Warnecke (1995), “lean production”, or 

rather “lean management”, is an intellectual approach consisting of a system of measures and 

methods which when taken all together have the potential to bring about a lean and therefore 

particularly competitive state in a company. The main fields of activity concerned are product 

development, the chain of supply, shop floor management and to a lesser extent after-sales 

service. Holweg (2007) expresses that, lean production not only successfully challenged the 

accepted mass production practices in the automotive industry, significantly shifting the trade-off 
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between productivity and quality, but it also led to a rethinking of a wide range of manufacturing 

and service operations beyond the high-volume repetitive manufacturing environment. 

3.1.4 World class Manufacturing 

Wireman (1990) defines World Class Manufacturing as”the ability to compete anywhere in the 

world, to be able to meet and beat any competitor anywhere in the world with product price, 

quality, and on-time delivery. How to accomplish this is the real problem. However, the answer 

can be divided into three areas: quality, attitude toward competition, and automation technology.” 

3.2 Production maintenance 

Although, the word maintenance is reasonably defined in literature, there are different ways of 

definition for other maintenance related terms such as maintenance actions, maintenance policies, 

maintenance concepts as well as maintenance strategy. Moreover, it often makes it difficult to 

understand which one is the term that author refers to. In consequence, definitions for the terms 

used in this thesis are needed. 

3.2.1 Maintenance definition 

The term “maintenance” is defined in Swedish standard SS-EN 13306 as the “Combination of all 

technical, administrative and managerial actions during the life cycle of an item intended to 

retain it in, or restore it to, a state in which it can perform the required function (function or a 

combination of functions of an item which are considered necessary to provide a given service).” 

(SS-EN 13306, 2001, p.7).  

Most authors of articles and books in maintenance management defined”maintenance” in terms 

of “set of activities required to keep equipment, installations and other physical assets in desired 

operating condition or to restore them to this condition”. Khairy (2008) by referring to this 

definition, describes the key objective of maintenance is “total asset life cycle optimization” and 

this objective must be attained in a cost-effective way and in accordance with environmental and 

safety regulation. Total asset life cycle optimization means maximizing the availability and 

reliability of the assets and equipment to produce the desired quantity of products, with the 

required quality specifications, in a timely manner (Khairy, 2008). 

Figure 2 illustrates that maintenance is set in an agreed business context to which it has to 

contribute and the maintenance function needs to cope with multiple forces and requirements 

within inside and outside the organization walls. The tasks of maintenance are complex, 

including a combination of management, technology, operations and logistics support elements 

(Khairy, 2008). 
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Figure 2 - Maintenance in context (Khairy, 2008) 

3.2.2 Maintenance types 

In different literature, the term “type” has been stated similarly with other terms enclosing 

“approach”, “action” and “policy”. Maintenance may be performed according to various actions. 

One classification of maintenance types and their relationship is indicated in the standard SS-EN 

13306, as shown in Figure 3. Maintenance is divided in two main actions, preventive and 

corrective. 

 

Figure 3 - Overview of different maintenance types (SS-EN 13306, 2001) 
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Corrective maintenance / break down maintenance (BM) 

One definition of corrective maintenance is: “Maintenance carried out after fault recognition and 

intended to put an item into a state in which it can perform a required function.” (SS-EN 13306, 

2001, p.15). It is sometimes used synonymously with breakdown maintenance, BM or failure 

based maintenance, FBM. 

Preventive maintenance 

One definition of preventive maintenance is: “Maintenance carried out at predetermined 

intervals or according to prescribed criteria and intended to reduce the probability of failure or 

the degration of the functioning of an item.” (SS-EN 13306, 2001, p.14). Preventive maintenance 

can be predetermined (Periodic) maintenance or Condition based maintenance. 

Predetermined maintenance / time based maintenance (TBM) 

Márquez (2006) defines predetermined maintenance as “Preventive maintenance carried out in 

accordance with established intervals of time or number of units of use such as scheduled 

maintenance but without previous item condition investigation”. It is sometimes used 

synonymously with time based maintenance, TBM. 

Predictive maintenance / condition based maintenance (CBM) 

The term of predictive maintenance is defined as “Condition based maintenance carried out 

following a forecast derived from the analysis and evaluation of significant parameters of the 

condition of the item.” (Bengtsson, 2004b). It is sometimes used synonymously with condition 

based maintenance. 

Márquez (2006) defines condition based maintenance as “preventive maintenance based on 

performance and/or parameter monitoring and the subsequent actions”. Performance and 

parameter monitoring may be scheduled, on-request or continuous. 

3.2.3 Maintenance concepts 

Various concepts have been developed to increase the effectiveness of maintenance and focus on 

the maintenance activities. Here, some examples are described including Reliability Centered 

Maintenance, RCM, Total Productive Maintenance, TPM and Lean Maintenance. 

Reliability Centered Maintenance (RCM) 

Moubray (1997) defines RCM as “…a process used to determine what must be done to ensure 

that any physical asset continues to do what its user wants it to do in its present operating 

context” (Moubray, 1997). According to Salonen (2011), RCM is applied by asking seven basic 

questions about the asset or system reviewed: 
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 What are the functions and associated performance standards of the asset in its present 

operating context? 

 In what way does it fail to fulfill its functions? 

 What causes each functional failure? 

 What happens when each failure occurs? 

 In what way does each failure matter? 

 What can be done to predict or prevent each failure? 

 What should be done if a suitable proactive task cannot be found? 

Total Productive Maintenance (TPM) 

TPM is a Japanese concept for maintenance. There are a number of definitions of TPM concept. 

According to Nakajima (1998), who introduced the concept, TPM may be defined as “Productive 

maintenance involving total participation” (Nakajima, 1998, p.10). Several explanations of the 

definition may be found in literature. One descriptive definition is presented by Pomorski, who 

defines it as “… a structured equipment-centric continuous improvement process that strives to 

optimize production effectiveness by identifying and eliminating equipment and production 

efficiency losses throughout the production system life cycle through active team-based 

participation of employees across all levels of the operational hierarchy.” (Pomorski, 2004). 

According to Pomorski (2004), the Japanese Institute of Plant Maintenance (JIPM) defines the 

aims of TPM as: 

1. Establishing a corporate culture that will maximize production system effectiveness. 

2. Organizing a practical shop-floor system to prevent losses before they occur throughout 

the entire production system life cycle, with a view to achieving zero accidents, zero 

defects and zero breakdowns. 

3. Involving all functions of an organization including production, development, sales and 

management. 

