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1 Introduction

1.1 Background

As environmental awareness has increased among people and competition in the 

power industry has become ever fiercer, the importance of efficient power plant 

maintenance has risen to a new level. Efficient maintenance keeps facilities and 

equipment more reliable and energy efficient and that saves the environment and 

reduces a company's costs.

Fortum Oyj is a Finnish publicly listed energy company, which focuses on the 

Nordic and Baltic countries, Poland and the north-west of Russia. Fortum operates 

and maintains power plants and provides other energy related services. The com

pany's main activities are production and distribution of electricity, heat and 

steam. [1]

This thesis is commissioned by Heat division of Fortum Power and Heat, which 

has a multiplicity of power plants in Finland, Sweden, Baltic and Poland. Some of 

the plants are built and operated by Fortum and some plants have been transferred 

to Fortum through acquisitions. As can be assumed from this, the plants all have 

very different working cultures and models of operation.

Fortum's power plant in Naantali has just turned 50 years of age and is still in full 

use. The typical lifetime of similar power plants varies from 40 to 60 years. The 

lifetime can be extended significantly by applying correct operating and maintain

ing procedures. Added to that, proper maintenance is one of the most important 

factors affecting the plant’s cost efficiency. Every plant having its own working 

methods problems might not come out well trying to cooperate or compare with 

other Fortum plants. In some plants, maintenance is already in very good shape 

while other plants may experience problems in even the simplest areas. Having 

different maintenance methods complicates cooperation between different plants. 

The plants might have different spare parts or the same spare parts in store but la

beled differently, and employees may have different working methods or levels of 

knowledge, making it harder for them to substitute in other plants, if needed. By
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developing a single satisfactory operations model and implementing it in all For

tum plants, the company could gain advantages through cooperation, save in 

costs, improve motivation in the workplace and increase the effectiveness of em

ployees.

In the beginning of the 21st century Fortum acquired the majority of the third 

largest energy company in Sweden called Birka Energi. The heat business of For

tum in Sweden is at present called Fortum Värme, which is also part of the Fleat 

division. Fortum Värme produces the majority of Stockholm's district heating and 

electricity through combined heat and power production and feeds those to the 

distribution network. In 2007, an efficiency initiative, influenced by Lean and 

TPM, was introduced in Fortum Värme. The project began by auditing various 

factories and plants which had been successful in creating new operation and 

maintenance models. As a result of what was learned by the audits, they created 

their own model called Main-X, the main purpose of which was to increase the 

availability of power plants and to lower the costs of production and maintenance. 

This result was achieved by identifying and dealing with challenges mostly re

lated to maintenance but also related to operation.

1.2 Problem formulation and objectives of the thesis

The major problems are the differing maintenance models and, as a consequence, 

unnecessary maintenance costs and availability losses. This provides the starting 

point for the thesis and the definition of the central problem: would it be possible 

to unify existing maintenance models so that the whole division works according 

to the same framework?

This study is divided into two parts: the first part of the thesis analyzes the stage 

of development of maintenance in Heat, while the second part examines the pos

sibilities of implementing the Main-X in Finland.

Based on preliminary interviews, discussions with knowledgeable people and re

levant theory, the research questions were selected as follows:
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• What assessment methods should be used to compare power plants' main

tenance?

• What kind of differences should the implementation strategy of Main-X 

include in Finland compared to the strategy that was used in Sweden and 

why

This master’s thesis has dual objectives; firstly to develop an assessment tool for 

analyzing maintenance development levels and secondly to plan a Main-X im

plementation strategy in Finland that can also be used in other regions of Fortum 

Heat. The assessment tool should be developed up to the point where it can be ac

cepted as the common tool used in a heat division when assessing maintenance 

levels in power plants. In this thesis, the assessment tool will be tested in two 

power plants in Finland. The Main-X implementation strategy contains possible 

steps and details the organizational changes needs.

1.3 Scope of the thesis

The areas of maintenance covered in this master’s thesis consist only of those 

concerned with maintaining and managing power plants’ equipment and tools. 

Fortum, as a large energy company, has various different types of power plants 

such as nuclear, wind, water, condensate, reserve and peak power. The plants cov

ered in this thesis are mainly combined heat and power plants (CHP) burning coal, 

natural gas or bio fuels. It is, nevertheless, possible to use the assessment tool ve

rified in this thesis to assess all other types of plants that Fortum owns. The actual 

implementation strategy of Main-X and the implementation process are not in

cluded in this thesis.

1.4 Research methodology

The research methods used in this thesis are literature review, a pilot study of the 

Main-X model in Fortum Värme, Stockholm, Sweden and the assessment tool in

terviews carried out in Finnish power plants. Literature was collected predomi

nantly in spring 2010, although a few new articles were added to the list after
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wards, and the books and articles were mostly taken from the university's data

base. The pilot study of the Main-X orientation was conducted in Stockholm in 

Fortum Värme in early May 2010 and lasted for one week. Maintenance evalua

tions using the chosen assessment tool were conducted during the summer of 2010 

in the Suomenoja and Naantali power plants.
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2 Maintenance in general

2.1 Maintenance

Maintenance, which is directed towards machines and equipment in certain facili

ties with production functions, is organized as a purpose-oriented activity with the 

ability to be put into action when required. All actions have the objective of re

taining an item or restoring it, with the minimum of effort, to a state in which it 

can perform its required function as reliably as possible. [2, p.87.] This is how the 

word maintenance was earlier defined in a 1970 Turku School of Economics pub

lication, which was actually published to provide a standard definition of main

tenance in Finland.

That definition of maintenance has not changed much since 1970 and more re

cently it was defined by the national board of education in Finland as follows: the 

concept of maintenance is wide, complex and multileveled. Its objective is to take 

care of machines, equipment and the condition of buildings so that the production 

process can proceed in the best possible circumstances while paying due regard to 

safety, environment, quality and lowest production costs. [3]

As mentioned earlier, the purpose of maintenance is to maintain the reliability of 

plants to a standard high enough to prevent fatal consequences caused by equip

ment malfunction. In a word, the aim of maintenance is reliability. The ultimate 

goal is to keep the number of failures as low as possible within reasonable costs. 

Maintenance costs comprise a significant part of all expenses of a plant; according 

to an article in the Journal of Quality Maintenance Engineering [4], maintenance 

costs account for approximately 30 % of total operational costs.

2.2 Maintenance types

There are two main types of maintenance tasks: planned maintenance and break

down maintenance. The different maintenance types and strategies are illustrated 

below in figure 1.
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Kunnostaminen
Refurbishment

Häiriökorjaus
Breakdown
maintenance

Siirretyt 
— korjaukset

Deferred repairs

Kunnonvalvonta
Condition
monitoring

Suunniteltu
kunnossapito
Planned
maintenance

Parantava 
_ kunnossapito 

Improvement 
maintenance

Välittömät
korjaukset
Immediate
repairs

Ehkäisevä
kunnossapito
Preventive
maintenance

Jaksotettu
kunnossapito
Рге-determined
maintenance

Kunnossapitolajit 
Maintenance types _ 
and strategies

Kuntoon
perustuva
suunniteltu
korjaus
Conditon based 
planned repairs

Fig. 1 Maintenance types [5]

Planned maintenance is performed to avoid the sudden breakdowns and deviations 

that cause production stoppages. The goal is to minimize unnecessary corrective 

maintenance.

All inspection, testing and servicing that is carried out when equipment has not 

failed is called preventive maintenance. Refurbishment means restoring damaged 

or worn equipment to an operable state. Improvement maintenance is undertaken 

to increase the reliability or the maintainability of equipment without changing its 

required function. Predetermined maintenance is carried out regularly at prede

termined intervals regardless of the condition of the equipment. Condition moni

toring comprises an essential part of maintenance, because it provides initial data 

for planning preventive maintenance and repairs by measuring and monitoring 

devices so that potential failures may be found earlier. Repairs identified and re

paired in condition monitoring are called condition-based planned repairs. [6]

10



Breakdown maintenance can be done either immediately or deferred depending on 

which device breaks down and the importance of the device to the plant. Imme

diate repairs are carried out as quickly as possible after fault detection. Deferred 

repairs are carried out as allowed by the state of the equipment, production or or

ganization. If the device under repair is economically unprofitable or its lifecycle 

is fulfilled the device will be withdrawn from the process and probably replaced 

with a new one. All maintenance tasks carried out after deviation has arisen are 

called corrective maintenance, and come under the categories of breakdown re

pairs or refurbishment. [6]

2.3 Key figures of maintenance

The implementation of best working practices possible is just as important in the 

operation of plants as it is in the maintenance of them. Best practice refers to the 

implementation of a course of action that will achieve superior results or perfor

mance. Best practice in key performance indicators (KPI) therefore has to refer to 

the process of developing useful performance measures for an organization. A 

best practice process works well in an organization if that system is fully inte

grated within the organization. [7, p. 329.]

The effectiveness of maintenance can be measured using various indicators. 

Usually, maintenance and production supervisors follow a few of the most impor

tant key figures and their development and report changes to top management. 

Some of the most important measures for plants are availability, reliability and 

performance rate. Other important criteria that especially affect maintenance are 

mean time between failures (MTBF) and mean time to repair (MTTR).

Availability simply defines the total time a device is capable of being used during 

a given period; in other words, the time during which plant or equipment is in a 

condition suitable for performing a required function under given conditions. [8]

The method for calculating the availability of power plants and heat-only boilers 

differs slightly between Finland and Sweden. The normal text book way to calcu

late availability is presented in formula 2.1. Unavailability is the opposite of



availability, meaning the time the item has not been in the required state because 

of deviation, repairs or servicing. It is calculated by reducing availability from 100 

%.

Availability =
_ЩШШ_ *100O/o 

uptime*- downtime (2.1)

Uptime is the time the equipment has been performing the required function dur

ing a given period of time. Downtime is the time it is not performing the required 

function, including all stops from setup and adjustment times to unplanned stops, 

which are caused by the malfunction or breakdown of the equipment.

In Finnish plants, availability is measured as the operation time energy availability 

and is abbreviated according to Nordel as tgdE. This way of calculating availabili

ty is used because the model does not decrease availability as a result of planned 

shutdowns. [9]

EYg-Erss
Ел-Erv-Erss (2-2)

In this formula, Etg is the actual available generation capacity in kWh, Erss is the 

available but not generated energy, due to time in reserve, in kWh, En is the max

imum generation capacity in kWh and Erv is energy in kWh that is unavailable 

due to annual scheduled outage. [9]

In Sweden, shutdown times are included in the calculation of downtime in case 

that the plant would have been used during the shutdown period if possible. For 

example, refuse incineration plants are used all year round and shutdown is re

garded as mandatory downtime, as a result of which greater costs are incurred be

cause some more expensive plants have to be used instead.

ЕТ = ЩEd (2.3)

In this formula Ed is energy demand based on long-period production plans. ET 

and tgdE can be made comparable by the introduction of some constants but mi
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sunderstandings can still arise. In the near future, availabilities in Finland and 

Sweden will be calculated similarly and in a way that is closer to the Swedish me

thod.

MTBF is a one of the best ways to illustrate failure frequency in long term making 

it one of most important figures when measuring the effectiveness of mainten

ance. Formula 2.4 shows the way in which MTBF is calculated.

MTBF uptime
number of failures (2.4)

Number of failures is the number of all failures that have caused stops to plant or 

equipment. MTBF shows the approximate length of time between plant failures 

and provides information on regularly occurring failures. Often machines can 

break simultaneously in many places causing multiple failures under a single 

stoppage.

