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Abstract. In this paper methods of estimating the structural reliability and adequacy of the large industrial enterprises are considered. The 

combination of the sequential network reduction method and the Newton’s method is proposed for the calculation of structural reliability 

indices. Estimation of the adequacy is based on the random events simulation by Monte Carlo method. 
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1. Introduction 
 

Reliability indices as well as economic and operating 

parameters should be taken into account when analyzing operation 

of  the power supply systems of large industrial enterprises. This is 

nessesary for the development of project proposals for 

reconstruction of distribution networks and for planning of normal 

operating schemes with predictive calculations of post-accident 

conditions. The analysis of existing reliability assessment methods 

for the power supply systems had shown that their use to the objects 

as the power supply system of a large industrial enterprise with a 

combination of open and meshed networks is difficult. This is 

primarily due to the fact that existing methods suggest the 

individual in-depth analysis of each scheme and different criteria 

for reliability assessment. Such methods as logic-probabilistic and 

table-logical practically inapplicable due to the extreme complexity 

of the resulting fault tree or a table of expected logical connections. 

Thus, development of a methodology for the equivalent reliability 

indices calculation of power supply systems of large industrial 

enterprises is of immediate interest. 

 

2. Review of publications 
 

System reliability includes two basic aspects – adequacy and 

security. Adequacy relates to the existence of sufficient facilities 

within the system to satisfy the consumer load demand. Security 

relates to the ability of the system to respond to disturbances arising 

within that system.  

Evaluation of the adequacy is one of the main tasks in mode 

planning for power system. Deterministic and probabilistic 

techniques are the ones widely used for the evaluation of adequacy. 

Among probabilistic methods analytical, non-sequential and 

sequential Monte Carlo simulation are commonly used for 

calculation of generating system adequacy [1]. Sequential Monte 

Carlo simulation is often proposed for short-term reliability analysis 

of complex power system. In paper [2] the adaptive importance 

sampling technology is proposed for the improvement of the 

simulation efficiency of this method. There are also techniques 

based on minimal cut set approach (MCSA) or failure mode and 

effect analysis (FMEA) developed for reliability analysis [3]. Paper 

[4] presents a modified four-state model that can be used to assess 

adequacy with deterministic approaches at the power system 

generation level. Proposed technique allows to evaluate static 

reserve capacity and margin in a generating system for a given risk 

criterion. 

Serious attention is paid to assessment of reliability from the 

regime positions. In a number of works the reliability assessment is 

considered in the context of the larger task of planning the 

development of generation, supply and distribution systems, taking 

into account the costs of reconstruction on the basis of a multi-

purpose non-linear control model [5]. The approach based on a set 

of Pareto is widely used for this task. The article [6] devoted to 

assessing of the reliability indices sensitivity (primarily of loss of 

load probability (LOLP)), taking into account the regime 

restrictions of systems including power transmission on direct and 

alternating currents. The fault tree method in conjunction with the 

Monte Carlo method are used in [7] for reliability analysis in 

SmartGrids, this approach is applied to assess the criterion LOLP 

and to quantify the risks on its basis. The assesement of 

cogeneration system’s reliability is also of great current interest; 

Markov chains are used for the failure flow simulation in the article 

[8] for such systems. 

Literature review had shown that most of the researches 

concentrated on the reliability issues for generation, distribution and 

retail electricity companies, but reliability assessment for the 

consumers is considered less often. Analysis of existing methods 

demonstrated the necessity  of development a method that takes into 

account the peculiarities of specific system and allows to calculate 

the reliability indices with the required accuracy. 

 

3. The methodology for the calculation of 

structural reliability of power supply system 
 

Combination of the sequential network reduction method [9] 

and the Newton's method is proposed for equivalent reliability 

indices calculation for meshed networks. According to the proposed 

algorithm, a block diagram, which represents an analog of real 

elements connections of power supply scheme: transformers (T), 

circuit breakers (CB), overhead lines (PL), generators (G) and 

cables, is composed. The algorithm takes into account power flow 

direction on the system’s elements. Thus, the part of scheme which 

is not involved to the electricity transmission to particular consumer 

will be excluded from the equivalent reliability indices calculation. 

