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Abstract. The article is devoted to the establishment of the influence of the geo-
graphical location of the cities of the Republic of Tajikistan (RT) on the power
consumption of household electrical appliances. Amodel is proposed for forecast-
ing electricity consumption, taking into account the relief and territorial location
of cities in the Republic of Tajikistan, based on data on electricity consumption in
previous years. For forecasting, the coefficient ofmaximum loadswas derivedwith
numerical data for large cities of the Republic of Tajikistan, taking into account
the climatic and meteorological conditions of their location. This coefficient made
it possible to propose a method for predicting the power consumption, with the
help of which recommendations on the norms of power consumption were devel-
oped. Standards for winter and summer energy consumption are suggested for
both maximum hours and during the day. The application of the recommended
norms in practice will make it possible to control the parameters of the operation
of electrical networks, including networks with a voltage of 0.4 kV. The proposed
mathematical model will allow you to monitor compliance with specific electrical
loads.

Keywords: Power consumption · Electric load · Terrain conditions ·
Mathematical model

1 Introduction

Maintaining the operating parameters of electrical networks with 0.4 kV voltages is
possible when planning power consumption by household electric receivers.

This will minimize the cost of improving the reliability of power supply, reducing
power losses, ensuring the appropriate quality of electricity, reducing the number of
failures in the power supply system, which in General will reduce the undersupply of
electricity [1–17], which is the main indicator for an energy-saving organization.

Until 2008, the power consumption of enterprises in the Republic of Tajikistan was
significantly higher than the power consumption in everyday life. This was due to the
presence of heat and hot water supply and gas supply in everyday life during this period.
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Due to the disappearance of these sources of supply and, due to this, the introduc-
tion of electric water heaters, electric stoves, as well as the increase in the population
of various household electrical receivers, electricity consumption in everyday life has
sharply increased.

According to [18], electricity consumers in the Republic of Tajikistan are divided
into the following groups:

• Group 1 – industrial, non-industrial, agricultural and equivalent consumers
• Group 2 – consumers of budgetary sphere, the enterprises of the communal services
and electric transport

• Group 3 – pumping stations of machine irrigation systems, borehole and reclamation
pumping stations

• Group 4 – population, localities, and dormitories

Figure 1 shows the structure of power consumption by these groups in 2010–2015.
From Fig. 1, it follows that the electricity consumption of the population belonging

to the 4th group has become higher in recent years than at the enterprises belonging to
the 1st group.

It should be noted that according to the mode of power consumption, household
consumers belonging to the 4th group have uneven schedules in relation to the 1st
group. This, in turn, is the main reason for violating the operating parameters.

It is obvious that the recommendation of power consumption standards for these
groups will solve this problem and increase all the above indicators.

Quite a lot of work has been devoted to the problems of constructing mathemati-
cal models designed to predict power consumption, for example, [3–12, 17–25]. The
mentioned models take into account climatic and meteorological factors, however, it
is believed in them that domestic consumers are provided with heat supply, hot water
supply, as well as gas supply.

Fig. 1. Structure of power consumption by groups accepted in RT.
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In our case, the majority of consumers are deprived of other sources of energy and
the entire burden falls on the shoulders of electrical energy.

Due to the lack of specific load standards in the Republic of Tajikistan (RT), the
standards developed in the Russian Federation (RF) are applied in the design and
reconstruction.

Considering that hydroelectric power stations are the main source of electricity in
the Republic of Tajikistan, it is advisable for them to propose such energy consumption
standards that would not go beyond the limits established in [26–34].

A well-known factor is that the schedules of electrical loads of household consumers
change unevenly during the day and the bulk of the electricity is consumed during the
hours ofmorning and evening highs,while themorningmaximum is less than the evening
one.

Therefore, due to the lack of energy consumption standards in winter, a discrepancy
arises between the planned amount of electricity consumption, determined according to
the standards adopted in the Russian Federation, and its actual value. The latter cannot
but affect the reliability of power supply.

Thus, when constructing a mathematical model, it is necessary to take into account
the factors that affect the power consumption modes as much as possible.

