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Summary 
 
Business partnership between the user and manufacturer of a power plant offers the best 
opportunities for a profitable operation. Thorough knowledge of the built-in capacity of 
the installation together with an adequate analysis of the condition of the unit reveals the 
need for maintenance. With the proper maintenance strategy, the performance of the 
power plant can stay close to the rated value while the operational availability can be 
maximised. Highly motivated and experienced personnel with good communication skills 
are a key element in this. The willingness of the partners to operate in a win-win situation 
opens up possibilities for a synergistic improvement of the equipment leading to an even 
better competitive edge.  
 
1. Introduction 
 

A profitable operation of a power plant in today’s competitive environment 
requires the application of high-performance machinery as well as intelligent practices. 
Inadequate efficiency in converting fuel into electricity, insufficient reliability and 
excessive emissions will prohibit an economic operation. Moreover, excellent safety is a 
prerequisite set by society and legislators. This means that power-plant equipment has to 
perform many essential functions at, at the same time, minimum costs.  
 The demand for maximum performance makes power-plant equipment relatively 
complex, with many interactive components. Notwithstanding extensive developments in 
technology, such equipment is subjected to wear and tear. Unavoidable phenomena such 
as fatigue, corrosion, erosion, abrasion and evaporation ultimately lead to losses in 
functionality. Yet, the operational performance of modern generating equipment has to 
match the initial capability, or rated value, under almost all circumstances. This is 
opposite to so-called household equipment such as a private car, which almost never has 
to deliver its full capacity of load and power. Consequently, keeping a power plant in 
optimum condition requires a professional maintenance and operation approach.  
 Maintenance and operation methodologies today are scientific disciplines with 
universal definitions. Some universities and technical colleges have dedicated teaching 
programs for these subjects. Excellent books on reliability engineering and maintenance 
approaches are on the market (ref. 1, 2, 3). In this paper, the terminology as given by 
Moubray (ref. 1) will generally be used. The paper itself explains the methodology used 



by Wärtsilä to render maximum satisfaction to the users of their electricity-generation 
equipment driven by reciprocating engines.   
 
2. A power plant as a profit generator  
 
 For many decades all over the world, power plants used to be part of a utility 
system to provide the people with electricity. National governments, provinces or 
municipalities often owned such plants. They could easily adjust the tariffs for their  
consumers to compensate for the costs and even generate a profit.  Nowadays, power 
plants generally operate as commercial enterprises that have to create a profit in a 
competitive environment. This means that a positive margin should result from the gap 
between the proceeds from the electricity sold on the one hand and the expenses for 
running the power plant on the other. In some cases, the heat released by the power plant 
can also be sold. Figure 1 gives the financial inputs and outputs in a diagram. 
 

 
Figure 1: The financial model of a power plant. 
 

Most power plants have a life expectancy of at least 20 to over 30 years. This 
means that although the initial investment is fixed, fluctuations can occur in the costs for 
fuel, for operation and maintenance, for insurance and for emission permits. The market 
value of the electricity and heat produced can also vary. Even the return from interesting 
side products such as exhaust gases rich in CO2 for stimulating the assimilation process in 
greenhouses can fluctuate in value. A power plant is therefore rather an element in an 
economic process. Such an element has a life cycle depending upon the so-called 
business environment (technical life, economical boundary conditions and socio-political 
circumstances), its performance and its operational availability (see figure 2). The 
performance depends upon the basic capabilities of the power plant and the way the 
operators use these capabilities. The operational availability depends upon the intrinsic 
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reliability and the time required for maintenance and spare-part deliveries. Because of the 
long technical life of a power plant, possibilities to make the installation flexible with 
respect to inputs (e.g. fuel type) and outputs (e.g. emissions) are very welcome. A 
dedicated maintenance strategy can really help to extend the life cycle of the power plant. 
This includes the introduction of improvements in the equipment via retrofits of technical 
developments. 

 

 
Figure 2: The life-cycle aspects of a power plant. 
 
