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Abstract. Ensuring the uninterrupted production of electric and thermal energy is a priority in the 

generating equipment operation. Nowadays the management of the equipment state at most of Russia's 

energy enterprises is based on a system of scheduled preventive maintenance. This system does not allow 

taking into account the economic component of technological impacts, which, in turn, leads either to “under 

maintenance” or to “over-servicing” of equipment. All energy companies are faced with the task of 

optimizing equipment costs, while ensuring the required level of reliability. To solve this problem, 

production asset management systems are used. The main task of managing production assets is to ensure a 

balance between equipment costs and the risks of its failure. The result of the implementation of asset 

management systems is the formation of balanced plans for repairs, replacements, upgrades and 

maintenance of equipment. 

1 Introduction 

In order to improve the technical and economic 

efficiency of equipment operation, it is necessary to be 

guided by an investment approach, the essence of which 

is that any technological impact must be justified both in 

terms of improving safety, reliability and efficiency of 

operation, and in terms of economic efficiency of 

investing financial, material and other resources [1-7].  

The current approaches to the assessment of the 

technical condition and the formation of the volume and 

range of technological impacts are heterogeneous, often 

based on a lifetime assessment without taking into 

account other significant parameters. Generating 

companies lack of tools to significantly influence the 

efficiency of managing production assets. The results of 

this study can be used to develop existing approaches to 

the management of production assets. 

2 Another section of your paper 
Approaches to assessing the 
probability of power equipment failure 

There are known methods for calculating the probability 

of failure at the following levels: 

• calculation and forecasting of resource-determining 

details reliability indicators; 

• calculation and forecasting of functional units 

reliability indicators;  

• calculation and forecasting of the main process 

equipment reliability indicators.  

3 Approaches to assessing the 
consequences of power equipment 
failures 

To determine the effects on total cost of ownership, an 

analytical method of calculation is used. This method is 

characterized by the fact that, when calculating the 

consequences, the current price guides, the accounting 

system, process charts are used, as well as expert 

operating experience and accumulated statistical 

information are considered.  

The effects influenced on the change in output are: 

• damage from deterioration of technological 

parameters; 

• damage from non-payment of the available capacity 

of the power plant; 

• damage as a result of loss of profits from 

underproduction of electric and thermal energy; 

• damage as a result of loss of profits from 

undersupply of auxiliary products; 

• damage from increasing technological losses due to 

switching of the consumer’s power receiving facility to 

the backup scheme or disconnection of the generation 

facility;  

• damage from the lack of delivery of electricity 

services to the consumer’s power receiving facility.  
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The main approaches to asset management known in 

world practice are discussed in the works    [8-12].  

At present, there is a lack of practical methods for 

assessment the effectiveness and choosing the option to 

increase reliability for the billing period. One of the 

practical ways of assessment the effectiveness and 

choosing the option to increase reliability based on well-

known methodological developments is to determine the 

integral economic effect for the billing period and the 

payback period of modernization, as applied to 

individual groups of equipment of power generating 

companies [13]. The cost-effectiveness of works to 

improve reliability is directly proportional to the 

reduction of damage from under-supply of electricity. 

Difficulties in assessment the efficiency at the planning 

(design) stage of such work consist in the probabilistic 

nature of covering the load in the power system, the 

occurrence of defects leading to power equipment 

failures, the duration of unplanned downtime for the 

restoration of productivity.  

Asset management methods are improving. Consider 

the problem of assessment and comparison risk (Risk-

Based Maintenance – RBM). Equipment may have a 

high criticality index, have an unsatisfactory value of the 

state index, be among the priorities for maintenance and 

repair. However, the costs of its maintenance and repair 

may exceed the cost estimate of the consequences that 

would arise from this equipment failure. It is necessary 

to decide whether to reduce the risk of consequences 

through repair, or to accept this risk and do not carry out 

maintenance. 

4 Methods of managing the technical 
condition of power equipment based on 
the equipment failure probability and 
the power output scheme 

The formation of technological impact programs based 

on the principle of minimizing the cost of the life cycle 

is achieved through the sequential implementation of the 

following steps [14]: 

Step 1. Analysis and assessment of the current 

technical condition of the equipment. 

Assessment of the technical condition of the 

equipment is the process of determining the integral 

indicator of the technical condition (technical condition 

index) for resource-determining structural elements 

(nodes) and equipment. The technical condition index is 

a quantitative assessment of the technical condition of 

the equipment in the form of a numerical value 

expressed as a percentage. The results of the step are 

used to predict the failure probability and determine the 

remaining life of the equipment.  

Step 2. Calculation of the equipment failure 

probability. 

Failure probability prediction is the process of 

determining the level of the current probability of failure 

and forecasting the probability of failure during the 

further operation of equipment for each year for each 

structural element of equipment and equipment as a 

whole. The results of the step are used in assessing the 

current and forecasting level of risks.  

Step 3. Assessment of the equipment failures 

consequences. 

At this step, the assessment of the equipment failure 

impact on the power distribution chain is carried out, 

which is expressed in determining the value of the 

reduction in thermal and electrical power generation of 

thermal power plant. On the basis of the current tariff for 

thermal and electrical energy, as well as expenses for 

repair work, it is possible to determine the economic 

losses from equipment failure. The results of the step are 

used to assess the current level of risk for each piece of 

equipment.  

Step 4. Assessment of the current level of risks. 

At this step, the current level of risks is assessed for 

each unit of power plant equipment. The results of the 

step are used in planning the composition of 

technological impacts and the formation of impact 

programs.  

Step 5. Determining the period of the impacts. 

5 Approbation of method 

Objects are two steam boilers BKZ-420-140-5 

(hereinafter referred to as SB).   

The following data are used for the calculation: 

• Operational characteristics of SB BKZ -420-140-5 

[8]; 

• Financial characteristics [15-17];  

• Forecast of indexes-deflators and inflation until 

2030 (in %) [18]; 

• The cost of fuel, heat and electricity for the launch 

of condensing units [10];  

• Values of the duration of boilers inoperability in 

case of failure of various structural elements [11].  

The results of the developed methodology 

approbation are presented in the figures 1-4.  

 

Fig. 1. The results of the technical condition index calculation. 
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Fig. 2. The results of the failure probability prediction. 

 

Fig. 3. The results of the damage from failures calculation. 

 

 

Fig. 4. The risk of failure and the determination of the repair 

period. 

6 Conclusion 

As a result of calculations for SB No. 1, the optimal 

repair period is 2022. This date is 3 years later than the 

regulatory time.  

As a result of calculations for SB No. 2, the optimal 

repair period is 2031. This date is 9 years later than the 

regulatory time. 

The optimal time for the repair is determined 

considering the technical and production characteristics 

of the equipment; accordingly, the postponement of the 

repair period allows to avoid over-servicing of the 

equipment. 
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