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ABSTRACT
Maintaining the assets in the industry of today is becoming increasingly critical,
which is particularly true for the capital-intensive process industry. It is believed
that key performance indicators (KPI’s) are useful for managing the maintenance
function. However, currently there are no standardised KPI’s available for
assessing maintenance performance.
The purpose of this master’s thesis is hence to select and extract KPI’s that can be
used for describing the maintenance work in a plant. The selected KPI’s are to be
studied in detail to determine which underlying procedures have an impact on
them and how.
Based on previous research and empirical evidence, a model for assessing
maintenance performance is constructed. The model recognises that different
management levels demand different indicators and therefore divides indicators
into three levels. The top level main KPI’s are intended for top management.
These are in turn composed of basic KPI’s for maintenance and operations
management. Finally, the basic KPI’s are based on key performance parameters
(KPP’s) for which connections to strategies and work procedures in the plant are
identified. The main KPI’s are divided into total maintenance costs, health, safety
and environmental (HSE) indicators and finally quality measures.
The model is then tested and analysed in a comparative benchmarking study at six
selected process industries from different industry segments. The conclusions
drawn are subsequently based on the findings from the study at the plants.
The study shows that companies have no common approach of assessing
performance of their maintenance function. The structure and quality of
maintenance data also differed a lot from company to company. The analysis
concluded that maintenance costs are relatively low compared to costs of lost
production at all the studied companies. The results also indicate that focus on
HSE issues is decisive for health and security absenteeism. Furthermore, it is
discovered that few companies consider quality aspects of maintenance.
Last but not least recommendations on how the participating companies can
improve their maintenance activities are provided. Suggestions of how the
commissioner, DNV, should use the conclusions are also given.
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1 INTRODUCTION
This section clarifies the background of the thesis and what it aims to achieve. Furthermore
delimitations are explained, the outline is presented and the target group defined.

1.1 BACKGROUND
As industry becomes more capital intensive, and the relative cost of assets
increase, so does the importance of maintaining these assets. This tendency is
particularly true for process industries. Here, both the economic, safety and
environmental consequences of equipment failure can be enormous. The
increasing complexity of the equipment also has profound influence on its
maintenance. The maintenance function has become more specialised and costly.
Many organisations have realised that there is a lot of money to be saved by
managing maintenance in an effective way (in increased production uptime,
decreased safety/environmental risks or lower maintenance costs), and are looking
to experts for help.
Det Norske Veritas (DNV) is one such expert that continuously is developing its
knowledge and services in maintenance management. DNV is currently looking
for a confirmation of the maintenance strategies that they recommend in their
maintenance optimisation projects. These strategies are today based on
assumptions built on experience from previous work and related theories (quality
management strategies etc), but there is a lack of data to support the assumption
that the recommended strategies really are superior to other alternatives.
Within DNV there is presently some dissatisfaction with the measures and
indicators used currently to monitor maintenance work. It is believed that many
useless key performance indicators (KPI’s) are extracted and presented, while
other more important ones are overlooked. This is built on several facts, e.g. the
extensive reporting done in maintenance management systems compared with the
limited amount of valuable information that can be extracted from these systems.
If this were correct, it would mean that irrelevant indicators are misguiding the
management and planning of maintenance, hence hindering relevant
improvements from being made.
To create a general awareness of relevant indicators and maintenance topics
among client organisations, there is a desire to develop an annual maintenance
report. The annual maintenance report would form an independent report along
side the annual financial and environmental reports. Such a report would draw
attention to maintenance issues, which currently are believed to receive less than
adequate attention from management levels in the customer companies, and
maintenance performance could be used as a measure of the company condition.
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1.2 PURPOSE
This master’s thesis aims at doing a performance assessment of maintenance
related functions within the process industry. The purpose of the study is to select
and extract KPI’s that can be used for describing the maintenance work in a plant.
The selected KPI’s are to be studied in detail to determine which underlying
procedures have an impact on them and how.
The underlying assumption is that these KPI’s can form a base for the creation of
an annual maintenance report, which is a service that DNV wishes to develop.
The identified KPI’s can also be used in future DNV projects to aid the direction
of the focus on the aspects that are most profitable to improve for the customer.

1.3 RESEARCH POINTS
The purpose above can be broken down into the following research points.
Review of literature to determine which maintenance KPI’s that can be
found, which business areas they cover and what they represent.
Investigate which maintenance KPI’s that can be found in the industry
today, which business areas they cover and what they represent.
Extract meaningful KPI’s for the maintenance function with literature
and empirical evidence as a foundation.
Conduct a benchmarking study to determine “Best-in-class” figures for
each KPI.
Establish connections between extracted KPI’s, procedures and
maintenance strategies.
Determine how DNV can use these KPI-procedure-strategy
connections in their business.
The research points form the base for this study and will be investigated
within the limits of the thesis.

1.4 DELIMITATION
The study is limited by the approximately 20 weeks available for this master’s
thesis project. Due to this time limit the study will not investigate the details of
any maintenance related work procedures. Qualitative data describing the
maintenance work procedures will be gathered only on a higher level of
abstraction, and will be developed further only for the best performing
companies, in the areas where they have best-in-class measures.
The model built in this study relies mainly upon theory gathered during literature
studies and requirements set up by the commissioner. Verification of the model is
also made during the analysis. In spite of all this effort, the model is at best a
rough approximation of the reality it describes. As the number of observations
-2-
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and participating companies is much smaller than acceptable to be scientifically
proven, it is difficult to draw any mathematically verified conclusions from the
model and its results.

1.5 THESIS OUTLINE
The outline of the thesis is visualised in Figure 1-1. After the current introduction,
the commissioner for the thesis, DNV, is introduced in order to give the reader an
understanding of DNV’s business. Chapter 3 explains the research method used
and the implication of questions raised in the work with the report. This section is
followed by a theory introduction (chapter 4), where maintenance and KPI’s are
put into context, as well as an analysis of current practice, which describes current
use of indicators (chapter 5). The preparatory part ends with the Thesis tailored
framework where findings from the two previous sections are summarised into a
framework for the thesis.
Total Maintenance Cost, TCMaint, Maintenance HSE issues, HSEMaint and
Maintenance quality, QMaint then analyses data with regard to underlying
procedures, strategy connections and usability of KPI’s. The findings from the
analysis are summarised in the Conclusion chapter and implications for use of
KPI’s, KPI-procedure-strategy connections and use for participating companies
are discussed in chapter 12.
Introduction
Introductory parts

About DNV

Methodology
Reference framework

Analysis of current practice

Preparatory parts

Thesis-tailored framework

Benchmark study

Analysis of:

•TC Maint
•HSEMaint
•Q Maint

Analysis and discussion parts

Conclusion
Recommendations

References
Supportive parts

Appendix

Figure 1-1: Outline of the thesis
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1.6 TARGET GROUP AND READING INSTRUCTIONS
This thesis is mainly intended for concerned personnel in the Asset Integrity
Management department at DNV, Høvik, but also to other departments within
DNV that may have an interest in the results. For personnel at DNV the
complete report may be of interest (except possibly chapter 2) as it gives a
thorough understanding of the subject and creates useful results.
The companies involved in the study will also be presented with the results. It is
believed that their primary interest lies in the analysis and the concluding phases.
In order to maintain confidentiality of sensitive data, a special report is created for
each participating company where they can view their own figures, averages and
best-in-class figures, but not the specific values of their competitors.
In addition, the findings and results obtained in the report can be used as
benchmarks by any other researcher or company, wanting to assess maintenance
operations or just to develop an understanding of the importance of maintenance.
For definitions and explanation of acronyms the reader is referred to Appendix 1.

-4-
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2 ABOUT DNV
The project will be carried out for the department for Asset Operations Management in DNV,
in co-operation with consultants working at the department. Following is a brief description of
both DNV and this department.

2.1 THE COMPANY
DVN is an independent foundation, established already in 1864. The company
originally produced glass, but has evolved over the years to take its present shape.
The current mission statement involves safeguarding life, property and the
environment. The current product portfolio consists of different classification,
certification and consulting services sold to a broad range of industries.
The turnover for DNV in year 2000 reached 5.35 billion NOK and the total
number of employees was 5,500. The turnover for year 2000 can be broken down
into the following areas:
Classification 38 %
Certification 35 %
Consulting 27 %
2.1.1 ORGANISATION
DNV is undergoing a change process currently, but in the writing moment of this
report, the following chart describes the organisational structure.
CEO
CEO

Corporate
Corporate suport
suport

Corporate
Corporate
Technology
Technology

Oil,
Oil, Gas
Gas and
and
Process
Process
Industries
Industries

Maritime
Maritime
Industries
Industries

General
General Industry
Industry

Regions and other organisational units

Figure 2-1: Organisation chart for DNV [Det Norske Veritas, 2000a]
As Figure 2-1 shows, DNV is divided into four business areas. Under these areas,
the organisation is divided both according to the geographical region in which
they are located and the technical field where they operate in. DNV is now
present in more than 100 countries around the world.
-5-
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As can be concluded from Figure 2-1, companies within the maritime industry
and all sorts of process industries are the big customers of DNV. Due to the
company’s expertise in risk management, DNV also focus on other companies
that are reliant upon safety critical systems, such as the nuclear and transportation
industries.

2.2 DNV ASSET OPERATIONS MANAGEMENT
Asset Operations Services is a department in the OGPI (Oil, Gas and Process
Industries) business area in DNV. The main services offered by this department
are.
Inspection optimisation
Managing inspection to reduce costs and maintain required reliability
Maintenance optimisation
Managing maintenance to achieve the required level of reliability
Regularity optimisation
Managing maintenance and logistics to achieve cost optimum
regularity of equipment and systems.
Applying management techniques such as RBI (Reliability Based Inspection) and
RCM (Reliability Centred Maintenance) provides these services. Prior to the
execution of these procedures, it is common practise to carry out a performance
assessment of the current process.
There has recently been a change in the strategy for the OGPI business area.
There is now a strive for carrying out projects that are less focused on compliance
to standards and regulations and more focused on creating added value for the
customer. Added value is to be created by providing a more business-oriented
motivation for buying the services offered. The intention is that future projects
focus more on improving the customers' profitability.

2.3 R&D IN DNV
The fact that DNV is a foundation and hence does not have any shareholders, has
an effect on the generation and use of profits. The profitability of the company is
lower than would be expected from an ordinary company, which would be
pressured by its shareholders. However, the profit that is generated by DNV stays
within the company and is to a large extent invested in R&D, instead of
disappearing to the shareholders through dividends.
Each year, every department within DNV composes a set of R&D proposals, in
areas where there is a need to develop knowledge and services. This master’s
thesis rests upon some of these R&D proposals for 2001 [Det Norske Veritas,
2001b], originating from the department for Asset Operations Management
Services.
-6-

DET NORSKE VERITAS
METHODOLOGY

3 METHODOLOGY
In the Methodology section different aspects of the research task will be investigated and the work
process of the thesis explained. It will also discuss the validity and reliability of methods used and
criticism of these methods.
This chapter commences with a description of the research process where
different stages are presented and important choices expounded. Finally the
trustworthiness of the thesis is discussed, in terms of reliability and validity, in
addition possible lapses in used methodology are discussed.

3.1 RESEARCH PROCESS
The intended research process for this thesis is displayed in Figure 3-1 and
constituent parts are explained subsequently. The idea behind the organisation of
Figure 3-1 is to visualise how the different steps in the preparatory section can be
performed simultaneously while analysis actions follow in sequential order.
Preparatory
section
Internal
interviews

Theory
introduction

Create
model

Establish
interview guide
and data
collection basis

Collect and
analyse
data

Verify
model

Implications
for DNV

External
Interviews

Establish
methods
to be used

Figure 3-1: Research process
3.1.1 PREPARATORY SECTION
The research work begins with a preparatory section, which includes (apart from
this methodology section) theory studies, internal interviews and a brief inquiry of
indicators used and wanted in the marketplace today. The aim with this section is
to establish fundamental knowledge of the actual use of maintenance KPI’s in the
industry, as a base for the further work. This methodology shows the
-7-
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characteristic of an explorative study according to Lekvall and Whalbin [1993].
During this initial phase it is also of importance to become familiar with some
common CMMS (Computer (aided) Maintenance Management Systems) in order
to determine what sort of data that is reported in them, and more important what
can be retrieved.
3.1.2 MODEL DESIGN
To apply the gathered theory on real life cases, a model is designed in chapter 6
explaining KPI use and structure and also demonstrating impact of different
maintenance actions and strategies on the KPI’s. This model is a simplified
representation of reality and a foundation for the analysis. Model design is indeed
influential on the final results and conclusions, which makes this particular step of
the analysis process very important for the outcome of the study. Figure 3-2[ the
stages in the construction of a model and how it is used to explain the studied
area. Ravindran et al, 1987; Miser & Quade, 1988]
Formulate

Real World

Model

Deduction through
sequence of logical
statements

Real
conclusions

Interpret

Model
conclusions

Figure 3-2: Use of Models [Ravindran et al, 1987]
3.1.3 DATA COLLECTION
The first step in the data collection process is to develop an interview guide and a
basis for the data collection (Appendix 2). The selection of companies taking part
in the study is hard to categorise. They were selected upon own willingness to
participate and the result of the analysis has to be judged from that point of view.
Nevertheless they do represent the target group for the study and are therefore
relevant for the analysis.
The method used to collect data for the research has great impact on the
outcome. The data collection in this investigation is divided into three constituent
parts; extraction of raw data, personal interviews and supplementary questions
(clarifying question marks later in the analysis process), see Figure 3-3.
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Raw data
(CMMS)

Data to be used in calculations.

Deep interview

Quantitative and quantitative
expert judged data.

Supplementary
quest.

Answers to additional questions.

Figure 3-3: Data collection components
During the collection process, one important aspect to determine is the sort of
data that is to be collected. Lekvall and Whalbin [1993] identify two sorts of data,
primary and secondary data.
Secondary data is distinguished by the fact that it is not collected for the study
in progress, but collected by others. Using secondary data can save much time but
it is important to remember that it is not adjusted for the current problem and it
may be difficult to judge its quality. [Lekvall & Whalbin, 1993]
Secondary data is used within the analysis stage of this thesis. All data collected
from CMMS’s are fundamentally secondary data, but to collect that data by own
measures would be very inefficient.
In opposite to secondary data primary information is collected only for the
study in progress. This is more time consuming, but control and quality awareness
is higher. Primary information can be collected either through inquiries or
observation. For this thesis only inquiries is used as collection method. [Lekvall
& Whalbin, 1993]
The inquiries can be carried out in different ways [Whitten, Bentley & Dittman
1997]:
Mail (Regular or electronic): Inexpensive, but easy to misinterpret questions.
The researchers do not have any control over the situation. Requires simple
questions.
Personal interview: High flexibility, possible to expand ones views and to
explain things if possible. Expensive.
Telephone: A mix of the characteristics of the previously described
alternatives, flexible and inexpensive.
Due to the lack of control when using mail, this is only used in the first contacts
and as a way to clarify supplementary questions. In the analysis of current practice
(see chapter 5) mail is used to prepare the respondent for the questions but the
interviews are made over telephone. Interviews made in the data collection
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stage are carried out in person. The reason for these collection methods is the
higher control of the personal interview and the cost-effectiveness and speed of
the telephone.
3.1.4 ANALYSIS OF DATA
Qualitative (interview material, hard to quantify) as well as quantitative
(expressed in numbers) data is gathered from the participating companies. It
would be easier to work only with quantitative data in the analysis but in order to
understand the underlying reasons for the quantitative results, qualitative data also
has to be analysed. However, this data is quantified through the use of likert
scaling to the largest possible extent in order to make the analysis easier. [Miser &
Quade, 1988]
A significant part of this analysis work is aimed on finding relationships between
KPIs and corresponding maintenance procedures and strategies. This could be
categorised as an explanatory alignment where cause-effect relationship
connections between indicators and strategies are established based upon the
created model [Lekvall & Whalbin, 1993].
To describe the underlying procedures and determine how to manipulate the
investigated KPI’s, each KPI will be broken down into its constituent parts in the
model design stage. For each component of the KPI, underlying strategies and
procedures will be investigated according to the created model, and possibly
rework it if necessary. Verification of constituent parts of the KPI and their
corresponding procedures and strategies will enable conclusions to be drawn and
superior strategies to be identified. This process is shown in Figure 3-4.

Maintenance Strategies
•TPM
•TQM
•RCM
•Etc

KPI

Break down KPIs in Break down hierarchical
parts. Try to find
if possible (on
inherent factors
departments, machines
etc)

Connect to a superior
procedure that is
influent on relevant
factors.

Connect superior procedures
to maintenance strategies
and find out which supports
which.

Theory and in some part analysis
Fill the boxes, verifying theory and draw new conclusions in the analysis part,
theory also involved

Figure 3-4: KPI analysis and connection to work procedures and maintenance strategy
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3.2 RESEARCH QUALITY
Assessing the quality of an analysis may be just as demanding in terms of factual
knowledge and penetrating analysis as the analysis process itself.
According to Lekvall & Whalbin [1993] two parameters, validity and reliability can
describe the quality of a study. Validity is an appraisal of the output or results of a
study in relation to the purpose, which is a difficult task for the researchers
themselves. Reliability on the other hand considers the aspects of precision,
security and the influence of purely incidental facts over the result.
If a study has high reliability the precision and security is high and influence from
incidental facts is low [Lekvall & Whalbin, 1993]. The reliability of this thesis
depends to a large extent upon the truthfulness of the interviewed persons and the
accuracy of the retrieved data. Lekvall and Whalbin [1993] state that a way to
achieve high reliability is to have unambiguous and standardised questions. The
questions used for the data gathering in this thesis are all based on a developed
interview guide to be homogenous (see Appendix 2).
Miser & Quade [1988] also recognise the importance of assessing the reliability of
input and validity of output, but in addition to this they claim that the analysis
process itself should be appraised. The quality of an analysis is to a large extent
dependent upon the investigators’ previous knowledge and experience in the
subjects discussed, as they are the filters that the information has to pass. This
makes the theory introduction very valuable, not only as a base for the analysis but
also as an assurance of the research quality.

3.3 METHODOLOGY CRITICISMS
The selection of theory and companies of the preliminary questionnaire and
benchmarking study is based entirely on expert judgement. The relevancy of these
choices has been controlled through verification of all decisions with supervisors
at DNV and Linköping Institute of Technology.
It should be stressed that there may be a mismatch between aspects that were
intended to be covered and what actually is investigated, as well as there may be a
mismatch in studied companies and intended companies, as shown in Figure 3-5.
The overlap area represents the actual wanted result compared with the achieved
result.

Actual
selection

Wanted
selection

Overlap
Figure 3-5: Difference between actual and wanted selection [developed from Lekvall &
Whalbin, 1993, p 154]
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There may also be a chance that the persons contacted at the different companies
can not provide the data or information needed. This problem is tackled through
talking to a variety of people at each of the participating companies.
A great part of the data used in the analysis is obtained from the involved
companies’ CMMS’s. Nothing is done to confirm the accuracy of this material due
to the shortness in time. A possible way to confirm this data would be to measure
actual course of events manually and compare the manual measurements with
those in the CMMS. However, this would be a very time consuming action.
As in all inter-organisational studies, the issue of confidentiality causes problems.
For natural reasons, companies are reluctant to provide sensitive information if
they fear it will not be handled carefully. This obstacle has been dealt with by
explaining how information will be used and by establishing confidentiality
agreements.
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4 REFERENCE FRAMEWORK
This chapter consists of a theoretical reference framework. Research and theoretical views pertinent
for the thesis are presented.
The aim of the framework is to present theory that clarifies the connection
between maintenance strategies and work procedures, performance measurement
and the role of indicators. This is done to explain which indicators that may be
suitable to investigate and the scope of further analysis and discussion. Presented
theory will also provide a framework for the collection, and use of data.
The first parts discuss the surrounding factors that influence maintenance
function. The Performance measurement section handles the role of
measurement, how it is done and its objectives as well as a basic introduction to
CMMS. Chapter 4.5 penetrates use and ideas of maintenance indicators. The final
section discusses benchmarking theory and value of best practice comparisons.
Maintenance is a broad term and there are many different explanations and
definitions of it in use. For this thesis the definition used by Norsk Hydro [2001a]
is appropriate:
“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.”
A crucial word for comprehension of the definition is “state”. To be restored or
retained to a certain state means to bring the item to the desired performance level
beneath or at 100% of the original performance level. To bring the performance
of that item over that level demands modifications or design changes. This is
shown Figure 4-1 where action one and two are maintenance actions whereas
action three is modification or design changes. [Kjellsen, 2001]

Performance

Actual performance

100% Performance

Original state

Tim e
Action 1

Action 2

Action 3

Figure 4-1: Equipment performance [Kjellsen, 2001]
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4.1 MAINTENANCE CONTEXT
4.1.1 STRATEGIC CONSIDERATIONS
In most manufacturing companies of today there is a legible market strategy
explaining the aims and objectives for the activities in terms of achieved sales,
market shares and value for investors and shareholders. To achieve these goals it
is of great importance to realise that the entire company is contributing, as shown
in Figure 4-2. [Wilson, 1999; de Wit & Meyer 1998f].
Corporate goals

Level
1

Level
2

Profitability

Quality and
safety

Finance

Level
3

Maintenance costs/
capital

Level
4

Low
costs

High
asset
value

Markets

People
development

Quality

Safety

Manufacturing

Occupacity

Process
capability

Productivity
and delivery

Figure 4-2: Business driving forces [developed from Wilson, 1999, p 41]
In addition to the market strategy there is a, though not always explicit,
production strategy. The production strategy reflects the operational competitive
factors upon which the company is supposed to gain market shares. It must also
consider the business defining factors (Process, capacity, construction and vertical
integration) and infrastructure factors (organisation, quality, and information systems) that
defines and restricts the production system. [Olhager, 1999]
It is of great importance to assure that the market and production strategies are
focused on the same objectives in order to make a business successful [Hill, 1995].
Wilson [1999] further states that there should be a maintenance strategy
supporting corporate, as well as operational strategies and that the aims of the
maintenance strategy ought to be connected to their aims.
4.1.2 OPERATIONAL CONSIDERATIONS
Traditionally maintenance has been seen as a secondary, or at best supportive,
process and the production as the core business [Löfsten, 1999]. The competitive
strength of the production can be analysed in accordance with the competitive
factors, related as shown in Figure 4-3. The foundation for the business is that the
production and products can maintain the desired quality. When this is achieved,
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improvement of the delivery precision can begin and so on. By realising this and by
constant improvement of the competitive factors the installations competitive
strength will gradually improve. [Olhager, 1999]

Flexibility
C ost efficiency
D elivery precision
Q uality
Tim e

Figure 4-3: Competition factors sequential connection to competitive edge [Olhager, 1999]
Delivery precision as well as flexibility can be divided into two parts. Delivery
precision is composed by speed and reliability [Hill, 1995]. While flexibility
consists of volume flexibility and product mix flexibility [Olhager, 1999]. Based on
this, order winners, factors that win an order for the company, or order qualifiers,
factors that qualify a company to compete for an order, can be derived. They are
quality; delivery speed; delivery reliability; cost efficiency, volume flexibility and
product mix flexibility [Hill, 1995;Olhager, 1999].
4.1.3 AIMS FOR MAINTENANCE
The aim for maintenance is to support the market and operational goals according
to Wilson [1999], that is subsidise the previously described company goals and
operational aspects. Löfsten [1999] states that it is of importance to realise that the
maintenance function adds value, although not as obviously as other departments
and that it is an equally important link as other departments. He states that
maintenance contributes to profitability through:
Extended life of assets
Improved reliability and availability
Enhanced and consistent product quality
Continuity of production and supplies
Quick response and repair times
This also points out the aims for the maintenance. Löfsten [1999] even suggests
that it might be the availability of the production that is the core business, which
puts maintenance in another light and certainly clarifies its aims.
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Another aim for the maintenance function is to secure the safety of the
installation for the personnel. Nowadays there are also extensive regulations
concerning safety and safety levels must often be approved by some licensed
organisation. Maintenance should also guard sustainable environmental status of
the installation. It should keep emissions to designated (legal or policy based)
levels. Assets should be maintained in order to extend their lifetime and
maintenance experiences can be communicated to designers in order to improve
forthcoming design solutions, in an environmental context. These considerations
are separated from the operation of the installation, but equally important, and
may have implications for the scope for process optimisation. [Sherwin, 2000]

4.2 MAINTENANCE CONTENT
As stated previously maintenance seeks to avoid and rectify failures. To handle
potential failures the maintenance organisation can choose to focus on several
types of maintenance work, as described in Figure 4-4.
Maintenance

Preventive
Maintenance

Periodic
Maintenance

Calendar
based

Operational
Time
Based

Corrective
Maintenance

Condition Based
Maintenance

Continuos
monitoring

Planned
maintenance

Unplanned
Maintenance

Periodic
inspection

Figure 4-4: Content of maintenance [Det Norske Veritas, 2001a]
4.2.1 PREVENTIVE MAINTENANCE
Preventive or proactive maintenance, PM, is all planned maintenance performed
in order to prevent failures from occurring (Direct PM) or find failures before
they develop to breakdowns (Indirect PM), often controlled by a maintenance
plan [Löfsten, 1999; Wilson, 1999]. Examples of PM are inspection, adjustment and
lubrication according to Tostengard [2001]. He also states that a checklist, where
tasks are described and it is possible to make notations, is crucial for the execution
of PM. This list is used to structure the PM and to keep records of equipment
status and changes. It is important to stress that PM can improve the state of the
installation, see action two in Figure 4-1 [Löfsten, 1999].
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Wilson [1999] as well as Det Norske Veritas [1998] further states that PM can be
divided in two parts; “periodic” or time based and “condition based” maintenance, see
Figure 4-4.
Condition based maintenance is usually used on equipment that
deteriorates towards failure under a period of time, and hence makes the failures
visible, without a complete breakdown. To detect early signs of deterioration,
inspection and/or condition monitoring equipment may be needed. [Wilson, 1999]
The inspection interval is usually based on the P-F interval, which means finding
the interval between the point in time when a potential failure (P) can be
discovered and when the actual functional failure occurs (F). If the inspection
interval is greater than the P-F interval failure processes might be missed, resulting
in a functional failure. [Wilson, 1999]
Performance

