ECONOMIC ANNALS-XXI

ECONOMICS AND MANAGEMENT OF NATIONAL ECONOMY

ECONOMIC ANNALS-XXI
ISSN 1728-6239 (Online)
ISSN 1728-6220 (Print)
https://doi.org/10.21003/ea
http://www.soskin.info/ea/

Volume 182 Issue (3-4)'2020
Citation information:

Tleppayev, A., & Zeinolla, S. (2020). Relation of technology and urbanization with electricity consumption in Kazakhstan.
Economic Annals-XXl, 182(3-4), 106-116. doi: https://doi.org/10.21003/ea.V182-11

Arsen Tleppayev

PhD (Economics), Associate Professor, Faculty of Economic Sciences,
Kazakh-German University

111 Pushkin Str., Almaty, 050010, Kazakhstan

arsentlp@gmail.com

ORCID ID: https://orcid.org/0000-0001-9754-3383

Saule Zeinolla

PhD (Economics), Associate Professor,

Academy of Public Administration

under the President of the Republic of Kazakhstan
134 Dostyk Str., AlImaty, 050051, Kazakhstan
zeinollasaule@gmail.com

ORCID ID: https://orcid.org/0000-0002-9504-9629

Relation of technology and urbanization
with electricity consumption in Kazakhstan

Abstract. We analyze the impact of social, economic and technical factors on power consumption in
Kazakhstan. The work uses time series cointegration equation with the Granger causality test for data
1993-2019. The results show that urbanization, income levels and technology levels affect electricity
consumption in the long term. Urbanization and economic growth have a strong impact on growth in
electricity consumption.

In the article, the influence of growth of digital technologies use which can have bi-directional influence on
the energy consumption is analyzed. In the long term, the development of digital technologies in Kazakhstan
reduces the need for electricity through the use of energy-saving measures. Digitalization should stimulate
the efficiency of energy systems by optimizing consumption and metering, reducing losses, generating with
the lowest costs and emissions, etc.
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AkapeMmis oepxaBHOro ynpaeniHHs npu Mpe3unaeHTosi Pecnybnikm KasaxcrtaH, Anmatu, KasaxcraH
B3aemMo03B’930K TeXHONOri Ta ypOaHisauil 3i cnoxuBaHHaM eniekTpoeHeprii B KazaxcTtaHi
AHoTauiqa. Y ctatTi aHaniayeTbCH BMAMB COLiaIbHO-EKOHOMIYHUX | TEXHOMOTMiYHMX (pakTOPIB HA CMOXMBAHHS
enekTpoeHeprii B KasaxcTaHi. Big3HayaeTbCsa TeHOEHLis 3POCTaHHS CMOXMWBAHHA €NeKTPOeHeprii [k
HacesieHHAM, Tak i NPOMUCIOBUM CEKTOPOM KpaiHW. BapTo 3a3HayuTy, WO Ha cyd4acHOMY eTani KasdaxctaH
3abe3neyeHnii NOBHOK MIpPOKD eNeKTPOEHeprielo, i HaBiTb iCHYE MEBHUI NPOQIUUT, SKUA MNAHYETLCS
36epirati Ha cepeaHbOCTPOKOBUIN ManbyTHIKM nepiod. BianosiaHo 40 NPOrHO3HOro 6anaHcy BiA3Ha4YaeTbCA
HaOIMLLIOK efNlekTpoeHeprii, akmin, nodnHatoum 3 2020 poky, BapiloeTbCs Big, 5 mnpa.kBT*rog i nependavae
LLLOPIYHMIA NPUPICT, WO A03BONUTL gocartn 7,3 mnpa.kBt*roa. y 2025 pou.

ICHYE Kinbka OCHOBHMX (akTOpiB, Bif SKMUX B iCTOTHIN Mipi 3anexmnTb PO3BUTOK eHepreTukn KasaxcraHy:
CKOPOYEHHS CMOXMBAHHSA €NeKTPOeHeprii 3a paxyHOK MiABULLEHHSA eHeproedekTUBHOCTI; MoaepHi3aL,is
HasiIBHUX NMOTY>XHOCTEN; KOHKYPEHTOCMPOMOXHICTb Pi3HUX TEXHOJOT A BUPOOHMLTBA eIEKTPOEHEPT T 3 TOUKN
30py cobiBapTOCTi; 3pOoCTaHHA ypbaHidaLii. Ak nokaszye aHania MikHapogHOro AocBiay, pedpopma pUHKY
€/1eKTPOEHEPTii NOBMHHA 3A4INCHIOBATUCS LiNicHO. LLiHOYyTBOPEHHS 3annLWAaETbCA OQHMM i3 TUX aCNEKTIB, SKi
MOB’'A3YI0Tb (PYHKLLIOHYBAHHS Pi3HMX OPraHi30BaHUX CEKTOPIB PUHKY €/TEKTPOEHEPTIi.
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Y po6oTi BUKOPUCTOBYIOTLCS KOIHTErpaLiHi CriBBiAHOLEHHS 4acoBUX PSAiB i3 TECTOM MNPUYUHHOCTI
MoerHoxepa ona gaHux 3 1993 no 2019 pp. Pe3ynbtatn nokasyloTb, WO ypbaHi3auisa, piBeHb O0XOA4iB i
piBEHb TEXHOOTi BNINBAIOTb HA CMOXMBAHHS eNeKTPOoeHeprii B 40BrocTPOKOBIl nepcnekTmBi. YpbaHisalis
M €KOHOMIYHE 3POCTAHHS YMHATL CUJIbHWUI BMIMB HA 3POCTAHHS CMOXWBAHHA €nekTpoeHeprii. Y crarTi
npoaHasni3aoBaHoO BMJINB 3POCTaHHS BUKOPUCTAHHS LLMPPOBUX TEXHONOTIN, IKe MOXE MaTu ABYHanNpaBieHni
BMJIVB HA CNOXWUBAHHSA eJIEKTPOeHepril.

