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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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UDK 528.8
F. Issatayeva'’, G. Aubakirova!, G. Rudko?, A. Mausymbaeva!, R. Madysheva'

'Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan;
2State Commission of Ukraine on Mineral Resources, Kiev, Ukraine.
E-mail: adambekova_farid@mail.ru

TRANSFORMATION OF INDUSTRIAL ENTERPRISES IN THE COUNTRIES
WITH TRANSITIONAL ECONOMIES: THE DIGITAL ASPECT

Abstract. The relevance of the study is conditioned by the growing role of the fuel
and energy complex of emerging markets in the economy decarbonization. Having
identified sustainable development as one of the key priorities, Kazakhstan has set
the goal to achieve carbon neutrality by 2060. In the context of the designated energy
transition, the features of industrial enterprises transformation with the use of digital
technologies are being updated as the most important tool for increasing efficiency in
the face of increasing competition in the global market of mineral raw materials.

The main sources of information for the study: available statistical data of the
Organization for Economic Cooperation and Development (OECD), the international
energy agency IEA, audit companies PwC and KPMG, the monitoring project in
the Ranking.kz ranking format, information and analytical material of the Bureau of
National Statistics of the Agency for Strategic Planning and reforms of the Republic of
Kazakhstan, publications in scientific journals. The well-known practices of economic
analysis are applied to the assessment of the digital activity of enterprises.

The features of transformation of industrial enterprises in the context of the economy
long-term decarbonization are considered. It has been shown that one of the leading
areas of innovation policy in the industrial sector is digital transformation aimed at
diversifying the fuel balance of the electric power industry and reducing the share
of coal generation. It has been established that, despite the emerging progress in the
digitalization of industry, most enterprises have a low potential for transition to a
new technological paradigm. The factors hindering digitalization and the growth of
innovative and investment attractiveness of enterprises have been identified. It has been
substantiated that acceleration of the digital transformation of enterprises in the new
energy era requires institutional transformations, coordinated cooperation between the
state and business as equal partners.
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The conclusions and proposals of the study can be used in the development of a
digital development strategy by industrial enterprises of Kazakhstan and the adoption
of measures for the scientific and technological development of industry in the countries
with transitional economies.

Key words: transitional economy, Kazakhstan, decarbonization, digitalization,
mining sector, industrial enterprise.

®.M. UcaraeBa', .M. Aybakuposa', I.U. Pynsko?, A./l. MaycbimbaeBa',
P.K. Maaumena'

'A. CarbiHOB aThiHarbl KaparaHipl TEXHUKATBIK YHUBEPCHUTET,
Kaparanapl, Kazakcran;
2YKpanHaHBIH MUHEPAIbl PECypCTap jKOHIHETI MEMIIEKETTIK KOMUCCHSCHI,
Kues, Ykpauna.
E-mail: adambekova_farid@mail.ru

OTIIEJII DKOHOMUMKACHI BAP EJIAEPAEI'T OHEPKOCIIITIK
KOCINNIOPBIHJAAPABIH TPAHC®OPMAIUACHI: HIUPPIBIK ACIIEKT

AHHOTaus. 3epTTeyAiH 03eKTUIIr SKOHOMHUKAHBI IeKapOOHU3alMsIayIaFbl 1aMy-
LBl HAPBIKTAPIBIH OTHIH-YHEPTeTHKAJBIK KEUICHIHIH POiHIH apTyblHa OalIaHBICTHI.
TypakTel tamMmyasl HEeTi3ri OackIMABIKTapAbIH Oipi peTiHae aHbIKTal OThIpHIN, KazakcTan
2060 >xpuIFa Kapail kemipreri OeiTapanThIFbIHA KON JKETKI3y MakcaTblH KOWMBI,
OenriNeHreH SHepreTUKANBIK KOy KOHTEKCiHIe MHHEPaJibl IHUKI3aTThH jkKahaHabIK
HapBIFBIH/IA OCIM KeJie JKaTKaH OJCeKEeNeCTiK jKarialblHIa THIMILTIKTI apTTIPYIbIH
MaHbI3/1bI Kypajbl peTiHAe HUPPIBIK TEXHOIOTUSIAP/IbI KOJAaHa OTHIPBII, OHEPKICINTIK
KOCINOpBIHIApABI TpaHCchopMaLusiIay epeKIIeNTiKTepi ©3eKTeHIipiaeni.

3epTTeyre apHalFaH aKNapaTThIH HETi3r1 Ke3[epi: SKOHOMUKAJIBIK BIHTBIMAKTACTBIK
skoHe namy yibiMbIHBIH (DbI1Y), IEA xanplkapaliblKk SHEPreTUKANbIK areHTTITiHIH,
PwC sxone KPMG ayguTopiblK KOMIAHUSIIAPBIHBIH, PaHKUHT QOpMaTbiHIaFb!
MOHHTOPHUHT JKOHIHJIET1 )KO0aHBIH KOJDKETIMJII CTaTUCTHKAIBIK AepekTepi Ranking.kz,
Kazakcran PecryOnukacel CTparerusiblK xKocnapiay koHe pedopmanap areHTTiriHiH
WITTBIK CTaTUCTHKAa OIOPOCHIHBIH aKMapaTThIK-TaJAaMallblK MaTepUallbl, FHIIBIMH
JKypHaJaapa skapustiansiMaap. KocimopeIHaapAblH canabIK OelCeHIUNIrH OaranayFra
OKOHOMUKAJIBIK TaJJayAblH TaHBIMAJ TOKiprOenepi KoaaaHbLIa bl