Detailed description of simplification algorithm is presented in [10]. 

On the basis of the developed algorithm in the program complex 

KATRAN [11] the block “Reliability” was created. 

As an example the Magnitogorsk energy hub (MEH) is 

considered. The main electricity consumer of MEH is PJSC 

“Magnitogorsk Iron and Steel Works” with the blast furnace shop 

(BFS), the oxygen-converter plant, the electric-furnace melting 

shop (MSP), hot and cold rolling departments. 

The algorithm was implemented for structural reliability analysis of 

power supply system of the BFS (the scheme is presented at Fig. 1). 

For reliability assessment of BFS power supply the scheme of 

Substation 7 (Ss-7) power supply was evaluated by 10 kV 

switchgear in various operating modes. Calculations are carried out 

in PC KATRAN and results are shown in Table 1. 
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Fig. 1. BFS power supply scheme. 

 

Table 1. The results of reliability indices calculation for BFS. 

Operating mode Probability of no-failure, pekv Failure intensity, wekv (1/h) Recovery time, TRekv (h) 

Normal 0.99989 0.042 0.0026 

Planned maintenance of G-2, failure of CB-1 0.99884 0.06 0.0193 

Planned maintenance of T-2, failure of CL-1 0.99869 0.063 0.0208 

Failure of B-2 and PL-1 0.99913 0.055 0.0158 

 

On the basis of calculations it is possible to carry out 

comparison of the different operating modes and identify the 

emergency conditions. Among the considered options the 

combination of the repair mode (T-2 failure at Ss-95) and of the 

emergency outage (PL-1 failure) leads to the heaviest conditions. 

The analysis of outages statistics of Ss-7 had shown that 70% of the 

outages are caused by damage to cable lines (CL). Thus, to increase 

the power supply reliability such measures as CL-state control, 

adding of more protective devices and updating of equipment can 

be recommended. 

 

4. Evaluation of power supply adequacy 
 

The adequacy characterizes the ability to meet an electricity 

demand during system’s elements outages. Adequacy is usually 

considered in the long-term development perspective for assessment 

of reserve capacity sufficiency and transmission capacitance of 

system interconnections. 

Methodology of adequacy assessment is based on the Monte 

Carlo method, because majority of phenomena in the power supply 

system are random. According to this method, at the first step of 

calculation the possible states of overhead transmission lines, 

transformers and generators of enterprise’s power plant are 

composed; at the next step the power shortage estimation and 

adequacy indices calculation are carried out. 

It is proposed to evaluate following indices of the adequacy: 

1. The average consumer’s restriction on one node of the 

system, (MW/year) 
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where 
P  

– the peak of total load of controlled system components, 

MW. 

As an example, the MEH power supply system (Fig.2) was used 

to demonstrate the method of adequacy estimation. There are 3 

main sources of their own power supply - combined heat and power 

plant (CHP), central power plant (CPP), steam-air blow power plant 

(SABPP). The installed capacity of CPP =191 MW, CHP=330 MW, 

SABPP-1,2=102 MW. The MEH has four distribution substations 

(MSDS) of 220/110 kV, which together with the CHP and the 

central power plant form two closed circuit. 

With the help of the PC KATRAN the block diagram of the 

MEH networks was compiled and mode calculation for different 

parameters was carried out. The dependence of voltage on the CHP 

and CPP busbar from their power was considered (Table 2). 

 

Table 2. The dependence of voltage at the switchgear of the entrprice’s power plant on electricity production, kV. 

Type of power plant Normal mode 50% of production 10% of production 

CPP, SABPP 114.5 113.24 112.04 

CHP 112.81 108.98 104.94 

 

 

166

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XII, ISSUE 4, P.P. 165-169 (2018)



 

Fig. 2. Scheme of power distribution of enterprise's power plants. 

 

Fig. 3. The dependence of voltage (U) at the switchgear of the 

entrprice’s power plant on electricity production (S). 

 

1. The effect of power production reduction at the power plant 

on the voltage at the switchgears of consumers substations. 

Changes in CHP production were considered. When CHP 

production decrease up to 10% of the rated the voltage at power 

plant switchgears and at consumers switchgears is decreased by 

4.6%, which adversely affects to the reliability of power supply. 