MTTR also illustrates the effectiveness of maintenance but in a different way to 

that shown by MTBF. The MTTR figure shows how long it takes on average to 

repair a failure after it has been identified. The way to calculate MTTR is shown 

in formula 2.5.

MTTR = total timet о restoration
number of failures (2.5)

Total time to restoration is the sum of time spent repairing all failures that have 

caused stops.

MTBF and MTTR are the major values for measuring maintenance effectiveness 

but there are other values, very similar to these two, which also measure mainten

ance effectiveness. The first value is mean time waiting (MTW) which is the time 

that elapses from the failure occurring to the time the failure is detected. This also 

includes the time waiting for spare parts or finding necessary drawings etc. The 

second is mean down time (MDT) which means the whole time the equipment is 

not functioning. It can be calculated as shown in formula 2.6.
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MDT = MTW + MTTR (2.6)

Another figure to measure plant reliability is mean time to failure (MTTF). It is 

the time between a repaired failure and the next failure, not including down time. 

Figure 2, which depicts the interactions between these definitions, also illustrates 

what values are included.

UP

DOWN

|mtbf

Fig. 2, Maintenance key figures

I

I

2.4 Operations model of maintenance

The maintenance operations model is an organized way of handling maintenance 

tasks and problems. Usually unified goals, methods and rules are defined at the 

outset. Naturally, every company has at least some kind of operations model of its 

own based on earlier experiences and knowledge. The size of a company is an es

sential factor when organizing the maintenance operation. Other important factors 

are production method, maintenance strategy, location and availability of external 

services. Figure 3 shows the different aspects of the maintenance operations mod

el.
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Procedures

Maintenance Plan

Maintenance Information/ 
Operational Systems

Maintenance Operations

Fig. 3, Maintenance Operations Model [10]

Even though almost every plant or factory has developed its own maintenance op

erations model, there are a number of internationally successful models that are 

gaining ground in many places. Some of the best known models which have been 

very successful are Preventive Maintenance (PM), Reliability Centered Mainten

ance (RCM), Total Productive Maintenance (TPM) and Lean Maintenance (LM). 

There are two different trends in operations models: PM and RCM which are 

American models and TPM and LM which are Japanese models.

2.4.1 Preventive maintenance

Preventive Maintenance was developed in the United States in the early 20th cen

tury together with Henry Ford's first assembly-line factories. As production be

came faster and more effective, the need for high technology machines in produc

tion also increased. By using an assembly line, products could be made a lot more 

cheaply but the need to maintain machines also became a new and important con-
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comitant factor. Before the advent of assembly lines, equipment used in produc

tion was usually simple work tools that did not have a great need for regular or 

preventive maintenance. If a tool or equipment broke, its repair or replacement 

was basic corrective maintenance. Nowadays, more complicated machines are 

used with moving parts that wear over time and need regular servicing. After a 

while it was noticed that corrective maintenance was ineffective, causing a lot of 

unwanted stoppages that increased costs. Added to this, shortages of raw materials 

led to the requirement to avoid unnecessary waste during processing. Costs 

needed to be cut, but that could not be achieved only by decreasing production 

costs. Instead, maintenance costs could be decreased by servicing in advance, 

equipment that was susceptible to breakdown. That led to the development of PM. 

[11]

2.4.2 Reliability Centered Maintenance

RCM was developed by aviation industries in the 1970s. Industry was struggling 

with reliability problems, and overhauling planes was very expensive. They tried 

overhauling planes more often but that did not solve the problem. They found out 

that indiscriminately overhauling equipment actually had a negative effect on re

liability, because the probability of failure of the newly replaced equipment in

creased due to premature. Another interesting phenomenon was that similar com

ponents did not wear out over time in an identical manner. In fact, investigation 

showed that only approximately 11 percent of all components exhibited a wear- 

out rate that lent itself to replacement at a given periodicity. That meant that al

most 90 percent of all other components failed randomly. An effective RCM 

process will allow preventive maintenance programs to evolve from a level based 

primarily on recommendations or arbitrary assignment to one based on more pru

dent fundamentals such as a component functional analysis and the identification 

of any subsequent safety or operational consequences to a facility as a result of 

component functional failure. [12]

RCM is a logical way of identifying what equipment in a facility is required to be 

maintained on a preventive maintenance basis rather than by corrective mainten

ance. The bottom line of a corporation is dependent on the reliability of its output.
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Reliability means achieving levels that minimize any unplanned production de

lays, maintain generation capacity, ensure personnel and plant safety, and prevent 

any unwanted regulatory or environmental issues from bringing unwanted publici

ty or litigation. Asset management relies on an RCM approach as the core for 

identifying equipment functions that must be preserved to protect the corporate 

assets and ensure the uninterrupted and continuous corporate revenue income 

stream. [12]

2.4.3 Total Productive Maintenance

After the Second World War, Japanese industries started to concentrate on devel

oping the quality of their products in order to compete in the world market. They 

went to the United States and imported management and manufacturing tech

niques from there. One of the most important methods they learned was PM. Jap

anese companies adapted the techniques to their own circumstances and made 

their own improvements and, in that way, total productive maintenance was de

veloped. American companies using PM had separate operation and maintenance 

organizations which mainly did their own assignments without knowing each oth

er’s needs. Instead, in the Japanese companies, everyone participated in mainten

ance regardless of the organization to which they belonged. TPM was developed 

side by side with another masterpiece known as Toyota Production System (TPS). 

There are many similar factors in both systems; for example, in TPS the goal is 

zero defects and low storage levels and in TPM it is to eliminate six areas that 

create large losses. These losses are breakdowns, setup and adjustment, idling and 

minor stoppage, reduced speed, quality defects and reduced yield. [13]

While RCM focuses on optimizing maintenance effectiveness, TPM objectives 

focus on maintaining equipment reliability and effectiveness.

TPM comprises eight sections which are also known as pillars. These pillars have 

their own areas of responsibilities but in some areas they also overlap each other. 

The responsibilities of pillars are:

• Initial phase management
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Health and safetye

• Education and training

• Autonomous Maintenance

• Planned Maintenance

• Quality maintenance

• Focused improvement

• Support systems.

The initial phase management pillar is for organization planning. Many groups 

and teams are formed in all levels of production and maintenance. In these group 

participants consider solutions from their own viewpoints to solve problems in the 

different parts of the process. The health and safety pillar is crucial and sets a goal 

of zero accidents. To succeed in this, operators are trained to carry out simple 

technical tasks in order to protect themselves. Safety concepts have to be pro

moted by doing risk assessments and creating hazard maps, and operators are also 

trained to form and interpret these. These are targeted at reducing work-place ac

cidents. [11]

In many companies, training is not given enough prominence. Work tasks are of

ten taught on the job by other workers even without proper instructions. Without 

decent training TPM will not work efficiently. This pillar explains what know

ledge is necessary, how to achieve it and how to ensure that everything has been 

learned. It is very important that the competency of the operator is confirmed. 

Training should be always done by using official instructions that are correct and 

thorough. Simply attending a course or gaining a certificate does not confirm that 

all the necessary knowledge has been learned. [11]

Autonomous maintenance carried out by operators increases their technical skill 

levels and sense of responsibility. Using professional technicians and engineers 

for routine maintenance work is usually unnecessary and expensive. Steve Borris's
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experience is that quite often operators are not hired for their technical skill, 

which means that they need training before doing any maintenance work. If the 

operators could perform the most simple maintenance tasks, like inspection 

rounds and lubrications, technicians could concentrate on bigger maintenance 

problems such as breakdowns. Operators who participate in autonomous mainten

ance gather weekly in AM board meetings where they discuss simple maintenance 

problems. [11]

Planned maintenance is based in looking at underlying causes of problems and 

identifying and implementing root-cause solutions. Rarely is maintenance proper

ly managed in organizations. The general practice is that the leading engineer de

cides the need of service or repair based on their experience, instead of on long

term plans or calculations. In Steve Borris’s opinion, skilled technicians dislike 

routine maintenance tasks regarding them as not being sufficiently challenging. 

This leads to the situation where equipment that has been repeatedly repaired fol

lowing breakdown continues to fail without the original cause of the breakdown 

being identified. The reason for planned maintenance is to prevent these break

downs by planning beforehand the services and repairs needed to ensure that 

equipment continues to perform. The PM pillar covers all equipment analysis and 

improvements in board teams. These PM board teams are called zero fail teams 

and include both operators and technicians. Zero fail teams handle more complex 

problems than AM teams; for instance, effectiveness of maintenance, elimination 

of recurring problems and improvement in equipment efficiency. [11]

Quality maintenance aims to maintain the high quality of products by minimizing 

variation and improving performance. In cross-functional teams, the equipment 

and performance of plant is analyzed to find ways to reduce variation. Once the 

cause is identified, the team will investigate it and solve the problem through an 

upgrade or modification. In the last two pillars of focused improvement and sup

port systems, cross-functional teams are formed. In improved focus, teams inves

tigate equipment and processes to improve those in a cost-effective way. Support 

system teams discuss problems related to supporting services such as the availa

bility of spare parts, the quality of materials and the lack of standardization. [11]
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The important part of TPM is the 5S. It consists of five concepts that all begin 

with the letter s and represent the foundation of TPM. According to Steve Borris, 

“Total Productive Maintenance” [11] is 5S as follows:

• Shine, this involves cleaning the work place free of grease, oil, waste and 

scrap. No loose hanging wires or oil leakage from machines.

• Sort, this means sorting and organizing the items in storeroom and work

shop as critical, important, frequently used items, useless, or items that are 

not needed immediately. Critical items should be kept for use nearby and 

items that are not be used in near future should be stored. For this step, the 

worth of the item should be decided based on utility and not cost. As a re

sult, search time is reduced.

• Set in order, items should be placed in specific places and returned to the 

same place after use. To identify items easily, name plates and colored 

tags have to be used. Vertical racks can be used for this purpose with 

heavy items occupying the bottom positions in the racks.

• Standardize, Employees discuss together and decide on standards for 

keeping the work place clean. These standards are implemented for the 

whole organization and are inspected regularly.

• Sustain, this includes wearing badges, following work procedures, punc

tuality and dedication to the organization.

2.4.4 Lean Maintenance

Lean maintenance is a proactive maintenance operation which employs planned 

and scheduled activities through TPM practices and uses maintenance strategies 

developed through the application of RCM decision logic. It is practiced by em

powered action teams using the 5S process, weekly improvement events and au

tonomous maintenance. This is done together with multi-skilled, technician- 

performed maintenance through a computer managed maintenance system 

(CMMS). Maintenance is supported by a distributed Lean Maintenance storeroom
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that provides parts and materials on a just-in-time basis. The whole process is 

backed by a maintenance and reliability engineering group that analyzes mainten

ance and performance with multiple analysis including root-cause failure analysis.