OKOHOMHUKAaHBIH ¥3aK Mep3iMai JeKapOOHH3alMsACHl asChIHAA ©HEPKOCINTIK
KOCINOPBIHIAPABIH 63repy epeKIICTIKTepi KapacThIpblIaibl. OHEPKICINTIK CEKTOPAaFbl
WHHOBALIMSUIBIK CasCaTThIH JKETEKIi OarbITTapbIHBIH Oipi 3J€KTpP SHEPreTHKACHIHBIH
OTBIH TEHIepiMiH opTapanTaHAbIPyFa )KoHe KOMip reHepalusICHIHBIH YIECiH TOMEHACTYTe
OarpITTaIFaH HUPPIBIK TpaHCPOpMaIHs 00BN TaObIIATBIHBI KOPCETINTeH. OHEPKICINTI
muQpranapipyna OaiiKaaraH Iporpecke KapamacTaH, KONnTereH KoCimopbIHAAPbIH KaHa
TEXHOJIOTUSUIBIK JKOJIFa KOIly YIIiH oJIeyeTi TOMEeH ekeHi aHbIKTanbl. L{uppnanapipyra
JKOHE KOCIMOPBIHIAPABIH HMHHOBALMAJIBIK - HHBECTHIMSIIBIK TapTHIMIBLUIBIFBIHBIH

73



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

ecyiHe Ke[epri KeNTipeTiH Qakropnap aHbIKTanabl. JKaHa SHEpPreTHKaibIK Ioyipaeri
KOCIMOPBIHAAPABl [HUGPIBIK TYPIACHAIPYAl KEACNAETY HHCTHUTYLHOHAIIBl KahTa
KYPY/IbL, TEH CEPIKTEC PETIHIC MEMIICKET IIeH OM3HECTIH YHISCIM/Il BIHTBIMAKTACThIFbIH
Ka)keT eTe/l.

3epTTey KOPBITBIHABUIAPHI MEH YCHIHBICTApbl Ka3zakCTaHHBIH ©HEPKICINTIK
KOCIMOPBIHIAPBIHBIH HU(PIIBIK JaMy CTPATETUSICHIH 931pJieyi )KOHE OTIEN SKOHOMHKACHI
Oap engepaiH ©HepKICiOiH FHUTBIMU-TEXHUKABIK JAMBITY KOHIHJIE IIapanap KaObliiay sl
Ke31HJe KOJAaHBLTYbl MYMKIH.

Tyiiinai ce3nep: etneni sxoHomMuKa, KazakcraH, aekapOoHu3anms, uupiIanabIpy,
Tay-KeH OHIpYy CEKTOPBI, OHEPKICINTIK KOCITOPBIH.
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TPAHC®OPMAILIMSA IPOMBIIIJIEHHBIX IPEJNPUSITUMA B CTPAHAX
C IEPEXOJHOM SKOHOMHUKOM: IIU®POBOMN ACIIEKT

AHHOTanuUs. AKTyaJbHOCTb MCCIIEOBaHUSI OOYCIIOBIICHa BO3PACTAIOLICH POJIBIO
TOIUIMBHO-YHEPTreTUYECKOTO KOMIUIEKCA Pa3BUBAIOIIMXCS PHIHKOB B JAEKapOOHU3ALNH
9KOHOMHKH. OINpeaennB yCTOHUYMBOE pa3BUTHE KaK OWH U3 KIIOUEBBIX PUOPUTETOB,
Kazaxcran nocraBui 1ens A0CTUYb yIiepoaHoi HelTpaibHoCcTH K 2060 1. B koHTEKCTe
0003HAUEHHOTO  IHEPreTHYECKOro  IMepexofa  aKTYaJlM3UpylTcs O0COOCHHOCTH
TpaHC(OPMalM TPOMBIIUICHHBIX MPEANPHUATHH C NpUMEHEHHEM LHU(POBBIX TeX-
HOJIOTMH Kak Ba)KHEHIIEro HMHCTPyMEHTa pocTa 3(PQPEKTUBHOCTH B YCIOBHUSAX
HapacTalle KOHKYPeHLUH Ha II00albHOM PhIHKE MUHEPAILHOTO CHIPBSI.

OCHOBHBIE HWCTOYHMKHM HH(OpMAaLWU Il MCCIEAOBAHUS: JOCTYIHBIE CTaTHC-
TH4Yeckue AaHHble OpraHu3anud SKOHOMHUYECKOTO COTPYIHHYECTBA W Pa3BUTHUS
(ODCP), MexxayHapOIHOTO SHEpreTuueckoro areHrcTBa IEA, aymuTopckux KoMmaHun
PwC u KPMG, mnpoekra mo moHutopuHry B (opmare ponkuHroB Ranking.kz,
WHPOPMALIMOHHO-aHAIMTHYECKUH  MaTepualn bIopo HalMOHAJIbHOM CTAaTUCTHKH
ATEHTCTBA 110 CTPaTerHUECKOMY IJIaHupoBaHuIo u pedopmam Pecybnuku Kaszaxcraw,
MyOnMKanuy B Hay4dHBIX JKypHanax. K omeHke mudpoBoil aKTUBHOCTH TpEANPUSTHHA
MIPUMEHEHBI O0IIEN3BECTHBIE MPAKTUKU SKOHOMUYECKOTO aHaIN3a.