One of the known factors influencing the increase in power consumption is the
height of the power supply object above sea level. With an increase in this height, the
ambient temperature decreases, which leads to an increase in air humidity. This, in turn,
is accompanied by an increase in power consumption, which directly affects the specific
electric load.

2 Formulation of the Problem

From the foregoing, it follows that a change in the height of the power supply object
relative to sea level leads to an increase in the time of power consumption during hours
of maximum loads.

This is due to the fact that the sunrise and sunset in cities with a higher location
relative to sea level varies in the range from 30 to 60 min in the direction of decrease. It
is known that when the level increases by 100 m, the temperature drops by 0.6 °C.

Therefore, with a known elevation difference, the average temperature difference
can be derived, for example, between years. Dushanbe and Khorog. Dushanbe is located
at an altitude of 706 m above sea level, while Khorog is located at an altitude of 2123 m.
The difference in elevation between the cities of Khorog and Dushanbe is 1418 m. In
this case, the temperature difference will be 8.5 °C.

3 Theoretical Part

To simulate the power consumption modes of urban electric networks of the Republic
of Tajikistan, it is necessary to take into account climatic and meteorological factors, as
well as the geographical location of cities.
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To determine the dependence of the specific load from the previous daily andmonthly
electricity consumption, taking into account the climatic and meteorological character-
istics of the cities of the Republic of Tajikistan, the maximum load time coefficient
αmaximum load time, was derived, which has a functional relationship:

αmaximum load time = F(Xi), (1)

Xi = X1;X2;X3;X4;X5, (2)

where: x1 – temperature; x2 – design features of houses; x3 – height difference of cities;
x4 – air humidity: x5 – wind speed.

Given the interdependence of the factors given in (2), the final expression of the
maximum load time coefficient takes the form:

αmax. l. t. = αmaximum day · αmax. mon., (3)

where:αmaximum day – coefficient characterizing the length of timemaximum loads during
the day; αmax. mon. – coefficient characterizing the period of time of maximum loads
during the month.

Using the coefficient αmaximum load time, taking into account climatic and meteoro-
logical factors and the geographical location of the cities of the Republic of Tajikistan,
it is possible to determine the specific norms of power consumption during peak hours
for winter and summertime:

Wmaximum load time = Pall. · tmax. t. p. d . · αmax. l. t., (4)

Wremaining consum t = Pav. · tres. · αres., (5)

Wtot = Wmaximum load time +Wremaining consum t, (6)

where: Pall. – permitted power provided by the electricity supply organization 4–5 kW,
tmax. t. p. d . – maximum load time during the day, hours, αmax. l. t. – maximum load time
factor.

4 Practical Relevance and Suggestions

To predict power consumption, the obtained mathematical model was used, expressed
in terms of the coefficient of maximum loads and daily power consumption data.

In Fig. 2 and 3 show the daily electricity consumption versus the number of
subscribers connected to city transformer substations for May 28, 2019.

According to power consumption data for previous years, taking into account cli-
matic and meteorological factors [25–29], the times of maximum power consumption
of evening winter and summer maximums were established:

• years Dushanbe and Bokhtar (winter) - 3.5 h and (summer) - 2.5 h
• Khorog, the time of evening maximums of loads - 4.5 h (winter) and - 3.5 h (summer)
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The difference in maximum loads between Dushanbe and Khorog is explained by
their different position relative to sea level.

Using the obtainedmaximum load time coefficientα (maximum load time) for Fig. 2,
3, specific electrical loads at maximum hours were determined. The results are shown
in Fig. 4, 5.

Fig. 2. Dependence of daily electricity consumption on the number of subscribers receiving power
from transformer substation 568, T-1

Fig. 3. Dependence of daily electricity consumption on the number of subscribers receiving power
from transformer substation 583, T-1

Fig. 4. Electrical loads duringmaximumhours for subscribers poweredby transformer substation-
568, T-1.