Brnnme nokasHuka BBI1 Ha Aylly HaceneHHs Ha CHOXMBAHHS €NeKTPOEHeprii NO3UTUBHUIA. 3HA4YEHHS
kKoediuieHTa Bka3dye Ha Te, WO 30inblweHHs 3MiHHOI BBIM Ha gywy HaceneHHs Ha 1% npuBege 0o
30iNbLLEHHS CMOXNBAHHSA eNekTpoeHeprii Ha ayLly HaceneHHs Ha 0,28%. Y pasi 3MiHHOI YaCTKM HaceNeHHs,
L0 BUKOPUCTOBYE IHTEpHET, koediuieHT € HeratneHuM (-0,043) i cTaTUCTMYHO 3HaYywWuM. Lle o3Havae, wo
36iNbLIEHHS KOpUCTyBadiB IHTEPHETY Ha 1% CNPUYMHUTB SHUXKEHHS CMOXMBAHHS €NeKTPOEeHeprii Ha aywy
HaceneHHs Ha 0,043% B AOBroCTpPOKOBIl NepcnekTuei. HanaHayHiwnM € Bnane ypbaHizauii: 36inbLweHHs
YaCTKWN MiCbKOro HaceneHHs Ha 1% Befe 0o 36iNbLIEHHS CNOXMBAHHSA eflekTpoeHeprii Ha 1,5%.

3a nporHo3amun mogeni Yyepes 5 pokis npu 36inbLeHHi BBIM Ha aywy HaceneHHs oo 13 Tuc. ponapis CLUA,
3POCTaHHI YaCTKM MICbKOro HaceNeHHs 0o 62% i 36inblueHHi kopucTyBadie IHTepHeTy 00 80% o4ikyeTbcs
3POCTaHHS CMOXMBaHHSA Ha AyLly HaceneHHs oo 6800 kBT r.

ABTOpamMu 3p06EHUIN BUCHOBOK MPO TE, WO B AOBFOCTPOKOBI NEPCNEKTMBI PO3BUTOK LIMPPOBUX TEXHOJOT M
y KasaxctaHi ckopouye notpeby B eHeprii B pe3ynbTaTi BUKOPUCTaHHA eHepro3bepiranbHMX 3axomis.
Lndposisauis NoBMHHA CTUMYNIOBATU €PEKTUBHICTb EHEPrOCUCTEM LLIAXOM ONTUMI3aLLii CNOXMBAHHSA
0061iKy, CKOPOYEHHS BTPAT, reHepadii eHeprii 3 HAMMEHLLUMW BUTPaTaMK 1 BUKUAAMMU.

Knio4oBi cnoea: puwHOK eNlekTpoeHeprii; eHeprocnoXxuBaHHA; eHeproedekTUBHICTb; ypOaHi3aLis;
iHpopMaLinHO-TeENeKoMYHikauinHi TexHonorii; IKT; IHTepHeT; undposisauis; KazaxcraH.
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PhD, goueHrT,

Akapnemust rocygapcTBeHHOro ynpasnenus npu MNMpesnaeHte Pecnybnukn KazaxctaH, Anmarsbl,
Pecnybnuka KasaxctaH

B3aumMocBA3b TexHoMornii n ypéaHnsauum c notpedéneHmem anekTpoaHeprum B KazaxcraHe
AHHOTaumsa. B gaHHONM cTatbe aHanM3npyeTcs BAUSIHUE COLMAbHO-3KOHOMUNYECKNX N TEXHOJIOMMYECKUX
dakTopoB Ha NoTpebneHne anekTpoaHeprun B KasaxcraHe. OTMevaeTcsl TEHAEHLMS pocTa noTpebneHns
3NEKTPOIHEPrum Kak HaceneHmem, Tak 1 NPOMBILLIIEHHbIM CEKTOPOM CTpaHbl. CTOUT OTMETUTb, YTO Ha
coBpeMeHHOM 3aTane KasaxctaH obecrneyeH B MOJSIHOW Mepe 3J/IEKTPO3HEPruen, U gaxe CyllecTByeT
onpeaeneHHbin NPOOULINT, KOTOPLIN MAaHMPYETCH COXPaHATb HAa CPEAHECPOYHbIn Byaylwmi nepuog,.
B coOTBETCTBMWU C NPOrHO3HLIM BANAaHCOM OTMEYaeTCs U3ObITOK 3NIEKTPOSHEPIMM, KOTOPLIN, HaYMHasa C
2020 ropga, Bapbupyetcs oT 5 Mnpa.kBT*y 1 npegnonaraeT exxerogHbiii NPUPOCT, YTO MO3BOINT OOCTUTHYTb
7,3 mnpg. kBt*y B 2025 rony.