Paccmotpensl 0coOeHHOCTH TpaHC(HOPMAlMM HPOMBIIUICHHBIX NPEANPUATHN B
KOHTeKcTe 0003HaYeHHOH Ha JONTOCPOYHBIN MEpHOA JeKapOOHU3AIMU SKOHOMHKH.
[loka3aHo, 4T0 OOHMM W3 BEAYIIUX HANPaBICHUH HHHOBALMOHHOH IOIUTHKH B
MIPOMBIIUIEHHOM CceKTope sBisieTcsi nmdpoBas Tpanchopmauusi, HaleleHHas Ha
IUBEPCH(UKAIMIO TOIJIMBHOIO OajlaHca »JIIEKTPOIHEPIeTUKH W CHUKECHHUE JIOJH
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YIOJIBHOM TI'€HEpAalMU. YCTAHOBJIEHO, YTO, HECMOTPS HAa HAMETUBLIMICS IPOrpecc
B UU(POBU3ALMN MPOMBIIUIEHHOCTH, OONBUIMHCTBO MPEANPHUATHI HMEIOT HHU3KHH
MOTEHIUAN IS MePeXoJa Ha HOBBIM TEXHOJOTMYECKUH yKiad. BuisBieHsl (akTopsl,
MPEMNSTCTBYIONINE HUPPOBU3ALUN U POCTY MHHOBALMOHHO - WHBECTULMOHHON MPHB-
JIeKaTeNbHOCTH peanpuatuii. O00CHOBaHO, UTO yCKOpeHue nu(poBoii TpanchopMannu
OPEANpPUATAH B HOBOM  OSMOXE DHEPreTHKH TpeOyeT HHCTUTYLUHOHAJIBHBIX
npeoOpa3oBaHnii, KOOPIMHUPOBAHHOTO COTPYIHHUYECTBA rOCylapcTBa M OHM3HECa Kak
PaBHOIIPABHBIX IIAPTHEPOB.

3aKIIoueHUsT W TPEJIOKEHUs MCCIEOBAaHMSA MOTYT HAaWTH TNPUMEHEHHE IpH
pa3paboTKe NPOMBILUICHHBIMH TpeanpusatusiMu Kazaxcrana crparerudl Lu(ppOBOTo
pPa3BUTUS U MPUHATUU MEpP [0 HAYyYHO-TEXHUYECKOMY DPA3BUTHUIO IPOMBIIIIEHHOCTU
CTpaH C NEePEXOJHON SIKOHOMUKOM.

KioueBble caoBa: miepexomHas OdKoHOMHKa, Kazaxcran, nexapOoHHM3aLus,
HU(ppOBHU3aLIKS, TOPHOAOOBIBAIOIINMA CEKTOP, MPOMBIIIJICHHOE MPEANIPHUSATHE.

Introduction. The world’s leading mining and energy companies are actively
investing in digital solutions and have now reached a new level of transformation.
Kazakhstan that takes the 10" place in the world in terms of energy intensity of
production, a significant part of which falls on the mining complex, also participates
in the formation of global demand for fossil energy resources (Environmental Code,
2021; Decree of the Government of the Republic of Kazakhstan, 2020; Association
KAZENERGY, 2020), supports the policy of developing countries seeking to contribute
to achieving sustainability (7ienhaara, 2006:6; Kasatuka and Minnitt , 2006:12; Nilsson
et al., 2018; Campbell, 2012).

The Kazakhstan course towards carbon neutrality involves accelerated modernization
and construction of new capacities of the fuel and energy complex, the digital
transformation of which is the key tool for increasing efficiency in the face of growing
competition and tightening environmental requirements. The mining sector plays the key
role in Kazakhstan adaptation of the CRIRSCO principles and the transition from the
economic model based on carbon-intensive export products, environmentally negative
and energy-intensive processes to an inclusive, “human-centric” economic model. The
progress of the extractive industries requires, on the one hand, effective measures of
state support, and, on the other hand, involvement in the implementation of the national
strategy for low-carbon business development, which should become the main driver
of digitalization.

The state is focused on developing a long-term comprehensive program of the energy
industries development. It is necessary to develop high-level information technology
platforms for the mining and metallurgical complex, to improve investment conditions
in the energy sector in order to ensure the flow of private investment throughout the
entire period of energy transition. The geological exploration program is being updated
that is aimed at finding new oil and gas fields with the involvement of investors and
provision of the necessary fiscal and non-fiscal measures of state support (Decree of the
Government of the Republic of Kazakhstan, 2020; State Program “Digital Kazakhstan”,
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2017). In the designated documents, the central place is given to modernization
of industrial enterprises using digital technologies and taking into account ESG
(Environmental, Social, and Corporate Governance) factors, building an infrastructure
for digital interaction of all the subjects of industrial production at the intersectoral level.
In the future, digital transformation should increase the investment attractiveness of
backbone enterprises, develop flexible and highly efficient network production based on
digital platforms that unite all the participants in the value chain into a single ecosystem.

Taking into account the desire of industrial enterprises for digitalization that
determines the scenarios for their competitiveness in the global market of mineral
raw materials, the growing role of the mining and energy sectors in the economy of
Kazakhstan decarbonization, the authors set the goal to identify the features of the
mining and energy sectors of the economy of Kazakhstan enterprise transformation in
the context of the ongoing processes of their digital transformation.

Literature review. In this study there are used the key provisions of the concept of
innovation systems used in studying industrial technological development (Malerba,
2002; Arjune et al., 2021).

At the moment, the extensive world experience has been accumulated that reveals
the relationship between the new technological order, the transformation of the labor
market (Ghobakhloo and Fathi, 2020:1), the growing role of man in the innovation
process (Campbell et al., 2012:3; Amrin and Nurlanova, 2020:2). Relevant studies reveal
the impact of digitalization on newly created jobs (Arntz et al., 2017; Lahera Sanchez,
2019:2), the impact of robots on the final results of enterprises and the importance of
unmanned technologies (David, 2015:3).

The OECD studies that summarize the effectiveness of the digital transformation of
enterprises and confirm the need for an integrated approach to considering the features
of digitalization of business processes are of greatest interest now. The analysis of the
intensity of introducing digital technologies in various regions of the world shows that
most industries are characterized by the average and high level of their distribution
(OECD, 2019).

The advantages of systemic digital transformation of the leading countries is
demonstrated by studying the specifics of industrial decarbonization (Adeyemi et al.,
2020), the effectiveness of using current energy management systems (Di Vaio et al.,
2021; Menzel and Teubner, 2021:15), the rationale for the need for systemic assessments
of the digital technologies impact on the power engineering development (IEA, 2020).

