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Method of forecasting and calculation of electric load of utilities
and household consumers under uncertainty

Abstract. Our goal in this article is to study the consistency of the actual power consumption with the calculated consumption in distributed electrical
networks with a predominance of household consumers in several cities. We analyse the correspondence between the specific electrical load
established by regulatory documents and the actual load for a single apartment according to power consumption in several cities. The discrepancy
between the actual electrical load on an apartment and its standard value established by the current regulatory documents, which amounted to -
negative 48% to 300%. To improve the accuracy of electricity consumption forecast and calculation of electrical loads, a new indicator is proposed -
the generalized uncertainty coefficient A;, the value of which is given for the period under consideration. Thus, using the specified coefficient,
methods are proposed for predicting power consumption in electrical distribution networks with a predominance of domestic consumers and
calculating electrical loads. When using the developed methods, deviations in forecast calculations in relative terms will not exceed 10%.

Streszczenie. Celem jest zbadanie zgodno$ci rzeczywistego zuzycia energii z obliczonym w dystrybucyjnych sieciach elektrycznych z przewaga
odbiorcow domowych w wielu miastach. Aby zbada¢ zgodno$¢ miedzy okreslonym obcigzeniem elekirycznym ustalonym w dokumentach
regulacyjnych a rzeczywistym obcigzeniem dla jednego mieszkania w zalezno$ci od zuzycia energii w wielu miastach. Rozbiezno$¢ miedzy
faktycznym obcigzeniem elektrycznym mieszkania a jego standardowg warto$cig ustalong w aktualnych dokumentach regulacyjnych, ktéra wyniosta
- minus 48 do 300%. Aby poprawi¢ doktadno$¢ prognozy zuzycia energii elektrycznej i obliczania obcigzen elektrycznych, proponuje sie nowy
wskaznik - uogoélniony wspoétczynnik niepewnosci A_i, ktérego warto$¢ podano dla rozwazanego okresu. Tak wigc, stosujgc okre$lony wspotczynnik,
proponuje sie metody przewidywania zuzycia energii w sieciach dystrybucji energii elektrycznej z przewaga odbiorcéw krajowych i obliczania
obcigzen elektrycznych. Przy stosowaniu opracowanych metod odchylenia w obliczeniach prognoz w kategoriach wzglednych nie przekroczg 10%.
(Metoda prognozowania i obliczania obcigzenia elektrycznego zakfadéw uzytecznosci publicznej i odbiorcéow domowych w warunkach

niepewnosci)
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Introduction

It is known that one of the indicators of the reliability of
urban power supply is the frequency of failure, which is
directly dependent on the electrical load. The efficiency of
the distribution electrical network is estimated by the
duration of undersupply of electricity, the less, the better,
and the loss of electricity [1-2].

In recent years, the consumption of electrical energy in
household electrical networks has increased significantly,
due to both objective reasons (lack or provision of gas
supply, hot heat supply) and subjective (human indifference
to the state of household electrical receivers - whether they
are turned on or turned off in a timely manner) [3-5]. This
situation has led to a discrepancy between the normative
value of the specific electrical load on the apartment and
the actual one [6-8].

The above factors have led to a decrease in the
reliability of elements of distribution electrical networks with
a voltage of 6-10 kV, their lower energy efficiency [9-12],
and affects the operation of those household electrical
receivers that are sensitive to the quality of electrical energy
supplied directly to apartments. In addition, the unbalance
of loads in electrical networks for domestic purposes
accelerates the aging process of the insulation in them,
which can cause fires [13-16].

To solve this problem, it is necessary to establish the
factors that create uncertainty in the forecasting of
electricity consumption, to propose and justify a new
method for forecasting and calculating the electrical load,
which makes it possible to improve the accuracy of its
forecast and calculation. However, first it is necessary to
show the discrepancy between the actual and specific
electrical load in the apartment [17-19].

We will take the real values of power consumption
obtained from electricity meters installed at domestic
consumers as the initial parameters.