CyLiecTtByeT HECKOJIbKO OCHOBHbIX (akTOpPOB, OT KOTOPbIX B CYLLECTBEHHOW Mepe 3aBUCUT pasBuTUe
3HepreTMyeckoro cektopa KaszaxcTaHa: coKpalleHue roTpebneHns SNekTPO3Heprnm 3a  CYeT
NPUHATUA MEP MO MOBLILLEHNIO 3HEProadPdEKTUBHOCTY; MOAEPHU3ALMS CYLLECTBYIOLWMX MOLLHOCTEN;
KOHKYPEHTOCNOCOOHOCTb PasfiMyHbIX TEXHONOMMIA MNPOU3BOACTBA 3JIEKTPO3HEPTMM C TOYKM 3PEHUSA
cebecToMMOCTN; pocT ypbaHndaumn. Kak nokassiBaeT aHanmM3 MexayHapoaHoro onbita, pedopma pbiHka
3NEKTPO3HEPI N O0JKHA OCYLLLECTBNAATLCA LLENIOCTHBIM 06pa3oMm. LileHoobpa3oBaHne ocTaeTcs OgHUM U3
TEX acnekToB, KOTOpble CBA3bIBAT (GYHKLMOHMPOBAHNE PA3fINYHbLIX OPraHM30BaHHbLIX CEKTOPOB PblHKA
3NIEKTPOSHEPIUMN.

B paboTe ncnonb3ylTcs KOMHTErpPauuoHHbIE COOTHOLLEHUS BPEMEHHbIX PSAOB C TECTOM MPUYUMHHOCTU
MperHoxepa ona paHHbix ¢ 1993 no 2019 rr. Pe3ynbrartel mokasbiBalOT, 4TO ypbaHu3auusi, YpOBEHb
[DOXO[I0B 1 YPOBEHb TEXHOJIOTNI BANSIET HA NOTPebNeHne 3N1eKTPO3HepPrn B A0JIrOCPOYHOM NepcrekTmBe.
Yp6aHnzaums 1 aKOHOMUYECKWNIA POCT OKa3blBAKOT CUJTbHOE BIIMSIHWE HA POCT NOTPEBNEHNS S1IEKTPOIHEPTUM.
B ctatbe NpoaHanuM3npoBaHO BAUSHME POCTa MCMONb30BaHUS LNPPOBLIX TEXHONOMMIA, KOTOPOE MOXET
MMETb ABYyHarnpaB/ieHHOE BAUSIHME, HA NOTPebIeHNEe 3/1EKTPOIHEPIUN.

BnnaHue nokasatensa BBl Ha ayuwly HaceneHums Ha noTpebneHne 31eKTPO3HEPrUn MNONOXUTENBHOE.
3HaueHne koaddpuumneHTa ykasblBaeT Ha TO, YTO yBeNndyeHne nepemMmeHHon BBI Ha ayuly HaceneHns Ha
1% npuBeneT K yBennYeHuto noTpebneHns anekTpoaHeprun Ha aywy HaceneHus Ha 0,28%. B cnyyae
nepeMeHHon — OoNn HaceneHus, ncnonebdywwero VIHTepHeT, KoaddUUMEHT ABNSEeTCA OTpULaTebHbIM
(-0,043) n ctaTMCTMYECKN 3HAYMMbIM. OTO O3HAYAET, YTO YBENMYEHME NONb30BaTENEN NHTEPHETA Ha 1%
NPMBEOET K CHMXEHMIO NOTPEBIEHNs aNeKTPO3SHePrum Ha aywy Hacenenus Ha 0,043% B A0IrOCPOYHOMN
nepcnektnee. Hanbonee 3Ha4UNTENBLHO BAMsHUE ypbaHn3aunu, yBenndeHme nonm ropoackoro HaceneHns
Ha 1% BefeT K yBENMYEHUIO NOTPebneHns anekTpoaHeprm Ha 1,5%.

Mo nporHo3am mozenu yepes 5 net npu ysenudeHuu BBl Ha aywy HaceneHus o 13 Teic. gonnapos CLLA,
poCTe 40U ropoaCcKOro HaceneHns 0o 62% v ysenndeHnm nonb3oBartenemn nutepHeta oo 80% oxmnagaetca
pocCT NoTpebneHns Ha aylwy Hacenenus 0o 6800 kBT y.