P-F
Potential failure
Functional failure

Time

Figure 4-5: The P-F interval [Wilson, 1999, p 15]
When assessing these inspection intervals it is also of importance to determine the
probability of failure. If the P-F interval is one month and the probability of
failure is 0.01 per year it may not be cost efficient to inspect every other month.
[Kjellsen, 2001]
A way of avoiding the P-F interval problem is to use some sort of continuos
monitoring tool, also called online monitoring, enabling the maintenance
personnel to follow one piece of equipment continuously and replacing it when
necessary. However, these solutions are often costly and demanding to use.
[Johansson, 2002]
When performing periodic maintenance a maintenance task is carried out at
fixed time intervals, for example based on running- or calendar hours, without
considering the state of the equipment. The equipment is maintained without
considering if it is broken or functional. Examples of activities are cleaning,
refreshment of lubrication etc. [DNV, 1998; Norsk Hydro, 2001c; Wilson, 1999]
Functional testing is a third PM activity used for on demand equipment like safety
or standby systems. Functional testing aims to observe if the system works as
expected, and generates preventive actions if not. [DNV, 1998]
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4.2.2 CORRECTIVE MAINTENANCE
The content of corrective maintenance, CM, (other names are emergency, acute,
reactive maintenance) differs from day to day, and its objective is to avoid, and
attend to failures. CM is used when PM is not economically profitable or relevant
PM actions can not be identified. CM does not improve the state of the
installation, just (in best case) keeps it at a status quo, see action one in Figure 4-1.
[DNV, 1998; Löfsten, 1999]
Corrective maintenance can be planned or unplanned, as stated in Figure 4-4.
Planned CM is scheduled at least one day before execution and often includes
some kind of “run to failure” decision for that particular equipment, as
maintenance on a preventive basis is not considered necessary or cost-effective.
Unplanned maintenance goes outside the schedule and causes equipment standstill
when it is performed, resulting in unplanned downtime. Unplanned maintenance
is in general two to three times more expensive than planned maintenance and in
case of a breakdown, the cost may be up to ten times more. [Norsk Hydro, 2001c;
Wilson, 1999]
4.2.3 FIRST LINE MAINTENANCE
In addition to the previous division between maintenance activities, one measure
frequently used by DNV is the amount of first line maintenance. First line
maintenance measures the amount of maintenance performed by the operators.
As such, the measure reflects to which extent a total productive maintenance
(TPM) strategy (see section 4.3.3) is being followed. [Kjellsen, 2001]
Maintenance performed by operators commonly consists of simpler activities,
which require little or no training. Some amount of first line maintenance is
believed to be beneficial, both economically and for creating involvement among
the operators. However, as the areas of responsibility for the operators increases,
so do the costs of related training and wage demands of these operators, which is
shown in Figure 4-6. The optimal amount of first line maintenance therefore lies
somewhere between the two extremes. [DNV, 1998; Wilson, 1999]
Unskilled production
operators

Semi skilled
operators

Frequent technical
support required
from specialist areas

Highly skilled
technician operators

Increasing rates of
pay for operations
personnel

Figure 4-6: Operator maintenance skilling options [Wilson, 1999, p 377]
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4.2.4 TURN AROUND MAINTENANCE
Turn around maintenance, or overhaul, can be classified as preventive
maintenance, but it is not brought up in Figure 4-4. Turn around maintenance is
generally applied to an entire installation, as they demand standstill. The
installation may have a long operating life but some parts of the equipment are
worn down faster, demanding maintenance, reconditioning or replacement. The
aim of Turn around maintenance is to reduce costs of maintenance and
production and to improve performance, bringing back the installation to its
original state. Turn around requirement decisions must take into account:
Maximum costs allowed for the turn around maintenance, based on
estimated operational gain.
Number and planning (periodic based or condition based) of turn around
maintenance before replacement of entire installation. [Zohrul Kabir, 1996]
Turn around requirements also depend on quality and alignment of performed
maintenance (PM is believed to extend intervals between Turn around
maintenance). Design and operating mode of the installation are also important
issues for turn around requirements. An installation always operating on 110 %
speed or badly operated wears down faster. [Zohrul Kabir, 1996]
The costs of turn around and turn around decisions are often overlooked when
maintenance is discussed and it is very difficult to classify them. It is often unclear
whether Turn around maintenance should be considered as maintenance or
investments. [Kjellsen, 2001; Wahlstrøm, 2001]

4.3 MAINTENANCE MANAGEMENT
The aim for the management of the maintenance function is to reduce the amount
and effects of breakdowns (availability) at the lowest possible cost [Löfsten, 1999].
The Norwegian Petroleum Directorate (NPD) [1998] has developed a
maintenance management model, called the Maintenance Management Circle
(MMC), which is based on the structure of a quality system. The Directorate states
that the maintenance management system should contribute to continuous
improvement of activities, products and services within an installation. It should
also aid the personnel in problem identification and solving by standardising
procedures for the maintenance work. This model is a development of the PDCAmodel (Plan, Do, Check, Act), shown in Figure 4-7, which aims to support
continuos improvement in a simplistic way [Dartmouth, 2002]. The four stages in
the PDCA-model are expanded and adapted to a maintenance context in the
MMC [Kjellsen, 2002].
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P

D

A C
Figure 4-7: PDCA-Model [Dartmouth, 2002]
The MMC presented in Figure 4-8 illustrates the management process resulting in
(ideally) low expenses and high regularity (availability) and Safety, Health and
Environmental (SHE) levels (5) by effective use of input resources (9). Every
activity in the circle (1-4, 6-8) consists of a vast number of steps. The controlling
and connecting force for these activities is the managerial activity (10).
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Execution

Outcome
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Material

Expenses
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needs

Management

Technical
condition

Regularity
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Supporting
documents
Improvement
measure

Analysis

Reporting

Figure 4-8: The Maintenance Management Circle (MMC)[internal DNV development of The
Norwegian Petroleum Directorate, 1998, p 9]
Goals and requirements include the translation of previously described
market and production objectives into maintenance goals and specification of
requirements necessary to achieve them. It is also important to establish indicators
to monitor these goals. The next phase is to develop maintenance programs
and methods for the maintenance work such as RCM, RBI etc (see subsequent
section). To be able to execute the maintenance work efficiently it has to be
planned, in short as well as long terms. The planning phase also includes
planning of training maintenance personnel as well as operators. The execution
involves implementing planned maintenance programs, training activities and
-20-

DET NORSKE VERITAS
REFERENCE FRAMEWORK
naturally the operative maintenance. Operational maintenance does not only
include the actual work and information concerning it, but also the handling of
different permissions, reporting guidelines and finally control of the jobs. In the
reporting stage the mentioned guidelines come to use and different reports and
trend developments are created, monitoring the maintenance work. These reports
are the foundation for the analysis of the work done in order to answer what,
why and which equipment questions used in evaluations. Measuring
improvement and comparing the measures to best case values is a way for
continuous improvement. [The Norwegian Petroleum Directorate, 1998]
The input into this process is the organisation and the design, competence and
leadership in it. It also consists of the materials (tools and spare parts) used and
supplementary documentation such as technical documents and guidelines for work
processes. Crucial for the support of these input factors is a functional CMMS, see
chapter 4.4.3. [The Norwegian Petroleum Directorate, 1998]
It is also of great importance to establish a maintenance-management policy for
the entire installation in order to visualise and communicate the maintenance
strategy [Wilson, 1999]. This policy should be broken down into specified policies
for every production line or section of the installation, with aid from the
maintenance programs, in order to manage the maintenance work both in
accordance with corporate goals and demands of different sections. Otherwise
money and time may be wasted on unnecessary maintenance. [Löfsten, 1999]
Some common maintenance management programs are presented below, as these
are maybe the most influential activities in the management circle.
4.3.1 RELIABILITY CENTRED MAINTENANCE
Reliability Centred Maintenance (RCM) is a method for determining the need for
maintenance within an installation by determining the maintenance requirements
for every piece of equipment. This is done through investigation of regularity
severity of potential failures, as well as SHE impact. The probability of failure on
every piece of equipment is also estimated. This results in the set up of an action
plan for prevention of each of these failures, which even may include
reconstruction. The action plan also includes procedures to be carried out for
both preventive and corrective maintenance. The RCM approach is based on
statistical and historical data for the equipment and the amount of documentation
generated is huge. [Moubray, 1991, Norsk Hydro, 2001b]
Critics of RCM claim that it puts to much attention to the equipment and does
not recognise that maintenance has an economic connection. RCM is also very
centred around equipment statistics and may neglect other techniques for
condition monitoring. [Al-Najjar, 1996]
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4.3.2 RISK BASED INSPECTION
Risk Based Inspection (RBI) is a methodology similar to RCM. It is a decision
technique that finds the most efficient (cost and risk) inspection schedule for an
installation by considering the probability and consequence of failure. Based on
that the equipment to inspect, inspection intervals and inspection method can be
derived. The outcomes of the planned inspections are then reintroduced for a
continuous update of the inspection plan and underlying decisions. [Det Norske
Veritas, 2000b]
4.3.3 TOTAL PRODUCTIVE MAINTENANCE
Total Productive Maintenance (TPM) is a response to the increasing demands on
production for customisation, delivery and quality. To meet these demands the
maintenance strives to optimise equipment capability and availability. TPM solves
this by involving the operators in the maintenance work and letting them take
responsibility of some of the activities traditionally performed by maintenance
personnel. This enables the maintenance staff to focus on major repairs, Turn
around maintenance, follow-ups, upgrading of equipment, maintenance strategies
and training (both internal and training of operators). The TPM methodology
emphasises on cultural changes and encouragement of personnel to take own
responsibility. TPM is strongly connected to production management theories
such as TQM and MRP II and a base for JIT as these methods focus on
minimising set-up time and reducing inventory levels. [Al-Najjar, 1996; Tsang &
Chan, 2000; Yamashina, 2000]
Al-Najjar [1996] suggests an extension of the concept into TQMain, Total Quality
Maintenance. The idea behind TQMain is not only to focus on production or
maintenance separately, but also to have a more holistic view. This means
monitoring both the process and production quality, e.g. watching how equipment
deterioration may worsen product characteristics and to attend to it. Ideally,
TQMain results in enabling of continuous improvement of technical and
economical process elements (reduced unit cost at retained quality).
RCM and RBI are technical programs based on estimations of failure
consequences and statistical calculations of failure rates. TPM and TQMain on the
other hand focus on cultural changes and empowering maintenance and
operational personnel by developing their skills. That cultural aspects are very
influential on maintenance outcome is second by the benchmarking studies
performed by Solomon Associates. They state that the most significant difference
in result between different maintenance functions can be found in the way that
they manage their people. [Al-Najjar, 1996; Ohlsson, 2001a].

4.4 PERFORMANCE MEASUREMENT
Historically, managers have relied entirely on financial measures when describing
the performance of the operations in their company, business area or department.
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However, recent research claims that this sort of measuring is not sufficient.
Financial measures only describe historical transactions, and do not enable the
reader to determine how well the company is fit to deal with future issues. For
example, the future benefit of long-term investments is not reflected well enough
in traditional financial reports. The short-term results displayed in these reports
will often suffer substantially, when managers make such investments. Likewise
the opposite is true. If a company chooses to harvest from previous investments
and dismiss all R&D, as well as employee development, etc, this may turn out as
very positive improvements in the traditional short term financial reports, while
the long term shareholder value is likely to suffer significantly. [Kaplan, 1994]
4.4.1

FACTORS TO MEASURE

To avoid previous described course of action, Kaplan [1994] suggests introducing
so-called balanced scorecards. These consist of balanced sets of indicators that
identify the value creating factors and measure the performance of these. Kaplan
has divided these indicators into four broad categories:
Financial indicators
Customer: How value is created for customers
Internal business processes
Innovation and learning
Within the categories, it needs to be decided what factors to measure and follow
up. The performance measures must be linked to the organisation’s strategies in
order to provide useful information for managers. Currently a lot of effort is
wasted on measuring useless indicators, which do nothing but confuse the
managers that have to calculate and use them. The importance of prioritising
measures and indicators to select only the most important measures must be
recognised, as measuring is expensive. [Tsang et al 1999, Idhammar 1997, Rolstadås
1995]
Peters and Waterman [1982] also claim that factors to measure must be chosen
carefully, as these will have a significant influence on how people will act as they
try to improve the measured values. Thereby, they suggest, measures are not
merely means of providing information to management, but can also work as a
motivation-driving tool. This view is shared by Rolstadås [1995], who has
identified several reasons for measuring performance:
Decision support – measures can indicate where to act, and monitor effects
of actions
Performance evaluation – track improvement potentials, satisfying
requirements, etc
Diagnosis – early warnings in advance of deteriorating performance
Comparison – benchmarking measures with other companies o identify
performance gaps, where there is room for improvement
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Ohlsson [2001b] states that the most important thing when measuring
performance within an organisation is to first investigate which data is retrievable
today and what the organisation want to know. This forms the basis of wanted
measures and the resources and structures demanded to gather them. A system
that provides the right data, with right quality, is a condition for success of
performance measuring.
4.4.2 COMMUNICATION OF MEASURES
To receive the maximum effect from measuring performance, the measures need
to be aggregated and communicated to the people concerned in an adequate way
[Mitchell 1998]. This presentation is often facilitated through the use of KPI’s.
Dwight [1999] recognises the importance of adjusting the measures used to the
jurisdiction that the monitored function has. For example, if downtime due to lack
of preventive maintenance is being measured, the organisation being measured
must have the authority to plan preventive maintenance, and possibly hire
maintenance personnel. As such, this measure would be useless for the operations
manager.
4.4.3 CMMS
The development of Computer aided Maintenance Management Systems (CMMS)
has had a significant impact on the availability of data to be measured. CMMS’s
are both available on their own, and as a part of Enterprise Resource Planning
systems, such as SAP R3 (see www.sap.com).
Improvements of equipment productivity and labour efficiency are two major
reasons for buying CMMS today. In some cases however, companies are forced to
implement CMMS, as this is required for compliance with certain standards
and/or legislation. Furthermore, certain maintenance strategies such as TPM
require the presence of a CMMS, for the collection of data. [Trunk, 1997; Olafsson,
1990]
Factors that are considered essential in a CMMS [Trunk, 1997]:
Creation of a preventive maintenance program
Collection of equipment data to trigger preventive maintenance
Track tools, spare parts etc.
Create work orders that list the information required to plan the job
Track “moving” spare parts
Handle contract purchasing with vendors
CMMS’s create formal platforms for documenting maintenance-related data and
procedures. The use of CMMS provides large amounts of useful data for the

-24-

DET NORSKE VERITAS
REFERENCE FRAMEWORK
maintenance manager, which can be analysed automatically and used for decision
support. [Labib, 1998]
To be effective, measures and indicators need to be easily retrievable [Jørgensen,
2001]. CMMS’s play an important role as tools for retrieving the data required for
determination and calculation of key performance indicators conveniently.
A common feature of CMMS’s is to provide standard reports and inquiries
showing statistics and costs. Examples of data that can be retrieved from
Intentia’s Movex maintenance management module are [Ekstrand, 2001]:
Maintenance statistics by type (PM, CM, etc) and equipment maintained
Work order costing and time consumption
Material statistics of costs and volumes
When designing key performance indicators and measurement systems, it is
essential to adapt these to the capabilities of the CMMS, or corresponding system,
that is in place. Failure to do so will inevitably lead to an increased workload,
which may be costly and create reluctance to the implementation. [Johansson, 2001]

4.5 KEY PERFORMANCE INDICATORS
The use of KPI’s is a convenient way of aggregating and presenting the data (or
measures) gathered to the persons concerned. Ideally, these indicators are
comparable between companies, to allow a comparative assessment of the
company’s performance in a certain area.
Many researchers have suggested various different designs of appropriate
performance indicators and measurement systems used to calculate these.
Although different in many ways, most share the following principles: [Martorell et
al 1999; Kaplan and Norton 1996]
Indicators should be adapted to the organisational strategies
A balanced set of several indicators should be used
Indicators should be user friendly – easy to understand and use
Martorell et al [1999] identifies a grouping of indicators into two groups, direct
and indirect indicators. Direct or basic indicators are linked directly with the
operational data being collected, whereas indirect indicators are derived from
direct or other indirect indicators. Figure 4-9 describes a method of extracting
KPI’s from the resources available at the company. Basic indicators are here
gathered from historical data on costs and downtimes provided by a maintenance
management system.
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Figure 4-9: Calculation of KPI [Martorell et al, 1999]
Below common maintenance indicators used by industry and / or recommended
by researchers are listed. These are a mixture of both direct and indirect indicators:
1. OEE (Overall Equipment Efficiency)
• Availability
• Downtime or Mean Time to Restore Function (MTRF)
Response time
Diagnostic time
Time for repair
2. Effectiveness / cost-efficiency of PM (with regard to availability, CM, revision
costs, etc)
3. Cost of lost production
4. Relation between costs for PM and CM
• Costs of Corrective Maintenance
Man hours
Spare parts
• Cost of preventive maintenance
Man hours
Spare parts
5. Hours of maintenance training / total maintenance hours
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• Training of maintenance personnel
• Training of operators
6. Contractor maintenance costs as percentage of total maintenance costs
7. Maintenance overhead costs (maintenance management and planning) as
percentage of total maintenance costs
8. Spare part inventory turnover
9. Costs of poor quality, distribution on the relevant causes
10. Number of incidents resulting in employee absence (Norwegian H-value)
11. Cost of emissions (maintenance related)
12. Required availability level of safety equipment (as it affects the amount of
maintenance required)
13. Preventive maintenance costs and/or hours as percentage of total maintenance
costs and/or hours
14. Maintenance costs
• As percentage of turnover
• As percentage of fixed assets
• Per unit of production
15. Total operating hours / number of breakdowns (MTBF)
16. Breakdown maintenance hours / number of breakdowns (MTTR)
In addition to this list of indicators, it has been decided to bring up quality
measures. Quality measures are rarely mentioned in literature, but are asked for by
maintenance mangers, as they are believed to be important.
4.5.1 OVERALL EQUIPMENT EFFICIENCY (OEE)
OEE is a measure supported by the Total Productive Maintenance (TPM)
approach as well as many researchers. OEE is obtained by dividing VOT by PPT
shown in Figure 4-10. [Idhammar 1997; Ivančić 1998; Löppönen 1998; Wilson 1999]
According to Wilson [1999], OEE provides a direct measure of the earning
capacity of the manufacturing assets in a plant and provides a clearer picture of
how maintenance contributes to the “bottom line” of the company. A related
indicator recommended by Ivančić [1998] is Total Effective Equipment
Productivity (TEEP), which is obtained by dividing VOT with TT. As shown in
Figure 4-10, OEE and TEEP both consist of several measures related to different
sorts of losses. Out of these, unplanned downtime and the resulting availability is
the one most frequently analysed.
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Total time available (TT)
A

Total planned production time (PPT)
B

Operating time (OT)
C

Net operating time (NOT)
Valuable op. time (VOT)

D

A - Planned maintenance time
B - Unplanned downtime
C - Speed losses
D - Quality losses

Figure 4-10: Calculation of OEE and TEEP [Ivančić, 1998]
Minimising unplanned downtime, sometimes called technical downtime, is a
common goal in maintenance of process industries. Downtime is calculated by
comparing the actual process running hours to the total number of hours available
in a year. A calculation of downtime and its consequential costs makes it easier to
demonstrate to management the value of maintenance. Downtime can be split
into two constituent parts, frequency of failure and the mean time to restore the
equipment. [Dunn, 1990]
The number of breakdowns and related measures such as Mean Time
Between Failure (MTBF) or Mean Time To Failure (MTTF) are common
indicators that are widely recommended by researchers. Wilson [1999] claims that
these are measure of equipment achievement, and is related to objectives such as
functional performance and process capability. Cooke [2000] also suggests that
there seems to be strong support of the use of this indicator in industry.
The Mean Time to Restore Function (MTRF) can be split into steps
required to restore the fault. One such split recommended by Moubray [1991] is
displayed in Figure 4-11 below.
Run

Find
Diagnose
personnel

Find part

Failure

Repair

Test

Run

Actual repair

Figure 4-11: Split of downtime [Moubray, 1991, p. 64]
By analysing the parts of the downtime separately, finding solutions that make
small improvements on each step becomes easier. [Labib, 1998]
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According to Wilson [1999], Mean Time To Repair (MTTR) is a measure of how
skilled the employees working in a company are in understanding and dealing with
their equipment. Wolfson Maintenance [2001] on the other hand, claims that
MTTR is a measure of the maintainability of the equipment. In either case, MTTR
is a significant part of the total downtime, which is a motive for studying this
measure.
4.5.2

CONSEQUENCE COSTS

This is a measure supported by Wilson [1999] that describes the cost of
inadequate maintenance. What Wilson calls consequence costs can be related to
the losses displayed in Figure 4-10 and consists of the following:
Cost of purchasing additional capacity to overcome low capacity and
availability arising from inadequate maintenance
Loss of profit due to lack of continuity of output due to failures (boxes
B,C,D in Figure 4-10)
Cost of product wastage due to malfunctioning machinery (box D in Figure
4-10)
Cost of overtime due to downtime
Cost of emissions to the environment
4.5.3 MAINTENANCE COST
Setting a budget for maintenance costs is an understandable approach that also
provides a measure against which the performance of the maintenance manager
can be measured, according to Wilson [1999].
Wilson raises some warnings concerning the use of budgets when managing
maintenance. Budgets developed from previous years estimates and without
considering equipment condition are criticised. Wilson states that undue pressure
on the maintenance manager to minimise costs may result in inadequate levels of
resource planning, which in turn may compromise job quality, response and
downtime. Such results are likely to be very detrimental on financial results of the
entire company.
4.5.4 PREVENTIVE VS. CORRECTIVE MAINTENANCE
Cooke [2000] has found that a commonly recommended indicator is some kind of
ratio of preventive and corrective maintenance. The strategy recommended by the
RCM methodology is to perform preventive maintenance only on equipment for
which it is cost effective. Likewise, the aim is to perform corrective maintenance
on other equipment, where it is deemed to be cost optimal. [Moubray, 1991]
Preventive maintenance improves equipment condition and gives a higher
utilisation of the resources available. However, the volume of preventive work
should be controlled, or else it will not be cost effective. Preventive work should
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only be carried out when the consequences of failure are more serious or costly
than the expense of the preventive work. [Wilson, 1999]
A widely accepted theory is the total maintenance cost curve as described by
Wolfson Maintenance [2001] in Figure 4-12. This describes how the total
maintenance cost varies with increasing amount of preventive maintenance. The
difficulty lies in finding the optimum level of preventive maintenance (extract the
cost failure curve), which corresponds to the minimum total maintenance cost.

Cost of preventive
maintenance

Cost

Cost of failure

Total cost

Frequency of Preventive Maintenance

Figure 4-12: The total maintenance cost curve by Wolfson Maintenance [2001]
The level of preventive maintenance can be indicated in several different ways.
According to Cooke [2000], maintenance managers are equally interested in the
relative costs of and the time consumed for preventive maintenance. An
additional indicator of interest is the efficiency of the preventive maintenance that
is carried out.
4.5.5 AMOUNT OF TRAINING
Wilson [1999] claims that there is a need to improve the skills of the production
personnel, so they can perform activities traditionally carried out by specialist
support personnel. The motive for this is not only to reduce costs of expensive
specialist personnel, but to develop the employees by enabling them to enhance
their competence and receive rewards accordingly.
The relation of training hours and total time spent on maintenance as indicated by
Cooke [2000] is one way of visualising this measure. Another related indicator is
the relative amount of contracted staff, which Cooke also has identified as one of
the preferred measures in industry.
4.5.6 HSE INDICATORS
For measuring performance within the HSE area, DNV [1999] suggests using
several indicators. Two of these can be comparable across industries and could be
used for measuring the maintenance function, namely:
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Lost time injury frequency (LTIF) measures the number of hours lost due
to injuries and occupational ill-health per million working hours
Total Sickness Absence per million working hours (TSAF)
To describe the relationship of different events resulting in serious personal injury
the iceberg model can be used. It illustrates the relation of incidents and accidents
for every serious accident, see Figure 4-13. [Simensen, 2002]
1

Serious accident

10

Minor accident

30

Material damage

600

Incidents

Wrong procedures
Lack of knowledge, information
motivation, procedures, tools.