The attention of scientists is drawn to the features of transformation of the mining
sector to the new digital conditions in emerging markets and the assessment of risks that
enterprises take on when developing the possibilities of autonomous control, digital
infrastructure and new technologies. The possibilities of developing a database using
high technologies including all the elements of an integrated chain from geological
exploration to logistics are being explored (Gellweiler and Krishnamurthi, 2020:1; Li
et al., 2021; Yang et al., 2020). It is discussed how digitalization changes the existing
industry architecture of interaction between participants in various segments of the
fuel and energy complex (Setiawan et al., 2019:2; Young and Rogers, 2019). From the
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viewpoint of entering the stage of the fourth energy transition to the widespread use of
renewable energy sources, digital transformation of the oil and gas sector and the coal
industry is being studied, and optimization of the production chain from extraction to
supply of resources to the consumer is evaluated (Barnewold and Lottermoser, 2020:6).

Unfortunately, the scientific community has not yet developed a common
understanding of transformation of industrial enterprises specifics, the use of the
digitalization potential they have accumulated to increase efficiency along the entire
value chain. There are no empirical models for transformation of industrial enterprises
in Kazakhstan in the context of transition to a higher level of innovation. The foregoing
confirms the relevance and necessity of a comprehensive study of the identified problem
for countries with transitional economies and Kazakhstan in particular.

Materials and basic methods. The main sources of information for the study were
the available statistical data of the OECD, the International Energy Agency IEA, the
PwC and KPMG audit companies, the monitoring project in the ranking format Ranking.
kz, the information and analytical materials of the Bureau of National Statistics of the
Agency for Strategic Planning and Reforms of the Republic of Kazakhstan, publications
on the designated topics in scientific journals, the authors’ own research. Despite an
acute lack of empirical data, well-known practices of economic analysis were applied to
assess the digital activity of industrial enterprises in Kazakhstan.

Current state of industrial enterprises digitalization in Kazakhstan. The backlog
of Kazakhstan from the leading countries in the development of technologies that form
a new industrial revolution remains critical. Given a high level of state presence in
the basic sectors of the economy, the technological transformation of state-owned
enterprises and the transformation of large enterprises with state participation into
the determining force of the new technological revolution, their transformation into
competitive international companies are being updated. The export-oriented nature of
the economy, the predominant share of the raw materials sector and high prices for
mineral resources constrain digitalization, since a part of the mining enterprises’ income
from exports belongs to foreign investors who finance them.

The scientific and technological paradigm supported by the state is called upon
to rebuild the economy on the basis of new technological solutions. As part of the
technological re-equipment of basic industries until 2025 and the development of
new approaches to the extraction of solid minerals, a set of regulatory and incentive
measures has been developed to modernize industries based on scaling up new
technologies and developing markets for a high-tech economy. In particular, it provides
for 40% increasing the amount of reimbursement of costs for IT solutions; industrial
grants for technological modernization of production by co-financing; tax preferences
that encourage enterprises to digitalize, especially with the use of domestic digital
technologies that allow transforming the activities of an enterprise through new business
models, increasing the value of products and strengthening competitive positions.

However, state regulation of the information technology promotion does not solve
the problem of technological transformation of industrial sectors in full. Despite
the numerous tools of state policy, it should be stated that the effectiveness of the
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management system for scientific and technological development remains a challenge
for the country. According to the authors, there is a lack of concentration on the removal
of regulatory barriers, providing domestic enterprises with access to relevant markets
and demanded initial data, high-quality organizational and economic mechanisms that
stimulate the development of digital solutions, taking into account the industry specifics
of enterprises.

Since industrial enterprises of Kazakhstan include industries with different parameters
(business models, place in the value chain, technological level, readiness for change,
infrastructure, features of the formation and use of data), a differentiated approach is
required from the state to stimulate their innovative growth. It is to be followed from the
sequence of passing through certain stages of introducing digital technologies in order to
achieve full-fledged “digital maturity”, reducing the capital intensity of production and
accelerating the adaptation to changing market conditions. The situation is exacerbated
by the need to introduce simultaneously interconnected digital technologies, such as
PLM, MES and ERP systems, into production with a large number of conversions and
multiple integration of the final product.

For enterprises, the infrastructure availability for embedding new technologies into
the existing processes is important, especially given the limited development of digital
technologies and the growing need for them with the start of mining operations. The
emphasis is on specific IT-technologies designed to solve problems for a given type of
mineral deposit, methods of its development, geotechnical problems, and complexities
of rock massifs.

The approach to evaluating the effectiveness of digital transformation deserves
special attention, which involves comparing costs across all the technological chains
of production, transport, transformation and consumption of resources in each industry.
This is, firstly, the calculation of the capital and operating costs of an enterprise for the
creation of new technologies that expand the technical potential of their application
(for example, technologies for the development of hard-to-reach mineral deposits);
secondly, capital costs for the digitalization of production and technological process
control objects, their achievement of high levels of complexity, the technical equipment
of the infrastructure, the costs of end users of resources (mainly electricity and gas).

As a result, there should be developed regulatory, market, and tax mechanisms for
managing the system of support for new innovation and investment areas, taking into
account, on the one hand, losses for both enterprises and consumers, and, on the other
hand, justifying the effect for the fuel and energy complex and the economy of the country
as a whole.

Within 2016-2020 the real GDP growth in Kazakhstan amounted to 49.3%, while the
share of the mining and oil and gas industries that occupy almost 50% of the total industry,
decreased by 3% in the GDP. The volume of the enterprises production increased by
24.9%. In 2020, the mining industry formed 12.2% of the country’s GDP, about 50% was
allocated to it in the industrial structure, the annual economic effect from the use of digital
technologies was estimated at $ 9 billion. The dynamics of industry is directly related to
changes in prices for oil and metals, the level of demand for energy resources. Currently,
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almost all the mining productions have a 10-15% potential for increasing efficiency and
reducing the cost of mining operations (Information agency Strategy2050.kz, 2021).