Tleppayev, A., & Zeinolla, S. / Economic Annals-XXI, 182(3-4), 106-116

107



ECONOMIC ANNALS-XXI
ECONOMICS AND MANAGEMENT OF NATIONAL ECONOMY

ABTOpamMu caenaH BbIBOA, O TOM, YTO B AOJITOCPOYHOM NEPCNEKTUBE Pa3BUTUE LUMPPOBLIX TEXHOIOIMMN B
KasaxctaHe cokpaliaeT noTpebHOCTb B 3HEPrMM B pe3ynbTaTe UCMONb30BaHUS 3Heprocbeperarowmx
Mep. UudpoBusaumsa nomkHa CTUMYIMPOBaTb 3QE@EKTUBHOCTb 3HEProCUCTEM MyTeM ONTUMU3ALUU
noTpebneHns 1 yyeTa, CokpalleHUsl NoTepb, reHepaumm ¢ HAMMEHbLUMMM 3aTpaTtamMm 1 BbIBpocamu.
KnioueBble cnoBa: pbiHOK 3/1IEKTPO3HEPTNN; SHEPronoTpebneHne; aHeproadpeKTUBHOCTb; ypOaHM3aums;
MHOOPMaLMOHHO-TENEKOMMYHUKaUMOHHbIE TexHonoruu; UKT; UHTepHeT; undposnsaumd; KasaxcraH.

1. Introduction

According to the International Energy Agency, electricity is an important source of greenhouse
gas emissions, and urban growth has a strong influence on energy consumption. Cities are the
driving force behind economic growth and, according to forecasts, 66% of the world’s popula-
tion will live in cities in 2050 (UNCCD, 2017). Urbanization creates challenges, such as increasing
inequality and imbalanced development of territories. For example, the largest agglomerations of
Kazakhstan, the cities of Nur-Sultan (Astana) and Almaty, are characterized by high primary ener-
gy consumption per capita (90-91 GJ) in comparison with other similar cities. Theoretical potential
for energy conservation in both cities of Kazakhstan is 30-40% (World Bank, 2018). Thus, urban
growth requires digital technologies and a transition to a new generation of urban energy.

In Kazakhstan, 138 power stations of different forms of properties produce electricity. The total
capacity of power plants in Kazakhstan is 21 GW, and the available capacity is 18 GW.

Figure 1 shows data on heat and electricity production dynamics according to the data of the
Committee on Statistics of the Ministry of National Economy of the Republic of Kazakhstan in
thousand Gcal and million kWh, respectively. It can be seen in Figure 1 that during the 90s there
was a decrease in electricity production practically in two times, the minimum value is noted in
1999 - 47497.1 million KWh, in comparison with 1990 - 87379.2 million kWh. This is followed by gra-
dual levelling and stable annual growth, which allowed reaching the level of 107459 million kWh in
2019. It should be noted that despite the stable dynamics in production, it was possible to approach
the level of 1991 only by 2011, when electricity production amounted to 86585.5 million kWh.

As for heat energy, up to the current year the Republic has not managed to achieve the indica-
tors of 1990 - 125969 thousand Gcal, with the maximum indicator being noted in 2012. - 103350.3
thousand Gcal, after that to the present stage there is a gradual decrease of the indicator and a
slight increase in 2018 to 88351.4 thousand Gcal.

As shown in Figure 2, which presents data for the period from 1991 to 2019, from 1991 to 1999
there is a decrease in domestic consumption from 5641 kWh to almost 2561 kWh in 1999 of elec-
tricity consumption per inhabitant per year. Starting from 1999, consumption has been growing at
a steady pace, with an average annual growth of 90 kWh per inhabitant for the period 2001-2019.
However, it should be noted that despite stable growth, domestic consumption has never reached
the level of 1991.

Figure 1:
Dynamics of industrial production in the section of power supply, gas, steam
and air conditioning in the Republic of Kazakhstan for the period 1991-2019
Source: Compiled by the authors based on data from the Committee on Statistics
of the Ministry of National Economy of the Republic of Kazakhstan (2020)
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Kazakhstan market trends are similar for all Central Asian countries according to the UNESCAP
study (2018), which describes the development of the energy sector in the region. Researches
(Nazarov et al., 2018; OECD, 2015) provide an analysis of the electric power market for 2010 years
and the tariff policy of Kazakhstan. The 2019 national report on achieving the sustainable develop-
ment goals notes the need for the development of renewable energy sources, improving the effi-
ciency and modernization of production technologies; implementation of energy saving and ener-
gy efficiency measures; the introduction of incentive tariff methods (Ministry of National Economy
of the Republic of Kazakhstan, 2019).

In comparison with other countries the cost of utilities in Kazakhstan looks as follows (accor-
ding to the Ministry of National Economy of the RK): the cost of electricity in Kazakhstan is
0.03 US cents (kWh), while in Belarus - 0.06 US cents, in England - 0.17 US cents, in Germany -
0.35 US cents (Zhumangarin S., 2018; KUS, 2018). Prices affect the energy efficiency invest-
ments, as energy prices have a significant impact on the use of the latter for space heating and
water heating, as well as on the share of electricity used for the needs of other types of energy.

