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objects acquires a fundamental importance for the selection 
and protection of the elements of electrical supply system of 
the country as a whole. 

The relevance of the chosen topic of research is in the de-
velopment of a new approach to solve the problem of accurate 
determining of the electric load at civilian objects.

2. Literature review and problem statement

An analysis of the scientific publications testifies to the 
fact that the first results regarding the study and substan-
tiation of electrical loads and their prediction appeared in 
the beginning of the 20th century. However, in terms of de-
termining the loading of civilian objects, detailed coverage 
of its features has been carried out only in the last decades. 
Thus, the simulation is examined of daily schedules in power 
consumption by residential and municipal facilities in order 
to respond to its demand and to lower the load by using 
smart networks [1]. The modes of electrical consumption 
by residential areas with a 15-minute interval have been 
modeled [2]. Systems architectures are being developed to 
control the load on intelligent buildings by smart networks 

1. Introduction

The task of accurate calculation of electric load on the ci-
vilian objects requires advanced methods of its computation 
taking into account characteristics of modern household ap-
pliances, and the application of innovative technologies. The 
use of acting normative documents leads to exceeding the 
real load by 1.5 to 3.5 times as evidenced by the numerous 
recent studies. This greatly affects the magnitude of capital 
expenditures on the construction and operation of electricity 
supply systems.

The housing and communal services of Ukraine consume 
about 44 % of energy resources that makes up about 30 % of 
the total fuel consumption in the country. The housing fund of 
the state and social sphere consume about 85 % of energy re-
sources of the total consumption in the sector, which is about 
10 billion kW∙h, with the alternative and renewable forms of 
energy not exceeding 1 million tonne of conditional fuel.

The recent years have witnessed a growth in the rates of 
design and construction of civilian objects, as well as in the 
level of electrical energy consumption, which reaches the 
level of its consumption by industrial enterprises. Given this, 
the exact determining of the estimated loading on civilian 
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that are capable of integrating various sources of energy [3]. 
The algorithms are constructed for the regulation of electric 
energy of residential, municipal facilities based on statistical 
data regarding the forecast for demand in load considering 
self-adjusting electric receivers [4].

Mathematical models are presented of residential ener-
gy centers schedules with renewable power sources, which 
are included in the automated technological processes of 
decision making in intelligent networks [5]. The models 
are proposed to plan energy, as well as algorithms for the 
optimization of consumption by civilian objects with the 
dynamics of parameters of wind, solar energy, environment, 
and pricing [6, 7].

The dynamics of electric load is the result of summation 
of a large quantity of random processes, which can be sub-
jected to general mathematical procedures when solving the 
tasks on statistical analysis and prediction of electricity con-
sumption modes. However, no comparison of theoretical cal-
culations and forecasts with actual values of electrical loads 
of dwellings, houses, civilian facilities exists in practice. In 
addition, the above-mentioned and other papers in related 
fields did not report any conducted research into dynamics 
of electric loads of electrical receivers with a discreteness at 
the level of ms and the synthesis of their charts at different 
levels of power supply systems, which greatly improves the 
accuracy of calculation of the estimated load.

3. The aim and objectives of the study

The goal of present research is to devise a graphic-ana-
lytical method, which would improve the accuracy in the cal-
culation of electric load, the application of which would help 
decrease capital costs for the construction and operation of 
electricity supply systems of civilian objects.

To accomplish the set goal, the following tasks have been 
solved:

– we studied experimentally the features of technical 
specifications of baisc modern electrical receivers at civilian 
objects using contemporary information technologies, mea-
suring instruments;

– we developed models of loading charts of electrical ap-
pliances and their synthesis at the inputs of civilian objects 
based on the information previously obtained by measuring 
the parameters of similar objects;

– a comparison was conducted of errors in the calcula-
tion of estimated loads obtained from the acting normative 
documents and by applying the graphic-analytical method, 
with actual data on the load of functioning civilian objects.

4. Materials and methods to examine parameters, 
synthesis of the load charts of electrical receivers at 

civilian objects

4. 1. Experimental research base
The study was carried out using the electric power qual-

ity analyzer Elspec G4500 manufactured by the company 
Elspec Technologies (Israel), from which we derived electric 
load charts of electrical appliances in a house, a building, and 
in a supply cable (Fig. 1).

The software PQSCADA Investigator from the company 
Elspec Technologies (Israel) effectively processes a large 
number of parameters that are instantly displayed on a PC 

monitor. The information that arrives from one or several 
measurement points is represented along one synchronized 
temporal axis. This allows the researcher to observe clear 
and instantenous graphical interpretation of the complex 
processes that occur in the network in a given moment [8]. 