[14]

By comparing Lean Maintenance with TPM, it is possible to see that they both 

comprise the same elements, but that Lean Maintenance develops the elements 

further. TPM being the foundation for Lean Maintenance means that TPM could 

give a good platform on which Lean Maintenance could be established. By defini

tion, lean means quality and value with least possible cost. Lean seeks to elimi

nate all forms of waste in the process, including waste in the maintenance opera

tion. Main-X is one version of lean maintenance, a further-developed version of 

TPM.
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3 Main-X

Based on extensive auditing and benchmarking of several different plants, Fortum 

Värme developed the Main-X maintenance model. In the spring of 2007 it was 

launched to the heating business unit of Fortum in Sweden. It was named as 

Main-X as an abbreviation for Maintenance Excellence and its main purpose was 

to increase availability and reliability and lower the costs of production. As said 

earlier, the aim was to reach maximum availability performance with optimal 

profitability. [15]

This development takes place mainly by identifying and dealing with challenges 

related to maintenance and operation. The practice Fortum Värme uses is a struc

tured way of dealing with, for example, deviations, improvement proposals and 

maintenance development levels. The Main-X also has great impact on working 

practices in plants and is also targeted at creating better working conditions for 

workers. The major success factors of the project are continuity and commitment 

from the company’s management and, of course, provision of sufficient resources 

to carry out improvement work. [15]

The Main-X is based on Lean and TPM methods, which are quite formally fol

lowed. The Main-X philosophy is to exploit the good things already present in 

operations and improve on them. Main-X is built on five pillars instead of TPMs 

eight. The Pillars of the Main-X are modified by slight changes to the pillars of 

TPM and include most of the factors of the latter. The pillars represent the five 

core parts of the Main-X model. [15]

The pillars of the Main-X are:

• Order and method

• Autonomous maintenance

• Planning and preparation

• Disruption control
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• Continuous improvement.

The structure of the Main-X temple is shown in Figure 4.

МЭШ-Х •
The way to Availability

Basic Order å Method 
Main-X Competence Center

Fig. 4, The Main-X temple [16]

Each of the pillars is based on the basic Order and Method platform. Until the ba

sic Order & Method platform is implemented successfully, it is not possible to 

start working with the other pillars. All the pillars have multiple levels, which re

quire specific goals to be completed before the next level can be attempted. At the 

highest level of each pillar is best practice in accordance with the Main-X model. 

[15]

Different plants have different starting points, which means that every plant pro

gressed through the various steps at its own pace but with the same common 

goals. Every pillar has an appointed pillar leader who also works in the Main-X 

project organization. The intention is that each pillar leader develops the optimum 

methodology and operations in their pillar area. There are certain key figures in 

every pillar that must always be followed. The most important key figures are 

availability, MTBF and MTTR. [15]
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The breakdown commission investigates all the significant deviations that are pos

ing a risk of serious damage in future. Through good communication and by en

suring the maximum exchange of knowledge and experience within the whole or

ganization, similar breakdowns can be avoided. The new methods of maintenance 

require quite extensive training for every employee and to provide this necessary 

training, the Main-X Competence Center was created. The Center is managed by 

an employee who arranges training and courses and ensures that training material 

is available and that knowledge of Main-X is passed on. These training resources 

are focused on broadening maintenance competence. The Main-X Competence 

Center is also responsible for changing working culture and attitudes. [15]

3.1 Order and method

The basic order and method platform is the foundation of the Main-X model. The 

order and method platform includes the 5S philosophy taken straight from the 

TPM-model. The 5S underlines the importance of organizing tools for the plant 

and of keeping work places clean. The main target of the basic order and method 

pillar is to bring every plant to the same starting level before beginning work with 

the other pillars. This enables a start to be made on improvement work in other 

areas. The order and method pillar draws attention to certain faults and weak

nesses in basic maintenance and creates the basic levels of cleanliness and order in 

every plant. [ 16]

The primary tasks to be carried out in this pillar are initial cleaning, sorting and 

prioritizing. The second task is to start to collect documentation on all known 

faults and weaknesses and develop a plan for correcting those. The next task is to 

start regular inspection rounds throughout the plant and to remove all sources of 

dirt. It is also important to build up systems and standards to strengthen working 

methods in accordance with the order and method pillar. [16]
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3.2 Autonomous maintenance

The production organization is responsible for availability performance, which is 

highly dependent on maintenance. For that reason, maintenance should be every

one's major concern and not only the technicians' problem. This kind of organiza

tion ,which concerns itself with taking care of both production and maintenance, 

will be able to achieve common objectives. [16]

This pillar is practically the same as the one in TPM. Fulfillment of the objectives 

in this pillar requires maintenance work to be carried out by both the production 

and the maintenance organizations. The production organization has to develop its 

competence to be able to carry out first-line maintenance thereby enabling main

tenance staff to concentrate on a larger proportion of the more complicated main

tenance problems. A benefit is that production and maintenance staff can decide 

collectively on future maintenance stops and services. All the work can then be 

planned, prepared, measured, followed-up and analyzed in accordance with the 

routines developed in the planning and preparation pillar. [16]

There are many ways to complete even simple maintenance assignments. To find 

the optimum method, single-point lessons about different kinds of assignments 

can be learned and properly documented for future use. [16]

3.3 Planning and preparation

The planning and preparation pillar is defined through its development of work- 

order processes that enable maintenance work to be handled more efficiently. The 

maintenance system is dependent on the existence of methods that take advantage 

of the plant’s register and records. To achieve this greater efficiency, new systems 

and registers must be created. First of all, a work ordering system is needed, and 

the system used should also record for future use all the input data including his

torical records. The system will also include features for planning and preparing 

maintenance work. The system should be able automatically to prioritize urgent 

maintenance work. [16]
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3.4 Disruption control

The purpose of the disruption control pillar is to prevent and eliminate all stops 

and disruption at the plant. To succeed in this, it has to be able to carry out im

provement measures in both the long and the short term. These measures provide 

results regularly for evaluation and follow-up. This pillar manages only the im

provement works that result from malfunctions and deviations in processes. [16]

Firstly, a system is created that captures and records all the stops and disruptions. 

After that a special working group begins to analyze these stops and disruptions in 

order to identify root-causes. When the causes of these stops and disruptions are 

identified, measures need to be taken to eliminate them. Risk-based maintenance 

work should be done proactively to prevent possible disruptions. Another func

tion of disruption control is to ensure that investments that strengthen availability 

performance are taken into consideration. All important key figures are regularly 

measured and followed; for example, MTBF and MTTR. [16]

3.5 Continuous improvements

This continuous improvements pillar supplies the instructions and methods for 

developing improved working practices at the operative level. The goal is to pro

mote the development of working methods and processes to make them an 

integral part of work. [16]

In this pillar, multiple improvement groups are initiated. The Main-X and the 

plant management decide the precise role of the improvement groups. All im

provement work that doesn’t consider disruptions will be handled in this pillar. 

The operations improvement groups handle strategic level improvements, which 

are often the larger improvements involving many people. Normal improvement 

groups handle the operative level improvements, which are smaller improvements 

ranging from simple work routines to technical questions. One of the main pur

poses of these meetings is to continually incorporate all the co-workers’ ideas re

garding improvements. Added to this, systems for supporting improvements are 

established; for example, a system for staff member's suggestions called Idea and
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Deviation Application (IDA). Another way for dealing with proposals is to put 

them directly to boards in board team meetings, following which the most feasible 

ideas will be added to IDA. [16]

As already alluded to, a number of improvement groups are established in the 

continuous improvements pillar, and they have to be continuously evaluated and 

developed. These groups have to be coached and trained by the Main-X Compe

tence Center. For these groups, a common method of working has to be developed 

in order to identify, evaluate, follow-up and carry out the improvement proposals. 

The most important task is that every improvement must be properly implemented 

across the whole organization. [16]

3.6 Board teams

The Main-X is mainly based on the cross-functional board teams that work on 

every plant in the different areas. It is a requirement that these teams have meet

ings once a week and preferably at the same time. The meetings take place in 

front of a physical plastic board, on which are detailed and updated information 

about the group’s activities, and drawing pens are provided. Figure 5 shows an 

example board with real measurements given. The board team normally compris

es 4 to 10 people who all have specific roles in the team. Someone is appointed 

leader of the team and other participants have responsibilities such as improve

ments, disruption, 5S etc. Every board team includes one coaching instructor who 

might be one of the pillar leaders or someone from the Main-X team. The instruc

tor doesn’t actually participate in the actions of the team but is there to support the 

group and confirm that everything is going well. He will also be able to answer 

possible questions. [17]
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Fig. 5, Main-X board teams model board

The meeting usually lasts about 30 minutes and always has the same agenda. An 

example of a board meeting agenda is following:

AGENDA

1. Participants

2. Debriefing

3. Input to board team

3.1. Operation and maintenance situation

3.2. Disruptions

3.3. 5S

3.4. Improvement proposals

4. Activity list
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There is a special formula for the minutes of the meeting. At the beginning the 

participants are always checked. Participants who are present are marked in on the 

board with everyone's names and meeting dates. On the board, after the partici

pants’ names, there is a box where the availability of the participant is marked in 

green and unavailability in red. Every time a percentage of attendance is calcu

lated and that figure is measured weekly. Every team member's picture and posi

tion is displayed on the board. The Main-X emphasizes every individual's impor

tance by having their pictures on the wall in order to increases their sense of re

sponsibility. A debrief follows the checking of participants. In the debriefing, the 

participants recount their recent activities and update the activity list. When an 

activity is finished the corresponding box will be green: if it is still under progress 

but the due date has been passed, the box will be red. [17]

The third part, which is actually the core of whole meeting, is input to the board 

team. At this point, inputs from the four different areas are discussed. Firstly, 

people who are responsible for the operation and maintenance go through the cur

rent situation and actions of the previous week. Next, the person responsible for 

disruptions goes through the disruption reports and adds items to the activity list if 

needed. After that, if there had been a 5S round the previous week, the findings 

would be added. The last part of input to the board team is suggestions for im

provements. The individual responsible for improvement presents the ideas and 

proposals and adds the feasible ones to the list. In the last part of the agenda, the 

activity list is updated so that the most prioritized ones are at the top of the list. 

For every activity added to the list, the person responsible for the activity is ap

pointed. It is beneficial to apportion at least one activity to each group member 

every week to keep everyone active and involved. [ 17]

It is important that the board teams work independently without too much external 

control. Every board team can decide for themselves what small investments they 

can make to improve their wellbeing and working environment. These small 

sums, which the board team is allowed to use on justifiable investments, are allo

cated annually. This makes simple investments more flexible and gives workers 

the feeling that they really can achieve something concrete in these groups. [17]
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3.7 5S rounds

In Sweden the 5S rounds are the fifth s of 5S. The fifth s is called sustain, and sus

taining is actually achieved by performing these 5S rounds which are carried out 

at least once a month. Many board teams choose to do these more often, even as 

frequently as once a week. Those teams, in particular, those that rarely have any 

disruptions or improvements to report, do 5S rounds more often so as to have mat

ters for discussion in team meetings. In all industrial plants and factories, even 

without TPM, it is customary practice to conduct a regular safety walk. The safety 

walk is a round of the facilities that plant management or superiors do often to as

sure themselves that everything within the facilities is in order and accords with 

regulations. In Main-X, the safety walk and 5S round are integrated so that sepa

rate safety walks are not needed. The participants of 5S rounds are often from the 

board teams but the composition of the 5S group can vary from round to round. 

During these rounds, some specific area of plant is thoroughly investigated. The 

group will often conduct a 5S round right after the board team meeting, but it can 

take place at any agreed time. In these rounds, the most important factor is to 

check that 5S principles are being followed in the plant. All deviations discovered 

during 5S rounds are added to the activity list before the next board team meeting.

[17]
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4 Maintenance assessment methods

It is very important to evaluate maintenance performance regularly to be able to 

ensure its continued effectiveness, and there are many different evaluating and 

assessing methods in use to achieve that. Some plants do not use any specific me

thod, but simply rely on following key figures and supervising maintenance sta

tus. In some cases, this can work at least temporarily but usually, and especially in 

the long run, it is recommended that a structured and comprehensive evaluating 

plan is put in place and followed regularly. These plans are not only part of the 

maintenance operation model but also important to the development of the com

pany.