However, this operation mode may be needed in terms of increasing 

the output heat energy demands in the winter time, in case of failure 

of urban heat supply sources or in case of failure of enterprise peak 

boilers. The measures concerning consumers load reduction or 

regulation of OLTC transformers could be chosen to increase the 

voltage.  

The CHP provides power for a great number of consumers due 

to this a lot of random combinations of changes in consumer load 

are possible. The Monte Carlo method is used to solve this problem. 

Using a random number generator (from MS Excel package) the 

possible combinations of load on the consumers busbar was 

generated. Load values are determined in accordance with the load 

diagram 

])(1)[(
nimii

PPMP  ,   (3) 

])(1)[(
nimii

QQMQ  ,   (4) 

where εm(Pi), εm(Qi) - the variation coefficients of active and 

reactive loads; ξn - random numbers ranging from 0 to 1 for normal 

law of distribution. 

The load changes on the switchgears of substations, which 

provide power for the most energy-intensive consumers, are 

considered: Ss - 16, 22, 41, 46, 64, 66, 81, 94, 95, 97 (Fig. 2.). 

Thus, the number of nodes K=10. After analysis of the consumers 

peculiarities (the category of power supply reliability, production 

technology), the maximum possible load reduction was set for each 

substation. For example, the Ss-95 permissible load reduction is 

only up to 20% of nominal. In terms of CHP heat-end mode 

operation in order to avoid reducing the voltage at the control points 

to the emergency level the system operator decides to reduce the 

load; there could be a large number of load combinations. Some 

possible combinations of load reduction are given in Table. 3. The 

average value 
j

P  and the number l
j
 of restrictions for each 

substation and the peak of total load 


P  for all substation in 

general can be estimated from this dependence. 

 

Table 3. The load limitation on the consumer substations busbar in order to maintain the mode setting. 

№ ξн 

The load values on the Ss-16, MW The load values on the Ss-22, MW 

 

The load values on 

the Ss-95, MW 

Pi 
0.9 

Pi 

0.8 

Pi 

0.7 

Pi 

0.6 

Pi 
Pi 

0.9 

Pi 

0.8 

Pi 

0.7 

Pi 

0.6 

Pi 

0.5 

Pi 
Pi 

0.9 

Pi 

0.8 

Pi 

1 0.54 12.15 1.22 2.43 3.65 4.86 21.51 2.15 4.3 6.45 8.61 10.8 
… 

8.56 0.86 1.71 

2 0.59 5.7 0.57 1.14 1.71 2.28 10.09 1.01 2.02 3.03 4,04 5.04 4.01 0.4 0.8 

… 

12 0.16 3.65 0.36 0.73 1.09 1.46 6.46 0.65 1.29 1.94 2.58 3.23 
 

2.57 0.26 0.51 

PΣ=238.1 

MW 
λSs-16=23/48,  ΔPSs-16=102.8 MW λSs-22=41/60, ΔPSs-22=328.58 MW 

 

λSs-95=12/36, 

 ΔPSs-95=32.6 MW 

 
With the help of this data it is possible to calculate the average 

consumer restriction on the one system's node and the system index 

of power failure: 

ΔPAV =5.6 MW/year,  SΣ =0.235 1/ year. 

The results testify that decrease of power generation by 

enterprise’s power plants will promote the consumers power supply 

reliability decrease. Stable operation of system will be possible even 

in case of the significant decrease in the electricity production on 

enterprise’s power plant if the operating and dispatching personnel 

work correctly. But at the same time the load decrease on the 

customer’s switchgears leads to lower productivity, poor 

performance of variable speed drives and defective products. Thus, 

it is necessary to make an assessment of possible damage in the 

question of customers load reduction. 

2. The effect of power production reduction at the power plant 

to the increment of power receiving from the grid. The increment of 

power receiving from the grid is considered at the example of the 

CPP production reduction. In case of CPP production decrease up to 

10% of the rated, the normal operation of power plant and of its 

consumers will be maintained by the means of receiving the extra 

amount of the power from the grid. Meantime, additional power 

consumption will cause the breach of contractual obligations to the 
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energy retail companies. Increment of the power amount receiving 

from the grid when the mode transfer from the normal power 

generation (from values P1, Q1) up to the 10% power generation 

mode (to the value P2, Q2) is displayed in Table 4. 