In order for digital transformation to accelerate the fuel and energy complex
decarbonization, to develop decentralized energy systems and to improve the infrastructure
in related industries, it is necessary, first of all, to increase the innovative activity of
enterprises that is currently extremely low: 41.7% of innovative products are new in the
market products, 58.3% are new for enterprises (Fig 1).

Costs for the implementation of innovations, billion tenge TGS SENNCOVINN g6 T, MGHCNI/33/3m
708883766 161,67 Em/5839ma 308,02 )

The level of activity of enterprises in terms of product and... TRGTGENGHENTG 6o EEENINg G
Y58 AT 10641 EEITISeET 17155 )

Implemented innovative products, billion tenge  #STHCISSHSEI]0TS) 6™ ENCEEEENNNN] 62 crmmD
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Fig. 1 — Indicators of the enterprise innovation activities
Source: compiled by the authors based on (Bureau of National Statistics, 2021; Project Ranking.kz, 2021).

The studies have established that depletion of the studied resource base and the non-
replenishment of the mineral resource base remain the most important problems for the
mining industry against the backdrop of the absence of new technological innovations,
difficulties in adapting borrowed technologies to local conditions, and, in general,
critical dependence on foreign digital solutions.

Environmental factors significantly affect the country’s economy decarbonization
and acquisition of long-term competitive advantage by enterprises. Improving the
environmental performance of the sectors of the fuel and energy complex is a direct
consequence of changing such performance indicators as, for example, reducing
accidental emissions or specific consumption of carbon-containing fuel and energy
resources.

According to the data, the environmental pressure on the industry tends to increase,
the amount of pollutants emissions into the air that negatively affect the ecosystem
stability, is increasingly dependent on enterprises.

The growth of waste processing actualizes the introduction of “green” technologies,
searching for new technical solutions for the use of recycled products and reducing the
cost of production. In order to attract the attention of investors within the framework
of sustainable development, the mode of environmental regulation and regulation of
the activities of nature users is being improved, the principles of the best available
technologies (BAT) and ESG are being introduced, the tools for financing green projects
in accordance with the Green Bond Principles (GBP) of the International Capital Markets
Association (ICMA), ISO 14001 and ISO 50001 standards (Environmental Code, 2021;
Decree of the Government of the Republic of Kazakhstan, 2020).

Building a new development model by enterprises based on scientific knowledge
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and innovative technologies, is largely determined by technical readiness calculated by
the basic level of production automation including the availability of process control
systems, PDM and ERP systems, financial stability and management understanding of
the need to invest in new technologies.

At the system level, technological modernization should be reflected in the growth of
investments in fixed capital that is not observed in Kazakhstan. The share of investments
in fixed assets of enterprises decreased by 1.6%, which was caused by decreasing the
investment activity in the segment of crude oil and natural gas production. They cover
the needs for fixed assets of the enterprise almost independently (Fig. 2).
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Fig. 2 — Indicators of mining and oil-and-gas industries
Source: calculated based on (Bureau of National Statistics, 2021)

The analysis of the leading mining enterprises technical condition carried out in
2017 with assistance of experts from the Fraunhofer Institute of Applied Research,
specialists from the Swedish mining cluster and the Nokia Company, showed a low
level of digitalization. It was revealed that most industries were not ready for the full
transition to Industry 4.0: more than 56% of enterprises corresponded only to the level
of Industry 2.0; 23% of enterprises required complete replacement of equipment, only
21% of the fields were equipped with updated equipment and developed communication
networks (Business weekly Kursiv, 2020; Business portal Kapital.kz, 2021). Due to
the low technological equipment (only 40% of enterprises were equipped with the
technological, organizational and human resources that allowed moving to the next stage
of digitalization), the mining industry had low labor productivity and competitiveness
compared to the world leaders.

For the most part, digitalization was reduced to the technical re-equipment of the
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production base (acquisition of computer technology and communication equipment,
software adaptation), which is typical for the initial stage of digital transformation.
By 2022, due to digitalization, the share of medium and large enterprises using digital
technologies was planned to be increased to 11% (Business weekly Kursiv, 2020).

In 2019, about 95% of all the information products used at mining and metallurgical
enterprises were imported, and the development of imported information and technical
systems covered mainly the lower technical levels of modernization (operational and
intermediate). The analytical groups formed at some enterprises did not cover the main
technological processes, the effectiveness of the use of information technologies was
average, information and technical products were fragmented and poorly adapted to the
business processes of enterprises. Automated management decision support systems
were developed slowly (Tables 1 and Fig. 3).

Table 1 — Indicators of enterprises digitalization in 2019

Indicator Industry/number of enterprises examined
Mining | Mechanical | Metallurgy | Oil-and- Power Chemical /5
/13 engineering /9 gas /13 | engineering
/27 /4
Number of automated 24 21 6 23 8 13
business processes
Number of enterprises 10 13 6 7 2 2
where there is a service
responsible for automation
Number of systems 15 19 11 17 6 6
implemented / software
maintenance
Number of enterprises 7 11 3 5 0 3
providing for the cost of

Source: (Kazakhstan Center for Industry and Export “Qazindustry”, 2020)
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Fig. 3 — Information systems introduced by enterprises in 2019
Source: (Kazakhstan Center for Industry and Export “Qazindustry”, 2020)

81



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Taking into account the trajectory of technological development of enterprises,
their digital transformation is based on modernization of production including that
through transferring the best technologies; generating an information array of data and
based on it automated output of various indicators and criteria that demonstrate the
efficiency and condition of the equipment. When implementing large projects related
to the infrastructural changes of enterprises, high-cost equipment was used. With
the development of digital communications and the Internet of Things technologies,
enterprises were able to form a digital production model and to introduce new automation
tools replacing old methods of technological optimization with new ones based on
software platforms for analyzing all the data coming from an object.

Digital twins were introduced as models in which both data and systems were present,
the enterprise could be managed in real time, remotely. At mining enterprises, there are
still separate cases, a prototype of the enterprise is created with connected equipment.
Through VR glasses it is possible to “move” around the enterprise changing business
models based on new technological opportunities.