These self-evaluating tools are often also used for benchmarking and the same 

tools can be used to conduct an internal or external evaluation depending on need. 

The Maintenance Excellence Institute points out that an evaluation conducted by 

an outside agency provides, on the whole, a greater understanding of maintenance. 

Regardless of the situation of a plant, it is still important to evaluate in order to 

establish the existing level of maintenance. [18]

4.1 The Scoreboard for Maintenance Excellence

The scoreboard for maintenance excellence (SEME) is one of the most known 

maintenance evaluation methods in use throughout the world. The scoreboard for 

maintenance excellence is actually a benchmarking tool but it is also very effec

tive for evaluating internally a plant’s own maintenance processes. The score- 

board for maintenance excellence provides the means to evaluate how the six key 

maintenance resources are managed. The six key resources are people, technical 

skills, physical assets, information, parts and materials and, as a hidden resource, 

the synergy of team efforts. These resources are divided into 27 smaller evalua

tion categories (see Appendix 1). Under these 27 categories is a total of 300 eval

uation items each worth 10 points. Figure 6 shows the reliability pyramid of the 

scoreboard for maintenance excellence. [19]
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STAGE 5
Operational Excellence
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Fig. 6, the reliability pyramid of scoreboard for maintenance excellence [20]

Usually the scoreboard is sold as a benchmarking service, which includes modifi

cation of the scoreboard for customers needs, pilot evaluations in two sites and 

thorough reports and documentation. Unfortunately, this business concept, sold 

and promoted by The Maintenance Excellence Institute as a commercial product, 

limits the scoreboard’s greater potential. Many customers can achieve a suitable 

solution by purchasing the tool for a cheaper price and carrying out themselves all 

the necessary modifications and piloting. [18]

The slogan of SEME is ’PRIDE in maintenance’ in which PRIDE has a dual 

meaning. Firstly, it is sincere pride in the profession of maintenance and reliabili

ty: it means having a true understanding of the importance of maintenance. Se

condly, PRIDE is an abbreviation of ‘People Really interested in Developing Ex

cellence’ in maintenance. It is very important for successful evaluation that top 

management is firmly committed to taking action based on results of the evalua

tion. Evaluation is best conducted by a team that has knowledge of each of the 27 

evaluation categories. The interviewer must have a complete understanding of 

each category and each item within categories. Scoring each criterion should be 

consistent throughout the whole process and it should stay consistent in all other
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evaluations as well. It is important to determine beforehand the baseline informa

tion requirements, persons to be interviewed and observations needed. The self- 

evaluation process as a whole is shown in Figure 7. [18]

Achieve
Maintenance
Excellence

Obtain
Leadership
Buy-in

Fig 7, Total maintenance operation self-evaluation process [20]

4.2 The performance improvement process in Fortum, cPIP

Fortum has chosen for its performance self-evaluating tool, the continuous per

formance improvement process (cPIP). CPIP was developed between 2004 and 

2006 in the former Fortum Service for evaluating foreign plants, which Fortum 

Service maintained as a service and which formed part of Fortum's larger devel

opment process. It was fully developed by Fortum employees using, as an exam

ple, various inspection models including the EFQM- model (European Foundation 

for Quality Management). [21 ]

CPIP is used not for assessing the maintenance performance, but for evaluating 

the whole performance of power plant operations and management from the pro

curement process to operations. CPIP is meant to be used every year in power 

plants so that the results of yearly evaluations can be compared with other plants’ 

results. [21]
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The original objectives of cPIP were to provide added value through improvement 

projects, to evaluate and improve Fortum performance and local Integrated Man

agement System and to secure identification, analysis, distribution and implemen

tation of best practice on all sites. A cPIP improvement project provides identifi

cation and valuation of development potential and prioritization of activities, 

creating a clear metering system and regular follow-up. [22]

Performance
improvement

plan
SELF-

ASSESSMENT

Annual
assessment

plan
Follow-up

reports

PLANNING EXECUTION

ORGANISING

Best
Practices

CUSTOMER
SATISFACTION
MEASUREMENT

ANALYSIS

Fig. 8, Assessment of Fortum operated sites according to annual plans [22]

The assessment process as a whole is illustrated in Figure 8. Execution of annual 

performance assessments is made by interviewing the management on plants’ per

formances and checking certain points on those plants. The cPIP presentation [22] 

highlights especially the following topics to be addressed in interviews:

• quality and execution of Integrated Management System (EHSQ, Envi

ronmental Health Safety and Quality)

• status and quality of development activities

• communication and reporting
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management meetings.

All evaluation factors in cPIP are assessed by both the site manager and the as

sessment team. Afterwards, results can be compared to identify the differences 

between internal and external viewpoints. The site manager undertakes a self- 

evaluation and the assessment team an external evaluation. Every factor is scored 

from 1 to 4, in which 1 means “no evidence or anecdotal” and 4 means “best prac

tice level application”. After the interviews and plant visits, the findings and the 

conclusions are reported to the management. Also, a development plan proposal is 

prepared and presented to the management for discussion. The annual develop

ment plans and targets are supposed to be agreed during these discussions. [22]

Customer Feedback

Contracts
Assessment Memo

Fsen-407 Instruction
Improvement RanInternal ReportAssessment Plan

of TOP Concepts
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SITE AND 
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AssessmentAssessment SummariesReportsMemo
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Best Practices

Analysis

assessment
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planningInterviews

Site walk 
around

Preparations

Fig. 9, Responsibilities in assessment process [22]

Figure 9 shows the progress of the cPIP assessment and relevant responsibilities. 

As the customer in internal evaluations is normally Fortum, the site manager is 

responsible for the execution of the improvement plan. All activities are reported 

to local management during the site meetings. All the major deviations and obsta-
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des in implementation have to be reported to the management and it is the man

agement's responsibility to provide follow-up action. [22]

It was intended that these methods would be taken up annually at every plant but, 

following the latest organizational change in Fortum, when Fortum Service was 

unified with Power Division as Power Solutions, for some reason cPIP evalua

tions in Finnish plants ceased, although evaluation continues in the provision of 

services to foreign plants.

4.3 Main-X assessment method

One of the main elements of the Main-X model is that of development levels that 

define progress in the program. To follow the progression within development 

levels an evaluation model was developed that measures maintenance effective

ness.

A current situation analysis has to be done before starting the Main-X project. 

This analysis comprises measures of basic order and method in the plant, and fo

cuses mainly on superficial factors like the cleanliness of the plant and the organi

zation of tools and equipment. It does not evaluate maintenance as a whole.

More detailed analyses, which are done at a later stage, measure advanced main

tenance tools and methods. The Main-X pyramid, which includes the development 

levels, is shown at Appendix 2. The steps of the pyramid are included in action 

plans but they do not correlate directly with development level numbers.

Main-X has five steps after basic order and method. These steps are called action 

plans. The basic action plan zero consists only of order and method, but all other 

five action plans have requirements from all five pillars. Basic order and method 

has requirements from all 5S’s. The requirements are, for example, identification 

of some necessary documents, initial allocation of responsibilities, common ways 

of working and prioritizing important work. All requirements must be fulfilled 

before starting with subsequent action plans.
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The first substantive step includes requirements from all the pillars. This action 

plan includes all manner of basic items from the pillars that act as starting points 

for more advanced development of these pillars. As the action plans goes further, 

more demanding tasks have to be successfully completed. The initial requirement 

for every new action plan is completion of all the tasks from previous actions 

plans and the basic order and method block. As the plan proceeds to higher devel

opment levels, the required tasks get more demanding and specific. At the last 

level world class maintenance is required, which means that everything on the 

plant follows the Main-X principles and developed systems are in full daily use 

with correct measures in place.

All achieved development levels should be audited regularly. At least once a year 

in every plant the former levels requirements should be checked. The number of 

audits per year increases alongside progression in development levels. These au

dits can be done by board teams, maintenance engineers or a specifically assigned 

Main-X auditing team comprising pillar leaders and other knowledgeable Main-X 

staff.

4.4 Comparison of assessment methods and decision

All three assessment methods are very different and Table 1 shows an overall 

evaluation of the three methods. Evaluation is based on information that was 

available and discussions with people behind the development of these tools.

Table 1, Maintenance assessment models’ evaluation

Maintenance assessment models evaluation
Main-X SFME cPIP

Number of criteria 265 300 71

Percentage of maintenance questions 100% 100% 23%

Based on Fortum knowledge Yes, but Swedish No Yes

Objectivity of assessment

internal tool,

internal evaluator

external tool,

assessment team

internal tool,

assessment team

Possibility for international comparison Between Sweden International Between own plants

Required on-site time lday, more often 2 days 2 men 2 days 2 men

Price Free 195$ Free

Instructions Decent Comprehensive Decent

Scoring scale yes/no 5 to 10 1 to 4
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In every tool in this comparison there were a good number of evaluation criteria. 

Main-X and SFME have roughly the same amount but cPIP has a lot fewer, partly 

because of the differing nature of the cPIP criteria which include questions that 

require more than just a simple yes or no answer. The principal difference is in the 

number of criteria that consider maintenance related activities. In cPIP there are 

only 17 criteria concerned with maintenance, which makes it ineffective as a 

maintenance assessment tool: cPIP is more of an overall performance assessment 

tool for management. Conversely, the Main-X and the Scoreboard for mainte

nance excellence are specifically focused on evaluating maintenance performance. 

Main-X evaluation and SFME have many similar criteria but Main-X is more tai

lored to the Swedish plants.

CPIP and Main-X are both based on Fortum's own innovation, which means that 

those might be better tailored to Fortum needs as they are familiar with them. On 

the other hand, as these tools have been produced, developed and used in-house 

by Fortum, that might also cause a lack of perspective. Alternatively, SFME is an 

American product which focuses mostly on maintenance of production based in

dustries.

Being an assessment tool an important part of evaluating is comparison with other 

similar plants. It is of course possible with every model to compare all one’s own 

plants by evaluating and comparing the results. It is even more useful to make 

comparisons with plants abroad owned by other companies. With the Main-X 

tool, it would be possible to make comparisons with other Swedish plants where it 

is also used. Since cPIP was established by Fortum Service, it is possible to make 

comparisons with plants scattered around Europe that have a service contract with 

Fortum. SFME is an international product that is used as an internal benchmark

ing tool in thousands of different organizations. It might be possible, therefore, to 

compare our own results with numerous others for benchmarking and learning 

purposes.

The amount of time required to be spent on-site has a direct impact on how much 

every evaluation costs. Both cPIP and SFME require 2-man teams to spend 2 days 

on-site, added to the fact that interviewees from the site will also spend at least
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part of the day not working. The Main-X evaluation system is different. Since 

there is usually evaluation of criteria from only one development level at a time, 

evaluating takes less than one day and focuses more on examining the site than on 

interviewing personnel. On the other hand, Main-X audits have to be done more 

often than cPIP or SFME.

Both cPIP and Main-X are free of charge because they are Fortum's own innova

tions. However, SFME is a commercial product though still relatively cheap at a 

cost of less than two hundred euros. That price represents very good value be

cause it gives full rights to customers to use and change the tool for their own 

purposes. There are no additional annual license fees or update costs.

Instructions for carrying out the evaluation are essential in order that it is done 

correctly. All these tools have instruction manuals in which there is a description 

of how the evaluation should be done. CPIP has a basic manual that includes all 

the main parts and rules for making assessments. SFME has somewhat more 

comprehensive instructions which also include a plan for executing the evalua

tion. These plans include the detailed schedules and steps of the project. The 

Main-X also has clear instructions in Swedish which concentrate mostly on de

scribing the criteria rather than the actual evaluation method.