Figure 4-13: The iceberg model [Simensen, 2002]
By identifying events that may lead to accidents and evaluate them it is possible to
minimise the risk for accidents [Simensen, 2002]. The ALARP-model (As Low As
Reasonably Possible) is a simple method for doing this. It aims to make a
cost/risk estimation of every possible dangerous event, minimising the risk to an
economically defendable extent. This is illustrated in Figure 4-14, where events
above level A should be pushed down in the A-B interval by preventive actions.
From this interval, measures to reduce the risk further are considered too costly or
have too little impact on the total risk exposure to be considered cost effective.
[Kjellsen, 2002]
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Probability of occurring

Dangerous events

A
Cost/value evaluation of
preventive HSE actions

B

Figure 4-14: The ALARP evaluation model [Kjellsen, 2002]

4.6 LESSONS FROM QUALITY MANAGEMENT
It has been realised that an appreciation of quality and effect of preventive
maintenance is of vital importance in motivating managers to increase focus on
these issues [Ben-Daya & Duffuaa, 1995]. However, it has been very difficult to find
any research concerning quality and cost/benefit discussions concerning PM. For
this reason, it was decided to look in the quality management literature for input.
The difference between maintenance- and quality management is the amount of
attention received by researchers and general public. With the establishment of the
US Malcolm Baldrige Quality Award and development of ISO standards, quality
issues have been noticed and theory has been developed, and accepted [Wisner &
Eakins 1994]. However, some claim that there is still a lot of work to be done in
creating optimal measures to maximise bottom line results, even though quality
management nowadays is common practice. [Foster 1994, Bester 1999, Wolfson
Maintenance, 2001].
Laszlo [1999] claims that all quality improvement measures have to be cost
justified, by analysing cost and potential return on investment. A commonly
discussed model in quality management literature is the Lundvall-Juran curve
shown in Figure 4-15.
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Figure 4-15: The Lundvall-Juran curve [Bester, 1999]
This model describes the relation between cost and quality efforts. The model
identifies three different costs of quality that needs to be considered; Prevention,
Appraisal and Failure (PAF costs). The idea of the Lundvall-Juran curve is that as
conformance improves, failure costs decrease, but prevention and appraisal costs
increase, as shown. The minimum point in the total cost curve is called Economic
Quality Level (EQL). Figure 4-15 shows that the quality of maintenance can have
a great impact on not only maintenance costs but also consequential costs as lost
production.
Applied to maintenance activities, the “under quality” zone in the graph would
involve inadequate preventive maintenance, leading to frequent failure of
equipment and consequential costs. This inadequate preventive maintenance,
regardless of whether it is caused by insufficient amount of preventive
maintenance or maintenance of poor quality, will incur higher total maintenance
costs, due to the extensive failure costs.
4.6.1 INDICATORS FOR QUALITY ASSESSMENT
Almost all organisations have quality programs in place, and follow up different
measures and indicators. These indicators are mainly focused on production of
goods, but some of the indicators could naturally also be applicable when
assessing maintenance quality. Common quality measures according to Kaplan
and Norton [1996] are:
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Yields, ratio of good items produced to good items entering the process.
Waste, amount of materials used in processes without contributing to final
product value.
Scrap, amount of products produced with defects that can not be attended
to internally and hence obliterated.
Rework, amount of products produced with defects that can be attended to
internally.
Returns, amount of products produced that are returned from customers
with defects.
Percentage of processes under statistical process control.
4.6.2 QUALITY OF SERVICES
The quality indicators mentioned previously are flawed when measuring
maintenance, as they mainly relate to production of goods, while maintenance is a
service. Nevertheless, several other models exist for measuring service quality, one
of the most influential is the empirically based SERVQUAL-model. This model
compares the performance of a service with the customer’s expectations of that
service. There are many different “versions” of the SERVQUAL model but most
of them include some sort of evaluation of the performance of the particular
service to be assessed. Service quality is considered to be the difference between
performance and expectations of the service. [Buttle, 1996; Robinson, 1999; Zeithaml
et al, 1986]
The foundation of the SERVQUAL-model are the ten components of service
quality that has been identified [Buttle, 1996]:
1. Reliability: consistency of performance and dependability, e.g. doing the
right thing at the right time with accurate price.
2. Responsiveness: the willingness or readiness of employees to provide the
service
3. Competence: possession of the required skills and knowledge to perform
the service, may also include research capability of the organisation
4. Access: approachability, waiting time to receive services, and eases of contact.
5. Courtesy: politeness, respect, consideration, and friendliness of contact
personnel (including receptionists, telephone operators, etc.).
6.
keeping customers informed in language they can
understand, and listening to them. It also includes adjustment of
communications to different customers and to explain service, costs and tradeoff.
7. Credibility: trustworthiness, believability, honesty and having the customer's
best interests at heart. Contributing to credibility are name, reputation and
behaviour of contact personnel.
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8. Safety: absence of danger, risk, or doubt manifested in physical safety -,
financial security- and confidentiality issues.
9. Understanding/knowing the customer: the effort to understand the
customer's needs, learning specific requirements and providing individualised
attention.
10. Tangibles: the physical evidence of the service such as personnel, facilities,
tools or equipment and representations of the service, such as a plastic credit
card.
The interaction of expectations and perceived performance of a service with
respect to the SERVQUAL components is illustrated in Figure 4-16.
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Figure 4-16: Factors influential for perceived service quality [Kotler et al, 1990, p 659]

4.7 BENCHMARKING
Benchmarking is a method first used by the Xerox Corporation in 1980 that now
has become widely utilised and accepted. Xerox has also established a formal
definition of benchmarking;
“Benchmarking is the continuous process of measuring products, services and
practices against the toughest competitors or those companies recognised as
industry leaders.” David T. Kearns, CEO Xerox Corporation [Camp,
1989]
4.7.1 TYPES OF BENCHMARKING
Benchmarking can be performed in several different ways, with a different
number of companies, depending on the sort of results striven for. Rolstadås
[1995] identifies three different types of benchmarking, involving different sorts of
participants;
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1. Internal benchmarking – comparison between departments or plants within
the same organisation
2. Competitive benchmarking - comparison of own performance against direct
competitors
3. Generic benchmarking – comparison of a process or function, regardless of
industry
Internal benchmarking is the cheapest and easiest choice. Processes are probably
similar and data easily comparable. There is also less concern about confidentiality,
as the analysis is strictly internal. However, the company is less likely to experience
radical improvement, as the processes within different plants and departments in
the same organisation usually are quite similar.
When performing a competitive benchmarking, the participants gain knowledge of
their relative position in the industry. Although not as simple as in the previous
case, data and measures are still likely to be comparable to a large extent. The
greatest drawback of this method is the issue of confidentiality. Certain processes
in companies may be considered core competence, about which companies are
reluctant to share knowledge and experiences.
According to Camp [1995], generic benchmarking aims to reveal the best of best
practices. He also claims that this type of study may be the hardest to perform and
gain acceptance for. The reason for this is the difficulty in comparing the data
obtained. The differences in external conditions with which the companies are
faced may cause difficulties in comparing the measures and processes. Generic
benchmarking is difficult to perform, but may result in the biggest improvements.
The different types of benchmarking, can all be directed on different levels and
objects, depending on what one wishes to compare,
Strategic benchmarking – comparing organisations practices on a higher
level, e.g. goals, markets, investment levels etc
Performance benchmarking – comparison of the company performance in
different areas with its competitors
Process benchmarking – comparison of organisations practices or ways of
performing and organising its operations
4.7.2 BENCHMARKING PROCESS
According to Camp [1989], a benchmarking process must have a structured
methodology to ensure successful completion. He recommends the following
benchmarking process shown in Figure 4-17:
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Identify what to benchmark
Identify comparative companies

Planning
Determine data collection method
and collect data

Determine current performance gap

Analysis
Project future performance levels

Communicate benchmark findings
and gain acceptance

Integration
Establish functional goals
Develop action plans

Action

Implement specific actions and
monitor progress
Recalibrate benchmarks

Figure 4-17: The benchmarking process [Camp 1989, p 17]
The first phase of the benchmarking process is the planning phase. Here it is
determined which function in the company that is to be studied, what companies
to compare with and how to collect data. The scope of the benchmarking process
is very important. If the scope is too wide, it will not be possible to study the level
of detail required to understand the processes. If the scope is too narrow, only
marginal improvements will be possible to implement.
If the benchmarking study is going to provide any beneficial data, the participating
companies need to be chosen carefully. This will depend on the type of
benchmarking method chosen, but ideally the companies with the best processes
in place would be located and used as benchmarking partners.
There is no one way of collecting data. If possible, site visits and interviews is the
recommended way, through which the best quality data can be gathered. The
important aspect is to investigate not only the measurable performance, but also
the underlying process that explains this value.
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Once having gathered the data required, gaps in the performance between
companies are identified and analysed to determine why these exist, in order to
learn from the better processes. Current performance is projected and compared
with possible performance if benchmarked processes are adopted.
In the integration phase performance gaps and superior procedures have been
identified and the findings of the study are presented to the people concerned. In
light of the findings, future goals should be established in co-operation with the
personnel.
Once having agreed upon new goals, action plans to achieve these goals need to
be prepared and implemented. It is also important to monitor the progress of the
new procedures continuously and recalibrate the benchmarks in order to detect if
new performance gaps occur.
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5 ANALYSIS OF CURRENT PRACTICE
This chapter describes KPI’s used in the marketplace today and indicators wanted by
management for enhanced control of the maintenance work.
To investigate what is being done in respect to measuring maintenance
performance and use of KPI’s in the industry today, brief interviews were held
with maintenance managers in several different companies. The aim was to select
companies that represent as many sectors of process industry as possible.
Interviews of approximately 30 minutes were held over telephone and an
interview guide was used as a base for the interviews to assure the quality of the
results (see Appendix 2).
The analysis was made on companies throughout Norway and Sweden and
reflects the practices used currently. The following sectors of the process industry
are included in the study:
Aluminium production (1 plant)
Steel production (3 plants)
Pulp and paper (3 plants)
Nuclear power (1 plant)

Refinery (1 plant)
Offshore oil drilling (1 site; 5
installations)
Sawmill (1 plant)
Other (1 plant)

5.1 COMMON MEASURES
The most commonly used measures in the studied plants are presented in Figure
5-1. It may be of interest to know that one maintenance manager claimed that
their organisation did not follow any of the measures in Figure 5-1, nor could they
answer the questions in the interview guide.
M ainte nance m e as ure s

Number of companies

12
10
8
6
4
2
0
Maintenance costs

Dow ntime

A vailability
Measure

Figure 5-1: Currently used maintenance measures
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5.2 ADDITIONAL MEASURES
Apart from the previously mentioned measures and indicators used, some
additional innovative solutions were discovered. These are indicators that are used
by very few companies, and not discussed to a great extent in the literature.
Nevertheless, they were deemed to be interesting and are therefore studied in
more detail.
Some companies follow up the Backlog of maintenance activities (hours or work
orders) as it indicates the workload of the maintenance function. A large backlog
could indicate either an excessive workload, or poor planning of the maintenance
work. The backlog is however dependent on the reporting made by the
maintenance employees, and requires accurate reporting to allow correct use.
Cost/availability. To determine the cost efficiency of the maintenance
operations, the maintenance cost is plotted against the achieved availability (or
related measure) of the plant, as described in Figure 5-2. This enables the
company to determine a relationship between money spent on maintenance and
accomplished result in terms of availability.
Maintenance
Cost/unit of
production

Poor
Good

MTBF

Figure 5-2: Plot of cost in respect to MTBF (availability measure)
Customer satisfaction index is followed up through interviews or
questionnaires sent to the production departments that are served. The
satisfaction index can then be used to identify where there is room for
improvement.
Logging of causes for breakdown on different maintenance
departments (mechanical, electrical, instrumental, automation) makes it
possible to identify “problem” areas within the maintenance function.
Quality of planning is determined by studying the amount of overtime used
by the maintenance personnel. Extensive overtime is believed to indicate bad
planning.
Quality of preventive maintenance is studied by investigating to which
extent equipment with a PM programme has breakdowns.
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Ranking of equipment according to maintenance costs. In order to
identify machinery, which is most costly from a maintenance viewpoint, all
equipment is ranked according to its maintenance costs. This conforms to the
common ABC-classification of inventory items used in operations management
[Olhager, 2000].

5.3 WANTED MAINTENANCE MEASURES
In addition to the indicators used today, several managers realise that there is a lot
to be done in the area of measuring maintenance performance. In cases where
there is a CMMS in place, managers are often aware of their limited and/or
inferior use of it, compared to the possibilities it provides. Although many of the
interviewed maintenance managers desired more and/or better indicators to
follow up, there were few suggestions of specific indicators or measures to
investigate. However, some notification was given on which areas that are
desirable to develop measures for, namely;
Measure of job packing during planned stops, to improve efficiency of
planned production stops and overhauls.
Vary indicators over time. Controlling a plant with a fixed set of indicators
implicates facility optimisation influenced by these chosen measures, and
probably sub-optimising with respect to areas they cover. If controlling
indicators are changed continuously different areas will be covered and risk
of sub-optimisation possibly reduced.
Indicators to promote more analytical maintenance services, e.g. make
maintenance less focused on “repair-to-run” task but instead involve it in
design and development phases, resulting in a more proactive maintenance
(beyond PM).
Measurements of the quality of maintenance work. The main interest is to
evaluate the quality of PM to assure the “rightness” in performing PM
actions.
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6 THESIS TAILORED FRAMEWORK
Based on the literature review in chapter 4 and performed interviews and discussions with
maintenance managers in the industry, a set of indicators has been generated. This section
provides a framework (model) for the indicators and puts them into context.
As mentioned earlier, a KPI needs to be adjusted according to the level in the
organisational hierarchy in which it is intended to be used. To make the reasoning
as generally applicable as possible, it is anticipated that a hierarchical three level
approach would be appropriate for a maintenance KPI model, as shown in Figure
6-1. First of all the model consists of high level KPI’s aimed at senior
management, providing general views of the performance, called Main KPI’s.
Secondly, a more detailed view used in operation and maintenance management
level is presented (Basic KPI’s). In addition to these KPI’s, related Key Performance
Parameters (KPP’s) are identified in order to offer a more precise set of parameters.
These KPP’s enable thorough analyses of details in the maintenance work
processes and facilitates the identification of weak and strong points of the
maintenance function.
The hierarchical approach allows different levels of management to focus on the
particular indicators that are relevant to them and which they are able to
manipulate in some way. To further explain this each indicator level is put into its
context to clarify the importance of maintenance for each level in the industry.
Starting from the bottom level, KPPs are aggregated to calculate basic KPI’s, after
which basic KPI’s are used to calculate main KPI’s (see also chapter 6.3). In this
manner, high level KPI’s can be better understood and managed by studying their
constituent parameters.
Aggregation
KPI’s aimed for communication
of maintenance activities to corporate level

Main KPI

Basic KPI

KPP

KPP

KPI’s aimed for operations
and maintenance management level

Basic KPI

KPP

KPP

KPP’s aimed for detailed analysis
of maintenance processes

Figure 6-1: Hierarcical breakdown of maintenace indicators (developed from Svantesson, 2001)
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6.1 MAIN KPI’S
Indicators to be used at top management level must be chosen carefully to receive
adequate attention and to be interpreted correctly. The most appropriate way of
achieving this is to convert as much as possible to costs, as this is easily
communicated and understood at the top management level. Among maintenance
managers in general, there is also a belief that economic models is the only way
through which they can communicate with business oriented people in top
management, as they generally do not grasp the implications of technical
measures. For example, an availability of 97% on a certain piece of equipment
may mean little to a manager, whereas a figure of how much money this
unavailability costs the company may be easier to comprehend. For this reason
three generic high level indicators, focused on the business perspective rather than
taking a technical view, are used as main KPI’s.
Total Maintenance related Costs per turnover (TCMaint)
Maintenance related costs include direct maintenance costs (DCMaint), costs
for lost production and redundant capacity costs as shown in Figure 6-2.
Costs for lost production are calculated with the TEEP-measure as shown
in equation (1) below.
(1)
Cost of lost production = (1 − TEEP ) • TAT • Cap • PV
Where:
TAT= Total Available Time in the production
Cap= Capacity of the production (units/h)
PV= Product Value
The latter factor of these (Redundant capacity costs) is not used as a basic
KPI as it is not composed of subfactors, but is analysed on main KPI level.
Emission costs could also be included here, but they are taken into account
by the next indicator.
The most common approach for this type of measure would be to relate
maintenance costs to plant replacement value, but in this case costs of lost
production are included in “maintenance related costs”, which makes that
comparison unsuitable as lost production and plant value are not related.
Instead turn over (TO) is used as normalising factor between the
industries.
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Cost of lost production due to maintenance

+
Redundant capacity costs

+
DCMaint

/

TCMaint

TO

Figure 6-2: Calculation of TCMaint
HSE Cost per turnover (HSEMaint)
The maintenance associated HSE costs related to turnover is visualised in
Figure 6-3. HSE costs include maintenance related employee absence (both
due to accidents and sickness) and environmental related costs.
Maintenance related
costs of absenteeism

+
Maintenance related costs
of environmental issues

/

HSEMaint

TO

Figure 6-3: Calculation of HSEMaint
Maintenance Quality (QMaint)
The quality of the maintenance work is measured by combining the
customer satisfaction index with (CSI) the amount of maintenance rework
made, see Figure 6-4. The CSI measure is an evaluation of the maintenance
work made by operations. A rating provided by the authors represents the
amount of rework. Combining these two evaluations results in the final
QMaint measure.
R ew ork

Q M a in t
CSI

Figure 6-4: Calculation of QMaint
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6.1.1 RELATION BETWEEN MAIN KPI’S AND BUSINESS DRIVING FORCES
It is important that these main indicators can be related to the corporate goals of
the company in order to make top level management aware of the impact of
maintenance. The effect of maintenance on the business driving forces is one way
to illustrate this, as shown in Figure 6-5. The impact on level four is obvious as
well as the effect on maintenance costs, the manufacturing function, quality and
safety. By implementing first line maintenance and internal education, the
maintenance function can also contribute to people development. Maintenance
hardly affects market factors and hence occupacity in the plant. Influence on
financial considerations (e.g. interest and instalments) is also minimal, though
management of assets could be seen as an influencing factor. The conclusion is
that maintenance has great impact on the driving forces and contributes to
profitability and hence the realisation of corporate goals.
Corporate goals

Level
1

Level
2

Profitability

Quality and
safety

Finance

Level
3

Maintenance costs/
capital

Level
4

Low
costs

High
asset
value

Markets

People
development

Quality

Safety

Manufacturing

Occupacity

Process
capability

Productivity
and delivery

Figure 6-5: Maintenance impact on business driving forces (marked in greyscale)

6.2 BASIC KPI’S
The main KPI’s described previously can be derived from the following basic
KPI’s, which in turn consist of corresponding parameters as shown in Figure 6-8
to Figure 6-12 subsequently. The basic KPI’s are intended to serve as indicators
for management of the maintenance function. The indicators monitor a wide
range of maintenance activities and are easy to communicate and understand. The
model also admits possibilities to change focus of the managerial work over time
if necessary.
Total Effective Equipment Productivity (TEEP)
TEEP describes the valuable operating time with respect to the available
operating time and hence measures the availability of the equipment. The
advantages of using TEEP lies in the model’s categorisation of production
loss into different categories (see Figure 6-8) which aids analysis of
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unavailability causes. Comparing the TEEP figure with estimated ideal
production rates gives the production losses in terms of costs used in the
main KPI maintenance related costs.
Many practitioners propose the use of OEE rather than TEEP. OEE is very
similar to TEEP, but excludes planned downtime. As management of
planned downtime for some companies has proved to be very influential on
costs and lost production, it is considered important to include that measure
and therefore use TEEP.
Direct Maintenance Cost (DCMaint)
DCMaint describes all constituent costs that can be derived from the direct
maintenance work. DCMaint is the second and final ingredient in maintenance
related costs.
Cost of absenteeism and environmental issues (HSEMaint)
An important task for the maintenance function is to secure the HSE level
of the equipment. A way to measure this is to collect costs derived from
HSE events (possibly estimations) and use that as a measure of the quality of
the maintenance HSE activities. Although there is different continuous
follow up of HSE figures in different industries, there are no good
suggestions on generic KPI’s regarding HSE levels in maintenance literature.
Comparing cost consequences is a way to generalise these complex issues
and make them comparable. The HSE factor is divided upon cost of
maintenance related absenteeism (both due to sickness and accidents) and
environmental accidents causing costs.
There are several notable disadvantages measuring cost aspects of HSE
issues. It may seem insufficient to focus on cost aspects when discussing
HSE questions. It is always a dilemma putting a price on such events.
However, costs are still the strongest incitement for attending to HSE issues,
and they are easy to understand and analyse.
Customer satisfaction index (CSIMaint)
In the preliminary interviews performed many maintenance managers have
expressed a wish to verify quality of the work. A possible way to do this is to
establish a CSI that monitors how the customer, e.g. operations, perceives
the work done. The draft for CSI used in this thesis is built on the
SERVQUAL model.
Rework
The amount of rework done is an additional quality measure of the
maintenance performed. To do things right is a crucial factor for good
maintenance work.
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6.2.1 RELATION BETWEEN INDICATORS AND COMPETITIVE FACTORS
In the same way that the main KPI’s reflect the goals of the company, the basic
KPI’s have to be suited to their environment. The maintenance function does not
operate in isolation, which means that its goals and requirements (compare with
the maintenance management cycle MMC, chapter 4.3) have to be connected to
the requirements of production. These basic KPI’s aim to be the connection
between maintenance- and production management. The maintenance function
has to consider the business defining and infrastructure factors that production, as
well as maintenance, is restricted by. It must also support the competitive factors
of the production. Impact of the basic KPI’s on the competitive factors are listed
subsequently.
Quality
TEEP accounts for production loss due to quality lapses, as it is considered to be
one of the factors that reduce efficiency. One way of improving the TEEP
measure could therefore be to increase quality of production. The quality of the
maintenance work together with the quality of production contributes, as shown
in Figure 6-6, to the quality of the product.
Product

Production
Q Production

Product Quality

Quality
Q M aintenance

M aintenance

Figure 6-6: Maintenance and production quality [developed from Ben-Daya. &
Duffuaa, 1995]
Delivery precision
The foremost influential KPI for this factor is the TEEP figure. High availability
of the production equipment, i.e. reducing capacity restrictions in form of
slowed down production etc, enhances delivery speed and delivery reliability.

Cost effectiveness
Reducing costs of maintenance (both direct and due to production loss (TEEP))
will increase cost effectiveness of the entire production facility. The quality
aspects of maintenance are also likely to contribute to the cost effectiveness of
production.

Flexibility
Flexibility is hard to connect to the maintenance KPI’s, as it is quite
intangible. However is it probable that TEEP and quality aspects of
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maintenance contribute to, at least, volume flexibility, by increasing
utilisation capabilities (TEEP).

6.3 KPP’S
Each basic KPI describes some aspect of the maintenance process. To enable the
use of KPI’s as means of managing maintenance work it is crucial to understand
what they represent and which features of the maintenance process they describe.
The KPI’s are therefore broken down into KPP’s which are more tightly coupled
with the actual processes in the maintenance function. Improving parameter and
indicator values through modification of processes can only be done once the
connections between these processes and the KPP’s have been entirely
comprehended.
Following this line of reasoning and the discussion in the first sections of chapter
6, the intention is to describe the relationship between maintenance processes,
according to the MMC, and KPP’s (and in prolongation indicators). The basic
concept of this outline is visualised in Figure 6-7 (see also 3.1.2).
In the following chapters (6.3.2 to 6.3.5) these connections between the different
stages in the MMC and parameters are discussed (performance/technical
condition is not discussed as it is the result of the maintenance work, e.g. value of
KPI’s, reference chapter 4.3). Each chapter opens with a figure picturing the
relationships (aggregation) between KPI’s and KPP’s in a “DuPont-tree” fashion
[Olofsson & Svensson 1996]. Operator symbols in the figures show how the
indicator is calculated from the different parameters. Following that, parameter
influence by each activity of the MMC is investigated.
6.3.1

INFLUENCE OF GOALS AND REQUIREMENTS

Focus of the established goals and requirements may have significant influence on
all KPP’s discussed, and is therefore handled separately.
Goals and requirements for the maintenance function should be developed in cooperation with operations to create a mutual understanding of each other’s
concerns. Agreement upon the goals for the maintenance function will improve
mutual understanding and communication. But evaluating the internal activities
within a maintenance department is also an important task. This could be done
with measurement of goal fulfilment and different audit tools. The results of this
analysis may then lead to new or different goals and requirements. To illustrate
how the goals and requirements activity is influenced from two directions,
operations and other parts of the organisation as well as internal evaluation, see
Figure 6-7.
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Goals and requirements
from operations

Organisation

Goals &
requirements

Maintenance
program

Planning

Execution
Expenses

Material

Supporting
documents

Resource
needs

Technical
condition

Management

Regularity

KPP

SHE level
Improvement
measure

Analysis

Basic KPI

Reporting

KPP
Main KPI
KPP
Basic KPI
KPP

Figure 6-7: Schematic figure of interaction between stages in the MMC, KPP’s, Basic KPI’s and
Main KPI’s (for full view of MMC see Figure 4-8)
6.3.2 KPP’S RELATED TO TEEP
All downtime hinders production, and hence needs to be controlled and utilised
efficiently. For this reason, both planned and unplanned downtime needs to be
measured and followed up. In addition, production is frequently reduced by speed
and quality losses, which also have to be monitored. It is suggested in chapter 6.2
that the TEEP measure is the best way to do this. A breakdown of TEEP is
shown in Figure 6-8.
Total
Available
Time (TAT)

−

(TAT)/
MTBF

Planned
Downtime

×

Unplanned
Downtime

MTRF

Quality
Losses

+

Valuable
Operating
Time

/

TEEP

Total
Available
Time (TAT)

Speed
Losses

Figure 6-8: Constituent parts of KPI “TEEP”
The calculation of unplanned (technical) downtime made in Figure 6-8 only
applies without limitations when the whole plant is considered as one entity, for
further readings see Appendix 4.
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The connection between the MMC stages and the TEEP related KPP’s is as
follows:
Maintenance program – The maintenance program should ensure that
resources are focused on critical equipment, and thereby reducing downtime. A
successful program results in well kept and well performing equipment, able to
run at full speed, producing quality output and having few breakdowns extending
the MTBF measure.
Planning – Effective planning will contribute to TEEP improvement by
minimising planned downtime. A structured PM program would drive down the
amount of corrective maintenance needed by reducing equipment failure rates.
Well-planned maintenance work also aims to reduce the time spent on repair (see
Figure 4-11) after failures, by effective planning of planned CM, and hence
reducing MTRF.
Execution – Preparation and information provided for the jobs, as well as
extensive knowledge and experience is influential on the time required to perform
maintenance activities, regardless if they are of a preventive or corrective nature.
Execution, control and follow up of completed work is probably reflected by
MTBF, speed and quality losses, as poor execution of work will likely result in
repeated or new failures occurring.
Reporting, Analysis and Improvement measures – Although none of
the TEEP parameters can be linked directly to these stages they are of great
importance for the measure. Analysis of the causes of failures, speed and quality
losses could identify equipment flaws that can be modified or redesigned, resulting
in improved operation and fewer failures. The ability to do this comes from an
adequate reporting, which also contributes by creating warning signals when
parameters reach critical levels. Knowledge transfer and continuous improvement
programs can have huge impact on performance, in relation to any parameter that
one sets out to improve.
Resource
needs
(Material,
organisational,
supporting
documentation) – Adequate organisational resources are a prerequisite for
reducing both planned and unplanned downtime. Optimising and executing the
operational maintenance requires both skilled, motivated and well organised
personnel in order to be effective. Availability of appropriate material, tools and
documentation is another must for effective work performance during downtime,
which is indicated by MTRF.
6.3.3 KPP’S RELATED TO DCMAINT
Most organisations strive to reduce all sorts of costs, particularly maintenance
costs, as the results of maintenance are difficult to measure and the costs therefore
harder to motivate. Although an understandable aim, strictly cutting maintenance
costs may not be the best of strategies, as failure rates are likely to increase.
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However, costs do need to be followed up and controlled and are an important
tool for decision making. Parameter split of maintenance costs is shown in Figure
6-9.
In addition to cost, it is common to follow up amount of hours spent on the
activities described in Figure 6-9, and the work orders (WO) they are divided
upon. These figures also provide hourly cost comparisons between PM and CM
and thereby a tool for analysis of work composition.
Turn Around Maintenance Costs
(excl. modifications)
% overtime

PM

% overtime

Unplanned CM

% overtime

Planned CM

+

Admin.
Costs

Training &
Analysis
% overtime

PM

% overtime

Unplanned CM

% overtime

Planned CM

1st line
Maint.