 

Table 4. Change the volume of the received power from the system while reducing the generation of its own power plants. 

The load on the 

220kV busbar 

of MSDS 

Points of delivery (N) 

Total 

Ss-30 Ss-90 Ss-60  Ss-86 Ss-77 

1 2 3 4 5 6 

PL-1,2 to 

the Ss 

Smelovsky 

PL-1 to the 

Ss Magni-

togorsk 

PL-1,2 to the 

Ss Troitsk 

PL-1 to the 

Ss Magni-

togorsk 

PL-1,2 to the 

Ss Magni-

togorsk 

PL-1 to the 

Ss Magni-

togorsk 

Р1+j Q1, MVA -11.16-j6.98 -8.13-j7.76 506.72+j997.48 -1.45-j3.35 507.34+j61.62 171.9-j88.47 1165.22+j952.54 

Р2+jQ2, MVA 4.7-j8.6 -3.73-j1.06 604.48+j1030.12 3.54-j3.93 561.22+j109.66 242.99-j13.86 1413.2+j1112.33 

ΔР+j ΔQ, MVA 15.86-j1.62 4.4+j6.7 97.76+j32.64 4.99-j0.58 53.88+j48.04 71.09+j74.61 247.98+j159.79 

 

Thus, the power generation reduction to 10% of the nominal 

will lead to the extra reception of the power from the grid: by active 

power on ΔР= 247.98 MW and reactive power on ΔQ = 159.79 

MVAr. Power reception form the grid wouldn’t exceed contracted 

volumes only in two points of delivery (E) - 2 and 4. From Table 4 - 

the average number of cases exceeding the contractual consumption 

λi: 
6

2


N

E
i


.

 

According to the current legislation consumer is obliged to 

comply with the agreement of energy consumption mode. 

Responsibility in the form of compensation for actual damages for 

breach of power supply contract is formalized. Payment for power 

consumption difference is determined by the contract. Typically, 

such a penalty is set at multiple of the normal rate of pay actually 

consumed power (for example, by a factor of 5).  

Costs for the purchase of an additional amount of power 

tFTPC  ,   (5) 

where Т – the electricity tariff, RUR/kW (for the considered 

example T = 2.7 RUR/kW); F – the amount of fines (for the 

considered example F = 5); t - period of reception of the additional 

power amount from grid (it is assumed that additional reception will 

be carried out in winter period, t = 3). 

С =247.98 MW·2.7 RUR/kW·5·3 = 10,043,190 RUR. 

Based on these data we can calculate the average increasing of 

power consumption at a single point of supply 

N

P

P

N

i

ii

AVC






 1

.


 ,   (6) 

where ΔРi – the value of increasing consumption, above specified 

in the contract, MW (ΔР=247.98 MW). 

.78.13
6

6

2
98.247

.
MWP

AVC




  

The sale of additional volumes of heat energy will cover the 

purchase of electric power from the grid as in the case of deficiency 

of heat energy value the potential damage significantly exceeds the 

payment of fines for the deviation in electricity consumption. 

 

5. Conclusion 
The proposed algorithm allows to calculate basic structural 

reliability indices for the power system as a whole and for it 

individual sections, as well as for schemes of power distribution of 

the enterprise’s own power plants. The algorithm can be used for 

the project development of normal and repair operational modes 

and for prediction calculations of possible post-emergency regimes 

taking into account reliability. 

For the adequacy assessment the modes calculation of the 

enterprise’s own power plants and their consumers, in case of 

reducing power generated at these power plants, was carried out. 

The Monte Carlo method is used for the compilation of the possible 

combinations consumer’s load values. As a result, it was found that 

power generation decrease by enterprise’s power plants adversely 

affects to the reliability of consumers power supply, as it reduces 

the voltage on the busbars of consumer substations. Therefore, 

when deciding on the limitation load is necessary to choose the best 

combination of consumer restrictions and to assess possible damage 

to consumers. In paper the additional adequacy criterion is proposed 

for power supply system, which is in evaluation of the value of 

average increasing of power consumption according to the number 

of supply points.  
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