4. Achieving zero losses through the activities of “overlapping small groups”. 

Lean maintenance 

Smith and Hawkins (2004) define lean manufacturing as: “…the practice of eliminating waste in 

every area of production including customer relations (sales, delivery, billing, service and product 

satisfaction), product design, supplier networks, production flow, maintenance, engineering, 

quality assurance and factory management. Its goal is to utilize less human effort, less inventory, 

less time to respond to customer demand, less time to develop products and less space to produce 

top quality products in the most efficient and economical manner possible”. Hence, lean 

manufacturing or lean production aims to remove all non –value adding activity, such as waste 

(muda). According to Ohno (1998), seven wastes exist: overproduction, waiting, unnecessary 

motions, transporting, over processing, unnecessary inventory, and defects. Biecheno (2004) adds 
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five additional wastes: the waste of making the wrong product efficiency, the waste of untapped 

human potential, the waste of inappropriate systems, wasted energy and water, and wasted 

materials. 

Smith and Hawkins (2004) signify that a TPM program is the foundation of lean maintenance. 

Further, they find implementing lean maintenance without such a foundation difficult (see Figure 

4). According to the authors, other maintenance “bricks” include: planning and scheduling, 

documentation, work order system, the use of a computerized maintenance management system, 

CMMS, predictive maintenance, and the root cause failure analysis (Bengtsson, 2007). 

 

Figure 4 - Lean maintenance practices, as visualized by Smith and Hawkins (2004) 

3.2.4 Maintenance plan 

According to EN 13306:2001, the maintenance plan consists of a “structured set of tasks that 

include activities, procedures, resources and the time scale required to carry out maintenance”. 

Process of making a plan consists of; identify the maintenance task required, establish the 

maintenance support and re-evaluate. 

Maintenance planning is to identify the asset, prioritize the asset according to maintenance 

strategy, identify its performance requirements according to strategy, evaluate the asset’s current 

performance, and plan for its maintenance (Khairy, 2008). 

3.2.5 Maintenance management 

Kelly gives the following generic expression for the maintenance objective: “...to achieve the 

agreed plant operating pattern, availability and product quality within the accepted plant 

condition (for longevity) and safety standards, and at minimum resource cost.” (Kelly, 2006) 

Khairy (2008) claims that maintenance management process consists of following factors: 

 Asset maintenance planning  

 Schedule maintenance operations  

 Manage maintenance actions execution  

 Assess maintenance  

 Ensure continuous improvement 
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As illustrated in Figure 5, Marquez (2006) expresses that maintenance management must align 

with business activities at strategic, tactical, and operational levels. 

 

Figure 5 - Maintenance process (Marquez, 2006) 

Computerized Maintenance Management System (CMMS) 

Labib (2004) expresses increase in the amount of information available and an increasing 

requirement to have this information on hand and in real-time for decision-making indicates the 

need to have CMMS to aid maintenance management. The days of legacy maintenance systems 

of large batch reports, where the focus was on data throughput, are being replaced by dynamic, 

online queries, created on-the-fly with answers in seconds rather than days.  

According to Labib (2004), CMMS provides these items: 

 Support condition based monitoring 

 Track the movement of spare parts  

 Allow operators to report faults faster  

 Improve the communication between operations and maintenance personnel  
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 Historical information necessary for developing PM schedules  

 Provide maintenance managers with information to have better control on their 

departments 

 Offer accountants information on machines to enable capital expenditure decisions to be 

taken 

3.2.6 Maintenance performance measurement 

Tsang et al. (1999) expresses since maintenance spending constitutes a large part of the operating 

budget in organizations with heavy investments in machinery and equipment, tracking the 

performance of maintenance operations in such organizations should be a key management issue. 

Another reason for linking the measurements to the organization’s strategy, according to Tsang, 

is the influence of the used performance measurements on employee behaviors (Tsang, 1998). 

In a study performed by Tsang (Tsang et al. 1999), the following characteristics of the 

maintenance performance measurement system were shared by the studied companies: 

 It is an exception rather than the norm that the maintenance organization uses a structured 

process to identify measures of its performance. Management is typically not aware of the 

part the measurement system can play in achieving the vertical alignment of goals and 

horizontal integration of activities across organizational units. 

 The performance measures are primarily used for operational control purposes. 

 The commonly used measures are financial indicators such as operational and 

maintenance (O&M) costs, and equipment-based or process-oriented measures such as 

equipment availability, labour productivity, and the number of incidents caused by in-

service failures. 

 Benchmarking is gaining acceptance as a methodology for evaluating performance and 

establishing targets by making reference to the achievements of best-in-class 

organizations. 

Salonen and Bengtsson (2007) argue dependability is used to manage maintenance actions 

execution. Dependability is collective term used to describe the availability and its influencing 

factors; Reliability which is measuring by Mean Time Between Failure (MTBF), Maintainability 

by Mean Time To Repair (MTTR) as well as Maintenance Supportability by Mean Waiting times 

(MWT).  

3.3 Maintenance strategy 

3.3.1 Maintenance strategy definition 

According to Salonen (2011), the maintenance strategy is not fully defined in literature. Some 

authors define it as the choice between corrective, preventive and condition based maintenance. 

Some others mentioned it is combination of reactive maintenance, regularly scheduled preventive 
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maintenance, inspection, back up equipment and equipment upgrades. The mix of these elements 

is specific for each facility and depends on the goals of the maintenance, the nature of the facility 

or equipment to be maintained, and the work environment. 

Tsang (1998) claims the strategy reflects the organization’s conception of its intended long-term 

goal and the approach to achieving it. As it is often formulated at senior management level, the 

espoused strategy is usually too abstract to line management personnel. As such, it becomes 

difficult to relate departmental and individual activities to the attainment of the strategic goal. 

3.3.2 Formulation of maintenance strategy 

There are not so many models for formulating maintenance strategy and some of proposed 

models are quite resource demanding. Three models are presented in this thesis. 

Marquez (2007) argues that business objectives take into consideration what the needs and wants 

of the customers, shareholders, and other stakeholders are. These general business objectives can 

be grouped into four groups: profitability, growth, risk and social objectives. /…/ achieving these 

business objectives requires a business strategy. Said strategy, in conjunction with the current 

asset environment, helps us to translate business objectives into maintenance objectives. When 

doing so, it is normal to find typical goals for maintenance management in many organizations, 

goals that can be generally classified into three groups: technical objectives, legal 

objectives/mandatory regulations and financial objectives. Marquez (2007) also states that 

achieving each objective will probably have a different level of outcome. It is therefore desirable 

to evaluate the different maintenance goals, to make sure that those goals are realistic, in 

accordance with current situation, and then start planning for strategies to achieve those goals. 

/…/ maintenance objectives are targets assigned and accepted by the management and 

maintenance department. The process of assigning targets is critical, typically recursive, and 

often a time consuming process. 