+

Consumables
Spare Parts

Internal
Costs

+

+

DCMaint

External
Costs
Material
Costs

Figure 6-9: Constituent parts of KPI “DCMaint”
The connection between the MMC stages and the DCMaint related KPP’s is as
follows:
Maintenance program – Identifying cost effective PM activities, focused on
critical equipment, will reduce effort and costs for preventive actions and lower
costs of unwanted CM. The proportion of first line maintenance by operations
personnel will affect the amount of work, and hence cost, required by the
maintenance function. first line maintenance also indicates involvement and
understanding of production in maintenance issues.
To analyse the cost effectiveness of the maintenance program many maintenance
organisations use the relation between PM and CM (in terms of costs as well as
hours). However, it is problematic to establish general guidelines on optimum
relation for these measures as this varies from one piece of equipment, or
location, to another. One thing is clear though, a higher level of preventive
maintenance indicates a more proactive approach to maintenance and vice versa.
The same phenomenon appears with first line maintenance. Although the
optimum percentage of first line maintenance is hard to establish it is, with out a
doubt, a positive factor. For these reasons the described measures are not viewed
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as KPI’s but rather explanatory parameters that describe the nature of the
maintenance work in a plant. A measure aimed to secure the performance of the
equipment is percentage of processes under statistical process control. High
parameter value would indicate extensive monitoring of the equipment, providing
the means of discovering deterioration in time.
Planning and Execution – Effective planning will contribute to improvement
by optimising the use of the available resources, minimise waiting time etc. There
are several measures that indicate the planning status of the maintenance function.
Proportion of administration costs indicates focus on planning and analysis, as
opposed to operative maintenance. But, without empirical evidence it is difficult
to predict exact proportion. Extensive amount of overtime could indicate poor
availability of resources or poor quality of planning.
The ratio between unplanned maintenance and total maintenance is similar to the
previous relation between CM and PM, with the addition that this measure makes
a distinction between planned and unplanned CM. This relation is often beneficial
to reduce as far as reasonably possible as unplanned maintenance is up to ten
times more expensive than planned maintenance. Another measure of the
planning is the size of the backlog within every discipline of the maintenance
function.
Reporting and Analysis – Analysis of failure causes will likely increase
administrative costs. However, as equipment flaws are identified and rectified,
analysis may also have a positive impact on costs of corrective maintenance. The
proportion of time spent on training, analysis and operative maintenance indicates
the proactivity of the maintenance function. A big proportion of training implies a
focus on people development and preparation for future failures. A larger
proportion of analysis could indicate a proactive approach of improving
equipment and work procedures, rather than just repair. The most cost-effective
split of these activities is hard to predict.
Improvement measures – Knowledge transfer from maintenance via vast
involvement of maintenance in is a requirement for optimising maintenance costs.
Maintenance personnel often have extensive knowledge in the equipment they are
maintaining and to involve them in design/purchasing would secure future
maintainability and reduce the Life Cycle Cost (LCC) of the equipment.
Resource
needs
(Material,
organisational,
supporting
documentation) – Providing the right amount of resources in form of
personnel, tools and repair equipment, materials and supportive documentation
(blueprints) is a prerequisite for effective maintenance (PM as well as CM).
Measures of resource availability might be backlog or amount of overtime, both of
which point towards an undermanned maintenance department.
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6.3.4 KPP’S RELATED TO HSEMAINT
Maintenance issues have great impact on health, safety and environment both
inside the plant and for the surroundings. To enable comparison across industries
this study will focus on cost aspects relating to HSE issues, shown in Figure 6-10.
To convert the available absenteeism figures to costs, the study by Malmquist
[2001] presented in Appendix 5, will be used.
Decontamination
costs
Environmental
Taxes

Costs of Maintenance
related emissions

Penalties

+

Total worked hours

×
TSAF
Total worked hours

×
Incidents

LTIF

Absence due
to sickness
Accidents

HSEMaint

Cost of Maintenance
related absenteeism

Damages

Figure 6-10: Constituent parts of KPI "HSEMaint"
To make specific connections between HSE costs and activities in the MMC has
proved to be difficult. Instead a generalised discussion around HSE aspects and
the different MMC activities is used in this chapter.
In the Maintenance program guidelines concerning HSE aspects in
maintenance work are established. This could for example be safety regulations
and procedures connected to work orders, company health programs etc. The
focus upon issues like this from the company reflects focus on maintenance HSE
topics. To avoid HSE cost the planning of performed actions of vital
importance, and a prerequisite for accurate execution.
Reporting of incidents and near-accidents may seem detrimental for this
measure in the short term. However, correct reporting form bases for analysis of
historic events. The analysis of failure consequences will prepare the
organisation for future events that may occur, enable development of action plans
and correction of faults which would improve performance in a HSE context.
Improvement measures are very powerful tools in dealing with HSE issues.
For instance, increased awareness among staff and managers for HSE issues is
likely to reduce related events, and thereby costs. Empowering the personnel with
right knowledge and equipment may have great impact on number and severity of
HSE events, the resource needs are therefore an important consideration.
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6.3.5 KKP’S RELATED TO CSIMAINT AND REWORK
The quality aspect of maintenance is measured in two dimensions, customer
satisfaction index and rework.
To investigate the customer satisfaction of the maintenance performed within a
plant, i.e. the quality of the maintenance work, a CSI can be used. The CSI
measures the perceived quality of the maintenance service according to a series of
factors, shown in Figure 6-11. The final CSI measure is a weighted average of the
constituent factors where the weighting of the parts is determined by the
production managers themselves.
R e lia b ility
R e sp o n siv e n e ss
C o m p e te n c e
A c c e ss

C u sto m er
sa tisfa ctio n
in d ex

C o u r te sy
C o m m u n ic a tio n
C r e d ib ility
S e c u r ity
U n d e r sta n d in g
T a n g ib le s

Figure 6-11: Constituent part of KPI "Customer satisfaction index, CSI"
Maintenance program – The maintenance program establishes guidelines for
the maintenance in correspondence with the goals and requirements. This means
that the maintenance program must appreciate the demands of the customer
(production) and set up security and courtesy standards.
Planning – Adequate planning of jobs in terms of staffing, provision of
resources, and prioritisation is likely to increase customer satisfaction in terms of
credibility and reliability. Well-planned organisations are likely easier to access and
respond quicker to customer needs.
Execution – Availability and use of proper job information, as well as proper
preparation for the job will inevitably improve the impression on the customer in
terms of competence, reliability and credibility. To be visible when working and
communicating what has been done leave visible tracks and makes the service
more tangible.
Resource
needs
(Material,
organisational,
supporting
documentation) – In order to have the right competence the organisation
needs the right personnel (and development of it) and tools.
In the maintenance context, most quality deficiencies will have to be rectified,
either during the repair time itself, or through rework. The amount of rework
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could hence be an indicator of the quality of the original maintenance activities.
The calculation of rework is shown in Figure 6-12.
A m ount of w ork orders
REW ORKED

/

R ew ork

T o ta l a m o u n t
of w ork orders

Figure 6-12 Constituent parts of KPI "Rework"
In order to reduce rework it is important to plan the work well, which requires
thorough analysis of previous work based on accurate reporting. The most
significant action for amount of rework is still the execution, deficient execution
leads inevitably to rework.
6.3.6 SUMMARY
The connections between the activities in the MMC and the examined KPP’s are
summarised in Figure 6-13, relations are marked with an X. The matrix is based
on the discussion in the previous chapters. Identifications of connections are
marked if actions of a MMC activity direct affect a KPP. For example, planning of
a turn around direct affect on the cost of that turn around. Hence is Turn around
maintenance costs connected with planning marked with X. The matrix is intended to
be used as a guide for identification of work procedures that should be looked at
first if poor parameter values are identified.
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Figure 6-13: Summary of connections between activities in the MMC and the discussed KPP’s.

6.4 MODEL UTILISATION
The model developed can be used both internally within an organisation to study
the indicator/parameter values over time, and as a tool for benchmarking
performance among different corporations. What distinguishes the proposed
model from other more general models is the level of detail of the parameters and
the way in which their values are tied to the processes used in the daily work.
The intention is to demonstrate not only numerical values of the indicators, and
more importantly which steps can be taken to manipulate these indicator values.
The split of indicators into more detailed parameter values also allow a quick
identification of the areas in which there is most space for improvement. This
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provides an ability to focus improvement efforts on areas in which such
investments can be most cost beneficial.
The continuation of this report contains such a benchmarking study performed
on companies in Sweden and Norway. This study identifies good and poor
practices with regard to the chosen indicators and provides benchmarks measures
of different parameters for others to use. Due to different internal and external
conditions for the companies involved, it must be stressed that all indicators may
not be directly comparable. Nevertheless, the study enables all participants to get
an insight into one and others operations and exchange ideas, which can be
beneficial for all parties involved.
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7 BENCHMARK STUDY
This chapter describes the companies involved in the benchmark study for this thesis, how it was
performed and the comparability of the data. At the end of this section the structure of the
forthcoming analyses is presented.
Data for analysis and evaluation of the model presented in chapter 6 was gathered
from six different companies belonging to the process industry. This was also the
original aim, since studying around five companies was believed to provide a
sufficient range of strategies and at the same time not create an excessive
workload. These companies were chosen simply by their willingness to participate
in the study. The analysis was made on companies throughout Norway and
Sweden. The following sectors of the process industry are included in the study:
Aluminium mill: 1 plant

Paper mill: 1 plant

Crude oil-refinery: 1 plant

Steel mill: 2 plants

Offshore oil-platform: 1 plant
Although all of these industries can be classified as process industry, the process
characteristics vary for each plant. Process categories for the companies in the
study are illustrated in Figure 7-1.
Industry type 1 is the simplest category, one single processing step with raw
material coming in and an end product coming out. The end products may vary a
little but has undertaken similar process steps.
Type 2 is composed of a number of processing steps. This category also has
different end products, depending on how many of the processing steps that are
passed. To determine a capacity for type 2 industries, process step has been
used as capacity restricting factor as every end product has to be processed in that
process.
In industry type 3 there is more than one production line similar to type 1. In this
case the capacity of the plant is the sum of the capacities of the different
production lines and the available time is the sum of the available times in every
production line. Classification of the industries studied according to Figure 7-1 is
made in Appendix 7.
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Figure 7-1: Process characteristics of studied industries

7.1 DATA COLLECTION
Quantitative data was collected from the studied companies and to aid this
process a data collection guide was developed. This guide was filled in during the
site visits in co-operation with each of the participating companies. The data
collection guide was developed to support the calculations of main and basic
KPI’s and KPP’s described in the Thesis tailored framework.
To investigate underlying strategies and processes that are in place at each
company and their influence on the indicators, interviews were made with
maintenance managers, production managers and other related employees. To
make these interviews consistent a detailed interview guide was developed aiming
to cover the different aspects of the MMC.
7.1.1

PRE-STUDY

During the development, the detailed data collection guide and the detailed
interview guide was reviewed by consultants at DNV and tested on Skanska Asfalt
och Betong [Bengtsson, 2002] in Kalmar, Sweden. This pre-study verified the ability to
respond to, and the relevancy of, the questions. The resulting questionnaires are
displayed in Appendix 2.
7.1.2

VERIFICATION OF COLLECTED INFORMATION

After interviews and data collection, data and information was sent to respective
company for verification. This secures correctness of the collected information
and also gave the studied companies an opportunity to explain things further or
make own corrections. The data collected from the companies is presented in
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Appendix 6 and notes from the interviews and persons interviewed are displayed
in Appendix 7.

7.2 COMPARABILITY OF DATA
Comparability of data is of great concern in all sorts of benchmarking studies. The
indicators used in this study have been chosen in order to be as comparable as
possible. However, due to different circumstances and operating conditions, there
are certain exceptions, in which case the numbers cannot be directly compared. In
these cases it may be difficult to determine which the best performer in the group
is.
Another problem is the ability of the participating companies to provide wanted
data. In the cases where data is missing analysis will be suffering, but this can also
pinpoint gaps in the reporting systematic.
The information gathered during the interviews may also be coloured by the
contact persons at the companies and their corresponding areas of responsibility.
Appendix 7 displays the positions of the persons interviewed at each company.
As companies from both Norway and Sweden have been studied, all financial data
is converted into Euros to enable comparison. The exchange rates used for
transformation of Swedish and Norwegian kronor into Euros were taken from
SEB [2002].

7.3 STRUCTURE OF ANALYSIS
In the three following chapters collected data will be presented and analysed with
the qualitative information. The analysis is divided into the three main KPI’s,
under which basic KPI’s and KPP’s are analysed as well. Findings from the
analysis will be presented and furthermore summarised in boxes at the end of each
subsection. These findings will then form the foundation for the
recommendations to participating companies and DNV as well as the conclusion
section.
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8 TOTAL MAINTENANCE COST, TCMAINT
This section analyses maintenance related costs in the studied companies. First the main KPI,
TCMaint, is presented and subsequently broken down and analysed for basic KPI’s and KPP’s.
Total maintenance costs, TCMaint, are according to the method presented in this
thesis, divided into two constituent parts; direct maintenance costs and costs of
lost production due to maintenance (including both equipment failure and
planned stops). As shown in Figure 8-1 these costs constitute a substantial part of
the total turnover in all the companies covered by the study, which emphasises the
importance of maintenance.
Total maintenance cost
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Figure 8-1: Total maintenance costs
Out of the two components, Figure 8-1 also shows that costs of lost production is
by far the largest contributor to the total maintenance costs. From this, the
conclusion can be drawn that focusing efforts on uptime rather than budgets is
likely to be a more cost-effective approach to maintenance management.
The continuation of this chapter will try to establish how the values described in
the graph above were achieved and what can be done to improve them.

8.1 TEEP
As shown in Figure 8-2, company B is the top performer in terms of equipment
efficiency. It should be noted that this sort of comparison is not entirely fair, as
the processes in companies B and D allow quite a substantial level of redundancy
in comparison with the others. Because of the redundancy, the production rarely
needs to stop entirely during maintenance activities, but can proceed on the
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redundant equipment. Considering this redundancy, company D has quite a low
TEEP, mainly caused by a fire at the plant, which caused long standstill last year.
TEEP
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Figure 8-2: TEEP value for the different companies
Figure 8-3 clearly displays why company B is the best performer. The company
has very little overall downtime and only limited speed losses.
Distribution of losses
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Figure 8-3: Distribution of losses
In companies A, C, E and F the production process allows very limited
redundancy. This is also obvious in the results, as these companies in general have
more equipment failures resulting in longer unplanned downtimes.
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8.1.1 PLANNED DOWNTIME
In terms of planned downtime, all companies go through great effort of planning
their regular turnarounds except company A, which does not need turnaround
maintenance. Based on historical evidence, company D has recently increased the
interval between turnarounds from 3 to 4 years, which is believed to save a great
deal of money.
Companies E and F must make frequent stops in production to switch equipment,
which naturally is reflected by the planned downtime in Figure 8-3. Occasionally,
the impression was that the stops were planned on a time based fashion, based on
tradition, instead of evaluating the need in a condition based manner. This results
in easier and perhaps more efficient planing, but possibly excessive downtime for
the individual equipment.
8.1.2 UNPLANNED DOWNTIME
Due to redundancy, company B has not had any unplanned downtime at all.
Breakdowns in equipment at this plant merely results in reduced capacity.
Disregarding company B, the graph above indicates that companies A and C are
most successful in reducing the downtime caused by equipment breakdowns.
Maintenance management at company A is keen on finding top cost drivers and
analysing these to identify where improvement have greatest effect. In company
A, management focus lies entirely on equipment up-time, rather than on
maintenance budget. Both companies are concerned with involving operations in
maintenance activities through recently launched programs. They work in close
co-operation with maintenance, to identify and prioritise equipment flaws. This
strategy is implemented at several other companies as well, but company A has the
most developed collaboration.
Companies D and F both had single incidents causing long standstills, which has
affected this indicator. However, in both these companies, there tends to be less
co-operation between maintenance and operations than among the others.
Mean time between failure (MTBF) and mean time to restore function (MTRF)
are two measures that have a direct impact on the unplanned downtime. These
indicators are however measured in quite different ways at the different
production plants, which prevents comparison from being made. One approach
to dealing with MTRF could be to follow company B’s example of refusing vague
WO’s, and sending them back to the issuer, which may save some time for
maintenance planning.
Companies E and F have separate organisational units that only deal with
breakdowns and similar urgent maintenance. According to operations at these
plants, this sort of maintenance works very well, but it is considered that the
maintenance organisation is too focused on corrective actions and performs little
long term planning.
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8.1.3 SPEED AND QUALITY LOSSES
Judging by the data from the companies, maintenance impact on quality losses
seems to be quite limited. Process speed on the other hand can be affected to a
much greater extent. These losses are calculated as the difference between the
available capacity during the operating time and the actual production. This
calculation means that other losses, such as standstill due to material shortage will
also be included in the measure. This is an imperfection caused by differences in
reporting among the companies, which does not allow further split of the
production losses.
The great speed losses in company A are not entirely caused by maintenance.
Rather, there is a question of over capacity in this plant, which makes it inefficient
to utilise the entire capacity available due to market fluctuations.
General equipment condition will naturally influence process speed. Company C
seems to be the most successful participant in this context, but the reasons why
are difficult to determine. They have made massive investments during recent
years, resulting in new machinery and a more modern facility than the other
studied companies. It is also possible that the process is more stabile for company
C.

8.2 DCMAINT
Direct cost of maintenance in comparison with the estimated plant replacement
value provides a rough indicator of how much resources that are spent on
maintaining the available equipment. As it is hard for the maintenance personnel
to influence turnover, plant replacement value was used as equalising factor
between the companies instead. The TCMaint indicator is however intended for top
management and they have to relate costs to turnover, as these generate the
company profit. The DCMaint measure is displayed in Figure 8-4.
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Direct maintenance costs per year
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Figure 8-4: Direct maintenance cost in relation to plant replacement value
Worth noticing is the high cost at plant A, where management claimed not to be
as cost focused. Apparently, this lack of focus on cost management has had quite
some impact on maintenance costs, as they are evidently higher than average.
Admirable perhaps is company B, which in spite of low direct maintenance costs
manages to maintain the highest TEEP value. The available redundancy most be
remembered here though, which prevents direct comparison. Judging from the
results of company B though, it may seem as if redundancy is of greater influence
on production availability, in comparison with extensive PM.
Maintenance management in company D expressed some concern about poor
utilisation of the internal workforce. At this company, the workshop personnel
deal with preventive maintenance activities and backlog as long as production runs
smoothly. These activities are however believed to be performed quite slowly and
inefficiently. The fact that several first line managers have received their positions
after being promoted from the same area was believed to make things even worse.
These managers, who often have limited leadership abilities, were set to lead their
friends, which makes it even more difficult to make uncomfortable decisions. The
company is by no means unique in this sense as the dilemma also is experienced in
other plants, but no suggestions as how to approach the problem were provided.
Company F, however, has little understanding of the efficiency concerns that
company D has. Here, the workshop has been separated from the remaining
maintenance organisation and is very result oriented. KPI’s have been established
for every little group in the workshop, which has been received very well and
increased efficiency substantially. The workshop at company F operates as an
external workshop. The workshop is always 100% occupied, with space for
rescheduling for rushing jobs, and plans all its work rigorously. This might be a
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way for company D to increase internal efficiency and pinpoint internal over
capacity.
8.2.1 PREVENTIVE AND CORRECTIVE MAINTENANCE
The level of preventive maintenance is commonly used to indicate how proactive
companies are in their approach to maintenance. Unfortunately, the ideal value is
often impossible to determine, so one company can never be judged upon this
measure alone. It can however be used as an explanatory measure when trying to
understand differences in for example unplanned downtime.
According to Figure 8-5, all of the companies in the study use most of their
resources on corrective maintenance. Company E and F are the ones performing
most PM with a little over 20%. Company A, which has the lowest proportion of
preventive maintenance also has the highest direct maintenance costs as shown in
Figure 8-4. The data on PM and CM are taken from the companies CMMS, which
could mean that the definitions of PM and CM vary slightly. For the most part,
however, PM includes only the activities specified by the PM programs of the
available equipment.
Preventive and corrective maintenance
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Figure 8-5: Division of preventive and corrective maintenance costs
Several of the companies involved in the study based their preventive maintenance
program on supplier recommendations. In some cases these recommendations are
considered to be excessive or even totally inappropriate. This dilemma has caused
some trouble at the different locations. At company B, the morale and motivation
among maintenance employees has been affected as they are told to perform
tasks, which they believe are totally pointless or even wrong. The trust of the
planners among maintenance personnel and motivation for performing planned
jobs is also reduced due to the geographically separated location of the planning
department. Maintenance personnel at company C regularly disregard their WO’s
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entirely, but take own initiatives and perform other work, which they believe is
necessary.
To prevent this from happening and to improve equipment performance, some
companies have chosen to modify the maintenance programs in accordance with
their previous experience. In this sense, company F is perhaps most successful.
Maintenance management at company F leaves this task entirely up to the
operative maintenance employees themselves. It is believed that if they assume
responsibility for choosing maintenance tasks and planning them, motivation and
performance will improve. The most important thing is that there is a motivation
for performing PM activities, not that they are 100% correct. This philosophy
seems successful, as company F is one of the companies that perform most PM.
8.2.2 EXTERNAL COSTS
As in the case of preventive and corrective maintenance, the optimum relation
between internal and external maintenance is difficult to determine. Figure 8-6 is
an attempt to do this by also considering the resulting direct maintenance costs.
Figure 8-6 illustrates the relationship between internal over external man-hour
costs connected to maintenance cost per maintenance employee. The figure is
divided into four quadrants. Each of the quadrants represents different
characteristics concerning the utilisation of external competence and internal cost
efficiency.
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Figure 8-6: Cost efficiency, relation between utilisation of external competence and internal
maintenance costs
Quadrant number one (1) represents plants with low maintenance cost per
internal employee and a large share of hired competence. Plants in this quadrant
use a large amount of external personal but still manage to keep low direct
maintenance costs. That implies a cost effective internal maintenance and effective
utilisation of external competence.
-69-

DET NORSKE VERITAS
TOTAL MAINTENANCE COST, TCMAINT
Plants in quadrant number two (2) use a lot of external manpower and have high
direct maintenance costs per employee. This could be caused by costly external
maintenance, which possibly would be more cost-efficient to perform internally.
Quadrant three (3) plants employ very little external competence but still have
high maintenance costs. That indicates an ineffective utilisation of both internal
resources and external manpower.
Companies in the last quadrant (4) have a low maintenance cost per employee and
use little external manpower. The implication of this is that companies here use
provided resources efficiently but may fail to take full advantage of outside
competence.
When using the model it is important to remember that the quality of performed
maintenance is not included. It only describes the cost effectiveness of the
maintenance functions studied.
According to Figure 8-6, company D is the best performer, despite the concern
that was expressed over internal efficiency, while there is room for improvement
for company B. The reason for the bad outcome for company B is the salary costs
(internal as well as external) that are enormous compared to the others. When it
comes to companies C, E and F they all have quite large internal workshops,
which explains the low utilisation of external personnel. The most important thing
is to find the optimal mix of external and internal personnel utilisation, and if the
policy is to use as little external workforce as possible, company E has succeeded
with very low costs. Company A however, has quite the opposite policy, they are
undermanned and use a lot of external manpower. This policy, possibly together
with a less cost focused approach, has lead to quite high maintenance costs.
8.2.3 MATERIAL COSTS
Stock of spare parts and consumables is managed by the CMMS at all companies
studied. Still, it was difficult to extract the precise consumption of spare parts, as
the distinction between spare parts and what is considered as investments is
sometimes very difficult to make. Local governing policies are often used, but
these tend to be modified to fit the company’s maintenance, investment and tax
planning. Spare parts accompanying investments are for example often stored
without any value, as they are a part of the investment. That makes estimations of
value as well as consumption of spare parts very inconsistent. A company that has
made substantial investments recently may have considerable “invisible” value in
stock. There is a desire to follow spare part inventory turnover at some of the
companies, but the way costs and values are handled today that is very difficult.
Company B is the only plant that engaged in a shared spare part inventory. There
are interests in such solutions from the other companies but they have not come
very far. There is also a natural interest from all companies to make
subcontractors keep inventory, but many equipment types are so crucial for
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production that it makes it impossible. This form of vertical co-operation seems
unusual in the process industry. The policy from company A regarding
procurement of spare parts is an evaluated process in three steps illustrated in
Figure 8-7. How many times that process ends in step 2 is however unclear.
If yes
1: Do we need it?

2: Can the
supplier keep
that part in stock?

If no
3: Buy it!

If yes
Do not buy!

