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The article is devoted to the actual problem of how to improve the reliability
of the urban electric network. Based on the statistical analysis of the
breakdown of electrical equipment in urban distribution networks in
Dushanbe for the periods of 2017-2018 and for the reasons of damage
leading to these emergency outages, the factors that affect the distribution of

damage leading to emergency outages are identified. Taking into account the

identified factors, a power consumption forecasting system is proposed that
Keywords: takes into account the local conditions of the city of Dushanbe. it allows us to
suggest a way to control the operating parameters of the electric network,
thereby increasing the reliability of the city's electric network in Dushanbe
based on the recommendation of power consumption standards. Implementation
of the control of the proposed method for improving the reliability of power
supply to the urban electric network is proposed on the basis of the
functionality of modern smart electricity metering using the control algorithm. To
implement the control algorithm, schematic design for receiving and transmitting
information from smart power metering to the data collection centre is proposed.

City electric networks
Power consumption
Power supply reliability
Smart power metering

This is an open access article under the CC BY-SA license.

©NOIO)

Corresponding Author:

Saidjon Tavarov,

Polytechnic Institute, Faculty of Mechanical Engineering, Department of Life Safety,
South Ural State University (National Research University),

454080 Chelyabinsk, Lenin Avenue, 76, Russia.

Email: bgd-susu@mail.ru

1. INTRODUCTION

The effectiveness of any electrical networks, including city networks, is ensured by maintaining
the allowable specific loads, both at maximum hours and throughout the day and month. Exceeding specific
loads from the normative leads to a deterioration in the reliability of the power supply system [1-18].
The efficiency of the power supply system depends on the correct forecast of power consumption. Under
the concept of efficiency is understood - the reliability of power supply. In turn, the reliability refers [16-18]:
— power quality
— service life of electrical equipment
— lack of electricity supply

The increase in electrical load is associated, in particular, with the climatic and meteorological
conditions of the area and in the absence of warm-hot water supply for urban consumers, this factor may be
the main reason for the increase in electric load, which subsequently can lead to a violation of the quality of
electric power and the life of electrical equipment and undersupply of electricity. It should be noted that
consumers in Dushanbe, like the whole Republic of Tajikistan, are deprived of other sources and the entire
load lies on the shoulder of electricity. To increase the reliability of Dushanbe city networks, it is necessary
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to identify factors affecting damage to the main elements of the power supply system with the aim of
proposing a method and method of increasing the reliability of power supply to the city electric network
using the example of Dushanbe.

2. STATEMENT OF THE PROBLEM

To assess the reliability of power supply to the city electric network in Dushanbe according to
the statistics of emergency shutdowns for the periods 2017-2018. dependencies were built and analysis was
carried out in order to identify the influence of the above factor on the amount of damage to cable, overhead
lines and transformer substations with a voltage of 6-10/0.4 kV of the city electric network in Dushanbe.
To propose a method and method for increasing the reliability of power supply of the city electric network
in Dushanbe.

It should be noted that the coldest month for Dushanbe is January. The average air temperature in
the winter months ranges from 2 to 4°C. During this period, mostly cloudy and rainy weather caused by
cyclonic activity prevails. As a rule, the passage of the cyclone ends with a cold invasion, a sharp decrease in
air temperature and the transition of rain into wet snow. With increased anticyclonic activity, cold air spreads
to Dushanbe in the southwestern periphery of the Siberian anticyclone, which causes significant cooling.
In abnormally cold years, air temperature can drop to -27°C.

However, winters with a minimum temperature of 5...-10°C have the most repeatability. During
the day, as a rule, the air temperature is positive and amounts to 7-10°C heat. In the warmest winters,
the maximum air temperature can reach 22°C in January. Spring in Dushanbe is warm and rainy. Cyclonic
activity in the spring is particularly intense and is accompanied by heavy rainfall with thunderstorms and
hail. In March and April, the highest rainfall occurs (up to 135 mm per month). The highest daily maximum
occurs in spring and exceeds 80 mm.