As illustrated in Figure 6, Marquez (2007) points out the strategy setting process may follow 

standard organizational planning methods, which normally include: 

 Deriving from corporate goals the policies and objectives for maintenance. These 

objectives may include: equipment availability, reliability, safety, risk, maintenance 

budget, etc., and should be communicated to all personnel involved in maintenance, 

including external parties; 

 Determination of current factory/facilities performance; 

 Determination of the target performance measures (KPIs). Improvements will be made 

based on accepted business, user and maintenance management performance indicators; 

 Establishing principles to guide strategy implementation by means of planning, execution, 

assessment, analysis and improvement of maintenance. 
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Figure 6 - Maintenance strategy model (Marquez, 2007) 

According to Marquez (2007), maintenance management must align actions at three levels of 

business activities —strategic, tactical, and operational. 

Actions at the strategic level will transform business priorities into maintenance priorities. To 

meet these priorities, this process will help craft midto- long term strategies to address current 

and/or potential gaps in equipment maintenance performance. As a result, a generic maintenance 

plan will be obtained at this level. Transformation of business priorities into maintenance 

priorities is done by establishing critical targets in current operations. Detailed analysis creates 

measured items such as the incidence of the plant equipment breakdowns as these would impact 

the plant’s operational targets (for instance, by using criticality analysis). Maintenance 

management would then develop a course of strategic actions to address specific issues for the 

critical items. Other actions would focus on the acquisition of the requisite skills and technologies 

(for example, condition monitoring technologies) for the micro-level improvement of 

maintenance effectiveness and efficiency (Marquez, 2007). 

Actions at the tactical level would determine the correct assignment of maintenance resources 

(skills, materials, test equipment, etc.) to fulfill the maintenance plan. As a result, a detailed 

program would materialize with all the tasks specified and the resources assigned. Moreover, 

during the process of detailed maintenance requirements planning and scheduling, this level of 

activity must develop a level of competence to discriminate among a variety of resource options 

(of different values) that may be assigned to execute a maintenance task at a certain asset (say a 

particular machine), location and time. Such action would spell out the tactical maintenance 

policies (Marquez, 2007). 
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Actions at the operational level would ensure that the maintenance tasks are carried out by skilled 

technicians, in the time scheduled, following the correct procedures, and using the proper tools. 

As a result, work would be done and data would be recorded in the information system. 

Procedures at the operational level would be needed for preventive works, equipment repairs, and 

troubleshooting with a high degree of attention. Note that the diagnosis of the reasons for a 

system’s failure has become a critical function. This task often engages specialists and uses 

complex technological systems. Therefore, it is reasonable to expect that the troubleshooting 

process would rely heavily on the maintenance information systems that provide information 

about all the work done on each piece of equipment (Marquez, 2007). 

Finally, by capturing collective management experience at the three levels, and adapting best 

practices from within and outside the maintenance organization, we will be able to arrive at a 

maintenance management system that is continuously improved, and that automatically adapts to 

new and changing organization targets (Marquez, 2007). 

Kaplan and Norton (1996) developed a Balanced Scorecard, BSC that is intended to give top 

managers a fast but comprehensive view of the business. The balanced scorecard includes 

operational measures on customer satisfaction, internal processes and the organization’s 

innovation and improvement activities, as well as financial measures. It translates vision and 

strategy using the four perspectives of measurement as illustrated in Figure 7. Kaplan and Norton 

(1996) have also introduced four new management processes that are considered to contribute 

towards linking long-term strategic objectives with short-term actions. The four processes are 

illustrated in Figure 8. 

 

Figure 7- Translating vision and strategy: four perspectives (Kaplan and Norton, 1996) 
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Figure 8 - Managing strategy: four processes (Kaplan and Norton, 1996) 

Tsang (1998) states that since the measures in BSC are derived from the strategic objectives; they 

are specific to the organization for which the BSC is developed. The BSC measures can also be 

classified into those that are outcome measures and those that are performance drivers. Most 

financial measures such as labor and material costs per unit of output belong to the former 

because they reflect the outcome of past decisions. Hence, they are lag indicators. Performance 

drivers, on the other hand, have the power to predict future outcomes. Thus, they are also referred 

to as lead indicators. If multi-skilling has been chosen as the strategic move to streamline 

maintenance services, the percentage of maintenance staff that has successfully completed cross-

trade training could be an appropriate lead indicator. It is cautioned that relying exclusively on 

performance drivers as performance indicators is not advisable because it will encourage a focus 

on activities as ends in themselves while specific gains in business performance are nowhere in 

sight. Thus, the BSC should consist of a mix of both outcome measures and performance drivers 

(Tsang, 1998). 

Tsang (1998) also presents a model for strategic maintenance performance management. Figure 9 

shows the Flow chart of a management process in which maintenance performance will be 

directed to the achievement of future success of the organization. 
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Figure 9 - Strategic maintenance performance management process (Tsang, 1998) 

The stakeholders of a maintenance performance management system are users of the system. 

They include senior management, key personnel in the operating units of the maintenance 

function, and those at the receiving end of the services provided by maintenance (the internal 

customers). Focus group discussions of these stakeholders are conducted to formulate the strategy 

for the maintenance operation. The maintenance strategy should be linked to the corporate 

strategy (Tsang, 1998). 

Tsang (1998) also expresses that the maintenance strategy addresses the needs for supporting the 

corporate mission and upholding the core values of the organization. The strategy should 

encapsulate a coherent theory of the maintenance operation that will contribute towards business 

success of the whole organization. It can be identified by using the strengths, weaknesses, 

opportunities and threats (SWOT) analysis. 

In the model presented in Figure 9, first the agreed strategy is translated into long-term objectives 

and operationalized by specifying quantifiable key performance indicators (KPIs) and by 

establishing stretch targets three to five years into the future. The KPIs covering the four 

perspectives of the balanced scorecard are identified to ensure balanced assessment of 

maintenance performance. Later, Initiatives have to be mapped out so that the necessary action 

plans can be developed. Short-term targets are also established to serve as milestones to track 

progress. Finally, after implementation of the action plans, the progress made in meeting strategic 

objectives is monitored by tracking, at defined intervals, the KPIs (Tsang, 1998). 

As indicated in Figure 10, Salonen (2011) proposed process for the formulation of maintenance 

strategies. He describes this process by starting with the (1) company vision and mission, top left 

in the figure. Based on the company vision and mission, the (2) company’s strategic goals are 

formulated. These goals are supposed to be supported by all functional strategies. For the 

maintenance strategy, it is essential not only to consider the overall strategic goals of the 

company, but also the strategic goals of the production, the maintenance organization’s customer. 