 If a dedicated maintenance strategy intends to improve profitability and to 
lengthen the life cycle, the associated costs should not be prohibitive. Fuel costs have 
generally the largest impact on the costs of the electricity produced. Depending upon the 
type and the quality of the fuel, the fuel costs for the electricity produced can vary 
between two and six eurocents/kWh. Estimation of the capital costs per kWh is quite 
complicated since very much depends upon the load distribution versus time, the interest 
rate and the desired payback time. The capital costs can therefore vary between two and 
eight cents. Figure 3 illustrates the mechanism to determine the capital costs for the 
parameters given. Maintenance costs generally vary between 0.3 and 0.6 eurocents/kWh. 
Roughly half of that is for replacing worn-out parts.  This first analysis shows that 
maintenance expenses are important but to a much lesser extent than fuel and capital 
costs. Loss in performance and especially failure will cost much more. Naturally, 
maintenance has to be carried out as effective and efficient as possible.  
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Figure 3: Example of capital costs per kWh depending upon plant utilisation and load.  
 
3. Maintenance approaches 
 
 The best approach for maintenance depends on the nature of the object. Simple 
tools such as a hammer and a spanner are simply replaced when they fail. Slightly more 
complicated constructions such as a bicycle are normally only repaired when problems 
appear. Running to failure is quite an acceptable method for equipment that is 
economically not crucial or if redundancy can cheaply be provided for. However, safety 
should not be at stake at any circumstances. The resulting corrective repair is rather a 
reactive method of working. Crucial and complex equipment such as a power plant 
should generally not be run to failure. Failing parts can give rise to cumulative damage 
resulting in catastrophic failure and loss of the equipment. Poor performance can give rise 
to excessive fuel costs. Proactive maintenance is therefore the best option for power 
plants.  
 Proactive maintenance consists of an intended set of measures for keeping the 
power plant up to the expected standards. Proactive maintenance can be subdivided into 
prohibitive actions, preventive actions and predictive actions. An example of a 
prohibitive action is the use of paint and inhibitors to avoid corrosion. Readjusting the 
clearance of intake and exhaust valves of a reciprocating engine is an example of 
preventive maintenance. Neglect will result in valve leakage and subsequently valve 
damage. Predictive maintenance means the use of measurable parameters to establish the 
condition of certain parts. It is based on the use of sensors in combination with solid 
experience on the behaviour of those parts. Such condition-based maintenance is 
generally the most cost-effective method for power plants.  
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Figure 4: Condition deterioration of a component  
 

For condition-based maintenance, the skill is in finding robust parameters to 
detect incipient failure. Reference 1 defines this as precursors to failure, i.e. indicators 
showing that the condition of a certain element is affected way before a fatal flaw occurs 
and a catastrophe might result. Thorough insight into the time-dependent and 
circumstances-dependent deterioration process is therefore necessary. The path of such a 
deterioration process is depicted in figure 4. Typical examples are aging of lubrication oil 
and spark plug wear. Exposure to high temperatures and dirt accumulation affects the 
lube oil but this can easily be detected with a periodic analysis of its properties. Spark- 
plug electrodes erode resulting in a larger gap that requires a higher breakdown voltage. 
Ignition systems have a limited voltage capacity and too high a breakdown voltage can 
permanently damage the ignition system (figure 5). The fuel-rack position of a diesel  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: The breakdown voltage of a spark plug versus the electrode gap. 
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engine is a very good indicator of the fuel consumption at a given load. A deviation from 
the expected position warns of a change in fuel efficiency. It will be clear that an 
extensive data base of experience in combination with a thorough understanding of the 
engine process and construction are required for optimum condition-based maintenance. 
 
