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The article covered the electric energy consumer's reaction on tari�s and ambient

temperature changes in the Uni�ed Energy System of the Ural in the period of time after

restructuring RJSC "UES of Russian Federation". Factual data of Uni�ed Energy System

of Russia's System operator shows how indicator values of electric energy consumption

elasticity changes with shifting of the youngest competitive markets of electric energy

and power in Russia to stationary operating condition: consuming turns from elastic to

inelastic according to price. Linear correlation coe�cients were calculated for the volume

of consumption and the ambient temperature; Rate day-ahead market and temperature;

consumption and the market rate on the day-ahead data for 2009 � 2014. Proved an

inverse relationship of consumption of electrical energy from the ambient temperature,

what con�rms the actual transition to a competitive market of electricity production.

Keywords: regression equation; elasticity of energy consumption; rate; the dependence

of energy consumption by the ambient temperature; the linear regression.

Introduction

Electric energy consumption accurate prediction is a problem discussed in many
scienti�c studies [1, 2]. Its relevance is evident. The more accurate to the practical
consumption the projected value is, the cheaper electric power is, as its production level is
known. Eclectic energy consumption prediction is a complex multiparametric task, which
includes the following parameters:

� season;
� the time of day;
� work-week;
� environment temperature;
� daylight hours duration;
� etc.
This paper considers electric energy consumption dependence not only on the above-

mentioned parameters, but also on electricity rates.

1. Determination of the Coe�cient of Correlation Between
the Studied Parameters

Data in are taken from the o�cial website of the Federal Grid Company of Uni�ed
Energy System (http: //www.so-ups.ru/). The selected data for calculations represent
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consumption data and day-ahead electricity market price (DAM) of the Ural uni�ed energy
system (UES) from January 1, 2014 till December 31, 2014.

Figures 1 and 2 represent the graphics of electric energy consumption and its rates
during 2014.

Figure 1 shows a signi�cant reduction of consumption during summer period while
Figure 2, on the contrary, represents a slight increase in the electric energy consumption
services cost within the same period. It is concluded that a reduction in consumption
causes an increase in the cost of the electricity [2].

The main indicator of dependence is the correlation coe�cient. Correlation is a statistic
relationship of two or more independent variables (variables are numbers, or quantities that
increases or decreases over time, or takes di�erent values in di�erent situations) [3]. The
change in the value of one of them causes a change in other values. As a mathematical
measure of correlation of the two variables is the correlation coe�cient [4].

Fig. 1. Ural Grid Company electric energy consumption from 01.01.2014 till 31.12.2014

Correlation coe�cients may be direct (positive) and inverse (negative). If any
parameter value increases and the other undertakes the loss, the correlation coe�cient
is inverse. If any parameter value increases and the other undertakes an increase as well,
the correlation coe�cient is direct. Another possible situation is absenñe of a statistical
correlation. An example can be independent random variables [4].

The correlation coe�cient ryx perfectly performs the tendency when one variable
increases under increase of another. Its value are always within [−1; 1] range. The closer
the variable value gets to −1 or 1, the more the correlation between the observed variables
gets. If ryx = 0 there is no correlation the complete absence of correlation between the
observed variables. If ryx = −1 or ryx = 1 there is a functional dependence of variables.
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Fig. 2. DAM of the electric energy service rate from 01.01.2014 till 31.12.2014

The correlation coe�cient between the two variables X and Y is calculated with the
formula:

ryx =
n ·

∑
xiyi − (

∑
xi) · (

∑
yi)√

(n ·
∑

x2
i − (

∑
xi)2) · (n ·

∑
y2i − (

∑
yi)2)

. (1)

The correlation coe�cient between the electric energy consumption and the DAM rate
of Ural UES is −0, 66717, indicating a slight increase in prices under signi�cant reduction
in consumption.

As a season is impossible to estimate quantitavely (only separate parameters may
be estimated quantitavely), it is obvious the use of expert evaluations, which construct
graphics of electric energy consumption and day-ahead market costs within 2009�2014
(Figure 3).

The Figure 3 clearly observes consumption decrease during summer period due to
daylight hours extending and the environment temperature increase. Correlation coe�cient
approximates each year to −1 index is an evidence of dependence between the electric
energy consumption and the environment temperature. So when temperature rises the
consumption decreases. The calculated values of correlation coe�cients for the period
2009�2014. are given in Table.

2. Determination of the Coe�cient of Elasticity of Demand
for Electricity by the Rate

The problem of determining a correlation ratio is to calculate how a correlative
relationship gets close by its force to the functional ratio with a help of special indexes.
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Fig. 3. Electric energy consumption of Ural UES during 2009�2014

One of them is an elasticity coe�cient. It represents a ratio force of X parameter with Y
result. It also represents a percent change of Y under change of X by 1%.

The elasticity of demand (W) under the rate of (P) is the valued:

Ew =
∂W/W

∂P/P
. (2)

It is advisable to determine an elasticity coe�cient for each year based on a liner type
regression. Calculated values of elasticity coe�cients are given in Table.

