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The article covered the electric energy consumer’s reaction on tariffs and ambient
temperature changes in the Unified Energy System of the Ural in the period of time after
restructuring RJISC "UES of Russian Federation". Factual data of Unified 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 coefficients 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 confirms 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
scientific 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 Coeflicient of Correlation Between
the Studied Parameters

Data in are taken from the official website of the Federal Grid Company of Unified
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 unified 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 significant 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 coefficient. Correlation is a statistic
relationship of two or more independent variables (variables are numbers, or quantities that
increases or decreases over time, or takes different values in different 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 coefficient [4].
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Fig. 1. Ural Grid Company electric energy consumption from 01.01.2014 till 31.12.2014

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

The correlation coefficient r,, 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 7, = 0 there is no correlation the complete absence of correlation between the
observed variables. If r,,, = —1 or r,, = 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 coefficient between the two variables X and Y is calculated with the

formula:
TV S () S (S

The correlation coefficient between the electric energy consumption and the DAM rate
of Ural UES is —0,66717, indicating a slight increase in prices under significant 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 coefficient
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 coefficients for the period
2009-2014. are given in Table.

(1)

2. Determination of the Coefficient 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 coefficient. 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:

oW /W

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

Table
Correlation coefficients according to Ural UES during 2009 — 2014
Correlation coefficient Elasticity
Year .
coefficient
Consumption /| DAM costs / | Consumption /| Consumption /
Temperature | Temperature | DAM costs 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 coefficient 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 coeflicient (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 coeflicient 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 coefficient 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 significant correlation
increase between the DAM cost and environment temperature which took place by 2014.
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NCCIIEAOBAHUNE S3ABUCMOCTU CITPOCA N1 TAPU®A
HA SJIEKTPOHEPI'TIO OT TEMIIEPATYPbI
OKPVYXKAIOIITEN CPEJIBI HA KOHKYPEHTHOM PHIHKE
OBBLEIMHEHHOM SHEPTOCUCTEMEI YPAJIA

B.I'. Moxos, T.C. lembarerro

B crarbe uccienoBana peakius noTpeduTesel 3JIeKTPUYECcKOoil SHEPTUH HA H3MEHEHHe
TapudOB U TEMIEPATYPHI OKPYKAOIIel cpefabl B O0beanHeHHOH SHEpProcucTeMe Y paJia, B
nepuos nocse pedpopmupoBanug OAO "PAO ESC Poccun". Ha dakruyueckux gauubix Cu-
cTeMHOrO oneparopa Eaunoit sneprerudeckoil cucrembl Poccuu moKa3aHo, KaK MEHIIOTCS
BHAYEHUS [OKA3ATEJEH JTACTUIHOCTH CIPOCA HA JIEKTPOIHEPIUIO 110 MepPe MEePEX0/Ia CaMo-
r'0 MOJIOJIOTO B MHUPE KOHKYPEHTHOI'O PBHIHKA IJTEKTPUIECKON dHeprun u MorrHocTr Poceun
B CTAIMOHAPHBIN pexXuM pPabOThI: MOTPeO/IEHNE W3 HEITACTUIHOTO TMPUDIUKAETCS K 3J1a-
CTUYHOMY TIO TieHe. JInnelnbe KO3 OUIUEHTH KOPPeasanuu ObUTH PACCINTAHBI A1 00beMa
moTpebJIeHUST U TeMIIEPATY PhI OKPYKarotieil cpefibr; Tapuda PHIHKA HA CYTKU BIEPET U TEM-
neparypsr; oObema norpebsienns u tapuda peiHKA HA cyTKu Brepen i 2009 — 2014 rr.
Jlokazana 0OpaTHAS 3aBUCHMOCTb MEXKIY MOTPEOIEHNEM JIEKTPUIECKON IHEPTUU U TEMITE-
PATypOit OKPYKAIOIIEH CPebl, 9TO TOATBEPK AT (DAKTHIECKUH TIePEeX0/] K KOHKYPEHTHOMY
PBIHKY TTPOM3BOJICTBA JJIEKTPOIHEPTHH.

Karoueevie caosa: ypasnenue pezpeccui; 9AGCMUYHOCTG NOMPEOAEHUSR INEKTNPOIHED-
2uu; mapud; 3a6UCUMOCTG NOMPEOACHUS IACKMPOIHEP2UL 0T TEMNEPAMYPDL OKPYIHCA10-

wetl cpedvt; AUHETHAA PELPECCU.
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