Every tool has a different scale for scoring criteria. The Main-X has only a yes or 

no scale, which is quite narrow because it gives no points for partly completed 

items. Most of Main-X criteria are based on whether the required factor is done or 

not. The cPIP has a wider scale from one to four the definitions of which are: 1 = 

no evidence or anecdotal, 2 = partly fulfilled, 3 = mainly fulfilled, 4 = best prac

tice level application. The SFME has a scoring scale from five to ten, which is in

teresting because it is actually almost the same as using a scale of one to six but 

the scores start from five. In some criteria, in order to highlight importance, it is 

possible to receive zero points. The score definitions in SFME are: 5 = poor, 6 = 

below average, 7 = average, 8 = good, 9 = very good, 10 = excellent.
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In Table 2 is the comparison of assessment tools scored from one to five. The 

scores are based on arguments in this chapter and the decision on the weighting of 

the factors was based on the importance of each factor.

Table 2, Maintenance assessment models evaluation scores

Scoring from 1 to 5_______________________________________________________________ Weighted values

Main-X SFME cPIP Weight Main-X SFME cPIP

Number of criteria 5 5 3 2 10 10 6

Percentage of maintenance questions 5 5 2 3 15 15 6

Based on Fortum knowledge 3 1 5 2 6 2 10

Objectivity of assessment 3 4 3 4 12 16 12

Possibility for international comparison 2 4 3 3 6 12 9

Required on-site time 4 3 3 2 8 6 6

Price 5 4 5 1 5 4 5

Instructions 3 4 3 3 9 12 9

Scoring scale 2 4 3 3 6 12 9

Sum 32 34 30 23 77 89 72

Average 3,56 3,78 3,33 3,35 3,87 3,13

As can be seen from evaluation, the SFME has the highest score in both weighted 

and non-weighted categories. Added to this piloting, the SFME provides more 

new information that is not included in Fortum-made systems. Based on this 

evaluation and other factors in this chapter, the SFME was decided upon as the 

maintenance assessment method for this master's thesis.
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5 Research material and methods

5.1 Pilot study about the Main-X

After reviewing all available documents about the Main-X, it was time to get 

more concrete knowledge about it. In May 2010 a pilot study was conducted dur

ing a one-week research trip to Stockholm, the purpose of which was Main-X 

orientation. This included seeing most of the important parts of Main-X in opera

tion. During that trip five different board teams were visited, three different 5S 

rounds conducted and most of the key people of the Main-X were met. Also, three 

very different power plants were visited.

One of the most significant features was that all board teams work very different

ly; some efficiently and some less so, although it was clear that in almost every 

board team, people actively participated in actions and were highly motivated. As 

participating in 5S rounds, was also noticed that those were quite superficial. The 

inspected areas were not exactly shining as the high standards of cleanliness on 

Main-X expect. At the end the issues discovered in 5S rounds were not at all criti

cal. This merely points out that maybe the description is too strict instead of that 

the inspections were being too loose. A positive factor of the order and method 

pillar was that the tools were smartly attached to the wall with name tags and were 

well organized in working areas. [17]

The autonomous maintenance witnessed in practice was operators doing some lu

brication, filter changes and inspection rounds but no real maintenance work. In 

some plants in Finland, operator-based maintenance initiatives are already in 

place and a performance measure for maintenance hours per year for operators is 

assessed annually. Naturally, to get all plants to the same starting level, training 

would be necessary, although, following maintenance training for operators in 

Sweden; the level of actual maintenance tasks performed seemed to be below their 

level of expectations. The Main-X goal for autonomous maintenance is set at a 

quite high level. [17]
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5.2 Selecting data for piloting the assessment tool

One goal of this thesis was to test the created or verified assessment tool by using 

it to evaluate two different power plants. Fortum has numerous power and district 

heating plants in Finland. As the assessment tool is first tested in Finland, it is ne

cessary to choose from amongst the Finnish CFIP-plants. Naantali power plant is 

an obvious choice because it is an old but well-maintained plant near the end of its 

lifecycle. Another reason for choosing Naantali is because the other instructor on 

this thesis works there and therefore knows the place well.

Suomenoja power plant is another good choice because it is brand new and is lo

cated in Espoo near Fortum headquarters. That gives a totally different perspec

tive on maintenance when compared to Naantali, unsurprising because as one is 

fifty-years old and the other one-year old, plant maintenance efficiencies must in

evitably have differences.

There is still a very great difference between the organization cultures in Suome

noja and Naantali. This is because Naantali is one of the oldest Fortum plants but 

Suomenoja was just recently acquired from another company which had a very 

different working culture. This provides very interesting information on the simi

larities and differences in the two cultures.

It would have derived great information had 1 been able to audit some of the Swe

dish plants, especially Main-X plants, with the same assessment tool. Unfortu

nately, that was not possible within the limits of this thesis. It is probable that, if 

the assessment tool performs well in the pilot tests, it will be used in other coun

tries too. Assessing plants in all countries would provide more important bench

mark data for future maintenance and investments.

5.2.1 Suomenoja plant

Located by the sea in Espoo, Finland, the Suomenoja power plant produces heat 

for the inhabitants of Espoo, Kauniainen, and Kirkkonummi and electricity for the 

Finnish national grid. The power plant currently produces approximately 1,800 

GWh of electricity and 2,200 GWh of district heat per year. [23]
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The first power plant was built over 30 years ago when, in 1977, a steam power, 

plant producing electricity and heat and using coal as fuel, was completed. A hot 

water boiler plant based on circulating fluidized bed technology and intended for 

peak load operation was completed in 1986. A gas turbine plant equipped with 

heat recovery was commissioned in 1989 and the latest investment is a CHP plant 

that was introduced at the end of 2009. [23]

The new CHP plant consists of a gas turbine that uses natural gas as fuel, a steam 

boiler that recovers heat from the gas turbine exhaust gases, and a steam turbine. 

The efficiency of the combined heat and power plant can be up to 90%. [23]

The introduction of the Suomenoja plant unit, based on the use of natural gas, re

duced the use of coal and oil in the area's district heat production. Furthermore, 

the amount of coal and ash transportation and sulfur dioxide and particle emis

sions were reduced by almost 40%. The carbon dioxide emissions per produced 

energy have decreased by more than 10%. [23]

The total production of the Suomenoja power plant covers almost all of the dis

trict heat demand of the cities of Espoo, Kauniainen, and Kirkkonummi. The rest 

of the district heat requirement is produced by heat plants located in different 

places in the district heat network. The heat plants are only used for district heat 

production during the winter when the heat demand is at its highest. [23]

The production capacity of the Suomenoja power plant is 359 MW of electric 

power and 554 MW of district heating power. [23]

5.2.2 Naantali plant

The Naantali power plant is located in southwestern Finland in Naantali harbor. 

The plant has generated power for almost fifty years, the first unit having been- 

completed in 1960. The plant, which originally generated only electricity, now 

also produces most of the district heat used in the Turku region and the steam 

used by industrial customers in the surrounding area. [23]
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Annually, the power plant generates approximately 1,000 GWh of electricity for 

the transmission network, approximately 600 GWh of steam for industrial cus

tomers and approximately 1,500 GWh of district heat for the Turun Seudun Kau

kolämpö Oy’s heat transmission network. The heat transmission network supplies 

approximately 180,000 citizens of Turku, Naantali, Kaarina and Raisio with heat. 

[23]

Coal is the main fuel used at Naantali power plant, heavy fuel oil is used for start

ups and as support fuel and refinery gas is also used. The power plant has three 

production processes. Each power plant unit’s boiler and turbine with support 

equipment form a closed circuit process. [23]

Sulfur emissions have decreased significantly in the Turku region since the 

1980’s, when the decentralized heat production was concentrated in the Naantali 

power plant and the use of heavy fuel oil, which is high in sulfur content, was re

duced. The power plant monitors the air quality in the region continuously in co

operation with municipalities and industrial enterprises in the surrounding area. 

[23]

Electrical power output is 256 MW, district heating output is 350 MW and 

process steam output is 80 MW. [23]

5.3 Research method

The chosen research method was interviewing of maintenance staff because that 

gave access to their high levels of knowledge and experience of maintenance, the

reby enabling the interviewer to add to his own knowledge. The questionnaire 

used in these interviews was based on the chosen maintenance assessment tool, 

which was the scoreboard for maintenance excellence.

That tool included 300 maintenance criteria that needed to be checked in each lo

cation. In this thesis the audit is carried out predominantly by interviewing the 

chief of maintenance in both plants, conducting some basic inspections at the
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plants and interviewing specialists of some specific areas. The assessment is 

planned to be done within two working days on-site at each of the plants.

5.4 Performing the research

Conducting SFME fully and following the instructions precisely would need a 

team of workers consisting of experts in all the different evaluation categories. In 

an ideal situation, 2-man teams for each of the 27 categories would investigate, 

interview and question in each area and verify every fact. Unfortunately, for this 

master's thesis it was not possible to conduct such a massive operation and the 

evaluations were conducted by just one man in two days. That meant that the 

evaluation relied very much on the information provided by interviewees, without 

there being the opportunity to verify the reliability of the answers.

The research was conducted firstly at Suomenoja and then Naantali during the 

summer of 2010. In Suomenoja both the maintenance manager and maintenance 

engineer were interviewed on separate occasions. Some specific questions were 

asked directly of experts in the area. Being the first of the piloted plants, it could 

have been expected that some problems with questions or scheduling might arise 

but that did not happen and the interviews not only went very smoothly but even 

quicker than scheduled. The second assessment was conducted in Naantali where 

the technical manager of the plant, formerly the maintenance manager there and 

the head of Heat Finland's maintenance, was interviewed.
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6 Implementation strategies

Thousands of companies have started a TPM effort but only a few hundred have 

succeeded. The reasons for this are many and varied, but most of them are only 

excuses. As Enrique Mora's opinion, there are people who are profligate with 

energy who can find more excuses for not accomplishing their goals than they can 

reasons to achieve them. Based on experiences of dealing with companies that 

have not succeeded in their TPM projects, Enrique Mora is convinced that the ba

sic problem in implementing the TPM or any other lean maintenance practice lies 

in the culture of the companies. [24]

A new lean maintenance practice is a big change for a company and it certainly 

impacts on all stakeholders’ output, not only on that of the plant. Workers are 

generally motivated by fair treatment, and a special implementation strategy is 

important to ensure good performance after launching a new maintenance prac

tice.

The first dilemma is whether the new maintenance practice supports everybody in 

building a successful business or creates conflict among the stakeholders. Another 

challenge is that the new maintenance practice should be attractive and fair to 

every employee.

6.1 TPM implementation strategies

Since the Main-X is derived from TPM, the most suitable implementation strategy 

would accord most closely to known TPM implementation strategies. There are 

many known guides for implementing TPM and there follow some pieces of ad

vice from TPM on-line articles.