 
 

   
 

                                  a                                           b
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Fig.	1.	Set-up	for	measuring	the	parameters	of	electric	load	
charts:	a –	portable	device	G4500	BLACKBOX	Portable;	
b	–	electric	wires	for	direct	current;	c –	electric	wires	for	

alternating	current;	d–	flexible	ticks	for	alternating	current;	
e	–	the	PQSCADA	software

Complete continuous registration of data on the elec-
trical signals from a set of measurement points takes place 
simultaneously.

4. 2. The essence of a graphic-analytical method for 
the calculation of electric load at civilian objects

According to the acting regulations, an estimated elec-
tric load for different levels of the power supply system is 
calculated at the stage of designing in the following way. 

Electric loads of apartments, multi-flat buildings are 
random and differ from each other because they depend on 
capacity, quantity, operation mode of household appliances, 
electrical receivers. They vary significantly over 24 hours, 
day of the week, month, season of the year, and are calculated 
according to known formula [9]

. . . ,h e s h eP p N=  (1)

where рs.h.e is the specific estimated electric load of housing 
that depends on the level of electrification and the number 
of flats, connected to the given network link, kW/housing; 
N is the number of dwellings (apartments), connected to the 
input line. 

In the case of connecting objects of various purpose 
(residential, public) to the building’s input line, the resulting 
active estimated load is determined as [10]

1e.max 1 e e.... ,e nP P K P K PΣ = + + + n  (2)

where Рe.max is the estimated largest load from all objects 
connected to a general point of the network; K1, K2,…,Kn are 
the coefficients of mismatch between the maxima of load of 
the n-th object and the maximal by load. 

Estimated load of power supply and distribution lines 
and inputs for hotels, organizations is determined by the 
coefficient of demand. 

By using the methods of probability theory and mathe-
matical statistics, it was proved that the formation of load of 
electrical receivers abides the binomial distribution law. The 
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probability of that out of their total number 
n, m is switched off at the same time is deter-
mined by known formula [9]

( , )
0

!
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!( )!

m
m n m

r m n п п

n
p K K

m n m
−

Σ = −∑
−  (3)

where Kп is the averaged demand coefficient, 
that is, the averaged probability of switching 
off an EA independently from one another 
over a given period of time. 

In the case of a large quantity of electrical 
receivers, formula (3) will take the form 
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However, applying these formulae does not reflect clearly 
the complexity and adequacy of the processes that occur in 
the electrical network, as their graphic mapping. Determin-
ing the estimated load by charts with the appropriate dis-
creteness of dynamics ensures a minimal error in the result 
of its calculation. 

For example, the estimated active capacity of the refrig-
erator ARC 4020 manufactured by the American concern 
Whirlpool using a graphical method, that is, by the param-
eters of chart, obtained experimentally using the software 
PQSCADA Investigator (Fig. 2), is calculated as [9]:

30

p.x x
0

1
( ) 153

30
= =∫p p t dt  W.

As an example, we determine the magnitude of the 
estimated and average active electric load of each EA 
and the resultant in an apartment with a gas stove based 
on the chart parameters of these 12 EA, which were ex-
perimentally obtained and are stored in the PQSCADA 
Investigator database, and employing the original data 
in Table 1. 

Calculated by the graphical method, that is, by means 
of the synthesis of charts of maximal averaged load of each 
EA over a period of 30 min., it will provide a more accurate 
determining of the estimated load compared with that cal-
culated in line with acting standards.

Fig. 3 (time 0 is accepted conditionally as 5.20 pm) shows 
the actual chart of electric load in an apartment for 3 h 
45 min. in the evening of a weekday, with EA from Table 1, 
whose operation modes are given in Table 2.

The resulting estimated load of all EA that was connect-
ed to the input of a flat is given in Table 1. 

The estimated active electrical load of EA in the apartment, 
determined by the graphical method, that is, by the parameters 
from the chart obtained experimentally (Fig. 3) [9], is

150

p
90

1
( ) 2,7

30
= =∫p p t dt

 
kW.

Table	1

Original	and	estimated	data	on	the	electrical	appliances	of		
an	apartment

Original data Estimated data

Name Type, brand
рestablished, 

W
рestimated, W

рaverage,  
W

Refrigerator Whirpool 144 153 68

Boiler Thermex 1500 1470 1470

TV set SAMSUNG 70 57 57

Washing 
machine

Elektrolux 2200 828 420

Iron set BRAUN 1900 633 435

Lighting CLL 5×20 93.5 93.5

Lighting IL 6×60 294 294

Computer Desktop 75 60 60

Air conditioner Sensei 880 630 610

Electric kettle  
(3 min.)