Table

Correlation coe�cients according to Ural UES during 2009 � 2014

Year
Correlation coe�cient Elasticity

coe�cient
Consumption /
Temperature

DAM costs /
Temperature

Consumption /
DAM costs

Consumption /
DAM costs

2009 −0,93053789 0,15544 −0,0298 −0,0197
2010 −0,92759003 0,16844 −0,0837 −0,07258
2011 −0,94353654 0,11784 −0,1554 −0,17754
2012 −0,95561438 0,46453 -0,8074 −0,32678
2013 −0,95154951 0,50602 −0,4553 −0,43097
2014 −0,94116429 0,66966 −0,6672 −0,82046
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Conclusions

1. There is an inverse correlation between the consumption and environment
temperature, where the correlation coe�cient gets to −1 within the whole period observed.
Therefore, temperature is an important parameter for the predictions of electric energy
consumption.

2. The consumption dependence on DAM cost increases greatly by 2012 and slightly
decreases in 2013 and 2014.

3. Speaking about the 2009 � 2011 period there observed a complete inelastic demand
at price that is associated with the beginning of the electric energy price formation. From
2012 till 2014 the elasticity coe�cient (in absolute value) is gradually increasing. However,
during 2012 � 2013 its value is still much less than 1, which is a clear sign of inelasticity. In
2014 the coe�cient takes the level which indicates rate elasticity as under the rate increase
by 10%, the consumption demand drops by more than 8%.

4. The correlation coe�cient between the DAM cost and environment temperature
is increasing steadily by 2014. The reform by "UES of Russia" RJSC, held in 2008, is
directly related to this fact. It carried out the transition to the competitive market of
electric energy production. The elasticity of rate demand has an inverse correlation and
a steady growth. That means the lower the price is, the greater demand becomes. The
results of the transition to a competitive market are observed only in 2014. As mentioned
above, the consumption depends heavily on the environment temperature. The elasticity of
rate demand appears only by 2014. The factors are responsible for a signi�cant correlation
increase between the DAM cost and environment temperature which took place by 2014.
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ÈÑÑËÅÄÎÂÀÍÈÅ ÇÀÂÈÑÈÌÎÑÒÈ ÑÏÐÎÑÀ È ÒÀÐÈÔÀ
ÍÀ ÝËÅÊÒÐÎÝÍÅÐÃÈÞ ÎÒ ÒÅÌÏÅÐÀÒÓÐÛ
ÎÊÐÓÆÀÞÙÅÉ ÑÐÅÄÛ ÍÀ ÊÎÍÊÓÐÅÍÒÍÎÌ ÐÛÍÊÅ
ÎÁÚÅÄÈÍÅÍÍÎÉ ÝÍÅÐÃÎÑÈÑÒÅÌÛ ÓÐÀËÀ

Â.Ã. Ìîõîâ, Ò.Ñ. Äåìüÿíåíêî

Â ñòàòüå èññëåäîâàíà ðåàêöèÿ ïîòðåáèòåëåé ýëåêòðè÷åñêîé ýíåðãèè íà èçìåíåíèå

òàðèôîâ è òåìïåðàòóðû îêðóæàþùåé ñðåäû â Îáúåäèíåííîé ýíåðãîñèñòåìå Óðàëà, â

ïåðèîä ïîñëå ðåôîðìèðîâàíèÿ ÎÀÎ "ÐÀÎ ÅÝÑ Ðîññèè". Íà ôàêòè÷åñêèõ äàííûõ Ñè-

ñòåìíîãî îïåðàòîðà Åäèíîé ýíåðãåòè÷åñêîé ñèñòåìû Ðîññèè ïîêàçàíî, êàê ìåíÿþòñÿ

çíà÷åíèÿ ïîêàçàòåëåé ýëàñòè÷íîñòè ñïðîñà íà ýëåêòðîýíåðãèþ ïî ìåðå ïåðåõîäà ñàìî-

ãî ìîëîäîãî â ìèðå êîíêóðåíòíîãî ðûíêà ýëåêòðè÷åñêîé ýíåðãèè è ìîùíîñòè Ðîññèè

â ñòàöèîíàðíûé ðåæèì ðàáîòû: ïîòðåáëåíèå èç íåýëàñòè÷íîãî ïðèáëèæàåòñÿ ê ýëà-

ñòè÷íîìó ïî öåíå. Ëèíåéíûå êîýôôèöèåíòû êîððåëÿöèè áûëè ðàññ÷èòàíû äëÿ îáúåìà

ïîòðåáëåíèÿ è òåìïåðàòóðû îêðóæàþùåé ñðåäû; òàðèôà ðûíêà íà ñóòêè âïåðåä è òåì-

ïåðàòóðû; îáúåìà ïîòðåáëåíèÿ è òàðèôà ðûíêà íà ñóòêè âïåðåä äëÿ 2009 � 2014 ãã.

Äîêàçàíà îáðàòíàÿ çàâèñèìîñòü ìåæäó ïîòðåáëåíèåì ýëåêòðè÷åñêîé ýíåðãèè è òåìïå-

ðàòóðîé îêðóæàþùåé ñðåäû, ÷òî ïîäòâåðæäàåò ôàêòè÷åñêèé ïåðåõîä ê êîíêóðåíòíîìó

ðûíêó ïðîèçâîäñòâà ýëåêòðîýíåðãèè.

Êëþ÷åâûå ñëîâà: óðàâíåíèå ðåãðåññèè; ýëàñòè÷íîñòü ïîòðåáëåíèÿ ýëåêòðîýíåð-

ãèè; òàðèô; çàâèñèìîñòü ïîòðåáëåíèÿ ýëåêòðîýíåðãèè îò òåìïåðàòóðû îêðóæàþ-

ùåé ñðåäû; ëèíåéíàÿ ðåãðåññèÿ.
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