To succeed in the TPM project, one has to consider the following issues: the lea

dership environment; full respect for all people’s contributions; recognition and 

acknowledgement; and real leadership taking the place of the old concepts of au

thority. A new generation of supervisors must be developed, who are conscious of 

their role as listeners, trainers and facilitators. [24]
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In order to begin applying the TPM concepts as maintenance activities in a plant, 

the entire work force must be convinced that the upper level management is 

committed to the program. The first step in this effort is to appoint a TPM coordi

nator. It is the responsibility of the coordinator to sell the TPM concepts to the 

work force through an educational program so that they take the program serious

ly. To do a thorough job of educating and convincing the work force that the TPM 

is not just another "program of the month" will take a long time. [25]

Once the coordinator is convinced that the workforce has internalize the TPM 

program and that they understand it and its implications, the first action teams are 

established. These teams are usually made up of people who directly have an im

pact on the related problem. The operators, the maintenance personnel, the shift 

supervisors, the schedulers, and the upper management might all be included on a 

team. Each person becomes a stakeholder in the process and is encouraged to do 

his or her best to contribute to the success of the team effort. Usually, the TPM 

coordinator heads the teams until others become familiar with the process and 

natural team leaders emerge. [25]

The Total Productive Maintenance action teams are charged with the responsibili

ty for pinpointing problem areas, detailing a course of corrective action, and in

itiating the corrective process. Recognizing problems and initiating solutions may 

not come easily to some team members. They might not have had experiences in 

other plants where they would have had opportunities to see how things could be 

done differently. In well run TPM programs, team members often visit cooperat

ing plants to observe and compare TPM methods and techniques, and to observe 

work in progress. This comparative process is part of an overall measurement 

technique called benchmarking and is one of the greatest assets of the TPM pro

gram. [25]

The TPM teams are encouraged to start on small problems and keep detailed 

records of their progress. Successful completion of the team's initial work is al

ways recognized by management. Publicity of the program and its results are one 

of the secrets of making the program a success. Once the teams are familiar with

47



the TPM processes and have experienced success with a small problem, problems 

of ever increasing importance and complexity can be addressed. [25]

In the TPM, the operator is required to take an active part in the maintenance of 

equipment. This is one of the basic innovations of the TPM. The attitude of "I just 

operate it!" is no longer acceptable. Routine daily maintenance checks, minor ad

justments, lubrication, and minor part replacement become the responsibility of 

the operator. Extensive overhauls and major breakdowns are handled by plant 

maintenance personnel with the operator assisting. Even if outside maintenance or 

factory experts have to be called in, the equipment operator must play a signifi

cant part in the repair process. [25]

Training for the TPM coordinators is available from several sources. Most of the 

major professional organizations associated with manufacturing, as well as private 

consulting and educational groups, have information available on TPM implemen

tation. [25]

6.2 How Main-X was implemented in Sweden

Implementing the Main-X in Sweden was a long process that began in the spring 

of 2007. The steps of the Main-X implementation and its preparation are shown in 

Figure 10.
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Steps of Main-X
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Fig. 10, Main-X implementation steps in Sweden [27]

Obviously the first step is to create a vision of what is the ultimate goal of the 

project. It is important to create a vision that is achievable but ambitious. In For

tum Värme they created a vision of reaching maximum availability performance 

on profitable terms. The next step after creating the vision is to create a strategy 

on how to reach it. Värmes strategy was built on the operator's knowledge of the 

plants. Maintenance was made a function for the entire staff and basic conditions 

for making good maintenance work were highly important in making a successful 

implementation. The next step was to set up a project team with knowledgeable 

and ambitious people striving towards a common goal. Most of the people in the 

Värmes project team were already working at Fortum on different tasks and many 

of them were former maintenance or operation engineers. The project team grew 

rapidly during the project but in the beginning there were only few people. [27]

To start with, the newly established project team began to benchmark the facilities 

that had a good reputation in maintenance activities. They were especially inter

ested in plants that used TPM methods. The project team visited such plants as, 

for example, "Stora Enso", "Volvo" and "Outokumpu". In every plant they found
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factors that were performed in exemplary fashion and factors that team members 

listed as best practices. In the project team's opinion, the Outokumpu's model was 

one of the most advanced and that’s why it was used as a main example model for 

creating the Main-X. After benchmarking, it was clear what was required. The 

vision that had been defined earlier developed into a more concrete mission to 

achieve the same factors. At the same time, the five pillar model was also formed 

and the development levels were decided according to the benchmarking and the 

TPM model. [27]

Contact personnel from the project team were appointed to specific responsibili

ties in the project. These contact personnel were assigned to the different produc

tion areas in Fortum Värme so that each area had one contact person. With the 

help of the new contact person, a comprehensive current situation analysis was 

conducted in each plant. In this analysis the basic factors of order and method in 

the plants were inspected and reported upon. The plant’s cleanliness and organiza

tion of tools and equipment were important parts of this analysis. Also, the main 

principles of all the pillars were analyzed in the current situation analysis. This 

analysis provided lots of background data that made working with the other pillars 

a lot easier, as well as helping to identify which factors were going in the right 

direction at the outset and which factors needed exhaustive action. [27]

The next step was to establish a breakdown inquiry commission. Here, decisions 

were taken as to which personnel would have the authority to stop ordinary work 

in order to analyze breakdowns as they arose. Inquiry results provided recommen

dations on how to prevent the same type of breakdowns from recurring. In this 

phase the local pillar leaders for every region in each pillar were also nominated. 

The local pillar leaders function under the instructions of the corresponding pillar 

leaders. The next big step was to develop the action plans for the development le

vels that had been decided earlier. Every level has multiple tasks in every pillar, 

except level 0 that is only basic order and method. [27]

Training of key personnel was very important and they had to have a comprehen

sive knowledge of the whole project. These same people were largely responsible 

for training large numbers in the following steps. Comprehensive training was a
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very important factor in ensuring that everyone who was part of the project did 

truly internalize all aspects. These training sessions included lots of motivation 

and attitude changing facts, and inventory structures and working methods were 

altered to fulfill Main-X needs. At this point, when most of the organization had 

embraced the project, the first cross-functional teams were established within the 

plants. These teams were established in every production area and in every sepa

rate function. For example, specific teams were formed for boiler, turbine and fuel 

handling. [27]

An important part of maintaining achievements and monitoring progress was to 

conduct regular internal audits. These audits were done by monitoring develop

ment levels and following the action plan. If the action plan were followed rigo

rously, there would be dozens of internal audits every year. One type of auditing 

is to conduct 5S rounds at least once a month in every work area. The final step 

was autonomous maintenance, which was described in the Main-X chapter. Dur

ing the implementation phase, the operators needed a good deal of training in au

tonomous maintenance generally and in technical areas particularly. Also every 

employee joined a 2-day training session in 5S. [27]

6.3 Main-X implementation in Finland

There are many different ways of implementing Main-X in other regions and two 

possible scenarios, case 1 and case 2, are described here. In the first case, Main-X 

could be taken as a whole package and implemented exactly as it is in Sweden, 

except that, of course, the experience and knowledge gained from the Swedish 

implementation would be incorporated to improve performance. In the other case, 

only the best parts of Main-X would be adopted, with the rest adapted the better to 

meet Finnish needs while, at the same time, making the version a little less pre

scriptive than the original.

In case 1, the same structure and all procedures and functions of Main-X would be 

implemented as they are in Sweden. Naturally, improvements would be made by 

taking advantage of everything learned from the Swedish implementation. The 

information gathered during the Swedish implementation is extremely valuable
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and could save time and money. Even in case 1, some of the steps illustrated in 

Figure 8 could be skipped or done more quickly. One example might be that the 

benchmarking data from Sweden is still valid and can be used with slight add-ons, 

providing a saving in time and money as the benchmarking process is quite de

manding of both. It would, of course, be of enormous benefit to benchmark some 

Finnish plants using TPM to get more information. In that case, the implementa

tion time might be a little faster than in Sweden because knowledge of their expe

riences could be incorporated. Throughput time would be reduced mainly because 

there would be more knowledge available at the outset and because a few steps 

could be skipped.

In case 2, only the best and most suitable parts of the Main-X would be imple

mented, as a result of which more steps could be skipped and fewer people in

volved on a daily basis. The action plan and development levels would be mod

ified to Finnish needs, in which case the pillar structure would be present, there 

would be no separate pillar leaders and some of the factors in the pillars would not 

be used. For example, cross-functional board teams might not be formed at the 

scale those are in Sweden and the concentration on cleaning would be at tolerable 

level. As a result, in case 2, the implementation project would be totally different 

from case 1. It would begin by translating and modifying development levels and 

action plans into Finnish and, with the support of management, a start would be 

made on following the new plans. The implementation of that course of action 

would be a lot less time consuming than the implementation process in case 1. 

The changes that would be required in the organizational structure, if Main-X 

were implemented, are discussed in the next chapter.

6.4 Benefits statement

The starting point for the new maintenance practice implementation plan is that 

the objectives of the change are fully understood by all the people involved. 

Firstly, a careful analysis of the position of the key stakeholders should be done, 

particularly to identify their views and their inclination to be advocates or oppo

nents of the change. Understanding the motivations of the participants and know-
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ing who will be the likely winners and losers as a result of the change help in the 

analysis process. [26]

When managing the stakeholder process, it is important to identify the most rele

vant motivators for each stakeholder and to support the performance of those mo

tivators from a neutral point of view. It is also important to pay special attention to 

acknowledging, mapping and addressing the stakeholders’ interests. This analysis 

will show the feasibility of the implementation plan. A good implementation plan 

provides a sense of fairness and justice among stakeholders and supports good 

interpersonal relationships. [26]
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7 Organizational effects of Main-X implementation

To understand how Main-X is implemented within the Swedish organization, it is 

important to have an overview of the whole Fortum organization. Only then is it 

possible to contemplate how it could be implemented in the Finnish Heat division.

7.1 Fortum's present organization

Fortum is divided into four business divisions: Power, Heat, Russia and Electrici

ty solutions and distribution (ESD). All divisions, except Russia, have functions in 

a multiplicity of countries in Europe. Added to this, there are some support func

tions that concern the main organization as well. Fortum's main organization is 

presented in Figure 11.

Staff functionsBusiness Divisions

Executive Vice President

Electricity Solutions and Distribution
Executive Vice President

Heat
Executive Vice President

Finance
Executive Vice President, CFO

Corporate Strategy and R&D
Senior Vice President

President and CEO

Corporate Relations 
and Sustainability

Executive Vice President

Russia
Executive Vice President

Corporate Human Resources
Senior Vice President

Fortums organization

(8 Fortum
Fig. 11, Fortum's main organization

Since this Main-X implementation is topical in the Heat division it is important to 

see how it fits in to Finnish organization. The Heat division is divided into the 

four geographical areas: Scandinavia (Sweden and Norway); Finland; Poland; and
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the Baltic countries (Estonia, Lithuania and Latvia). All the regions should have 

similar organizations but there are some minor differences. Heat division's organi

zation has its own human resources, business control and IT departments, among 

others. The Heat division's organization is presented in Figure 12.

Heat Division

Finland

Poland

Baltic countries

Business Control

Strategy and Business 
Development

Process Development 
and IT

Communications 
and Sustainability

Concepts Development, 
Projects and Purchasing

6 Fortum
Fig. 12, Heat division's organization

7.2 Heat Scandinavia's and Heat Finland's organizations

On the face of it, both Finland and Scandinavia have quite similar organizations 

and Heat Finland's and Heat Scandinavia's main organizations are presented in 

figure 13. Each geographical area is led by a vice president and divided into simi

lar business areas. However, a difference between Finland and Scandinavia is that 

Scandinavia's organization also includes small parts called Fortum Fjernvarme AS 

Norway and Stockholm gas. When considering implementation of Main-X, which 

is operations and maintenance, will belong in the production and distribution cat

egory..
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Fig. 13, Heat's country organizations

In figures 14 and 15, Finnish and Swedish production and distribution organiza

tions are depicted. Both are led by production leaders and, at the lowest level, are 

divided into different plants or production areas. The biggest differences are in 

support functions, which are of most importance when considering the Main-X 

implementation plan. In Sweden, there is a large process and technology organiza

tion which oversees multiple functions and incorporates the entire Main-X team. 