Another factor affecting electricity consumption is the growth of utility consumers. Electricity
consumption is also affected by the growth of the share of urban population, which, like electricity
consumption per resident, has been growing at a steady pace since 1999 and until now. Analyzing
the data, it can be noted that the growth has been observed since 1994, but it is not as evident as
in the subsequent period (Figure 3).

Figure 2:
Dynamics of electricity consumption per capita (kWh)
Source: Compiled by the authors based on data Enerdata and Committee on Statistics MNE RK (2020)

Figure 3:
Dynamics of the share of urban population (%) of Kazakhstan for 1991-2019
Source: Compiled by the authors based on data of the World Bank (2020)
and Committee on Statistics MNE RK (2020)
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As noted above, there is an increasing trend of electricity consumption by both the popula-
tion and the industrial sector of the country, which is covered by annual increasing production. It
should be noted that at the present stage Kazakhstan is fully supplied with electricity and there is
even a certain surplus, which is planned to be maintained for the medium term future period, as
can be seen from the data in Table 1.

According to the forecast balance (Table 1), there is an excess of electricity (surplus), which
starting from 2020 varies from 5 billion KWh and assumes an annual increase, which will reach
7.3 billion kWh in 2025. At the same time, it should be taken into account that there is a deficit of
electricity in the Southern zone, with an excess in the Northern zone. The deficit is due to the fact
that in the southern zone the population density is several times higher than in the northern zone
due to the location of large cities and settlements.

Thus, there are several main factors on which the development of energy sector in Kazakhstan
depends to a significant extent: reduction of electricity consumption through energy efficiency
measures; modernization of existing facilities; competitiveness of various energy generation tech-
nologies in terms of cost, and increased urbanization of the population. As the analysis of interna-
tional experience shows, electricity market reform should be carried out in a holistic manner. Pri-
cing remains one of the aspects that connects the functioning of different organized sectors of the
electricity markets.

Table 1:
Forecast balance of electric energy of the Unified Electric Power System
of the Republic of Kazakhstan (bin. kWh)

Forecast
Name 2020 2021 2022 2023 2024 2025
Power Consumption 108.8 110.7 112.7 114.5 118 120.8
Electricity generation 113.8 113.5 116.1 120.9 123.5 128.1
Deficit (+) surplus(-) -5.0 -2.8 -3.4 -6.3 -5.5 -7.3

Source: Compiled by the authors based on data of the Ministry of Energy of the Republic of Kazakhstan (2020)

2. Brief Literature Review

Urbanization is considered by many authors in relation to changing energy consumption.
However, it is important to understand the meaning of the word «urbanization» itself in the con-
text of this study. For example, Morikawa (1989) defines urbanization as the transformation
of the lifestyle of rural populations combined with the expansion of urban development, and
Pachauari & Jiang (2008) argues that urbanization is accompanied by an increase in the urban
population associated with urban growth.

Wang & Yang (2018) define the level of urbanization as an indicator that is measured by the per-
centage of urban population to the total population. Franko et al. (2017) believe that the degree of
urbanization can be measured using the percentages of urban and rural populations. The urban-
rural population ratio is an indicator to estimate the number of urban population per each rural in-
habitant within a geographical area (Franco et al., 2017).

Ayinde et al (2019) define urbanization as the gradual growth of people living in urban areas.
They note that urbanization has an impact on energy consumption because urbanization involves
increasing transport units, electricity and hot water consumption. Nevertheless, growth of ener-
gy consumption encourages the development of energy-saving technologies that can reduce or
eliminate the growing effect of energy consumption due to urbanization. However, it was noted
in Nigeria that there were no short-term causal links between energy consumption, economic
growth, industrial growth and urban growth. One of the possible reasons for this interrelation is
that energy consumption has been at a very low level for many years and therefore there is a low
correlation between economic growth, urbanization and industrialization (Ayinde et al, 2019).

Wang et al. (2015) noted that in China, urban population consume about three times as much
energy as rural population and rapid urbanization has led to huge energy demand. The authors
have concluded that the impact of urbanization on the growth of electricity consumption in the re-
sidential sector depends on the level of income and the degree of urbanization (Wang et al., 2015).

Su (2020) assessed the impact of urbanization on energy poverty rates in relation to electrici-
ty demand among Taiwanese people. This study attempted to assess the impact of the number of
people moving from rural to urban areas (urbanization) on energy demand. It was concluded that,
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given the overwhelming cost of replacing high energy efficiency appliances, low-income house-
holds could continue to use their old and inefficient technologies. This indicates that the growth in
the number of households with low income has a positive impact on electricity consumption, and
when making such calculations it is worth paying attention to the significant income gap between
urban and rural populations (Su, 2020).

Franco et al. (2017), the case of India, notes that income levels have a significant impact on
energy consumption and emissions from urbanization and industrialization. In India, energy con-
sumption and emissions are growing much faster than urbanization.

Summing up the authors’ research, it is necessary to note that the growth of urbanization
and income tends to increase energy consumption. But the degree of influence also depends
on population density and income gap, and may also depend on the specific conditions of each
country.