In 2019, thirteen large mining enterprises implemented 27 projects out of the
planned 53 projects for 283 billion tenge, 39 out of 112 enterprises implemented
digital solutions (Business weekly Kursiv, 2021). In accordance with the plans of the
strategic vision and indicators for decarbonization, the projects were implemented using
deep automation, the Internet of things, artificial intelligence and machine learning.
These are enterprises with a high market share and geographical diversification, which
stimulate the development of related industries and form the basis for the growth of
the country’s economy. To achieve long-term competitive advantage in the Fourth
Industrial Revolution, these enterprises will need to focus on strategic value innovation
and business model transformation. The emphasis should be put on investing in research
and development, introducing new technical solutions, searching for new partners in
innovation, developing highly competitive markets.

Within the frameworks of geological exploration work digitalization and in
accordance with the strategic plan until 2040, the Kazakhmys Corporation LLP plans
to develop the existing and to design new production facilities with the prospect of
increasing ore production in the amount of 6906 thousand tons with the average copper
grade of 1.08%. The enterprise was the first in the country to apply digital control in
remote areas outside the coverage area of telecom operators; it carried out 3D seismic
surveys and 3D scanning of mine workings using unmanned aerial vehicles to simulate
mined-out underground spaces; it mastered digital technologies in surface electrical
surveys (the use of the method of ground geophysics using Canadian technologies
OreVision IP, InfiniTEM doubled the depth of the study).

It is assumed to assess the effectiveness of exploration and operation of deposits
as a result of the digital transformation of production and business processes, by the
following indicators:

- increasing the volume of recoverable mineral reserves, the effect will be expressed
in increasing the volume of proceeds from sales;

- increasing the productivity of the selected method of mining the deposit, the effect
will be reflected in the dynamics of capital costs.
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- increasing the ore recovery factor, the effect will be expressed in increasing the
volume of proceeds from sales;

- decreasing the number of employees due to increasing the share of automated
or remote production and management operations, the effect will be reflected in the
dynamics of fixed costs.

Kazakhstan, one of the world’s key producers of uranium, mines it using
environmentally friendly technologies at a relatively low cost. Over four-fifths of the
country’s uranium reserves can be developed using the most economically viable and
least environmentally hazardous mining technology: in-situ leaching. The Kazatomprom
National Atomic JSC, within the framework of the digitalization strategy developed
till 2028, implements VR technologies, drones to ensure industrial safety at uranium
enterprises, masters augmented reality projects, and introduces geological information
systems.

The Sokolov-Sarbai Mining and Processing Production Association implemented
the Smart Quarry project, which makes it possible to increase the transport equipment
productivity by 10%. In 2019, elements of artificial intelligence and a special system to
improve processing efficiency were introduced into the iron ore processing. Due to the
system, the analysis of raw materials on the conveyor was automatically carried out, the
optimal characteristics of the operation of mills for grinding ore were calculated with
their subsequent transfer to the operator. A BTS structure was developed that introduced
robots to automate business processes.

In 2020-2021 the situation with energy efficiency was not improved significantly:
enterprises were not fully engaged in it limiting themselves to energy saving measures
and, as practice showed, often to the detriment of the efficiency of mining and transport
operations.

In general, mining enterprises are ready to invest in the growth of technological
competencies of all the departments including the IT service, and in technologies that
provide high operational efficiency, reduce the risk of industrial injuries and minimize
the impact of the human factor.

The main difficulty consists in the fact that, firstly, not all the managers are aware
of the possibilities of digital tools and their relationship with business efficiency, which
affects their readiness to master new technical solutions, the ability to independently
generate knowledge, to develop new technologies or products and to commercialize
them. Secondly, in the medium term, enterprises will have to produce and service the
developed traditional products within the framework of digitalization roadmaps without
adapting to consumers but shaping their needs, which will complicate the organizational
structure. Many enterprises cannot afford high-quality automation or spend only small
amounts for it getting poor results. Thus, the development of industrial robotics, which
is extremely relevant for the extractive industries, is constrained by a high cost of
implementation, which only large enterprises can afford.

The problem of the qualified IT specialists shortage who know specifics of production
is planned to be partially solved at the enterprises by attracting external experts through
outsourcing and/or by developing centralized operator stations in large cities to manage
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remote assets. Thanks to cloud services and fast data links, the location of staff is no
longer a big deal, which simplifies recruitment.

The main focus of the company is put on:

- providing digital technologies for increasing productivity, reducing operating and
investment costs: the most important factors in the enterprise competitiveness;

- achieving an effect from digital solutions covering processes, equipment and
personnel;

- paying back of digitization projects and their real value, high operational efficiency
for business;

- extending the life cycle of automation systems by updating the software of
controllers, reducing costs and preserving intellectual property;

- using digital technologies for personnel training.

The effect of the enterprise from the use of new technologies can be assessed by
indicators characterizing their impact on the final technical and economic indicators.
These are, for example, the efficiency of use and the accident rate of equipment (load
factor and useful output / production, volume and cost of emergency and repair work);
the resource use efficiency (specific costs for the most important types of resources);
dynamics of employed workers (release); the level of environmental impact and
loss of energy resources along the technological chain. It is advisable to assess the
economic effect by the dynamics of fixed operating costs and variable costs; changing
capital investments in production capacities; the amount of additional income from the
sale of products in the foreign and domestic markets, when the growth in output is
accompanied by the development of new digital solutions. The effect can be local in
nature, when the introduction of digital solutions contributes to changing the parameters
of specific equipment and complex, in the case of distribution along the technological
chain adjusting the parameters of other objects.

The desire of Kazakhstan to strengthen its position among developed countries-
exporters of clean energy actualizes the task of the energy industry digitalization. Despite
the growth in electricity generation in 2021 compared to 2020 by 6%, the electricity
deficit in the country amounted to 1.7 billion kWh, by 2030 it is planned to increase it
by 25-30 billion kWh. By 2030, production is projected at the level of 80 billion kW/h,
the level of energy consumption will reach 130 billion kW/h.