According to the statistics of emergency shutdowns of overhead lines, overhead lines
and transformer substations with a voltage of 6-10 kV, the dependencies were constructed, presented
in Figures 1 and 2. According to Figures 1 and 2 the most damaged elements in the autumn-winter and
winter-spring periods are cable power lines and transformer substations. This, from our point of view, is
associated with an increase in electricity consumption in the autumn-winter period due to the absence of
other sources of energy besides electric, and an increase in precipitation in the winter-spring period caused by
rains and melting snow. To identify the causes of damage leading to emergency shutdowns Figures 1 and 2,
we constructed the distribution diagrams of the violation according to the types of damage Figures 3 and 4.
This will allow a more detailed assessment of the factors affecting damage and, on the basis of them, suggest
ways to improve the reliability of power supply, taking into account the influence factors.
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Figure 1. Monthly crash statistics for 2017
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Figure 2. Monthly crash statistics for 2018
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Figure 3. Distribution of cable damages of 6-10 kV due to the causes of their occurrence in 2018

In Figure 3 shows the distribution of damage on cable lines (CL) of 6-10 kV distribution electric

networks in Dushanbe. The following notation is accepted here:
Violation of the structure of the material of the installation, its parts or assemblies
Thermal damage, overheating, burnout
Arc damage
Violation of electrical insulation
Violation of electrical contact
No reasons identified

According to Figure 3, the greatest amount of damage on a 6-10 kV cable line was caused
by a violation of electrical insulation and electrical contact.
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Figure 4. Distribution of damage to transformers 6-10/0.4 kV due to the reasons for their occurrence in 2018

In Figure 4 shows the distribution of damage on a 6-10/0.4 kV transformer substation of distribution

networks in Dushanbe. The following notation is accepted here:
Violation of the structure of the material of the installation, its parts or assemblies
Violation of welding, soldering
Violation of the mechanical connection
Corrosion wear
Arc damage
Violation of electrical insulation
Violation of electrical contact
Sunbathing or fire
Unclassified reasons

According to Figure 4, the greatest amount of damage at a 6-10/0.4 kV transformer substation was
caused by a violation of electrical insulation and electrical contact. From the obtained diagrams Figures 3
and 4, the effect of electric load on the damage to cable lines and transformer substations is visible. This is
proved by the causes of the damage. To assess the impact of climatic and meteorological conditions in
Dushanbe, the dependences of monthly average temperatures and precipitation were plotted Figures 5 and 6.
This assessment allows us to identify the influence of the factor of terrain conditions on the amount of
damage leading to emergency outages.
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Figure 5. The effect of average monthly air temperature on the dynamics of damage in the autumn-winter
period of 2017-2018
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Figure 6. The effect of monthly average precipitation on the dynamics of damage
in the winter-spring period of 2017-2018

From the obtained dependence of Figures 5 and 6 it is seen that in the autumn-winter period, with a
decrease in the average monthly temperature, the amount of damage to the considered elements of the city
electric network, especially in cable lines and transformer substations, increases, as noted above, the main
factor is the increase in electricity consumption by urban consumers leading to overheating of cable cable
veins and transformer windings associated with overloads and further breakdown of insulation, as well as
changing climatic and meteorological conditions of the area in this uchae Dushanbe. Therefore, when
developing a program to improve the reliability of urban distribution networks with a voltage of 6-10 kV, it is
necessary to take into account the power consumption and climatic and meteorological conditions of Dushanbe.

3. RESEARCH METHOD

In this paper, a method of forecasting the electricity consumption is proposed for household
consumers in Republic of Tajikistan (RT) with the aim of regulation of regime parameters of urban electrical
grids by operational dispatch ing service. A method of forecasting was compiled on the basis of equations
with considering a coefficient of time maximum load -a;,,;, which was obtained for different cities
of RT [1, 2, 13] and which has functional dependence:

Aemr. = f(x0), @
Xi=X1; Xz; X3; X4; Xs, 2)

where; x; =a temperature; x, =features of building structure; x; =a difference of height above sea level
between locations of cities; x, =an air humidity: x;=a wind speed.

The equation of forecasting the electricity consumption with considering a factor condition of cities in RT in
time of maximum electric load and during the whole day is provided below:

Wat_m_l.+1 = Wdaily rate " @emt (1 — Qemi) (3)

where: Wygity rate = Prerpower * tamcyr. =2 daily electric energy consumption rate, KWh; t;,, qq,. =a time

Pyer power =2 permitted power which is outputted by energy supply organization (4-5 kWh); of maximum
electric load during the whole day, h., a;,,, ;=a coefficient of time maximum load.