Considering the strategic goals of both the company and the production department allows (3) the 

strategic goals of maintenance to be defined for the organization.  
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Figure 10 - A schematic view of the maintenance strategy formulation work-process (Salonen, 2011) 

To satisfy all stakeholders, the strategic goals of the maintenance organization should reflect both 

efficiency and effectiveness, see Figure 11. 

 

Figure 11 - The relationship between goals and measures, used by the maintenance and production 

departments, and the company's overall goals, adapted from Salonen and Bengtsson (2008) 

In order to evaluate the fulfillment of the strategic goals, they have to be tied to (4) strategic 

performance indicators. There are advantages to involving all stakeholders, such as the 

production department and the owners, when choosing performance indicators. Such an approach 

increases the acceptance of the strategy among the stakeholders. Also the performance indicators 

have to be well-defined in order to avoid misinterpretations, the use of different definitions at 

different departments, or drifting definitions. Further, data sources, data collection methods, and 

responsibilities may be defined in the strategy formulation. Once the performance indicators are 

defined, their current status may be measured. Current or potential gaps in maintenance 

performance should be addressed by (5) the overall GAP-analysis when setting up a maintenance 

strategy. Next, the organization has to identify which factors may potentially influence the gap 

between current and desired levels. In the suggested work process, depicted in Figure 10, the 

gaps are matched against a set of factors, considered to be strategically important by various 
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manufacturing companies. These factors are probably different in different companies, depending 

on factors such as company size, branch and so on. A set of factors identified by Salonen (2008b) 

are suggested as a base to start from. These factors have further been categorized as relating to 

Man, Technology, or Organization (MTO) as shown in Figure 12. In this work, the MTO concept 

has been used in order to avoid a situation in which companies build their maintenance strategies 

solely on investigation inn new technology (Salonen, 2011). 

 

Figure 12 - Factors identified as strategic for maintenance, mapped according to Man, Technology, 

Organization; MTO (Salonen, 2011) 

In the proposed model by Salonen (2011), a (6) Strengths, Weaknesses, Opportunities, Threats, 

SWOT, analysis is performed, addressing the identified gaps in relation to the factors considered 

strategic for the maintenance development. A list of actions may be identified from the result of 

the SWOT analysis. By prioritizing these actions in an appropriate way, a (7) strategic 

development plan may be set up. With this plan in place, the (8) maintenance strategy may be 

formulated. For such a document, the following structure is proposed: 

 Strategic alignment 

o Overall strategic goals of the company 

o Strategic goals of the production department 

o Strategic goals of the maintenance department 

 Strategic performance indicators for the maintenance department 

o Definition of measures 

o Current status 

o Targets for the coming year 

o Strategic targets 

 Strategic action plan with time plans and assigned responsibilities within the areas of: 

o Man (Human resources) 

o Technology 

o Organization 
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When the maintenance strategy is formulated, it should be reviewed by the Board of the 

company. By getting approval from the Board, it will be easier to invest the time and money 

necessary to implement the proposed strategy. As depicted in Figure 10, the strategy should be 

periodically reviewed to ensure its validity (Salonen, 2011). 

Very often, strategies are formulated through a strategic planning process, which is largely an 

extrapolative exercise. It is based on the doctrine of evolutionary change. Today’s industrial 

environment, however, is characterized by mounting pressure to be a world-class performer, 

intense competition, and rapid technological changes. In such a turbulent world, many a world-

class organization owes its success to a revolutionary strategy. However, it should be recognized 

that revolution is risky. A successful revolution is usually preceded by numerous failed attempts. 

Hence, strategy making is a trial and error process. The efficacy of an espoused strategy must be 

reviewed periodically (Tsang, 1998). 
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4. Case: Volvo GTO Powertrain Production 

Köping 

In this chapter, case company description is presented followed by description of performance 

indicators and maintenance action plans used in this thesis. 

4.1 Company description 

Volvo Powertrain is the Volvo Group Strategic Center for powertrain components. The scope of 

the work in this company covers the whole powertrain systems and components such as engines, 

transmissions and driven axles. That includes development, manufacturing, sourcing, partnership 

and installation service along with support in close cooperation with the customers. Recently, the 

name of the company changed to Volvo GTO powertrain production. 

 

Figure 13 - Driveline 

Volvo Powertrain has operations in Sweden, France, Japan and North- and South America. The 

Business Unit incorporates powertrain development and manufacturing activities representing 

approximately 10 000 employees around the world. Volvo Powertrain is one of the world’s 

biggest manufactures of heavy-duty diesel engines 9-18 liters as well as a major manufacture of 

heavy duty transmissions. 

Volvo Powertrain's headquarter is located in Lundby, Göteborg.  Volvo Powertrain in Köping is a 

production facility with a history that dates back to 1856. The company’s reputation as an 

excellent manufacturer of gearwheels made Köping a supplier of gearboxes to Volvo from the 

very beginning. Volvo Powertrain in Köping has now approximately 1200 employees with total 

area of 93000 m² and production area of 75000 m². 

Today Köping is the centre of excellence for the production of transmissions - gearboxes and 

marine drives - within the Volvo group and holds the production of transmissions for several 

business areas. Well-known products that are produced in Köping are for instance the gearbox 'I-

shift' and the marine drive 'IPS'. The production is characterized by advanced technology and 
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high mechanization and automation grade. There are three types of gearboxes made in Köping; 

manual (SMT), automated manual (AMT) and automatic (Powertronic). All gearboxes are trial 

run and checked before delivery. The marine production holds the production of drive trains, 

stern drives, the aquamatic drive as well as the IPS-drive. 

 

Figure 14 - Gearbox SMT/AMT, Marine drive, Gearbox Powertronic 

Figure 15 illustrates the customers of Volvo GTO powertrain production Köping. 

 

Figure 15 – Customers 
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4.2 Volvo Production System (VPS) 

The company is adapted with lean production and Volvo own production system (VPS). Volvo 

Production System supports continuous progress in further enhancing the quality and efficiency 

of production process. 

 

Figure 16 - Volvo Production System (VPS) 

World class manufacturing method aligned with VPS 

WCM-World Class Manufacturing method is the Volvo Powertrain’s way to implement Volvo 

Production System. 

 

 

Figure 17 - World Class Manufacturing (WCM) and VPS alignment 
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The factors in Figure 17 that are linked to VPS called “pillars” and they have seven steps to 

reach. In this thesis, professional maintenance pillar has been considered in the main focus. 

4.3 Performance indicators 

A number of KPIs used in the company’s business strategy that are defined in this section. 

4.3.1 PBP (Personal Business Plan) 

The personal business planning (PBP) process is the basic framework for good people 

management in Volvo Group, in line with the basic Volvo way values. 

In an annual cycle of dialogues between managers and their individual team members, it is 

intended to: 

 Clarify expectations for the work of each individual – and ensure that they have priority 

work objectives that focus on team business objectives. 

