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Abstract: Since power is not a product suitable for storage, it must be consumed at the 

moment of generation or go to waste. The goal, therefore, is to minimise the costs of 

scheduled and unscheduled plant downtimes as well as the financial losses involved. A 

tool for optimizing maintenance cycles and avoiding the above-mentioned downtimes and 

expenses is the software program INSTRA. With some preparatory work, INSTRA will 

optimize maintenance cycles and create a database of the maintenance jobs to be 

performed. Additionally, INSTRA can be constantly modified to serve as a basis for 

decision making regarding maintenance optimization as new technologies in the power 

plant sector (e.g., lignite drying, CCS technologies) are developed. The simultaneous 

sampling and implementation of new unit-specific data will ensure that the software tool 

remains as realistic as possible. 

Keywords: Maintenance optimization, power plant, utility costs, Oxyfuel process, 
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1.      Introduction 

     To ensure effective power generation, it is essential for power plant operation to 

become more economical, with increased availability and improved efficiency whilst 

ensuring the lowest possible costs. For the implementation of efficient and 

environmentally-friendly power plant technologies, two directions are being pursued: the 

development of low CO2-emitting power plant technologies and efficiency increases 

through raised process parameters and new materials. Within the scope of an on-going 

research project, the Chair of Power Plant Technology at the BTU Cottbus concentrates 

on process-related investigations, establishment and evaluation of the Oxyfuel process, 

and low CO2-emitting power plant technologies. The prevention and minimisation of 

component damage as well as the integration of new power plant components represents a 

considerable challenge for the plant ownership, who can aide themselves in this task with 

use of the right optimization tools. INSTRA provides such tools for maintenance cycle 

optimization in both conventional and low-emission power plants. 

2.      Methodology of the INSTRA Maintenance Program 

     To ensure that maintenance is as cost-effective and efficient as possible, detailed 

information concerning operational demands and component damage must be obtained. 

With this information, savings in the maintenance sector can be realized, ensuring the 

availability of liquid assets in the short term without forfeiting the availability and 

reliability of the involved components in the long term. Without information about 

savings in the maintenance sector, considerable additional expenses can occur due to 

unreliable or damaged components.  This is where INSTRA comes in. INSTRA is based
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on various preliminary findings that have been further developed at the Chair of Power 

Plant Technology [1], [2]. The key elements of the software have already been presented 

in [3]. On the basis of utility costs, the software optimizes the maintenance strategy for an 

entire power plant.  Components (e.g., power plant units) that are subjected to continuous 

wear and tear can be evaluated. The formula for the utility costs is general and can be used 

for a broad spectrum of cases. The formula is as follows: 

                              GK = GKIHP+GKIHUP+GKSTP+GKSTUP+GKD 

where, 

• GK - utility cost of a maintenance strategy.  

• GKIHP- cost of planned maintenance, including inspection and control.  

• GKIHUP - cost of unplanned maintenance, e.g., repairs as a result of failure.  

• GKSTP, GKSTUP- costs of unscheduled downtime and revenue losses, for planned 

and unplanned downtime respectively.  

• GKD- final summand representing the effects of missing maintenance, for 

example a reduction in quality, an increase in time or materials consumed as well 

as a reduction in output.  

     After modifying an individual summand for a specific application, all required costs 

for maintenance are assigned a monetary value. It is very important to consider the entire 

lifecycle of the component as maintenance strategies vary significantly depending on the 

chosen timeframe. Considering a component for a timeframe of only 2-3 years may result 

in no maintenance being performed on the component. If this short term strategy is then 

applied to a longer timeframe, the component will quickly wear out and demand 

replacement more often - an expensive option.  

     After subsequent calculations for selected timeframes, every maintenance strategy is 

assigned a monetary value. The plant ownership is thus able to make informed decisions 

by comparing various maintenance strategies, analysing modifications, and evaluating 

these options. They can then identify potential savings and assess the risk of new 

maintenance strategies without first having to implement the strategy. 

     Some preparation is needed before applying these utility cost estimates [4]. To ensure 

the process of calculating utility costs remains clear and comprehensible, it is useful to 

limit the number of elements used. To this end, the power plant is first analyzed based 

solely on components relevant to plant availability. This purposefully excludes auxiliary 

components, which are then either included in a separate maintenance strategy or are 

backed up with redundancies, reservoirs, etc. Examples are water treatment and 

demineralised water manufacture. Demineralised water is often stored in large quantities 

to minimize losses. Also excluded from the calculations are components in the main plant 

facility requiring annual maintenance (e.g., fan mills). This restriction is due to the yearly 

generalized approach to the maintenance cycle in the INSTRA software. The 

determination of precise dates and times is, however, not necessary as particular dates in a 

year are often dependent on higher-level considerations and external factors.  

     In order to make a large number of existing components clear and comprehensible, 

INSTRA groups individual components with similar wear and tear characteristics into 

wearing units. Each wearing unit is then provided with the appropriate KKS (Kraftwerks-

Kennzeichnungs-System, a German standardized power plant labelling system) 

nomenclature. The wearing units consist of either individual components (e.g., generator 

circuit breaker), large groups of components (e.g., superheaters), or even groups of single 

components not logically or structurally bound to another (e.g., temperature sensors).  

     These wearing units are then given key parameters and stored in a database. Such 

parameters include costs and duration for inspection or repair. Maintenance data are 
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merged from two sources with the help of the InstraDat software (see Figure 1). InstraDat 

compiles first the data collected by the plant’s internal data processing system (SAP, 

technical operations management system). It then incorporates estimates based on 

operator experience and expertise and then calculates failure rates for each wearing unit. 