Increasing coal generation is caused by implementation of projects at coal-fired
power plants, thanks to which it is possible to cover the observed increase in electricity
consumption. In 2020, the share generated by coal-fired power plants was 69% (74.5
billion kWh), out of 108 billion kWh of electricity generated, gas generated 20%,
hydroelectric power plants 8%. Currently, electricity generation from 134 renewable
energy facilities is 3.3%, by 2030 it is planned to increase it to 15%.

Given the duration of the construction of basic power sources, it is necessary to
develop coal-fired generation in the medium term, taking into account replacing
with alternative energy sources. It is planned to build 4 and 5 power units of GRES-
2 simultaneously, this will add over 1000 MW to the energy system in the next five
years. By 2035, to meet the growing demand for electricity and capacity, it is planned
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to develop about 12 GW of generating capacity including that from alternative energy
sources.

Taking into account the commissioning of new coal capacities covering the energy
gap, the peak of greenhouse gas emissions is expected by 2030-2032. To reduce
emissions and to increase reliability of the national electricity grid, the outdated coal-
fired generation will be replaced by new sources based on alternative fuels using the
SMART GRID technology.

Gasification of power sources is one of the most promising and environmentally
friendly trends. The main consumers of thermal coal are combined heat and power
plants (CHP), which in 2020 generated more than 26% of electricity (28.2 billion kWh).
Today, there are no alternative technologies that allow generating thermal energy in
large volumes. Replacing coal-fired CHP plants with gas-fired CHP plants would be
capital-intensive and would entail increasing the tariffs for both electricity and heat, so
it is not possible to replace coal-fired CHP plants in the near future. At the moment, the
existing stations are being reconstructed, which allows increasing the installed capacity,
ensuring a maneuverable mode, and reducing the amount of harmful emissions into
the environment. Thermal power plants should remain as the main sources of thermal
energy.

Despite the fact that with the expansion of the gas power industry and the growth
of the use of renewable energy sources, the share of coal in the energy balance of
Kazakhstan will decrease from 57% in 2020 to 36% in 2050, coal is expected to remain
the most important energy resource in the power industry.

In the coal industry, the task is to optimize the production chain from mining to
supplying resources to the consumer. Thus, for exploration of various types of fossil
energy resources, there are used technologies of virtual prospecting and exploration,
remote sensing of the earth and new geographic information systems based on 3D
modeling. Due to the use of a fundamentally new cyclic-flow technology of coal mining,
waste is minimized when coal is burned at power plants. Given the global trend in the
development of clean coal technologies and large coal reserves in Kazakhstan, it is
planned to diversify the production of clean coal technologies. In addition, when the
cost of carbon dioxide capture technologies becomes much cheaper, there will be no
barriers in front of coal plants, and coal will be the main source of energy. To date, the
main task is modernization of coal plants using the BAT.

From the position of Kazakhstan transition to the low-carbon economy, and taking
into account the gradual abandonment of coal, enterprises will have to work on gas and
alternative sources, there arises the problem of gas production, availability and price
of its sale in the next decade, since it will be necessary to cover domestic needs and
industry, and population. In this regard, it will be necessary to develop projects for the
extraction of associated gas (collection and combustion of methane in mines) using
innovative technologies.

Reducing greenhouse emissions of carbon into the atmosphere actualizes the
problems associated with selecting the method of burning coal, increasing the demand
for coal, taking into account new environmental requirements at thermal power plants,
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and the possibility of reducing the ash content of coal. The foregoing will require
constructing a new economic model for the development of the coal industry including
transformation of energy blocks for carbon capture, the development of new technologies
for manufacturing chemical and petrochemical products using coal, the opening of coal
processing enterprises.

Introducing digital technologies in the oil and gas industry will help maintaining
the level of resource extraction and focusing on hard-to-recover reserves, increasing
marginality and reducing the costs in the processing of raw materials, and improving
management of the value chain.

The development of promising oil projects in the next decade: the Kalamkas-Sea
and Khazar fields with the cost of $4.5 billion will allow producing 4 million tons of oil
starting from 2028. Implementing the large oil and gas projects of the Karachaganak,
Kashagan and Tengiz that are drivers in oil production making a significant contribution
to the country’s economic growth, will increase the production of raw gas by 2030 to
87.1 billion m3. Increasing commercial gas production to 42.2 billion cubic meters by
2030 is planned through the development of seven new fields and construction of gas
processing plants, which will provide increasing the production of marketable gas by
2030.

An important element of the industry of Kazakhstan providing the needs of all the
types of transport and energy facilities with fuel, are oil refineries. The three largest
plants that are part of the KazMunayGas national oil company, which completed their
modernization in 2017-2018, transferred to fully automated production (APC advanced
process control systems were introduced), increased the efficiency and safety of oil
refining. In 2020, thanks to the piloting of the APC system at the primary oil processing
unit (AT-2) of the Atyrau refinery, the yield of gasoline and diesel fuel increased by
0.32-0.36%, and 350 million tenge of profit was received. In 2021-2022 it is planned to
replicate the system at the Shymkent oil refinery.

Mastering the SAP, 1C, IBM information systems by the KazMunayGas allowed
optimizing in-house business processes. In 2020, the ABAI system was introduced that
consolidated the data from the oil exploration and production unit in one information
space using Big Data technology. With its help, it is planned to use artificial intelligence
to solve complex production problems.

The analysis of the current state of digitalization of industrial enterprises made it
possible to draw some conclusions.