The obtained equation makes it possible to forecast, plan and control norms of electric energy
consumption [1, 2, 13] without violation of established norms of specific loads and hence it will contribute to
increase the reliability of electricity supply and electricity quality. To compare with the experimental values,

we perform the calculation using the above (3) for household consumers in Dushanbe, taking into account
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the territorial and climatic meteorological conditions. We want to note that this (3) allows us to predict, plan
and control electricity consumption for other household consumers of cities of the Republic of Tajikistan.

For the city of Dushanbe (the capital of the Republic of Tajikistan, located at an altitude of 706 m above
sea level):

W, ,+1=96-0,145- (1 —0,145) = 11,902 kWh.

According to the data of electricity consumption for the previous period in Figure 7 shows
the results of a comparison of the calculated (3) and experimental values. According to Figure 7 the equation
of forecasting the electricity consumption (3) is adequate. Using modern smart electricity metering [19-25], it
is possible to monitor the state of electric networks in our cases, the proposed energy consumption standards
for Dushanbe and the cities of the Republic of Tajikistan [1, 2, 13].
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Figure 7. Comparison of data obtained by calculation and experimentally for household consumers who use
TS-739, Dushanbe city

4. RESULTS AND DISCUSSION

Thus, we would like to offer the following electricity consumption standards controlling algorithm
both within the hours of maximum loads and during the whole day and month for the cities of the Tajikistan
Republic adding this algorithm into the automated system of electric power account Figure 8.

The working principle of the algorithm is presented below. Information received from the electric
power accounting is transmitted to the data center union (DCU) with the help of RS-485 wires. Then a SIM-
card connected with the Internet is installed into the DCU to transmit the information from DCU to
the information collection center. Information, which is transmitted from the DCU to the information
collection center is transferred with the help of wireless wide area network (WAN). For comfortable control
we suggest to place information collection centers in the central dispatching office of «Barqi Tojik» and in
operational dispatching services of regional and municipal electricity networks of the Republic of Tajikistan.

Conditions of consumption and electricity consumption standarts compliance of residential
consumers in cities of the Republic of Tajikistan.

In accordance with the conditions of electricity consumption within overloaded hours, during a day and a
month:

Wat_m_1_+1:Wstand
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where= We 1 +1 =electricity consumption forecast, Kwh; Wygzg=electricity consumption standard

Kwh, [1, 2].

Gathered information is automatically transmitted to preserve it. If Wy, 11 > Wiang, then
the information about consumers’ data is taken under control and within 3 days this partlcular consumer's
data is being supervised, especially during the hours of maximum loads. That is because particularly this time
a large part of electric power is consumed, consequently, general overloads are observed. Their data is saved
to the information collection center too. If within 3 days condition Wy, | 11 > Witang doesn’t turn into
W p+1 < Watang, SUbscriber is notified about electricity consumption oversupply. We assume that this kind
of notification will encourage both electric power consumers and the control of electric power system reliability.

The following day after the warning, electricity consumption is controlled again, especially during
the period of maximum loads. In case of Wy, | +1 < Wgang cOndition is fulfilled, information is transmitted

for its further saving.
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Figure 8. The algorithm of electricity consumption control

However, in case of the further non-compliance of electricity consumption standards, subscriber will
be given a recommendation considering the replacement of single-phase electronic meter by a three-phase
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one. Recommendation is given so that to improve the reliability of electricity supplies, increase the quality of
electric power and reduce the shortfall of the net power. Thus, schematic execution of data reception and
transmission through the channel of WAN from automatic electricity accounting to «Data Center Union» and
from «Data Center Union» to the center of information gathering as shown in Figure 8 was suggested on the
basis of the electricity consumption control algorithm as shown in Figure 9. The suggested scheme of
information reception and transmission from a subscriber to the information collection center was
recommended by electric power supplying organization-a public limited company «Bargi Tojik» for
implementation of replacement of the current account of electric power by the automated one into
the programme.
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Figure 9. The Scheme of information reception and transmission from a subscriber to the information
collection center

5. CONCLUSION

According to a statistical analysis of the outage occurrence of electrical equipment in urban
distribution electric networks in Dushanbe for the periods of 2017-2018 and for reasons of distribution
damage resulting in outage shutdown data, factors have been identified that affect the reliability of power
supply to the electrical network in Dushanbe. Taking into account the identified factors, the electricity
consumption prediction equations are proposed taking into account the terrain of the city of Dushanbe,
the introduction of which into the control algorithm based on the functionality of smart electricity metering,
it is possible to maintain operational parameters of the electric network thereby increasing the reliability of
the city electric network of Dushanbe.
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