Koliesnichenko & Yuryeva (2019) noted the importance of tariff formation in the electricity
market. Pricing remains one of the aspects that link the functioning of the various organized sec-
tors in the electricity markets. Thus, reforming the tariff formation system at one of these mar-
kets, to a certain extent, causes a reaction at another or several other markets (Koliesnichenko
and Yuryeva, 2019).

Another factor with a dual impact on electricity consumption is the increasing use of informa-
tion and communication technologies and household appliances. Over the past two decades, the
ICT industry has grown very rapidly with the Internet, mobile phones and digital computers, online
services and entertainment, increasing demand for electricity.

Walker (1985) noted that as the economy moves towards greater use of information technolo-
gies, the overall demand for energy will tend to decrease, but greater use of information techno-
logies will increase the consumption of electricity in the economy.

Houghton (2010) notes that ICT has a positive impact on dematerialization of transport and
travel substitutes, online delivery, energy efficiency in production and use, product management
and recycling, and on many applications for process monitoring and management.

Romm (2002) talks about two different effects underlying the relationship between energy con-
sumption and economic growth. First, the ICT sector consumes less energy than the productive
sector. Second, the Internet is becoming a key factor for improving efficiency in every sector of the
U.S. economy. Romm (2002) also noted that the Internet seems to contribute to energy efficiency,
not to the increase in demand for electricity.

Takase and Murota (2004) note that increasing information technology reduces the energy
intensity of the economy. Collard et al. (2005) noted the relationship between ICT and energy
consumption. Their results show that the impact of communication technologies is greater than
that of information technologies on energy use. Cho et al. (2007) showed that investmentin ICT
in manufacturing industries, which typically consume more energy, increases the replacement
of production factors to electricity. The results also show that investment in ICT in the small pro-
duction and service sectors affects the increase in consumption of electricity, while investment
in ICT in some industries helps to reduce electricity consumption. They noted that electricity
prices significantly affect the consumption of electricity in the industrial sector in South Korea
(Cho et al., 2007).

In the case of Denmark, Ropke et al. (2010) states that the integration of ICT into everyday
practice leads to increased electricity consumption. Muhammad Shahbaz et al. (2014) examined
the relationship between information and communication technology (ICT), economic growth and
electricity consumption using UAE data for the period of 1975-2011. They have found that ICT in-
crease the demand for electricity, but electricity prices reduce it. Saidi et al. (2015) studied the
impact of ICT and economic growth (GDP) on electricity consumption (EU) for a global group of
67 countries using the dynamic panel data model. This study concludes that there is a positive and
statistically significant impact of ICT on electricity consumption.

Salahuddin and Alam (2016) investigated the short and long-term effects of ICT use and eco-
nomic growth on electricity consumption using OECD panel data for the period of 1985-2012. The
results confirm that both use of ICT and economic growth stimulate electricity consumption, and
growth of electricity consumption causes intensification of economic growth.

Rahimi M. at al. (2017) examined the short and long-term impacts of Internet use and econo-
mic growth on electricity consumption, using group data for developing 8 (D-8) countries for
the period of 1990-2013. They believe that Internet use only affects electricity consumption in
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the long term. However, economic growth affects electricity consumption both in the short and
long term.

Thus, the ICT industry, through the spread of computer and software technologies, can lead to
increased energy consumption. However, the spread of communication technologies has an im-
pact on reducing energy consumption at the sector level. According Global e-Sustainability Initia-
tive (2008), the ICT industry could generate approximately 7.8 GtCO2 emissions savings by 2020.
This represents a significant reduction below the levels of 1990, which will bypass dangerous cli-
mate change by 2020 according to scientists and economists.

3. Purpose

The purpose of this work is to determine the influence of factors on electricity consumption.
In accordance with the experience gained, the following functional form of the model is pro-
posed:

ELUSE= f(GDP, INT, URBAN) . (1)
Assuming a log-linear form of both sides of equation (1), we obtain the following equation:

ImELUSE=  + [ InGDP+ ,InINT+ ,InURBAN+ (2)

0 it !

where:

{n stands for natural logarithm;

parameters |, , represent long-term elasticity of electricity consumption relative to GDP per
capita, persons using the Internet (% of population);

InELUSE - logarithmic electricity consumption per capita;

InGDP - logarithmic value of GDP per capita;

InINT - logarithmic use of Internet;

inURBAN - logarithmic urbanization level.

Annual electricity consumption data are measured in kWh per capita and GDP per capita is
measured in current US dollars. The ICT variables in this study include people using the Internet
(% of population) as the only quantifiable factor for the influence of digital technologies in Kazakh-
stan statistics. All data was obtained from the World Bank database.

The following main hypotheses were tested during the research process:

- increased use of digital technologies has a bi-directional effect on electricity consumption:
increased use of digital technology increases consumption, but its development on the other
hand leads to the replacement of technologies with energy-saving ones;

- variable of GDP per capita through income growth and urbanization through consumer growth
are positively related to electricity consumption.