Figure 8-7: Procurement process at company A
8.2.4 FIRST LINE MAINTENANCE
There is a clear trend among the companies that indicates an increase in the use of
first line maintenance. It is the common belief that operator involvement will
reduce the number of breakdowns as understanding of the equipment increases.
Furthermore, maintenance costs are also assumed to decrease with increasing
operator involvement. All companies participating in the study showed interest in
this issue, but the extent to which these intentions have been achieved in the day
to day work varies significantly among the plants.
Company C has the most formalised approach to operator involvement. A
program governed by top management, covering the entire company group, was
launched in 1998 to increase operator involvement. According to the company,
this approach has had significant impact on employee motivation and business
performance. The maintenance personnel at company D describe the relationship
between operations and maintenance as of being in opposition, and first line
maintenance is also very sporadic.
8.2.5 TURN AROUND MAINTENANCE
All participating companies except A have some sort of regular turnaround,
during which the production is closed down and intensive maintenance activities
take place. In many cases these stops account for a substantial part of the total
maintenance budget. Nevertheless, many companies cannot separate these costs
from regular maintenance activities, which prevents a comparison from being
made in this respect. Turnaround duration (hours/year) of the companies is
shown in Figure 8-8.
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Figure 8-8: Duration of turnaround
Worth mentioning in this context is the initiative of company D, which through
extensive analysis has extended the interval between turnarounds from 3 to 4
years. The results of this decision are not entirely clear yet, but the company
expects to reduce turnaround maintenance costs in form of lost production.
Considering the time companies C, E and F spend on turnaround every year, see
Figure 8-8, a similar approach could be beneficial, see also 8.1.1 Planned
downtime.
8.2.6 ADMINISTRATIVE COSTS
Administrative costs are often seen as something that adds little value and hence
should be reduced. However, running development projects such as TPM and
participation in investment projects is very important to future performance of
equipment. An additional need recognised by most participating companies is the
analysis of failure data. This sort of analysis can have significant impact on future
failure rates and should therefore not be disregarded.
It is also important to realise that external activities cost drivers when it comes to
administrational costs. About 10% extra administrational work per external
activity is a common figure.
8.2.7 BACKLOG
Backlog is a measure of how occupied the maintenance function is. If there is a
huge backlog the maintenance may be undermanned or very inefficient. A small
backlog on the other hand might indicate excessive capacity in the maintenance
department. Among the studied companies, only two actually use the measure in
their daily routines. This probably depends on that just three companies can
retrieve correct amount of backlog. Company A suggests 20 hours per
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maintenance employee as a suitable limit for the backlog. If the value exceeds 20
hours, actions should be taken to reduce the backlog.
Figure 8-9 shows the current backlog for the companies that could provide it. It is
clear that the policy of 20 hours is not followed very strictly by any of the
companies. In fact, company F, which was least concerned with the backlog
measure actually had the lowest backlog. Company E is about to follow backlog
when they implement their new CMMS.
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Figure 8-9: Backlog per maintenance employee

8.3 REDUNDANCY
The intention of measuring equipment redundancy within a plant is to analyse
whether unnecessary capital and resources are tied in the plant or if supplementary
redundant equipment could lower operation interruptions, increasing TEEP
(unplanned downtime). However, none of the companies involved in the study
monitored the use of their redundant capacity or could estimate the capital tied in
redundant capacity. Neither was there at any company a defined strategy or
methodology for support redundancy investment decisions.
In order to determine and control the necessary redundancy some sort of decision
support tool needs to bee established. A proposal for such a decision support tool
is presented in Appendix 8. The intention is that a tool like that can be used for
every piece of equipment, either for an assessment of present redundancy or for
evaluation of new equipment.
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8.4 TEEP IN RELATION TO DCMAINT
The relationship between TEEP and DCMaint can be presented in a twodimensional graph instead of calculating a fixed quantity as the TCMaint measure.
The advantage with presenting a figure is that it is easy to comprehend and direct.
A two-dimensional graph may be more difficult to grasp but can be a powerful
tool to visualise the costs of maintenance (DCMaint) in comparison to the results
(TEEP), see Figure 8-10, and give an idea of present situation compared to other
plants.
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Figure 8-10: DCMaint plotted against TEEP
The aim is to shift from the upper circle (1) to the lower (2), i.e. achieving better
TEEP-value at lower cost. As previously mentioned the graph shows directly what
one gets in availability for the money that is spent on maintenance. B and C are
the top performers in circle (2). Company A needs to lower their cost and increase
TEEP to compete with those two companies.
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FINDINGS TCMAINT
Redundancy is poorly followed up and analysed.
Revision of intervals of time based maintenance and turnaround can
radically lower the cost for those actions in terms of lost production.
Extensive involvement of operations in maintenance activities (first line
maintenance), analysis and planning of the work makes the maintenance
work more efficient.
The average TEEP among the studied companies lies around 80%, the top
performer achieved a TEEP value of 95%.
Backlog is seldom followed at the companies. The current backlogs exceed
20 hours per maintenance employee.
First line maintenance is something most companies pay much attention to,
but their first line maintenance programs are seldom very developed.
Maintenance costs tend to increase if there is deficient management focus
on the issue.
Lost production is to a large extent dependent on the amount of
redundancy, rather than the success of preventive maintenance.
It was not possible to compare MTRF and MTBF as the companies in the
study measured these values differently. The measures are however a good
tool for analysis of maintenance personnel competence and equipment
status.
Two of the companies had separate department for dealing with
breakdowns and other rushing maintenance.
Quality losses are not affected by maintenance to a great extent, unlike
speed losses, which mostly are caused by deficient maintenance.
Preventive maintenance stands for approximately 20% of the workload for
the maintenance functions in the studied companies.
There were big problems gathering data for analysing inventory turnover.
Most of the companies seemed to have very little control over these costs.
Vertical and horizontal spare part alliances are unusual.
Administrational costs are seldom analysed at the companies studied,
particularly for administrational costs concerning external work. External
work is supposed to add 10% extra in administrational costs.
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9 MAINTENANCE HSE ISSUES, HSEMAINT
This section analyses health, safety and environmental issues connected to maintenance at the
companies in the study. First the main KPI, HSEMaint, is presented and subsequently broken
down and analysed in basic KPI’s and KPP’s.
The original intention when studying HSE figures was to convert common HSE
indicators to costs. These would show the cost of HSE and potential savings by
improving the indicators. Nevertheless, the largest contributor to these costs was
emissions, which are difficult to relate to performance of maintenance. There is
clearly a connection between maintenance and emissions, but to which extent
maintenance can be blamed for the total emissions from a plant is very hard to
establish. Instead, to illustrate the impact of HSE issues on costs, a sensitivity
analysis has been made in Table 9-1 with a corresponding graph, see Figure 9-1.
Cost of injuries shows annual economic gain of decreasing the number of injuries at
the company by one. Cost of sickness absence demonstrates economic profit of
cutting absenteeism due to sickness by one percent for the maintenance
personnel. Environmental costs finally illustrate economic return of decreasing
emissions and other environmental costs by one percent, as a consequence of
maintenance actions. The last line shows turn over per employee if one of the
companies succeeds with all these actions. All costs in Table 9-1 are given in
Euros. The costs from injury- and sickness-absenteeism are calculated according
to the discussion in Appendix 5.
Company

A

B

C

D

E

F

Cost of injuries (EUR)

01

4225

1950

1100

2200

1815

Cost
of
sickness
absence (EUR)

3510

76050

75465

49995

239085

Environmental costs

394

300300

32500

3080

77770

77000

Potential savings per
employee (EUR)

488

4757

639

268

661

1551

28178

Table 9-1: Sensitivity analysis of HSE- factors (EUR).
It is easy to see that it is companies B, C, E and F that would profit most by
analysing their operation in this way. But it is also relevant to mention that the
costs that originate from environmental emission costs are the ones most difficult
to cut down by maintenance actions only. It is these costs that are the driving

1

Company A did not have any accidents 2001.
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forces in the sensitivity analyse and some companies (B, C, E and F) have a
considerable expenses in those cost types.
HSE sensitivity per employee
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Figure 9-1: Graph of HSE sensitivity analysis

9.1 ENVIRONMENT RELATED COSTS
Clarifying maintenance role in environmental issues is very problematical. At one
of the plants in the study the environmental manager pointed out that
maintenance activities have great impact on emission costs in many ways. For
example energy consumption, effectiveness of filtering devices, etcetera, but the
awareness of this among maintenance personnel seems very limited. None of the
studied maintenance functions could clearly explain how they worked with
environmental concerns or their impact on these problems. All of the companies
in the study can be more proactive in this respect.
Environmental issues receive more and more attention from within as well as
outside the organisation. Most of the companies have, or are in the process of
implementing, an environment certification (EMAS, ISO 14000) and it is
important that maintenance are aware of and take responsibility in that process.

9.2 HEALTH AND SAFETY
9.2.1 SICKNESS ABSENCE
In the reference framework the suggested measure of sickness absenteeism was
TSAF. However, most companies are not familiar with this measure, as a
consequence of that sickness absence as a percent of totally worked hours is used
instead. Sickness absence as percent of worked hours is a more intuitive measure
well known by the companies and hence used. Most of the companies in the study
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showed lower sickness absence for the maintenance function than for operations.
The reason for this is believed to be higher motivation within the maintenance
departments, more varying and less physically demanding duties. The best
performers in the study have a sickness absence of 2% as shown in Figure 9-2.
Company C is focused on the health issues for the moment and has high
ambitions in lowering the present sickness absence level. The aim is to cut
sickness absence down to 3% within a few years. To achieve this, several
innovative programs have been established, including an employee bonus for
physical exercise and support programs to stop smoking. In case of minor illness,
the tasks carried out are also modified to what the employee can cope with,
thereby retaining the employee at work and reducing absence figures.
The worst performer in aspect of sickness absence is company E showing 8,9%
sickness absence. The reason for this is hard to identify but this issue must receive
more attention by the company in order to be improved. Generally among the
studied companies the one with the lowest sickness absence has an evident focus
on health. These companies also tend to have a less stressful and harsh work
environment.
Sickness absence in percent of worked hours
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Figure 9-2: Sickness absence in percent of worked hours
9.2.2 ACCIDENTS (LTIF) AND INCIDENTS
As illustrated in Figure 9-3 companies A to C have significant less absence due to
injuries. These companies all have a safety management system, dealing with
injuries and incidents. Via these systems every incident and accident is analysed
and actions to prevent them from happening can then be generated as WO’s. The
amount of incidents reported at these companies also exceeds the amount
reported at companies D-F as can be seen in the same graph.

-79-

DET NORSKE VERITAS
MAINTENANCE QUALITY, QMAINT

100
90
80
70
60

30

50
40
30
20
10
0

15

25
20

10
5

Accidents per million hours

Reported incidents per
employee

LTIF and incident reporting

0
A

B

C

D

LTIF

E

F

Incidents/ employee

Figure 9-3: Lost time injury frequency and incident reporting
There are huge differences in attitude between the plants. Safety issues permeate
the thinking at the first three plants while the latter three are dealing with it as
something mandatory. Examples of good safety practices from these companies
are:
Start every meeting with HSE issues
Strive for as many incident reports as possible, and always analyse them
Communicate HSE measures all over the plant
Install safety management system
None of the plants in the study have paid damages to maintenance (or any)
personnel due to deficient procedures recently.
FINDINGS HSEMAINT
Maintenance has impact on environmental costs at a plant with respect to
energy consumption, utilisation efficiency of equipment, standard of
filtering facilities etc.
Enhanced awareness of maintenance impact on emission costs is desirable
The most important tool for cutting cost due to sickness and injuries
(lowering sickness absence and LTIF) is creating awareness and prioritising
the issue
Use of a safety management system is a powerful tool for obtaining and
analysing information on safety incidents
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10 MAINTENANCE QUALITY, QMAINT
This section analyses maintenance quality at the studied plants by comparing the QMaint –KPI, as
well as its constituent parts, customer satisfaction and rework.
The quality of maintenance work is measured with the QMaint factor. This is a
fusion of the customer satisfaction index (CSI) value and a rating for handling
rework in the maintenance function. As a consequence of the negligible attention
most of the companies in the study pay to rework and repetitive faults, ratings are
for the most part quite low. For rework rating and discussion see chapter 10.2
subsequently. As illustrated in Figure 10-1 company A and E receive the highest
overall rank, greatly because of the awareness of rework awarded with quite high
rework ratings. CSI-ratings for the companies are presented in the forthcoming
chapter.
QMaint
7
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Figure 10-1: QMaint rating of the companies in the study (7 is the best possible rating)

10.1 CUSTOMER SATISFACTION INDEX
The CSI is based on a SERVQUAL-model survey performed at the studied
companies with mostly operations managers. When the importance of the
different factors in the CSI survey were assessed all were rated quite alike, with
one exception; Safety. In the SERVQUAL the term security is used, but in this
context safety is more appropriate. As shown in Figure 10-2 safety is rated
approximately 50% higher then the other categories. This implies that the most
essential task for the maintenance function is to ensure a safe milieu at the plant,
according to operations.
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Importance of CSI factors

Tangibles

Understanding
the customer

Safety

Credibility

Communication

Courtesy

Access

Competence

Responsiveness

Reliability

Figure 10-2: Importance of CSI factors
The result of the survey for each company is presented in Figure 10-3 where the
average weighted grades for the companies are displayed. The operations
personnel answered and weighted the questions in the CSI survey (see appendix
2), which forms the base for the final grade for the companies. All of the
maintenance functions received good grades from their customers, all except one
have an average over 5,0 on a 1 to 7 scale, where 1 stands for inferior and 7 for
excellent. The high competence level of maintenance employees at the companies
could in part explain the high rating. All maintenance employees have some sort
of certified competence and the companies seem to be quite selective when hiring
personnel for the maintenance function.
Company A receives a very high rating, which is not surprising as the operations
and maintenance functions are highly integrated at the company. Companies D-E
receive lower scores due to lower rating for safety work. As this factor was
considered to be most important, the results for those companies in suffer. For a
complete listing of grades and importance ratings for each company see Appendix
6.As discussed earlier in chapter 9, companies A-C today focus on safety issues
while companies D-F can improve greatly within this area. This is confirmed by
the fact that operations put the highest importance on that issue and downgrades
company D-F in the safety aspect. In order to increase the safety standard of the
facility, reporting and analysis is vital. By reporting incidents and thoroughly
analysing them, similar courses of events can be prevented in the future.
Establishing safety standards for work and facilities of the plant, which are then
communicated are also of great importance.
The fact that company D receives the lowest overall grades probably originates
from the relationship between operations and maintenance at the plant. They are
in some kind of opposition to each other, both guarding their own territories.
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More focus is put on cross-functional groups on the other sites and that seems to
be of decisive importance for how operations assess the work performed by the
maintenance function.
CSI
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Figure 10-3: Customer satisfaction rating
A possible way of improving the CSI, rework and perhaps other measures as well
could be through training and exchange of knowledge. Through training,
employees can become more familiar with equipment and maintain it better.
Training and exchanging knowledge may also be very motivating for the
personnel, resulting in a better job performed. This is at least the view held by
companies E and F, which most actively works with training and competence
sharing.

10.2 REWORK
Analysing the amount of rework as reworked work-orders of total amount of WO’s was
proven to be a difficult mission. Only half of the studied companies are presently
able to follow up WO:s. Among them company A is the only one performing
extensive analysis, for example top-ten cost-driving equipment lists based on
WO:s, but not even they followed rework. A typical answer to how much of the
workload that consists of rework and repetitive faults are presented below:
“…rework does exist, but it is very hard to estimate how much …”
Instead each company has been assessed with respect to how they deal with
rework and repetitive faults. Each company started out with the grade 4 (scale 1-7)
which then has been modified up or down depending on performance. The result
of this is shown in Table 10-1.
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Company

A

Base for
assessment

Active
work with
cost
drivers

Assessment

5

B
Exists,
but not
thought
about
2

C

Rarely

3

D

Rarely

3

E
Aware of
the
problem
5

F
Exists,
but not
thought
about
2

Table 10-1: Provided opinions of amount of rework and assessed grades
The high value for company A is rendered by continuous analysis of WO’s which
in a way controls rework even though that is not an outspoken strategy. Company
E receives the same grade as a consequence of intention to deal with rework,
mostly because it shows an understanding of the problem from the maintenance
function. The other scores are quite low due to lack of ambition. Companies B
and F are aware of the existence of rework, but fail to recognise it as a problem
and are hence given the grade 2. Companies C and D claimed that they are aware
of that there might be a problem but have no strategy for dealing with it.
The main tool for controlling rework is utilisation of the CMMS and again
company A is the best performer in this respect. Company A uses the CMMS
regularly to track and analyse WO’s. That is a prerequisite for company E if they
should have any possibilities of succeeding in analysing rework in the future.
When it comes to the other companies they lack possibilities to perform correct
analyses of WO’s the way their systems are used today which precludes tracking of
rework.

FINDINGS QMAINT
The assurance of a reasonable safety level is considered to be the most
important quality factor for the maintenance function
The amount of co-operation between operations and maintenance is crucial
for the operations opinion of performed maintenance work
Rework was not followed at any company studied, although one had the
intention to do it in the future
Analysis of WO’s is not a common procedure, often because the work
order system in present CMMS in the company is not utilised correctly
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11 CONCLUSION
This chapter summarises the conclusions drawn from the analysis sections.
First general conclusions from the benchmark study with consequences for the
analysis of the KPI model generated will be presented. Following that, the
conclusions for each of the main KPI’s and their constituent parts will be
discussed.

11.1 GENERAL CONCLUSIONS
The most obvious conclusion was the discovery of the difficulties in
benchmarking maintenance organisations, which agrees with the discussion in the
thesis background chapter (see chapter 1.1). Even though this benchmark study
was performed within the process industries it is classified as generic. In the
reference framework generic benchmark studies were identified as being
somewhat problematic in terms of comparability of data. This was confirmed
during our study, as tremendous difficulties in comparing data were discovered,
due to:
Inconsistent classification of data (investment/direct costs, planned
/unplanned, etc)
Entirely different operating conditions
Poor data availability
The reasons for this can be numerous, but it is suggested that by intensifying
involvement of operative personnel in using reported data for analysis, the
understanding and motivation for reporting would increase. That would in turn
improve motivation for, and quality of, the reports.

11.2 COST AND AVAILABILITY CONCLUSIONS
In many companies, there is a large cost focus within the maintenance
organisation. The split of the KPI TCMaint showed however, that direct costs are
always secondary, when comparing to downtime. Most companies have developed
their own KPI’s for measuring cost and availability internally, which often
prevents comparison with external plants, as data is classified differently.
In terms of influencing availability indicators, it seems as if downtime can be
reduced through extensive analysis of failure data and identification of top cost
drivers. Redundancy, rather than PM, appears to have major effect on equipment
downtime. PM is instead believed to influence product quality and process speed.
Increasing operator understanding and involvement also seems to have a positive
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influence on the TEEP measure, a belief that is shared by most participating
companies in the study.
Maintenance costs are reduced by thorough management focus on the issue, but
considering the proportion of cost of lost production versus direct costs, it is far
from certain that focusing on costs is a good strategy.

11.3 HSE CONCLUSIONS
The original intention of calculating and using cost of HSE as an indicator was
abandoned during the analysis of gathered data. It was too difficult to determine
to which extent maintenance should be blamed for the HSE costs incurred at the
respective plants. As it became clear during the interviews that indicators which
the measured function cannot influence in any way is the worst possible solution,
the original strategy was modified slightly. The original KPP’s are kept the same,
as they are believed to be very important, but their values are never used to
calculate an actual cost. Instead, the benefit of improving the indicators is
discussed.
The company interviews indicated that maintenance performance may have great
impact on environmental costs at a plant, but this is seldom recognised by the
maintenance personnel. Enhanced awareness of maintenance impact on
environment and for emission costs is therefore desirable.
The most important tool reducing sickness and injuries (lowering TSAF and
LTIF) is prioritising the issue to the highest level. This process may also be aided
by using a safety management system for analysis and prevention of incidents and
accidents.

11.4 QUALITY CONCLUSIONS
None of the participating companies evaluated maintenance quality in any
standardised manner. Furthermore, there was only very limited awareness of
rework, as this was never measured or even considered a problem at some plants.
The assurance of a reasonable safety level is considered by operations to be the
most important quality factor. This underlines the importance creating an
awareness and focus on safety issues among maintenance personnel. The
perceived quality also seemed to be influenced by the amount of co-operation
between maintenance and operations.
Analysis of previous WO’s is also identified as a possible way of improving the
quality measure. This is however not a common procedure, often because the
work-order system in the company is not utilised correctly.
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12 RECOMMENDATIONS
The following chapter highlights areas where there is potential for improvement for the studied
companies both in terms of procedures and impact on indicators. Where such potential exists,
actions to improve the indicators are suggested. Suggestions for how DNV can use the findings of
this study are also presented.
The recommendations to the companies are based on the conclusions in chapter
11 and the previous analysis chapters where good and poor practices and their
implication on indicator values were identified. First some general
recommendations for the studied companies are presented with reference to good
practice, followed by company specific recommendations.
The recommendations to DNV identify how the company can use the thesis
results in the daily operations, developing present services, and in the ongoing
project of designing an annual maintenance report.

12.1 GENERAL RECOMMENDATIONS FOR COMPANY A-F
12.1.1 USE OF KPI’S
The KPI’s used to manage maintenance departments today are at many sites
considered insufficient. The personnel feel unable to influence them and hence do
not acknowledge them. To manage maintenance in an efficient way and to
motivate the employees a new KPI system must be implemented, perhaps of the
sort proposed in this thesis, in which the employees feel they can influence the
outcome of the indicators.
12.1.2

USE OF CMMS

The thesis has in parts been quite oriented towards utilisation of CMMS’s at the
studied companies. All of the companies have implemented some sort of CMMS
but utilisation differs greatly. The best performing company in this aspect is A,
they are the only ones performing routine analysis through the CMMS using data
extracted from it, e.g. finding cost driving equipment.
The other companies should in general improve their use of the CMMS and the
utilisation of it. It is the authors’ firm belief that the underlying cause for the poor
use of CMMS is lack of understanding from the personnel, leading to inconsistent
and incorrect reporting. Motivation to report correctly is encouraged if reported
data is utilised for planning of jobs, analysis, etc. Extraction of KPI’s should also
be performed by the CMMS and not manually, as often is done today.
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12.1.3 PLANNING
Planning of the maintenance work is frequently separated from the people that are
to perform the planned work. Presence of inconsistent, incorrect or unmotivated
actions undermine the trust for the plans, sometimes to a point were they are
disregarded. This is crucial to understand when planning preventive maintenance
activities, as these do not provide instant feedback. Involving operative employees
in the planning stage could motivate and inspire the personnel, as they are
empowered and feel more responsible for what they do.
12.1.4 INVOLVEMENT OF OPERATIONS IN MAINTENANCE
Well-functioning maintenance must be performed in close collaboration with
operations. Involvement of operators in maintenance issues would be desirable in
terms of increasing understanding and preventing operator failure. First line
maintenance and TPM programs are ways of achieving involvement and crossfunctional practices, and concepts that all studied companies are very interested in.
Still, only one of the studied companies has such a concept developed and
implemented. Operations should also take part in maintenance activities, for
example through analysis of failures and design of PM programs. Operations have
considerable knowledge of the equipment that might be helpful in those
situations.
12.1.5 TRAINING AND INVESTMENTS
Training of personnel is not only a way to improve quality of maintenance and
status of the equipment. It is also an instrument for motivating the personnel and
making them feel valuable to the company. There are of course other ways of
accomplishing this, for example by involving maintenance in investment projects.
That is believed to increase maintainability of equipment and understanding of the
equipment.
12.1.6 MANAGING SPARE PARTS INVENTORY
Management of the spare part inventory seems to be an under prioritised area. It
is of great importance to track value and consumption of spare parts, which
enables monitoring inventory turnover for example.
The spare parts inventory turnover rate is generally low and huge amounts of
resources are tied into inventories. In some companies initiatives have taken place
to share parts with neighbouring industry, but with limited success. The potential
savings have however been realised by some, who have the intention of entering
into a nation wide coding agreement, with transparent spare part inventory
systems, which will allow sharing of spare parts among a large number of
companies. It is recommended to examine the possibilities for both vertically and
horizontally shared inventories, as there is potential for lowering spare parts cost
this way.
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12.1.7 HEALTH AND SAFETY
The recommendations concerning health and safety apply to companies B, D, E
and F in first hand. At these companies reporting of incidents ought to be
increased. Analysing incidents is a powerful tool for preventing future accidents.
The safety management routines that are established must be utilised more
efficiently. Implementing a safety management system, if not present will aid this
process. It is for example assumed that many employees are reluctant to report
incidents, if they are investigated together with the nearest manager. This will
likely affect these statistics negatively and prevent many incidents from ever being
reported. Instead an anonymous system could be used to determine the reasons
for the incident, which may encourage reporting. The importance of management
focus and communication of health and safety issues to the personnel must also
be underlined.
12.1.8 MAINTENANCE QUALITY
During the work with this thesis many maintenance managers have expressed a
desire to assess the quality of the maintenance work. However, none of the
studied companies did anything to measure this aspect. Performing CSI analysis
on a regular basis is a useful way of monitoring the maintenance work with an
outside view. Only one of the companies in the study followed (was about to
follow) rework as an indicator of quality.

12.2 RECOMMENDATIONS FOR COMPANY A
At company A focus has been drawn away from costs, which alone is not a bad
idea. However, if a diminishing cost focus results in ever growing costs for
maintenance, management has to reconsider. It is still important to analyse costs
for the maintenance function, assuring that an effective maintenance is achieved.
The organisation of company A, with a small group of maintenance personnel
with a 100% of planned time and high utilisation of external workforce may also
increase the costs. It is important for company A to review what they do in-house
and what they outsource. Furthermore, planning all of the available time for the
operative maintenance employees leaves little time for analysis. Other companies
tend to involve operative personnel to a greater extent in analysis of failures and
improvement projects, as the belief is that operative personnel are the true experts
of the equipment they serve.

12.3 RECOMMENDATIONS FOR COMPANY B
Company B has had great trouble with their PM program, which is believed to be
totally incorrect. This has lead to the development of a cross functional group,
consisting of representatives from both maintenance and operations to analyse the
present PM program in order to optimise it. This sort of analysis is viewed as very
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positive and should be done continuously on a regular basis, rather than only for a
limited period of time.

12.4 RECOMMENDATIONS FOR COMPANY C
The CMMS and PM program at company C need to be updated. This would best
be done in co-operation with the affected operative maintenance and production
personnel, as this will improve motivation and probably also lead to a better
program.
It is also recommended to stay faithful to and build upon the present CMMS,
rather than switching to a different system. Experience tells that switching systems
is a costly procedure, which is unlikely to have any notable impact on maintenance
cost or efficiency. Instead, the use of the current system should be developed to
take advantage of its full potential. Suspicions of a coming change of CMMS will
also decrease motivation from ever learning how to operate the current system.

12.5 RECOMMENDATIONS FOR COMPANY D
The amount of co-operation in cross-functional teams is limited within the
company. These activities are experienced as very positive by operations, and
should probably be increased if possible. There is a separate group that manages
projects at the company. These projects are in other companies run by operative
personnel, who are affected by the projects. This is often perceived as a very
positive and educational experience for the project participants, who after the
project is finished can spread this knowledge within their department.
As mentioned earlier the maintenance management at company D expressed
concerns about the internal efficiency. A possible solution of this problem is to
apply the procedure of company F, which means setting up the workshops as
solitary units with economic responsibility.
Inspection intervals should be used as a possibility for improvement and not as
something governed by laws. In order to improve efficiency of these inspections a
RBI based methodology should be used.
The company should also consider encouraging more use of the existing safety
management system for improved reporting and analysis of incidents, aiming to
reduce the amount of accidents.

12.6 RECOMMENDATIONS FOR COMPANY E
Maintenance management should be careful when establishing KPI’s to measure.
Too many indicators will cause employees and middle management to loose track
of what to focus their efforts on. It is better to establish a few indictors that
everyone grasps and are able to influence.
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The maintenance organisation with a considerable workshop must be evaluated
according to recommendations for company D. External and internal activities
must be analysed to conclude which are to stay in-house and the extent of internal
workshops.
The sickness absence at company E is by far the biggest in the study. Focus from
company management must be put on this matter. Company C has worked
intensely with this question and has launched a massive program for improving
employee health. A bonus system for physical exercise and professional help and
bonuses for quit-smoking campaigns are only two examples of activities included
in this program.

12.7 RECOMMENDATIONS FOR COMPANY F
The impression of company F was that there was some disagreement between
maintenance and operations. This could in part be caused by a lack of
collaboration between the two units, which perhaps needs to be increased.
The high number of accidents also indicates that HSE issues should receive more
management focus not only in the maintenance function, but throughout the
entire company.
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ABBREVIATIONS
ALARP

As Low As Reasonably Possible, Model for cost efficiensy
evaluation.

CBM

Condition based Maintenance; Preventive maintenance consisting
of performance and parameter monitoring and the
subsequent actions.

CM

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

CMMS

Computer (aided) Maintenance Management System; Computer
programs made to support maintenance activities. Can be
part of ERP software; e.g. SAP R3 and Intetia MOVEX or a
detached program; e.g. Maximo.

CSI

Customer satisfaction index; measure of satisfaction of a service
from its customers, often assessed by a survey.

CSIMaint

Customer satisfaction index of the maintenance service; measure of
the satisfaction of the maintenance services form the
customer, i.e. the operation, and suggested KPI.

DCMaint

Direct costs due to maintenance; one of the recommended KPI’s.

DNV

Det Norske Veritas; Norwegian consulting firm and thesis
commissioner.

ERP software

Enterprise Resource Planning software; Computer programs made
to support every branch of a business.

HSE

Health Safety and Environment.

HSEMaint

HSE costs due to maintenace; one recommended KPI.

