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Abstract—The development of the national standardization
program consists in carrying out work to update and create a
Fegulatory technical base in the ficld of optimizing design and
electrical work in civl engincering. One of the priority modern
tasks in the civil engincering of the Russian Federation is to
reduce the cost of building power supply systems. One of the
options for solving this problem is the method proposed by the
authors, which consists in developing new specific design
electrical loads that will take into account the current state of
electrical energy consumption, contributing to 4 decrease in the
number and power of power transformers simultancously with a
decrease in the cross section and total length of cable and wire
products. The article prescnts the results of a study of the
clectrical loads of multi-apartment residential buildings in
Moscow for the period from April 2021 to February 2023, which
Served as the basis for the development of amendments to the
Federal Code of Regulations SP 256.1325800.2016 "Electrical
Installaions in Residential and Public Buildings. Design and
Installation Rules. The new specific design clectrical loads
turned out to be lower than the normative ones by an average of
40%. To take into account the trend in housing construction,
aimed at increasing the number of apartments in a multi-
apartment residential building (the number of apartments
reaches 2000 or more), new values of specific design electrical
loads have been developed.

Keywords—smart grids, load monitoring, design standards,
design engincering, correlation coefficient

L INTRODUCTION

For the design of cxtemal power supply systems in
residential consiruction, there is a Federal set of rules SP
256.1325800.2016 "Electrical Installaions in Residential and
Public _Buildings. Design and _Installation Rules” (SP
2561325800.2016), the updating of the  regulatory
requirements of which is caused by the need to implement
paragraph 7 of the List of Orders of the Govemment of the
Russian Federation dated June 27, 2016 No. DM-P9-3732 and
subparagraph "c" of paragraph 2 of the List of instructions
following the mecting of the State Council of the Russian
Federation "On the development of the consruction complex.
and improvement of urban planning activitics in the Russian
Federation" dated May 17, 2016 No. Pr-1138GS on bringing
intocompliance with. the modem requircments of technical
regulation documents in the ficld of construction, including the
adoption of measures to harmonize domestic and international
standards, taking into account the best world standards, as well
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as the need to take into account modern requircments, the use:
of innovative cquipment and materials, and the established
practice of designing and installing clectrical installations.

‘The approved specific design electrical loads today require:
revision, since the practice of operating clectrical neworks in
residential complexcs demonstrates a low load on clectrical
network cquipment [1-6]. Accordingly, unjustified investments
spent in the consiruction of the power grid infrastructure, on
the one hand, and unloaded power transformers (load less than
70%) with large no-load losses relative to the transmitted
power, on the other hand. This problem has been identificd in
all regions of the Russian Federation (Fig. 1, presentation on
the topic: The concept of the Ministry of Encrgy of the Russian
Federation to reduce unused network capacitics, author Andrey
Maksimov).
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Fig. 1. Share of maximum power utizaton.

For the design of power supply systems, the document SP
256.1325800.2016 is used, which does not take into account
regional peculiarities. The exceptions arc the Republic of
Tatarstan and the city of Moscow, for which their own values
of specific design clectrical loads are approved at the regional
level [2,7-9].

Fig. 1 shows that the share of maximum power usc for

regions has different valucs, which is duc to_regional
characteristics (climatic featurcs, length of time of day, well-
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being of the population, etc.). Not used by consumers on
average 60% of the maximum power.

The introduction of smart meters makes it possible to
update SP 256.1325800.2016 in terms of standardized specific
design clectrical loads for residential and public buildings [1-3,
9-12).

‘The use of modern smart clectricity meters [13-15] makes
it possible to perform analysis on predicting clectrical loads,
monitoring the quality of electricity and the state of clectrical
equipment, minimizing technological and commercial losses of
clectricity, choosing the optimal number and power of
clectrical equipment, including generating equipment for
distributed energy based on traditional and renewable sources
of generation [16-23].

Currently, multi-apartment residential buildings are being
designed with the possibility of a complete automated
collection of information on all types of tilitics. For example,
a schematic diagram of the automated collection of information
on all types of utilities for one of the multi-apartment
residential buildings in Moscow s presented, Fig. 2.
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Fig. 2. Schematic diagram of the automated collcction of information on all
types of utilites.

To solve the problem as a whole for the Russian
Federation, it is necessary to introduce into SP

256.1325800.2016 regional specific design electrical loads,
taking into account local conditions.