TEFAL 2000 89 89

Microwave oven 
(7 min.)

Samsung 850 99.2 99.2

Total 10079 4406.7 3695.7

According to the standards, specific elec-
tric load is 5 kW/flat, which is almost 2 times 
larger than that calculated by the graphical 
method. 

Operation modes of household electrical 
appliances in an apartment are given in Table 2.

Using the developed applied PC software 
in the MathCAD programming environ-
ment, employing the spline approximation, we 
constructed chart models for a daily load of 
12  apartments with gas stoves over one week 
(Fig. 4) [9–11], which take the form

Fig.	2.	Dynamics	of	maximal	half-hour	electric	load	of		
the	refrigerator	ARC	4020	made	by	Whirlpool

 

 
Fig.	3.	Dynamics	of	active	electrical	load	at	the	input	of		

apartment	with	a	gas	stove
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Original data for the apartments were obtained from the 
automated system of commercial account of electricity [9]. 

Table	2

Operation	modes	of	household	electrical		
appliances	in	an	apartment

EA type
Switching on,  

hour, min.
Switching off,  

hour, min.

Lighting 17:20 −
Refrigerator 17:20 −

Freezer 17:20 −
Notebook PC 17:20 −
Desktop PC 17:23 −

Washing machine 17:23 18:30

Lighting 17:33 −
TV set 17:36 −

Air-conditioner 17:53 −
Electric kettle 18:06 18:09

Iron set 18:16 18:28

Microwave oven 18:51 18:56

Boiler 18:58 19:48

Washing machine 19:49 20:49

Electric kettle 20:35 20:39

Microwave oven 20:41 20:46

Iron set 20:47 21:10

The charts in Fig. 4 demonstrate a significant difference 
in the maxima of active electric load in apartments over time 
during 24 hours due to different daily activities of the resi-
dents in 12 flats.

 

Fig.	4.	Charts	of	daily	electric	load	of	12	flats	over	Sunday:	
the	number	of	chart	in	order	corresponds	to	the	number	of	

the	apartment	

The resulting chart of daily load of 12 flats over Sunday 
(a day-off) is shown in Fig. 5.

 

Fig.	5.	Resulting	chart	of	a	daily	load	in	12	flats	on	Sunday

We determined analytically (at specific load on an apart-
ment in line with DBN V. 2.5-23:2010) the estimated active 
electrical load of 12 apartments in a residential building from 
formula (1) [9]

 

h.e12 2,36 12 28,32Р = ⋅ =  kW.

We determine the resulting estimated active electric 
load of 12 apartments in a residential building by the param-
eters of chart in Fig. 5

20,25

19,75
( )dt

8,2
0,5

∫
= =p

Р t
P

 
kW.

Thus, the estimated electric load of 12 apartments in 
a residential building on Sunday, according to data from 
automated system for commercial accounting of electricity, 
and that calculated by the graphical method, is less than 
the load, which was received by the standards (by DBN) 
by 3.45 times. 

As an example, we determine the estimated electric load 
in line with standards at the input of a 144-apartment resi-
dential building with gas stoves. The result is compared with 
the experimentally derived actual charts given in Fig. 6.

We determine specific load of one flat of a 144-apartment 
building by interpolating the standard values

. .

1 0,87
1,0 44 0,943

200 100s h eР
− = − ⋅ =  −

kW/flat.

We determine analytically (in line with the standards) 
estimated active electrical load of a 144-apartment residen-
tial building from formula (1)

. 0,943 144 135,8h eР = ⋅ =
 
kW.

We determine active electric load of a 144-apartment 
residential building using the graphical method based on 
Fig. 6 as the resulting actual load by phases A, B and C, 
respectively,

Рh.e=15.98+24.98+21.18=71.14 kW.

Thus, the actual estimated active electrical load of a 
144-apartment building, over the period of its measurement 
by automated system for commercial accounting of electric-
ity is 1.9 times less than the load, which was obtained from 
the normative documents.

.
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The expected daily electricity consumption of residen-
tial buildings can be determined graphically by the daily 
load charts based on automated system for commercial 
accounting of electricity information on the built-in objects, 
which are powered from a common input-distribution point 
(Fig. 7) [9–11].