In the Finnish organization, there are separate functions for operation, mainten

ance and process development, but incorporates large teams suitable for Main-X.
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Production and distribution Sweden

______

6 Fortum
Fig. 14, Heat Scandinavia's production and distribution organization

Production and distribution Finland

(8 Fortum
Fig. 15, Heat Finland's production and distribution organization
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7.3 Main-X organization

The green boxes in the Figures indicate where the Main-X organization is located 

in the Swedish organization. In figure 16, Heat Scandinavia's process and tech

nology chart is shown. The different kinds of development areas come under 

process and technology and Main-X is located under the business development 

category.

tø Fortum

Fig. 16, Heat Scandinavia's process and technology organization

The Business Development chart including the Main-X organization is shown in 

Figure 17. It is located under business development and has a few support func

tions alongside. All the pillar leaders and the Main-X competence center operate 

under Main-X. The same people who work as pillar leaders are also Main-X con

tact personnel in the production areas, as a result of which Main-X employs ap

proximately seven people full time and most of these people worked at Fortum as 

operations or maintenance engineers before the introduction of Main-X.
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Fig. 17, Heat Scandinavia's business development organization

7.4 Possible organization cases in Finland

If Main-X in any form were to be implemented in Finland, some organizational 

changes would be inevitable. Most of the Main-X positions would be best filled 

through internal hiring, as those people would already have experience of Fortum 

and its maintenance processes. Some people could be hired from outside but they 

would need comprehensive training before starting. The Main-X organizations 

could be assimilated into production and distribution under operation, mainten

ance or process development: the optimum would be to create a new organization, 

such as process and technology, and put all those functions under it. In Finland, 

process development, which comes incorporated in production and distribution, is 

in reality just one man, not a department.

The cases presented in an earlier chapter would be the same in this scenario in 

terms of organizational change. Case 1 would require almost exactly the same 

kind of organization as in Sweden and case 2 would be a reduced version.
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A quick calculation shows that the Main-X organization in Sweden employs ap

proximately 10 people full time. Hiring 10 new people might turn out to be quite 

expensive as, even if most would be former Fortum employees, it would still 

mean hiring people to fill the vacated positions. In case 1, the Main-X group 

would be formed and new people hired. This scenario would mean more training 

and probably a few weeks on an intensive learning trip to Sweden to leam directly 

from the Main-X and their Main-X competence center. A Swedish supervisor 

should also be recruited to the project organization for a few weeks to oversee the 

beginning of the project. In that case, the organizational chart would look very 

much like the one in Figure 17. The Main-X organization would include all five 

pillar leaders, the competence center and the areas responsible for production. In 

every plant, local pillar leaders corresponding to each pillar and board team activi

ty would be established.

In the Finnish organization, production areas are spread further from each other 

than in Sweden where almost all plants are located in Stockholm. This would re

sult in more travelling and would increase costs. In addition to having many new 

people, the Main-X would result in the weekly loss from regular work of many 

man-hours because of increased meetings and inspection rounds.
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Case 2 Organization proposal

цц QQ ШЛИ

Contact people

6 Fortum

Fig. 18, Possible Main-X organization in case 2

In case 2, only a less rigorous and simpler version would be implemented. A pro

posal for the possible organization is shown in Figure 18. It needs not even be 

called Main-X: it should be adapted as a part of normal maintenance routines as a 

new lean initiative. In this scenario, the hiring need would be much less than in 

case 1 as probably only one or two person would need to be hired. As current pro

duction and distribution manager would undertake the tasks of the project manag

er and as the current head of maintenance would undertake the tasks of the project 

supervisor, it would only be necessary to hire project support. Additionally, con

tact personnel and those responsible for the plant would be necessary. The plant’s 

contact personnel could be, for example, the existing maintenance leaders who 

already have regular meetings, or some other maintenance or operations person

nel. The contact personnel from the plants would be working only part time on 

this project alongside their normal work. The idea would be to implement the de

sired Main-X procedures with normal maintenance operations. In that way it 

would not be an external organization but an integral part of the normal way of 

working.
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This change would be clearly more economical but the advantages gained might 

be less. Also the risk of losing those advantages after the project is over would be 

much greater.
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8 Results from testing the assessment tool

8.1 Suomenoja

The assessment of Suomenoja plant was conducted in two parts, firstly with the 

maintenance manager and secondly with the maintenance engineer. Interviews 

went smoothly partly because the interviewees were well prepared.

The results were quite close to what was expected. The overall score was good as 

too were most of the category scores. Only the score for "Maintenance Organiza

tion, Administration and Human Resources" was average but the scores for "The 

Organizational Culture and PRIDE in Maintenance" and "Energy Management 

and Control" were very good. [28]

In Figure 20 the scores from all categories are shown. As can be seen, most of the 

categories are the in good zone between 70 % and 79 %.

Suomenoja evaluation results
90,0%

85,0%

80,0%

75,0%

70,0%

65,0%

60,0%

A. B. C. D. E. F. G. H. I. I. K. L. M N O. P. Q. R. S, T. U V W X. Y. Z. ZZ.

Fig. 20, Suomenoja plants results by categories. (Descriptions of the letters are in 

Appendix 1.)

8.1.1 Highlights of Suomenoja

The main reasons for higher score in "The Organizational Culture and PRIDE in 

Maintenance" are:
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• Fortum's vision, mission and requirements for success include mainten

ance as a top priority.

• Open communication exists within maintenance and overall organization 

to ensure interdepartmental cooperation.

Energy management is naturally part of Fortum's core know-how and therefore it 

is not a surprise to see a high score in this category. The highlights in the category 

of "Energy Management and Control" are:

• Energy team has been formed and it deals with energy management issues.

• Water management strategy is in place and controls the usage.

• Comprehensive energy audits are conducted periodically.

• Energy efficient equipment is being used throughout the facility.

Other highlights (9 or better) of Suomenoja were:

• The maintenance organizations chart is current and complete.

• Labor and material costs are accumulated from work orders to equipment 

history

• An equipment history file for major equipment is well maintained and 

contains life-cycle costs.

• Work orders are classified by type: for example, emergency work, preven

tive maintenance or planned repairs.

• Supervisors encourage ideas from craft employees.

• Cheapest and most used storeroom items are identified, and vendor ma

naged inventory is used for procurement.

• Stores requisitions are tied to maintenance work orders and charged direct

ly to repair jobs.
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Maintenance employees attend many safety meetings weekly.

• Overall equipment effectiveness factors of availability and performance 

are measured exactly.

8.1.2 Drawbacks of Suomenoja

The main reasons for the lower score in "Maintenance Organization, Administra

tion and Human Resources" category are:

• Craft personnel's job descriptions are not provided to all craft personnel.

• First-line supervisors have too small groups according to SFME. Ideal 

size according to SFME is 12 to 15 people and Fortum has only 5 to 8.

• Monthly reports about distribution of maintenance labor in critical catego

ries and backlog status data are not available.

Other low points (6 or below) and future targets for improvement in Suomenoja 

are:

• Maintenance staff overall training needs have not been detected and there 

are no plans in place for this training.

• The priorities of craft skills development have not been identified.

• Shutdown and overhaul work orders are not used as key information when 

planning new shutdowns.

• A day’s planned work is not always available half-a-day in advance.

• An updated storeroom catalogue is not readily available to craft personnel.

• There is no separate listing for critical spare parts in parts inventory.

• There is not enough manpower committed to achieve total scope of pre

ventive maintenance services.
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• Compliance of preventive maintenance is not measured against company 

benchmark.

• The productive working time of craft personnel is not measured as per

formance indicator.

• Maintenance shop facilities are not located in ideal locations because there 

are two shops at Suomenoja and it has been a long and unsuccessful 

process to try to close the other one.

8.2 Naantali

The assessment of Naantali plant was conducted by interviewing the technical 

manager of Naantali who is a fonner maintenance manager. He also works as 

Head of Maintenance for all of Heat Finland. The interview went smoothly partly 

because the interviewee was well prepared.

The results in Naantali had more variance than the results from Suomenoja. The 

overall score was good and very near to the score at Suomenoja. Two categories 

received very good grades and three categories received average grades. The 

scores for "Maintenance Organization, Administration and Human Resources" 

and "The Organizational Culture and PRIDE in Maintenance" were very good and 

the scores for "Operator Based Maintenance and PRIDE in Ownership", " Manu

facturing Facilities Planning and Property Management" and "MRO Materials 

Management and Procurement" were average. [29]
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Naantali evaluation results
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Fig. 21, Naantali plants results by categories

8.2.1 Highlights of Naantali

The main reasons for the higher score in "The Organizational Culture and PRIDE 

in Maintenance" are:

• Fortum's vision, mission and requirements for success include mainten

ance as a top priority.

• Senior management is visible and actively involved in continuous main

tenance improvement.

• The organizations strategy and plan includes strategy for maintenance im

provement.

The main reasons for higher score in "Maintenance Organization, Administration 

and Human Resources" category are:

• The maintenance organization chart is current and complete.

• Craft job descriptions have been developed that define required responsi

bilities and skills for each job and craft personnel are provided with copies 

of their job descriptions.

• A timekeeping system is in place to charge craft time to each job.
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• Monthly reports about distribution of maintenance labor in critical catego

ries, backlog status and sufficient man-hour data is available.

Other highlights (9 or better) of Naantali were:

• The types and levels of craft skills required have been identified.

• Labor and material costs are accumulated from work orders to equipment 

history.

• Inventory accuracy is regularly measured in Naantali and is over 95 %.

• There is a plan in progress for using predictive maintenance technologies 

for all applicable equipment.

• Maintenance employees attend many safety meetings weekly, safety 

records have been continuously improving in the past 5 years and all safe

ty equipment is prescribed to each job.

• Maintenance performance measurement is overall done excellently in 

Naantali.

• CMMS (Maximo) outputs have been developed through maintenance in

formation system that provides important reports for management. It has 

an inventory management module and is backed up by system administra

tors.

• Adequate numbers of specialty tools and equipment are available.

8.2.2 Drawbacks of Naantali

Naantali got only an average score in "Operator Based Maintenance and PRIDE in 

Ownership" because operator based maintenance is not implemented in Naantali. 

In Naantali, operators are not taught to clean their equipment or undertake even 

simple maintenance tasks. This category is obviously a target for development 

because there is much to gain when autonomous maintenance is at higher levels.
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The category "MRO Materials Management and Procurement" also received an 

average score. The reasons for that were:

• The lack of a performance indicator to measure the effectiveness of store

room operations and MRO procurement.

• The issue of stock is not monitored as a performance measure for store

room and procurement processes.

The category "Manufacturing Facilities Planning and Property Management" re

ceived also an average score. This is because Fortum is an energy company and 

maintaining facilities is not its core business. Most of the questions in this catego

ry were not relevant to Fortums and were left unanswered. For the same reasons, 

questions on "Overall Craft Effectiveness (ОСЕ)" were left, on the whole, unans

wered.

Other low points (6 or below) and future targets for improvement in Naantali are:

• Actual hands-on job competency is not being documented to validate craft 

skill levels.

• The equipment history file is not reviewed regularly to analyze repair 

trends and define root causes.

• Maintenance planners do not have a priority system for developing start 

dates for upcoming work orders.

• There is no process for evaluating current operational status of production 

equipment to define repair needs.