 Identify and act on development needs of the team member - in both the short and longer 

term. 

 Provide feedback during the year to help ensure that objectives are successfully met. 

 Provide an annual review and overall rating of performance in the job as a basis for 

improvement planning. 

The PBP is the way that we 'do the right things successfully'. 

 

4.3.2 ICP (Individual Contribution Plan) 

One concrete result of staff appraisal is an ICP for employees. The aim is to clarify the planning 

for the employee, and to get a good monitoring tool for the development and goals. 

 Purpose - the employee's duties and what can be improved. 

 Objectives - short and long term, 3 and 12 months. 

 Competence - how should the professional and individual skills developed? 

 Measurement - how and when should the measurement be made on the objectives been 

met? 

 Follow-up date is decided and ICP signed by the manager and employee. An ICP may 

contain more than the points above, but not less. 

4.3.3 VGAS (Volvo Group Attitude Survey) 

The Volvo Group Attitude Survey (VGAS) takes place once a year. Volvo Group employees all 

over the world answer questions about their work with a focus on employee engagement. 

The survey result will be discussed in a feedback session, lead by the managers. During this 

feedback session, employees are invited to discuss improvements and create action 

plans. VGAS is also a method for following up on the implementation of The Volvo way - the 
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global guide for Volvo behavior as individuals, team members and leaders within the Volvo 

Group. 

4.3.4 SOP (Standard Operating Procedure) 

An SOP is a written document or instruction detailing all relevant steps and activities of a process 

or procedure. An SOP provides employees with a reference to common business practices, 

activities, or tasks. New employees use an SOP to answer questions without having to interrupt 

supervisors to ask how an operation is performed. The international quality standard ISO 

9001essentially requires the determination of processes (documented as standard operating 

procedures) used in any manufacturing process that could affect the quality of the product. 

4.4 Maintenance action plans 

A number of maintenance activities aligned with lean concept set in maintenance management at 

the company. Figure 18 shows the alignment between PM works and Lean philosophies at Volvo 

GTO Powertrain Production Köping. Following is the brief description of some of the 

maintenance action plans at the company. 

 

Figure 18 - PM and Lean philosophies at Volvo GTO Powertrain Production  Köping 

4.4.1 Professional Maintenance within WCM method 

Professional Maintenance (PM) is one pillar within World Class Manufacturing method. The 

company uses PM as a policy in order to reach the highest proactively in their maintenance 

works. As other pillars in WCM, PM has seven steps to go from reactive maintenance to 

proactive maintenance (Figure 19). 

http://en.wikipedia.org/wiki/ISO_9001
http://en.wikipedia.org/wiki/ISO_9001


Strategic Maintenance Management in Lean Environment 

Case: Volvo GTO Powertrain Production Köping 

30 

 

 

 

Figure 19 - Seven steps of Professional Maintenance in WCM 

4.4.2 Maintenance Pulse 

Maintenance Pulse is one way for maintenance and its purpose is to visualize status of machines 

and the planning of activities on short and long term. The maintenance pulse consists of two 

parts, follow-up and planning. Following aspects can be gained by this activity: 

 The pulse gives quick follow-up on takt  

 Visualization of targets and KPI’s 

 All get the same picture and knowledge of prioritization 

 All have focus on backlog and react quickly to fix problems 

 Fast and easy management by objectives 

 Interaction with production  

 Connection between AM (Autonomous Maintenance) an PM (Professional Maintenance) 

 Card-system used for visualized planning 

Figure 20 shows a sample of Maintenance Pulse boards at the company. 
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Figure 20 - Maintenance Boards 

4.4.3 Technical Andon process 

Andon is a signaling system that uses either text on a display, sound, lights or flags to indicate the 

current status of a machine or machine group. Andon is also a mean that operators can use to get 

attention when a problem has occurred. Andon signs are placed so that they can be clearly seen 

by personnel outside the current workplace.    

The Andon system uses three flags in order to visualize the status of a machine:  

 Green flag mean that the machine is operating normally.  

 Red flag mean that there is a problem and need for assistance. The red flag also mean that 

work is ongoing and also imply that workers are not to be disturbed.  

 Blue flag mean that preventive maintenance activity is ongoing and also imply that 

workers are not to be disturbed.  

 

4.4.4 Quality-assured EWO (Emergency Work Order) process 

In order to increase quality of the EWO’s, a new way of working was introduced for managing 

the process. Three new quality gates were introduced: 

 Number of EWO compared to number of BD (Breakdowns) (Control that all BD has a 

EWO in order to identify countermeasures. 

 Number of executed EWO’s (Control that operators and maintenance personnel use EWO 

as tool) 

 Number of decision ready EWO’s (Control of methods used in finding root cause)  
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4.4.5 Kaizen corner 

A Kaizen Corner was established with main purpose of gathering all information in one place, 

visualize it and follow-up on activities. 

The information that is followed up is: 

 Maintenance KPIs for all areas within production  

 VP (visual planning) board with strategic and critical projects within the maintenance 

organization  

 AA Machine status 

 PM planning 

 Internal goals for maintenance organization  

In connection with follow up on activities where risks are identified, actions are agreed upon and 

visualized on the VP board. Kaizen corner also have an educational purpose in teaching way of 

working as well as being an Obeya for focused work on problem solving in Kaizen work. Figure 

21 shows a sample of Kaizen Corner boards at the company. 

 

 

Figure 21 - Kaizen Corner board 

 

4.4.6 Management by objectives 

Management by objectives is based on model called ROM (Result Oriented Management) that 

has focus on activities to add value. Maintenance targets set for each year until three coming 

years and the performance will be followed up quarterly by relevant KPIs. 
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4.4.7 Spare parts project (WRaP) 

To further support the maintenance activities in becoming more efficient focusing on value 

adding, a review of spare parts management was launched. Losses linked to spare parts 

management are categorized in; missing parts, waiting, wrong use of resources and transports. 

Scope of the project: 

 Create a spare parts strategy for how parts are handles in relation to planned activities and 

breakdowns. 

 Make sure that warehouse management support new maintenance system CMMS and vice 

versa.  

 Create a plan for how to make spare parts management more effective in decreasing 

variable and fixed costs. 

4.4.8 OEE  Process 

To increase the integration between production and maintenance a new process has been 

implemented where the technical availability is a construct of an OEE target. Production decides 

on OEE level and the Maintenance organization calculates what level of technical availability is 

required and the cost of reaching/maintaining this. This is later agreed upon between the 

production and maintenance organization. Figure 22 indicates the flow chart of OEE process. 

 

Figure 22 - OEE process 
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4.4.9 ett KLIV (One step) 

In English this mean “competence development and learning in Volvo PP with focus on 

Technical availability”. This is a system for people development within the maintenance 

organization complementing the current PD activities. The competences are categorizing by 

numbers as follow: 

1- Have theoretical education.  