 

Fig.	7.	Daily	load	charts:	1	–	residential	building	with		
electric	stoves;	2	–	rented	premises	in	the	building;		

3	–	a	built-in	supermarket;	4	–	resulting

The estimated active electric load of a residential build-
ing with built-in facilities will equal

ð.4

21,75

4
21,25

( )dt
94

0,5

∫
= =

Р t
P  kW.

By using Fig. 7, it is possible to determine by the graphi-
cal method from the following formulae: 

– the amount of electricity consumed per 24 hours

24

24 .4 4
0

( )dt;hoursW P t= ∫
 

 
(5)

– averaged active electric load per 24 hours

  

24

4

4 
0

( )
;

24filling in the chart

Р t dt
P

∫
=  (6)

– a chart filling coefficient

   

24

4
0

4
e.4

( )dt
,

24filling in the chart

Р t
P

Р

∫
=  (7)

electricity consumption for any period of the day, and other 
indicators of electrical load charts that take into account 
a mismatch in maxima, features of the dynamics of each of 
them, etc.

5. Results of study into error dynamics in the different 
methods of calculating the estimated electrical load

Calculation results of the estimated load of civilian 
objects in line with standards (1) and using the graphical 
method (2) can be represented in the form of approximating 
power functions given in Fig. 8, in particular:

1) Рe1(n)=5.1447n-0,6532, kW, with reliability factor 
2
1 0,9981;=R

2) Рe2(n)=1,007n0,8371, kW, with reliability factor 
2
1 0,9998.=R

 

Fig.	8.	Dynamics	of	the	estimated	load	depending	on		
the	number	of	flats,	received:	1	–	in	line	with	the	standards;		

2	–	using	the	graphical	method

Dynamics of the specific load per apartment in line with 
the standards (1) up to 1000 flats and using the graphical 
method (2) can be represented in the form of power func-
tions, which are given in Fig. 9.

Therefore, according to the results of load samples ap-
proximation calculated by different methods, one may ob-
serve their significant differences. Especially pronounced 
is a considerable increase in the calculation error, as fol-
lows from its dynamics in Fig. 8, 9, with a decrease in the 
number of electrical receivers, dwellings, houses, objects 
in general.

 

Fig.	6.	Charts	of	actual	evening	electric	load	in	winter	by	the	input	phases	of		
a	144-apartment	residential	building
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Fig.	9.	Dynamics	of	the	specific	load	per	apartment	

depending	on	the	number	of	flats,	received:	1	–	in	line	with	
the	standards;	2	–	using	the	graphical	method

6. Discussion of results of the study on the accuracy of 
methods for calculating the estimated electrical load

The proposed graphic-analytical method, as evidenced 
by the study, significantly minimizes calculation error of the 
estimated electric load at civilian objects. 

It is obvious that there is no sufficient information as yet 
to reconsider the standards in design in line with this meth-
od. For its effective use, it is necessary to compile a database 
of relevant chart models for characteristic EA, houses, 
buildings, and other objects. It is obvious that this requires 
the mobilization of significant organizational and technical 
measures, specialized information technologies. However, 
the ultimate goal will justify the costs of accumulating such 
information not only at civilian objects, but also at industrial 
enterprises, as well as in other sectors.

Taking the above into consideration, further research 
might be associated with the accumulation of information 
about chart models of load with a bigger number of objects 
specific to cities and metropolises (Fig. 10).

Extrapolating by power functions р1=4.7015n-0,313, р2= 
=1.0063n-0,186 testifies to the high reliability of approximation 
by the samples, since 2

1 0.9848,R =  2
2 0.9719R =  respectively.

 

Fig.	10.	Prediction	dynamics	of	the	specific	load	per	
apartment	depending	on	their	quantity,	obtained:	1	–	in	line	

with	the	standards;	2	–	using	the	graphical	method

7. Conclusions

1. We established the need to set up a database on tech-
nical characteristics, chart models of electric load at the dif-
ferent levels of power supply systems at civilian objects using 
modern information technologies, measuring instruments.

2. The developed chart models of electrical appliances 
load and their synthesis at the inputs of civilian objects make 
it possible to determine, when compared with calculations in 
line with the standards, with a higher accuracy not only the 
estimated electric load, but also the starting, peak currents, 
averaged values of current, power, amount of power con-
sumed over a certain period of time, etc.

3. According to the results of comparing calculation er-
rors of the estimated loads at civilian objects in line with the 
acting standards and by using the graphic-analytical method 
with actual data on the load, we revealed a significant differ-
ence between them in a range from 1.5 to 3.5 times.
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