From the obtained dependences (Fig. 4, 5), it can be seen that the electric load during
maximum hours in the main part of subscribers exceeds normalized values. The excess
is due to the fact that the considered subscribers do not have other sources of energy
besides electric.



Power Consumption Modeling in Urban Electric Networks 871

Fig. 5. Electrical loads duringmaximum hours for subscribers powered by transformer substation
583, T-1.

To comply with the allowable specific electric loads, depending on the daily and
monthly electricity consumption, time factors formaximum loadswere proposed,which,
in our opinion, allow us to control the excess of specific electric loads.

According to power consumption data for previous years [26–29], numerical values
of the maximum load time factors for cities of the Republic of Tajikistan with various
conditions were derived:

- c. Dushanbe city: αmaximum load time = 0,145;

- c. Khorog: αmaximum load time = 0,188;

- c. Khojent: αmaximum load time = 0,167.

To establish specific norms of power consumption, depending on the coefficient of
time of maximum loads, it is recommended to use dependencies 1 and 2.

Therefore, in the presence of previous data on the maximum monthly power con-
sumption, using the obtained maximum load time coefficient, it is possible to determine
such power consumption rates during the day or month that will correspond to specific
electric loads [26–29] and will not exceed the allowed power for typical residential
buildings installed power supply organizations.

I rely on themaximum load time coefficient (3) and the obtained numerical data using
expressions (4–6), we determine the maximum daily and monthly power consumption
rates in time:

for Dushanbe:

Wmaximum load time = 4 · 24 · 0,145 = 13,93 kW · h;

Wremaining consum t = 2 · 24 ·
(
20,5

24

)
= 41 kW · h;

Wtot = 13, 93+ 41 = 54, 92 kW · h.
for Khorog:

Wmaximum load time = 4 · 24 · 0, 188 = 18, 05 kW · h;
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Wremaining consum t = 2, 5 · 24 ·
(
20, 5

24

)
= 51, 25 kW · h;

Wtot = 18, 05+ 51, 25 = 69, 3 kW · h.
for Khojent:

Wmaximum load time = 4 · 24 · 0, 167 = 16, 032 kW · h;

Wremaining consum t = 2, 5 · 24 ·
(
20, 5

24

)
= 41 kW · h;

Wtot = 16, 032+ 41 = 57, 032 kW · h.
The relative difference in power consumption in hours of maximum loads will be:
between the city of Khorog and Dushanbe:

δ = 18, 05− 13, 93

18, 05
· 100% = 22, 83%

between Khojent and Dushanbe:

δ = 16, 032− 13, 93

18, 05
· 100% = 13, 11%.

between Khorog and Khojent.

δ = 18, 05− 16, 032

18, 05
· 100% = 11, 18%.

The resulting relative difference in power consumption during peak hours of Khorog
in relation to other cities of the Republic of Tajikistan under consideration is much larger.

This once again confirms the validity of our research and proves the influence of
climatic, meteorological and geographical locations of the cities of the Republic of
Tajikistan.
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The obtained expressions (3–5), as well as themaximum load time coefficients, make
it possible to predict power consumption in the summer and winter months. Present
forecast data in the form of graphs for the winter and summer months.

In Fig. 6, 7, 8 and 9 show the forecasted electricity consumption schedules for the
winter and summer months of some cities in the Republic of Tajikistan.
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Fig. 7. Winter hourly electricity consumption schedule of Khorog.
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Fig. 9. Summer hourly electricity consumption schedule of Khorog.

5 Conclusions

The graphs of power consumption during the day allow you to control the power con-
sumption during peak hours. If these power consumption standards are exceeded, noti-
fication of electricity consumers exceeding these standards will be required. From the
obtained graphs Fig. 6, 7, 8 and 9 show that the relative difference in power consumption
during winter and summer highs is 20%. The relatively small difference between sum-
mer highs and winter highs is associated with the use of air conditioners, which greatly
affect the power consumption in residential buildings.

It should be noted that for cooling residential premises in Dushanbe, the energy con-
sumption is much higher than in Khorog. This factor is due to the different geographical
location of these cities.
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