Research method

To study the correspondence between the specific
electrical load established by regulatory documentation and
the actual one per apartment, according to power
consumption data in several cities, the average annual
power consumption by household consumers with a certain
number of apartments for 2021-2022 was analysed (Fig. 1).
The initial data of the considered consumers is given in
Table. 1.

Table 1. Data of the considered domestic consumers

Ownership object Total apartments
Residential building 1 41
Residential building 2 83
Residential building 3 60
Residential building 4 106
Residential building 5 60
Residential building 6 55
Residential building 7 60
Residential building 8 56
Residential building 9 76
Residential building 10 75
Residential building 11 74
Residential building 12 72
Residential building 13 64
Residential building 14 33
Residential building 15 64
Residential building 16 36

Based on the information received from the Energy
Sales Organization, the consumers considered in the study
are given in Table 1 which belongs to the category without
gas supply. According to the Code of Rules
256.1325800.2016, for one apartment for these consumers,
the specific electrical load is 10 kW/apartment.

Fig. 1 shows the values of electricity consumption with
averaging per 1 apartment of the considered household
consumers given in Table 1.
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Fig.1. Average annual power consumption with averaging per 1
apartment of considered household consumers

According to formula (1) for Fig. 1, the average power
for a certain period of the considered consumers is
calculated.

(1 Pe.

_ W«pax-r. ><Nj

’
Tmonth.i

where: W,.wwa1 — actual average power consumption per
apartment, kWh/month; N; — number of apartments, pcs.
(Where j — the serial number of houses in the Table. 1);
Tmonth i — NUMber of hours in the i-th period.

The results are presented in Fig. 2.
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Fig.2. Discrepancy between actual and specific electrical load for
an apartment
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According to Fig. 2. The discrepancy between the actual
and specific loads on the apartment was for N; = [1, 2, 3, 4,
14, 16] from — 58% to +155%. The discrepancy arises
because these consumers have a factorial feature in terms
of the number of connected electrical receivers in
apartments. This situation cannot but affect the reliability
and efficiency of the supply network of the considered
residential buildings (N; = [1, 2, 3, 4, 14, 16]).

For other residential facilities (houses) N; = [5-13.75 kW
/apartment], the nature of power consumption corresponds
to the specific power value.

This is due to the fact that for these objects (houses),
the actual electrical load does not exceed the established
regulatory documentation.

Fig. 3 presents the results of comparing the actual
power consumption with the design one for a given specific
electrical load on the apartment.

According to Fig. 3 the relative difference between the
actual and design electricity consumption, resulting from the
values of the specific electrical load on the apartment, is in
the range from - 48 to 300% in terms of consumers. But
since the development of types of electrical receivers and
the demand of consumers for them is growing, such a
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difference between specific and actual power values will
only grow and spread to all types of multi-apartment
residential buildings. Thus, it can be argued that the current
value of the specific electrical load on the apartment does
not correspond to real conditions.

The discrepancy between the actual and design electricify consumption per apartment
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Fig.3. The discrepancy between the results of actual power
consumption and the design one for a given specific electrical load
on the apartment

Using several mathematical and modeling tools -
(statistical and econometric models for collecting and
processing data on electricity consumption, models for
identifying uncertainty factors, fuzzy set theory, neural
network models), factors [20-26] that were not previously
taken into account (taking into account the differential
heights above sea levels and the financial situation of
apartment owners, etc.) when developing the specific
electrical load on an apartment, which allowed us to
propose a new, so-called generalized uncertainty coefficient
A;. At the same time, it should be noted that when
determining A4;, household consumers are taken into
account, receiving power from both combined sources
(traditional (T)) and single sources (for example, completely
on hydropower or renewable energy source (RES) - solar
wind, etc.), (E).

(2) Ayry=(tih+)/(s + k),

@) Aygy = (& -h-c)/(s k).

Where: t; — temperature coefficient (taking into account the
meteorological factor);

h - Coefficient taking into account the location of
consumers above sea level;

c - is a coefficient that takes into account the structural
design of a residential building;

s - Is the coefficient of the material (financial) position of
the consumer (the welfare of the consumer, an analogue of
the income of the Tornquist function);

k - Is a coefficient that takes into account a different
number of electrical receivers at the consumer [27].