Empirical testing of hypotheses in our case is reduced to a test for the presence and direction
of the long-term relationship between the variables.

4. Results

The authors use Granger causality test to study the causal relationships. The idea of the test is
that the values (changes) of X time series, which is the cause of changes in Y, time series, should
precede the changes of this time series, and should also make a significant contribution to the
forecast of its values (Granger and Clive, 1969).

In Granger test two null hypotheses are consistently tested: «x is not the cause of y by Gran-
ger» and «yis not the cause of x by Granger». To test these hypotheses, two regressions are built:
in each regression the dependent variable is one of the variables tested for causality, and fixed va-
riables are lags of both variables (actually, it is a vector autoregression).

To avoid the problem of false regression in the analysis of data with an obvious upward trend,
the procedure of time series stationarity estimation is used. The stationarity of a time series is
assessed by means of a unit root test. Dickey and Fuller unit root test was used in this study
(Dickey and Fuller, 1979; 1981). Augmented Dickey-Fuller test is based on a regression of the
following type:

t

k
Ay: + t+( -1)yt—1+zi=1Ayt—i+ [ (3)
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The null hypothesis is that the row is nonstationary (=1, row is stationary in differences). If the
hypothesis is rejected, the time series variable is stationary. Conclusions on the adoption of a par-
ticular hypothesis are made on the basis of McKinnon one-sided distribution.

The null hypothesis of non-stationarity must be rejected if the absolute value of ¢ -statistics is
less than the critical value, which always has a negative value, at the set level of significance. Coin-
tegration methods for empirical estimation of model parameters were used. This is due to the fact
that the vast majority of macroeconomic indicators of the economy are nonstationary variables,
which makes it impossible to apply traditional methodology due to the danger of obtaining the
phenomenon of «false regression».

Cointegration refers to a stationary combination of nonstationary economic variables. In con-
trast to stationary time series, non-stationary series is not characterized by a tendency to return to
its stationary value or some trend. If the stationarity test is successful, the economic dependence
is considered statistically proven. Through cointegration, for example, dependencies between in-
flation, GDP, money supply, consumption, income levels and many other economic dependencies
with noise variables are confirmed.

The concept of cointegration is based on the idea that in some cases the absence of stationa-
rity in a multidimensional process is caused by a general stochastic trend, which can be elimina-
ted by taking a certain linear combination of process components, resulting in a stationary linear
combination (Engle and Granger, 1987; Johansen, 1991).

The results of Granger causality test are presented in Table 2. The criterion for accepting the
hypothesisis the so-called P-value. If the P-value is less than 0.05, the null hypothesis is rejected.
At the same time, the presence of the opposite causal relationship is also checked.

The presented data show that direct causal dependence of electricity consumption per capi-
ta on variables: persons using the Internet (%), level of urbanization (percentage of urban popu-
lation) and GDP per capita affects electricity consumption rather than vice versa according to the
test results (Table 2).

The stationarity of the time series is analyzed firstly. In accordance with the basic idea of coin-
tegration, it is necessary to determine the order of integration of each variable before switching
to cointegration methods. The results in Table 2 indicate that the hypothesis of nonstationarity of
time series is accepted at 1% of the significance level. When these tests are applied to the first dif-
ferences of these variables, the unit root hypothesis is rejected.

The level results show that all variables are nonstationary at 5% of significance level (Table 3).
The test results show that the first difference between these variables is stationary. This implies
that energy consumption, GDP per capita, the indicator of persons using the Internet (%) are in-
tegrated in the first-order.

Johansen cointegration test was used to evaluate long-term relationships between nonstatio-
nary variables. The results of the calculations are shown at the bottom of Table 3. OLS method is
not suitable for determining cointegration vectors in nonstationary variables. A more suitable test
for the components of cointegration vectors is Johansen probability relationship, or Trace test,
which attracts an error correction model to determine independent cointegration vectors and to
check their stationarity. Statistics of Maximum Eigenvalue is used to test the hypothesis that the
rank is equal to ragainst the hypothesis that the rank is equal to r+ 1.

Table 2:
Granger Causality Test

Null hypothesis F-statistics P value
InINT is not Granger cause of INELPOWER 7.122 0.0053
INURBAN is not Granger cause of INELPOWER 9.620 0.0014
INGDP is not Granger cause of INELPOWER 4.041 0.0355

Source: Compiled by the authors

Table 3:
Unit root test
Augmented Dickey-Fuller test (ADF) Integration
Row First-order difference procedure
ININT 0.402 -6.021 1(1)
InGDP 1.198 -2.721 1(1)
INELPOWER 0.423 -2.681 1(1)

Source: Compiled by the authors
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According to trace statistic (61.155 and P = 0.0018) and eigenvalue statistic (40.556 and
P=0.0018) of Eviews econometric software, we have only one cointegration equation at 5% of
significance level, that can be interpreted as a long-term equilibrium between these variables.
In this case, we can interpret the results as opposed to a possible case in several cointegrating
vectors, where it is difficult to identify the combination that interprets the economic equilibrium.