In the article, the solution to the problem is presented by
the Roselectromontazh Association (Association) using  the
example of Moscow.

The Association, with the support of the Ministry of
Construction and Housing and Communal Services of the
Russian Federation and the Samolet Group of Companies,
carried out large-scale field studies in 2021 - 2023 of the
electrical loads of residential buildings in Moscow.

After statistical processing of field studies with proof of
representativeness of the sample, amendment No. 6 was
developed in SP 256.1325800.2016, which presents the values
of specific design clectrical loads, which are on average 40%
lower current standard values presented in Table 7.1 of SP
256.1325800.2016.

1L STATISTICAL PROCESSING OF THE ELECTRICAL LOAD
OF APARTMENTS IN MULTI-APARTMENT RESIDENTIAL
BUILDINGS FOR THE OBSERVATION PERIOD FROM NOVEMBER
2022 70 FEBRUARY 2023 IN MOSCOW

The article presents a study of the electrical loads of
apartments in multi-apartment residential buildings from 11 to
18 floors in Moscow in the period from November 2022 to
February 2023. As well as gencralized results for the period
from April 2021 to February 2023, on the basis of which new
values of specific design clectrical loads are proposed and
developed change No. 6 to SP 256.1325800.2016.

According to the calculations, the maximum specific
caleulated clectrical load of apartments in a sample of multi-
apartment  residential  buildings in Moscow, calculated
according to data for November 2022, December 2022,
January 2023, February 2023, obeys the normal distribution
law.

Based on the calculation of the standard deviation and
variance, the minimum size of a representative sample was
determined with a confidence interval of +5, a confidence level
of 95% [24]. The permissible error in determining the average
is 0.02 kW/apartment, table 1.

TABLEL  MINMUMSIZE OF AREPRESENTATIVESANPLE
Month | Samplesian s, | ek e e

Novemir | =

December_| 30 =

Sy |20 =

Fobruary | 3¢ 2

As can be scen from Table 1, the size of the sample under
study exceeds the minimum size of the representative sample,
except for January. This allows us to conclude that the results
obtained can be extended to the general population of multi-
apartment residential buildings in Moscow.
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Table 2 presents the confidence interval for the average
specific design electrical load of multi-apartment residential
buildings in the general population of Moscow.

TABLEIL  AVERAGE VALUE AND CONFIDENCE INTERVAL
Average value, Confidence interval,
Month kW/apartment kW/apartment
November | 0.392 0375~ 0410
December_| 0.404 0384~ 0424
Janwary | 0421 0398~ 0.444
February | 0.394 0373~ 0415
Table 2 shows that the confidence interval with a

probability of 95% is in the range from 0.373 to 0.444
kW/apartment. The average value of the specific design
clectrical load varies from 0392 to 0421 kW / apartment,
depending on the month of observation.

On Fig. 3 shows the of the maximum specific
design clectrical load (Psp., kW/apartment) on the number of
apartments in multi-apartment residential buildings, calculated
from the values for the observation period from November
2022 to February 2023. The obtained values were

with the values presented in the regulatory documents: Table
7.1 of SP 256.1325800.2016; Table 6.1 of Methodology for
calculating the clectrical loads of apartment buildings, adopted
by the Government of Moscow in 2021 (Moscow
Methodology); Table 20.3 of Republican urban planning
standards of the Republic of Tatarstan (Republic of Tatarstan
Methodology).
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Fig. 3. Comparison of standard values of specific calculated electrical loads
with those calculated on the basis of actual measurements.

The obtained values of the specific calculated clectrical
loads are significantly lower than the normative ones (1.8-2
times), which indicates the need for their updating (Fig. 3).

Il GENERALIZATION OF THE RESULTS OF STATISTICAL
PPROCESSING OF THE ELECTRICAL LOAD OF APARTMENTS IN
MULTI-APARTMENT RESIDENTIAL BUILDINGS FOR THE
‘OBSERVATION PERIOD FROM APRIL 2021 TO FEBRUARY 2023
FOR MOSCOW

On Fig. 4 shows the results of statistical processing of the
specific design electrical loads of multi-apartment residential
buildings from 11 to 18 floors for the period from April 2021
to February 2023, shows the change in the level of the
maximum specific design electrical load.
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October 2022 — .41
Seplember 2022 s— 0,52
August 202 e— .45
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Fig. 4. Change in the level of the maximum specific design electrical load of

‘apartments in a multi-apartment residential building in Moscow during
the observation period.