Given that the electricity consumers we are considering
belong to the group (T), we compare using A;r, the
generalized uncertainty coefficient, which is calculated
using equation (2).

Using the Internet resource, the average monthly
temperatures for the objects under consideration were
found - (t4, t, and t3) where the numbers 1 are the ambient
air temperatures at the location of the consumer; 2 -
additional temperature, taking into account the temperature
difference outside the house and inside the room; 3 —
ambient air temperature at point 0 above sea level.

In turn, the coefficients s and k were obtained using the
Fisher criterion.

Calculations  A;ry for the considered objects are

presented in Fig. 4.
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The results of the calculation of the generalized coefficient of uncertamty

MNoOoWw B o

= e

Coefficient calculation results

Months

=4=Temperature coeflicient

== Height difference factor above sea level

== Coefficient of constructive performance of buildings and premises
= Constmer welfire, an analogue of mcome in the Tomequist function
=8~ Generalized uncertainty factor

Fig.4. Calculation of the generalized coefficient of uncertainty for
the objects under consideration

Using the generalized uncertainty coefficient, we propose
forecasting methods based on taking into account the
previous power consumption and calculating the electrical
loads of household consumers (see expressions 4 and 5).

- Method for calculating the electrical load of apartments,
taking into account the generalized coefficient of
uncertainty:

w. .
previous
— XA i(T)s

4) P =
4) (calc).apartment Tmonth.i

where: Wyrevious - data received from the Energy Sales
Organization, the previous electricity consumption of
household consumers, kWh. (for the same period of the
previous year).

- Method for predicting electricity consumption by
household consumers, taking into account the generalized
uncertainty coefficient:

(5) Wforecasted -

(PapartmentXTmonth.iXNj)
Ay '

where: Pypariment - 1S the calculated value of the electrical
load obtained considering the proposed generalized
coefficient, kW.

Using formula (4), according to the data of the previous
electricity consumption by household consumers, the
electrical loads were calculated.

The advantage of the above methods is to consider,
using a generalized coefficient, the financial situation of
different segments of the population in the objects under
consideration, as well as the geographic location of
consumers at different levels relative to zero (i.e., sea
level).

The importance of taking these two factors into account
when predicting and calculating the electrical loads of
residential buildings lies in the fact that 1. Not considering
the financial situation of the consumer leads to the frequent
creation of asymmetries by consumers that exceed the
established values, while an increase in the number of
electrical receivers sharply increases this problem, 2. Not
considering height difference leads to an additional increase
in power consumption, due to high humidity above sea
level. Thus, again leading to an increase in the first criterion
(factor).

The calculation results given in Fig. 5 were compared
with the actual values determined earlier and presented in
Fig. 2.

When using our proposed method for predicting
electricity consumption according to formula (5), the
discrepancy between the results is from 8 to 18
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kWh/apartment, which
exceed 10%.

This result allows us to assert a high convergence and
thereby ensure an increase in the reliability and efficiency of

the distribution electrical network.
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Fig.5. Comparison of the actual electrical load with the load
obtained by the proposed method

Load and actual did not exceed 10%.

Further, using formula (5), we will predict the power
consumption by household consumers for the objects under
consideration and compare these results with the actual
one.

The results of the comparison will be presented in the
form of a dependence in Fig. 6.
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Fig.6. Comparison of actual power consumption with the predicted
found one, taking into account the generalized uncertainty
coefficient

Conclusions

Based on the study of the actual power consumption by
rows of objects with domestic consumers, it is confirmed
that the current values of the specific electrical loads for
these consumers lead to significant discrepancies with the
actual values.

For electrical load from - minus 58 to 155% and for
power consumption from - minus 48 to 300%.

To improve the accuracy of the calculation of electrical
loads, it is proposed to use a generalized uncertainty
coefficient, and on its basis, a method for predicting and
calculating electrical loads.

It is shown that when using the proposed methods, the
discrepancy between the calculated and actual electrical
loads does not exceed 10%, and the error in the predicted
power consumption is in the range from 8 to 18
kWh/apartment.
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