Idoc

Document handling system.

IFS

Swedish ERP system provider.

KPI

Key Performance Indicator; Performance measure of a plant;
industry or department; e.g. return of investment.

KPP

Key Performance Parameter; performance measure like KPI; but
on a more detailed level.

LCC

Life cycle cost; The total cost for one piece of equipment during
its operating life.
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LTIF

Lost Time Injury Frequency per million working hours.

Maximo

A CMMS.

MMC

Maintenance Management Circle; Descriptive illustration of all
maintenance management activities in an organisation;
frequently used by DNV.

MTBF

Mean Time Between Failures; the expectation of the time
between failures.

MTRF

Mean Time to Restore Function; The expectation of the time to
restore function of equipment.

MTTF

Mean Time To Failure; The expectation of the time to failure.

MTTR

Mean Time To Repair; The expectation of the active repair
times.

NPD

The Norwegian Petroleum Directorate

NOT

Net Operating Time ( OT – Speed losses)

OEE

Overall Equipment Efficiency; one of several recommended
KPI’s.

OGPI

Oil; Gas and Process Industry; branch within DNV.

OT

Operating Time (PPT – unplanned downtime)

PDCA

Plan-do-check/control-act/analyse; Quality management theory
for ensuring continuos improvement.

PM

Preventive Maintenance

PPT

Total Planned Production Time; (TAT – planned downtime)

QMaint

Maintenance quality; recommended KPI describing the quality
of the maintenance work.

RBI

Risk Based Inspection; Maintenance management philosophy
that generates a; supposedly; optimal inspection frequency
and procedure based on the risk exposure; failure probability
and consequences. Results in improved utilisation and
regularity.

RCM

Reliability Centred Maintenance; Maintenance management
philosophy based on an estimation of the reliability of the
manufacturing equipment.

SAP

SAP AG; German based world-leading provider of interenterprise software (ERP systems etc)
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enterprise software (ERP systems etc).
Synergi

Safety management system.

TAT / TT

Total Available Time or Total Time available. Time available for
production.

TBM

Time Based Maintenance; The maintenance activity is performed
at fixed time intervals regardless of the condition of the
equipment. The time interval may be based on calendar
hours or running hours of the equipment as required by the
failure mechanism.

TEEP

Total Effective Equipment Productivity; one of the recommended
KPI’s.

TPM

Total Productive Maintenance; a method that involves operators
in maintenance activities.

TQM

Total Quality Management

TQMaint

Total Quality Maintenance;

TSAF

Total Sickness Absence per million working hours

VOT

Valuable Operating Time (NOT – quality losses)

WO

Work order
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APPENDIX 2: INTERVIEW GUIDES
The interview guides and questionnaires used for data collection in different stages of the study are
presented in this appendix.
A:

PRELIMINARY INTERVIEW GUIDE

II

B:

DETAILED QUESTIONNAIRE GUIDE

III

C:

DETAILED DATA COLLECTION GUIDE

D:

CSI SURVEY

VII
X
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A: PRELIMINARY INTERVIEW GUIDE
This interview guide underlies the analysis in chapter 5 Analysis of current practice.

COMPANY NAME:
Contact (name and position):
Telephone:
E-mail:
1.

Please specify what maintenance data that is recorded
currently, and what performance indicators that are derived
from this data and used to measure performance of the
maintenance function in the company.

2.

Please indicate if there are any additional measures, which you
believe would be useful, but that are not used currently. Please
indicate the name of he measure, and how it would be
calculated.

a. Are these possible to extract from data that is recorded currently?
If not, please indicate what data would need to be recorded.
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B: DETAILED QUESTIONNAIRE GUIDE
The following interview guide forms the basis for the qualitative analyse of the companies in the
benchmarking study.

MAINTENANCE STRATEGY AND OBJECTIVES
1. Explain the strategy/goals/vision or objectives established for the
maintenance function. Are they communicated to the personnel
2. How are the maintenance and operation’s personnel organised?
3. Which KPI/KPP are used currently when assessing maintenance? To what
degree are they visualised and communicated to concerned personnel?
Why, and what is the object, of using these indicators?
Are they describing the activities in a good way, or may sub optimisation
follow these indicators?
Are there some sorts of bonuses connected to these indicators?

PREVENTIVE MAINTENANCE
4. What methods and techniques are used to establish PM-program (supplier
instructions, operating manual, RCM, identification of reasons for failure
(CBM), other)?
5. What techniques are used to detect pending failures (visual check, close visual
inspection, sample test, condition measurement, etc)? Are these included in the
PM program?
How are the results followed?
6. Who executes PM, and how is maintenance personnel organised (first line
maintenance, task forces, independent teams, types of maintenance, etc.)?
7. What routines exist for reporting to a maintenance management system
regarding execution of maintenance and technical condition (equipment no,
failure mode, level of detail, failure cause etc)?
Which CMMS are currently used?
How are faults classified?
What does the personnel think of the CMMS?
To what extent is the CMMS used, regarding embedded functionality?
How are You monitoring if the system is used correctly?
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To what extent is the CMMS compatible with other systems within the
company?

MAINTENANCE ENGINEERING
8. To what extent does the company have complete, consistent, structured
records of equipment and associated components, etc?
What kind of document handling system is used (with respect to
blueprints)?
What is the availability of blueprints, component list etc.?

PLANNING
9. How is planning carried out? Is planner located on production site? What
computer aided tools are available for resource planning, what administrative
routines are involved, etc?
How are the planning communicated?
How is the CMMS used in the work planning?
10. How are urgent jobs planned?
Communication to operation management.
Communication of necessary maintenance information.
Communication of security aspects.
11. Are WO monitored? What is done with respect to delayed WO’s?
To what extent are delayed WO’s rescheduled?
When is a WO transferred to the backlogg?
Are backlog WO’s dismissed from the system?

EXECUTION OF WORK ORDERS
12. What requirements exist concerning content and format of work orders (time
consumption, resource utilisation, coding)?
13. Is the work carried out controlled or verified by anyone? Is this done on
completed work only, or is there continuous follow-up?

REPORTING
14. How are data retrieved for analysis and reporting and how often is this done?
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How is the CMMS used to simplify this?
15. Does maintenance-, operations and company management follow up
maintenance performance reports?
16. What situations will initiate non conformance treatment (example: not rechin
target values for indicators)?
How is this treatment carried out?
17. What guidelines are established for reporting cause analyses of incidents,
accidents and failures related to maintenance work?
How are incidents followed-up?
18. How is the gathered experience used to improve PM and CM work?
19. What procedures are in place to allow systematic transfer of experience to
relevant maintenance personnel?
20. What is the policy concerning training and personnel development?
Which courses are arranged, and how much is spent on training per
employee?

RESOURCE AVAILABILITY
21. Does the maintenance function purchase its own materials, or to what extent
are they involved in the procurement process?
22. What is the company policy regarding what to keep in stock?
Are spare parts and consumables handled in the CMMS or in another
system (if so, how is the systems connected and spare part utilisation
traced)?
Is the inventory handling system user friendly?
How is the inventory stock managed (ABC-calculation, security stock
system, refill system)
23. Are there purchasing alliances or shared inventories, vertically as well as
horizontally?
If so, with who?
What is the purpose with those relations, and how are they evaluated?
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SAFETY
24. Is the personnel aware of all safety-related issues in connection with
maintenance (e.g. formal work procedures, protective clothing, chemical
handling regulations, safety equipment, work permits regulation, fire
classification)?
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C: DETAILED DATA COLLECTION GUIDE
This data collection sheet forms the basis for the quantitative analyse of the companies in the
benchmarking study.
Questionnaire
Company:
Telephone:

Group
Size factors

Contact:
E-mail:

Measure

Plant replacement value (insured
value)

(NOK, SEK)

What it would cost to replace the plant inventory with
the same, or similar equipment (= insurance value)

(NOK, SEK)

Economic value of equipment, after depreciation

(NOK, SEK)

Purchasing cost of spare parts

Maximum capacity/hour (per plant
and/or production line)
Hours per working day

Downtime due to CM (split on
departments Mech, Electr, Aut etc)
Mechanical maintenance
Electrical maintenance
Automation maintenance

Total number, including all shifts

Number

Total number, including all shifts
Use to calculate average value per unit

(tons, m, etc.)

Production capacity (may be expressed in sales value)
per hour or other time unit.
1, 2, 3, 5 shift
Estimate how many hours per employee, percentage
of workload or money that is spent on maintenance by
operators

Amount/h
Number
h/% of
workload/Value

(365 - holidays) Use to calculate Total available time
(TAT) in hours/year
Downtime due to planned maintenance, turn around
maintenance , etc.

h/Year

Unplaned downtime

h/Year
%
%
%

Amount of scrap

tons, units, etc

Amount of returns

tons, units, etc

Use to calculate quality losses due to maintenance
(Amount of scrap + amount of returns) * maintenance
factor / Hourly production capacity
Use to calculate quality losses due to maintenance
(Amount of scrap + amount of returns) * maintenance
factor / Hourly production capacity

Proportion of scrap and returns that
can be blamed on maintenance

%

Estimation

Estimated yearly loss of production
from not being able to run at full speed

h

Use to calculate speed losses due to maintenance
(losses / hourly production capacity)

%

Estimation

h

Total number of failures causing an unplanned
production stop. Use to calculate MTRF.

Proportion of speed losses that can be
blamed on maintenance
Number of failures resulting in lost
production

Internal Cost
factors

Number

Number of working days
Planned downtime

Total cost
factors

Comments

Value

(NOK, SEK)

Amount of 1st line maintenance
Production
availability

Time period
(origination
period)

Turnover

Value of fixed assets
Value of spare part and consumables
inventory
Number of internal maintenance
employees
Number of internal operations
employees
Units produced
Production
measures

Unit

Total maintenance cost

(NOK, SEK)

Costs of maintenance including: labour costs, spare
parts, contractors, services, equipment, consumables,
maint administration and training. Provide split of
costs if possible.

Cost of PM

(NOK, SEK)

Internal PM cost (man hours) of operative maintenance
+ spare parts if possible

Time spent on PM (man hours)
Hourly maintenance cost
Cost of planned CM
Time spent on planned CM (man
hours)

h
(NOK/h,
SEK/h)

Estimated hourly maintenance labour cost
Internal planned CM cost (man hours) of operative
maintenance + spare parts if possible

(NOK, SEK)
h
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Group
Internal cost
factors

Measure
Cost of unplanned CM
Time spent on unplanned CM (man
hours)
Total amount spent on planning and
managing internal work

External cost
factors

(NOK, SEK)

Cost of external unplanned CM
Time spent on external unplanned CM
(man hours)
Administrational cost for managing
external activities

Turn around maintenance costs

Frequency of turn around
maintenance
Time for turn around maintenance

HSE factors

h

External unplanned CM cost (man hours) of operative
maintenance + spare parts if possible

(NOK, SEK)
h
(NOK, SEK)

Costs of maintenance including: labour costs, spare
parts, contractors, services, equipment, consumables,
maint administration and training. Provide split of
costs if possible. Exclude costs of modification and
redesign.

(NOK, SEK)

Times/year
h

Cost of consumables

(NOK, SEK)

Backlog

External planned CM cost (man hours) of operative
maintenance + spare parts if possible

(NOK, SEK)

(NOK, SEK)

Amount of completed PM WO
Amount of completed planned CM
WO
Amount of completed unplanned CM
WO

External PM cost (man hours) of operative
maintenance + spare parts if possible

h

Cost of spare parts

Cost of accelerated delivery of spare
parts
Inkurrans
Time factors

NOK, SEK

Cost of external PM

Time spent on external planned CM
(man hours)

Inventory

h

(NOK, SEK)

Cost of external planned CM

Comments

Value

Internal unplanned CM cost (man hours) of operative
maintenance + spare parts if possible

(NOK, SEK)

Total cost of contracted personnel

Time spent on external PM (man
hours)

Turn around
maintenance

Unit

Time period
(origination
period)

Purchasing cost for all spareparts used yearly
Purchasing cost for all consumables used yearly
(lubricants, filters, etc)
Yearly cost

(NOK, SEK)
(NOK, SEK)
Number

to calculate cost / WO

Number

to calculate cost / WO

Number

to calculate cost / WO
Amount of hours in backlog (divided upon
departments, Mech, electr, aut, etc)

h

Sickness absence

h / days

Number of accidents

number

Number of minor, not critical accidents
and near accidents
Penalties
Damages

(NOK, SEK)
(NOK, SEK)

Decontamination costs

(NOK, SEK)

Environmental taxes
Estimated cost per day of
absenteeism

(NOK, SEK)

Total sickness absence among maint employees
Number of accidents resulting in employee absense,
including occupational ill health.
Number of accidents NOT resulting in employee
absense.
Penalties for contaminations
Damges for accidents / occupational ill health
Costs of decontaminating the environment after
emissions
Taxes on environmental emissions, etc
Estimated cost per hour of one maintenance employee
being absent from work

(NOK, SEK)
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Group
Other

Measure

Unit

Time period
(origination
period)

h
Amount of rework
Proportion of equipment under
% of
equipment
condition control
Involvement of maintenance in design
% of workload
and investments
(NOK, SEK)
Training
Total number of hours spent on
h
analysis
Amount of personnel with certified
%
competence
Amount of personnel with more than
%
one certified competence
%
Redundancy

Comments

Value
Indication of CBM

Hours or money spent on maintenance training

% of personnel that have a certified competence, eg
electrician, welder, etc.
% of personnel that have more than one certified
competence, eg electrician, welder, etc.
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D: CSI SURVEY
This survey questionnaire underlies the analysis of the CSIMaint-indicator.
Customer Satisfaction Index (CSIMaint)
Company:

Telephone:

Contact:

E-mail:

Position:

Category

Question

Reliability

1. Do You think/believe that maintenance actions are
performed in a consistent way?

No, not
at all
1

2. Do You think that the maintenance function is equipped to
perform actions necessary to make the production run?
Responsiveness

3. Do You feel that the maintenance function/personnel are
motivated to help You with Your problems?
4. Do You think that the maintenance function are quick in
responding to production requests?

Competence

5. Do You think the maintenance personnel posses the right
competence for Your needs?
6. Is the maintenance function able to aid the production
when requested in a satisfactory way?

Access

7. Would You say that the day to day contact with the
maintenance function and personnel is a lengthy procedure?
8. Is it easy to get hold of the right maintenance
personnel/competence when needed?

Courtesy

9. Does the maintenance function respect and appreciate the
production needs?
10. Are the maintenance personnel polite in contact with
production?

Communi-cation 11. Do You think You get adequate information on the
maintenance goals and requirements?
12. Do You think that it is easy to communicate the production
goals and requirements to the maintenance function in an
adequate way?
13. Do You think You get adequate information concerning
maintenance jobs (for example duration, content, cost,
consequence for production )?
Credibility

14. Do You trust opinions of maintenance personnel?
15. Do You think that the maintenance function are
performing maintenance actions effective and well?
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2

yes,
indeed
3

4

5

6

7

No
opinion

Could You please assess
the importance of these
issues from 1-7 (1= Not
important, 7 = Very
important)
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No, not
at all

Category

Question

Security

16. Do You think that the maintenance function keeps the
installation safe (for both production and maintenance
personnel )?

1

17. Do You think that maintenance actions are performed in a
safe way (for both maintenance and production personnel)?
18. Do You think that the maintenance function enhance the
safety level of the installation?
Understand-ing 19. Does the maintenance function understand the goals and
the customer
needs of the production?
20. Does the maintenance function understand what actions
You want from them in a majority of situations?
Tangibles

21. Do You think that the maintenance function is making well
organised, clean jobs?
22. Do You think that the maintenance function are a visible
and important part of the business?
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2

yes,
indeed
3

4

5

6

7

No
opinion

Could You please assess
the importance of these
issues from 1-7 (1= Not
important, 7 = Very
important)

APPENDIX 3: CONTACTED COMPANIES FOR
PRELIMINARY INTERVIEWS
Record of contacted persons and companies for the Analysis of current practice chapter.
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ANALYSIS OF CURRENT PRACTICE CONTACTS
Company

Position

Date

Maintenance manager

2001-10-29

Maintenance analysis
Manager

2001-11-02

Hydro Aluminium Trygve Leinum,
AS; Sunndal

Operations Manager

2001-10-30

Håfrestrøm AB

Maintenance manager

2001-10-30

Norsk Hydro AS; Oseberg
Forretninngsområde2

-

-

Posten
Gøteborgs
Postterminal

Maintenance manager

2001-11-01

Maintenance manager

2001-10-30

SSAB Tunnplåt AB; Johan Eriksson
Borlänge

Maintenance manager

2001-11-05

SSAB Tunnplåt AB; Eric Sandström,
Luleå

Maintenance manager

2001-11-01

Stora
Newsprint;
Mill

Maintenance
and 2001-11-05
development manager

AvestaPolarit
Avesta
Forsmarks
Kraftgrupp AB

Scanraff AB

Name
AB; Anders Bohlin
Niclas Metzén

Arne Nettum

AB; Rui. Bastos

Torkel
Thornadtsson,

Enso Kenneth Ohlsson
Hylte

Södra
Cell
AB; Lars-Magnus
Mönsterås Bruk
Johannesson

Maintenance manager

2001-11-01

Södra Timber AB; Olof Johansson
Mönsteråssågen

Production Manager

2001-10-25

Data and information from Norsk Hydro AS; Oseberg Forretninngsområde originates from a survey at
the field performed by DNV consultant Runar Jørgensen. Information from that survey has been used in
the analysis of current practice, with permission from Norsk Hydro AS

2
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APPENDIX 4: CALCULATION OF TECHNICAL DOWNTIME
USING MTRF AND MTBF
This appendix clarifies the use of MTRF and MTBF in calculations.
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CALCULATIONS WITH MTRF AND MTBF
When using the MTBF and MTRF measures to calculate the unplanned downtime
(UD) or estimating the unavailability (u) of equipment it is of great importance to
take into account how the calculations are made and which system that is studied.
Two different systems can be identified. System 1 treats an installation as a box
with raw material coming in and being processed to a final product, see figure A-1.
Calculation the u and UD for system 1 is made by formula (1) and (2).

Raw m aterial

Final product

Plant

Figure A-1: The system 1 view
u sys =

MTRFSys
MTRF
(1) and UDsys = TAT
(2)
MTBF + MTRF
MTBFSys

Where TAT = total available time
System 2 identifies a number of different equipment within a plant and treats
them separately as shown in Figure A-2. In this case UD or u for the entire system
is a function of the MTRF and MTBF (formula (3) and (4)) for each equipment
which approximately can be summarised for the whole system according to
formula (5) and (6). The reason for the MTRF<<MTBF condition is that it would
be impossible to summarise the constituent equipment to get the UD or u for the
system if that was not true. If E1 stands all of the time the other equipment would
be useless. (For parallel (redundant) equipment, like E2 and 2, a common u or UD
a must be calculated in order to summarise the system u and UD).
Raw material

E2
E1

E4

E5

Final product

E3
Figure A-2: The system 2 veiw
u Ei =

MTRFEi
MTBFEi + MTRFE Ei

(3) and UD E = TAT
i

n

n

i =1

i =1

MTRFEi
MTBFEi

(4) if MTRF<<MTBF

u Sys = ∑ u Ei (5) and UDSys = ∑ UD Ei (6) if MTRF<<MTB
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APPENDIX 5: CALCULATION OF ABSENTEEISM COSTS
Explanation of background to cost estimations for absenteeism.
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CALCULATION OF ABSENTEEISM COSTS
Calculations of costs for absenteeism built on collected data on sickness or
accident absenteeism frequency is based on the Kostnader för produktionsbortfall i
samband med arbetsbetingad ohälsa och stress report by Malmquist [2001]. It is assumed
that costs of absenteeism are linearly related to the wage cost. Using the findings
made by Malmquist [2001], the following graph can be drawn.
Cost of absenteeism

Daily cost of absenteeism (SEK)

5000
4000
3000
2000
1000
0
0

200

400

600

800

1000

Hourly w age cost (SEK)

Figure A-3: Relation between wage cost and cost of absenteeism [developed from Malmquist,
2001]
Malmquist’s estimations, which have been used to create figure A-3 are only valid
for long time sickness absence between 60 and 180 days. Malmquist claims that
after 180 days the costs are significantly reduced, but says nothing about the cost
of shorter absenteeism. However, considering that the company is obliged to pay
sickness allowance the first few days of absence and that a replacement is less
likely to be found for a shorter time-period, shorter absenteeism will be more
costly than longer absenteeism. Using this assumption, the graph above describes
a lower boundary for the cost of absenteeism, which can be used to calculate the
least cost of absenteeism.
The model is used to estimate cost of absenteeism for studied companies by
comparing the hourly wage cost for the company and retrieve a daily cost for
absenteeism.
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APPENDIX 6: COLLECTED DATA FROM COMPANIES A-F
In this appendix the data collected from the companies participating in the benchmark study is
presented. In the cases where the companies could not provide data wanted cells are left empty.
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PRIMARY DATA
Group

Size factors

Production
measures

Measure

A

B

C

D

E

F

Turnover

EUR

4,41E+07

1,71E+09

3,25E+08

2,39E+08

4,44E+08

2,42E+08

Plant replacement value
(insured value)

EUR

9,75E+07

3,90E+09

1,06E+09

1,46E+09

1,74E+09

3,85E+08

Value of fixed assets

EUR

9,83E+06

3,58E+08

2,31E+08

2,03E+08

Value of spare part and
consumables inventory

EUR

2,60E+05

3,38E+06

5,50E+06

3,30E+07

9,75E+06

Number of internal
maintenance employees

Number

8

80

172

202

483

69

Number of internal
operations employees

Number

60

95

367

258

1321

348

Units produced

(tons, m,
etc.)

1,01E+05

6,94E+07

5,09E+05

1,15E+07

2,40E+06

6,52E+05

Maximum capacity/hour
(per plant and/or production
line)

Amount/h

16,6

8959,4

21,1

1458,3

425,2

123,3

24

24

24

24

24

24

0%

5%

5%

12,5 %

Hours per working day
Amount of 1st line
maintenance

Production
availability

Unit

Number
h/% of
workload/Va
lue

Number of working days

10 %

365

365

1095

365

350

333

Planned downtime

h/Year

416

0

517

114

607

236

Downtime due to CM

h/Year

223

0

530

631

607

650

0

0

1,92E+04

0

0

Mechanical maintenance

%

18 %

45 %

Electrical maintenance

%

5%

55 %

Automation maintenance

%

17 %

Inspection

%

8%

External maintenace

%

46 %

Operations

%

1%

Amount of scrap

tons, units,
etc

3,58E+03

0

Amount of returns

tons, units,
etc

321

0

4,87E+04

Proportion of scrap and
returns that can be blamed
on maintenance

%

50 %

0%

15 %

0%

0%

10 %

Estimated yearly loss of
production from not being
able to run at full speed

h

2,02E+03

1,02E+03

9,36E+02

1,18E+03

1,57E+03

1,85E+03

Proportion of speed losses
that can be blamed on
maintenance

%

60 %

32 %

50 %

50 %

50 %

30 %

Number of failures resulting
in lost production

st

231

4

4420
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Group
Total cost
factors

Measure
Total maintenance cost

Unit

A

B

C

D

E

F

EUR

2,80E+06

4,21E+07

1,48E+07

2,35E+07

2,83E+07

9,35E+06

EUR

1,69E+05

4,47E+06

9,87E+05

1,49E+06

2,48E+06

1,03E+06

Time spent on PM (man
hours)

h

4,32E+03

5,88E+04

2,53E+04

3,58E+04

5,58E+04

2,84E+04

Hourly maintenance cost

EUR/h

39

84,5

39

22

44

36,3

EUR

3,38E+05

1,57E+07

7,90E+06

5,50E+06

8,81E+06

1,03E+06

h

8,67E+03

5,96E+04

2,03E+05

1,45E+05

1,62E+05

2,84E+04

EUR

8,45E+04

3,92E+06

1,97E+06

1,65E+06

3,21E+06

3,44E+06

h

2,17E+03

1,49E+04

5,06E+04

2,00E+04

5,58E+04

8,61E+05

Total amount spent on
planning and managing
internal work

EUR

1,32E+05

4,80E+05

8,80E+05

4,50E+06

6,53E+05

External cost Total cost of contracted
personnel
factors

EUR

9,88E+05

9,27E+06

3,57E+06

1,04E+07

6,60E+06

1,10E+06

EUR

8,21E+03

4,31E+05

1,11E+06

1,60E+06

2,12E+06

3,30E+05

Internal Cost
Cost of PM
factors

Cost of planned CM
Time spent on planned CM
(man hours)
Cost of unplanned CM
Time spent on unplanned
CM (man hours)

Cost of external PM
Time spent on external PM
(man hours)

h

2,18E+02

2,66E+03

2,58E+04

4,14E+04

2,50E+04

7,50E+03

Cost of external planned
CM

EUR

7,32E+05

7,07E+06

2,46E+06

6,56E+06

3,85E+06

5,50E+05

Time spent on external
planned CM (man hours)

h

1,94E+04

5,13E+04

5,74E+04

1,87E+04

4,55E+04

1,25E+04

Cost of external unplanned
CM

EUR

1,83E+05

1,77E+06

0

2,22E+06

6,35E+05

2,20E+05

Time spent on external
unplanned CM (man hours)

h

4,85E+03

1,28E+04

0

7,50E+03

5,00E+03

Administrational cost for
managing external activities

EUR

6,58E+04

2,19E+05

2,20E+05

3,17E+05

6,53E+04

4,42E+06

2,20E+07

Turn around Turn around maintenance
maintenance costs
Frequency of turn around
maintenance
Time for turn around
maintenance

Inventory

EUR
Times/year

0

0,5

1

0,25

1

1

h

0

192

504

1008

336

735

9,19E+05

6,25E+06

3,80E+05

3,68E+06

3,61E+06

5,50E+05

Cost of spare parts

EUR

Cost of consumables

EUR

Cost of accelerated
delivery of spare parts

EUR

marginal

Inkurrans

EUR

35750

3,45E+04
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Group

Measure

Amount of completed PM
Time factors
WO

Unit

A

B

C

D

E

F

Number

3,56E+03

8,98E+03

Amount of completed
planned CM WO

Number

1,31E+03

4,28E+03

Amount of completed
unplanned CM WO

Number

326,4

1069

h

342,5

5241

HSE factors Sickness absence

h

2,84E+02

8,10E+03

1,42E+04

7,27E+03

8,62E+04

Sickness absence

%

2%

6%

5%

2%

9%

0

1

1

3

13

11

191

27

274

90

35

30

Backlog

Number of accidents

number

Number of minor, not
critical accidents and near
accidents

Other

1878

Penalties

EUR

0

0

0

Damages

EUR

0

0

0

Decontamination costs

EUR

1,10E+05

1,10E+05

0

Environmental taxes

EUR

3,94E+04

3,00E+07

3,25E+06

1,98E+05

7,67E+06

7,70E+06

Estimated cost per day of
absenteeism

EUR

195

422,5

195

110

220

181,5

% of
equipment
value

0%

15 %

% of
workload

0%

Amount of rework
Proportion of equipment
under condition control
Involvement of
maintenance in design and
investments
Training

h

EUR

4,94E+03

10 %

1,79E+05

10 %

10 %

3%

100 %

2,22E+05

1,01E+06

3,04E+05

1,80E+03

0

1,24E+04

Total number of hours
spent on analysis

h

104

0

Amount of personnel with
certified competence

%

100 %

100 %

100 %

100 %

100 %

100 %

Amount of personnel with
more than one certified
competence

%

25 %

10 %

10 %

25 %

10 %

10 %

% of
equipment
value

3%

Redundancy
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DATA FROM CSI SURVEY
Question
Do You think/believe that maintenance
1 actions are performed in a consistent way?
Do You think that the maintenance function
is equipped to perform actions necessary
2 to make the production run?
Do You feel that the maintenance
function/personnel are motivated to help
3 You with Your problems?
Do You think that the maintenance
function are quick in responding to
4 production requests?
Do You think the maintenance personnel
posses the right competence for Your
5 needs?
Is the maintenance function able to aid the
production when requested in a
6 satisfactory way?
Would You say that the day to day contact
with the maintenance function and
7 personnel is a lengthy procedure?
Is it easy to get hold of the right
maintenance personnel/competence when
8 needed?
Does the maintenance function respect
9 and appreciate the production needs?
Are the maintenance personnel polite in
10 contact with production?
Do You think You get adequate information
on the maintenance goals and
11 requirements?
the production goals and requirements to
the maintenance function in an adequate
12 way?
g
concerning maintenance jobs (for example
duration, content, cost, consequence for
13 production )?