2- Have practical  education  

3- Can work alone.  

4- Expert – can train others 

Figure 23 illustrates an example of using ett KLIV. 

 

 

Figure 23 - ett KLIV example 

In this example, the red markings indicate that the personnel need training in a specific area and 

that advanced electrical skills are not to a target for Tina and Mikael. This also shows that Mikael 

should work next to Anna or Sven in order to take”a step” (ett KLIV). 

4.4.10 Audit Layer  

To further keep focus on and request / monitor how the organization works, a system of regular 

inspections called - Audit Layer is to be introduced. It will be implemented at all levels and 

covers six areas: 

 Safety 

 Operation 

 Management by objectives 

 Information 

 Competence 

 standard work 

Within each area there are a number of questions about the instructions are followed and that the 

information flow works, if training is in place, the safety procedures are followed mm. The 

system shows where the shortcomings and allows for corrective action. 
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5. Results & Analysis 

In this chapter the results from performed literature review and case study are presented. The 

chapter is structured in four sub-sections. In first sub-section the result from literature review in 

maintenance and strategy is presented. Second sub-section is the result of the case study to survey 

the company’s view on strategic maintenance development.  In third sub-section, a work-process 

for formulating maintenance strategy proposed and fulfills the first research question of how to 

formulate maintenance strategy. Finally, sub-section four presents formulated maintenance 

strategy which can fulfill second research question by indicating the factors that must be included 

in the maintenance strategy. 

 

5.1 The results from literature review 

A literature review performed in maintenance, maintenance management, strategy of 

maintenance and maintenance strategy formulation as well as maintenance performance 

measurement. 

Within this study, basic definitions of production maintenance and related items were clear but 

there are different way of definition and classification of maintenance types and concepts. Also, 

most of literatures are concerning technical aspects of maintenance management with less regard 

to organizational aspects. 

Literature review in maintenance strategy showed that there is not a common definition for 

maintenance strategy. Perhaps, the reason is that it is not clear that the term maintenance strategy 

is referring to maintain of a single component or overall maintenance management. In this thesis, 

maintenance strategy is referring to overall maintenance management. 

 In review of strategy literature, there are a number of proposals for strategic approaches. But, 

quite few of them are describing how to formulated maintenance strategy to support the 

company’s strategic goals. For this thesis, Salonen’s (2011) definition of formulating 

maintenance strategy is used. However, while going through levels of maintenance strategy, there 

are different kinds of structures. For instance, in some literatures maintenance plans are included 

in strategic level of maintenance strategy especially in small manufacturing company. And in 

large manufacturing companies, they are concerned in tactical or even operational level. 

In maintenance performance measurement literatures, there is an agreement that the maintenance 

measures should reflect in the company’s strategic goals. Also, measures should face different 

factors of the organization objectives such as delivery, productivity and finance. 
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5.2 The company’s view on strategic maintenance 

development 

The case study performed in order to assess the views toward maintenance strategy in the case 

company. This study conducted mainly in interviews with the maintenance managers at the 

company. The used interview guide is presented in appendix 1. Here is the abstract of the results. 

Maintenance managers at the company had different views toward maintenance strategy. For 

instance, the professional maintenance within World Class Manufacturing method has been 

considered as a maintenance strategy in one view. Figure 24, indicates one perspective of 

maintenance strategy at the company. However, the maintenance strategy defined in this thesis 

was not clearly written and was not well-aligned with the companies’ business strategy. In other 

words, there was not a clear plan for maintenance as a strategy to show the direction to fulfill 

overall organization’s objectives. 

 

 
Figure 24 - Maintenance strategy perspective 

 

The company used performance indicators for control on strategic as well as tactical and 

operational levels. Also, relevant performance indicators were defined for controlling internal 

efficiency of maintenance. Nevertheless, performance indicators were not well-identified in the 

maintenance strategy according to the company’s overall goals. 

The company worked with continuous improvements of their maintenance activities and they 

were more or less satisfied with the outcome of their maintenance activities so far. In addition to 

this, as described in chapter 3, the new management of maintenance department has started to 

bring lean concept within maintenance by adding some activities such as Kaizen corner. The 

company used Computerized Maintenance Management System, CMMS, for their maintenance 

activities but the full functionality of the system was not utilized and they effort to compensate 

the lacks in the new CMMS for the company. 
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However, the maintenance department was aware of the remaining improvement potential and 

they attempt to compensate deficiencies in the new organization of maintenance. The 

maintenance manager at the company had a clear view of the strategic importance of 

maintenance. Moreover, the top-level management and the maintenance manager shared the view 

of maintenance as a strategically important function. 

5.3 The proposed work-process of maintenance strategy 

formulation 

A work-process for formulating maintenance strategy that can be proposed to the companies is 

the model proposed by Salonen (2011) that indicated in Figure 10. However, the work-process 

applied in this thesis has been different according to the thesis limitations and the possibilities at 

the case company. One positive point to formulate maintenance strategy in such case company is 

that the business strategy has been formulated and existed and also both the company and its 

maintenance had clear vision and mission. Moreover, although there was not a clear maintenance 

strategy, some maintenance goals and activities have been identified in different framework of 

management like management by objective. These positive facts at the case company helped the 

process of formulation to be even one step further than some other proposed process in literature. 

Nevertheless, some other aspects had also effect on this process to be different and one of them 

was the limitation of thesis working. For instance, thesis limitations such as time caused to have 

less contact with production managers in order to formulate maintenance strategy which is 

absolutely essential and important. Following is the description of the process of formulating 

maintenance strategy in this thesis. 

As Figure 25 and 26 illustrate, the work-process of formulating maintenance strategy starts with 

collecting data from the company including different perspectives of maintenance strategy that 

explained in previous section, vision and mission of the company and maintenance as well as 

maintenance activities enclosing management by objectives, professional maintenance within 

WCM method and etc. Based on the information gathered strategic objectives of maintenance 

and their relevant KPIs can be identified. In this step, balanced scorecard is proposed to structure 

maintenance strategy in a proper way which discussed in theoretical background. Depending on 

the company’s objectives, targets for three coming years must be decided. In that direct, action 

plans to reach these targets and objectives must be established. Then, relevant measures 

indicating status of action plan must be classified. 

Next phase is to classify maintenance strategy in three levels of strategic, tactical and 

organizational. As explained before, by having different levels of action plans, factors like 

responsible and time would be more recognizable. In addition to this, maintenance manager and 

other personnel can have more appropriate overview of maintenance activities and the way to 

manage them. 