 

 
Figure 1: Generation of Maintenance Data 

     Following this preparatory work, INSTRA develops intermediate parameters, where 

optimal control periods play a key role. These are the intervals at which each wearing unit 

is to be inspected (see Figure 2). Based on an engineer’s appraisal during this inspection, a 

decision is made as to whether or not the wearing unit is fit to continue operating without 

failure until the next scheduled inspection period. 

 

 
Figure 2: The Optimal Control Period 

     If the wearing unit is unable to operate without failure until the next scheduled control 

period, an overhaul is performed. An overhaul consists of only those minor repairs 

required to ensure operation until the next inspection cycle. This overhaul guarantees the 

best cost-benefit ratio between preventative maintenance activities and unplanned damage 

[5].  

     Optimum maintenance strategies for individual wearing units are formed based on the 

intermediate parameters. The main optimization task performed by INSTRA, however, 

consists of combining optimal maintenance periods for individual wearing units into an 

overall maintenance strategy for an entire power plant. This is done using a genetic 

algorithm which analyzes various randomly formed maintenance strategies. The genetic 

algorithm attempts to imitate biological evolution, whereby weaker elements are displaced 

by stronger ones over the course of many iterations. This is realised within the software in 

that a range of poor quality maintenance strategies occurs alongside high quality ones.  

     The genetic algorithms consist of three main stages: 

1. Each maintenance strategy is assigned a monetary value based on utility 

costs. 

2. Strategies are discarded for which assigned utility costs are too high. 

3. From the remaining strategies, new strategies are formed to again achieve 

the original number of strategies   

     This iteration continues until user-defined termination criterion is reached. After 

termination of the algorithm there is one optimal maintenance strategy. 
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INSTRA was tested against an existing conventional lignite-fired power plant. The plant’s 

maintenance strategy was based on a lifetime of 40 years. After the establishment of 

wearing units and intermediate parameters, maintenance strategy improvements and lower 

maintenance costs were calculated [6]. Optimization was run several times at 1000 

iterations each and returned the same maintenance strategy for the power plant every time. 

Problems arising during software development included issues with definition domains, 

premature ending of optimization runs, and the removal of divisibility conditions for 

period lengths. These issues were resolved, again, by testing the software against the 

control of well known existing power plant blocks.  

     INSTRA also features other capabilities. For example, a ranking of optimal control 

periods can be created based on the wearing units. This ranking is then used to develop 

future maintenance strategies (condition-, time- and risk-orientated) for the individual 

wearing units. This ranking helps the plant operators’ screen wearing units. This enables 

wearing units to be classed according to the weak points of the power plant.  

     A further capability is the analysis of current maintenance strategies, which highlights 

those wearing units which require too much or too little maintenance effort, revealing 

potentials for short and long term savings. 

3. Fuzzy Data and Further Investigations 

      Fuzzy data are those input data relevant for the optimization which is lacking as a 

result of changing fundamentals (e.g., market situation, legal situation, technology 

development, environmental requirements). For conventional power plants, very accurate 

data are available, providing for precise optimization results. But fuzzy data play a role 

when considering the entire lifecycle of any power plant. However, a satisfactory long-

term maintenance plan can be developed even despite this unpredictability associated with 

these data. 

     In developing maintenance strategies for future low-emission power plants, fuzzy data 

will become even more relevant. This is because hardly any robust maintenance data are 

available for those low CO2-emitting power plant technologies currently under 

development [7]. These include air separation units and coal drying and capture processes. 

Additionally, altered process controls and combustion combined with higher loads results 

in different wear and tear processes. For successful optimization, fuzzy data must be 

estimated from external data sources. Laboratory test rigs and pilot plants for low CO2-

emitting power plant technologies are good sources of such data, as are sectors of industry 

where the required knowledge is already available. For example, air separation units have 

been in use by the chemical industry for decades. However, typical of future power plant 

technologies, only short term data is available as long-term observation over an entire 

plant lifetime is not yet possible.  

     This is why the Chair of Power Plant Technology is pursuing a strategy whereby long-

term optimization of maintenance strategies for these new technologies is possible despite 

the existence of fuzzy data. The fuzzy data are assigned an upper and lower limit, 

establishing a so-called confidence interval. This enables optimization calculations within 

a degree of certainty. The goal is to establish a cost-efficient long-term maintenance 

strategy, to identify the effects of fuzzy data on the final results, and to classify wearing 

units based on these long-term maintenance strategies.  
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4.      Conclusions 

     To implement more efficient and environmentally-friendly power plant technologies, 

two current R&D directions are being pursued: 

• Conventional efficiency improvements such as increasing process 

parameters and use of innovative materials 

• Development of low carbon power plant technologies. 

     In both cases, changing process parameters (temperature, pressure, flue gas 

composition) affect component wear.  

     The INSTRA software tool was developed and refined in order to analyse savings in 

the maintenance sector and avoid increased follow-up costs. The software optimizes the 

maintenance strategy for an entire power plant with the help of its genetic algorithm. The 

division of the power plant block into individual wearing units and the preparation of 

ample data for these wearing units is necessary for the analysis of utility costs. 

     As a test, the INSTRA software was applied over the lifetime of a conventional lignite-

fired power plant, by identifying maintenance strategy and cost improvements. INSTRA 

enables analysis of current maintenance strategies as well as the rankings of wearing units 

for the development of future maintenance strategies. 

     The INSTRA software is able to adapt to changing market conditions and on-going 

research. The main focus is the development of low CO2-emitting power plant 

technologies as well as the associated technological and procedural changes. Confidence 

intervals will be based on fuzzy data acquired from external data. The goal is to establish 

a cost-efficient long-term maintenance strategy, to identify the effects of fuzzy data on the 

final results, and to classify wearing units based on these long-term maintenance 

strategies. 
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