A

B

C

D

E

F

Normalized
avrage

7

5

5

5

5,5

6,0

0,048

7

6

6

4

6

5,3

0,051

7

5

6

5

6

5,7

0,045

6

5

5

2

4

5,0

0,049

6

6

5

4

6

6,0

0,045

7

6

5

5

5

5,0

0,051

7

6

6

7

5

6,7

0,048

6

6

5

6

4,5

5,7

0,043

7

6

5

4

6

6,0

0,045

6

6

6

6

5

5,0

0,043

7

5

6

5

3,5

5,3

0,032

7

6

5

6

5,5

5,3

0,042

7

5

6

6

4,5

5,3

0,034

6

6

5

5

6,5

5,7

0,042

6

6

5

3

5,5

5,0

0,051

Do You trust opinions of maintenance
14 personnel?
Do You think that the maintenance function
are performing maintenance actions
15 effective and well?
Do You think that the maintenance function
keeps the installation safe (for both
16 production and maintenance personnel )?
Do You think that maintenance actions are
performed in a safe way (for both
17 maintenance and production personnel)?

6

6

5

4

4

5,3

0,049

6

7

5

6

5

4,0

0,052

Do You think that the maintenance function
18 enhance the safety level of the installation?

6

6

5

4

5,5

4,7

0,048

7

6

5

4

6,5

4,7

0,045

6

5

6

5

6,5

5,7

0,043

6

4

5

2

5,5

5,0

0,049

7

7

7

6

7

6,0

0,046

Does the maintenance function understand
19 the goals and needs of the production?
Does the maintenance function understand
what actions You want from them in a
20 majority of situations?
Do You think that the maintenance function
21 is making well organised, clean jobs?
Do You think that the maintenance function
are a visible and important part of the
22 business?
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APPENDIX 7: COMPANY INTERVIEWS
This appendix summarises the interviews in the benchmark study. The companies are defined as
one of the process types explained in chapter 7 and the positions of interviewed people are
presented. This is just a presentation of the answers given under the interview sessions, and hence
no analysis of the material.
A:

COMPANY A

II

B:

COMPANY B

VII

C:

COMPANY C

XII

D:

COMPANY D

XVII

E:

COMPANY E

XXII

F:

COMPANY F

XXVIII
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A: COMPANY A
Company A is defined as a process of type 1, according to the classification in
chapter 7. Persons holding the following positions were interviewed:
Operations Manager

Maintenance manager

Technical manager

Central maintenance co-ordinator

MAINTENANCE STRATEGY AND OBJECTIVES
During 2001 the cost focus at Company A was reduced, as efforts were
concentrated on increasing operating time. This has resulted in a maintenance
department that, at least temporarily, was not suffering from constant demands to
cut costs. This is believed to have had some impact on the resulting maintenance
costs for the year, but it is quite plausible that these have been motivated by an
increase in production availability.
The general idea of management at the company is to keep an undermanned
maintenance function, and plan all its available time. Naturally, these plans have to
be left for more rushing matters when breakdowns occur, but the intention is to
use external contractors to cope with the varying workload as much as possible.
Thereby, the utilisation of the internal workforce is optimised, and deviations in
workload are left to external personnel, whose costs are mostly variable.
Depending on the criticality of the maintenance work and the competence
required, different types of maintenance resources are used; internal, long term
maintenance partners or outsourcing.
The maintenance function has recently been decentralised and is now divided
upon the different production areas. The maintenance group in charge of
common areas is also a stand-by group, which is present around the clock at the
plant in case of emergencies. The different maintenance functions co-operate very
closely together with operations. Together these two functions are responsible for
production and all related costs, including maintenance.

MAINTENANCE RELATED KPI’S
The maintenance management at the plant is very keen on following different
KPI’s. The KPI’s mainly used are:
Uptime

External maintenance

Total cost per unit produced
(including maintenance cost)

Degree of planning
Backlog

Additional KPI’s to measure CMMS usage are also followed, such as reporting
of WO’s. Some sort of bonus system has been established recently, but no one
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really knows how it works. There was some scepticism towards the motivating
effect of implementing a bonus tied to indicators, and there is a belief that other
factors are more important. As long as results are improving, the employees may
be motivated, but once the peak has been reached, then a bonus will not be
motivating at all. It was believed to be more important to create a working
environment in which everybody is result-oriented and can see the effect of their
work and where the employees are content.

PREVENTIVE MAINTENANCE
Internal maintenance personnel perform most preventive maintenance, as this is
considered to be critical for the equipment and core competence of the personnel.
The current preventive maintenance program was initially established from
supplier recommendations, but is constantly being re-evaluated to increase or
reduce maintenance and inspection intervals. A TPM program is also under way,
in which the intervals will be examined further by maintenance and production in
co-operation.
Very little first line maintenance is performed by the operators, but the launched
TPM program intends to improve the understanding and ability to maintain the
equipment.
For every unplanned breakdown that occurs, the underlying reasons are examined
to determine if the PM program can avoid future breakdowns from happening.
These analyses may hence have an impact on the design of the maintenance
program.
The maintenance program is also affected by condition monitoring equipment.
Vibration- and temperature measuring is done on a limited amount of the
machinery. As the results are followed up maintenance activities are adjusted
accordingly in a condition based maintenance fashion.

USAGE OF CMMS
The company uses SAP as a CMMS. The intention is that all personnel should be
able to report in the CMMS, but this has not yet been achieved. A few
maintenance employees never report to the system, leaving this task to the
maintenance planner. Approximately two thirds of the operators at the plant use
the system to report WO’s.
The WO’s reported consist of a free text description of the fault, a code for
classifying the cause and when it should be finished.
The usage of the CMMS grows continuously, but is still relatively small. Utilisation
of reported data was underlined, as this motivates relevant reporting. SAP is
experienced as time consuming and difficult to use initially, but as experience
grows, so does the user efficiency and utilisation of the program.
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Drawings of equipment in the plant are stored in electronic format and are
accessible through SAP. Some drawings for old equipment are missing, but this
has never caused any trouble. Additional documentation and original drawings are
kept on paper.

PLANNING
Planning is made weekly, and plans presented on Fridays. This prepares both
maintenance and operations for the maintenance activities to come the following
week. All available internal capacity is used to perform planned activities. After the
week has passed, the amount of activities completed is compared with the planned
activities, resulting in the KPI degree of planning. This will indicate the amount of
rush jobs that occurred during the week, provided that the planner really fills the
entire capacity with planned jobs.
Rush orders are generally reported over telephone and WO’s written afterwards.
Special work permits are generally not needed, except when the production
process has to be stopped. When external personnel is used, the procedure
becomes more complicated as these need permission to enter the plant.
Backlog is monitored frequently and discussed in weekly meetings. WO’s in the
backlog are planned and prioritised if necessary.

EXECUTION OF WO
Operations should check the completed work, but this is not always done.
However, the company uses strictly quality-assured subcontractors, which they
believe is a guarantee for work well done. If there is trust, following up completed
work would be a waste of time. Sample tests do take place though, and if faults are
discovered, these may be used when negotiating new contracts.

REPORTING
Once a month data is collected and status reports delivered to higher level
management. This can be done easily by using SAP and little manual work needs
to be done. Deviations from the original plan are followed up carefully and have
to be explained to management, as well as actions taken to improve the result.
The safety management system Synergi is used for reporting accidents and
incidents. This system guide the user through a process of questions to determine
what caused the accident and how it can be avoided in the future. There is a big
focus on safety in the plant, with KPI’s displayed publicly in several locations
around the area. Incidents are reported frequently, and their potential hazard to
personnel and environment evaluated. If corrective actions are needed, an external
commissioning group is appointed to deal with the issue.
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KNOWLEDGE MANAGEMENT
There is very little transfer of experience among maintenance employees. The
organisation of people into the different production lines made things worse, as
the groups became smaller and more specialised and isolated from each other. The
main tool used to share experience is the CMMS, which reveals historic
maintenance actions on equipment, which can provide a good help when similar
faults occur.
There is very little new equipment, and hence not so much need for training. The
training that is provided to the personnel is based on competence need.
Employees are also rewarded through their wages for improving their
competence.

RESOURCE AVAILABILITY
Maintenance used to have greater influence in investment decisions. When larger
investments take place, a cross functional group is set up to make the decision.
There are both good and examples of these investment projects from a
maintenance perspective. The people who provide the money are often hard to
persuade about training costs, standardised parts, etc.
In regards to spare parts, there is a weekly meeting to discuss investments.
Consumables are ordered according to historically established ordering points.
There are three stock levels at the plant;
Central stock for parts shared by different production lines
Local stock for parts that are specific to the production line
Floor stock of consumables
When determining spare part stock, the policy is to ask the following questions;
1. Do we need a spare part?
2. Can the supplier keep one in stock?
3. Order spare parts.
There is some co-operation with suppliers in regard to stock handling by letting
them keep certain parts in stock and available within a shorter period of time.

SAFETY
Elementary safety procedures are widely spread and adhered. Safety within the
company receives a lot of attention by management and indicators are followed
closely. There is an extensive amount of different substances used within the
plant, all with corresponding documentation and recommended safety procedures.
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There is a belief that there simply are too many substances and safety procedures
to keep track of them all.

FINDINGS COMPANY A
Varying use of the CMMS in the daily work.
The CMMS is used as analyse tool to a large extent.
Close co-operation between operations and maintenance.
Large focus on HSE issues.
All available capacity is used in plans.
Low focus on training and knowledge transfer.
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B: COMPANY B
Company B is defined as a process of type 1, according to the previous
classification. Persons holding the following positions were interviewed:
Operations manager
Automation
manager

Mechanical maintenance manager
maintenance

Electrical maintenance manager

MAINTENANCE STRATEGY AND OBJECTIVES
The specified goals for maintenance are to achieve safe production, stay within
budget and to be cost-efficient. The company also has the policy is to do as much
maintenance as possible internally, but this is rarely adhered to, as a substantial
amount of work is subcontracted. It is however believed that subcontracting is a
simpler way to deal with the fluctuating demand of certain maintenance activities
such as isolation.
Strategy and goals are communicated to the personnel through for example
booklets, but it is unclear whether they are understood or receive any attention
form the personnel.
The maintenance function has the same hierarchical level as production and
reports directly to the plant manager. The maintenance function itself is divided
according to skills; mechanical, electrical and automation. There is however
extensive co-operation across these functional boundaries.

MAINTENANCE RELATED KPI’S
Currently production, emissions, accidents and incidents are monitored on a plant
level. Specific maintenance indicators are: backlog, plan fulfilment, and budget. A
bonus is also tied to these indicators, but there is little awareness of and concern
about this bonus. The reason for this could be either that the bonus is too low in
comparison with the total wages, or possibly poor communication and
understanding of the bonus calculation.
KPI’s are believed to have both positive and negative effects on the employees.
Firstly, some indicators that have been used are contradictory, which means that
improving one immediately results in another indicator suffering. In addition to
this, the maintenance function feels unable to affect some indicators that are used
to measure them, which is frustrating.

PREVENTIVE MAINTENANCE
The PM-program at the plant has been established from supplier documentation
and historical experience. The initial program was developed by people with little
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or no experience in operative maintenance. For this reason unrealistic
assumptions have been made, resulting in a PM-program that contains several
unnecessary or even totally inappropriate activities.
Further criticism of the PM-program is that it does not consider which stage in
the production life cycle that the equipment is located in. Commonly, more
maintenance is needed in the start-up of a plant or production line, which leads to
large backlogs if this is not considered.
On the positive side, a criticality study has recently been made to identify the most
safety- and production critical equipment, according to which stock management
decisions, and extent of PM is determined.
Vibration measuring is made on all critical rotating equipment. Oil samples from
the equipment are also taken frequently. WO’s are developed from preventive
actions as soon as something abnormal is discovered.
There have been minor complaints on the amount and quality of first line
maintenance. Lubricating, for example, has been unsatisfactory. Some equipment
failures are blamed on this lack of maintenance and operator failure. External
personnel are mainly used for boring, cold jobs that no one wants and for duties
that the company does not want to do internally for different reasons.

USAGE OF CMMS
SAP is used as a CMMS. All personnel have been trained in using SAP, but it is
unclear if everybody is able to use it as intended yet. Most employees can however
use the system for entering WO’s, with the exception of subcontractors, who file
complaints in a different system instead. There is a separate wage system, which is
not connected to SAP, resulting in an inability to monitor WO cost for external
personnel, and causes some double administrative work.
SAP is rarely used for failure analysis and not used sufficiently for planning, but is
used frequently to obtain failure history information.
There was a more detailed fault classification in the previous system, but this was
left out in SAP, as operators found it too demanding to fill in all the details.
However, there has to be some description of the fault, so the maintenance
planner can determine what needs to be done. If this is not done, the WO is sent
back to the person who issued it.
The previous system also measured efficiency of the workers, as the total time
consumed on WO’s was followed up. This measure was however experienced as
threatening by the employees, as it was used to assess their performance, rather
than their planners.
A document handling system has been implemented recently, and everyone has
not become familiar with it yet and is not consider it to be user friendly.
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Documentation is not kept up to date and is hard to find. For this reason, jobs
may take longer time to execute.

PLANNING
The planning function, which is geographically separated from the production
facility, plans 70% of capacity with 14-day plans. These plans are then used and
sometimes modified by the concerned managers, depending on operating
conditions. Operative personnel are not involved in planning. As discussed
previously, PM plans containing incorrect or unmotivated routines are received
frequently from the planning department, something that removes trust and
enthusiasm from the employees that are set out to perform these activities.
Safety is always prioritised, when WO’s are planned locally. When urgent
maintenance is needed, production often takes initiatives. WO’s are classified on a
1-3 scale where 1 is acute and 3 can be planned freely.
Backlog has been regarded by some as a measure of how well the plant is
maintained, and has therefore been used as a KPI. Therefore, WO’s and backlog
are monitored closely. “Interesting” and prioritised WO’s are usually dealt with
first, and the remainders left for the next shift. This could lead to a backlog of
“uninteresting” jobs.

EXECUTION OF WO
If a WO is not properly filled in, or the maintenance planner does not understand
what has to be done, then the WO is sent back to the issuer. preventive WO’s
usually contain a work description, but rarely priority 1 WO’s, as the work is
seldom foreseeable.
The operators check all WO’s that affect production. Often time-limitations
prevent test-running from being made with maintenance personnel present. This
has caused unnecessary damage to the equipment.

REPORTING
There are no defined procedures for reporting and the motivation for reporting is
low. The reason for this is believed to be that the information reported is seldom
used, which leads to the sensation that reporting is useless. This could therefore
be improved by using the reported information better (and communicating it).
Every 14 days the plant manager follows up KPI’s.
Errors are reported using free-text, ie. No coding is used, and no statistics can be
retrieved. Cause analysis is seldom made.
In terms of HSE reporting, both minor incidents and accidents are reported the
Synergi system. These reports are followed up by every department to identify
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possible improvements. To encourage reporting of incidents, there is a lottery
draw every now and then among reported incidents.

KNOWLEDGE MANAGEMENT
There is a reward system in place to promote improvement proposals. However,
the employees have not been very encouraged by this and few proposals have
been submitted. A benchmarking study has also been performed recently within
the organisation, with the aim to identify best maintenance practices among a set
of plants within the organisation.
Every employee has an individual training plan and special funding is available,
but this is often limited to mandatory safety training and not focused on issues
that could improve operative work. Poor quality of the training provided has also
been a problem. Due to frequent updating of the production equipment, more
training would be beneficial.

RESOURCE AVAILABILITY
The plant has a central inventory warehouse, which it shares with other plants in
the organisation in the same region. In addition to this, certain suppliers have
guaranteed to keep certain parts in stock and available within a short period of
time.
According to company procedures, purchasing and design decisions should be
made in co-operation with maintenance. It is however unclear to which extent this
policy is followed.
In terms of consumables and spare part inventory, stock is kept in accordance
with supplier recommendations and historical need. In addition to this, the
criticality study performed has provided input for the material management. Local
stock levels at the plant are kept as low as possible for cost reasons. There has
been a program of sending items back to the central storage if they have been at
the local inventory for longer than a certain period of time and are not critical to
production.

SAFETY
Safety is prioritised at the plant. Wearing protective gear is mandatory, and this is
controlled continuously. For every job, a rigorous job permit is required, which
also is followed up continuously.
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FINDINGS COMPANY B
High focus on HSE.
Vague WO’s are refused and sent back to the issuer.
Insufficient use of CMMS and reported data. Has lead to low motivation for
reporting.
Low acceptance level for develops organisation trough analysis.
Planning and operative maintenance are geographically separated.
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C: COMPANY C
Company C is defined as a process of type 3, according to the previous
classification. Persons holding the following positions were interviewed:
Central mechanical maintenance
and planning manager

Operations engineer

Preventive maintenance engineer

MAINTENANCE STRATEGY AND OBJECTIVES
The management focus in the maintenance department at the plant is divided into
three main areas;
1. HSE
2. Production availability
3. Cost effectiveness
Worth noting here is the high priority given to HSE issues, which rates as the
number one priority. Every meeting starts for example with the HSE. However,
the interview also gave the impression that cost management is very important to
maintenance management.
The goals of the company in these areas are communicated to the personnel
through small booklets, which are distributed to everyone. But whether these are
ever read or considered is unclear.
Maintenance and production have the same hierarchical status in the organisation.
The maintenance function is then split into different categories, depending on the
type of maintenance; Mechanical maintenance, Electrical maintenance,
Technology & Planned maintenance. Below this stage, the personnel are divided
further, according to production lines. This sort of organisation is difficult to
classify, as it is both centralised and decentralised at the same time. It is clear
though, that the mechanical and electrical functions are separated through the
entire hierarchy, which may prevent cross-functional communication between
these competencies.

MAINTENANCE RELATED KPI’S
The KPI’s used by maintenance at the plant are the following:
Operating time

Availability

Budget

HSE indicators
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There is a production related bonus system at the company, but this bonus is tied
to high level indicators, which hardly can be affected by the individual employee
or department. In the case of HSE, the company has been quite innovative. Here,
a bonus system, which rewards recreational activities that improve the physical
health, encourages employees to stay healthy. The HSE ambitions are very high
and a rigorous program has been implemented to achieve the goals that have been
set up.

PREVENTIVE MAINTENANCE
Supplier recommendations have been the main source of information to establish
the current PM program. Supplier recommendations have however sometimes
been experienced as excessive. Opinions like these, together with a CMMS which
is not kept up to date has resulted in maintenance personnel who modify the
maintenance program individually during their rounds.
There is an extensive use of different sorts of condition monitoring equipment,
both on- and off line. The intention is to increase the amount of on-line
equipment, which can be used for trend analysis.
Operators do very little preventive maintenance, but are very competent and have
thorough understanding of both the equipment and the process. Recently there
have been initiatives in improving both indoor and outdoor environment
throughout the plant, which has involved extensive cleaning and repainting. This
is believed to create a safer, more efficient production and improve the company
goodwill and employee satisfaction. The amount of complaints on maintenance
reduced drastically when a so-called area responsible maintenance engineer was
appointed to work in close co-operation with operations. This engineer works as a
middleman between operations and maintenance by doing minor maintenance
jobs himself and thereby allowing the remaining maintenance function to plan
their resources on larger jobs.

USAGE OF CMMS
IFS has been used as CMMS since 1995, but WO’s are still not always reported
into the system. Operators use a separate system to report WO’s, which then
should be transferred into the CMMS manually by maintenance. However, the
data base system Drop used by operations is simpler to use as it does not require
reporting of equipment numbers. For this reason, maintenance sometimes prefers
using this system, rather than the regular CMMS, leading to inadequate reporting
of WO’s to the CMMS.
Very little of the functionality provided by the CMMS is used by maintenance.
Extensive information that is reported by the maintenance personnel is seldom
followed up. Top cost drivers are not identified, backlog is not followed, etc. This
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is not only a missed opportunity to find frequent failures, but may also reduce
motivation for reporting at all.
The IFS system operates in isolation from other systems used at the plant. SAP is
used as a business support system in the company and there is a strive to
eventually replace the current IFS system with the SAP maintenance module,
although this is expected to take a few years.
Drawings and documentation are stored in Idoc, which is also used during the
initial project phases, when equipment data is entered into the system. The
documentation is retrievable through IFS, which has a hierarchical sorting
structure of all equipment in the plant.
This system works well for equipment which as been installed recently, but worse
for older equipment and parts. Blueprints are however also available and spread to
the people who need them in the plant.

PLANNING
An engineer carries out planning of PM, while cross-functional teams containing
representatives from different maintenance areas plan the activities during
production stops. The CMMS is used extensively for PM planning, but these plans
are not kept up to date and therefore not trusted by the maintenance personnel.
Backlog of WO’s is not monitored. There are gaps in the reporting of WO’s, and
deficiencies in the updating of preventive WO’s, which hinder this from being
used as a relevant measure. The company does however intend to reassume this
sort of follow-up.

EXECUTION OF WO
The WO gives a free text description of both the fault and the required work,
number of the article which has failed, priority of the corrective action and contact
details of the person who has reported the order. Once the work has been
finished, maintenance fills in the work done the reason for the failure, etc for
statistical reasons. These statistics are however seldom used for analysis.
There is very little control of the maintenance actions done, as employees are
trusted to accept responsibility for their own work. Complaints do occur, but
these are mostly caused by operations inability to describe or locate the fault. This
is something that the company hopes to improve by using their cross-functional
teams.

REPORTING
Data collection for reporting of KPI’s is made separately by each department, or
production area. These have to be retrieved manually by using the correct queries
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in the operations database. The CMMS is currently used to a very limited extent
for gathering KPI’s. Every unplanned production stop is followed by a discussion
in cross-functional teams to identify the cause of the failure and suggest corrective
measures. Top management follows production figures unplanned stops, etc. very
closely. These figures are basis for discussion in meeting on several different
levels.
Accidents and incidents are reported in the Synergi system. The employees are
encouraged to report to this system, and there is a strive to receive a certain
number of incident reports from every employee in the organisation. All reports
are sent to the manager in charge of the area where the incident occurred, who is
responsible for taking actions to prevent further incidents. The company has also
implemented something called one to one rounds. These rounds are made by
managers, who walk around in their area of responsibility with the aim to identify
potential working hazards and discuss HSE issues with the personnel.

KNOWLEDGE MANAGEMENT
A group wide improvement program based on employee involvement and sharing
of knowledge has recently been established. This program involves benchmarking
studies and comparisons across plants in order to identify best performers and
learn from them. The initiative has provided a wide network for the personnel to
use, but they lack time and resources to fully take advantage of the new
knowledge.
Periodically there is an evaluation of the competence needs in the different
departments throughout the plant. Seminars and courses have then been arranged
in co-operation with other plants in the group. According to the budget, 5% of
the time will be spent on training for next year. It has been attempted to
implement individual salaries for all personnel, to reward competent employees,
but the local unions have resisted.
Top performing workers within the different areas tend to be rewarded through
promotions within their area to become leaders and/or managers. This has
created problems, since the people who are very competent in purely technical
questions commonly are not as successful leaders. To complicate things even
more, they are set to lead their friends, with whom they have worked with for a
long time.

RESOURCE AVAILABILITY
Maintenance has had significant influence on design and strategic purchasing
decisions. The company follows an industry standard, which is considered when
these decisions are made. Maintenance gave the impression that the purchasing
department had little say in these questions, which could result in more expensive
investments being made.
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Stock levels are established by the projects in which the investment decisions are
taken. These stock levels are entered into the CMMS and monitored automatically.
Cheap consumables are then ordered automatically, while more expensive goods
have to be evaluated by the area manager before the final purchasing decision is
made.
There has been an attempt to co-operate within the group and share inventory of
certain spare parts. This project failed though, due to large differences in the
production equipment, which prevented economies of scale from being achieved.

SAFETY
Due to previous accidents in the plant, HSE issues are on top of the agenda.
Personal safety procedures have been established and HSE indicators are on
display in the plant and receive a lot of attention.

FINDINGS COMPANY C
High managerial focus on HSE issues, good reporting and follow up of
safety related incidents
Poor use of functionality that CMMS provides
Inconsistent reporting to the CMMS, which prevents analysis from being
made
Involvement of operative personnel in planning and analysis
Poor updating of CMMS, which leads to a lack of trust for the system
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D: COMPANY D
Company D is defined as a process of type 2, according to the previous
classification. Persons holding the following positions were interviewed:
Maintenance techniques manager

Production manager

Maintenance planning engineer

Maintenance planning manager

MAINTENANCE STRATEGY AND OBJECTIVES
Due to high costs of standstill the main focus of both operations and maintenance
is on equipment availability. For this reason, and because the process allows it,
there is substantial redundancy among valves and rotating equipment. In this
respect investment- and maintenance costs are secondary, as they are minimal in
comparison to the costs of lost production.
The company uses a classic approach of organising the maintenance function.
Maintenance has the same hierarchical level as operations, but there is only limited
co-operation between the two functions. The maintenance organisation is then
divided into different production areas, workshops and inspection. Worth noting
here is also the presence of a separate project function, which is responsible for
running investment and improvement projects.