Strategic Maintenance Management in Lean Environment 

Results & Analysis 

38 

 

 

The last phase is to make a clear link between maintenance strategy and the company’s business 

strategy. I this step, maintenance strategy must be classified in the same areas as business 

strategy. In some cases, like the case company, maintenance strategy has more areas than 

business strategy. However, the important aspect here is to make the relation between factors 

included and objectives and action plans. According to definition of strategy, the main purpose of 

maintenance strategy must show the clear direction between activities and their result to achieve 

company’s strategically goals. Figure 25 and 26 show different phases of formulating 

maintenance strategy and also factors that should be included in maintenance strategy. 

 

 

Phase 0 
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Figure 25 - Maintenance strategy formulation process (Phase 0 &1) 
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Phase 2 

 

Balanced Scorecard in organizational layers 
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Phase 3 

 

Maintenance strategy linked to business strategy 
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Figure 26 - Maintenance strategy formulation process (Phase 2 &3) 
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5.4 Formulated maintenance strategy 

The formulated maintenance strategy is divided to two parts of strategic objectives and action 

plan. The description regarding these parts is presented in this section. 

 

5.4.1 Strategic objectives 

According to literature review and case study, strategic objectives of maintenance formulated and 

presented in the form that Figure illustrates. 

As described in theoretical background, balanced score card is one appropriate way for 

formulating the strategy which has been applied as a solution in this thesis. As Figure 27 

illustrates, according to the company’s business strategy the strategic objectives of maintenance 

are classified in different areas including; safety/quality/environment, leadership, employee ship, 

organization and way of working, competence, delivery, productivity as well as economy. Within 

these areas, the relevant KPI’s and their measures are set and the targets for the current year and 

coming three years. 

In safety/quality/environment area Improve safety culture and reducing energy consumption are 

strategic objectives for maintenance department. As it described, Volvo Powertrain working with 

world class manufacturing method, WCM and reaching the highest steps of professional 

maintenance is the strategic objective for maintenance in leadership area. Therefore, maintenance 

manager can have supervision properly by measuring the defined KPI’s for each step such as 

number of breakdowns for classified machines; reduced PM related cost as well as coverage of 

the components in computerized maintenance management system, CMMS. 

In employee ship area, there is a significant measurement for the manager which is Volvo Group 

Attitude Survey (VGAS). The purpose of VGAS is to continuously improve the working climate. 

Thus, the engagement of employees in this survey is significantly important for the managers. 

Results can be calculated include the ESI (Employee Satisfaction Index), the CLI 

(Communicative Leadership Index) and the EEI (Employee Engagement Index). Improving 5S in 

working climate is also part of strategic objective of maintenance within Employee ship that can 

be measured by its audit measurement. 

Emergency work order (EWO) acts as a key role in way of working with maintenance and “right 

first time EWO” is a process implemented by maintenance department in order to increase the 

efficiency of work orders. It can be measured by decidable EWOs per their total number. A 

dependability measurement indicating maintenance supportability of the organization is mean 

waiting time (MWT) [which can include mean waiting time for spare part (MWTSP) and ……] 

which can improve by well implementing Andon and its improvement is one important strategic 

objective for maintenance. 

Mean time to repair (MTTR) is a dependability measurement indicating maintainability. In other 

words, it illustrates the competence of maintenance personnel in doing maintenance works. And 
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decrease in MTTR is one important strategic objective for maintenance.  In addition to this, there 

is other way of measuring development of team competence at the company. Personal business 

plan, PBP and individual contribution plan, ICP are two other competence indicators in this area 

and percentage of their completed activities is as strategic objective for maintenance. 

In delivery area, increase technical availability is the strategic objective that can be measured by 

OEA. This objective is absolutely one of the most important objectives that indicate how much 

maintenance department delivers services to the production as its customer. 

Mean time between failures (MTBF) is a dependability measurement indicating equipment 

reliability. MTBF, mean waiting time for spare part (MWTSP) as well as capability of planned 

maintenance can illustrate productivity of maintenance. Therefore, these objectives are 

formulated in productivity area. 

One important aspect of maintenance which is often missing in formulating maintenance strategy 

is the financial aspect of maintenance. Having a financial factor within maintenance strategy can 

show how much cost-effective have been maintenance works. In that way, maintenance manager 

has a better view on how to manage cost in order to have both effective and efficient 

maintenance. Maintenance cost reduction per produced unit has been considered as a strategic 

objective here. 
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Figure 27 - Strategic objectives of maintenance strategy 

 

 

 

 

Measures YTD 2012 Target 2012 Target 2013 Target 2014 Target 2015

Days without accident

Energy saving vs. 2008

Number of Break downs for AA machines which are in step 3

Cost Reduction (PM related)

Coverage on A components in VMMS (%)

EEI (Employee Engagement Indicator) (%)

Audit measurement (%)

Decidable EWO/Total number (%)

MWT (Machining)

MWT (Assembly)

MTTR (Machining)

MTTR (Assembly)

Development of team competence

Completed activities (%)

OEA

MTBF (Machining)

MTBF (Assembly)

MWTSP (Machining)

MWTSP (Assembly)

Time for all activities / Total available time

Using Preventive Maintenance compared with Corrective Maintenance 

(%)

Maintenance cost / Gearbox compared with baseline 2008

Improve Andon process

Increase MTBF

Increase Planned Maintenance 

Capability

Decrease MWTSP

Decrease MTTR

Improve technical availability

Competence development

PBP/ICP

Right First Time EWO

Improve safety culture

Reduce Energy consumption

Strategic Objectives

VGAS

Reaching step 5 for AA machines 

within Professional Maintenance 

criteria of World Class Manufacturing

 Improve 5S

Maintenance cost reduction per 

produced unit

Economy

Safety/Quality/Environment

Leadership

Employeeship

Organization and Way of Working

Competence

Delivery

Productivity
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5.4.2 Action plans 

In formulated maintenance strategy, maintenance actions are classifying in relevant areas linked 

to business strategy and by this way maintenance manager can have an obvious view on which 

action plan is taking place in which area and see the result directly in defined KPI’s. 

In addition, as described in theoretical background, maintenance strategy’s action plans must be 

structured in three levels of strategic, tactical and operational.  One significant aspect is to define 

responsible for each level and also measures to have follow up on maintenance actions. 

Moreover, the maintenance manger can also define time or deadline for action plans. 

In this thesis maintenance action plans are classified in the same areas as maintenance strategic 

objectives related to business strategy action plans. Action plans are structuralized in levels 

according to organizational layers. 

Maintenance activities have been described before. Figure 28 indicates action plan as critical 

success factors to support maintenance strategy in reaching proactive maintenance. 