1. Digital transformation is relevant for a relatively small number of enterprises.
At the moment, digital transformations are the privilege of large enterprises: not only
the target model of innovative behavior, production processes and organizational
foundations of work are being transformed but new competencies are being formed,
and business culture is improving. At medium-sized enterprises, digital transformation
is mainly focused on the highest possible level of development of new technologies,
subject to their economic feasibility, the generation of a large information array, the
automated output of indicators and criteria based on it, evaluating the effectiveness
of equipment. Despite the development of analytical groups by enterprises, the main
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technological processes and regulations are not fully covered, the effectiveness of using
information technologies is not high, information technology products are fragmented
and poorly adapted to business processes; in general, the production processes
digitalization is characterized by unevenness. The development of foreign information
and technical systems occurs mainly at the lower technical levels of modernization,
automated systems for supporting management decisions are poorly developed.

2. Barriers to digital transformation of the fuel and energy complex are as follows:
the absence of opportunities for intra-industry and inter-industry data collection and
transmission; complex procedures for attracting public investment and the absence
of incentives for private investment in digitalization, difficulties in interacting with
counterparties. The key barriers for enterprises are the lack of financial resources, a
high cost of innovative projects, and the absence of digital competencies of the staff.
Preference is given to simple technical solutions, since high-cost technologies require
complex preliminary calculations of the effect of introducing innovative projects into the
production process. Some software products do not have a Russian-language interface
and positive examples of their adaptation by Kazakhstan enterprises. The depreciation
policy that has such strategic functions as investment and innovation designed to
stimulate technological modernization is practically not used by enterprises, is not
supported or developed at the state level.

3. The most significant factors that limit the activities of enterprises include external
exacerbating information security risks, prevention of leakage of geological and
production information, investment and innovative risks of sustainable development:
the level of competition, the availability of technology and capital, the development
of legislation, the uncertainty of the economic situation. Internal factors include the
difficulties of changing transformable internal production processes and the low technical
level of production expressed in insufficient digital maturity of current processes and
the low level of automated process control systems development, the difficulty of
integrating new technologies into internal production and organizational processes,
low return on investment, limited liquidity. There is a lack of new competencies in
mastering digital technologies, managing innovative projects, building partnerships,
and strengthening international positions. Despite the introduction of new technologies
and means to ensure their safety, geodynamic risks in mining continue increasing.
Factors that activate the innovation activity include intensity of investments in research
and development, introduction of new technologies with the emphasis on technological
innovation, mutually beneficial partnerships, entering international markets with new
products.

4. The coverage of enterprises in the mining sector by digitalization, as a phased
revolution with elements of change management, is not yet so deep, although progress
is quite obvious. It is clear that digital technologies will not solve all the increasingly
complicated investment and innovation tasks of enterprises. At the same time, they
make it possible to justify selecting the enterprise promotion strategy with maximum
efficiency in the use of production capacities and mobilization of new algorithms in
all the areas of its activity. In general, the trends of developing industrial enterprises
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correspond to global trends, however, the lag in the development of digital technologies
from the leading countries, according to various estimates, is about 5-10 years (Lufin
and Soto-Diaz, 2022). This is largely caused by the focus on foreign scientific and
technical potential, which aggravates the situation with industrial and economic security
and increases the gap between the links in a single chain of the process of technological
modernization.

These problems are relevant not only for Kazakhstan. Despite the fact that mining
and metallurgy enterprises of the EAEU countries have increased production by 10-
20% due to digitalization and reduced emissions by 15-30%, in terms of the pace
of implementing digital technologies, there is a lag in the stages of transition from
research to implementation of solutions in production and subsequent scaling from the
banking and telecommunications sectors (Portal Profit.kz, 2022). 90% of enterprises
in Kazakhstan and Central Asia consider the search for qualified personnel the main
difficulty in implementation of digital projects, 77% plan to increase digitalization costs
in the near future (KPMG, 2021).

Conclusion. For city-forming enterprises present day scientific and technological
development is a fundamental challenge that if not overcome, is tantamount to losing
competitive positions in the world market. The role of Kazakhstan as a major player in
the world energy markets predetermines the importance of transformational processes on
the scale of the country’s fuel and energy complex. Mining and metallurgical enterprises
should focus on decarbonizing operations, developing decarbonization strategies, and
stimulating implementation of projects according to ESG standards.

In the coming years, the introduction of digital technologies will worsen the financial
stability of enterprises due to the growing financial burden on the BAT introduction,
deteriorating mining and geological conditions, and increasing production costs.
Therefore, in the short term, for digital transformation, enterprises may not radically
update their fixed assets of production. Technical and economic indicators can be
improved through the gradual growth of the “digital connectivity” of the technology
used and the introduction of business processes based on the data analysis.

In the medium term, it is necessary to solve systemic problems affecting optimization
of operational procedures, the adjustment of the existing formats of interaction between
participants in value chains, and the promotion of “local” digitalization. To use the
accumulated potential that increases the efficiency of geotechnological complexes and
reduces the cost of production, mining enterprises need step-by-step digitalization,
especially since cyclic and cyclic-flow technologies are preserved, combined open-pit
and underground mining options are used. Complementary investments in the growth of
competencies of both IT personnel and users of IT products will be required.

In the foreseeable future, to capitalize on the potential to reduce their carbon footprint
and to move towards carbon neutrality, enterprises will need to build the long-term asset
value as investors move away from the short-term profit model in favor of the long-term
value.

If the first stage of digitalization of enterprises is associated with the development
of functional areas, then in the future it is planned to introduce end-to-end digital
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solutions along the entire technological chain, to develop new technologies that allow
increasing production capacity, reducing emissions into the atmosphere, scaling digital
ideas and creating a flexible agile culture (Galiyev et al., 2020:1). Using the practice of
the developed countries, where digital transformation is aimed at developing customer-
oriented energy systems, autonomous energy supply models will be designed that are
adapted to a specific consumer without significant increasing the cost of supplied energy
products.

It should be noted that the approach to assessing the trends in the technological
transformation of enterprises outlined in the article will deepen the understanding of
various aspects related to the practice of introducing digital technologies in the countries
with transitional economies.
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