• The storeroom does not use ABC classification for its stock items.

• Critical spare parts for critical assets and critical instrumentation are not 

listed on a separate list: instead those are only listed on the normal spare 

part list along with other parts.
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• Goals for increased reliability and preventive maintenance compliance are 

not measured against company benchmark.

• Good housekeeping within maintenance shops is not a top priority as it 

should be.

• Baseline performance factors are not used on evaluation of ongoing im

provements against past performance.

• Bill of material of critical equipment does not contain a list of critical 

spare parts as it should.

8.3 Comparison

The results from plants were very close if only the total scores are examined. 

However, if every category is checked separately there are large differences in a 

couple of categories. The diversion between Suomenoja and Naantali results can 

be seen in Figure 22. The orange pillars below mean that Naantali got higher 

scores and blue pillars above mean that Suomenoja got the higher scores.

15.0 x
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-15,0 X 
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Suomenoja Naantali results comparison
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A. B. C D. E. F. 6. H. I. I. K. L M. N. О P. Q. R S. T. U. V. W X. Y. Z.

Fig. 22, Comparison of Suomenoja and Naantali results; the differences in catego

ries are in percentage units
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8.3.1 Suomenoja is better in

The categories in which Suomenoja succeeded in being clearly better are "Opera

tor Based Maintenance and PRIDE in Ownership", "Shutdown and Major Plan

ning /Scheduling and Project Management", "Manufacturing Facilities Planning 

and Property Management", "MRO Materials Management and Procurement", 

"Process Control and Instrumentation Systems Technology" and "Energy Man

agement and Control".

Operator based maintenance shows a big difference between Suomenoja and 

Naantali. In Naantali and most Fortum power plants there has been no training in 

these techniques and operators are not expected to undertake maintenance tasks. 

Conversely, as Suomenoja belonged formerly to a German company which ran 

thorough training for operators, the operators there undertake basic maintenance 

tasks and cleaning. Shutdown planning in Naantali was in an average state but 

Suomenoja has a somewhat higher score based on planning and scheduling expe

riences. As the manufacturing facilities and property management is not Fortums 

core business, some questions were irrelevant as a result of which the score at Su

omenoja was slightly better.

In material management and procurement Suomenoja and Naantali have different 

working methods because of the different histories of the plants. In Naantali and 

most Fortum plants there is a buyer who takes care of all procurement, which is 

the preferred model in the heat division. In Suomenoja the method retained from 

its previous owner is that all supervisors and planners have the right to order parts 

and tools directly. Suomenoja is moving towards the same one buyer model as 

practiced in the Fortum plants. In Suomenoja stores requisitions, vendor evalua

tions and emergency purchases are well handled.

In process control, Suomenoja gets the higher score because instruments are 

tagged and marked better and there are better emergency and operational instruc

tions in essential locations. The main reason might be that Suomenoja was built 

just last year and the markings and instructions are still placed in the correct loca-
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tions. Naantali, on the other hand, is very old and all the new ideas, therefore, 

have not yet been implemented there.

Energy management is a very important issue for a company like Fortum. There 

are differences in attitudes towards energy savings and efficiency in Suomenoja 

and Naantali. As Suomenoja is newer, a great deal of thought has gone into effi

cient motors, compressors and ballasts so that energy consumption is trimmed to 

the minimum.

8.3.2 Naantali is better in

The categories in which Naantali succeeded clearly better are "Maintenance Or

ganization, Administration and Human Resources", "Work Management and Con

trol: Shutdowns and Major Overhauls" and "Maintenance Performance Measure

ment".

Suomenoja plant has problems with craft job descriptions and responsibilities. In 

Suomenoja no copies of personal job descriptions are distributed among craft per

sonnel because specific descriptions have not been drawn up. Naantali regularly 

produces reports on distribution of maintenance labor and backlogs that are prob

lematic for Suomenoja.

There are some differences in overhaul planning between Naantali and Suomeno

ja. The main difference is that in Naantali the former work orders are used as key 

planning information for costs and performance in overhaul planning. In the main

tenance performance measurement method too there were some differences. In 

Naantali those issues were very much under control with indicators being wisely 

chosen and regularly measured.
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9 Conclusion and recommendations

9.1 Conclusions about assessment tool

The two plants that were evaluated were both in quite good condition and thought 

had clearly been given to maintenance matters. There are, however, still many as

pects that need more resources and commitment to facilitate improvement to 

higher levels. The same assessment could be conducted in many other plants in 

heat divisions in every country to get more data for comparison.

To get real benefits from these assessments it is very important to initiate actions 

based on the results of the assessment. The first thing to do is to reassess priorities 

and reconfirm commitments at all levels to maintenance improvement; mainten

ance practices should then be developed and plans for priority improvements de

veloped and implemented; measures should be put in place to evaluate periodical

ly maintenance performance and results; and, lastly, a strategy of continuous re

liability improvement should be initiated.

As a tool, SFME has a few problems. First of all, it includes far too many ques

tions, and similar questions appear in many of the different categories. Many 

questions needed more carefully specified criteria to clarify how they should be 

answered and graded.

It is very hard to decide where some simple matters should be placed on a scale of 

5 to 10 and it is difficult to award a 7 as an average, which means same level as an 

average plant, when the average plants is not defined more clearly.

The way the assessment was conducted in this thesis leads easily to incorrect re

sults, simply because, as the answers were not verified with any reliable data, the 

interviewees could easily lead the results in any way they wanted. In a number of 

categories, it was quite apparent that the assessment was not developed for power 

plant maintenance purposes. The questions were clearly biased from the point of 

view of correct maintenance procedures. For example, the number of craftspeople 

under the supervision of first-line supervisors depends very much on the number
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of other tasks for which those supervisors are responsible. According to the SFME 

model, the optimum is that supervisors have no tasks other than the supervision of 

a large group of craftspeople.

9.2 Recommendations about implementing Main-X

Two possible cases for implementing Main-X were described. The starting point 

for this thesis was that the Main-X would be implemented and, consequently, the 

option of not implementing it is excluded. As the real visible benefits of Main-X 

are quite small and the size of investments in case 1 is high, the question is 

whether case 2 should be recommended.

The need to recruit multiple new employees and the introduction of large organi

zational changes make case 1 an unfavorable choice. It is true, also, that the Swe

dish Main-X is at too early a phase to enable its true potential to be seen. Antic

ipated cost savings have not materialized and availability has not improved as ex

pected and is still well below Finnish standards. As availability is already at a 

high level in Finland there is not as much potential as in Sweden. The remaining 

benefit would be a decrease in maintenance costs but there is no evidence here 

either that those have decreased in Sweden. In fact, according to data, mainten

ance costs have risen sharply after Main-X implementation while investments on 

maintenance have decreased.

Based on written material about Main-X, the orientation trip to Stockholm and 

progress observed there, it has not been possible to verify enough actual benefits 

based on facts. It is more feasible to implement the simplified version of Main-X 

now and continue to monitor the situation in Sweden. If the benefits there sudden

ly show an improvement, it would not be such a significant change to implement 

the Main-X system in its entirety at that time.

9.3 Needs for further study

Both objectives have need of further study. In the future, in some of the Heat divi

sion’s plants, the SFME maintenance assessment tool and the cPIP tool will be
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evaluated in parallel. SFME will also be evaluated in other plants to get more 

benchmarking data about our own plants. The possibility of using a modified ver

sion of Main-X development levels in Finland as a development measurement 

matrix is a possible choice.

The implementation plans for the Main-X model will be discussed and prepared in 

the process board division. It is important to decide what features of Main-X are 

desirable for implementation in Finnish maintenance operations. These features 

will form the light Main-X which will be absorbed into normal maintenance activ

ities. Implementation is meant to begin within months after completion of this 

thesis.

9.4 Summary

This thesis was commissioned by Fortum to examine the Swedish maintenance 

model Main-X and its implementation possibilities. The major objectives for this 

thesis were to develop or verify an assessment method for maintenance and assess 

possible implementation plans for the Main-X operation model.

The research methods employed were literature research, a pilot study in Sweden 

and power plant interviews in Finland. At the outset, it was important to define 

clearly the concepts of maintenance and its most important key measures and op

erations models. It was also very important to present the most well-known opera

tions models to provide a basis for the presentation of the Main-X. The Main-X 

model was described in as detailed a way as possible in order to convey a deep 

enough understanding to be able to recommend a decision to be made on its im

plementation.

Available maintenance assessment methods were investigated in order to find a 

feasible one for this thesis. The three most applicable assessment methods were 

compared and the SFME was chosen as the assessment tool for this thesis. The 

chosen assessment tool has been successfully piloted in two Fortum power plants. 

The results were good and the areas that needed improvement were identified.
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Nevertheless, the tool still has problems with reliability and verification. For that 

reason, other methods should still be considered.

Two possible implementation cases for Main-X were developed. Both cases were 

evaluated based on probable benefits and costs and the more preferable case was 

recommended. Based on anticipated benefits and investments, case 2, the simpli

fied version was preferred for implementation.

Both objectives have been reached within this thesis. The process was very educa

tional and many important matters were discovered especially during the assess

ment phase.
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Appendix 1

The Scoreboard for Maintenance Excellence 
Summan of Evaluation Categories

CATEGORY
Category Descriptions

Evaluation Total Points 
in Category

% of 
Overall 
Total

A, The Organizational Culture and PRIDE in 
Maintenance

6 60 2%

В Facilities Organization. Administration and Human 
Resources

12 120 4%

c Craft Skills Development and PRIDE I Mamtenance 12 120 4%

D. Operator Based Mamtenance and PRIDE in Ownership 6 60 2%

E. Maintenance Supervision Leadership 9 90 3%

F Maintenance Business Operations. Budget and Cost 
Control

12 120 4%

G Work Management and Control: Maintenance and 
Repair (MR)

12 120 4%

H. Work Management and Control: Shutdown, Major 
Overhaul and Construction and Renovation (OR)

6 60 2%

L Shop Level Planning and Scheduling 18 180 6%

I Shutdown and Major Planning .Scheduling and Project 
Management

9 90 3%

K_ Manufacturing Facilities Planning and Propert)' 
Management

9 90 3%

L Production Asset and Facilities Condition Evaluation 
Program

6 60 2%

M Storeroom Operations and Internal MRO Customer 
Service

12 120 4%

N. MRO Materials Management and Procurement 12 120 4%

[18]
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The Scoreboard for Maintenance Excellence
Summary of Evaluation Categories i 'Continued)

CATEGORY
Category Descriptions (continued)

Evaluation
Items

Total 
Points in 
Category

Vo of 
Overall 
Total

0. Prev entive Maintenance and Lubrication 18 180 6%

p Predictive Maintenance and Condition Monitoring 
Technology Applications

15 150 5%

Q Process Control. Building Automation and 
Instrumentation Systems Technology

9 90 3%

R Energy Management and Control 12 120 4%

s Maintenance Engineering Support 9 90 3%

T. Safety and Regulatory' Compliance 12 120 4%

U. Maintenance and Quality' Control 9 90 3%

V. Maintenance Performance Measurement 12 120 4%

W. Computerized Maintenance Management System 
(CMMS) and Business System

18 180 6%

X. Shop Facilities, Equipment, and Tools 9 90 3%

Y Continuous Reliability Improvement 15 150 5%

Z. Asset Facilitation and Overall Equipment Effectiveness 
(OEE)

15 150 5%

ZZ Overall Craft Effectiveness (OCE) 6 60 2%

Total Evaluation Items and Points 300 3000 100%

[18]
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