Thus, the study concludes that there is a long-term relationship between electricity consump-
tion, economic growth, urbanization and ICT use.

The result was an equation:

LnELUSE = 0.285 LnGDP - 0.0428 LnINT + 1.488 LnURBAN (4)
¢ 5.495 -2.315 14.570
R?2 =0.90.

All coefficients are significant at least at 5% of significance level. All variables in the model
have been pre-tested for stationarity and the validity of the selected econometric model eva-
luation method has been established.

The impact of GDP per capita on electricity consumption is positive. The value of the coefficient
indicates that an increase in the GDP per capita variable by 1% will increase electricity consump-
tion per capita by 0.28%. The coefficient for the variable is statistically significant, as t statistic va-
lue is 5.5. In case of a variable of population using the Internet, the coefficient is negative (-0.043)
and statistically significant. This means that a 1% increase in internet users will lead to a decrease
in per capita electricity consumption by 0.043% in the long term. The most significant impact of
urbanization, the increase in the share of urban population by 1% leads to an increase in electri-
city consumption by 1.5%.

According to the model forecasts in 5 years with GDP per capita increase up to USD 13 thou-
sand, growth of the share of urban population up to 62% and increase of internet users up to 80%
the growth of consumption per capita up to 6800 kWh is expected (as compared to the forecast of
the Electrical Balance of 6500 kWh).

5. Conclusion

In this study the factors influencing consumption of the electric power in Kazakhstan since
1993 are considered. Despite previous studies, estimating the demand for electricity in a particu-
lar country is important, as impact factors, such as resource endowments, socio-economic and
climatic conditions, are different in countries. We use a different of econometric methods, such as
Granger causality test, cointegration methods. Unit root test confirms that all series in the study
are stationary in first-order difference.

Following the trend of reducing greenhouse gas emissions around the world, Kazakhstan is
obliged to reduce the use of electricity, and this article discusses the factors that influence elec-
tricity consumption. The authors applied a model of relation between electricity consumption and
urbanization, GDP, growth of Internet users. The results of cointegration methods confirm the in-
terrelationship between variables and show a positive relationship between electricity consump-
tion, urbanization and economic growth in both the short and long term. The results show that the
growth of Internet users as a parameter of digital technology development has a negative impact
on energy consumption in the long run, which may be due to the replacement of modern energy-
saving equipment. But the coefficients show that user growth has no greater impact on GDP per
capita, reflecting the impact of economic growth and increasing urbanization. Economic growth
has a positive and statistically significant impact on energy intensity through increased incomes
and an urbanized population.

We assume that the effect of reducing energy intensity benefits mainly from the following chan-
nels of the ICT industry, which is closely linked to the growth of digital users:

- optimization of industry and networks structure;
+ due to lower operating and maintenance costs.

The presented measures correspond to the current trends in energy management. Thus, the
energy approach assumes transformation of the electric power industry based on distributed ar-
chitectures. This approach assumes significant use of distributed renewable energy with attrac-
tion of private investments. It is the private investment that makes it possible to form decentra-
lized markets. The active involvement of the private sector in the energy sector implies the use
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of intelligent management systems and the increased contribution of consumers with renewable
energy sources, which in this case can act as electricity suppliers.

For example, in Estonia, the large energy holding Eesti Energia and the operator of electri-
city networks Elering are actively implementing digital technologies and digital services, allowing
users to analyze online their electricity consumption and set the tariff package, sell electricity from
their own solar panels (EnergyNet, 2018).

Another possible factor is an increase in reduced electricity tariffs, but this factor was not sta-
tistically significant in model under selection variables. It is important to help consumers to replace
their old devices with more efficient ones, which will also create additional energy savings in the
context of increasing population density in cities and changing consumer behavior.

It should also be borne in mind that, based on calculations and research, despite the impact of
ICT use on energy efficiency, the effects presented may not be justified against the background
of increasing urbanization. Urbanization has a greater impact on the growth of energy consump-
tion, which probably determines the need to implement measures aimed at energy conservation
as well as the development of renewable energy sources.

Based on the study, we can forecast an increase in electricity consumption as a result of urba-
nization growth (increase in per capita consumption up to 6800 kWh), which is confirmed by pre-
vious studies (Ayinde, et al, 2019; Su, 2020; Nazarov et al., 2018). However, investments and other
consistent support of the digital technology and renewable energy industries can reduce energy
consumption and optimize peak loads in networks in cities (confirms the conclusions of Takase
and Murota, 2004), which requires the development of blockchain technologies that actively use
small energy companies: LO3 Energy in the USA, Power Ledger in Australia, Verv and Piclo in the
UK, EnerPort in Ireland (EnergyNet, 2018).

This is particularly true in the southern zone, where population density is several times higher
than in the northern zone. In the southern zone there are two large cities and a belt of settlements
around them, which form pole of attraction of rural population. For future studies, it is assumed
that the proposed analysis can be expanded by including the assessment of the impact of other
ICT indicators, the development of renewable energy sources, especially in hard-to-reach areas
in the southern Kazakhstan, where there is a potential for their development.
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