MAINTENANCE RELATED KPI’S
Top management in the plant has adopted KPI’s recommended by a
benchmarking society, as these allow comparison with other companies in the
industry segment. For this reason substantial resources are spent on calculating
these KPI’s. Internally in the plant, availability and conformance with budget are
followed up.
Employee bonus is tied to availability, conformance with budget and fire
prevention. The bonus may vary over time and changes for turn around
maintenance activities. Even though their bonus depends on some KPI’s the
employees are still not motivated by these measures.
Some concern about the efficiency of internal maintenance was expressed. A KPI
to measure this by estimating the amount of operative maintenance received per
invested amount of money was also mentioned as a possibility.

PREVENTIVE MAINTENANCE
When establishing a maintenance program, the company follows the
recommendations set out by the suppliers of the equipment. It has been realised
though, that the recommended intervals for maintenance are commonly shorter
than needed and can be extended. The experience is that the condition of some
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equipment is best maintained by letting it run continuously, without interruptions.
Shutdowns for preventive maintenance commonly cause future disruptions in the
operation.
In terms of condition monitoring, important equipment is provided with
equipment such as vibration monitors and pressure vessels are inspected regularly.
The inspection department has recently launched improvement programmes,
involving RBI.
Very little first line maintenance is performed by the operators (less than 5% of
operator time, limited to cleaning, leakage detection, oil level checking and some
lubricating). The lubricating is however not performed satisfactorily. Although
having plenty of time, the operators do not assume any responsibility for the
machinery. There is some disagreement between production and maintenance on
what duties can be expected from production employees. Operations claims that
they lack the resources to do any maintenance of significance, due to job cuts.
Operations also recognise that an increased knowledge and understanding of the
equipment, which they operate, would most likely result in a reduced need for
maintenance. There has been a drive for working in cross-functional teams
containing both maintenance and production personnel. This type of work is
believed by production to have great improvement potential on equipment
condition and performance.
Internal personnel perform most maintenance, but certain (unwanted and not
crucial) jobs are left to contracted personnel and for some equipment service
agreements have been developed with the equipment suppliers. However, it is
believed that the internal human resources could be used a lot more efficiently,
thereby further reducing the need for contractors. It is sometimes a matter of
professional pride that leads to a resistance to perform certain maintenance
activities. Internal promotions also result in some employees managing their
friends, leading to a lack of professional respect for the manager and difficulties in
managing the workforce.
A lot of resources are spent on inspection and testing of high-pressure security
vessels, often stipulated by law. This inspection is claimed to cause significant
productions stops, during which other PM activities also take place. This is
however a somewhat pessimistic view of inspection. Assessments such as RBI
could be used optimise these inspection intervals, according to the criticality and
probability of failure of each component. Thereby, inspection could be seen not
only as a purely negative cost stipulated by law, but also as cost-efficient measure
of detecting failures before they occur.

USAGE OF CMMS
The company uses Maximo as a CMMS. Most of the equipment is labelled with
identification numbers in the CMMS. For some equipment, this is not done
-XVIII-

DET NORSKE VERITAS
APPENDIX 7
however. Some systems are not divided into detail (distillation towers and certain
piping with valves) which needs and additional explanation in the free-text area,
leading to difficulty in following up failure statistics.
The company has the ambition to enable all employees to operate the system,
rather than just having a few expert users. The use of the system is improving, but
is still not impeccable and quite some functionality is never used. It is believed
that additional functionality will require more input, increasing the administrative
workload for operators and maintenance personnel. The system is used only to a
limited amount in regards to analysis. Operations claim that a lack of analysis
results in a substantial amount of wasted money on equipment, which should be
replaced instead.
Maximo is not connected to other ERP systems. Time reporting, for example
needs to be done twice, which leads to failures in reporting, as employees find it
excessive.
It has been discussed to let production remove the WO’s when they are checked,
but this has not been implemented, and production seems reluctant to take this
responsibility.
The construction department via the document handling system Idoc handles
equipment and process data. Idoc exchanges information with Maximo so that
information in IDOK can be accessed from Maximo. However, drawings are still
only available to a limited extent electronically and mostly stored on paper.

PLANNING
A separate department does the planning of maintenance activities. Maximo is
used to plan, but not to the extent that it could be. For example, some planning of
turn around maintenance activities could be automated.
Unperformed WO’s are not followed up. They are saved on a growing list of
WO’s with lower priority, from which work is chosen when resources are
available. Deletion of WO from the list is sometimes delayed by maintenance
managers after completion of the maintenance actions, in order to make more
precise cost estimations of the work.

EXECUTION OF WO
According to maintenance, WO’s filled in by operations are vague. Maintenance
personnel have to arrive on the scene to obtain detailed knowledge about the
error. WO contains a checklist of 10 points describing the error (hot, vibrates,
cold, etc.). All jobs must be cleared by operations before they are started. After
completion, the operation managers also verify the work performed when the
equipment is restarted.
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REPORTING
Availability measures and budgets are followed up monthly. Maximo is not used
to calculate any management indicators today, but root cause analyses and other
equipment analyses are made through the system.
Data collection for the Solomon studies has to be done manually, as the system
has not been designed to calculate these figures. Apart from these studies made in
two-year intervals, only availability and maintenance budget are followed up on a
monthly basis. These are however transparent in the organisation. When the
budget has been overrun the maintenance manager must recalculate the budget or
seek more funding.
All accidents are followed by a report, explaining the accident and its cause.
Incidents and minor accidents should also be reported, but according to
maintenance, this is seldom done. Reporting of accidents and incidents is made
through an internally developed safety management system. The line manager and
the safety engineer at the plant then act upon reports. Every month, top
management follows up reports to control the safety work of line managers.

KNOWLEDGE MANAGEMENT
There are no formal training strategies for the maintenance functions (no specified
amount of training hours per year). Employees are however rewarded through
increased rates of pay as they improve their competence.
There is some competence exchange with sister plants in Sweden and Norway,
with which staff is also shared at times. Furthermore, the company takes part in a
world wide benchmarking study, which can be seen as a sort of competence
exchange.

RESOURCE AVAILABILITY
Purchasing decisions concerning spare parts for crucial equipment are mainly
made by maintenance management. Nevertheless, operations claim that, too much
resources are spent on maintaining equipment, instead of removing errors through
investments.
Maximo is used to track spare parts and as inventory management system. Spare
part policies are developed from recommendations set up by the equipment
supplier. Consumables inventory follows standard inventory management
procedures as ABC-calculations or security levels.
The company does not have any co-operation in terms of purchasing agreements
or shared inventories, either with suppliers or with other plants. This has been
discussed with a sister plant. However, expensive equipment is usually unique,
which does not permit such agreements.
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SAFETY
Safety is a very important issue for people working at the company. All employees
undertake safety courses before they are allowed to work. This also applies for all
hired personnel working in the plant and safety regulations are generally respected.
There is also a safety engineer monitors LTIF for both internal and hired
personnel and the employees are rewarded for good performance.
According to the maintenance management, safety related activities are prioritised.
This is especially important for the pressurised systems in the plant, which may
cause massive damage to personnel and environment upon failure.

FINDINGS COMPANY D
Limited co-operation in cross-functional teams, although improving.
Little involvement from operative maintenance and operation employees in
investment projects.
Inspection intervals stipulated by law. These could be modified to more
cost-effective intervals by applying RBI.
Little involvement from employees in planning of activities.
Insufficient use of CMMS. Could for example identify top cost- drivers.
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E:

COMPANY E

Company E is defined as a process of type 2, according to the previous
classification in chapter 7. Persons holding the following positions were
interviewed:
Environmental manager

Quality engineer

Operations-integrated
maintenance and optimisation
technique manager

Acute maintenance manager

Maintenance general manager

Operations manager

Plant service manager

MAINTENANCE STRATEGY AND OBJECTIVES
The plant has recently adopted a new strategy, which involves maintenance based
on demand. First marketing and sales set requirements to production, according
to market demand. Then operations elaborate requirements to maintenance and
decide upon WO’s, etc. Operations are responsible for maintaining their own
production line, with aid from maintenance resources. Operations own the
production assets and order maintenance through WO’s from the maintenance
function. This is a new strategy, which is under implementation and is being
communicated to the personnel continuously, although much remains to be done
in order to achieve the aims. Historically, maintenance has had full responsibility
for maintaining the assets and operators have had very limited understanding of
the equipment and how it needs to be maintained. The decisions of the
maintenance function have therefore seldom been questioned, sometimes
resulting in unnecessarily expensive equipment and activities. Now though, the
maintenance function is to be compared with external competitors, in order to
improve efficiency and reduce costs.
The maintenance organisation was changed during 2001. Previously, each
production line had its own maintenance function. Maintenance is now separated
from operations, and operates in parallel. The maintenance function also focuses
on establishing cross-functional teams, which consist of members from the
different disciplines of maintenance. The maintenance groups are divided into:
Acute maintenance. Group available all shifts, which only performs
corrective actions.
Operations integrated maintenance, performs daily maintenance in the
production lines.
Plant service. Performs daily planned maintenance throughout the plant.
Optimisation techniques, group for improvement analyses.
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Planned service. Plans and executes planned actions.
Work shop.

MAINTENANCE RELATED KPI’S
Currently very few indicators are used by the maintenance function. Instead, they
have focused on indicators used by operations, such as production volumes,
availability and number of stops. Within the current organisational change, there is
also a strive to establish more maintenance specific indicators. The following
indicators have been suggested:
-

Number of employee conversations

-

Number of salary discussions

-

Injury frequency

-

Complaints

-

Number of accidents (with and without absence)
Number of incidents
Long time absenteeism

-

Training

-

Downtime due to CM

-

Information sharing

-

Amount of planned maintenance

-

Employee satisfaction

-

-

Budget compliance

Proportion employees
according to goals

-

External costs

-

Number of improvement proposals

-

Number of employees

-

Amount of WO reported within
agreed time

-

Number of registered employees

-

Involvement in project

-

WO within 20% of estimated time

-

-

WO within 20% of estimated
budget

-

Improvement
customer

proposals

to

Downtime due to maintenance
Number of breakdowns due to
maintenance

working

The organisation is relatively focused on “Soft” indicators. Through this it is
hoped that expectations, understanding and thereby planning can be improved.
For example creating groups of people that work well together and thereby better
efficiency and employee satisfaction will be obtained. As of yet, no bonus is tied to
any of these indicators. The local workforce union is very strong and is opposed
to individual salaries.
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PREVENTIVE MAINTENANCE
PM program is mainly based on previous experience. The intervals are changed to
adapt to the state of the equipment, but there is still a belief that these intervals
can be modified further to reach the optimum inspection interval. The inspection
intervals have been established through historical evidence, but to optimise this, a
risk manager has recently been hired to perform RCM/RBI alike studies on the
equipment.
To detect failures both on- and offline vibration and signal measuring is used.
This type of monitoring made on larger and critical equipment. The resulting data
is used to not only to detect pending failures but also to analyse failure causes.
There are also extensive inspection activities in progress continuously.
Operations integrated maintenance performs the majority of PM. The policy is to
use as little external maintenance as possible. The equipment used is so specific
that it is difficult to use external resources. The preventive maintenance teams are
split into the different production lines, so the teams stay at one line. Thereby they
are very competent on maintaining their specific equipment.
According to maintenance, operators do very little first line maintenance, but this
view is not shared by operations. A new TPM program is however being launched
on one of the production lines. Still only the initial phase has been reached, but
there are great expectations of the results of this program. It is anticipated that
operators will learn more about the equipment they are operating and thereby be
able to prevent more failures from ever occurring.

USAGE OF CMMS
Until now an internal CMMS has been used, which is hard to operate and is
unable to aggregate data for the different production lines. Instead, this has to be
done manually. A new CMMS by IFS is being implemented currently, partly to
obtain a more holistic view, and not only provide data for the different lines in
isolation.
The current system is not user friendly, and not many people know how to use it
and extract data from it. There is quite some data available for analysis, but as the
system is not user friendly, this is seldom done. Analysis is believed to be an area
where there is space for improvement.
Drawings and other records are being converted to electronic format currently. As
of yet, only paper versions exist, although they are kept up to date and
modifications are constantly being entered into the drawings.
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PLANNING
Planning is made individually by the respective functions in the corresponding
production lines. There is also a specific maintenance planner available to coordinate the internal resources in order to minimise the external work needed.
The operation integrated maintenance function, which focuses on PM, plans
approximately 25% of their time. The remainder of the time is spent on failure
detection, failure analysis and other activities after discussion with operations. The
corrective maintenance function does not plan any jobs, but merely answers to
alarms. Preventive WO’s are created by the current CMMS, but most of the
planning is currently made by hand.
The corrective maintenance team is called by production. When they are called
upon, there is usually little time available for planning and preparation. Only when
dangerous conditions are present, do any safety procedures need to be considered.
Backlog of WO’s is not monitored currently, but there is a desire to do so. Many
old WO’s remain in the system, as they are never automatically dismissed.

EXECUTION OF WO
With the exception of rush orders, all maintenance activities should be based on
WO’s. WO’s should contain:
Equipment no
Issuer
Free text describing the error
No error codes are used though, which prevents error statistics from being
created. Sometimes the completed work is controlled by production. Occasionally
complaints take place and need to be followed up.

REPORTING
Data are to be retrieved monthly from the CMMS, the ERP system, the company
health and safety co-ordinator and employee conversations. With the current
system it is quite time consuming to gather the data required for the reports.
Accidents are reported, but incidents are often not. All reports are analysed by
HSE personnel and safety committees at the plant, which meet 4-5 times per year.
When breakdowns occur, the reason and responsible unit is identified and
reported. There after, analysis takes place in order to decide upon corrective
actions.
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KNOWLEDGE MANAGEMENT
Training needs are established through individual discussions. There is an internal
department for training at the plant, and additional resources are purchased when
needed. This department, two persons, handles knowledge management issues,
both training personnel and purchasing the right courses. In total, approximately
three days a year is spent on training per employee. Unfortunately, the company
cannot pay the employees according to competence, as the work force union does
not allow individual salaries.
The new functional groups have created an environment for competence sharing.
Previously there was rivalry among the different sections within the plant. There is
no program for sharing competence within the company group today, but smaller
individual initiatives have taken place to create gatherings and group discussions
with local industries.

RESOURCE AVAILABILITY
Based on their previous experience and expert judgement, the maintenance
personnel decide upon spare parts that should be kept in stock, but not
consumables. Expensive items are evaluated against delivery time and probability
of failure. Nevertheless, there is a great number of items in stock that are very old
and sometimes unnecessary. Electrical motors are today monitored in a manual
filing system on paper notes managed by two persons, which is very fragile.
Spare parts are handled in the existing CMMS and should be so in the future.
Unfortunately, the current program is not user friendly. One must know the exact
name of an item to retrieve it in the system and it is very slow manoeuvring in the
menus. The future system will hopefully be easier to handle.
There are no purchasing alliances or shared inventories today but it would be
interesting to participate in such activities with surrounding industry. Vertically the
plant has service agreements with some suppliers on critical equipment, requiring
them to provide parts and competence if necessary. Some suppliers keep stocks at
the plant, but these agreements are rare.

SAFETY
Helmet and protective clothing is mandatory. In some areas an authority is
required to work, example hot areas, high voltage areas, propane areas. No one
breaks these regulations, as they are responsible if accidents occur. Chemistry
products within operations are now controlled as the environmental management
system is introduced.
According to the plant environmental manager, maintenance also has a significant
impact on energy consumption, emissions and corresponding costs. If the
efficiency of for example gas heaters could be improved or prevented from
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deteriorating, substantial savings could be made. To which extent these thoughts
are spread among maintenance employees is unclear.

FINDINGS COMPANY E
The indicators suggested previously are all interesting, but they are too many
and therefore risk causing a diverse management focus.
The old CMMS has been used insufficiently.
The company has a quite different approach towards planning the available
resources, as only 25% of the available time are planned.
Relatively large focus on acute maintenance.
Sickness absence far too high.
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F:

COMPANY F

Company F is defined as a process of type 1, according to the previous
classification. Persons holding the following positions were interviewed:
2 Maintenance engineers

Maintenance manager

Maintenance workshop and
maintenance technical manager

Human resources representative

MAINTENANCE STRATEGY AND OBJECTIVES
The maintenance strategy at Company F tends to vary with the existing market
conditions. Depending on market demand, there is either a focus on production
availability or maintenance budget. During the last few years however, the aim has
been set on increasing production time by reducing break-downs and MTRF. This
focus on production time is thoroughly communicated to the employees, who are
well aware of this aim.
According to operations, the maintenance function focuses too much on
corrective maintenance. Production stops are handled well, but there is a lack of
long term planning and preparedness and provision of spare parts.
The local organisation is divided into functional groups, which contain both
operational departments and maintenance departments, organised in parallel. The
maintenance personnel are then organised into smaller departments that are
responsible for their corresponding production areas, within the larger functional
group. These departments have no ordinary manager or supervisor that tells them
what to do. Instead, the technician who is responsible for the planning of
maintenance activities presents the weekly activities, after which the individual
assignments are agreed upon in co-operation with the department. Through this,
the employees participate in planning their own work and feel more responsible
and are more motivated. According to operations though, the areas of
responsibility of maintenance and operations are not always clear, which may lead
to actions being forgotten or left out as no one accepts responsibility. However,
the new organisation, in which operations and maintenance work side by side
during production stops, allows for improved communication and understanding
between the functions. Unfortunately, this sort of co-operation has not reached all
levels and areas within the plant. According to one production manager, there is
still a great divide between the two disciplines on a floor level in certain
production areas.

MAINTENANCE RELATED KPI’S
The KPI’s used at the plant are the following:
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Operating time

Availability

Budget

Quality

MTTR

OEE

Mean Down Time
Currently, the main focus lies on operating time and the aim for 2001 was to reach
124 operating hours per week. Some parts of the maintenance function are
however more cost focused, as there is over capacity in their production line. To
achieve these goals the internally developed “Bosse-model” is used. This is a
model that breaks down downtime on different parts of the production line and
makes it possible to track worst performers.
Different maintenance units in the plant are also focused on separate measures,
depending on their historical culture and the strategy they use. The workshop, for
example, makes more use of the CMMS and is more focused on internal efficiency
measures such as lead-time and compliance with planned service times and costs.
From this department, the experience is that the indicators have improved
substantially after the measuring was commenced.
There is a bonus system at the company, but this bonus is tied to high level
indicators, which hardly can be affected by the individual employee or department.
A bonus that focuses on the preventive actions, by rewarding long MTTR is
believed to have positive effect. However, the importance of attending to other
issues, such as production quality and service are also recognised. Due to overtime
compensation, the current wage system actually rewards maintenance workers if
production stops frequently, which is very contradicting.

PREVENTIVE MAINTENANCE
To establish the current PM program a combination of supplier
recommendations, historical failures and expert judgement is used. Supplier
recommendations have sometimes been faulty and it is believed that the operators
and maintenance personnel themselves often are the most competent decisionmakers in this respect. Vibration monitoring equipment is used on critical
equipment. This type of equipment is increasing and the analysis of the measuring
likewise.
The internal maintenance employees mainly perform preventive maintenance. The
operators do some first line maintenance and this amount has increased
substantially during recent years. However, according to maintenance this amount
could in many cases be increased even further. Plant management shares this
belief, and intends to increase the first line efforts and thereby reduce the amount
of external maintenance used.
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USAGE OF CMMS
The company uses an internally developed CMMS. This is entirely text based and
not very user friendly. The system has been in place for 15-20 years, which means
that most employees are now used to it and are fairly competent users. Naturally,
there are exceptions, especially among operators. There is continuous training on
using the system, and it is also developed almost continuously to adapt to the
needs of the maintenance and operations personnel.
The CMMS makes use of a complete coding system, identifying all equipment
exceeding a certain value. In the WO’s, this code is used, together with a free text
description of the fault, and a prioritisation, depending in the criticality of the
equipment. Although not very user friendly, the CMMS is quite powerful and has
extensive functionality. However, this functionality is used very inconsistently
throughout the plant, depending on each manager’s opinions on what to focus
their efforts on.
The CMMS is one of several separate systems used at the plant, some of which are
integrated and some are not. Drawings that are used frequently are being
converted to electronic format and transferred to the CMMS. This is however a
very time consuming process, which means that the majority of drawings will
never be converted. The drawings use a consistent coding system down to
machine level. There after components are classified independently by each
technician responsible for that function. There are rigorous procedures in place to
keep all documentation up to date.

PLANNING
The weekly tasks are extracted from the CMMS by the technician in charge of the
equipment. After this the detailed planning is left to the employees in the
maintenance groups. The employees are thereby trusted to decide their own
schedule for the following week, which is believed to motivate and inspire.
Management believes that having motivated employees is more important than
having a precise PM program.
80% of the available capacity in the maintenance function is filled with PM work,
while the rest is left for corrective tasks. The aim is also to do as much
maintenance as possible while the process is running and to reduce the amount of
external resources.
Urgent jobs are handled by the shift-team, which consists of four persons and
serves the equipment of the entire functional group. Very seldom are any specific
work permits required. The only specific guidelines are “Cut and lock”, which
means cut the power and lock the equipment, preventing it from being started
accidentally.
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Backlog of planned activities is monitored sporadically, but does not receive much
attention from management.

EXECUTION OF WO
WO’s contain a free text description of the fault, the code of the equipment to be
repaired, a prioritisation and name of the issuer of the job. Once this information
is received, the planner adds on resource requirements and provides a cost and
time estimation of the work.
Once a maintenance activity has been finished, there is no formal control of the
maintenance performed, either by operations or any one else. One simply trusts
the competence of maintenance, but sporadic complaints do occur.

REPORTING
One person gathers monthly data from several systems, and converts this data
into a set of KPI’s, which are presented to management and employees. The
CMMS provides some of the information required for this, but far from all. Quite
some manual work is required to collect data from separate systems.
Operational performance, such as availability and downtime is constantly
monitored by management, who is very concerned about these measures and keen
on keeping them high. All personnel are obliged to report all sorts of potentially
hazardous incidents. This reporting has however not been done sufficiently and it
is feared that many incidents are never reported. To increase reporting of
incidents lotteries (for example) have been established to inspire more reporting,
but with limited success. The nearest manager follows up the reports that are
made. He/she discusses the incident with the issuer of the report, during which
the reason for the incident and possible preventive actions are brought up. A local
safety committee established to improve occupational health and safety also
follows up accident and incident reports.

KNOWLEDGE MANAGEMENT
Parts of the maintenance personnel have made occasional visits to other process
industries both nationally and internationally to exchange maintenance
experiences. In addition to this, several cross-functional projects with participants
from both maintenance and operations are underway. These projects are believed
to be very motivating and developing for the personnel. This view is shared by
operations, who underline the improved communication and mutual
understanding between the two functions. Regrettably, this process has not
reached this far in all parts of production. Some areas still experience segregation
between maintenance and operations.
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The maintenance managers all have individual employee development talks with
their personnel. During these talks the competence of the individual is measured,
training needs are identified and goals are set. The aim is to spend 40 hours
annually per employee on training.
Most of the training involves learning new equipment, but more general courses
are also provided. Participation in different projects, such as new investment
projects is believed to be a great contribution to personnel development.
Employees are rewarded for developing their competence through increases in
salary.

RESOURCE AVAILABILITY
According to themselves, the maintenance function is heavily involved in
investment and design of new equipment. They are far more influential than the
purchasing department on the decisions that are made in this respect. Operations,
however claim that maintenance are often forgotten in this respect an only called
in when most decisions already are made, and only details are possible to modify.
All spare parts and consumables are monitored in the CMMS. The inventory
handling system is relatively sophisticated and the stock levels are constantly being
modified in order to adapt to changing demand. There is sporadic exchange of
spare parts with other companies in the neighbourhood. There has also been
some discussions about entering a joint coding standard to make spare part
inventories transparent with other companies in the region.

SAFETY
There are several operating procedures, which are described in different manuals.
However, these are so many that no one really grasps them. Several safety courses
are also provided to the personnel.
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FINDINGS COMPANY F
Inconsistent use of CMMS.
Deficient reporting of incidents.
Focus on employee involvement.
Based on the quite different views in many areas, there seems to be a lack of
communication and co-ordination with operations.
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APPENDIX 8: REDUNDANCY ANALYSIS
Appendix 8 explains a decision support methodology for calculation of the most favourable
amount of redundancy for different equipment types and placements.
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REDUNDANCY ANALYSIS
To be able to determine the cost optimal redundancy for a specific piece of
equipment at a specific site, formula (1) can be used [development from Kjellsen, 2002]:

TCEquip = u n • Caph + ECInv • EDepr • n + ECMaint • n + t Switc • CPL • u (1)
Where:
TCEquip = Total Cost of equipment
u = unavailability of that equipment type
n = number of equipment (How many at one position)
Caph = production Capacity per hour (in monetary value)
ECInv = Equipment investment Cost
EDepr = Equipment depreciation
ECMaint = Equipment maintenance cost
tSwitch = Switch time (Changing from one equipment system to another)
CPL = Cost of production loss
All of these parameters can be considered known except u and n. To retrieve u it
is possible to look up old availability data for that type of equipment in databases
for example OREDA for offshore reliability data [SINTEF, 1997]. However, u
can also be calculated by the following formula (2)[Kjellsen, 2002]:
u=

MTRF
if MTRF<<MTBF (2)
MTRF + MTBF

When all other parameters is known n can be calculated as follows:
∂TCEquipt
∂n

= n • u (n −1) • Caph + ECInv • EDepr + ECMa int = 0 (3)

solving this equation with aspect to n gives:

ln n + n ln u = ln( EcInv • EDepr + ECma int ) + ln u − ln Caph (4)

The forth equation is solved numerically with, for example, the Newton-Raphson
method and gives the optimal number (n) of equipment (redundancy) at a specific
site (with aspect to failure data that compose u).
When the optimal redundancy is determined, it is possible to determine the
amount unnecessary redundancy (in terms of cost efficiency), or the money lost
due to lack of redundancy as shown in Figure A-4. In Figure A-4 company 1-3
have excessive redundancy (shown as positive bars in the diagram, company 1 are
spending ca 10 MEUR annually on unnecessary redundancy). Company number
four have cost optimal redundancy (value near zero) and companies 5-6 have to

-II-

DET NORSKE VERITAS
APPENDIX 8
less redundancy (company number 5 are losing circa 7 MEUR annually). Such
analyse can be a driver for further investigation of redundancy within a company.
Alternative redundancy cost
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Figure A-4: Example of alternative redundancy cost
Of course this type of analysis have many imperfections. It is very dependent on
the input data (for example unavailability data). It doesn’t take into account types
of redundancy prescribed by law, for example security systems at a nuclear power
plant.
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