From Fig. 4, we can conclude that the largest value of the
electrical load of the sample under study falls on December
(New Year's Eve) and May 2021 (the end of the heating
season), and the smallest value - on June 2021.

An analysis of the results of the calculation of the specific
design electrical load indicates that the maximum value of the
specific caleulated electrical load of apartments in the studied
sample of multi-apartment residential buildings from 11 to 18
floors in Moscow for the observation period from April 2021
to February 2023 does not exceed the value
0.54 kWrapartment.

‘The trend in housing construction is aimed at increasing the
‘number of apartments (the number of apartments reaches 2000
or more) in an apartment building. To take this trend into
account in the regulatory documents, the calculation of the
specific design electrical load of multi-apartment residential
buildings with the number of apartments of 2000 or more was
carried out, the apartments were randomly grouped for the
observation interval from April 2021 to February 2023.
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For a group of each size, 100 combinations of apartments
were formed. For each group of apartments, a day with
maximum consumption for each observation interval was
determined. In the context of these days, the maximum
electrical load of a group of apartments was found and,
according to it, the specific electrical load of one apartment for
this group. For ecach group of apartments, the minimum,
average and maximum values of the specific design electrical
load of one apartment were calculated, as well as a 95%
confidence interval for the average value of the specific design
clectrical load of the general population of apartments in
Moscow, Fig. 5.
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Fig. 5. Dependence of the specific calculated clectrical load on the number

of apartments in the group for a sample of apartments in multi-apartment
residential buildings in Moscow.

Fig. 5 allows you to determine the corresponding value of
the specific design electrical load of one apartment for a group
with the number of apartments from 600 to 3000.

Since, starting from 2000 apartments, the specific design
electrical load changes insignificantly, it is proposed to limit
Table 7.1 of SP 2563258002016 to 2000 or more
apartments.

Based on the results obtained, amendment No. 6 in
SP256.1325800.2016 was developed, presented in Table 3.

TABLEIIL  SPECIFIC CALCULATED ELECTRICAL LOAD OF ELECTRICAL
'RECEIVERS OF APARTMENTS IN RESIDENTIAL BUILDINGS WITH ELECTRIC
'STOVES WITH A POWER OF 8.5 KW FOR MOSCOW

Specific design electrical load,
lamacttat Number of apartments, pes.

= 0

5 ENE}

9 308

7 26

15 207

18 2101

24 178

40 145

60 116

100 0.97

200 091

400 0.79

600 0.67

1000 0.63

1500 0,61

2000 and over 0.59

On Fig. 6 presents a comparison of the current values of the
specific design electrical loads and those proposed in the
framework of the studies carried out using the example of
Moscow.
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Fig. 6. Comparison of the actual values of the specific design clecirical loads
and those proposed in the framework of the studics performed on the
‘example of Moscorw.

IV.  CONCLUSIONS

As a result of processing the electrical load of apartments in
multi-apartment residential buildings for twenty-three months
of 2021 - 2023 results were obtained that characterize the level
of change in the specific design electrical loads of multi-
apartment residential buildings in the considered sample
population of Moscow. The specific design electrical load of
apartments reaches its maximum values in December 2021
(0.54 kW/apartment). Therefore, the formation of an idea of
the maximum electrical load of multi-apartment residential
buildings during the year is preferably based on December
data. Based on the result obtained, a pr was made to
amend the Federal Code of Practice SP 236.1325800.2016.
The new specific calculated clectrical loads turned out o be
lower than the standard ones by an average of 40% compared
to those prescnied in Table 7.1 SP 256.1325800.2016. The
electrical load of apartments in multi-apartment residential
buildings was grouped for the obscrvation interval from April
2021 to February 2023, based on which new values of specific
electrical loads were developed for multi-apartment residential
buildings with the number of apartments from 1000 to 2000 or
more. Approval and subsequent implementation of the
developed new specific design electrical loads will reduce the
cost of technological connection to the electrical networks of
multi-apartment residential buildings by reducing the cost of
building external power supply systems, which consists in
reducing, on the one hand, the number and power of power
transformers, on the other hand, the cross scction and total
lengths of cable and wire products.
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