 
Figure 28 - Action plan for critical success factors to support maintenance strategy  

in reaching proactive maintenance 

 

Figure 29 illustrates formulated maintenance action plans in different areas. 
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Figure 29 – Maintenance strategy’s action plans 
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6. Conclusions & Recommendations 

In this chapter the main conclusions from the conducted research are presented by reviewing and 

answering the research questions. Following are a discussion of all research findings as well as 

summarized recommendations for future work. 

 

6.1 Conclusions 

In order to describe the research findings in a structured way, research questions are reviewed 

followed by a brief description of how they are answered within the conducted research. 

How to formulate maintenance strategy that supports company’s business strategy? 

A literature review and case study performed to answer this research question and relevant 

evidence collected to describe the current situation of the studied phenomenon. In this study, a 

work-process for formulating maintenance strategy was suggested to the case company and 

feasibility of this process tested by cooperation with the maintenance managers. For instance, the 

company’s overall goals considered and translated to the strategic objective of maintenance. 

Moreover, balanced score card used as a tool to make a framework of the maintenance strategy. 

As a result of this study, the company could easily formulate a maintenance strategy by using a 

simple process based on the tools that they have already used such as management by objective 

and the company’s business strategy. In addition to this, the result indicated how maintenance 

strategy can contribute to the company’s business goals. 

What aspects or components must be included in the maintenance strategy? 

Based on the concepts reviewed in the literature in order to answer this question, there is no 

unanimous view in academia that shows which aspects must be included in the maintenance 

strategy. Therefore, different companies may have different factors to consider while formulating 

maintenance strategy depending on the company’s size, product type, competitive environment, 

and the company’s business strategy. From case study, factors considered in the same areas of the 

company’s business strategy related to both efficiency and effectiveness of the maintenance. 

Since there is no standard to set these aspects or components in the maintenance strategy, the 

factors identified in the performed research can be as a basic version of setting aspects in the 

maintenance strategy for the case company. The presented list perhaps is not to be viewed as 

complete, but rather as a sample of key factors. 
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6.2 Discussion 

In order to fulfill the purpose of this thesis to formulate maintenance strategy at the company a 

simple process has been presented, tested and verified by the case study. The performed study has 

indicated how a relatively simple and non-resource demanding process may be used to formulate 

maintenance strategy that aligns with the company’s overall strategic goals. Formulated strategy 

is based on a set of aspects that the company concerns strategically important for their 

maintenance development. The company has found the presented process logical and easy to 

comprehend. Moreover, some participants at the company have remarked that the formulated 

strategy not only can illustrate what factors to improve, but also can be as a map to see all 

maintenance related activities and their influencing factors. 

By setting a well formulated strategy for the maintenance management, the company has the 

required necessities to achieve the strategic goals. One special beneficial to gain from strategy 

formulation is the agreement between the company and its maintenance provider on which the 

strategic goals of maintenance should be. Formulated strategy helps the company to have a clear 

picture of what deliveries they need to achieve their strategic goals. Moreover, it can help the 

company in identifying which relevant performance measures to use for their maintenance 

activities. For instance, using financial KPIs for strategic maintenance goals makes it obvious to 

see the clear influence of strategic maintenance development on finances and difference in cost 

between a planned and un-planned stop.  Finally, since the strategy is signed and approved on 

board level, it acts as a management document. 

For the case company that implements lean production principles in their manufacturing, 

predictable production capabilities are crucial. Therefore, applying professional maintenance and 

autonomous maintenance as well as working on root-cause failure elimination can increase 

production stability. The case study conducted in this research has shown the company has a 

large improvement potential within their maintenance and it has just started to re-organize 

maintenance department by increasing attention to pro-active tools and methods such as 

Condition Based Maintenance, Root Cause Analysis, and Continuous Improvements. The 

maintenance manager is very experienced in operative maintenance management. He has already 

worked with strategies and had previously knowledge of the used tools in formulating strategy. 

He has found the proposed formulated strategy is easy to understand and beneficial to use. A well 

formulating maintenance strategy which is clearly linked to the company’s overall-goals can 

motivate why they should perform preventive maintenance planning in the production schedule 

as well as increase the awareness of the benefits to operators and production managers. One 

important aspect is that the company identifies the proper goals of their maintenance and which 

factors to develop in order to facilitate a strategic contribution of their maintenance programs. 

Although, maintenance is a cost center as all production support functions, by identifying the 

proper strategic goals of maintenance and implementing a well-formulated strategy, the company 

can enhance the return on investment of their maintenance expenses. The conducted research in 
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this thesis can provide guidance to such efforts to make the maintenance department seen as a 

potential contributor to the overall company goals. 

6.3 Further works 

This thesis has mainly focused on maintenance strategy formulation. A prospective continuation 

of the research could be to follow and investigate the implementation. A number of forces and 

obstacles that influence maintenance must be defined while implementing as a guideline. The 

result from implementation investigation may show the importance of a well-formulated 

maintenance strategy and it can motivate the management team to have further development in 

maintenance. 

Introducing lean concept within manufacturing companies causes the companies to be more 

concerned about equipment capability and as a result demand for effective maintenance is 

significantly increased. However, the companies may forget to develop maintenance when 

implementing lean production. One interesting area to continue this thesis is to develop 

maintenance strategy in lean environment. For instance, TPM concept is developed in lean 

environment as autonomous maintenance. But, the question is how well the company can 

implement such concept that can be linked to their maintenance strategy and how to follow up 

way of working to be successful. 

Moreover, the company showed a large potential within maintenance department by increasing 

interest in pro-active tools and methods such as Condition Based Maintenance in order to have 

world class maintenance management that can fulfill the company’s overall-goals in lean 

environment. A research area can be to design and develop a strategic Condition Based 

Maintenance System (CBMS) for the manufacturing company to reach the highest possible in 

proactive maintenance. 
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8. Appendices 

Appendix A - Interview guide for formulating maintenance 

strategy 

Is there a maintenance strategy? 

Is it written or oral? 

Is it clearly tied to the business strategy? 

How do you formulate the strategy (a team effort/ the maintenance manager/ other)? 

Who approve the strategy (company board)? 

Which components/ aspects are/ should be included in a maintenance strategy? 

 Maintenance organization 

 Control (Maintenance control/ planning, spare parts planning, CMMS) 

 Policies/ concept (CM/ PM, TPM/ RCM) 

 Material resources (tools, machinery etc.) 

 Technological resources (Condition monitoring, …) 

 Economy (do you consider financial influence of maintenance)? 

 Personnel (Numeral, competences) 

 Work hours (shifts, on-call duty) 

 Technological skills 

 Are all departments served 

 Focus areas 

 Spare parts management 

 Education and training 

 Other 

Are responsible defined in the strategy? 

 

 

 

 

 

 

 

 

 

 

Source: Salonen (2011) 