4. Some operational definitions 
 
 It is useful to summarise again some general definitions as applied in the context 
of power plant operations and reliability. A prerequisite for a proper maintenance 
approach is an optimum communication process between the customer/user and the 
manufacturer. It is therefore important to speak the same language. Most of the 
definitions given comply with those in ref. 1.  
 Modern consumers of electricity expect a very high availability of electric energy. 
Lack of electric power for e.g. process industries or communication networks can result 
in heavy financial losses. Next to that, power-plant owners often have obligations to grid 
operators to provide electric energy in an agreed time span. Failure in meeting such 
obligations can result in severe penalties and loss of profit. A first definition is therefore 
the mean time between undesired stops. Undesired stops can be caused by real failure of 
the equipment, by mistakes of the operators or by nuisance trips from inadequately 
functioning control and monitoring equipment. Again, much experience and insight is 
necessary to find the proper balance between extensive monitoring and undetected 
malfunctioning. Another definition is the mean time between failures, which is 
expectedly longer than the mean time between undesired stops. Failures in this case are 
real problems that require corrective actions. With sufficient experience and insight into 
the degradation process in combination with dedicated inspections, the maintenance 
interval (mean time between maintenance) can be adapted such that an acceptable 
situation occurs with hardly any failures and undesired stops.  
 Maintenance and repairs do take time. Therefore, equipment will not be available 
to run all the time. By definition, the availability can be expressed as the percentage of 
time that the unit can work divided by the total time. Wärtsilä uses the term operational 
availability Ao: 

Ao   =    
mean time between maintenance      

. 100% 
 mean time between maintenance + maintenance time + logistic delay time 
 
The logistic delay time is the time required for getting the parts to be replaced on site. 
With a proper maintenance approach, the need for the spare parts can be predicted so that 
the logistic delay time is hardly relevant.  

Often, power plants are not required to run all the time that they are available. An 
operator can use the term utilisation as the percentage of time that the unit does work 
versus the total time. From a reliability point of view, the percentage of time that the unit 
actually performs its duty versus the time it should work is a very important quantity. We 
might describe this with the invented word ‘dutibility’ , that is the time the unit is 
performing its duty when it should do so: 
 
dutibility   = (time of actual work) / (time the unit should work) . 100% 



Other authors use the expressions efficiency of effectiveness instead of dutibility, but in 
the context of a power plant that is very confusing.  
 
5. Maintenance optimisation 
 
 Power plant owners will try to avoid catastrophic failure and often prefer a very 
high dutibility of at least 99%. Depending upon the utilisation, they might desire an 
operational availability of at least 97%. Notwithstanding such a high availability, the 
costs of maintenance should be low. This is only possible with an optimum maintenance 
approach. The best maintenance approach however needs a number of specified boundary 
conditions: 
 - build-in capacity of the installation for reliability, 
 - proper operation philosophy, 
 - reproducibility in wear patterns, 
 - built-in maintainability, 
 - skilled and trained workforce, 
 - spare-part logistics philosophy, 
 - communication and co-operation. 
 

A manufacturer has to build in reliability via modern design procedures and 
extensive testing. A good equipment manufacturer possesses a thorough knowledge of his 
product. Wärtsilä has e.g. optimised the design of the engine blocks of their reciprocating 
engines with finite-element methods. Before machining, each engine block is inspected 
ultrasonically for flaws. During the machining process, an automatic monitor checks each 
individual task on the block and any deviations from standardised behaviour will initiate 
closer inspections. Moreover, all additional parts such as valves and rotating shafts 
undergo an adequate inspection process. Finally, each completed engine is checked on a 
test bench under full operating conditions.   

An operator has to satisfy the requirements for e.g. air cleaning, fuel quality, 
lubricant properties and coolant composition. The operator should not ignore warning 
signals from monitoring systems but respond in an appropriate way. Neglect of the 
manufacturer’s operating instructions will always lead to disputes in case of 
malfunctioning of installations. Such disputes should be avoided at all costs since it will 
block teamwork and essential information exchange between operators and maintenance 
experts. Insight of the operators into the maintenance process also helps in optimising the 
scheduling for maintenance.  

Proactive maintenance and especially condition-based maintenance benefit 
substantially from a high reproducibility in wear patterns of the various components. 
Then, the precursors to failure have a better relationship with the residual life and with 
the margin for further deterioration of the concerning component or function. A high 
reproducibility therefore increases the dependability of the components. A good 
reproducibility of wear patterns requires full similarity of the manufactured components 
as well as an identical application. However, if the differences in the application are well 
defined, corrections can be made for that. As an example, fuel injectors of a diesel engine 
running on clean light fuel oil have a longer life than injectors used for heavy fuel oil 



with much sulphur. Nevertheless, the life of the injectors is quite predictable in both 
occasions if a proper database is available for both cases.  

Maintenance is substantially easier when the installation has been designed for 
that. Easy access and easy mounting considerably reduce labour. Unnecessary removal of 
components only increases the risk of mounting failures. Also the availability and use of 
handy and adequate tools improves and alleviates the maintenance process. Human 
beings have real difficulty in alternating between heavy work and precise tasks. This is 
another reason that engine designers have to communicate extensively with maintenance 
experts. The widespread application of Wärtsilä engines in ships with generally limited 
working space has helped in creating an optimum design for maintenance.  

A skilled and experienced maintenance workforce is essential for an effective and 
efficient maintenance process. Training on realistic learning objects supervised by 
experts with good education skills is a first step. At the same time, instruction books 
should describe all tasks and interventions. The right attitude in combination with 
understanding, awareness and insight is also important. Then, up-to-date experience is 
necessary: human beings tend to forget procedures and methodologies even after 
excellent training. That is the reason that the best maintenance results can be obtained 
with a crew that regularly carries out the required tasks. The service department of the 
equipment supplier is therefore the obvious choice as a partner in the maintenance 
process.  

Application of condition-based maintenance also helps to reduce the amount of 
spare parts at site. Ref. 4 mentions that a cost reduction of 20% might be possible with a 
better spare-part stock philosophy. Too large a stock on site can reduce the quality of the 
spare parts (corrosion, damage) or they can get lost. Close co-operation with a 
manufacturer and supplier can reduce the costs substantially. If the supplier has a 
dedicated logistic system with a rapid and reliable response, statistics can easily prove 
that it is better to have an adequate stock of spare parts at convenient locations of the 
supplier. Sometimes power plant owners try to reduce the expenses for spare parts by 
using non-OEM parts. Any small price advantages however do not justify the increased 
risk of unpredictable performance resulting in major breakdowns. It also restricts the 
learning process for the user and the supplier. The approach of using non-standard parts 
is only right if the OEM gives insufficient support and quality.   

Teamwork and openness is a key issue for all aspects mentioned above. Effective 
and efficient maintenance leading to optimum reliability is only possible with 
information exchange and continuous learning. With the right attitude, every problem 
becomes an opportunity for improvement. Partnership in ownership helps to avoid loss of 
time, money and sleep. Using combined experiences and insight will stop pure 
speculations that might block adequate and rapid solutions. Best maintenance and 
operation practices are only possible with co-operation and open communication.  
 
6. Business Par tnership 
 
 Business partnership is the win-win situation where both the customer and the 
manufacturer/supplier co-operate in such a way that the life-cycle efficiency of a power 
plant is maximised. Win-win means that both parties will benefit. The power plant owner 



receives professional maintenance, diagnostics by experts, quality spares and long-term 
security in obtaining spares. The owner will also have a good predictability of the costs.  
 Business partnership goes even further and ultimately results in synergy. The 
manufacturer and service provider can use a stable source of income for further product 
improvement. Maintenance experience gained via the operation of installations by the 
customers provides a wealth of information on product performance and behaviour. This 
can be used again for product improvement. The user of the equipment can benefit from 
such improvements via upgrading of his existing installations but also for future 
installations. Long-term business partnership will result in maximum profits and 
maximum satisfaction.  
 Business partnership also means aiming for an acceptable profit margin for all 
partners involved. Hence, it better guarantees the continued existence of the enterprises of 
both partners. That renders the best warranties and liabilities. It also gives space for easy 
insurance and financing.  
 
7. In conclusion 
 

1. Power plants in a competitive environment are only profitable if they can run in a 
reliable way close to their optimum performance.  

2. Power plants consist of expensive integrated machinery that cannot operate 
according to a run-to-failure approach.  

3. Proactive maintenance via condition-based information is the best option for a 
power plant.  

4. Condition-based maintenance needs an extensive database and appropriate 
experience to deduct life expectancies and repair needs from measured 
parameters.  

5. Recording and analysing performance and wear patterns gives essential feedback 
for further or future improvement of existing installations.  

6. Open communication and a highly educated workforce are needed for a maximum 
benefit of condition-based maintenance. 

7. Business partnership between the operator, maintainer and supplier of a power 
plant offers the best chance for a high life-cycle efficiency and maximum profits.  
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